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Abstract 
The role of Zn in the induction of systemic inflammation in obesity and obesity related diseases has been documented. Excessive Zn 
in diet was found to increase the subcutaneous fats resulting higher gain in body weights resulting obesity. The present study revealed 
that Zn- induced obesity leads to systemic inflammation. TNF- α is directly related to concentration of Zn in tissues, insulin and 
correlating leptin levels causes insulin and leptin resistance which have been linked to the fall in antioxidant enzyme activities 
including superoxide dismutase and catalase due to Cu-deficiency in the tissues leading to rise in liver lipid peroxidation reactions 
pertaining to increased outcome of oxidative stress. 
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1. Introduction 
Zn is known as an essential micronutrient for normal growth 
and development [1, 2]. The previous epidemiological studies 
suggested that excessive Zn in diet causes accumulation of body 
fat both in rodents [3] as well as humans [4,5] and results in 
etiology of obesity, hyperinsulinaemia, hypercortisolemia [3] 
and leptin resistance [6]. Zn is also acting as the important 
component of numerous enzymes. Its alteration cause 
implication in various pathophysiological diseases via 
decreasing the activities of antioxidant enzymes such as 
superoxide dismutase and catalase [7, 8] resulting in oxidative 
stress [9, 10]. Moreover, it has been found that TNF- α, a 
proinflammatory cytokine, release from the adipose tissue also 
plays a role in oxidative stress [11]. As TNF- α is regulated by 
Zn, affects the energy balance, fat accumulation, fatty liver 
disease, glucose homeostasis and insulin resistance [12-16] and 
leptin secretion [17, 18] resulting in systemic inflammation. Thus, 
the growing list of protein signals and factors released from 
adipose tissue are interlinked and suggests that Zn may playing 
a wide ranging role in metabolic regulation and physiological 
homeostasis far beyond simply acting as obesity inducer. 
Therefore, in the present studies it was investigated that 
excessive Zn in diet, stimulates systemic inflammation and 
oxidative stress in male Wistar rats. 
 

2. Material and methods 
For the present investigations, 18 male Wistar rats weighing 80-
85gm were used as an experimental animal model procured 
from Central Animal House, Panjab University, Chandigarh 
and maintained in a separate plastic cages with stainless steel 
top grills at room temperature 25-28	°C with 12:12 hrs L: D 
cycles and 70-80% relative humidity. They were used in this 
study after taking approval of the protocol from Institutional 
Ethics Committee. Semi-synthetic basal diet (Orgebin-crist et 
al. modified by Taneja et al.) [19, 3] was employed with 
increasing Zn concentration to induce hyperleptinemia  
 

2.1 Basal Diet Composition 
The semi-synthetic basal diet contained (g/100 of diet) : Casein, 
30; Agar, 2.0; Corn oil, 5; Cellulose, 8; Sucrose,51; Vitamin 
mixture 0.5 [Vitamin mixture (mg/Kg): Ascorbic acid, 500; 
Biotin, 4; Calcium pantothenate, 320; Choline chloride, 2500; 
Folic acid,10; Inositol,1000; Nicotinic acid, 300; Pyridoxine 
HCl, 180; Riboflavin, 120; Thiamin HCl 200; α-Tocopherol 
acetate (E), 60; Cyanocobalamin,0.40; Retinol, 0.30; 
Ergocalciferol, 0.0031] and mineral mixture, 3.5[Mineral 
mixture (gm/Kg) : CaH2P04, 25.30; COCl3, 0.04; CuCl2, 0.10; 
FeS04.7 H20, 0.60; MnS04.H20, 0.30; MgS04. H20, 4.05; KCl, 
43; KI, 0.004; Na2C03, 1.15; NaF,0.008; ZnS04.7 H20, 0.088g]. 
The basal diet was divided into 3 parts and modified as (i) Basal 
diet containing 20 mg Zn/Kg diet for control group-I, (ii) Zn- 
induced-hyperleptinemic-diet-1 (Zn-HL-diet-I) containing 40 
mg Zn/kg diet and (iii) Zn induced hyperleptinemic-diet II (Zn-
HL-diet-II) containing 80 mg Zn/Kg diet by accordingly 
increasing ZnS04.7 H20 in the basal diet. For the preparation of 
these diets, the ingredients were weighed. The water soluble 
vitamins were thoroughly grounded and mixed along with 
sucrose, while the fat soluble vitamins were dissolved in corn 
oil. Agar, used as a binding agent was dissolved in 100 ml of 
double distilled deionized water with constant stirring on water 
bath maintained at 60 °C. On its cooling to 40 °C, the contents 
of each diet were thoroughly mixed in separate containers. The 
dough so formed was put in petri dishes and solidified in 
refrigerator for 3 hours to harden the wet fresh diets. The 
solidified diets were then cut into small pieces of 2 cm× 2 cm× 
2 cm size and stored in the containers at < −4 °C. 
 
2.2. Experimental design and feeding of rats. 
The male Wistar rats (n = 18) were divided into three groups, 
group-I, group-II and group-III i.e. 6 rats per group. Each group 
was fed on the semi-synthetic basal diet containing Zn as 20mg, 
40mg and 80mg/kg diet for a period of 4 months. 
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2.3. Record of Data 
The data of food intake and body weight were recorded on 
monthly basis during dietary treatment. 
Urine samples of rats were subjected to Benedict’s test for 
estimation of the presence of glucose every week. At the end, 
they were sacrificed using diethyl ether as anesthesia at the end 
of the experiment. 
 
2.4. Hormones and mineral analysis 
The blood was collected into centrifuge tube by puncturing the 
heart of rats in each group and serum was prepared by 
centrifuging blood at 2400-2600 rpm for 10-15 minutes. The 
serum was analyzed for glucose by using commercially 
available diagnostic CHOD-POD kit (Reckon Diagnostics 
PVT, LTD, Baroda, India), serum cholesterol by CHOD-POD 
kit method (Reckon Diagnostics PVT, LTD, Baroda, India) and 
serum triglyceride by GPO kit method (Reckon Diagnostics 
PVT, LTD, Baroda, India). Hormonal analysis included insulin 
by a solid phase two site enzyme immunoassay (DRG 
diagnostics, USA), cortisol by enzyme immunoassay 
(Microtiter strip kit supplied by Immune-Biological 
Laboratories, Hamburg), leptin by solid phase two site enzyme-
immunoassay (Mediagnost Aspenhaustr, D-72770 
Reutlingen/Germany) and TNF-α by using solid phase 
sandwich enzyme linked immunosorbent assay (ELISA Kit). 
Other two parameters Lipid peroxidation and antioxidant 
enzymes superoxide dismutase and catalase activity evaluate in 
the liver. Lipid peroxidation [20] was analyzed by measuring 
thiobarbituric acid-reactive substances (TBARs) in 
homogenates. The samples were mixed with 10% 
trichloroacetic acid and 0.375% thiobarbituric acid. Then the 
samples were heated in a boiling water bath for 15 min. After 
centrifugation TBARs were determined from the absorbance at 
532 nm. 
Superoxide dismutase (SOD) [21] activity was measured at 560 
nm on a spectrophotometer on supernatant. The reduction of 
nitro blue tetrazolium (NBT) with NADH mediated by 
phenazine methosulfate (PMS) under aerobic conditions initiate 
by addition of SOD. NADH2 then is reduced to PMS, which on 
reoxidation with O2 produces superoxide anion .

2O . This .
2O  

anion reduces NBT from blue formazan that can be measured 
at 560 nm. 
Catalase activity (CAT) [22] was measured at 240 nm on a 
spectrophotometer by the decomposition of H2O2. Previously, 
homogenate of liver or kidney be centrifuged. Then 2 ml of 
phosphate buffer added to 20µl of post nuclear fraction of liver 
or kidney. The reaction was started by the addition of 1ml of 
30mM H2O2. Initial absorbance should be 0.500 (approx.). The 
values for change in absorbance at 240nm/ 10 sec should not be 
greater than 0.100 and not smaller than 0. 020. 
Protein content [23] is assessed by taking O.D. at 750nm. 50µl of 
liver homogenate/PMS was taken and volume was made to 1ml 
with DDW. For blank 1ml of distilled water was taken. To all 
these tubes was added 3ml Lowry's reagent. Vortexed and 
allowed to stand for 10 min at room temperature. 0.3ml Folin's 
reagent was added to each tube, vortexed and allowed to stand 
for 30 minutes. The O.D. was taken at 750nm. A standard curve 
was also made by taking different concentration of BSA 
ranging from 10 to 100ug/ml. 
The minerals including Cu and Zn were estimated in serum and 
liver. The tissues were digested in nitric acid and perchloric acid 
mixture (3:1 v/v) on a sand bath until a white ash was formed. 

The ash was dissolved in 6 ml of 10 mM HN03 and filtered 
through ash free filter paper before analysis. Minerals Cu, Zn 
and Mg were then estimated on atomic absorption 
spectrophotometer (Electronic Corporation of India Limited 
Hyderabad- AAS 4139) using hollow cathode lamps (213.9 and 
324.8 2 nm for Zn and Cu respectively). Standards (sigma) for 
these metals were prepared by dilution in triple distilled 
deionized water. 
The data were subjected to statistical analysis applying one way 
ANOVA and Tukey post-hoc test to determine the differences 
between groups. A level of p<0.05 was selected to indicate 
statistical significance. Data were expressed as mean ± SD.  
 
3. Results and Discussion 
In the present investigations, Zn induced systemic 
inflammation and oxidative stress was reported in group-II 
containing 40mg Zn/kg diet and group-III containing 80mg Zn 
/kg per diet in male Wistar rats elaborating its role in the 
etiology of obesity and obesity induced systemic inflammation, 
a cause of hyperleptinemia (leptin resistance) and 
hyperinsulinaemia/insulin resistance. The induction of obesity 
as evident from the increased body weights in group-II and III 
(Figure 1) was due to excessive intake of dietary Zn resulted 
from increased food consumption in them (Figure 2). As Zn is 
known as the essential component of numerous enzymes and 
transcription factors [24] it increases the absorption of nutrients 
[3] by activating the ovine metallothionein-ovine growth 
hormone (OMT-1a-OGH) and induces the proliferation of 
adipocytes by filling with triglycerides as observed in present 
study (Table 1). 
 Further, urine analysis of rats for glucose shows that it reacts 
negatively with Benedict’s test in control group-I while 
positively in group-II and group-III rats after 8th week and 10th 
week and thereafter, suggesting the onset of obesity in the 
present study (Table 1). As it had already suggested that 
excessive Zn supplementation increases the absorptive surface 
area in intestine and enhance the uptake of nutrients [6].The 
antagonistic effect of Zn-Cu at intestinal absorption level leads 
to increase in Zn concentration and reduction in Cu 
concentration in liver of group-II and group-III rats as compare 
to control group-I (Table 3) which further impaired the glucose 
tolerance secondary to copper deficiency [25]. Moreover, it also 
alters the glycosylation and hemoglobin A1C (HbA1c) activity 
which is a reliable quantitative indicator of long-term 
hyperglycemia as observed in group-II and III rats in the present 
studies (Table 1). Also higher serum Zn concentrations 
observed in group-II and group-III (Table 3) resulted in 
blocking of peripheral insulin receptors [26] leading to decreased 
glucose tolerance [27] and consequent higher insulin levels in 
group-II and group-III rats in the present study (Table 1).  
The effect of Zn supplementation on systemic inflammation 
was estimated by evaluating the obesity induced inflammatory 
marker, TNF- α which is higher in group-II and group-III rats 
(Table 1). This led to aggravated inflammation and higher 
mortality [28] and impaired glucose homeostasis due to decrease 
in insulin sensitivity in the present investigation [16,29,30].The 
molecular mechanism of TNF- α induced insulin resistance 
primarily involves the destruction of insulin receptor mediators 
[31] of lipoprotein lipase with elevated plasma triglyceride 
concentration and down regulation of glucose transporter 4 [32]. 
 As already suggested, Zn plays an important role in appetite 
regulation [33] and metabolism by influencing the leptin system 
[34]. In the present study, excessive Zn –supplementation has 
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been reported to result in increase appetite as evident from food 
intake/body weight and cause hyperleptinemia in group-II and 
group-III (Table 1). The present increase in serum 
concentrations of leptin is also positively correlated with insulin 
[35,36] cellular Zn, food intake and body mass which were higher 
in group-II and group-III rats stimulate the glucose uptake into 
adipose tissue to increase leptin production [37].  

Several studies also show that circulating TNF- α levels are 
increased in obese patients [38,39] and were positively correlated 
with serum leptin concentration which were higher in the 
present investigations (Table 1). The presence of 
hyperleptinemia in group-II and group-III suggests that the 
appearance of leptin resistance in them. The present increase in 
serum concentration of leptin reflects the excessive Zn in diet 
increases the nutrient levels [6] which resulted in obesity 
induced systemic inflammation evident by higher TNF- α levels 
in group-II and group-III rats than control group-I (Table 1).  
Higher levels of cortisol evaluated in group-II and group-III rats 
[40] support the concept that the increased synthesis of 
corticotrophin-releasing hormone is a sequence of higher leptin 
levels, as observed, interfere further with leptin’s interaction 
with its receptor and induction of central leptin resistance in 
them [41-43]. 
Previously, the involvement of TNF- α in oxidative stress and 
its relation with antioxidant enzymes was reported [11] which is 
observed in the present study that the higher levels of TNF-α in 
group-II and group-III stimulates the generation of obesity 
induced oxidative stress by reduction in the activities of 
antioxidant enzymes superoxide dismutase and catalase (Table 
2). Along with this, high serum Cu levels in group-II and group-
III rats in the present study (Table 3) attributed to 
hyperglycemia that may stimulate release of more Cu ions that 
accelerates the oxidative stress [44]. Furthermore, fall in tissue 
Cu / Zn ratio also adversely affected the cytosolic superoxide 
dismutase and catalase resulting in liver lipid peroxidation in the 
present study (Table 2). Also, the reduction of selenoglutathione 
peroxidase and increased synthesis of cholesterol promotes 
lipoprotein oxidation under Cu deficiency [45, 46].  
Thus, the data suggests that Zn influences the levels of cytokine 
leptin concentration, a product of ob (obesity) gene and systemic 

inflammatory marker TNF- α in group-II and group-III rats.  
 
4. Tables and Figures 

 
Table 1: Mean serum glucose, triglycerides, cholesterol and 

hormones including serum insulin, cortisol, leptin and inflammatory 
marker TNF-α in male Wistar rats fed on basal diet in control group-I 

containing 20mg Zn/kg diet, group-II containing 40mg Zn/kg diet 
and group-III containing 80mg Zn/kg diet after the four months of 

dietary treatment. n=6, value are mean  S.E.M. 
 

Parameters 
Group-I 
(Control) 

Group-II Group-III 

Glucose* 89.6  1.29 190.3  3.72 a 245.6  4.81a 

Triglycerides* 61  6.12 98  5.0 a 139  6.12a 

Cholesterol* 106  4.65 159.6  4.42 a 180.1  64a 

Insulin + 18  1.29 73 0.85 a 106.2  1.12a 

Cortisol€ 58.3  4.40 99.3  3.98 a 104.8  65a 

Leptin& 655  16.48 1269 70.70a 1530  659 a 

TNF-α& 6.0  0.96 14  0.46 a 24.3  0.78 a 
Units:*mg/dl; +pmole/L; € (ng/ml); & (pg/ml); p-value: a<0.001 (values 
of group-II and group-III were compared with control group-I). 
 

Table 2: Mean liver lipid peroxidation and antioxidant enzyme 
superoxide dismutase and catalase activities in male Wistar rats of 

control group -1 fed on 20mg Zn/kg diet, group-II fed on 40mg Zn/kg 
diet and group-III fed on 80mg Zn/kg diet after four months of 

dietary treatment. n=6, values are mean ±, mean S.E.M. 
 

Parameters 
Group-I 
(Control) 

Group-II Group –III 

Lipid 
peroxidation* 0.9  0.04 1.5  0.39 a 2.1  0.04a 

SODβ 14.2  0.14 10  0.17 a 8.0  0.28a 
Catalase& 48.2  0.25 40.40  0.64 a 35.7  0.94a 

Units: *nmol MDA produced/hr/mg protein; βunit /mg protein; & mol 
H2O2 decomposed /min/mg Protein; p-value: a<0.001 (values of group-
II and group-III were compared with control group-I). 
 

Table 3: Mean Zn and Cu concentration in male Wistar rats fed on 
basal diet in control group-I containing 20mg Zn/kg diet, group-II 
containing 40mg Zn/kg diet and group-III containing 80mg Zn/kg 

diet after the four months of dietary treatment. n=6, value are mean  
S.E.M. 

 

Parameters Group-I (Control) Group-II Group-III 
Serum Zn* 0.6  0.04 1.5 0.01a 1.8  0.05a 
Serum Cu* 0.8  0.02 2.5 0.03 a 3  0.17a 
Liver Zn& 35  0.66 42.9  0.48 a 60  0.63a 
Liver Cu& 63  0.90 40.2  0.24 a 32.6  0.44 a 

Units: *mg/dl; &g/g; p-value: a<0.001 (values of group-II and group-
III were compared with control group-I). 

 

 
 

Fig 1: Line graph showing mean month wise body weight of Wistar 
rats in groups control group-I, group-II and group III during 4 months 

of dietary treatment. [Values are mean ± SEM of n= 6]. 
 

 
 

Fig 2: Line graph showing mean month wise food intake of Wistar 
rats in groups control group-I, group-II and group III during the 4 
months of dietary treatment. [Values are mean ± SEM of n= 6]. 

 
5. Conclusion 
Therefore, Zn –induced obesity leads to systemic inflammation. 
TNF- α is directly related to concentration of Zn in tissues, 
insulin in blood serum and correlating leptin levels causes 
insulin and leptin resistance which have been linked to the fall 
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in antioxidant enzyme activities including superoxide 
dismutase and catalase due to Cu-deficiency in the tissues 
leading to rise in liver lipid peroxidation reactions pertaining to 
increased outcome of oxidative stress. The present findings are 
very significant in term of excessive Zn being consumed all 
over the world including the northern Indian population. This 
excessive Zn intake through food chain is due to its 
indiscriminate use in agriculture and animal husbandry 
practices, Zn fortified baby foods in U.S.A. and other Zn rich 
dietary supplements which makes the children, adults and other 
age groups more vulnerable to obesity induced systemic 
inflammation, the cause of all obesity and obesity related 
disease and therefore requires to develop a method (strategies) 
to reduce the Zn burden on the body so as to contain the 
increasing prevalence of obesity and obesity induced systemic 
inflammation and oxidative stress. 
 
6. Acknowledgements 
The authors are thankful to Dr. Neelima R. Kumar, 
Chairperson, Department of Zoology, Panjab University, 
Chandigarh, India for providing necessary laboratory facilities. 
The Emeritus Fellowship provided to the senior author, Prof. S. 
K. Taneja by University Grant 
Commission is gratefully acknowledged. Also thankful to 
Central Animal House, Panjab University, Chandigarh for 
making available animals and environment during research 
work.  
  
7. References 
1. National Research Council. Recommended dietary 

allowances, 10th Ed, National Academy Press, 
Washington, DC, 1989. 

2. Singh RB, Niaz MA, Rastogi SS, Bajaj S, Gaoli Z, 
Shoumin Z. Current zinc intake and risk of diabetes in 
coronary artery disease and factors associated with insulin 
resistance in rural and urban population of North India. 
JACN. 1998; 17:564. 

3. Taneja SK, Mandal R, Girhotra S. Long term excessive Zn-
supplementation promotes metabolic syndrome-X in 
wistar rats feed sucrose and fat rich semi-synthetic diet. 
Indian Journal of Experiment Biology. 2006; 44:705-718. 

4. Prentice A. Does mild zinc deficiency contribute to poor 
growth performance? Nutr Rev 1993; 5:268-270.  

5. Taneja SK, Mahajan M, Arya P. Excess bioavailability of 
zinc may cause obesity in humans. Experentia, 1996; 
52:31-33. 

6. Taneja SK, Jain M, Mandal R, Megha K. Excessive Zinc 
in diet induces leptin resistance in Wistar rat through 
increased uptake of nutrients at intestinal levels. J Trace 
Elem Med Biol. 2012; 6:267-272. 

7. Borcea V, Nourroz-Zudeh J, Wolff SP. Alfa lipoic acid 
decreases oxidative stress even in diabetic patients with 
poor glycemic control and albuminuria. Free Radic Bio 
Med 1999; 22:1495-1500. 

8. Mustafa A, David EL. Diabetes oxidative stress and 
physical exercise. J Sport Sc and Med. 2002; 1:1-14.  

9. Taneja SK, Singh KB. Effect of modified egg on oxidative 
stress in F1- generation of metabolic syndrome-X induced 
Wistar rat. Indian J Exp Biol. 2009; 47:104-112. 

10. Singh KB. Long Term Excessive Zn Supplementation 
Induced Oxidative Stress in Wistar Rats Fed on Semi-
Synthetic Diet. Food and Nutrition Sciences, 2012; 3:724-
731. 

11. Bharrhan S, Chopra K, Rishi P. Vitamin E supplementation 
modulates endotoxin-induced liver damage in a rat model. 
Am J Biomed Sci. 2009; 2:51-62. 

12. Hotamisligil GS, Budawari A, Murray D, Spiegelman BM. 
Reduced tyrosine kinase activity of the insulin receptor in 
obesity – diabetes. Central role of TNF-α. J Clin Invest. 
1994a; 94:1543-1549. 

13. Hotamisligil GS, Murray OL, Chey LN, Spiegelman BM. 
TNF-α inhibits signalling from insulin receptor. Proc Natl 
Acad Sci USA. 1994b; 91:4854-4858. 

14. Hotamisligil GS, Arner P, Caro JF, Atkinson RL, 
Spiegelman BM. Increased adipose tissue expression of 
tumor necrosis factor-alpha in human obesity and insulin 
resistance. J Clin Invest. 1995; 95:2409-2415. 

15. Hotamisligil GS, Peraldi P, Spiegelman BM. The 
molecular link between obesity and diabetes, Curr Opin 
Endocrn Diabetes, 1996; 3:16-23. 

16. Bays HE, Toth PP, Kris-Etherton PM, Abate N, Aronne LJ, 
Brown WV et al. Obesity, adiposity, and dyslipidemia: A 
consensus statement from the National Lipid Association. 
J Clin Lipidol. 2013; 7(4):304-83. 

17. Kirchgesner TG, Ugsal KT, Wiesbrock SM, Marino MW, 
Hotamisligil GS. TNF alpha contributes to obesity related 
hyperleptinemia by regulating leptin release from 
adipocytes. J Clin Invest. 1997; 100:2777-2782. 

18. Souza SC, Yamamoto MT, Franciosa MD, Lien P, 
Greenberg AS. BRL 49653 blocks the lipolytic actions by 
tumor necrosis factor - . Diabetes, 1998; 47:691-695. 

19. Orgebin-crist MC, Freeman M, Barney GH. Sperm 
formation in Zn-deficient rats. Ann Biochem Biophys. 
1971; 11:547-558. 

20. Beuge JA, Aust SD. Microsomal lipid peroxidation. 
Method enzymology, 1978; 52:302-310.  

21. Nishikimmi M, Rao NA, Yagi K. The occurrence of 
superoxide anion in the reaction of the reduced phenazine 
methosulfate and molecular oxygen. Biochem Biophys Res 
Commun. 1972; 46:849-859.  

22. Aebi HE. Catalase in methods of enzymatic analysis 
(Bergnmeyer, H.V., ed.), 3rd Edn. Academic Press New 
York, 1983; 3:273-386. 

23. Lowery OH, Roserbrough NJ, Farr AL, Randall RJ. Protein 
measurement with the folin phenol reagent. J Bio Chem. 
1951; 193:265-275. 

24. Tapiero H, Tew KD. Trace elements in human physiology 
and pathology: Zinc and metallothioneins. Bio Med 
Pharmacother. 2003; 57:399-411. 

25. Hassel ES, Wallwork JC, Sandstead HH. Mild Zinc 
deficiency and under nutrition during the prenatal and 
postnatal periods in rats, effects on weight, food 
consumption and brain catecholamine concentrations. J 
Nutr. 1982; 112:542-551. 

26. Niewoehner CB, Allen JL, Boosalis M, Levine AS, Morley 
JE. The role of zinc supplementation in type II diabetes. 
Am J Med. 1986; 81:63-68. 

27. Roussel AM, Kerkeni A, Zouari N, Mahjoub S, Matheau 
JM, Anderson RA. Antioxidant effect of Zinc 
supplementation in Tunicians with type 2 diabetes mellitus. 
JACN. 2003; 22:316-321. 

28. Krones CB, Klosterhalfen V, Fackeldey K, Junge R, Rosch 
R, Schwab M et al. Deleterious effect of zinc in a Pig 
model of acute endotoxemia. J Invest Surg. 2004; 7:249-
256. 



        257 
 

29. Clement K, Viguerie N, Poitou C. Weight loss regulates 
inflammation related gene in white adipose tissue of obese 
subjects. FASEB J. 2004; 8:1657-69. 

30. Taneja SK, Mandal R. Modulation of Zn-induced 
hyperinsulinemia/insulin resistance in Wistar rat fed 
modified poultry egg. 2009. Biofactors, 2009; 35(4):389-
98. 

31. Liang L, Yin B, Zhang H, Zeng Q, Wang J, Jiang X et al. 
Blockade of Tumor necrosis factor (TNF) receptor type 1-
mediated TNF-α signaling protected wistar rats from diet-
induced obesity and insulin resistance. Endocrinology 
2008; 149(6):2943-2951. 

32. Hotamisligil GS, Spiegelmen BM. Tumor Necrosis Factor-
alfa: a key component of the obesity-diabetes link. 
Diabetes, 1994; 43:1271-1278.  

33. Prasad AS. Zinc the biology and therapeutics of an ion. 
Ann Intern Med. 1996; 125:142-144.  

34. Mantzoros CS, Prasad AS, Beck FWJ, Grabowski S, 
Kaplan J, Adair C et al. Zinc may regulate serum leptin 
concentrations in humans. J Am coll Nutr. 1998; 17:270-
275. 

35. Saladin R, DeVos P, Guerre-Millo M, Leturque A, Girard 
J, Staels B et al. Transient increase in obese gene 
expression after food intake or insulin administration. 
Nature, 1995; 377:527-529. 

36. Barr VB, Malide D, Zarnowskis MJ. Taylor SI and 
Cushman SW. Insulin stimulates both leptin secretion and 
production by rat white tissue. Endocrinology 1997; 
138:530-532. 

37. Havel PJ, Uriu-Hare JY, Liu T. Marked and rapid 
decreases of circulating leptin in streptozotocin diabetic 
rats: Reversal by insulin. Am J Physiol. 1998; 274:R1482-
R1491. 

38. Katsuki A, Sumida Murashima S, Murata K, Takarada Y, 
Ito K, Fujil M et al. Serum levels of tumor necrosis factor-
alpha are increased in obese patients with noninsulin-
dependent diabetes mellitus. J Clin Endocrinol Metab. 
1998; 83:859-862. 

39. Huang CJ1, Zourdos MC, Jo E, Ormsbee MJ. Influence of 
physical activity and nutrition on obesity-related immune 
function. Scientific World Journal. 2013; 11:752071. 

40. Taneja SK, Mandal R. Effect of modified egg on metabolic 
syndrome-X induced stress in female Wistar rats. Nature 
Product Radiance, 2007; 6(1):22-23. 

41. Kies W, Englaro P, Hanitsch S, Rascher W, Attanasio A, 
Blum WF. High leptin concentrations in serum of very 
obese children are further stimulated by dexamethasone. 
Horm Metab Res 1996; 137:1501-1504.  

42. Schwartz MW, Seeley RJ. Seminars in medicine of the 
Beth Israel deaconess Medical Center. Neuroendocrine 
response to starvation and weight loss. N Eng J Med. 1997; 
336:1803-1811. 

43. Zakrzewska KE, Cusin I, Sainsbury A, Rohner-Jeanrenaud 
F, Jeanrenaud B. Glucocorticoid as counter regulatory 
hormone of leptin toward an understanding of leptin 
resistance. Diabetes, 1997; 46:717-719. 

44. Mossad A, Abou-Seif L, Abd-Allah Y. Evaluation of some 
biochemical changes in diabetic patients. Clin Chim Acta. 
2004; 436:161-170. 

45. Nelson SK, Huang CC, Matthias MM, Allen KGD. 
Copper-marginal and copper deficient diet decrease aortic 
prostacyclin production and copper-dependent SOD 

activity and increase lipid peroxidation in rats. J Nutr. 
1992; 122:2102-2108.  

46. Mazur A, Gneux E, Bureau I, Filletocourdray C, Rock E, 
Rayssiguier T. Copper deficiency and lipid peroxidation. 
Atherosclerosis, 1998; 137:443-445. 


