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Effect of Zinc Supplementation on Oxidative Stress status in Male Wistar Rats
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ABSTRACT

The study was conducted on 72 weaned Wistar male rats which were divided into 3 groups viz. control, T1 and T2. Control 
rats were given diet without zinc supplementation while the rats of T1 and T2 groups were given diet containing zinc sulphate 
@ 50 mg and 100 mg/kg body weight/day, respectively for 8 weeks from 4 to 12 weeks of age. Blood samples were collected 
on 6, 8, 10 and 12 weeks of zinc supplementation and oxidative parameters were studied. Oxidative indices viz super-oxide 
dismutase (SOD), glutathione peroxidise (GPx), glutathione-s-transferase (G-s-T), catalyse (CAT) and lipid peroxidise (LPO) 
showed decreasing trend in T1 group, whereas increasing trend was observed in T2 group as age advanced; no such increasing 
or decreasing trend observed in control, except LPO activities, which showed increasing trend with advancing age. Zinc @ 50 
mg/kg body weight/day (T1) proved better choice than zinc @ 100 mg/kg body weight/day (T2) in reducing oxidative stress in 
growing rats.
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Nutritional factors play vital roles in the various 
physiological events which occur in the attainment of 
sexual maturity and in the course of the reproductive 
process (Kadir et al., 2010). Zinc is the second most 
abundant transition metal after iron and it is the only 
metal which appears in all enzyme classes (Broadley et 
al., 2007). Thus, it is required for 300 different biological 
processes including DNA transcription, protein translation, 
cell proliferation and differentiation and apoptosis 
(Wu and Wu, 1987; Endicott et al., 1995). Moreover, it 
is an intracellular signalling molecule which plays an 
important role in antioxidant mechanism through number 
of proposed mechanisms (Powell, 2000). Loss of zinc 
from biological membranes increases their susceptibility 
to oxidative damage and impairs their functions (Halstead 
et al., 1972). Oxidative stress is the set of intracellular 
or extracellular conditions that leads to the chemical or 
metabolic generation of the reactive oxygen species (ROS), 
which are highly reactive intermediates free radicals, such 
as superoxide anion (O-2), hydrogen peroxide (H2O2), 

hydroxyl free radical (OH), lipid peroxides (Saltman, 
1989).

The activities of Cu and Zn containing antioxidant enzymes 
including superoxide dismutase (SOD), cytochrome-C-
oxidase (CCO), catalase (CAT) and glutathione peroxidase 
(GPx) have been reported to diminish during Zn or Cu 
deficiency or due to alteration in Cu-Zn ratio (Prohaska, 
1991). The present investigation was taken up to study the 
effect of two different doses of zinc supplementation on 
oxidative parameters durin the active phase of growth in 
male Wistar rats.

MATERIALS AND METHODS

The study was conducted in Division of Veterinary 
Physiology and Biochemistry, Faculty of Veterinary 
Sciences and Animal Husbandry, Jammu on 72 weaned 
healthy Wistar male rats for a period of 8 weeks from 4 
to 12 weeks of age. The rats were procured from Indian 
Institute of Integrative Medicine, CSIR Laboratory, 
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Jammu. They were provided standard pelleted ration and 
clean drinking water ad libitum and maintained under 
standard managemental conditions. Prior to experiment, 
the rats were acclimatized in the laboratory conditions 
for a period of one week. The rats were divided into 3 
groups viz. Control, T1 and T2. Control rats were given 
diet without zinc supplementation while rats of T1 and T2 
groups were given diet containing zinc sulphate @ 50 mg 
and 100mg/ Kg body weight/day, respectively for 8 weeks 
from 4 to 12 weeks of age. All the experimental animals 
were kept under constant observation during entire period 
of study. The experimental protocols were duly approved 
by the Institutional Ethical Committee.

Blood collection and preparation of hemolysate

Total 5 ml of blood samples were collected from retro-
orbital sinus of rats from each group on 6, 8, 10 and 12 
weeks of experiment using heparinized capillary tubes. 
Blood was collected in aliquots containing anticoagulant 
heparin @ 10 IU/ml of blood and the samples were 
centrifuged at 3000 rpm for 15 minutes. The erythrocyte 
sediment obtained after separation of plasma was diluted 
by gently pouring of normal saline solution in the ratio of 
1:1 on v/v basis and thoroughly mixed with erythrocyte 
sediment. The diluted erythrocytes were centrifuged 
for 10 minutes at 3000 rpm. After centrifugation, the 
supernatant was discarded along with buffy coat and 
normal saline was again added to the RBC pellet on v/v 
basis, by mixing gently and centrifuged and the process 
was repeated three times. After final washing, phosphate 
buffer saline (pH 7.4) was taken as diluent to make 1% 
hemolysate (100µl washed RBC + 9.9 ml 0.1M PBS) 
and 33% hemolysate (330µl washed RBC + 670µl 
0.1M PBS). For the estimation of superoxide-dismutase, 
glutathione-peroxidase, glutathione-s-transferase and 
catalase, 1% hemolysate was used and for estimation of 
lipid peroxidation, 33% hemolysate was used.

Estimation of oxidative stress parameter

The indices of superoxide dismutase (SOD), lipid 
peroxidation (LPO), glutathione peroxidase (GPx), 
glutathione-s-transferase (G-s-T) and catalase (CAT) were 
determined by methods given by Marklund and Marklund 
(1974), Shafiq-ur-Rehman (1984), Hafeman et al. (1974), 
Habig et al. (1974) and Aebi (1983), respectively in 
erythrocyte lysate.

Statistical analysis

For all the observed data in the experiment, the standard 
statistical procedures recommended by Snedecor and 
Cochran (2004) have been followed. The data were 
presented by showing mean and standard error. The 
significant differences of means for different parameters 
studied were assessed by the test of two-way analysis of 
variance. The significant difference between groups and 
weeks were calculated by Tukey’s test. All the above 
calculations were carried out using SPSS software version 
16.0.

RESULTS AND DISCUSSION

It is known that zinc is one of the essential components 
of the body’s most important natural antioxidant system 
(Chian et al., 2000). In addition, zinc has been reported 
to have a membrane stabilizing antioxidant activity and 
maintains sperm viability by inhibiting DNAase activity 
(Aitken et al., 1987). It is also an integral part of many 
metallo-enzymes, which is believed to stabilize membranes 
and protect them against free radical injury. The study 
(Table 1) revealed that SOD activity showed a decreasing 
trend from 8 to 12 weeks of age in T1 group; whereas, in 
T2 group, enzymes activity showed an increasing trend 
with advancement of age. Similar trend was also observed 
in other enzymes like GPx, G-s-T, CAT and LPO in both 
the groups. LPO is a free radical mediated chain reaction, 
is treated as best marker of oxidative stress and its 
concentration increased during oxidative stress (Saygili et 
al., 2003). Increased oxidative enzymes in T2 group thus 
provided strong evidence that excessive zinc in diet even in 
higher doses induced oxidative stress. Decreased enzyme 
levels as in T1 group with advancement of age indicated 
less oxidative stress with zinc supplementation @ 50 
mg/kg body weight/day. Nagalakshmi et al. (2013) also 
reported that lipid peroxidation was significantly higher 
(P<0.01) in rats fed diet without zinc supplementation and 
decreased in a dose dependent manner up to dose rate of 
36 ppm while increased at 48 ppm.Similarly, they also 
reported that the activity of GPx was also significantly 
increased (P<0.05) at 48 ppm zinc supplemented rats 
followed by 36, 24 and 12 ppm supplementation in a 
dose dependent manner. Zinc has antioxidative nature and 
inhibits production of reactive oxygen species and hence 
improved fertility (Bray et al., 1997). Zinc prevents lipid 
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peroxidation and stabilizes lysosomal membrane (Kimball 
et al., 1995). Zinc supplementation also increased catalase 
activity in seminal plasma within tolerable limits can 
improve fertility but detrimental at higher doses (Alavi-
shoushtari et al., 2009; Egwurugwu et al., 2013). Singh 
(2012) reported that excess zinc in diet fed for longer 
period of time induces oxidative stress by altering the 
status of minerals in the body. In another study, Omu et 
al. (2015) reported that zinc deficient rats, Cu-Zn SOD 
activity was significantly decreased (P<0.05) as compared 
to zinc supplemented group (28 mg/kg b. wt), whereas 
GPx activity was not significantly different between 
zinc deficient and zinc supplemented groups. Table 1 
suggested that SOD, GPx, G-s-T and CAT activities 
showed no particular increasing or decreasing trend in 
control group as age advanced from 6 to 12 weeks of age; 
whereas, the LPO activity showed an increasing trend. 

Lipid peroxidation is the oxidative degradation of lipid. 
It is the process in which free radicals steal electro from 
the lipids of all membrane, resulting cell damage. LPO 
measurements increased in an age-limited, tissue specific 
fashion (Cook and Yu,1998).

CONCLUSION

It can be concluded from the study that zinc @ 50 mg/
kg body weight/day proved better choice than zinc @ 100 
mg/kg body weight/day in reducing oxidative stress in 
growing rats.
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