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Abstract 

Diabetes mellitus remains a burdensome and public health problem with increasing global. The current global prevalence of 

diabetes mellitus, 285 million people in 2010, is estimated to be 439. This work was designed to study the effects of 

combine administration of lycopene and zinc on some biomarkers of oxidative stress in alloxan- induced diabetic rats. 

Apparently healthy albino rats weighing between 150g and 200g were used. The rats were randomly allotted into six groups, 

each containing five albino rats respectively. Five of the groups (II, III IV V and VI) were induced with diabetes by single 

intraperitoneal (i.p) injection of freshly prepared in 0.1 mol/L citrate buffered solution (pH 4.5) of alloxan (Sigma Aldrich, 

St. Louis, MO, USA) at a dose of 150 mg/kg body weight. Control (vehicle) rats were injected with equal volume of 0.1 

mol/L citrate buffer. Four days after alloxan injection, diabetes induction was confirmed by measuring fasting blood 

glucose level in a tail vein blood samples using ACCU-CHEK compact plus glucometer (Roche, France). Rats with glucose 

level of 200 mg/dl or higher were considered as diabetic. After the induction of diabetes the rats were treated using the 

Lycopene and zinc separately and in combination respectively according to group daily, whereas, the other group (I) was 

not given any treatment and this served as the normal control, providing a baseline data. The results indicated that oral 

supplementation of lycopene (10 mg/kg b.w /day) and zinc (20mg/kg b.w /day) separately or in combination for 4 weeks of 

treatment exhibited significant alterations in the alloxan-induced-type-1 diabetes. The result showed that there was an 

increase in the serum CAT activity, SOD and GPx levels of the group treated with lycopene supplement as compared to the 

diabetic control group. The result also showed a significant p<0.05 increase in CAT, SOD and GPx levels in the group 

treated with zinc supplement when compared with the diabetic control group. There was also a significant p<0.05 increase 

in SOD and GPx levels in the group treated with zinc and lycopene as compared with the diabetic control. There was also a 

decrease in MDA concentrations for the groups treated with lycopene, zinc and the combined regimen as compared to the 

diabetic control. In conclusion, our finding indicates better ameliorative effects of combined treatment with lycopene and 

zinc for the oxidative stress in alloxan-induced diabetic rats. 
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1. Introduction 

There is increasing evidence that complication related to 

diabetes are associated with oxidative stress induced by the 

generation of free radicals [1]. In diabetes, oxidative stress 

has been found to be mainly due to an increased production 

of oxygen free radicals and a sharp reduction of antioxidant 

defences [2]. Hence, compounds with antioxidative 

properties would be useful antidiabetic agents [2]. 

Streptozotocin induced diabetes mellitus is associated with 

the generation of reactive oxygen species causing oxidative 

damage [3]. Diabetic and experimental animal models 

exhibits oxidative stress due to persistent and chronic 

hyperglycaemia, which there by depletes the activity of 

antioxidative defense system and thus promotes de novo free 

radicals generation [4]. In spite of the availability of several 

oral hypoglycemic drugs, diabetes is still one of the main 

causes of many micro- and macro-vascular complications 

such as retinopathy leading to blindness, end stage renal 

disease and cardiovascular complications [5]. It is 

characterized by defects in insulin secretion and/or insulin 

action resulting in impaired metabolism of glucose, lipid and 

protein [6]. In diabetes, inability of excess glucose to enter 

insulin dependent tissues, such as skeletal muscles and 

adipocytes due to deficiency of or insensitivity to insulin, 

results in accumulation of glucose in the blood and other 

non-insulindependent tissues such as pancreas and brain [7]. 

The aim of this study therefore is to investigate the effect of 

the combine administartion of lycopene and zinc on some 

biomarkers os oxidative stress in alloxan- induced type 1 

diabetic rats. 

2. Materials and Methods 

Alloxan (Sigma Aldrich Inc.st Louis, MO, USA), 

Lycopene (Sigma), Zinc, (Sigma Aldrich Inc.st Louis, MO, 

USA), Glucose. All other chemicals and drugs were obtained 

commercially and were of analytical grade. 

2.1. Experimental Animals 

Thirty Wistar male rats weighing between 200 to 250g 

(aged six to eight weeks) were obtained and housed in the 

animal house unit of the Department of Human Physiology, 

Ahmadu Bello University, Zaria. The normal standard rat 

chow and tap water were provided ad libitum during the 

experiment. Animals were stabilized to acclimatize to animal 

house environment for one week before commencement of 

the experiment. The study protocol was approved by the 

Institutional Animal Ethnic Committee of the University, 

Ahmadu Bello University, Zaria. 

2.2. Methodology 

2.2.1. Induction of Diabetes Mellitus 

Diabetes was chemically induced by intraperitoneal (i.p) 

injection of freshly prepared in 0.1 mol/L citrate buffered 

solution (pH 4.5) of alloxan (Sigma Aldrich, St. Louis, 

MO, USA) at a dose of 150 mg/kg body weight. Control 

(vehicle) rats were injected with equal volume of 0.1 

mol/L citrate buffer. Four days after alloxan injection, 

diabetes induction was confirmed by measuring fasting 

blood glucose level in a tail vein blood samples using 

ACCU-CHEK compact plus glucometer (Roche, France). 

Rats with glucose level of 200 mg/dl or higher were 

considered as diabetic [8]. Glucose levels of diabetic rats 

were checked before starting of treatment, so that animals 

could be homogenously and randomly distributed between 

the groups. 

2.2.2. Experimental Design 

Apparently normal healthy rats were used as normal 

control and diabetic-induced rats and were randomly alloted 

into six groups (n=5): 

GROUP 1- Normal untrated were given olive oil 1 ml/kg 

daily orally for 4 weeks 

GROUP 2- Diabetic untreated were given olive oil 1ml/kg 

daily orally for 4 weeks. 

GROUP 3- Diabetic were treated with Lycopene 10 mg/kg 

daily orally for 4 weeks. 

GROUP 4- Diabetic were treated with Zinc 20 mg/kg daily 

orally 4 weeks. 

GROUP 5- Diabetic were treated with Lycpoene 10 mg/kg 

+ Zinc 20 mg/kg daily orally for 4 weeks. 

GROUP 6- Diabetic were treated with Glibenclamide 

2mg/kg daily orally for 4 weeks. 

2.3. Blood Collection 

At the end of the experimental period of four weeks, 

overnight fasted animals were anaesthesized by halothane 

About 5 mL of blood was aseptically collected by cardiac 

puncture from each rat using a 5 mL syringe. The blood 

sample was placed in a bottle without anticoagulant for 

serum sample for biochemical analyses. 

2.4. Antioxidant Enzymes Activities 

(Catalase, Superoxide Dismutase and 

Glutathione Peroxidase GPx) 

Superoxide dismutase assay (SOD): Activity of 

superoxide dismutase in the rat serum was determined using 

NWLSS SOD assay kit (Product NWK-SOD02, Specificity: 

Cu/Zn, Mn and Fe Superoxide Dismutase, Sensitivity: 5 

U/mL). The assay kit was based on the principle of 

superoxide inhibition of autooxidation of hematoxylin as 

described by [9]. 

2.4.1. Catalase Assay (CAT) 

Catalase activity was assessed using NWLSS CAT activity 

assay kit (Product NWK-CAT01, Specificity: Catalase, 

Sensitivity: 6.0 U Catalase/mL). Catalase enzyme activity 

was measured, based on the principle of catalase 

consumption of H2O2 substrate at 240 nm [10]. 

2.4.2. Gluthathione Assay (GPx) 

Glutathione Peroxidase activity was assessed using 

NWLSS
TM

 cGPx (GPx1) Enzyme-Linked Immunosorbent 
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Assay (ELISA) assay kit (Product NWK-GPX02, Specificity: 

Glutathione peroxidase, Sensitivity: 12.5 Pg/ml). The 

NWLSS™ cGPx assay will be based on a sandwich ELISA, 

where sample GPx concentration will be determined by 

comparing the 450 nm absorbance of sample wells to that of 

known standards [11]. 

2.5. Determination of Lipid Peroxidation 

Determination of Serum Malondialdehyde (MDA) 

The level of thiobarbituric-acid reactive substance, 

malondialdehyde (MDA), as an index of lipid peroxidation 

was evaluated. Quantitative measurement of lipid 

peroxidation of MDA was determined using NWLSS™ 

MDA assay kit (Northwest Life Sciences Specialities, 

Product NWK-MDA01, Vancouver WA, and Specificity: 

Malondialdehyde, Sensitivity: 0.08 µM). The principle is 

based on the reaction of MDA with thiobarbituric acid 

(TBA), forming an MDA-TBA adducts that absorbed 

strongly at 532 nm [12]. 

3. Statistical Analysis 

All data were expressed as Mean±. SEM and data were 

entered and analyzed using statistical package SPSS (version 

23) followed by one way analysis of variance (ANOVA) with 

multiple comparisons. The Tukey’s post-hoc test was used to 

determine difference between groups. Values of p<0.05 was 

considered as statistically significant [13]. 

 

4. Results 

Effect of Treatment on Serum Malondialdehyde and 

Enzymatic Anti-oxidants in Alloxan- Induced Type 1 Diabetes 

The result in (Table 1) revealed that, the injection of 

Alloxan significantly p< 0.05 decreased serum enzymatic 

antioxidant activity GPx, SOD and CAT respectively and 

significantly p< 0.05 increased MDA level in the serum of 

diabetic rats. The levels of lipid peroxidation, measured as 

malondialdehyde (MDA), were significantly (p<0.05) 

elevated in diabetic control compared to non-diabetic 

pancreas (Table 1). MDA levels in glibenclamide-treated 

diabetic rats differ from the diabetic control rats. On the other 

hand, the diabetic rats that received a combination of 

lycopene and zinc exhibited a significant (p< 0.05) decrease 

in MDA concentrations compared to diabetic control rats. 

Significant (p< 0.05) decrease in the activities of 

superoxide dismutase (SOD), glutathione peroxidase (GPx) 

and Catalase were observed in diabetic control and alloxan-

treated rats (Table 1). There was a significant (p< 0.05) 

decrease in catalase (CAT) activity in diabetic control 

compared to the corresponding non-diabetic control group. 

The diabetic rats administered lycopene in combination with 

zinc showed significantly (p< 0.05) decrease in CAT activity 

(Table 1). The glutathione peroxidase (GPx) activity was 

significantly (p< 0.05) increased in the lycopene+zinc treated 

group compared to nondiabetic control group (Table 1). Also, 

the diabetic rats administered lycopene in combination with 

zinc showed significantly (p< 0.05) increase in SOD activity 

when compared to the diabetic control (Table 1). 

Table 1. Effects of Olive oil, Lycopene and/or Zinc on Biomarkers of Oxidative Stress in Alloxan- Induced diabetic Wistar rats. 

 Catalase IU/L 
Superoxide Dismutase 

IU/L 

Glutathione Peroxidase 

IU/L 
Malondialdehyde IU/L 

Group 1: Normal + Olive oil (1ml/kg) 4.44 ± 0.4 2.7.62 ± 02.35 38.12 ± 1.86 5.60 ±0.33 

Group 2: Diabetic + Olive oil (1ml/kg) 1.47 ± 1.51 5.01± 0.30 19.01 ±0.84 189.8 ±3.28 

Group 3: Diabetic + Lycopene (10mg/kg) 9.96 ±0.92 41.5 ±3.64* 77.5 ±2.21* 16.42±1.47* 

Group 4: Diabetic + Zinc (20mg/kg) 4.90 ±0.50 42.78 ± 1.87* 48.68 ±2.57* 19.64± 1.27* 

Group 5: Diabetic + Lycopene+Zinc 1.15 ±0.18 30.50 ±2.58* 66.6 ±1.42* 14.24 ±1.29* 

Group 6: Diabetic + Glibenclamide (2mg/kg) 5.10 ±0.04 7.81± 0.41 18.31±0.38 19.0± 3.85 

1 (non diabetic 1 ml/kg), 2 (diabetic 1ml/kg), 3 (diabetic treated with lycopene 10 mg/kg) 4 (diabetic treated with zinc 20 mg/kg) 5 (diabetic treated with 

lycopene 10 mg/kg+ zinc 20 mg/kg) 6 (diabetic treated with glibenclamide 2mg/kg); Values are mean ± SD of 5 rats; **Mean values are significantly (p < 0.05) 

different compare to the normal control (group 1). *Mean values are significantly (p < 0.05) different compare to diabetic control rats (group 2). 

Note: Values are mean ± SEM, n=5, *p< 0.05 versus diabetic group, **p< 0.05 versus Normal group 

5. Discussion 

Results obtained revealed a significant p<0.05 increase in 

the serum catalase activity, superoxide dismutase levels and 

glutathione peroxidase levels of the group treated with 

lycopene as compared to the diabetic group that did not 

ingest lycopene. This is in agreement with research 

conducted and described by [14], who reported a significant 

increase in SOD and GPx levels following supplementation 

with lycopene in diabetic animals. Increase levels of these 

important cytosolic enzymes like SOD, CAT and Gpx in the 

present study indicates that lycopene lowers oxidative stress. 

The result also recorded a significant (p< 0.05) in the 

serum catalase activity, superoxide dismutase level and 

glutathione peroxidase levels of the group treated with Zinc 

supplement as compared to the diabetic control group. This is 

in agreement with the findings of [15], which showed that 

serum levels of CAT, SOD, and GPx were increased after 

supplement with zinc. The present study indicates that zinc 

help to improve antioxidant status in diabetes. This could 

probably result from the supportive role played by zinc on 

the body’s antioxidant defence systems. Such roles include; 

acting as a co-factor for superoxide dismutase (Isoforms 1 

and 3) regulating glutathione metabolism and metallothionein 

expression, competing with iron and copper in the cell 

membrane and also inhibiting the nicotinamide adenine 
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dinucleotide phosphatase-oxidase (NADPH-oxidase) enzyme 

There were also significant p<0.05 increase superoxide 

dismutase and glutathione peroxide levels of the group treated 

with zinc and lycopene combined together as compared with 

diabetic control group. This indicates that the use of the 

combined regimen of the zinc and lycopene has a better effect 

on oxidative stress. The increase in catalase after the combined 

treatment with lycopene and zinc was insignificant. 

The result showed significant p<0.05 decrease in the MDA 

concentration for the group treated with lycopene as 

compared with the diabetic control group. This is in line with 

the study carried by [16], who reported that plasma MDA 

level was significantly decrease following lycopene 

supplememtation in STZ induced diabetic Wistar rats. This 

indicates that lycopene has an antioxidant property in 

preventing lipid peroxidation seen in diabetes. This is a likely 

outcome of the fact that lycopene is an efficient singlet 

oxygen quencher in the group of carotenoid which has a 

potentially powerful antioxidant property ([17]. Several 

clinical trials suggest that it lowers oxidative stress 

particularly by preventing LDL oxidation [18]. 

Also the result showed significant p<0.05 decrease in the 

MDA concentration for the group treated with zinc supplements 

as compared with the diabetic control group. This is in 

concordance with the research undertaken by [19] and showed 

that zinc supplementation in diabetes prevent lipid peroxidation 

in liver of diabetic rat. This indicates that zinc plays a role in 

lowering oxidative damage in diabetes. The significant p<0.05 

decrease in MDA concentration for the group treated with both 

lycopene and zinc supplements as compared to the diabetic 

control group indicates that combined treatment has greater 

effect in protecting the tissue from oxidative damage 

6. Conclusion 

In conclusion, the present study revealed that oral 

administration of combined lycopene and zinc supplements 

ameliorate oxidative stress and lowers the MDA (an index of 

lipid peroxidation) in alloxan induced diabetic Wistar rats to 

a greater extent than the use of individual regimen. 
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