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Abstract: Background: A worldwide increase in the incidence of obesity indicates the unsucceful battle against this 
disorder. Obesity and the associated health problems urgently require effective strategies of treatment. Thus, 
melatonin, a tryptophan derivative, and naturally occurring substance with no reported toxicity may serve as a novel 
approach for treatment of obesity. Objective: The objective of this study was to investigate the effect of melatonin 
on obesity and lipid profile in male Wistar rats. Material and Methods: Forty male Wistar rats were divided into 4 
groups of 10 animals for each, control group fed standard normal chow diet, obese control group fed high fat diet 
(HFD), normal group fed standard normal chow diet and treated with melatonin in a dose of 10mg/kg/day orally for 
6 weeks and obese group fed HFD and treated with melatonin in a dose of 10mg/kg/day orally for 6 weeks with 
continuous HFD. At the end of experiment, body weight and food intake were determined. Then, the animals were 
scarificed and blood samples were collected for determination of triglycerides (TG), HDL-cholesterol, LDL-
cholesterol, total cholesterol (TC), blood glucose and insulin levels. Results: In HFD–fed rats, melatonin 
significantly decreased body weight, but did not affect food intake. Melatonin significantly decreased plasma TG, 
LDL-cholesterol, glucose and insulin levels but it significantly increased HDL-cholesterol. While, TC levels were 
not changed. However, in normal chow diet–fed rats, melatonin only significantly increased HDL–cholesterol 
levels, but it had no effect on body weight, food intake and all other measured metabolic parameters. Conclusion: 
These data demonstrated that melatonin may act as a regulator of body weight in a model of obesity and may 
prevent some of the side effects on glucose homeostasis such as decreased insulin sensitivity. 
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1. Introduction 

Obesity and the associated metabolic 
pathologies are the most common and detrimental 
metabolic diseases and it has become a global 
epidemic disease(1). In contrast to our ancestors, in 
recent decades, the food supply has become abundant 
and constantly available and it is also rich in energy. 
In addition, physical activity of modern humans has 
dramatically decreased(2). Considering the rapidity of 
these changes, the human genome has been unable to 
adapt to such acute changes in the lifestyle of 
humans. The extra energy obtained from the diet is 
stored in the body as fat. As a result, obesity is an 
inevitable consequence(3). 

Obesity is directly or indirectly associated with 
a variety of health disorders including cardiovascular 
disease, diabetes, stroke, arthritis and premature 
death(4). Especially within the last decade, much effort 
has been spent in an attempt to decrease the incidence 
of obesity; these measures have included dietary 
management, promotion of physical activity and 
pharmacological interventions. However, the 
outcomes have been less than optimal. The incidence 
of obesity continues to rise not only in adults but also 
in children(5).  

 Melatonin is a neurohormone produced at 
night mainly by the pineal gland. It is also produced 

locally in many other tissues as asterocytes, 
lymphocytes, retina, bone marrow, ovary, testis, gut 
and skin(6). Its synthesis is under the control of 
postganglionic sympathetic nerves. This ubiquitously 
acting hormone can interact both with protein 
receptors and lipid bilayers either at the cell 
membrane or at the nuclear level. Melatonin can 
cross–multilamellar lipid vesicles, and can easily pass 
through the cell membrane and bathe every part of the 
cell. The biological action of the hormone is likely to 
be at the membrane level, either via its interaction 
with membrane receptors, and/or as a 
lipoperoxidation radical scavenger(7). 

Melatonin is involved in many physiological 
functions such as sleep promotion, circadian rhythm 
regulation(8), modulation of immune responsiveness, 
and the control of seasonally reproductive animals(9) 
and it is involved in numerous other functions, 
including regulation of body weight and energy 
balance(10). Locally produced melatonin and several 
of its metabolites, which also effective scavengers, act 
as effective antioxidant and anti-inflammatory 
agents(11-12). 

Melatonin also present in foodstuffs including 
vegetables, fruits, herbs, olive oil (13-15). It has been 
classified as a food supplement in the USA, and its 
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consumption has not been associated with any serious 
adverse effects or toxicities(9).  

Thus, it is worth to investigate the effect of 
melatonin supplement on the body weight, food 
intake and lipid profile in obese high–fat fed rats.  

 
2.Materials and methods 
Animals: 

Forty male Wistar rats were about (5-7 weeks 
old), their weight range between 180-200gm. They 
were housed in standard cages and maintained at 
standard conditions with controlled light cycle (the 
light cycle was 12-h light and 12-h darkness). Rats 
were kept at a room temperature (22±2°C). Food and 
water were available. 

Rats were fed on standard rodent chow diet 
(composed of 64.2% carbohydrate, 30.7% protein and 
5.1% fat)(16). But, the rats in obese groups received 
special food regimen for induction of obesity.  

 
Induction of obesity: 

Induction of obesity was carried out using high 
fat diet (HFD) composed of (70% fat, 20% 
carbohydrates and 10% protein)(17). The animals were 
weighed three times a week until the average body 
weight reached a significant difference of at least 
20gm between the rats fed–HFD and those fed–
standard chow diet. Then, the animals in the obese 
groups were kept on HFD until the end of experiment. 
Chemicals: 

Melatonin was obtained from (Sigma chemical 
Co). It was dissolved in a minimum volume of 
absolute ethanol and diluted in the drinking water to 
yield a dose of 10mg/kg/day(18) and administrated 
daily orally for 6weeks. Fresh melatonin solution was 
prepared twice a week, and the melatonin dose was 
adjusted to the body weight throughout the study 
period. Water bottles were covered with aluminum 
foil to be protected from light.  
Experimental design: 

The animals were divided into four groups 
(each n=10): group I (normal control group fed–
standard chow diet), group II (obese control group 
fed–HFD), group III (normal group fed–standard 
chow diet and treated with melatonin in a dose of 
10mg/kg/day orally for 6 weeks), group IV (obese 
group fed–HFD, then treated with melatonin in a dose 
of 10mg/kg/day orally for 6 weeks with continuous 
HFD).  
Body weight assay: 

All rats were weighed at the beginning of the 
experiment and weekly at fixed times throughout the 
entire course of the experiment. 

Final body weight was measured after 6 weeks 
of the treatment. 

 

Assay of food intake: 
Food was placed in small jars inserted into 

larger jars to collect any spilled food. The spilled food 
was calculated and added to subsequent feeds. The 
feeder jars were refilled daily. Both average daily and 
weekly food intake were calculated. 

Total food intake was determined through the 
six weeks period of the experiment. 
Biochemical assays: 

At the end of the treatment period, the animals 
were sacrificed, then blood was collected into tubes 
containing EDTA and were centrifuged at 3000 r.p.m 
for 20 minutes to separate plasma for determination 
of: triglycerides (TG) level according to the method 
described by Bucolo et al.,(19), high density 
lipoprotein (HDL)-cholesterol level was measured by 
Finley(20). low density lipoprotein (LDL)-cholesterol 
was measured according to the method described by 
Friedewald et al.,(21), total cholesterol (TC) level was 
measured by Flegg(22), glucose level was measured 
according to the method described by Trinder(23) and 
insulin level was measured by Chevenne et al.,(24).   
Statistical analysis: 

The data were expressed as the mean ± 
standard deviation. Data from studies were analyzed 
using one–way ANOVA.  

P-values <0.05 were considered statistically 
significant. All the analyses were performed using 
SPSS for windows (Version 10.0).  

 
3.Results 

A summary of our results were shown in table 
(1) and figure (1) as following:  
Changes in body weight: 

The intake of HFD was associated with a 
significant increase of body weight in the rats of 
obese group (280.6±7.32g) as compared to those in 
normal control group (195±6.94g). 

The treatment of melatonin for 6weeks was 
associated with significant reduction of body weight 
in obese rats (259.6±18.12g) as compared with 
control obese received no melatonin treatment, but 
the body weight still significantly higher as compared 
to normal control. 

Melatonin treatment did not significantly 
affect body weight in the normal rats (193.8±8.72g) 
as compared to normal control 
Changes in total food intake: 

Compared with the normal control group 
(676.5±17.08g/6weeks), total food intake was 
significantly higher in the obese control group 
(1533.4±17.99 g/6weeks). 

Melatonin treatment was associated with 
insignificant change of food intake in both obese rats 
(1529.3±15.36g/6weeks) and in normal rats 
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(673.5±16.64g/6weeks) when compared with the 
obese control and normal control groups respectively. 
Changes in lipid parameters: 

TG levels were higher in obese control rats 
(210.9±10.35mg/dl) compared to normal control rats 
(72.4±6.96mg/dl). 

Melatonin treatment of obese rats significantly 
reduced the hypertriglyceridemia (178.7±16.31mg/dl) 
as compared to obese control. But, melatonin 
treatment insignificantly affected TG levels in normal 
rats (71.4±6.80mg/dl). 

As regard HDL-cholesterol levels, they were 
significantly higher in obese rats (80.3±4.35mg/dl) as 
compared to normal control (65.4±5.05mg/dl), and 
melatonin treatment significantly increased HDL-
cholesterol levels in both obese rats (96.7±5.87mg/dl) 
and normal rats (73.2±3.56mg/dl) as compared to 
obese control and normal control groups respectively. 

While, LDL-cholesterol levels did not 
significantly differ between normal control 
(5.44±0.56mg/dl) and obese control rats 
(5.38±0.79mg/dl). But, they were significantly 
decreased by melatonin treatment in HFD-fed obese 
rats (4.26±0.32mg/dl) as compared to obese control. 
However, melatonin treatment did not significantly 

affect LDL–cholesterol levels in normal rats 
(5.24±0.61mg/dl).  

TC levels were significantly higher in obese 
control rats (100.6±2.96mg/dl) as compared to normal 
control rats (81.3±2.58mg/dl). 

Melatonin treatment did not affect TC levels in 
either obese rats (100.3±2.92mg/dl) or normal rats 
(80.4±2.99mg/dl) as compared to obese control and 
normal control respectively. 
Changes in plasma glucose and insulin: 

Compared with the normal control group 
(88.7±4.87mg/dl), the plasma glucose levels were 
insignificantly higher in obese control group 
(89.9±4.04mg/dl). 

Melatonin treatment significantly decreased 
glucose levels in obese rats (77.2±5.10mg/dl) as 
compared to obese control but, did not affect glucose 
levels in normal rats (84.9±4.24mg/dl) as compared to 
normal control rats. 

While, plasma insulin levels were significantly 
increased in obese control group (18.0±1.67μIU/ml) 
as compared to normal control (10.5±1.04μIU/ml). 

Melatonin treatment significantly lowered the 
insulinaemia in obese rats (16.2±1.39μIU/ml). But, it 
did not affect insulin levels in normal rats.  

 
Table (1): Effect of melatonin on final body weight, total food intake, lipid parameters, plasma glucose and 
insulin levels in normal and obese rats: 
 
Parameters 

Normal 
control 
(n=10) 

Obese control 
(n=10) 

Normal treated 
with melatonin 

(n=10) 

Obese treated 
with melatonin 

(n=10) 
Final body weight (g) 195±6.94 280.6±7.32a 193.8±8.72b 259.6±18.12a,b,c 
Total food intake (g/6 weeks) 676.5±17.08 1533.4±17.99a 673.5±16.64b 1529.3±15.36a,c 
TG (mg/dl) 72.4±6.96 210.9±10.35a 71.4±6.80b 178.7±16.31a,b,c 
HDL–cholesterol (mg/dl) 65.4±5.05 80.3±4.35a 73.2±3.56a.b 96.7±5.87a,b,c 
LDL–cholesterol(mg/dl) 5.44±0.56 5.38±0.79 5.24±0.61 4.26±0.32a,b,c 
TC (mg/dl) 81.3±2.58 100.6±2.96a 80.4±2.99b 100.3±2.92a,c 

Glucose (mg/dl) 88.7±4.87 89.9±4.04 84.9±4.24 77.2±5.10a,b,c 

Insulin (μIU/ml) 10.5±1.04 18.0±1.67a 10.3±0.98b 16.2±1.39a,,b,c 

Data are given as mean ± SD.  
aP< 0.05 compared to control. bP< 0.05 compared to obese control. cP< 0.05 compared to normal group 
treated with melatonin. 
 
4.Discussion 

Melatonin is the chief hormone of the pineal 
gland that interacts with a variety of different cells(7). 
In humans, melatonin receptors has been detected in 
the retina, brain, suprachiasmatic nucleus, central and 
peripheral arteries, kidneys, pancreas, adipocytes and 
immune cells(25,26).  

It is known that melatonin exerts antioxidant, 
anti-inflammatory, anti-hyperlipidemic and anti-
hypertensive actions and also modulates insulin 
secretion and action(27-29). There are reports showing 
that melatonin–insulin interactions and relationship 

between melatonin–insulin ratio and lipid profile may 
exist in patients with metabolic syndrome(30) and that 
melatonin therapy improves blood pressure, lipid 
profile and parameters of oxidative stress in patients 
with metabolic syndrome(31). 

The present study has demonstrated that 
melatonin treatment of obese rats was associated with 
a reduction in body weight without affecting food 
intake.  

These effects of melatonin are supported by 
several observations(18,.32). The weight–loss–
promoting effect of melatonin may be attributable to 
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an increase in energy expenditure especially by 
brown adipose tissue (BAT)(9). In this line, various 
rodent studies have demonstrated that melatonin 
increases BAT mass and BAT activity. Although, the 
exact mechanisms whereby melatonin influences 
BAT physiology are unknown, there is indirect 
evidence suggesting several potential explanations(9). 

Thus, through its M1/M2 membrane receptors, 
melatonin can affect BAT mass either by activation 
of the sympathetic nervous system and its 
consequences in term of lipolysis and adipose tissue 
plasticity(33,34), or by direct activation of the protein 
kinase C (PKC) pathway in BAT cells, which in turn 
leads to up-regulation of growth factors for brown 
adipocyte differentiation and mitochondrial 
biogenesis(35).  

Melatonin can also act via nuclear receptors in 
brown adipose cells to achieve the same effect. 
Furthermore, melatonin can promote BAT 
thermogenesis through activation of the 
mitochondrial uncoupling protein1 (UCP1), either 
directly or by activating type 2 thyroxin 5'-deiodinase 
to increase intracellular tri-iodothyronine (T3) 
levels(36). Finally, it has been speculated that 
melatonin and its metabolites can protect the 
mitochondria from oxidative stress(12,37). 

Melatonin appears to act only when energy 
balance is disturbed, because such effects were not 
obtained when treatment was performed in normal 
rats(38,39), and this was in agree with our results that 
showed that melatonin treatment did not affect either 
body weight or food intake in normal rats. 

In our present study, melatonin administration 
significantly improved the lipid profile of the obese 
rats by decreasing TG and LDL–cholesterol levels 
and increasing HDL cholesterol levels without 
affecting the total cholesterol levels. 

Similar findings were reported by Prunet-
Marcassus et al.,(16). The effect of melatonin in 
lowering the hypertriglyceredemia can be explained 
by its suppression of visceral fat without affecting 
subcutaneous deposits(40.41), and leading to enhanced 
lipoprotein lipase activity and reduced lipolytic 
activity in visceral adipose tissue(40). 

In our study, melatonin significantly increased 
plasma HDL-cholesterol without affecting TC levels 
in both obese and normal rats. The precise 
mechanism by which melatonin increases HDL-
cholesterol has yet to be elucidated but, may involve 
augmented cholesterol estrifiaction(42) mediated by 
higher lecithin–cholesterol acyltransferase activity(43). 

Our present study showed that melatonin 
treatment significantly reduced plasma LDL-
cholesterol levels in obese rats. 

 The LDL–cholesterol lowering effect of 
melatonin may contribute to its role in atherogenesis 
prevention(44,45). Other authors also found that 
melatonin significantly reduced LDL-cholesterol 
plasma levels, but in rats fed on a high cholesterol 
diet(46,47). The mechanism of this effect of melatonin 
may be via inhibition of cholesterol absorption(46). 
Other mechanisms may include an increase of LDL-
receptors synthesis/activity, inhibition of cholesterol 
synthesis, or enhancement of cholesterol catabolism 
to bile acids(48,49).  

Our study showed that, plasma glucose levels 
were insignificantly increased in obese rats. 
However, melatonin administration significantly 
decreased this glycaemia in obese rats. 

The ability of melatonin to affect plasma 
glucose levels is due to its ability to increase insulin 
output by pancreatic B–cells. Moreover, melatonin 
may act directly on the liver to elevate the plasma 
glucose level, and changes in plasma glucose level 
itself may in turn affect hepatic melatonin binding(50).  

Our study revealed that plasma insulin levels 
significantly increased in obese rats. While, 
melatonin treatment significantly lowered this 
insulinaemia. 

The reduction in insulin secretion in obese rats 
may be due to improvement in insulin sensitivity by 
melatonin treatment(51). But in other studies, 
melatonin has no effect on plasma insulin but only it 
decreased the elevated plasma glucose in obese 
rats(52). 
In a study performed in a diet–induced murine model 
of obesity, melatonin significantly improved insulin 
sensitivity and glucose tolerance(53). 
 
Conclusion: 

From our results, we demonstrated that 
melatonin reduced body weight, plasma TG, LDL–
cholesterol, glucose and insulin levels, and increased 
HDL–cholesterol levels without affecting either TC 
level or food intake in obese rats. 
These overall findings suggest that melatonin should 
be exploited as a therapeutic tool to prevent or 
reverse the harmful effects of obesity and its related 
metabolic disorders as dyslipidemia and insulin 
resistance. 
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Figure (1): Effect of melatonin on final body weight, total food intake, lipid parameters, plasma glucose and 
insulin levels in normal and obese rats. 
*P< 0.05 compared to normal control. #P< 0.05 compared to control obese. $P< 0.05 compared normal group 
treated with melatonin. 
 

   



 http://www.americanscience.org                                          )       2013;9(10Journal of American Science   

66 

 

References 
1. Hjartaker A., Langseth H, Weiderpass E. Obesity and 

diabetes epidemics: cancer repercussions. Adv Exp 
Med Biol 2008; 630:72–93. 

2. Cali A.M., Caprio S.: Obesity in children and 
adolescents. J Clin Endocrinol Metab 2008; 93:S31–
S36. 

3. Dandona P., Ghanim H., Chaudhuri A., Dhindsa S., 
Kim SS.: Macronutrient intake induces oxidative and 
inflammatory stress: potential relevance to 
atherosclerosis and insulin resistance. Exp Mol Med 
2010; 42:245–253. 

4. Haslam D.W., James W.P.: "Obesity". Lancet 2005; 
366: 1197–1209. 

5. Biro FM, Wien M. Childhood obesity and adult 
morbidities. Am J ClinNutr 2010; 9:1499S-1505S. 

6. Stefulj J., Hörtner M., Ghosh M., Schauenstein K., 
Rinner I., Wölfler A., Semmler J., Liebmann P.M.: 
Gene expression of the key enzymes of melatonin 
synthesis in extrapineal tissues of the rat. J Pineal 
Res 2001; 30:243–247. 

7. Costa E.J., Lopes R.H., Lamy-Freund M.T.: 
Permeability of pure lipid bilayers to melatonin. J 
Pineal Res 1995; 19:123-126. 

8. Dibner C., Schibler U., Albrecht U.: The mammalian 
circadian timing system: organization and 
coordination of central and peripheral clocks. Annu 
Rev Physiol 2010;72:517-549. 

9. Carrillo-Vico A., Guerrero J.M., Lardone P.J., Reiter 
R.J.: A review of the multiple actions of melatonin 
on the immune system. Endocrine 2005;27:189–200. 

10. Tan D.X., Manchester L.C., Fuentes-Broto L., 
Paredes S.D., Reiter R.J.: Significance and 
application of melatonin in the regulation of brown 
adipose tissue metabolism: relation to human 
obesity. Obes Rev 2011;12:167-188. 

11. Schaefer M., Hardeland R.: The melatonin 
metabolite N-acetyl-5-methoxykynuramine is a 
potent singlet oxygen scavenger. J Pineal Res 2009; 
46:49–52. 

12. Korkmaz A., Topal T., Tan DX., Reiter R.J. . Role 
of melatonin in metabolic regulation. Rev Endocr 
Metab Disord 2009; 10:261–270. 

13. Tan D.X., Manchester L.C., Di Mascio P., Martinez 
G.R, Prado F.M., Reiter R.J.: Novel rhythms of N1-
acetyl-N2-formyl-5methoxykynuramine and its 
precursor melatonin in water hyacinth: importance 
for phytoremediation. FASEB J 2007; 21:1724–
1729. 

14. Iriti M., Faoro F.: Bioactivity of grape chemicals for 
human health. Nat Prod Commun 2009;4:611–634. 

15. Paredes S.D., Marchena A.M., Bejarano I., Espino 
J., Barriga C., Rial R.V., Reiter R.J., Rodríguez 
A.B.: Melatonin and tryptophan affect the activity-
rest rhythm, core and peripheral temperatures, and 
interleukin levels in the ringdove: changes with 
age.JGerontol A BiolSci Med Sci 2009; 64: 340–
350. 

16. Prunet-Marcassus B., Desbazeille M., Bros A., 
Louche K., Delagrange P., Renard P., Casteilla L., 
Pénicaud L.: Melatonin reduces body weight gain in 
Sprague Dawley rats with diet-induced obesity. 
Endocrinology 2003; 144: 5347-5352. 

17. Nammi S., Koka S., Chinnala KM., Boini KM., 
Obesity: An overview on its current perspectives and 
treatment options.Nutr J 2004; 3:3. 

18. Sutken E., Aral E., Ozdemir F., Uslu S., Alatas O., 
Colak O.: Protective role of melatonin and coenzyme 
Q10 in ochratoxin A toxicity in rat liver and kidney. 
Int J Toxicol 2007; 26:81–87. 

19. Bucolo G., Yabut J., Chang T.Y.: Mechanized 
enzymatic determination of triglycerides in serum. 
Clin. Chem1975; 21:420–424. 

20. Finley P.R.: Enzymatic determination of HDL–
cholesterol. Clin. Biochem 1978; 24:931–934. 

21. Friedewald WT, Levy RI, Frederickson DS. 
Estimation of the concentration of Low density 
lipoprotein cholesterol in plasma without the use of 
preoperative ultracentrifuge. Clin. Chem 1972; 18: 
499. 

22. Flegg M.H.: Quantitative enzymatic colorimetric 
estimation of total cholesterol and HDL cholesterol 
in serum or plasma. Ann. Clin. Biochem 1973; 
10:79. 

23. Trinder P. Determination of blood glucose using an 
oxidase-peroxidase system with a non-carcinogenic 
chromogen. J. Clin. Pathol 1969; 22: 158–161. 

24. Chevenne D., Ruiz J., Lohmann L., Laudat A., 
Leblanc H., Gray I.P., Passa P., Porquet D.: 
Immuno-radiometric assay of human intact 
proinsulin applied to patients with type 2 diabetes, 
impaired glucose tolerance, and hyperandrogenism. 
Clin Chem 1994; 40:754-757. 

25. Dubocovich M., Markowska M. Functional MT1 
and MT2 melatonin receptors in mammals. 
Endocrine 2005; 27: 101–110. 

26. Dubocovich M., Delagrange P., Krause D., Sugden 
D., Cardinali D., Olcese J. International Union of 
Basic and Clinical Pharmacology. LXXV. 
Nomenclature, classification, and pharmacology of 
G protein-coupled melatonin receptors. Pharmacol 
Rev 2010; 62: 343–380.  

27. Reiter R.J., Tan D-X., Fuentes-Broto L.: Melatonin: 
a multitasking molecule Prog Brain Res. 
2010;181:127–151. 

28. Bonnefront-Rousselot D., Colin D., Jore D., Gardès-
Albert M.: Reaction mechanism of melatonin 
oxidation by reactive oxygen. J Pineal Res 2011; 50: 
328–335. 

29. Simko F., Paulis L.: Melatonin as a potential 
antihypertensive treatment. J Pineal Res 2007; 
42:319–322. 

30. Robera R., Kirilov G., Tomova A., Jumanov P.: 
Melatonin-insulin interactions in patients with 
metabolic syndrome. J Pineal Res 2008; 44:52–56. 



 http://www.americanscience.org                                          )       2013;9(10Journal of American Science   

67 

 

31. Koziróg M.K., Poliwczak A.R., Duchnowicz P., 
Koter-Michalak M., Sikora J., Broncel M.: 
Melatonin treatment improves blood pressure, lipid 
profile, and parameters of oxidative stress in patients 
with metabolic syndrome. J Pineal Res 
2011;50:261–266. 

32. Aleixandre De Artinano A., Miguel Castro M.: 
Experimental rat models to study the metabolic 
syndrome. Br J Nutr 2009; 102:1246–1253. 

33. Bartness T.J., Demas G.E., Song C.K.: Seasonal 
changes in adiposity: the roles of the photoperiod, 
melatonin and other hormones, and sympathetic 
nervous system. ExpBiol Med 2002; 227:363–376. 

34. Pénicaud L., Cousin B., Leloup C., Lorsignol A., 
Casteilla L.: The autonomic nervous system, 
adipose-tissue plasticity, and energy balance. 
Nutrition 2000;16: 903- 908. 

35. Jou M.J., Peng T.I., Hsu L.F., JouS.B., Reiter R.J., 
Yang C.M., Chiao C.C., Lin,  Y.F., Chen CC.: 
Visualization of melatonin's multiple mitochondrial 
levels of protection against mitochondrial Ca(2 + )-
mediated permeability transition and beyond in rat 
brain astrocytes. J Pineal Res 2010; 48:20–38. 

36. Paradies G., Petrosillo G., Paradies V., Reiter R. J., 
Ruggiero F. M.: Melatonin, cardiolipin and 
mitochondrial bioenergetics in health and disease. J 
Pineal Res 2010; 48:297–310. 

37. Reiter R.J., Paredes S.D., Manchester L.C., Tan 
D.X.: Reducing oxidative/ nitrosative stress: a 
newly-discovered genre for melatonin.Crit Rev 
Biochem Mo lBiol 2009; 44:175-200. 

38. Mustonen A.M., Nieminen P., Hyvärinen H.: Effects 
of continuous light and melatonin treatment on 
energy metabolism of the rat. J Endocrinol Invest. 
2002; 25:716–723. 

39. Lima F.B., Machado U.F., Bartol I., Seraphim P.M., 
Sumida D.H., Moraes S.M., Hell N.S., Okamoto 
M.M., Saad M.J., Carvalho C.R., Cipolla-Neto J.: 
Pinealectomy causes glucose intolerance and 
decreases adipose cell responsiveness to insulin in 
rats. Am J Physiol 1998; 275:E934–E941. 

40. Rasmussen D.D., Boldt B.M., Wilkinson C.W., 
Yellon S.M., Matsumoto A.M.: Daily melatonin 
administration at middle age suppresses male rat 
visceral fat, plasma leptin, and plasma insulin to 
youthful levels Endocrinology 1999; 140:1009–
1012. 

41. Wolden-Hanson T., Mitton D.R. McCants R.L., 
Yellon S.M., Wilkinson C.W., Matsumoto A.M., 
Rasmussen D.D.: Daily melatonin administration to 
middle-aged male rats suppresses body weight, intra-
abdominal adiposity, and plasma leptin and insulin 

independent of food intake and total body fat. 
Endocrinology 2000; 141:487-497. 

42. Esquifino A., Agrasal C., Velázquez E., Villanúa 
M.A., Cardinali D.P.: Effect of melatonin on serum 
cholesterol and phospholipid levels, and on 
prolactin, thyroid-stimulating hormone and thyroid 
hormone levels, in hyperprolactinemic rats. Life Sci 
1997; 61:1051–1058. 

43. Tamura H., Nakamura Y., Narimatsu A., Yamagata 
Y., Takasaki A., Reiter R.J., Sugino N.: Melatonin 
treatment in peri- and postmenopausal women 
elevates serum high-density lipoprotein cholesterol 
levels without influencing total cholesterol levels. J 
Pineal Res 2008; 45:101–105. 

44. Kelly M.R., Loo G: Melatonin inhibits oxidative 
modification of human low-density lipoprotein. J 
Pineal Res 1997; 22:203–209. 

45. Korkmaz A., Reiter R.J., Topal T., Manchester L.C., 
Oter S., Tan D.X.:  Melatonin: an established 
antioxidant worthy of use in clinical trials. Mol Med 
2009;15:43–50. 

46. Hussain S.A.: Effect of melatonin on cholesterol 
absorption in rats. J Pineal Res 2007; 42:267–271. 

47. Hoyos M., Guerrero J.M., Perez-Cano R., Olivan J., 
Fabiani F., Garcia-Pergañeda A., Osuna C.: Serum 
cholesterol and lipid peroxidation are decreased by 
melatonin in diet-induced hypercholesterolemic rats. 
J Pineal Res 2000;28:150–155. 

48. Müller-Wieland D., Behnke B., Koopmann K., 
Krone W.: Melatonin inhibits LDL receptor activity 
and cholesterol synthesis in freshly isolated human 
mononuclear leukocytes. Biochem Biophys Res 
Commun 1994; 203:416–421. 

49. Chan T.Y, Tang P.L.: Effect of melatonin on the 
maintenance of cholesterol homeostasis in the rat. 
Endocr Res 1995; 21:681–696. 

50. Poon A.M., Choy E.H., Pang S.F.: Modulation of 
blood glucose by melatonin: a direct action on 
melatonin receptors in mouse hepatocytes. Biol. 
SignalsRecept2001; 10:367–379. 

51. Peschke E.: Melatonin, endocrine pancreas and 
diabetes. J Pineal Res 2008; 44:26–40. 

52. Ríos-Lugo M.J., Cano P., Jiménez-Ortega V., 
Fernández-Mateos M.P., ScacchiP.A., Cardinali 
D.P., Esquifino A.: Melatonin effect on plasma 
adiponectin, leptin, insulin, glucose, triglycerides 
and cholesterol in normal and high fat–fed rats. J. 
Pineal Res 2010; 49:342–348. 

53. Sartori C., Dessen P., Mathieu C.,Monney A., Bloch 
J., Nicod P., Scherrer U., Duplain H.: Melatonin 
improves glucose homeostasis and endothelial 
vascular function in high fat diet-fed insulin-resistant 
mice. Endocrinology 2009; 150:5311–5317. 

 
8/12/2013 


