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ABSTRACT  
 

This study was undertaken to determine the effect of two levels of melatonin, vitamin C and 
zinc alone or in combination on feed intake, weight reduction, organs weight/body weight%,  
peritoneal fat pad (PFP), serum (leptin and glucose) and also histological structure of kidney in obese 
rats. Two main experimental groups used in this experiment. The first main group (6 rats) fed on basal 
diet as a control negative, while the second main group (54 rats) was fed on high fat diet (HFD) 6 
week to induce obesity in rats. Then, the second main group divided into nine subgroups. Subgroup 
(1) (6 rats) fed on HFD as positive control group. Subgroups (2 and 3) were fed on (HFD) and treated 
with (5 and 10 mg melatonin / kg B.W), respectively. Subgroups (4 and 5): were fed on (HFD) and 
treated with (100 and 200 mg vitamin C/kg B.W), respectively. Subgroups (6 and 7) were fed on 
(HFD) and treated with (200 and 300 mg Zn/kg diet), respectively. Subgroups (8 and 9) were fed on 
(HFD) and treated with (5 mg melatonin + 100 mg vitamin C + 200 mg Zn) and (10 mg melatonin + 
200 mg vitamin C + 300 mg Zn), respectively. Feeding rats on HFD led to significant increase in 
body weight gain%, (liver & kidney weight/body weight %), peritoneal fat pad (PFP), serum (leptin 
and glucose). Treating obese rats with the two levels from melatonin, vitamin C and zinc alone or in 
combination decreased the mean values of body weight gain%, organs weight / body weight%, PFP, 
leptin and glucose significantly, as compared to the positive control group. The highest improvement 
of these parameters recorded for the group which was treated with the combination of (10mg 
melatonin + 200mg vitamin C + 300mg zinc), except serum glucose which recorded for the treated 
group with 300mg zinc. Histological examination of kidney confirmed these results. It was concluded 
that melatonin, vitamin C and zinc or their combination should be used to reduce the weight gain and 
improve glucose & leptin hormone levels, especially their mixture.  
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Introduction 
 

Recent studies show that excess body fat weight is pandemic, with one-half to two-thirds of 
the overall study population (men and women in 65 countries) being overweight or obese. People who 
are overweight have a higher risk of heart disease, type 11 diabetes and other diseases including some 
cancers (Balakan et al., 2007). 
 Aboul-Ella et al. (2010) reported that overweight and obesity are prevalent among Egyptian 
adolescents of both sexes, and at least, for girls, the prevalence has increased in the last few years. 
 Overweight and obesity are the fifth leading risk for global death. At least 2.8 million adults 
die each year as a result of being overweight or obese. In addition, 44% of diabetes burden, 23% of 
the ischemic heart disease burden and between 7 and 41% of certain cancer burdens are attributable to 
overweight and obesity (WHO, 2012). 
 Melatonin known chemically as N-acetyl -5- methoxytryptamine is a hormone found in 
animals, plants, and microbes (Caniato et al., 2003). The physiological roles of melatonin in plants 
involve regulation of their response to photoperiod, defense against harsh environments, and the 
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function of an antioxidant. The latter may be the original function of melatonin in organisms with the 
others being added during evaluation (Tan et al., 2010).  
Melatonin has been reported in foodstuffs including cherries, banana and grapes, rice and cereals, 
herbs, olive oil (Lamont et al., 2011). Hattori et al. (1995) reported that when birds ingest melatonin-
rich plant feed such as rice, the melatonin binds to melatonin receptors in their brains. When humans 
consume foods rich in melatonin such as banana, pineapple and orange the blood levels of melatonin 
significantly increase (Sae-Teaw et al., 2012). 
 In humans, melatonin is produced by the Pineal gland, a small endocrine gland located in the 
center of the brain but outside the blood-brain barrier. The melatonin signal forms part of the system 
that regulates the sleep-wake cycle by chemically causing drowsiness and lowering the body 
temperature, but it is the central nervous system that controls the daily cycle (Reiter, 1991). 
 Human melatonin production decreases as person ages. Production of melatonin by the Pineal 
gland is inhibited by light to the retina and Permitted by darkness (Poeggeler et al., 1994). Besides its 
function as a synchronizer of the biological clock, melatonin is a powerful free-radical scavenger and 
wide-spectrum antioxidant as discovered in 1993 (Tan et al., 1993 and Poeggeler et al., 1994). 

Melatonin is an antioxidant that can easily cross cell membranes (Pohanka, 2011) and blood 
brain barrier (Reiter et al., 2010). Melatonin works with other antioxidants to improve the overall 
effectiveness of each antioxidant (Arnao and Hernandez, 2006). 
 Wolden-Hanson et al. (2000) and Gunduz (2002) reported that melatonin is involved in 
energy metabolism and body weight control .A potential mechanism is that melatonin promotes the 
recruitment of brown adipose tissue (BAT) as well as enhances its activity (Tan et al., 2011). 

Endogenous melatonin has been demonstrated to be the mediator of seasonal changes in body 
weight in some small mammals, an effect that probably involves the modulation of brown adipose 
tissue activity (Barthness and Wade, 1985).  

Brown adipose tissue, an organ exclusively found in mammals, acts to keep the balance 
between energy intake and energy expenditure by means of disposing the extra energy as heat. 
Interestingly, it has been recently demonstrated that, contrary to what was presumed earlier, 
substantial amounts of metabolically active brown adipose tissue are present in human adults (Van 
Marken et al., 2009).  

Based on this finding it has been speculated that melatonin-induced hypertrophy and 
functional activation of brown adipose tissue may also apply to humans (Tan et al., 2011). 
 Johnston et al. (2006) reported that individuals with marginal vitamin C status oxidized 25% 
less fat per Kg body weight during the treadmill test as compared to individuals with adequate vitamin 
C status. 

Vitamin C is a co factor in the biosynthesis of carnitine, a molecule required for oxidation of 
fatty acids. A reduction in the ability to oxidize fat may contribute to the reported inverse relationship 
between vitamin C status and adiposity (Johnston et al., 2006). 

Zinc is an important component of bio membranes and an essential cofactor in a variety 
enzyme, zinc has antioxidant – like properties, thus, it can stabilize macromolecules against radical – 
induced oxidation vitro as well as limit excess radical production (Henning et al., 1999). 
 Simon and Taylor (2001) reported that a lower level of dietary Zn supplementation (300 mg 
Zn/kg diet) for 6 weeks was effective for reducing fasting hyperglycemia and hyperinsulinemia and 
reducing weight gain (i.e. better metabolic control) in young db/db mice. 
 Tallman and Taylor (2003) reported that, there is evidence to support interrelationships 
among obesity (present in most type two diabetes), Leptin and Zn metabolism for example adipose Zn 
concentrations were reduced in mice with diet-induced obesity and adipose Zn was negatively 
correlated with serum leptin concentrations. 

Therefore, the present study aims to investigate the effect of supplemented diet with different 
levels of melatonin, vitamin C and zinc alone or in combination on weight reduction, blood sugar and 
histological structure of kidney in obese rats. 
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Materials and Methods 
 

Materials: 
 

1. Casein, vitamins, minerals, cellulose, choline chloride were purchased from El-Gomhoria 
Company, Cairo, Egypt.  

2. Starch and corn oil was obtained from local market in Cairo, Egypt.  
3. Melatonin was obtained from International Scientific Company and Medical Supplies, Cairo, 

Egypt. 
4.  Kits for biochemical analysis was obtained from Alkan for Pharmaceutical and Chemical, 

Dokki, Egypt. 
5. Adult male albino rats Sprague Dawley Strain (n = 60 rat) weighing (200 ± 10 g) were 

purchased from Helwan farm of experimental animals, Ministry of Health and Population, 
Helwan, Cairo, Egypt. 

 
Methods: 
 
Biological investigation: 
 

Sixty adult male albino rats of Sprague Dawley Strain weighing approximately (200 ± 10 g) 
were housed in well aerated cages under hygienic condition and feed on basal diet (BD) for one week 
for adaptation according to (Reeves et al., 1993). After adaptation period, the rats were divided into 
two main groups as follows : 

The first main group (6 rats) was fed on basal diet (BD) as a control negative group (- ve). 
The second main group (54 rats) was fed on high fat diet 6 week, containing (saturated fat 19%, corn 
oil 1% to provide essential fatty acids, sucrose 10%, casein 20%, cellulose 5%, vitamin mixture 1%, 
salt mixture 3.5%, choline chloride 0.25% and the remainder is corn starch) to induce obesity in rats 
(Min et al., 2004) .  

After these periods, the mean value of body weight % was estimated in the two main groups, 
also blood samples were collected from all rats  to estimate the levels of cholesterol and triglycerides  
(healthy rats was 75.640 ± 4.098 mg/dl cholesterol and 35.765 ±  4.807 mg/dl triglycerides), while the 
second main group recorded (160.232 ± 5.652 mg/dl cholesterol and 70.481 ±  5.032 mg/dl 
triglycerides), then the rats were divided into nine subgroups (n = 6 each) according to the following 
scheme: 
 

- Subgroup (1): was fed on high fat diet (HFD) as a control positive group (+Ve). 
- Subgroups (2 & 3): were fed on (HFD) and treated with (5 and 10 mg melatonin / kg B.W), 

respectively. 
- Subgroup (4 & 5): were fed on (HFD) and treated with (100  and 200 mg vitamin C/kg B.W), 

respectively. 
- Subgroup (6 & 7): were fed on (HFD) and treated with (200 and 300 mg Zn/kg diet), 

respectively. 
- Subgroup (8 & 9): were fed on (HFD) and treated with (5 mg melatonin + 100 mg vitamin C 

+ 200 mg Zn) and (10 mg melatonin + 200 mg vitamin C + 300 mg Zn), respectively. 
 

At the end of the experimental period (8 weeks), rats were fasted over night before 
sacrificing. Blood samples were collected from each rat and centrifuged at 3000 r.p.m. to separate the 
serum. Serum was carefully separated and transferred into dry clean Ebendorf tubes and kept frozen at 
-20 °C till analysis.  

Liver, kidney and the peritoneal fat pad were removed by careful dissection and blotted free 
of adhering blood immediately after sacrificing the rats. The organs were washed with cold saline and 
dried between two filter papers, then weighed and kept in formalin solution (10 %) according to Drury 
and Wallington (1980). 
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Biological Evaluation: 
 

Biological evaluation of the different tested diets was carried by determination of food intake 
(FI), body weight gain% (BWG %), organs weight and peritoneal fat pad / body weight% according 
to Chapman et al. (1959). 
  
Biochemical Analysis of Serum: 
 

 Leptin hormone determined by Leptin ELISA Kit according to the method described by 
(Guillaume and Bjorntorp, 1996) and serum glucose was determined according to the method of 
(Trinder, 1959). 
 
Histopathological Examination: 
 

Specimens from kidney tissues were taken immediately after sacrificing animals, and fixed in 
10% buffered neutral formalin solution. The fixed specimens were then trimmed, washed, dehydrated 
and imbedded in paraffin, cut in sections of 46 microns thickness and stained with haematoxylin and 
eosin stain according to (Sheehan and Hrapchak , 1980).  

 
Statistical Analysis: 
 

The data obtained was analyzed statistically for standard deviation and one-way ANOVA test 
(Steel and Torri, 1980). 
 
Results and Discussion 
 
Effect of high fat diet with or without melatonin administration, vitamin C and zinc 
supplementation on feed intake, body weight gain % and organs weight/body weight % in obese 
rats: 
 

Table (1) illustrate the effect of high fat diet (HFD) with melatonin treatment at two levels (5 
or 10 mg/kg B.W.), supplemented diet with vitamin C (100 or 200 mg/kg B.W) or zinc (at 200 or 300 
mg/kg diet) and the combination between them on feed intake (FI), body weight gain % (BWG%) and 
organs weight /body weight% (OW/BW%).   

All groups of albino rats which fed on (HFD) for 8 week revealed no abnormal clinical signs 
during the experimental period. Concerning feed intake (FI), results given in Table (1) reveal that 
there is no significant difference (P<0.05) between the control (-ve) group which fed on (BD) and the 
(+ve) control group which fed on (HFD) (19.432  1.027 VS 20.876 1.230; respectively). 
Concerning (+ve) groups fed on (HFD) and treated with melatonin or supplemented with vitamin C or 
zinc at low or high levels and combination between them, recorded non-significant difference as 
compared to the control (+ve) group. 
 Meanwhile, caloric intake in (-ve) group fed on (BD) was lower as compared to (+ve) group 
fed on (HFD). These data suggest that the decrease in weight gain % by some experimental groups 
fed on (HFD) supplemented with low or high levels of melatonin, vitamin C or their combination 
induced mainly by the melatonin or vitamin C supplementation.  

Results presented in Table (1) illustrate the effect of (HFD) with melatonin administration at 
two levels (5 or 10 mg/kg) vitamin C or Zn at low or high levels alone or in combination on BWG% 
in obese rats, the mean values  SD of body weight gain % in normal rats (control-ve) group and HFD 
(control + ve) group were 21.257  2.088 and 44.181 2.657; respectively. Results revealed a 
significant increase (P<0.05) in BWG% of the control (+ve) group as compared to the (-ve) control 
group. However, the caloric intake of albino rats fed on (BD) (-ve) group was lower as compared to 
(HFD) group. Results revealed that administration melatonin (5 or 10 mg / kg B.W.) to the (+ve) 
groups which fed on (HFD) recorded 39.256  1.434 and 35.404  1.197; respectively. On the other 
hand, (+ve) group fed on (HFD) supplemented with vitamin C at two levels (100 mg or 200 mg/kg 
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B.W.) recorded 35.307  2.128 and 31.038  0.742; respectively. The present results also revealed a 
significant decrease (P<0.05) in BWG% of all groups fed on (HFD) supplemented with vitamin C or 
groups administrated melatonin daily. 
 
Table 1: Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation 

on feed intake, body weight gain% and some organs weight/body weight % in obese rats. 
                Parameters 

 
Groups 

Feed intake 
(g/day/ 

each rat) 

Body weight 
gain % 

Organs weight / body weight% 
Liver kidney 

Control negative (-ve) fed on basal diet 
(BD) 

19.432 a 
±1.027 

21.257 g 
± 2.088 

2.432 h 
± 0.174 

0.570 h 
± 0.049 

Control positive (ve+) fed on (HFD) 20.876 a 
±1.230 

44.181 a 
± 2.657 

4.113 a 
± 0.208 

1.008 a 
± 0.072 

Fed on (HFD) + 5mg melatonin 20.220 a 
±1.338 

39.256 b 
± 1.434 

3.805 b c 
± 0.198 

0.806 c 
± 0.051 

Fed on (HFD) + 10mg melatonin 20.00 a 
±1.422 

35.404 c 
± 1.197 

3.496 d e 
± 0.130 

0.690 e f 
± 0.056 

Fed on (HFD) + 100mg vitamin C 20.213 a 
±1.500 

35.307 c 
± 2.128 

3.653 c d 
± 0.218 

0.742 d e 
± 0.047 

Fed on (HFD) + 200mg vitamin C 19.876 a 
±1.188 

31.038 e 
± 0.742 

3.400 e f 
± 0.155 

0.639 f g 
± 0.035 

Fed on (HFD) + 200mg zinc 21.056 a 
±1.632 

42.032 b 
± 1.588 

3.886 b 
± 0.214 

0.867 b 
± 0.075 

Fed on (HFD) + 300mg zinc 21.778 a 
±1.420 

42.499 ab 
± 1.224 

3.613cde 
± 0.146 

0.763 c d 
± 0.042 

Fed on (HFD) + 5mg melatonin + 
100mg vitamin C + 200mg zinc 

21.00 a 
±1.559 

30.920 e 
± 1.287 

3.243 f g 
± 0.205 

0.671 f 
± 0.033 

Fed on (HFD) + 10mg melatonin + 
200mg vitamin C + 300mg zinc 

20.210 a 
±1.632 

26.315 f 
± 1.065 

3.072 g 
± 0.121 

0.606 g h 
± 0.021 

- All results are expressed as mean + SD - HFD: High Fat Diet  
- Values in each column which have different litters are significantly different        (P< 0.05)   
 

Concerning melatonin administered, the present results are supported by those reported by 
Wolden et al. (2000) who demonstrated that melatonin is involved in energy metabolism and body 
weight control in small animals. 
 Given results are in the same line with those reported by Alonso-vale et al. (2009) who 
indicated that melatonin has the capacity to inhibit white adipogenesis under in vitro conditions. 
 Many studies show that chronic melatonin supplementation in drinking water reduced body 
weight and abdominal fat in experimental animals, especially in the middle-aged rats and the weight 
loss effect did not require the animals to eat less and to be physically more active. A potential 
mechanism is that melatonin promotes the recruitment of brown adipose tissue (BAT) as well as 
enhances its activity (Tan et al., 2011). 

 Results presented in Table (1) illustrate the effect of HFD supplemented with 100 or 200 mg/kg 
B.W. from vitamin C on BWG %, the mean values  SD of body weight gain were recorded (35.307 
2.128, 31.038  0.742; respectively). Statistically, results recorded a significant decrease (P<0.05) in 
BWG% as compared to the control (+ve) group. 

In this study, results of BWG% of rats fed on (HFD) supplemented with vitamin C were in the 
same line with those reported by Johnston (2005) who demonstrated that vitamin C status is inversely 
related to body mass. Individuals with adequate vitamin C status oxidize 30% more fat during 
moderate exercise than individuals with low vitamin C status; thus, vitamin C depleted individuals 
may be more resistant to fat mass loss. The present results are supported by those reported by 
Newsom et al. (2008) who hypothesized that acute ascorbic acid administration augments the thermic 
effect of feeding in sedentary overweight and obese adults.  

Results presented in Table (1) illustrate the effect of (HFD) supplemented with lower high 
doses of Zn (200 or 300 mg). Results revealed that groups fed on HFD supplemented with Zn (at 
levels 200 or 300 mg/kg diet) recorded 42.032  1.588 and 42.499  1.224; respectively.  Statistically, 
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results recorded non-significant reduction in BWG% as compared to the control (+ve) group fed on 
HFD. Present results are in agreement with Chen et al. (1996) who demonstrated the effects of zinc 
supplementation on body Fat+ deposition in two types of experimental obese mice : genetically obese 
(ob/ob) mice and high-fat diet-induced (ICR) obese (HF) mice were investigated. The present results 
found that the mice in the zinc-supplemented groups were administered 200 mg/kg zinc in their diets 
for 6 wk. Both the ob/ob mice and HF mice, that were fed a diet containing a marginal zinc dosage (4-
mg/kg), had lower zinc levels in their serum and carcass, and higher body fat content than their 
respective lean controls (P<0.01) after zinc supplementation, Moreover, ob/ob mice and HF mice 
significantly (P<0.05) increased their body fat by 49.4% and 18.9%, respectively.  

Chen et al. (1996) reported that body fat deposition can be aggravated by zinc 
supplementation in both types of obese mice. Zinc may be associated with the energy homeostasis of 
obesity, via its interaction with dietary fat composition. 
Results presented in Table (1) illustrate the effect of HFD with melatonin administration and 
supplementation with low or high levels from vitamin C and Zn. Results recorded 30.920  1.287 and 
26.315 1.065; respectively. Results revealed a significant decrease (P<0.05) in BWG% of (+ve) 
groups fed on HFD supplemented with low or high levels from combination of melatonin, vitamin C 
and Zn.  

Results of choice which induced decrease in BWG% was recorded by the group which was 
fed (HFD) with melatonin administration at level (10 mg) plus supplementation with 200 mg from 
vitamin C and 300 mg zinc followed by the group which was fed on (HFD) with melatonin 
administration at level of 5 mg plus supplementation with 100 mg from vitamin C and 200 mg Zn. 
Present results agreed with those of Alonso-vale et al. (2009) who indicated that melatonin has the 
capacity to inhibit white adipogensis under vitro conditions. Exogenous melatonin administration to 
animals has been shown to cause significant weight loss. Yoneshiro and Saito, (2015) reported that 
brown adipose tissue (BAT) is the site of sympathetically activated adaptive thermogensis during cold 
exposure and after hyperphagia. 

It has been suggested that the orphan nuclear RORs play important roles in both white 
adipose tissue and BAT of mice (Lau et al., 2008). 

According to Gitto et al. (2001) who reported that melatonin ougments the protective actions 
of vitamin E, vitamin C and GSH against free radical-mediated oxidation. Gitto et al. (2001) 
concluded that the combinations of melatonin with other antioxidants clearly increase their efficacy. 
The mechanism of the synergy and confirmation of these findings remain unknown. Melatonin has 
proven superior to vitamins C and E in reducing oxidative damage (Tan et al., 2002). 

 Young et al. (2014) reported that Chitosan combined with L-ascorbic acid may be useful for 
controlling body weight. Concerning zinc level in obese individual, Ennes et al. (2011) found that 
there is alteration in biochemical parameters of zinc in obese women, with low concentration in 
erythrocytes. Regression analysis demonstrates that the erythrocytary zinc is influenced by 
biomarkers of the metabolic syndrome, presenting an inverse relationship with the waist 
circumference and body mass.  

Concerning the effect of zinc level on BWG% Chen et al. (2001) reported that ob/ob mice 
and the HF mic, after zinc supplementation, ob/ob mice and the HF mice significantly (P<0.05) 
increased their body fat by 49.4% and 18.9% respectively. The study revealed that body fat deposition 
can be aggravated by zinc supplementation in both types of obese mice. Zinc may be associated with 
the energy homeostasis of obesity, via its interaction with dietary fat consumption. 

Freire et al. (2013) found that obese people tend to have low zinc circulation levels, this is not 
always related to zinc intake but can reflect the distribution of zinc in relation to the proportion of 
body fat and factors related to the inflammatory processes that cause obesity. 

In this respect Ramezanipour et al. (2014) reported that ten percent weight reduction can have 
a significant role in increasing antioxidant enzymes activities especially glutathion reductase, and 
catalase enzymes in obese women. However, it is important to take into consideration a balanced 
amount of certain nutrients while administering a diet with limited energy. 

Concerning organs weight / body weight % Table (1) show that liver and kidney weight for (-
ve) control and (+ve) control were (2.432  0.174 and 0.570  0.049) and (4.113  0.208 and 1.008  
0.072), respectively. Results revealed that (+ve) group which fed on (HFD) without any treatment 
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recorded a significant increase (P<0.05) in organs weight (liver and kidney/body weight%), as 
compared to the (-ve) control group. 

On the other side, results of liver weight/body weight % of groups fed on HFD supplemented 
with melatonin administration at high or low levels without or with vitamin C and Zinc and 
combination of them recorded (3.805 0.198, 3.496  0.130, 3.653 0.218, 3.400  0.155, 3.886  
0.214, 3.613 0.146, 3.243  0.205 and 3.072  0.121, respectively). 

While, kidney weight/body weight % of groups fed on HFD with melatonin administration 
with or without supplementation with vitamin or zinc and combination between them recorded 0.806 
 0.051, 0.690  0.056, 0.742  0.047, 0.639  0.035, 0.867 0.075, 0.763  0.042, 0.671  0.033 and 
0.606  0.021; respectively. 

Statistically, results indicated that there were a significant increase (P<0.05) in organs weight 
of (+ve) group, as compared to the (-ve) control group. 

Present results reveal that (+ve) groups which were fed on (HFD) with melatonin 
administration with or without vitamin C, recorded a significant decrease in organs weight/body 
weight %, the best results were recorded by (+ve) group which was treated by melatonin 
administration with combination of vitamin C and Zinc at the high level followed by the low one. 
 
Effect of high fat diet with or without melatonin administration, vitamin C and zinc 
supplementation on peritoneal fat pad % in obese rats: 
 
 Results presented in Table (2) illustrate the effect of (HFD) with or without melatonin 
administration, vitamin C, Zinc supplementation. Results in Table (2) reveal that peritoneal fat pad% 
(PFP%) in normal rats control (-ve) group fed on BD and control (+ve) group recorded (3.848  0.121 
and 5.805  0.114), respectively. 

 
Table 2: Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation 

on percent of peritoneal fat pad (PFP) in obese rats. 
 

Parameters 
        Groups 

PFP % 
 

Control negative (-ve) fed on basal diet (BD) 
 

3.848 i 
± 0.121 

Control positive (ve+) fed on (HFD) 
5.805 a 
± 0.114 

Fed on (HFD) + 5mg melatonin 
5.541 b 
± 0.080 

Fed on (HFD) + 10mg melatonin 
5.208 d 
± 0.083 

Fed on (HFD) + 100mg vitamin C 
5.163 d 
± 0.079 

Fed on (HFD) + 200mg vitamin C 
4.931 e 
± 0.079 

Fed on (HFD) + 200mg zinc 
5.668 a b 
± 0.063 

Fed on (HFD) + 300mg zinc 
5.715 a 
± 0.049 

Fed on (HFD) + 5mg melatonin + 100mg vitamin C + 200mg zinc 
4.541 g 
± 0.063 

Fed on (HFD) + 10mg melatonin + 200mg vitamin C + 300mg zinc 
4.340 h 
± 0.077 

-All results are expressed as mean + SD - HFD: High Fat Diet   
- Values in each column which have different litters are significantly different (P< 0.05) 

 
Results in Table (2) illustrate the effect of melatonin at 5 or 10 mg/ kg B.W with or without 

vitamin C or Zinc at law or high doses on PFP%, groups recorded 5.541  0.080, 5.208   0.083, 5.163 

 0.079, 4.931  0.079, 5.668 ± 0.063, 5.715 ± 0.049, 4.541  0.063 and 4.340  0.077; respectively. 
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The statistical analysis showed that there were a significant increase (P<0.05) in peritoneal fat Pad% 
in the control (+ve) fed on HFD, as compared to the control (-ve) group fed on BD.  

Results indicated that group of obese rats fed on HFD with administration melatonin alone or 
with vitamin C and groups which received a melatonin with a combination from vitamin C and zinc 
recorded a significant decrease (P<0.05) in PFP% as compared to the (+ve) Control group which fed 
on (HFD). 

Present results are in a harmony with Rios-luge et al. (2010) who found that melatonin 
administration for 9 wk decreased body weight gained from the 3rd wk on without affecting food. 
They indicated that melatonin counteracts some of the disrupting effects of diet-induced obesity in 
rats. Results of the present study also revealed the (+ve) groups which fed on (HFD) supplements 
with zinc alone recorded a non-significant decrease (P<0.05) in PFP% as compared to the (+ve) 
group. Results of the present study are in agreement with Freire et al. (2013) who reported that obese 
people tend to have low zinc circulation levels; this is not always related to zinc intake but can reflect 
the distribution of zinc in relation to the proportion of body fat and factors related to the inflammatory 
processes that cause obesity. 

On the other hand the combination of administration of melatonin and supplementation with 
vitamin C at high or low level recorded the best results and a significant (P<0.05) decrease in PFP% . 

These results are at the same line with Ramezanipour et al. (2014) who reported that ten 
percent weight reduction can have a significant role in increasing antioxidant enzymes activities 
especially glutathione reductase and catalase enzymes in obese women. 
   
Effect of high fat diet with or without melatonin administration, vitamin C and zinc 
supplementation on serum leptin in obese rats: 
 
 Results presented in Table (3) illustrate the effect of HFD with or without melatonin 
administration, vitamin C and Zinc supplementation on serum leptin level in Albino rats fed on 
(HFD). 

Results in Table (3) reveal the serum level in control (-ve) group fed on (BD) is 5.726 0.527, 
while control (+ve) group fed on (HFD) is 25.029 1.330; respectively.  The statistical analysis 
showed that there was a significant increase (P<0.05) in serum leptin level of the control (+ve) group 
as compared with the negative control group (-ve). 
 The present results are in agreement with those of Frederich et al. (1995) who found an 
increase in leptin resistance as a result of consuming a diet containing high fat in rodents. 

Results in Table (3) show that groups which were fed on HFD with melatonin administration 
at levels 5 or 10 mg/ kg B.W. recorded 15.0301.300 and 13.65 ± 1.116; respectively. The statistical 
analysis showed that there were a significant decrease (P<0.05) in serum leptin level of groups 
received low or high level of melatonin. Thes results are in agreement with those of Rios- Lugo et al. 
(2010) who found that melatonin administration for 9 wk decreased body weight gained from the 3rd 
wk and induced a significant reduction in leptin. On the other hand, results showed that groups which 
were fed on HFD with vitamin C or Zinc at lower or higher levels recorded 15.054 0.724, 15.001  
1.064, 16.123  1.042 and 16.674  1.343; respectively.  

Concerning (+ve) groups fed on HFD with vitamin C the present results are in agreement with 
Konukoglu et al. (2004) who found a significant positive correlation between leptin and body mass 
index (P<0.01) and insulin (P<0.01) and a significant negative correlation between leptin and zinc in 
obese subjects. Zinc may be a mediator of the effects of leptin, although the actual mechanism is still 
unknown. 
 Results of the present study indicate that there was a significant decrease (P<0.05) in leptin 
levels of group fed on HFD with vitamin C supplementation at low or high level. This result is at the 
same line with Peluse et al. (2014) who reported that ingestion of high fat meal led to an increase in 
circulating levels of cholesterol, TG, glucose and insulin, ingestion of fruit-juice drink significantly 
reduce plasma levels of cholesterol and triglycerides. Tranberg et al. (2014) found that HFD 
significantly reduced (P<0.01) liver vitamin C as compared with low-fat diet feeding.  
 Concerning (+ve) groups which were fed on HFD with zinc supplementation at low or high 
levels recorded a non-significant decrease (P<0.05) in serum leptin level, while at the same time, 
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results of the present study revealed that (+ve) groups fed on HFD with melatonin administration 
combined with vitamin C and zinc supplementation recorded a significant decrease (P<0.05) in serum 
leptin levels. 
   
Table 3: Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation 

on serum leptin in obese rats. 
Parameters 

       Groups   Leptin 
(ng/ml) 

Control negative (-ve) fed on basal diet (BD) 
 

5.726 f 
± 0.527 

Control positive (ve+) fed on (HFD) 
25.029 a 
± 1.330 

Fed on (HFD) + 5mg melatonin 
15.030 c 
± 1.300 

Fed on (HFD) + 10mg melatonin 
13.65 d 
± 1.116 

Fed on (HFD) + 100mg vitamin C 
15.054 c 
± 0.724 

Fed on (HFD) + 200mg vitamin C 
15.001 c 
± 1.064 

Fed on (HFD) + 200mg zinc 
16.123 b 
± 1.042 

Fed on (HFD) + 300mg zinc 
16.674 b 
± 1.343 

Fed on (HFD) + 5mg melatonin + 100mg vitamin C + 200mg zinc 
13.225 d 
± 0.557 

Fed on (HFD) + 10mg melatonin + 200mg vitamin C + 300mg zinc 
11.208 e 
± 0.582 

- All results are expressed as mean + SD - HFD: High Fat Diet   
- Values in each column which have different litters are significantly different (P< 0.05).    
 
Effect of high fat diet with or without melatonin administration, vitamin C and zinc 
supplementation on serum glucose level in obese rats: 
 
 Table (4) illustrate the effect of high fat diet with or without melatonin administration, 
vitamin C and Zinc supplementation on serum glucose level in obese rats.  

Results revealed that serum glucose level in the (+ve) and (-ve) groups recorded 150.938  
3.429 and 83.6813.890; respectively. Statistically results indicated a significant increase (P<0.05) in 
serum glucose level in (+ve) group fed on (HFD) as compared with the (-ve) control group fed on 
(BD). Results of this study showed that obese rats which were fed on (HFD) with melatonin 
administration at low or high levels recorded 132.8292.643 and 120.215  3.350; respectively. 
Concerning (+ve) groups fed on (HFD) with supplementation of vitamin C or zinc at low or high level 
and groups which fed on (HFD) with administration of low or high levels from melatonin in with 
combination of vitamin C and zinc at low or high levels recorded 115.054 4.500, 106.804  2.541, 
110.804  4.774, 102.602  2.378, 112.311  3.974 and 107.528  3.193; respectively. 

Statistically results indicated that (+ve) obese groups fed on HFD supplemented with low or 
high levels from vitamin C or zinc and melatonin administration with combination between them 
vitamin C and Zinc at low or high levels recorded a significant decrease (P<0.05) in blood glucose 
level as compared to the (+ve) control group fed on HFD.  

Results of this study are at the same line with Nduhiraband et al. (2014) who indicated that 
short-term melatonin administration to obese/insulin resistant rats reduced insulin resistance. 
Concerning the effect of supplementation with zinc, the present results are in agreement with Simon 
and Taylor (2001) who reported that dietary Zn supplementation (300 mg/kg diet) for 6 weeks was 
effective for reducing fasting hyperglycemia and by hyperinsulinemia.  
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Results of this study are at the same line with Nduhiraband et al. (2014) who indicated that 
short-term melatonin administration to obese/insulin resistant rats reduced insulin resistance. 
Concerning the effect of supplementation with zinc, the present results are in agreement with Simon 
and Taylor (2001) who reported that dietary Zn supplementation (300 mg/kg diet) for 6 weeks was 
effective for reducing fasting hyperglycemia and by hyperinsulinemia. Knoukoglu et al. (2004) found 
a significant positive correlation between leptin and body mass index (P<0.01) and insulin (P<0.01) 
and a significant negative correlation between leptin and zinc in obese subjects, zinc may be a 
mediator of the effect of leptin. 

 
Table 4: Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation 

on serum glucose in obese rats. 
 

Parameters 
        Groups 

Glucose 
mg/dl 

Control negative (-ve) fed on basal diet (BD) 
 

83.681 h 
± 3.890 

Control positive (ve+) fed on (HFD) 
150.938 a 
± 3.429 

Fed on (HFD) + 5mg melatonin 
132.829 b 
± 2.643 

Fed on (HFD) + 10mg melatonin 
120.215 c 
± 3.350 

Fed on (HFD) + 100mg vitamin C 
115.054 d 
± 4.500 

Fed on (HFD) + 200mg vitamin C 
106.804 f 
± 2.541 

Fed on (HFD) + 200mg zinc 
110.804 e f 

± 4.774 

Fed on (HFD) + 300mg zinc 
102.602 g 
± 2.378 

Fed on (HFD) + 5mg melatonin + 100mg vitamin C + 200mg zinc 
 

112.311 d e 
± 3.974 

Fed on (HFD) + 10mg melatonin + 200mg vitamin C + 300mg zinc 
 

107.528 f 
± 3.193 

- All results are expressed as mean + SD - HFD: High Fat Diet 
- Values in each column which have different litters are significantly different (P< 0.05).   
 

Chen et al. (2001) demonstrated that zinc supplementation alleviated the hyperglycemia of 
ob/ob mice, which may be related to its effect on the enhancement of insulin activity. On the other 
hand, the greatest decrease in serum glucose level was recorded by obese group fed on HFD 
supplemented with high level of zinc followed by vitamin C then the high level of combination 
between melatonin, vitamin C and zinc.  

Results of the present study are at the same line with Rafighi et al. (2013) who confirmed that 
subjects with T2 DM after three months supplementation of vitamins (C and E) demonstrated 
significantly low level of hypertension, decrease level of blood glucose, and increase superoxide 
dismutase and glutathione peroxides. 

Results of the present study are in agreement with Allagui et al. (2015) who found that the 
treatment with vitamin (C, E) in combination with melatonin was noted to reduce plasma level of 
glucose.  

 
Histopathological Examination of Kidney: 
 

In control negative group, the kidney of rat showed normal histological structure of renal 
parenchyma as shown in Photo. (1). Meanwhile, kidney of rat from (+ve) control group fed on (HDF) 
(Photo.2) showed eosinophilic proteinaceous materials in the lumen of renal tubules. Kidney of rat 
from the positive group fed on (HFD) with melatonin administration at low level showed pyknosis of 
the nuclei of epithelial lining some renal tubules (Photo.3). While kidney of rats from the (HFD) with 
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melatonin administration at high level showed no histopathological changes. Some examined sections 
of rats from groups which fed on (HFD) with low or high level supplementation with zinc or vitamin 
C, showed no histopathological changes. On the other hand (+ve) group fed on (HFD) with melatonin 
administration and supplementation with vitamin C and zinc at low or high level showed no 
histopathological changes (Photo. 4,5,6,7,8,9and10). 
 Our histopathological examination of liver and kidney of obese rats fed on high fat diet with 
melatonin administration at high level or which fed on (HFD) plus supplementation with vitamin C or 
zinc at two levels also group which fed on (HFD) with melatonin administration plus supplementation 
with vitamin C and zinc at the two doses revealed a dose – dependent reduction of degenerative 
changes caused by high fat diet. The histopathelogical findings may confirm the various biochemical 
changes in serum constituents. 

These results at the same line with Gitto et al. (2001) who reported that melatonin augments 
the protective actions of vitamin E, vitamin C and GSH against free radical-mediated oxidation of 
polyunsaturated fatty acids. The combination of melatonin with other antioxidants clearly increase 
their efficacy. 

Our results also are agreed with that obtained by Reiter et al. (2001) who reported that 
melatonin’s functions as antioxidant include direct free radical scavenging, stimulation of ant 
oxidative enzymes, increasing the efficiency of mitochondrial oxidative phosphorylation and reducing 
electron leakage (thereby lowering free radical generation), and ougmenting the efficiency of other 
antioxidants. 

Results of this study are in agreement with Song et al. (2003) who cleared the protective 
effect of concurrent zinc administration for thioacetamide-induced hepatotoxicity. Zinc treatment 
significantly attenuated thioacetamide-induced liver injury and hyperglycemia. The effects might be 
attributed to reduced tumor necrosis factor – alpha production and elevated total antioxidant capacity 
induced by the mineral.  

Our results also are in agreement with Balahoroglu et al. (2008) who reported that vitamin C 
therapy and the combined therapy were effective in preventing oxidative stress in both liver and 
kidney, while melatonin increased antioxidant enzyme activities more effectively. 

 

 
 
 

Photo. 1: C.S. in Kidney of rat from group 1 (Negative Control) showing the normal histological 
structure of renal parenchyma (H & E X 400). 
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Photo. 2: C.S. in Kidney of rat from group 2 (Positive Control) showing eosinophilic proteinaceous 

materials in the lumen of renal tubules (H & E X 400). 
 

 
 

 
 
Photo. 3: C.S. in Kidney of rat from group 3 (Rats Fed on HFD and Treated with 5 mg Melatonin / kg 

B.W.) showing pyknosis of the nuclei of epithelial lining some renal tubules (H & E X 
400). 
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Photo. 4: C.S. in Kidney of rat from group 4 (Rats Fed on HFD and Treated with 10 mg Melatonin / 

kg B.W.) showing no histopathological changes (H & E X 400). 
 

 

 
 
Photo. 5: C.S. in Kidney of rat from group 5 (Rats Fed on HFD and Treated with 100 mg Vitamin 

C/kg B.W.) showing no histopathological changes (H & E X 400). 
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Photo. 6: C.S. in Kidney of rat from group 6 (Rats Fed on HFD and Treated with 200 mg Vitamin 

C/kg B.W.) showing no histopathological changes (H & E X 400). 
 

 
 

 
 
Photo. 7: C.S. in Kidney of rat from group 7 (Rats Fed on HFD and Treated with 200 mg Zn/kg Diet) 

showing no histopathological changes (H & E X 400). 
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Photo. 8: C.S. in Kidney of rat from group 8 (Rats Fed on HFD and Treated with 300 mg Zn/kg Diet) 

showing no histopathological changes (H & E X 400). 
 
 

 
 
Photo. 9: C.S. in Kidney of rat from group 9 (Rats Fed on HFD and Treated with 5 mg Melatonin + 

100 mg Vitamin C + 200 mg Zn) showing no histopathological changes (H & E X 400). 
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Photo. 10: C.S. in Kidney of rat from group 10 (Rats Fed on HFD and Treated with 10 mg Melatonin 

+ 200 mg Vitamin C + 300 mg Zn) showing no histopathological changes (H & E X 400). 
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	ABSTRACT 
	Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation on feed intake, body weight gain % and organs weight/body weight % in obese rats:
	Table (1) illustrate the effect of high fat diet (HFD) with melatonin treatment at two levels (5 or 10 mg/kg B.W.), supplemented diet with vitamin C (100 or 200 mg/kg B.W) or zinc (at 200 or 300 mg/kg diet) and the combination between them on feed intake (FI), body weight gain % (BWG%) and organs weight /body weight% (OW/BW%).  
	All groups of albino rats which fed on (HFD) for 8 week revealed no abnormal clinical signs during the experimental period. Concerning feed intake (FI), results given in Table (1) reveal that there is no significant difference (P<0.05) between the control (-ve) group which fed on (BD) and the (+ve) control group which fed on (HFD) (19.432 ( 1.027 VS 20.876( 1.230; respectively). Concerning (+ve) groups fed on (HFD) and treated with melatonin or supplemented with vitamin C or zinc at low or high levels and combination between them, recorded non-significant difference as compared to the control (+ve) group.
		Meanwhile, caloric intake in (-ve) group fed on (BD) was lower as compared to (+ve) group fed on (HFD). These data suggest that the decrease in weight gain % by some experimental groups fed on (HFD) supplemented with low or high levels of melatonin, vitamin C or their combination induced mainly by the melatonin or vitamin C supplementation. 
	Results presented in Table (1) illustrate the effect of (HFD) with melatonin administration at two levels (5 or 10 mg/kg) vitamin C or Zn at low or high levels alone or in combination on BWG% in obese rats, the mean values ( SD of body weight gain % in normal rats (control-ve) group and HFD (control + ve) group were 21.257 ( 2.088 and 44.181( 2.657; respectively. Results revealed a significant increase (P<0.05) in BWG% of the control (+ve) group as compared to the (-ve) control group. However, the caloric intake of albino rats fed on (BD) (-ve) group was lower as compared to (HFD) group. Results revealed that administration melatonin (5 or 10 mg / kg B.W.) to the (+ve) groups which fed on (HFD) recorded 39.256 ( 1.434 and 35.404 ( 1.197; respectively. On the other hand, (+ve) group fed on (HFD) supplemented with vitamin C at two levels (100 mg or 200 mg/kg B.W.) recorded 35.307 ( 2.128 and 31.038 ( 0.742; respectively. The present results also revealed a significant decrease (P<0.05) in BWG% of all groups fed on (HFD) supplemented with vitamin C or groups administrated melatonin daily.
	Table 1: Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation on feed intake, body weight gain% and some organs weight/body weight % in obese rats.
	- All results are expressed as mean + SD	- HFD: High Fat Diet	
	- Values in each column which have different litters are significantly different        (P< 0.05)		
	Concerning melatonin administered, the present results are supported by those reported by Wolden et al. (2000) who demonstrated that melatonin is involved in energy metabolism and body weight control in small animals.
		Given results are in the same line with those reported by Alonso-vale et al. (2009) who indicated that melatonin has the capacity to inhibit white adipogenesis under in vitro conditions.
		Many studies show that chronic melatonin supplementation in drinking water reduced body weight and abdominal fat in experimental animals, especially in the middle-aged rats and the weight loss effect did not require the animals to eat less and to be physically more active. A potential mechanism is that melatonin promotes the recruitment of brown adipose tissue (BAT) as well as enhances its activity (Tan et al., 2011).
	 Results presented in Table (1) illustrate the effect of HFD supplemented with 100 or 200 mg/kg B.W. from vitamin C on BWG %, the mean values ( SD of body weight gain were recorded (35.307( 2.128, 31.038 ( 0.742; respectively). Statistically, results recorded a significant decrease (P<0.05) in BWG% as compared to the control (+ve) group.
	In this study, results of BWG% of rats fed on (HFD) supplemented with vitamin C were in the same line with those reported by Johnston (2005) who demonstrated that vitamin C status is inversely related to body mass. Individuals with adequate vitamin C status oxidize 30% more fat during moderate exercise than individuals with low vitamin C status; thus, vitamin C depleted individuals may be more resistant to fat mass loss. The present results are supported by those reported by Newsom et al. (2008) who hypothesized that acute ascorbic acid administration augments the thermic effect of feeding in sedentary overweight and obese adults. 
	Results presented in Table (1) illustrate the effect of (HFD) supplemented with lower high doses of Zn (200 or 300 mg). Results revealed that groups fed on HFD supplemented with Zn (at levels 200 or 300 mg/kg diet) recorded 42.032 ( 1.588 and 42.499 ( 1.224; respectively. 	Statistically, results recorded non-significant reduction in BWG% as compared to the control (+ve) group fed on HFD. Present results are in agreement with Chen et al. (1996) who demonstrated the effects of zinc supplementation on body Fat+ deposition in two types of experimental obese mice : genetically obese (ob/ob) mice and high-fat diet-induced (ICR) obese (HF) mice were investigated. The present results found that the mice in the zinc-supplemented groups were administered 200 mg/kg zinc in their diets for 6 wk. Both the ob/ob mice and HF mice, that were fed a diet containing a marginal zinc dosage (4-mg/kg), had lower zinc levels in their serum and carcass, and higher body fat content than their respective lean controls (P<0.01) after zinc supplementation, Moreover, ob/ob mice and HF mice significantly (P<0.05) increased their body fat by 49.4% and 18.9%, respectively. 
	Chen et al. (1996) reported that body fat deposition can be aggravated by zinc supplementation in both types of obese mice. Zinc may be associated with the energy homeostasis of obesity, via its interaction with dietary fat composition.
	Results presented in Table (1) illustrate the effect of HFD with melatonin administration and supplementation with low or high levels from vitamin C and Zn. Results recorded 30.920 ( 1.287 and 26.315( 1.065; respectively. Results revealed a significant decrease (P<0.05) in BWG% of (+ve) groups fed on HFD supplemented with low or high levels from combination of melatonin, vitamin C and Zn. 
	Results of choice which induced decrease in BWG% was recorded by the group which was fed (HFD) with melatonin administration at level (10 mg) plus supplementation with 200 mg from vitamin C and 300 mg zinc followed by the group which was fed on (HFD) with melatonin administration at level of 5 mg plus supplementation with 100 mg from vitamin C and 200 mg Zn.
	Present results agreed with those of Alonso-vale et al. (2009) who indicated that melatonin has the capacity to inhibit white adipogensis under vitro conditions. Exogenous melatonin administration to animals has been shown to cause significant weight loss. Yoneshiro and Saito, (2015) reported that brown adipose tissue (BAT) is the site of sympathetically activated adaptive thermogensis during cold exposure and after hyperphagia.
	It has been suggested that the orphan nuclear RORs play important roles in both white adipose tissue and BAT of mice (Lau et al., 2008).
	According to Gitto et al. (2001) who reported that melatonin ougments the protective actions of vitamin E, vitamin C and GSH against free radical-mediated oxidation. Gitto et al. (2001) concluded that the combinations of melatonin with other antioxidants clearly increase their efficacy. The mechanism of the synergy and confirmation of these findings remain unknown. Melatonin has proven superior to vitamins C and E in reducing oxidative damage (Tan et al., 2002).
	 Young et al. (2014) reported that Chitosan combined with L-ascorbic acid may be useful for controlling body weight. Concerning zinc level in obese individual, Ennes et al. (2011) found that there is alteration in biochemical parameters of zinc in obese women, with low concentration in erythrocytes. Regression analysis demonstrates that the erythrocytary zinc is influenced by biomarkers of the metabolic syndrome, presenting an inverse relationship with the waist circumference and body mass. 
	Concerning the effect of zinc level on BWG% Chen et al. (2001) reported that ob/ob mice and the HF mic, after zinc supplementation, ob/ob mice and the HF mice significantly (P<0.05) increased their body fat by 49.4% and 18.9% respectively. The study revealed that body fat deposition can be aggravated by zinc supplementation in both types of obese mice. Zinc may be associated with the energy homeostasis of obesity, via its interaction with dietary fat consumption.
	Freire et al. (2013) found that obese people tend to have low zinc circulation levels, this is not always related to zinc intake but can reflect the distribution of zinc in relation to the proportion of body fat and factors related to the inflammatory processes that cause obesity.
	In this respect Ramezanipour et al. (2014) reported that ten percent weight reduction can have a significant role in increasing antioxidant enzymes activities especially glutathion reductase, and catalase enzymes in obese women. However, it is important to take into consideration a balanced amount of certain nutrients while administering a diet with limited energy.
	Concerning organs weight / body weight % Table (1) show that liver and kidney weight for (-ve) control and (+ve) control were (2.432 ( 0.174 and 0.570 ( 0.049) and (4.113 ( 0.208 and 1.008 ( 0.072), respectively. Results revealed that (+ve) group which fed on (HFD) without any treatment recorded a significant increase (P<0.05) in organs weight (liver and kidney/body weight%), as compared to the (-ve) control group.
	On the other side, results of liver weight/body weight % of groups fed on HFD supplemented with melatonin administration at high or low levels without or with vitamin C and Zinc and combination of them recorded (3.805( 0.198, 3.496 ( 0.130, 3.653( 0.218, 3.400 ( 0.155, 3.886 ( 0.214, 3.613( 0.146, 3.243 ( 0.205 and 3.072 ( 0.121, respectively).
	While, kidney weight/body weight % of groups fed on HFD with melatonin administration with or without supplementation with vitamin or zinc and combination between them recorded 0.806 ( 0.051, 0.690 ( 0.056, 0.742 ( 0.047, 0.639 ( 0.035, 0.867( 0.075, 0.763 ( 0.042, 0.671 ( 0.033 and 0.606 ( 0.021; respectively.
	Statistically, results indicated that there were a significant increase (P<0.05) in organs weight of (+ve) group, as compared to the (-ve) control group.
	Present results reveal that (+ve) groups which were fed on (HFD) with melatonin administration with or without vitamin C, recorded a significant decrease in organs weight/body weight %, the best results were recorded by (+ve) group which was treated by melatonin administration with combination of vitamin C and Zinc at the high level followed by the low one.
	Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation on peritoneal fat pad % in obese rats:
		Results presented in Table (2) illustrate the effect of (HFD) with or without melatonin administration, vitamin C, Zinc supplementation. Results in Table (2) reveal that peritoneal fat pad% (PFP%) in normal rats control (-ve) group fed on BD and control (+ve) group recorded (3.848 ( 0.121 and 5.805 ( 0.114), respectively.
	Table 2: Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation on percent of peritoneal fat pad (PFP) in obese rats.
	-All results are expressed as mean + SD	- HFD: High Fat Diet		
	- Values in each column which have different litters are significantly different (P< 0.05)
	Results in Table (2) illustrate the effect of melatonin at 5 or 10 mg/ kg B.W with or without vitamin C or Zinc at law or high doses on PFP%, groups recorded 5.541 ( 0.080, 5.208  ( 0.083, 5.163 ( 0.079, 4.931 ( 0.079, 5.668 ± 0.063, 5.715 ± 0.049, 4.541 ( 0.063 and 4.340 ( 0.077; respectively. The statistical analysis showed that there were a significant increase (P<0.05) in peritoneal fat Pad% in the control (+ve) fed on HFD, as compared to the control (-ve) group fed on BD. 
	Results indicated that group of obese rats fed on HFD with administration melatonin alone or with vitamin C and groups which received a melatonin with a combination from vitamin C and zinc recorded a significant decrease (P<0.05) in PFP% as compared to the (+ve) Control group which fed on (HFD).
	Present results are in a harmony with Rios-luge et al. (2010) who found that melatonin administration for 9 wk decreased body weight gained from the 3rd wk on without affecting food. They indicated that melatonin counteracts some of the disrupting effects of diet-induced obesity in rats. Results of the present study also revealed the (+ve) groups which fed on (HFD) supplements with zinc alone recorded a non-significant decrease (P<0.05) in PFP% as compared to the (+ve) group. Results of the present study are in agreement with Freire et al. (2013) who reported that obese people tend to have low zinc circulation levels; this is not always related to zinc intake but can reflect the distribution of zinc in relation to the proportion of body fat and factors related to the inflammatory processes that cause obesity.
	On the other hand the combination of administration of melatonin and supplementation with vitamin C at high or low level recorded the best results and a significant (P<0.05) decrease in PFP% .
	These results are at the same line with Ramezanipour et al. (2014) who reported that ten percent weight reduction can have a significant role in increasing antioxidant enzymes activities especially glutathione reductase and catalase enzymes in obese women.
			
	Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation on serum leptin in obese rats:
		Results presented in Table (3) illustrate the effect of HFD with or without melatonin administration, vitamin C and Zinc supplementation on serum leptin level in Albino rats fed on (HFD).
	Results in Table (3) reveal the serum level in control (-ve) group fed on (BD) is 5.726( 0.527, while control (+ve) group fed on (HFD) is 25.029( 1.330; respectively.  The statistical analysis showed that there was a significant increase (P<0.05) in serum leptin level of the control (+ve) group as compared with the negative control group (-ve).
		The present results are in agreement with those of Frederich et al. (1995) who found an increase in leptin resistance as a result of consuming a diet containing high fat in rodents.
	Results in Table (3) show that groups which were fed on HFD with melatonin administration at levels 5 or 10 mg/ kg B.W. recorded 15.030(1.300 and 13.65 ± 1.116; respectively. The statistical analysis showed that there were a significant decrease (P<0.05) in serum leptin level of groups received low or high level of melatonin. Thes results are in agreement with those of Rios- Lugo et al. (2010) who found that melatonin administration for 9 wk decreased body weight gained from the 3rd wk and induced a significant reduction in leptin. On the other hand, results showed that groups which were fed on HFD with vitamin C or Zinc at lower or higher levels recorded 15.054( 0.724, 15.001 ( 1.064, 16.123 ( 1.042 and 16.674 ( 1.343; respectively. 
	Concerning (+ve) groups fed on HFD with vitamin C the present results are in agreement with Konukoglu et al. (2004) who found a significant positive correlation between leptin and body mass index (P<0.01) and insulin (P<0.01) and a significant negative correlation between leptin and zinc in obese subjects. Zinc may be a mediator of the effects of leptin, although the actual mechanism is still unknown.
		Results of the present study indicate that there was a significant decrease (P<0.05) in leptin levels of group fed on HFD with vitamin C supplementation at low or high level. This result is at the same line with Peluse et al. (2014) who reported that ingestion of high fat meal led to an increase in circulating levels of cholesterol, TG, glucose and insulin, ingestion of fruit-juice drink significantly reduce plasma levels of cholesterol and triglycerides. Tranberg et al. (2014) found that HFD significantly reduced (P<0.01) liver vitamin C as compared with low-fat diet feeding. 
		Concerning (+ve) groups which were fed on HFD with zinc supplementation at low or high levels recorded a non-significant decrease (P<0.05) in serum leptin level, while at the same time, results of the present study revealed that (+ve) groups fed on HFD with melatonin administration combined with vitamin C and zinc supplementation recorded a significant decrease (P<0.05) in serum leptin levels.
		 
	Table 3: Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation on serum leptin in obese rats.
	- All results are expressed as mean + SD	- HFD: High Fat Diet	 
	- Values in each column which have different litters are significantly different (P< 0.05).			
	Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation on serum glucose level in obese rats:
		Table (4) illustrate the effect of high fat diet with or without melatonin administration, vitamin C and Zinc supplementation on serum glucose level in obese rats. 
	Results revealed that serum glucose level in the (+ve) and (-ve) groups recorded 150.938 ( 3.429 and 83.681(3.890; respectively. Statistically results indicated a significant increase (P<0.05) in serum glucose level in (+ve) group fed on (HFD) as compared with the (-ve) control group fed on (BD). Results of this study showed that obese rats which were fed on (HFD) with melatonin administration at low or high levels recorded 132.829(2.643 and 120.215 ( 3.350; respectively. Concerning (+ve) groups fed on (HFD) with supplementation of vitamin C or zinc at low or high level and groups which fed on (HFD) with administration of low or high levels from melatonin in with combination of vitamin C and zinc at low or high levels recorded 115.054( 4.500, 106.804 ( 2.541, 110.804 ( 4.774, 102.602 ( 2.378, 112.311 ( 3.974 and 107.528 ( 3.193; respectively.
	Statistically results indicated that (+ve) obese groups fed on HFD supplemented with low or high levels from vitamin C or zinc and melatonin administration with combination between them vitamin C and Zinc at low or high levels recorded a significant decrease (P<0.05) in blood glucose level as compared to the (+ve) control group fed on HFD. 
	Results of this study are at the same line with Nduhiraband et al. (2014) who indicated that short-term melatonin administration to obese/insulin resistant rats reduced insulin resistance. Concerning the effect of supplementation with zinc, the present results are in agreement with Simon and Taylor (2001) who reported that dietary Zn supplementation (300 mg/kg diet) for 6 weeks was effective for reducing fasting hyperglycemia and by hyperinsulinemia. 
	Results of this study are at the same line with Nduhiraband et al. (2014) who indicated that short-term melatonin administration to obese/insulin resistant rats reduced insulin resistance. Concerning the effect of supplementation with zinc, the present results are in agreement with Simon and Taylor (2001) who reported that dietary Zn supplementation (300 mg/kg diet) for 6 weeks was effective for reducing fasting hyperglycemia and by hyperinsulinemia. Knoukoglu et al. (2004) found a significant positive correlation between leptin and body mass index (P<0.01) and insulin (P<0.01) and a significant negative correlation between leptin and zinc in obese subjects, zinc may be a mediator of the effect of leptin.
	Table 4: Effect of high fat diet with or without melatonin administration, vitamin C and zinc supplementation on serum glucose in obese rats.
	- All results are expressed as mean + SD	- HFD: High Fat Diet
	- Values in each column which have different litters are significantly different (P< 0.05).		
	Chen et al. (2001) demonstrated that zinc supplementation alleviated the hyperglycemia of ob/ob mice, which may be related to its effect on the enhancement of insulin activity. On the other hand, the greatest decrease in serum glucose level was recorded by obese group fed on HFD supplemented with high level of zinc followed by vitamin C then the high level of combination between melatonin, vitamin C and zinc. 
	Results of the present study are at the same line with Rafighi et al. (2013) who confirmed that subjects with T2 DM after three months supplementation of vitamins (C and E) demonstrated significantly low level of hypertension, decrease level of blood glucose, and increase superoxide dismutase and glutathione peroxides.
	Results of the present study are in agreement with Allagui et al. (2015) who found that the treatment with vitamin (C, E) in combination with melatonin was noted to reduce plasma level of glucose. 
	Histopathological Examination of Kidney:
	In control negative group, the kidney of rat showed normal histological structure of renal parenchyma as shown in Photo. (1). Meanwhile, kidney of rat from (+ve) control group fed on (HDF) (Photo.2) showed eosinophilic proteinaceous materials in the lumen of renal tubules. Kidney of rat from the positive group fed on (HFD) with melatonin administration at low level showed pyknosis of the nuclei of epithelial lining some renal tubules (Photo.3). While kidney of rats from the (HFD) with melatonin administration at high level showed no histopathological changes. Some examined sections of rats from groups which fed on (HFD) with low or high level supplementation with zinc or vitamin C, showed no histopathological changes. On the other hand (+ve) group fed on (HFD) with melatonin administration and supplementation with vitamin C and zinc at low or high level showed no histopathological changes (Photo. 4,5,6,7,8,9and10).
		Our histopathological examination of liver and kidney of obese rats fed on high fat diet with melatonin administration at high level or which fed on (HFD) plus supplementation with vitamin C or zinc at two levels also group which fed on (HFD) with melatonin administration plus supplementation with vitamin C and zinc at the two doses revealed a dose – dependent reduction of degenerative changes caused by high fat diet. The histopathelogical findings may confirm the various biochemical changes in serum constituents.
	These results at the same line with Gitto et al. (2001) who reported that melatonin augments the protective actions of vitamin E, vitamin C and GSH against free radical-mediated oxidation of polyunsaturated fatty acids. The combination of melatonin with other antioxidants clearly increase their efficacy.
	Our results also are agreed with that obtained by Reiter et al. (2001) who reported that melatonin’s functions as antioxidant include direct free radical scavenging, stimulation of ant oxidative enzymes, increasing the efficiency of mitochondrial oxidative phosphorylation and reducing electron leakage (thereby lowering free radical generation), and ougmenting the efficiency of other antioxidants.
	Results of this study are in agreement with Song et al. (2003) who cleared the protective effect of concurrent zinc administration for thioacetamide-induced hepatotoxicity. Zinc treatment significantly attenuated thioacetamide-induced liver injury and hyperglycemia. The effects might be attributed to reduced tumor necrosis factor – alpha production and elevated total antioxidant capacity induced by the mineral. 
	Our results also are in agreement with Balahoroglu et al. (2008) who reported that vitamin C therapy and the combined therapy were effective in preventing oxidative stress in both liver and kidney, while melatonin increased antioxidant enzyme activities more effectively.
	/
	Photo. 1: C.S. in Kidney of rat from group 1 (Negative Control) showing the normal histological structure of renal parenchyma (H & E X 400).
	/
	Photo. 2: C.S. in Kidney of rat from group 2 (Positive Control) showing eosinophilic proteinaceous materials in the lumen of renal tubules (H & E X 400).
	/
	Photo. 3: C.S. in Kidney of rat from group 3 (Rats Fed on HFD and Treated with 5 mg Melatonin / kg B.W.) showing pyknosis of the nuclei of epithelial lining some renal tubules (H & E X 400).
	/
	Photo. 4: C.S. in Kidney of rat from group 4 (Rats Fed on HFD and Treated with 10 mg Melatonin / kg B.W.) showing no histopathological changes (H & E X 400).
	/
	Photo. 5: C.S. in Kidney of rat from group 5 (Rats Fed on HFD and Treated with 100 mg Vitamin C/kg B.W.) showing no histopathological changes (H & E X 400).
	/
	Photo. 6: C.S. in Kidney of rat from group 6 (Rats Fed on HFD and Treated with 200 mg Vitamin C/kg B.W.) showing no histopathological changes (H & E X 400).
	/
	Photo. 7: C.S. in Kidney of rat from group 7 (Rats Fed on HFD and Treated with 200 mg Zn/kg Diet) showing no histopathological changes (H & E X 400).
	/
	Photo. 8: C.S. in Kidney of rat from group 8 (Rats Fed on HFD and Treated with 300 mg Zn/kg Diet) showing no histopathological changes (H & E X 400).
	/
	Photo. 9: C.S. in Kidney of rat from group 9 (Rats Fed on HFD and Treated with 5 mg Melatonin + 100 mg Vitamin C + 200 mg Zn) showing no histopathological changes (H & E X 400).
	/
	Photo. 10: C.S. in Kidney of rat from group 10 (Rats Fed on HFD and Treated with 10 mg Melatonin + 200 mg Vitamin C + 300 mg Zn) showing no histopathological changes (H & E X 400).
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