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ABSTRACT: The present research study was designed to evaluate the effect of zinc supplementation on body 
weight, serum triglyceride, cholesterol, glucose homeostasis, oxidative stress, and hepatic function in mice. Mice 
were treated with zinc sulphate at an equivalent weight of 6.5 mg/kg-body weight elemental zinc for four weeks. 
Bodyweight, serum glucose, triglyceride, cholesterol, serum MDA, nitric oxide, vitamin C, and hepatic enzymes level 
were determined at the end of the study period. Data from this study showed that supplementation with zinc in mice 
maintained a balanced blood glucose homeostasis throughout the experimental period. Moreover, treatment with zinc 
showed a significant (p <0.05) decrease in serum triglyceride and cholesterol level along with a decrease in the body 
weight compared to control. Treatment with zinc significantly attenuated the rate of lipid peroxidation whereas 
increased the level of vitamin C and NO level.  The protective effect of zinc on liver activity was observed. 
Treatment with zinc showed a strong negative association with serum total cholesterol (r= -0.934, p = 0.02), 
triglycerides level (r= -0.709, p = 0.05), and body weight (r= -0.899, p = 0.01).  The present findings demonstrate that 
zinc supplementation can be helpful to maintain a glucose homeostasis, ameliorate hyperlipidemia, oxidative stress, 
and liver dysfunction. Therefore, zinc supplementation can be suggested to alleviate diseases associated with 
metabolic syndrome and oxidative stress. 
 

Key words: Zinc, Lipid Profile, Metabolic disease, Oxidative stress, Liver function. 

 
INTRODUCTION 
 Zinc being a member of essential micro-mineral, 
plays a major role in different physiological and 
biochemical events including regulation of gene 
expression, hormone synthesis, storage, and actions, 
maintaining structural integrity of chromatin and 
biological membrane.1   The amount of zinc required 
for the maintenance of the body is quite small but its 
effect on various enzymatic and physiological 
mechanisms cannot be overlooked.2 Alteration in the 
metabolic and oxidative markers in the body can lead 
to pathological progression of a diverse range of 
disease processes. Despite the role of zinc trace 
mineral on various metabolic disorders and oxidative  
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stress-mediated diseases is still inconclusive. Shen    
et al.3 reported that deficiency of zinc affects the 
pathway of lipid metabolism and causes an increase 
in the serum lipid profile, total cholesterol, and 
triglycerides. Hyperlipidemic patients have a 
significantly lower level of serum zinc in comparison 
to healthy individuals.4 Several studies suggest that 
supplementation of zinc has positive effects on serum 
lipid profiles and it significantly reduces cholesterol 
and triglycerides.5,6 Nevertheless, several studies also 
did not agree with these results.7,8 The deficiency of 
zinc is also associated with insulin resistance, glucose 
tolerance, and obesity.9 Studies suggest that zinc 
supplementation may be beneficial in treating 
diabetes10 a condition associated with elevated blood 
glucose level, and are involved in the synthesis, 
release, and action of insulin.11 In addition, there is a 
lower blood level of vitamins and minerals in 
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overweight and obese individuals compared to non-
overweight and non-obese individuals.12 Therefore, 
supplementation of zinc may benefit obese and 
overweight individuals. The deficiency of zinc in the 
body increases oxidative stress which consequently 
causes oxidative damage to the proteins, lipids, and 
DNA.13 Experimental observation revealed that 
treatment with zinc can attenuate oxidative stress by 
decreasing lipid peroxidation.14,15 Besides, deficiency 
of vitamin C, a non-enzymatic antioxidant, leads to 
an increase in oxidative stress.16 However, there is no 
data available relating to the effect of zinc on vitamin 
C in the body. Moreover, nitric oxide (NO) level is 
also decreased as a result of zinc deficiency.17 It is 
reported that zinc administration can increase the NO 
level in the body.18 Interestingly, in 2008, Zhu et al.19 
proposed that optimum NO level can act as an 
antioxidant but elevated NO level may promote the 
formation of reactive oxygen species (ROS). The role 
of zinc in NO levels associated redox system is still 
ambiguous. However, elevated oxidative stress in the 
body acts as a crucial factor in the structural and 
functional abnormalities of the liver.20 It is noted that 
zinc supplementation improves the outcome of 
diseases linked to liver failure.21 The human body is 
exposed to elemental zinc from a variety of sources 
including medicines and food supplements. In this 
current study, we aimed to gain more insight 
knowledge about the role of zinc supplementation in 
maintaining lipid profile, blood glucose, body weight, 
oxidative stress, and liver function in healthy mice.    
 
MATERIALS AND METHODS 
 Materials. The test material that was selected for 
the present research study was zinc sulphate 
heptahydrate, ZnSO4.7H2O (Merck, India). An 
amount of 28.76 mg/kg bodyweight ZnSO4.7H2O 
equivalent to 6.5 mg/kg bodyweight elemental Zn 
was administered to each mouse on daily basis for 28 
days. 
 Methods. Experimental design. Twenty Swiss 
albino mice (sex: male, age of two to three months) 
were recruited from the animal house of the 
Department of Pharmacy, Jahangirnagar University, 

Dhaka, Bangladesh, and were allowed to acclimatize 
for two weeks before the commencement of the 
experiment. Animals were divided into two groups, 
each having 10 mice and indicated as a control group 
and zinc supplement group. Both groups of mice 
having an average weight of 26 gm were selected for 
the experiment. The animals were housed under 
standard laboratory and pathogen-free conditions: 
relative humidity 55-65%, temperature 24.0±2.0°C, 
12 h light, and 12 hr dark cycle. Husk and excreta 
were removed from the cages regularly to maintain a 
healthy environment. Each mouse of the zinc 
supplement group was supplemented with 6.5 mg/kg 
elemental zinc orally daily along with normal feed 
while the control group was given only normal feed. 
A fixed amount of dietary feed was provided daily to 
both groups and weight changes of the mice were 
monitored throughout the experimental period. After 
the treatment period, the animals were anesthetized 
and blood samples were collected through the cardiac 
puncture into labeled tubes. The blood was 
centrifuged at 3000 rpm for 10 min to separate serum 
for biochemical analyses. 
 Estimation of biomarkers. Serum total 
cholesterol22 and triglyceride23 were determined by 
enzymatic method using a commercially available 
assay kit (Linear Chemicals S.L., Barcelona, Spain). 
The fasting glucose levels of all the animals were 
estimated weekly by using the glucose oxidase 
method.24 Lipid peroxidation rate was assessed by 
measuring serum malondialdehyde (MDA) level 
according to the modified method illustrated by 
Buege and Aust.25 The phenyl-hydrazine 
spectrophotometry method was followed for the 
estimation of the concentration of vitamin C in the 
serum.26 NO concentration was determined using an 
indirect method based on the measurement of nitrate 
concentration in serum according to Griess’s 
reaction.27 Serum liver enzymes, alanine 
aminotransferase (ALT), and aspartate 
aminotransferase (AST), the level was estimated 
using a commercially available assay kit (Randox 
Laboratories Limited, United Kingdom) according to 
the manufacturer’s instruction applied in our previous 
study.28  
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 Statistical analysis. All data are presented as 
mean ± SEM. The unpaired t-test was used to 
determine statistical differences between the control 
and experimental group. Statistical analyses were 
considered to be significant at *p < 0.05. All 
statistical analysis was performed using SPSS 
Statistics 20 (IBM Corp.). 
 
RESULTS AND DISCUSSION 
 Effect on body weight. The effect of zinc 
supplementation on body weight is summarized in 
Table 1. The initial weight of the control and zinc 
supplemented group of mice was 26.18 ± 0.36 gm 
and 26.18 ± 0.40 gm, respectively. After four weeks 
of treatment, the zinc supplemented group had a 
comparatively lower body weight (30.64 ± 0.36 gm) 
(**p < 0.01) than the control group (31.48 ± 0.40 
gm). Zinc supplement group increased in weight 
17.03% whereas 20.24% body weight was increased 
in the control group from the initial to the 
experimental period. 
 
Table 1. Effect of Zinc Supplementation on body weight of 

mice. 
 

Test parameter Control Zinc supplement 

Initial body weight (gm) 26.180.40 25.870.36 
% body weight increased 
(after 4 week) 

20.240.12 17.0363* 

 

Values are presented as meanSEM, * p<0.05 versus Control. 
 

 Effect on lipid profile. After 4 weeks of the 
experiment, zinc supplementation showed a 
significant effect on the serum lipid profile, total 
cholesterol, and triglycerides. The effect of zinc 
supplementation on blood lipid profile is presented in 
Table 2. The zinc supplemented group shows a 
significant decrease in total cholesterol level (117.71 
± 8.64 mg/dl) (*p < 0.05) compared to control group 
(217.1426 ± 48.03 mg/dl). Treatment with zinc 
resulted in a decrease in the triglycerides level 
(117.71 ± 8.64 mg/dl) (*p = 0.02963) in comparison 
to the control group (217.1426 ± 48.03 mg/dl). 
 
 

Table 2. Effect of zinc supplementation on serum biochemical 
parameters in mice. 

 
Test parameter Control Zinc 

supplement 

Serum Total Cholesterol  
(mg/dl) 

217.1448.03 117.718.64* 

Serum Triglyceride  
(mg/dl) 

591.43144.16 191.4353.99* 

Serum MDA  
(nmol/ml) 

2.730.43 1.710.18* 

Serum Vitamin C  
(mg/dl) 

1.530.01 2.250.25* 

Serum NO  
(µM/ml) 

9.320.14 10.540.37* 

 

Values are presented as meanSEM, * p<0.05 versus Control. 
 

 Effect on glucose homeostasis. During the 
experimental period, the fasting blood glucose levels 
of both groups of mice were measured on the 7th, 
14th, 21th and 28th day. The initial average fasting 
blood glucose level of the control group was 3.78 
mmol/L and the fasting blood glucose level for the 
consecutive three weeks were 6.16 mmol/l, 5.34 
mmol/l, 3.26 mmol/l and 5.2 mmol/l. But the initial 
mean fasting blood glucose levels of the zinc 
supplement group of mice was 5.0 mmol/l and fasting 
mean blood glucose level of the consecutive 3 weeks 
were 5.34 mmol/l, 5.26 mmol/l, 4.56 mmol/l and, 
5.50 mmol/l (Figure 1).  
 Effect on oxidative stress. We estimated the 
level of serum MDA concentrations, which is a 
convenient biomarker of lipid peroxidation, to 
determine the effect of zinc on oxidative stress. Zinc 
supplement administration significantly attenuated 
serum MDA concentrations compared to the control 
group (*p < 0.05) (Table 2). 
 Effect on vitamin C content. The effect of zinc 
on vitamin C levels is depicted in table 2. There was 
a significant improvement of the serum levels of the 
antioxidant vitamin C in the zinc supplement group 
compared with the control group of animals (*p < 
0.05). 
 Effect on NO activity. Treatment with zinc 
significantly ameliorated the NO level in the zinc 
supplement group as compared with the control 
group (**p < 0.01) (Table 2). 
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 Effect on liver function. As shown in figure 2, 
the administration of zinc significantly decreased the 
serum liver enzymes, ALT (*p < 0.05), and AST (*p 

< 0.05), concentration of the experimental zinc 
supplement group when compared with control. 
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Figure 1. Effect of Zinc sulphate on glucose homeostasis in mice model. 

 
Figure 2. Effect of Zn supplementation on liver enzyme of mice. * p<0.05 versus control 

 
 Metabolic syndrome includes a group of 
conditions characterized by an imbalance in blood 
sugar and abnormal body weight, cholesterol, or 
triglyceride levels that ensue together, increasing the 
risk of heart disease, stroke, and diabetes. The present 
research study shows that zinc trace minerals have a 
significant effect on serum lipid profile, blood 
glucose level, and body weight. In the present study, 
ZnSO4 was used as a source of elemental zinc. In all 
the Asian countries, serum lipid profile level is 
increasing day by day with an increase in 
cardiovascular disease.29 The changes in lipid profile 
may vary depending on the types of food intake and 

physical activity. The body needs a certain amount of 
cholesterol and triglycerides to work properly. But 
too much cholesterol and triglycerides in the blood 
are a risk factor for heart disease, fatty liver disease, 
etc.30 The present research study indicates that 
treatment with zinc significantly decreases the body 
weight with the decrease in both the total cholesterol 
and triglycerides level (Tables 1 and 2).  Moreover, 
treatment with zinc showed a strong negative 
association with serum total cholesterol (r = -0.934, p 
= 0.02), triglycerides level (r = -0.709, p = 0.05), and 
body weight (r = -0.899, p = 0.01). Similar to our 
studies, several studies also found that 
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supplementation of zinc has decreasing effects of 
serum lipid profiles and may be beneficial to reduce 
atherosclerosis-related morbidity and mortality.5,6  
Blood glucose level serves as an important factor in 
energy homeostasis in the body. Glucose levels 
above or below the normal range are indicative of the 
presence of disease states. Islam et al.31 found that 
diabetic patients, having an elevated glucose level, 
usually have significantly lower serum zinc 
concentration than healthy individuals. Confield et 
al.32 investigated that type II diabetes mellitus 
patients suffered from greater zinc excretion when 
compared to controls, and it was significantly 
correlated with urinary glucose. Roussel et al.33 
observed that supplementation of zinc could improve 
glucose tolerance and insulin sensitivity in type 2 
diabetes mellitus through its antioxidant effects. 
Surprisingly, in our study, in the control group of 
mice, there were a fluctuation in the mean fasting 
blood glucose level from the initial up to the 
consecutive three weeks whereas the zinc supplement 
group showed a balanced mean fasting blood glucose 
level throughout the experimental period (figure 1). 
A positive correlation ( r = 0.920) was also observed 
between zinc supplementation and glucose level.   
So, it is clear that zinc may play a pivotal role in the 
glucose homeostasis of the body. Similarly, 
Gunasekara et al.34 speculated that the improvement 
of glycemic control was mainly initiated by a 
beneficial effect of zinc as an antioxidant on β cells.  
Similar to our studies, Chausmer AB.35 also reported 
that supplementation of zinc together with controlling 
dietary regimen might be useful to maintain blood 
glucose level and to regulate insulin secretion. 
Although a fixed amount of dietary food was given 
daily to both groups, supplementation of zinc showed 
a balanced bodyweight improvement and their 
percentage of improvement in weight was less 
compared to the control group of animals during the 
experimental period. During the continuous 
observations, the zinc supplement group seemed a 
loss in appetite as they were spending much time in 
completing their foods in comparison to control. 
Similar results were observed by some of the 
previous studies that examined the effect of zinc 

supplementation on body weight.36 Although we did 
not study possible mechanism to address the effect of 
zinc on body weight maintenance directly, but we are 
postulating that 1) zinc might be involved in 
controlling appetite through the manipulation of 
ghrelin and leptin system, 2) the role of zinc on the 
reduction of a serum lipid profile that ultimately will 
reduce the incidence of overweight. 3) effect of zinc 
on glucose homeostasis and maintaining insulin 
action and glucagon release.  
 Besides, in the present study, the effect on the 
antioxidant-oxidant balance due to the intake of zinc 
was also assessed. In various disease conditions such 
as in diabetes, cancer, atherosclerosis, etc., oxidative 
stress in the body is increased due to either elevated 
production of oxygen-nitrogen derived free radical 
species or for reduced capacity of the antioxidant 
defense. Ultimately, cellular components especially 
lipids are being attacked by these free radicals and 
cause damage, by a complicated process termed as 
lipid peroxidation.37 Several studies stated that 
elevation of oxidative stress and damage to the 
proteins, lipids, and DNA is facilitated by a 
deficiency of zinc trace mineral in the body, which 
consequently may lead to various complex 
intracellular diseases.13 In the present study, the 
administration of zinc to mice significantly 
diminished the free radical formation and caused 
attenuation of oxidative stress as indicated by a 
decrease in serum lipid peroxidation product, the 
MDA levels. Similar to our study, several studies 
also documented the ameliorative effect of zinc on 
oxidative stress in the body.5,6 Vitamin C acts as an 
important non-enzymatic antioxidant in the body as it 
decreases the adverse effect of reactive species such 
as oxidative damage to macromolecules including 
lipids, DNA, and proteins.38 Experimental 
observations revealed that both zinc and vitamin C 
deficiency leads to an increase in the oxidative stress, 
that’s why we speculated the possibility of having a 
strong relationship between vitamin C and zinc in the 
body. Our study demonstrates that treatment with 
zinc can be beneficial to ameliorate the level of 
vitamin C in the body and improvement of this 
vitamin will aid to promote the immune system and 
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helps fight off infections.39 There is no previous 
research available relating the effect of zinc on 
vitamin C levels in the body. We also investigated 
the effect of zinc on the activity of NO in mice. In 
low concentrations, NO plays an important 
antioxidant role in regulating various physiological 
functions, but in high concentration, it may contribute 
to the progression of various disease processes by the 
elevation of reactive species such as in chronic renal 
disease, vascular disease, hypothyroidism, etc.40 So, 
the maintenance of proper activity of NO is crucial 
for its key physiological and biochemical functions. 
When the findings obtained at the end of the present 
experiment are investigated with particular regard to 
NO, it is observed that total nitrite levels are slightly 
increased in the serum of mice after treatment with 
zinc when compared to the control group. Similar to 
our study, Atakisi et al.24 observed that treatment 
with zinc on quills raised the NO level in the body. 
Muhammad et al.41 also showed that the 
administration of zinc improved endothelial function 
by increasing the NO level when compared with 
hypertensive control rats. In our study, zinc is 
decreasing the oxidative stress by attenuating lipid 
peroxidation and increasing the non-enzymatic 
antioxidant. So, treatment with an adequate amount 
of zinc will ameliorate the NO activity by preceding 
its oxidation and maintaining the optimum levels, 
which will impart a partial favorable function as an 
antioxidant.42  
 In addition, zinc deficiency is connected to a 
diverse range of disease conditions associated with 
liver damage including viral hepatitis, chronic liver 
disease, liver cirrhosis, and hepatocellular 
carcinoma.43 Liver or hepatic damage is connected to 
excessive production of ROS and the presence of 
oxidative stress within hepatocytes.26 The hepatocyte 
membrane distortion is associated with membrane 
leakage of the hepatocyte cytosolic contents which is 
manifested by the elevation of serum liver enzymes 
namely ALT and AST, as a marker of hepatocellular 
damage. That’s why estimating the activities of the 
serum marker enzymes can be a useful quantitative 
biomarker of the liver function. Therefore, the 
observed significant decrease in serum ALT and AST 

when compared with control for the groups treated 
with zinc suggest the hepatoprotective role of zinc 
which can be due to the effect of zinc on the 
attenuation of oxidative stress. These findings are 
similar to the findings of other researchers.21,23 These 
observations corroborate the hepatoprotective role of 
zinc and this mineral exhibits the antioxidant effect 
by attenuating the oxidative stress and ameliorating 
the antioxidant defense. However, whether the 
improvement of vitamin C and NO level in our study 
due to the intake of zinc is directly or indirectly 
linked to the hepatic protection needs further 
investigation. 
 

CONCLUSION 
 The results of the present study entail that zinc, 
as an exclusively important nutrient of the body, 
plays a pivotal role in the regulation of various 
metabolic markers and antioxidant-oxidant status of 
the body. Therefore, zinc supplementation can be a 
potential medication for diseases associated with 
metabolic syndrome, oxidative stress, and 
inflammation. 
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