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ABSTRACT 
Zinc deficiency is one of the leading risk factors for developing disease and yet we do not have a clear understanding of 
the mechanisms behind the increased susceptibility to infection. A total of fourty male Wistar rats (120-160 g) were 
given zinc in the form of ZnSO4.6H2O at a dose level of 227 mg/L daily in their drinking water and diabetes was induced 
by giving a single subcutaneous injection of streptozotocin (40 mg/kg body weight). The Feed intake and body weight 
were recorded weekly. On day 56, blood was collected by retro-orbital puncture for analyzing hematological 
constituents, glucose, cholesterol, total protein, albumin, and globulin and antioxidant enzyme activities. At 57rd day, 
rats were antigenically challenged with sheep red blood cell to assay humoral immune response and cell-mediated 
immune response. The results showed that body weight and feed intake were not affected by dietary groups (P>0.05). 
The zinc supplementation had no effect on various hematological constituents analyzed. The serum cholesterol 
concentration was reduced by Zn supplementation group than the control group. In liver, TBARS and protein carbonyl 
concentration are indicative of oxidative stress significantly (p<0.05) lowered in Zn supplementation diet than the 
controls. The antioxidant enzyme activities (including GPx and CAT) were higher and MDA lowered for the animals fed 
Zn supplemented diet than the animals fed controls (P<0.05). The humoral and CMI response were higher (p<0.05) with 
Zn supplemented group than control group. The results showed that the inclusion of Zn supplementation in diabetic-
induced rats diet caused to improved the antioxidant status. 
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INTRODUCTION 
Zinc is a mineral that plays an important role in insulin action and carbohydrate metabolism [9]. Zinc 
deficiency is associated with many diseases, including malabsorption syndrome, chronic liver disease, 
chronic renal disease, sickle cell disease, diabetes and malignancy [37]. Any decrease in zinc levels can 
affect the ability of the islet of langerhans cell to produce and secrete insulin, and compound the problem, 
particularly in type 2 diabetes [9]. Zinc deficiency is more common in developing countries, and although 
severe deficiency is rare in developed countries, marginal deficiency is thought to be relatively common 
[5, 25]. 
Zinc deficiency is indicated which may be secondary to immune-induced cytokine synthesis [14, 15]. The 
immune function is deftly synchronized by zinc, since both increased and decreased zinc levels result in a 
disturbed immune function [10, 43]. Zinc deficiency when associated with an immunodeficiency, results 
in an amplified propensity to a range of pathogens [45]. It has also been demonstrated in rat sympathetic 
neurons [11]. 
The effect of zinc supplementation on streptozotocin-induced diabetic rats was examined, which 
exhibited ghrelin (a 28 amino acid peptide) production and secretion, and lipid metabolism on the 
gastrointestinal tract [6]. Zinc supplementation also alleviated the hyperglycemia of genetically obese 
mice, which may be related to its effect on the enhancement of insulin activity [12]. Zinc supplementation 
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is effective for preventing or ameliorating diabetes in several rodent models of type 1 and type 2 diabetes. 
Many of the symptoms of zinc deficiency and diabetes are the same, and are related to increased 
inflammation. Zinc supplementation may improve immunity and glycemic control, and reduce 
inflammation [41]. The purpose of this study was to determine the effect of zinc supplementation on 
diabetes and immune parameters of wistar diabetic fatty rats. 
 
MATERIALS AND METHODS 
A total of fourty male rats in the weight range of 120-160 g were purchased from market. The animals 
were housed in polypropylene cages bedded with rice husk in the animal house under hygienic conditions 
with controlled temperature (22-23°C) and photoperiod (12 h/d) for an experimental duration of 8 
weeks. All procedures were done in accordance with ethical guidelines for care and use of laboratory 
animals, and protocols were followed as approved by NRC (1984). The rats were adapted to a semi-
purified control diet containing 25ug Zn/g diet and deionized water for 1 wk (Table 1). The animals were 
randomly divided into main four groups of 10 animals each: 
Group I: Normal Control – Animals in this group was given standard pellet feed and water ad libitum 
throughout the period of experimentation. 
Group II: Diabetic – Diabetes was induced in the rats using a single subcutaneously injection of at the dose 
of 4o mg/kg of streptozotocin (STZ) (Sigma Chemical, St. Louis, MO) in cold 0.1 mol/L citrate buffer, pH 4, 
to induce diabetes. 
Group III: Zinc treated- Rats in this group were given zinc in the form of zinc sulphate at a dose of 227 mg 
/L mixed in the drinking water of animal [34]. 
Group IV: Diabetes and Zinc treated- Rats belonging to this group were given Zinc as was given to group 
III rats and diabetes was induced in a similar way as given to group 2 animals. 
The animals in all groups were fed standard laboratory feed and water ad-libitum 8-wk periods (Table 1). 
Diabetic status of rats was checked by urine reagent strips. Animals with urine glucose higher than 500 
mg/dl at 3rd day of injection were considered diabetic. Weekly body weights and daily feed intake were 
recorded. Blood was collected on 56nd day by retro-orbital puncture to analyze the hematological and 
biochemical constituents and antioxidant enzymes. On 57rd day of experiment, humoral immune 
response was examined by antigenically challenging the rats with sheep red blood cell (RBC). On 57th day 
of experiment, the CMI response was assayed by footpad reaction method.  
Hematological and biochemical constituents 
For hematology, blood was collected in heparinized vacutainers from all rats on 56nd day. Hemogloubin 
(Hb) content, and white blood cell (WBC) counts, hematocrit, lymphocyte, monocyte, and granulocyte 
percentages were determined by Auto analyzer (RA1000 Technicon, USA). Serum was collected and 
stored at −20°C in Eppendorf tubes for estimation of biochemical constituents, i.e. total protein [42], 
albumin [24], glucose [13], cholesterol [50]. 
Oxidative stress index and antioxidant enzyme activity 
The blood collected in clean heparinized vacutainers was centrifuged at 2000 rpm for 15 min at 4°C to 
separate buffy coat and erythrocyte pellet. The erythrocytes were washed thrice with phosphate buffer 
saline (PH 7.4). The packed RBC obtained was mixed with an equal volume of phosphate buffer saline and 
then diluted as per requirement with distilled water. The oxidative enzymes viz., RBC catalase (CAT), lipid 
peroxidation (LPx), glutathione peroxidase, (GPx) and glutathione reductase in hemolysate were 
estimated as per the procedures of [4], [40], [36] and [9], respectively. The Hb and protein concentration 
in hemolysate were estimated colorimetrically as per the procedure described by Cannan [8] and Lowry 
et al. [29], respectively. After 8 weeks of experiment, all rats were sacrificed and livers were collected, 
which were perfused with normal saline (0.9%) immediately to reduce red blood cell contamination. The 
samples were then fixed in liquid nitrogen and stored at −20°C for antioxidant analysis. The markers 
thiobarbituric acid reacting substances (TBARS), reduced glutathione (GSH), and protein carbonyls were 
estimated as per the procedures of Balasubramanian et al. [3], Moron et al. [30] and Levine et al. [28], 
respectively. 
Immune response 
The rats were anti-genetically challenged twice with sheep RBC (0.5 × 109 cells/100 g, I/P) at 7 days 
interval to study the immune response. The blood was collected from retro-orbital plexus of all anti-
genetically challenged rats after 1 week of primary and secondary challenge to separate the serum. 25 ml 
of serum was serially diluted with 25 ml of phosphate-buffered saline (PBS). Sheep RBC (0.025 × 109 
cells) were added to each of these dilutions and incubated at 37°C for 1 h. The rank of minimum dilution 
that exhibited hemagglutination was considered as the antibody titer. The CMI was assayed by footpad 
reaction method [27]. The increase in the paw volume measured after 48 h of inducing sheep RBC (0.025 
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× 109 cells), in the subplantar region of the right hind paw. The mean percent increase in paw volume 
was considered as a delayed type hypersensitivity reaction and considered as an index of CMI. The 
volume of the left hind paw was injected similarly with PBS that served as control. 
Statistical analysis 
The experimental results obtained were statistically analyzed using one-way ANOVA according to the 
method of Snedecor and Cochran [48]. The mean values were compared by Duncan’s multiple range tests 
[18]. 
 
RESULTS AND DISCUSSION 
In the present study, body weight gains and feed intake were comparable among the groups. Rossi et al. 
[44] stated that Zn deficiency or low levels of Zn supplementation causes depressed appetite, resulting in 
decreased feed intake and reduced weight gain. However, in this experiment dietary zinc 
supplementation did not affect the weekly weight and feed intake of the rats. El Hendy et al. [19] reported 
that reduced Zn supplementation leads to significant (P<0.05) reduction in RBC count, Hb concentration 
and packed cell volume. Similarly, Akbari et al. [1] reported that addition of 60 mg Zn/kg ZnO to basal diet 
(BD) significantly (p<0.05) increased WBC and lymphocyte count in broiler chicks. However, in the 
present study, zinc supplementation had no effect on various hematological constituents analyzed (Table 
2). Serum total protein and glucose (Table 2) in the present study was comparable among four dietary 
treatments. Bolkent et al. [6] proved the protective effect of Zn supplementation on lipid metabolism 
indices (total lipids, cholesterol, high density lipoprotein cholesterol) in laboratory rats with 
streptozotocin-induced Type 1 diabetes. In the present study serum cholesterol concentration was 
reduced by Zn supplementation compared to control group (Table 2). Lipid peroxidation is a free radical 
mediated chain reaction, considered as best marker of oxidative stress since its concentration increases 
during oxidative stress [47]. Though lipid peroxidation is a self-perpetuating reaction, its propagation can 
be arrested by chain breaking antioxidant. Zn plays an important role in the antioxidant system in two 
ways: The first is the protection of proteins and enzymes against free radical attack or oxidation [32], the 
second is through the prevention of free radical formation by other metals, such as iron and copper (39). 
In liver, TBARS and protein carbonyl concentration are indicative of oxidative stress and these markers 
significantly (p<0.05) lowered by Zn supplementation group than the control group (Table-5). GPx and 
CAT are involved in the antioxidant defense system and protects from potential oxidative damage [21, 
38]. In this experiment, supplementation of Zn significantly (p<0.05) increased the activities of CAT and 
GPx and lowered the lipid peroxidation (malondialdehyde concentration) than the controls (Table 2). 
Similarly, GSH concentration in liver was significantly (p<0.05) lower at Zn supplementation group (Table 
5). Several researchers observed better immune response with increasing the level of Zn 
supplementation [20, 22]. Zn is essential for maintenance of natural killer cells activity and phagocytosis 
of macrophages and neutrophils. In the present study, the humoral and CMI response were higher 
(p<0.05) with Zn supplemented group than control group, indicating the beneficial effect of 
supplementing Zn source (Table 2).  
 

Table 1- Composition of the diet 
Ingredient Amounts (g/kg diet) 

Protein (spray-dried egg white) 210 
Cerelose 595 
Corn oil 80 

Fiber 40 
Mineral premix1 60 
Vitamin premix2 15 

1. Mineral premix supplied the following (g/kg diet]: CaCO3, 20.33; K2HPO4, 19.26; NaCl, 10.08; MgSO4/ 
5.82; CaHPO4, 3.6; 
FeSO4.7H2O, 0.6; KI, 0.012; ZnCO3/ 0.048; CuSO4-5H2O, 0.0396; CrK(SO4)2-12H2O, 0.024; Mn(SO4)2-H2O, 
0.138. 
2. Vitamin premix supplied the following (mg/kg diet): Ca-pantothenate, 37.5; thiamin-HCl, 22.5; 
pyridoxine-HCl, 22.5; nicotinic 
acid, 22.5; menadione, 18.75; riboflavin, 7.5; p-aminobenzoic acid, 7.5; folie acid, 0.45; biotin, 3.9; all-rac-
ct-tocopheryl acetate (Rovimix E-50), 178.5; retinyl palmitate (Rovimix A-650], 40.95; cholecalciferol 
(Rovimix AD3 A650/D325), 3.45; Vitamin B-12 (Merck 12 + mannitol), 22.5; choline chloride (70% 
solution), 1072.5; inositol, 375; ascorbic acid as a preservative for the vitamin premix, 75. Rovimix was 
purchased from Hoffman-LaRoche (Nutley, NJ); reagents were purchased from Merck (Rahway, NJ). 
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Table 2- Some blood parameters in diabetic-induced rats fed zinc supplemented diets 
Parameters NC DR ZTR DZTR SEM P-value 
Glucose (mg/dl) 135 140 143 133 2.055 0.445 
Cholesterol (mg/dl) 74a 57b 59b 62b 2.055 0.008 
Total protein (g/dl) 6.25 6.33 6.32 6.22 0.051 0.469 

Albumin (g/dl) 4.41a 4.24b 4.02b 4.06b 0.047 0.003 
Globulin (g/dl) 2.83a 1.8b 2.92a 2.73a 0.056 0.002 
WBC(× 103/ cu mm) 11.65 10.18 10.56 9.19 0.614 0.506 
Lymphocytes (%) 73.41 78.6 78.5 77.3 0.593 0.501 
Monocytes (%) 5.87 4.1 4.01 4.62 0.54 0.654 
Granulocytes (%) 17.49 16.68 16.8 16.21 0.55 0.312 
TBARS 
(nmol MDA/mg protein) 

0.0185a 0.0178ab 0.0131b 0.0132b 0.0021 0.048 

Humoral immune response  
HA(log2 titers) 

4.5 4 4.1 4.5 0.167 0.526 

NC=Normal Control; DR=Diabetic Rats; ZTR=Zinc Treated-Rats; DZTR=Diabetic and Zinc Treated-Rats; 
SEM=Standard Error of Mean  

 
CONCLUSION 
The results of the experiment showed that the inclusion of Zn supplementation in diabetic-induced rats 
diet caused to significance improved the immune response and antioxidant status. 

 
REFERENCES 
1. Akbari, M.R., Kermanshahi, H., Moghaddam, H.N., Moussavi, A.R.H. and Afshari, J.T. (2008). Effects of wheat-

soybean meal based diet supplementation with vitamin A, vitamin E and zinc on blood cells, organ weights and 
humoral immune response in broiler chickens. J. Anim. Vet. Adv., 7(3): 297-304. 

2. Al-Daraji, H.J. and Amen, M.H.M. (2011). Effect of dietary zinc on certain blood traits of broiler breeder chickens. 
Int. J. Poult. Res., 10(10): 807-813. 

3. Balasubramanian, K.A., Manohar, M. and Mathan, V.I. (1988). An unidentified inhibitor of lipid peroxidation in 
intestinal mucosa. Biochim. Biophy. Acta, 962: 51-58. 

4. Bergmeyer, H.U. (1983). Catalase. Methods of Enzymatic Analysis. Verlag Chemie, Weinheim. p165-166. 
5. Black, RE. (2003). Zinc deficiency, infectious disease and mortality in the developing. world. J. Nutr. 133 (5 Suppl 

1): 1485S–9S. 
6. Bolkent, S, Yanardag, R, Bolkent, S, Mutlu, O, Yildirim, S, Kangawa, K, Minegishi, Y, Suzuki, H. (2006). The effect of 

zinc supplementation on ghrelin-immunoreactive cells and lipid parameters in gastrointestinal tissue of 
streptozotocin-induced female diabetic rats. Mol Cell Biochem 286: 77–85. 

7. Carlberg, I., and Mannervik, B. (1985). Glutathione reductase. Methods Enzymol., 113: 484-490. 
8. Cannan, R.K. (1958). Laboratory methods-proposal for a certified standard for use in hemoglobinometry second 

and final report. J. Lab. Clin. Med., 52: 471-476. 
9. Chausmer, AB. (1998). Zinc, insulin and diabetes. J. Am. Coll. Nutr. 17: 109-115. 
10. Chandra, R. (1990). The relation between immunology, nutrition and disease in elderly people. Age Ageing 19: 

S25–31. 
11. Cloues, R, Jones, S, Brown, DA. (1993). Zn2+ potentiates ATP-activated currents in rat sympathetic neurons. 

Pflugers Arch 424: 
12. Chen, MD, Liou, SJ, Lin, PY, Yang, VC, Alexander, PS., Lin, WH. (1998). Effects of zinc supplementation on the 

plasma glucose level and insulin activity in genetically obese (ob/ob) mice. Biol Trace Elem Res 61: 303–11. 
13. Cooper, G.R. and Mc Daniel, V. (1970). Assay methods. In: Mc Donald, R.P., editor. Standard Methods for Clinical 

Chemistry. John Wiley and Sons, New York. p159-170. 
14. Cuajungco, MP, Lees GJ. (1997a). Zinc and Alzheimer’s disease: is there a direct link? Brain Res Rev 23: 219–36. 
15. Cuajungco, MP, Lees GJ. (1997b). Zinc metabolism in the brain: relevance to human neurodegenerative disorders. 

Neurobiol Dis 4: 137–69. 
16. Dardenne, M. (2002) Zinc and immune function. Eur. J. Clin. Nutr., 56: S20-S23. 
17. Deshpande, J.D., Joshi, M. Deshpande, J.D., Joshi, M.M. and Giri, P.A. 2013. Zinc: The trace element of major 

importance in human nutrition and health. Int. J. Med. Sci. Public Health, (1): 1-6. 
18. Duncan, D.B. 1955. Multiple range and multiple F tests. Biometrics, 11: 1-42. 
19. El Hendy, H.A., Yousef, M.I. and El-Naga, N.I.A. (2001). Effect of dietary zinc deficiency on hematological and 

biochemical parameters and concentrations of zinc, copper, and iron in growing rats. Toxicology, 167: 163-170. 
20. Ezzati, M.S., Bozorgmehrifard, M.H., Bijanzad, P., Rasoulinezhad, S., Moomivand, H., Faramarzi, S., Ghaedi, A., 

Ghabel, H. and Stabraghi, E. (2013). Effects of different levels of zinc supplementation on broilers performance 
and immunity response to Newcastle disease vaccine. Eur. J. Exp. Biol. 3: 497-501. 

21. Flohe, L. (2009). Glutathione peroxidase: Fact and fiction. Oxygen Free Radicals and Tissue Damage. Oxford 
University Press, New York. P. 95-120. 

Sabzevari-Zadeh et al 



ABR Vol 7 [6] November 2016 52 | P a g e       ©2016 Society of Education, India 

22. Gajula, S.S., Chelasani, V.K., Panda, A.K., Mantena, V.L.N. and Rama Rao, S. (2011). Effect of supplemental 
inorganic Zn and Mn and their interactions on the performance of broiler chicken, mineral bioavailability, and 
immune response. Biol. Trace Elem. Res. 139: 177-187. 

23. Gruber, K., Rink, L. (2013). The role of zinc in immunity and inflammation In: Calder, P.C. and Yaqoob, P. editor. 
Diet. Immun. Inflam. 1st edition, Cambridge, U.K. 123-156. 

24. Gustafsson, E.J. (1976). Improved specificity of serum albumin determination and estimation of acute phase of 
reactants by use of the bromocresol green. Quinchemisty, 22: 616-622. 

25. Hambidge, M., Krebs, NF. ( 2001). Interrelationships of key variables of human zinc homeostasis: relevance to 
dietary zinc requirements. Annu. Rev. Nutr. 21: 429–52. 

26. Kind, P.R. and King, E.J. (1954). Estimation of plasma phosphatase by determination of hydrolyzed phenol with 
amino-antipyrine. J. Clin. Pathol., 7: 322-326. 

27. Liew, F.Y. (1977) Regulation of delayed type hypersensitivity, T suppressor cells for delayed type 
hypersensitivity to sheep erythrocytes in mice. Eur. J. Immunol., 7: 714-718. 

28. Levine, R.L., Garland, D., Oliver, C.N., Amici, A., Climent, I., Lenz, A.G., Ahn, B.W., Shaltiel, S. and Stadtman, E.R. 
(1990). Determination of carbonyl content in oxdatively modified proteins. Methods Enzymol., 186: 464-478. 

29. Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. (1951). Protein measurement with the Folin phenol 
reagent. J. Boil. Chem., 193: 265-275. 

30. Moron, M.J., Diperre, J.W. and Mannerv, K.B. (1979). Levels of glutathione, glutathione reductase and glutathiones 
transferase activities in rat lungs and liver. Biochim. Biophys. Acta, 582: 67-71. 

31. Nagalakshimi, D., K. Sridhar, and S. Parashuramulu. (2015). Replacement of inorganic Zinc with lower levels of 
organic Zinc (Zinc nicotinate) on performance, hematological and serum biochemical constituents, antioxidants 
status, and immune responses in rats. Vet. World. 8: 1156-1162. 

32. Osaretin, A.T.E. and Gabriel, A.A. (2009). Effect of zinc deficiency on memory, oxidative stress and blood 
chemistry in rats. Int. J. Biol. Chem. Sci., 3: 513-523. 

33. Oteiza, P.I. (2012). Zinc and the modulation of redox homeostasis. Free Radic. Biol. Med., 53: 1748-1759. 
34. Pathak, A., Mahmood, A., Pathak, R., and Dhawan, D. (2008). Effect of zinc on hepatic drug metabolism under 

ethanol toxicity. Drug Chem Toxicol 31: 163 173. 
35. Pathak, A., S. A., Rathore, V. Bhutani, and Pathak, R. (2012). Role of Zinc on antioxidative enzymes and lipid 

peroxidation in brain of diabetic rats. J Drug Metab Toxicol. 3: 122. 
36. Paglia, D.E. and Valentine, W.N. (1967). Studies on the quantitative and qualitative characterization of 

erythrocyte glutathione peroxidase. J. Lab. Clin. Med., 70: 158-169. 
37. Prasad, A.S. (2014). Zinc: An antioxidant and anti-inflammatory agent: Role of zinc in degenerative disorders of 

aging. J. Trace Elem. Med. Biol., 28: 364-371. 
38. Peerapatdit, T. and Sriratanasathavorn, C. (2010). Lipid peroxidation and antioxidant enzyme activities in 

erythrocytes of type 2 diabetic patients. J. Med. Assoc. Thai. 93: 682-693. 
39. Prasad, AS. (1993). Clinical spectrum of human zinc deficiency. In: Prasad AS, editor. Biochemistry of zinc. New 

York: Plenum Press. pp. 219–258. 
40. Placer, Z.A., Cushman, L.L. and Johnson, B.C. (1966). Estimation of product of lipid peroxidation (Malonyl 

Dialdehyde) in biochemical systems. Anal. Biochem., 16: 359-364. 
41. Rech, L. M. (2014). The effects of marginal zinc deficiency and zinc supplementation on diabetes and the immune 

system in Zucker diabetic fatty rats. Ph.D. Thesis. University of Manitoba, Canada. 
42. Reinhold, J.G. (1953). In: Rynner, M., editor. Standard Methods of Clinical Chemistry C. Academic Press, New 

York. p88. 
43. Rink, L, Gabriel, P. (2001). Extracellular and immunological actions of zinc. Bio Metals 14: 367–83. 
44. Rossi, P., Rutz, F., Amciuti, M.A., Rech, J.L. and Zauk, N.H.F (2007) Influence of graded levels of organic zinc on 

growth performance and carcass traits of broilers. J. Appl. Poult. Res., 16: 219-225. 
45. Shankar, AH, Prasad, AS. (1998). Zinc and immune function: the biological basis of altered resistance to infection. 

Am J Clin Nutr 68: 447S–63. 
46. Someya, Y., Ichinose, T., Nomura, S., Kawashima, Y.U., Sugiyama, M., Tachiyashiki, K. and Imaizumi, K. (2007). 

Effects of zinc deficiency on the number of white blood cells in rats. FASEB J., 21: 697.2. 
47. Sies, H., editor. (2013). Oxidative Stress. Elsevier, San Diego. 
48. Snedecor, G.W. and Cochran, W.G. (1994) Statistical Methods. 8th ed. Iowa State University Press, Ames, Iowa, 

USA. 
49. Wang, Y., Tang, J.W., Ma, W.Q., Feng, J. and Feng, J. (2010) Dietary zinc glycine chelate on growth performance, 

tissue mineral concentration, and serum enzyme activity in weanling piglets. Biol. Trace Elem. Res., 133: 325-
334. 

50. Wybenga, D.R., Pileggi, V.J., Dirstine, P.H. and Di Giorgio, J. (1970). Direct manual determination of serum total 
cholesterol with a single stable reagent. Clin. Chem., 16: 980-984. 

 
 
 

Copyright: © 2016 Society of Education. This is an open access article distributed under the Creative Commons 
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the 
original work is properly cited. 

Sabzevari-Zadeh et al 


