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Abstract

:

The use of metals in medicine has grown in popularity in clinical and commercial settings. In this study, the immune-protecting effects and the hypoglycemic and antioxidant activity of vanadyl sulfate (VOSO4) and/or selenium tetrachloride (Se) on oxidative injury, DNA damage, insulin resistance, and hyperglycemia were assessed. Fifty male albino rats were divided into five groups, and all treatments were administrated at 9:00 a.m. daily for 60 successive days: control, STZ (Streptozotocin; 50 mg/kg of STZ was given to 6 h fasted animals in a single dose, followed by confirmation of diabetic state occurrence after 72 h by blood glucose estimation at >280 mg/dl), STZ (Diabetic) plus administration of VOSO4 (15 mg/kg) for 60 days, STZ (Diabetic) plus administration of selenium tetrachloride (0.87 mg/Kg), and STZ plus VOSO4 and, after 1/2 h, administration of selenium tetrachloride at the above doses. The test subjects’ blood glucose, insulin hormone, HbA1C, C-peptide, antioxidant enzymes (superoxide dismutase, catalase, glutathione peroxidase, myeloperoxidase, and xanthine oxidase), markers of lipid peroxidation (MDA), and histological sections of pancreatic tissues were evaluated, and a comet assay was performed. Histological sections in pancreas tissues were treated as indicators of both VOSO4 and selenium tetrachloride efficacy, either alone or combined, for the alleviation of STZ toxicity. The genotoxicity of diabetes mellitus was assessed, and the possible therapeutic roles of VOSO4 or selenium tetrachloride, or both, on antioxidant enzymes were studied. The findings show that the administration of VOSO4 with selenium tetrachloride reduced oxidative stress to normal levels, lowered blood glucose levels, and elevated insulin hormone. Additionally, VOSO4 with selenium tetrachloride had a synergistic effect and significantly decreased pancreatic genotoxicity. The data clearly show that both VOSO4 and selenium tetrachloride inhibit pancreatic and DNA injury and improve the oxidative state in male rats, suggesting that the use of VOSO4 with selenium tetrachloride is a promising synergistic potential ameliorative agent in the diabetic animal model.






Keywords:


diabetes mellitus; vanadyl sulphate; selenium tetrachloride; oxidative stress












1. Introduction


Diabetes is a metabolic disease characterized by insulin resistance and β-cell dysfunction [1]. Diabetes mellitus is caused by an insulin secretion dysfunction and the activation of oxidative injury [2].



A major marker of type II diabetes mellitus is dysfunction of the β-cells. Type II diabetes mellitus is a systemic, complex, chronic disease. Its prevalence has been growing over the last decades, due to increased obesity. Type II diabetes mellitus is accompanied by an elevated risk for several cardiovascular diseases, with heart failure as a more common initial presentation rather than myocardial infarction [3]. Better therapies are needed to improve insulin sensitivity and promote the survival and regeneration of pancreatic β-cells to improve the health of diabetic patients without inducing side effects such as hepatotoxicity, cardiotoxicity, and pancreatic tissue inflammation.



Type II diabetes mellitus patients are at high risk of cardial stroke compared to the general population. A large meta-analysis showed kidney disease and cardiovascular diseases, as demonstrated by hazards for cardiovascular mortality, are higher among Type II diabetic patients throughout the whole spectrum of diseases. Such a marked cardiovascular risk significantly modifies the outcome of diabetic patients who often do not survive long enough to reach the natural fate of end-stage kidney disease. The importance of a multifactorial approach in type II diabetes mellitus has been emphasized by the analysis of Swedish National Diabetes and gender matched controls. In particular, type II diabetes mellitus patients with five risk-factors within target range showed either a small or any excess risk of death as compared with controls [4].



Antioxidants have been used excessively in diabetic experimental models to enhance the effects of free radical accumulation. Diabetes mellitus is characterized by vascular pathology that leads to vascular complications. Diabetes mellitus is also characterized by a lack of insulin [5].



Vanadium compounds act as insulin mimetics and have, since the 1970s, been known to be biologically important. Their physiological effects have been studied for their hypoglycemic action, and vanadium may act as a therapeutic agent against diabetes mellitus [6].



Vanadium has been extensively studied for its diabetes-fighting properties. Vanadium salts have a very low oral bioavailability, which lengthens their half-life due to bidentate coordination. This effect improves vanadium absorption and stability, resulting in a positive antidiabetic effect [6].



Vanadium supplementation in the diet occurs mainly as V4+. Vanadium ingested via the stomach also exists as V4+, which affects the absorption of the ingested vanadium. The development of metal-based drugs with vanadium may be of interest for its pharmacological properties [7]. VOSO4 has an insulin-memetic effect and may, like insulin, have sensitizing properties, as indicated in previous studies.



Diabetes mellitus was induced using STZ in experimental rats, as previously reported. As Vanadyl salts possess insulin-mimicking effects in the body, vanadium may be an alternative treatment for diabetic patients [8].



Vanadyl is able to induce hypoglycemia, as documented previously [9]. Studies of vanadyl salts primarily focused on improving insulin sensitivity and treatment for diabetes [10].



Micronutrients are dietary minerals required by the body in a very small quantity. They may interact with xenobiotics at several sites during absorption and excretion [11].



Selenium tetrachloride plays a vital role in human health and is a basic component of selenoproteins, which share an important antioxidant enzyme in the body. Selenoproteins play a vital role in redox homeostasis and protection from oxidative stress and inflammation [12]. Most foods enriched with selenium tetrachloride are natural foods, including seafood and major crops. The level of selenium tetrachloride intake varies greatly among individuals and populations [13].



Selenium tetrachloride is a basic nutrient for humans; it is a vital microelement of antioxidant enzymes, including glutathione peroxidase (GPx). Selenium tetrachloride exhibits protective effects against symptoms and side effects, and studies have verified the essential role of selenium tetrachloride in the preservation of the metabolic and endocrine functions of the human body. It is vital for all cellular processes [14].



Evidence suggests that many selenoproteins, which contain Se in the form of amino acid selenocysteine, have vital enzymatic functions associated with antioxidant activity. Selenium tetrachloride is a vital dietary element required for the maintenance of human health [15].



Selenium tetrachloride is an essential trace element for the maintenance of immune–endocrine function. However, its effect on glucose metabolism has not been well studied. Chronic hyperglycemia may produce reactive oxygen species (ROS) and induce oxidative stress, leading to diabetes-related pathological complications and a decline in Se levels. It has been suggested that patients with type II diabetes mellitus could benefit from supplementation with selenium tetrachloride, as it may affect glucose homeostasis and insulin sensitivity [15].



In the study presented herein, I sought to estimate the impact of vanadyl sulfate (VOSO4) and/or selenium tetrachloride on alleviating oxidative stress and hyperglycemia induced by experimental diabetes mellitus.




2. Materials and Methods


2.1. Chemicals and Analyses


I purchased all chemicals, including VOSO4, selenium tetrachloride, and STZ, from Sigma-Aldrich. All chemicals were used without purification.




2.2. Experimental Animals


Fifty mature male rats (two months old), weighing 170–180 g each, were kept in sensitized metal cages with free access to food and water in a room maintained at a temperature of 25 °C ± 2 °C with a 12 h light/dark cycle. The rats were obtained from the King Fahd Center for Medical Research (King Abdulaziz University, Jeddah, Saudi Arabia). The experimental protocol was approved by the Deanship of Scientific Research at Taif University Ethical Committee, encoded with approval number 40-31-0142, and in accordance with Animal Research: Reporting of In Vivo Experiments Guidelines (Kilkenny et al., 2010) [16]. Rats were sacrificed under ketamine/xylazine anesthesia, and efforts were made to reduce stress and pain.




2.3. Animals and Experimental Design


Fifty Wistar male Albino rats weighing 170–180 g each were divided into five groups for 60 days. Animals that were involved in the experiment and were expected to become diabetic rats were fed high-fat diets for about 3 weeks before the start of the experiment, based on a previous study [17]; then, experimental diabetes mellitus was induced by a single injection of STZ to mimic type 2 diabetes, which is affected greatly by high-fat diets and the mode of nutrition before the incidence of diabetes mellitus disease. Group I, the control group, was administered physiological saline by intraperitoneal (IP) injection. Group II, the STZ group, was given a single dose of STZ (50 mg/kg) by intraperitoneal (IP) injection [17]. Group III was a diabetic group given STZ and orally administrated 15 mg/kg of VOSO4 [18]. Group IV was a diabetic group given an oral administration of 0.87 mg/kg of selenium tetrachloride, according to the method described by Johri et al. [19]. Group V was diabetic and was treated orally with both VOSO4 and selenium tetrachloride successively, as shown in the experimental protocol (Figure 1).




2.4. Experimental Induction of Diabetes Mellitus


Freshly prepared STZ dissolved in PBS (Ph = 4.5) was used to induce diabetes. STZ at 50 mg/kg, freshly prepared in the early morning, was given by IP injection to animals that had fasted for 6 h [20], following the administration of high-fat feed (composed of 66.5% commercial feed, 13.5% artificial butter, and 20% sugar) for the 3 weeks prior to the experimental induction of diabetes mellitus by the single injection of STZ [21]. Seventy-two hours after STZ injection, blood glucose levels were measured to evaluate the diabetic status of the test animals. Subjects with blood glucose levels higher than 280 mg/dL were considered to be diabetic.




2.5. Blood Collection


Using capillary tubes, blood samples were taken from the eye plexus with light anesthesia for biochemical and physiological analyses. The rats were ethically decapitated. Pancreatic tissue samples were kept at −25 °C.




2.6. Determination of the Blood Glucose Level


Blood glucose levels were evaluated using commercial kits (Bio-diagnostic co.).




2.7. Measurements of Serum Insulin, C-Peptide, and HbA1c


Serum insulin was evaluated using a rat ELISA kit (ALPCO Diagnostics). I used the C-peptide enzyme commercial immune assay (Sigma-Aldrich) and HbA1c kits according to the manufacturers’ protocols.




2.8. Preparation of Pancreatic Tissue Homogenates


A small pancreatic tissue sample was used to estimate the antioxidant biomarkers. Pancreatic tissue was homogenized in 5 mL of cold buffer per gram at 4 °C and centrifuged at 5000 rpm for 30 min; the resulting supernatant was kept at −20 °C.




2.9. Determination of Oxidative Stress Markers


Supernatant fluids centrifuged from the pancreatic tissue were used to evaluate myloperoxidase (MPO) and xanthine oxidase (XO) [22]. Superoxide dismutase (SOD) was determined using the method by Litwack et al. [23]. Pancreas MDA levels were determined using the method by Ohkawa et al. [24]. Catalase (CAT) was determined according to the method by Beers and Sizer [25].




2.10. Single-Cell Gel Electrophoresis (SCGE) (Comet Assay)


Pancreas tissues were placed in a Petri dish with ice solution (Ca2+, Mg2+ free with EDTA), and the cell viability was determined.




2.11. Histological Analysis of the Pancreas Tissues


The pancreatic tissues were fixed in 10% neutral buffered formalin and were embedded in paraffin, then thin sections were cut and stained with hematoxylin and eosin (H&E) and examined using a light microscope.




2.12. Statistical Analysis


Data were analyzed as the mean ± SEM using the SPSS v.22 program (SPSS Inc., USA) via one-way ANOVA. The significance of mean differences was examined using the post hoc Duncan test [26].





3. Results


3.1. Blood Glucose Level, Insulin Hormone, and Fasting C-Peptide Serum


STZ induced a highly significant and marked increase in blood glucose levels accompanied by a significant reduction in insulin levels and serum fasting C-peptides in the diabetic untreated group as compared to the control group. As shown in Table 1, diabetic rats treated with VOSO4 and/or selenium tetrachloride exhibited a non-significant increase in blood glucose levels as compared with the control group. They also demonstrated a significant decrease in blood glucose levels with elevated insulin hormones and serum fasting C-peptides as compared with the STZ group.




3.2. Oxidative Stress Enzyme Biomarkers


Table 2 and Table 3 show that STZ induced a significant decrease in CAT, SOD, and glutathione peroxidase (GPx) enzymes while eliciting a highly significant increase in malondialdehyde (MDA), myeloperoxidase (MPO), and xanthine oxidase (XO) levels. Compared with the control group, diabetic rats treated with VOSO4 and/or selenium tetrachloride, either alone or in combination, showed a marked increase in CAT, SOD, and GPx levels and a decrease in MPO, XO, and MDA levels. The group treated with VOSO4 in conjunction with selenium tetrachloride presented the best results recorded.




3.3. Histological Examination


Figure 2: Photomicrographs of the pancreas showing (A) normal pancreatic parenchyma and normal appearance of islets of Langerhans; (B) the STZ-treated group, showing very reduced islets of Langerhans; (C) the STZ plus VOSO4 group, showing high restoration of detached pancreatic parenchyma with mild-sized islets of Langerhans; (D) the STZ plus selenium tetrachloride group, showing normal pancreatic parenchyma with partially mild islets of Langerhans; and (E) the STZ plus VOSO4 and selenium tetrachloride group, showing intact pancreatic parenchyma with enlarged islets of Langerhans.




3.4. Comet Assay


Figure 3. Comet images of cells derived from the pancreatic tissues. (A) Control group showed intact nuclei with normal round cell. (B) STZ group showed higher degree of damage with the presence of a lot of apoptotic cells. (C) STZ plus VOSO4 group showing some of the intact nuclei with some apoptotic cells. (D) STZ plus selenium tetrachloride group showed less DNA damage, which is confirmed by a less damaged nuclei. (E) STZ plus VOSO4 and selenium tetrachloride group showed less damaged DNA strands and less damaged nuclei.





4. Discussion


I sought to compare the benefits of VOSO4 and selenium tetrachloride administration on STZ tissue injury by examining VOSO4 and/or selenium tetrachloride treated diabetic groups. To my knowledge, research on the co-effect of VOSO4 and selenium tetrachloride on STZ toxicity at the biochemical and histopathological levels in the pancreatic tissue of rats has not previously been conducted.



The ability of VOSO4 in combination with selenium tetrachloride to counteract STZ-induced pancreatic toxicity in male rats was investigated in this study. Exposure to VOSO4 and/or selenium tetrachloride in the STZ diabetic groups led to altered endocrine function and biochemical changes.



Concomitant administration of VOSO4 and/or selenium tetrachloride with STZ significantly protected most of the biochemical variables altered by STZ, which suggests its efficacy as a protectant. The structure of the pancreatic tissues induced by STZ also improved due to these two antioxidant compounds and metals.



The untreated diabetic rats presented a marked increase in blood glucose levels. The results are in complete agreement with the previous literature [27] stating that STZ action is accompanied by severe hyperglycemia in β-cells. Hyperglycemia results in reduced insulin levels [28], and these changes include β-cell abnormalities.



Meanwhile, the diabetic groups treated with VOSO4 exhibited hypoglycemia with insulin levels similar to those in previous studies [29]. This confirmed that the oral administration of vanadyl sulfate improved blood glucose levels and increased insulin sensitivity in type II diabetes, reducing (HbA1c) glycosylated hemoglobin while hepatic glucose was suppressed.



Vanadium compounds have been studied as potential therapeutic agents for the treatment of various major diseases. The translation of vanadium-related complexes and compounds into treatments for diseases, especially diabetes mellitus, remains unconfirmed due to the absence of a basic pharmacological understanding of these compounds [30].



VOSO4 can be explained by examining vanadium’s effect on insulin in three critical areas [31]: (a) in the insulin-signaling network, where insulin receptors and insulin receptor substrates are affected by protein tyrosine phosphatases as +ve modulation and -ve regulators; (b) phosphoinositide protein kinases and mTOR as a +ve signal to protein kinases and as a -ve modulator; and (c) insulin receptors and mitogen-activated protein kinase with its own -ve modulations. Signaling loss implies a disturbance in the biological action of the insulin hormone. These findings were confirmed by previous studies on the administration of vanadium and other salts, which showed similar expression of insulin receptors when only using vanadium in low dosages.



Vanadium complexes can impact the healthy and the ill; therefore, vanadium salts may have multiple applications. The similarity between vanadate and phosphate allows for ease of phosphorylation in many signaling pathways. Additionally, vanadium salts are reported to mimic or enhance insulin [32]; these findings were confirmed in this study.



Oxidative stress is related to the decline in insulin secretion, and pancreatic tissues are more susceptible to oxidative stress because of their low antioxidant enzyme levels [33]. The treatment applied in our study elevated the antioxidant enzyme levels significantly when compared with those in STZ-treated groups, indicating that the current results support the previously obtained results. VOSO4 is able to improve insulin resistance and restore high blood glucose levels to normal levels, as reported by Pepato et al. [32].



Oxidative stress and the accumulation of oxidative stress markers related to free radicals are the most deleterious effects of diabetes on cellular activities. The results showed that the combination of VOSO4 and selenium tetrachloride successfully scavenged excess free radicals. As a result, lipid peroxidation marker (MDA) levels declined and the antioxidant enzyme capacities of CAT, SOD, and GPx increased, which improved hepatic function and improved blood glucose levels [30].



The current findings are in complete agreement with the findings of Treviño et al. [30], who confirmed that treatment of diabetic rats with vanadyl complexes in high doses elicited a significant decline in MDA levels and resulted in significant improvement in antioxidant enzyme capacities in pancreatic tissue homogenates.



I observed that increased lipid peroxidation in the STZ (untreated diabetic) group could include oxidative stress [33]. It was found that VOSO4 combined with selenium tetrachloride protects pancreatic tissues from lipid peroxidation generation and from any changes in CAT, SOD, and MDA (a marker of peroxidation) levels.



STZ impacts the role of oxidative stress on pancreatic β-cells [34]. β-cells have a great affinity for free radicals, causing damage to β-cells and antioxidant enzymes. This effect was confirmed by the deterioration of the antioxidants in the pancreatic tissues [35]. The successively increasing insulin and selenium tetrachloride levels in the VOSO4 treatment group and amelioration of pancreatic histological structures demonstrated that the β-cell structures under VOSO4 enriched with selenium tetrachloride have antioxidant properties.



Combining selenium tetrachloride with VOSO4 mitigated the harmful effects of STZ in all measured parameters. The observed levels were closely related to the normal control values in the nondiabetic group. These results were in accordance with those of Ithayarasi and Devi [36] and El-Demerdash [37], who found that selenium tetrachloride maintained antioxidant levels and antioxidant enzymes at near-normal levels, which enhanced their effects as antioxidants [38].



An important marker for the detection of DNA damage is the comet assay, which can detect lesions on DNA strands to show oxidative injury [39]. I used the comet assay to evaluate the incidence of DNA impairment [40,41]. The assay confirmed that STZ is highly genotoxic to pancreatic tissues. Greater amounts of DNA damage were found in the untreated STZ diabetic group, which may be due to the generation of reactive oxygen species that caused DNA strand delineation. The ROS declined in the diabetic group treated with VOSO4 and selenium tetrachloride together. Thus, the comet assay confirmed high genotoxicity induced by STZ in the pancreatic tissue homogenates and the appearance of the tail comet of DNA in the STZ diabetic untreated group, whereas the group treated with STZ and VOSO4 combined with selenium tetrachloride showed intact DNA strands with markedly alleviated DNA damage.



The current findings demonstrate that VOSO4 and selenium tetrachloride increase insulin concentrations when β-cells have been damaged by STZ. This effect can be partially explained by the vital effect of selenium tetrachloride on insulin signaling. Selenium tetrachloride, as a major component of antioxidant enzymes, can prevent oxidative cellular damage by scavenging ROS. It may also cause a euglycemic balance in ROS production that maintains insulin sensitivity because ROS are also essential for insulin sensitization. There is growing evidence from previous studies on selenium tetrachloride’s potential benefits that should be balanced with its potential harmful effects [42].




5. Conclusions


In this study, experimental diabetes mellitus was induced in the islets of Langerhans; the results demonstrated that VOSO4 and selenium tetrachloride may be helpful in the treatment of diabetes. The use of metals in enhancing insulin action and reducing cellular inflammation may have beneficial effects. The treatment of diabetes mellitus is challenged by the need to find safer compounds that have antidiabetic potency and can activate the β-cells. The results herein confirmed that the combination of VOSO4 and selenium tetrachloride is more effective, that it is the best and safest treatment for hyperglycemia without genotoxicity, and that it may alleviate oxidative injury. With further study, this treatment may lead to a novel antidiabetic combination.
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Figure 1. Experimental protocol. 






Figure 1. Experimental protocol.



[image: Cimb 44 00007 g001]







[image: Cimb 44 00007 g002 550] 





Figure 2. Photomicrograph of pancreas showing (A) normal pancreatic parenchyma and normal appearance of Islets of Langerhans (black arrow) (H&E X400). (B) STZ treated group showing detached pancreatic parenchyma with reduction of islets of Langerhans (black arrow) (H&E X400). (C) STZ plus VOSO4 group showing high restoration of the detached pancreatic parenchyma with mild sized islet of Langerhans (black star) (H&E X400). (D) STZ plus selenium tetrachloride group showing normal pancreatic parenchyma with appearance very little islet of Langerhans (black star) with smaller size than diabetic group treated with VOSO4 (H&E X400). (E) STZ plus VOSO4 and selenium tetrachloride group showing intact pancreatic parenchyma with enlarged islet of Langerhans (black star) which is the better effect (H&E X400). 
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Figure 3. Comet images of cells derived from the pancreatic tissues. (A) Control group showed intact nuclei with normal round cell. (B) STZ group showed appearance of a lot of apoptotic cells (white head arrow) with large tail shadow in the form a comet-like shape. (C) STZ plus VOSO4 group showing restoration of more intact nuclei (white star). (D) STZ plus selenium tetrachloride group clarified less damaged DNA strands (white arrow). (E) STZ plus VOSO4 and selenium tetrachloride group which showed less damaged DNA strands and less damaged nuclei and more intact nuclei (white arrow). 
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Table 1. Blood glucose level, insulin hormone, HBA1C, and fasting serum C-peptide of male rats treated with VOSO4 and/or selenium tetrachloride or their combinations.
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Groups

	
Parameters




	
Blood Glucose (mg/dl)

	
Insulin Hormone (uIU/mL)

	
HbA1C (mmol/mol)

	
Fasting Serum C-Peptide (ng/mL)






	
Control group

	
84.01 ± 3.25 e

	
25.36 ± 1.25 a,b

	
3.02 ± 0.65 d

	
4.18 ± 0.69 a




	
STZ group

	
371.25 ± 4.02 a

	
4.40 ± 0.24 d

	
9.51 ± 1.36 a,b

	
0.52 ± 0.05 d




	
STZ plus VOSO4 group

	
140.36 ± 4.03 b

	
19.36 ± 2.15 c

	
5.02 ± 1.02 b

	
2.98 ± 0.87 c




	
STZ plus selenium tetrachloride group

	
129.36 ± 2.75 c

	
20.03 ± 2.11 c

	
4.01 ± 0.87 c,d

	
3.74 ± 0.87 b




	
STZ plus VOSO4 and selenium tetrachloride group

	
97.25 ± 4.26 d,e

	
23.65 ± 2.02 b

	
3.54 ± 0.96 d

	
4.00 ± 0.96 a








Means within the same column (mean ± SE) carrying different letters are significant at p ≤ 0.05 using Duncan’s multiple range test, where the highest mean value has symbol (a) and decreasing in value were assigned alphabetically.
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Table 2. Oxidative/antioxidant parameters of antioxidant enzymes in pancreatic tissues of male rats treated with VOSO4 and/or selenium tetrachloride or their combinations.
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Groups

	
Parameters




	
Pancreatic Catalase

(U/g)

	
Pancreatic

SOD

(U/g)

	
Pancreatic

MDA

(U/g)

	
Pancreatic

GPx

(U/g)






	
Control group

	
1.88 ± 0.21 a

	
22.05 ± 1.15 a,b

	
3.05 ± 0.48 e

	
34.05 ± 1.85 a




	
STZ group

	
0.26 ± 0.10 d

	
5.22 ± 1.35 d

	
81.15 ± 0.96 a

	
7.56 ± 1.18 e




	
STZ plus VOSO4 group

	
1.42 ± 0.36 c

	
19.91 ± 1.58 c

	
20.42 ± 1.02 b

	
23.15 ± 1.15 d




	
STZ plus selenium tetrachloride group

	
1.63 ± 0.48 b

	
20.52 ± 2.16 b

	
12.26 ± 1.45 c

	
26.41 ± 1.28 c




	
STZ plus VOSO4 and selenium tetrachloride group

	
1.74 ± 0.22 a

	
21.19 ± 2.25 b

	
8.78 ± 1.25 d

	
31.58 ±1.58 b,c








Means within the same column (mean ± SE) carrying different letters are significant at p ≤ 0.05 using Duncan’s multiple range test, where the highest mean value has symbol (a) and decreasing in value were assigned alphabetically.
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Table 3. MPO and XO levels in the pancreatic tissues of male rats treated with VOSO4 and/or selenium tetrachloride or their combinations.
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Groups

	
Parameters




	
MPO

(nmol/min/mL)

	
XO

(U/g)






	
Control group

	
15.16 ± 1.36 e

	
16.25 ± 1.25 e




	
STZ group

	
25.16 ± 1.15 a

	
38.55 ± 1.16 a




	
STZ plus VOSO4 group

	
18.24 ± 1.25 b

	
20.15 ± 1.25 b




	
STZ plus selenium tetrachloride group

	
17.55 ± 1.19 c

	
19.65 ± 1.36 c




	
STZ plus VOSO4 and selenium tetrachloride group

	
16.48 ± 2.16 d,e

	
17.16 ± 1.39 d,e








Means within the same column (mean ± SE) carrying different letters are significant at p ≤ 0.05 using Duncan’s multiple range test, where the highest mean value has symbol (a) and decreasing in value were assigned alphabetically.
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