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 ABSTRACT  

Article information Background: Diabetes mellitus is characterized by hyperglycaemia and a variety of consequences. Vitamin D was an 

essential element in reducing the possibility of diabetes. Metformin has powerful antioxidant abilities in 

addition to its potential to treat diabetes.  

Aim of the work: This study aimed to look into the role of vitamin D supplementation with or without metformin in 

diabetes mellitus in adult male albino rats. 

Patients and methods: The current study examined the effect of vitamin D supplementation with or without metformin 

on diabetes mellitus in adult male albino rats of the local strain, weighing between 130 and 150 g. Rats were 

split into six equal groups at Random. The first group negative control group, where rats received regular diet 

every day for 4 weeks. The second was the positive control, where it received vehicle. Group III was the alloxan 

induced diabetic group, while group IV was the diabetic group with vitamin supplementation, and the fifth 

group was the diabetic plus metformin-treated group. The last group was the diabetic group with vitamin D and 

metformin treatment. Rats were given ether anaesthesia at the conclusion of the trial and blood samples were 

taken before the following metrics were assessed: blood glucose, vitamin D, alanine aminotransferase [ALT], 

aspartate aminotransferase [AST], alkaline phosphatase [ALP], homeostatic model assessment for insulin 

resistance [HOMA-IR] and malondialdehyde [MDA].  

Results: Blood glucose, ALT, AST, alkaline phosphatase, HOMA-IR, and MDA were significantly reduced when 

vitamin D, metformin or both were supplemented. The prior metrics improved more when metformin and 

vitamin D were administered together.  

Conclusion: Vitamin-D is promising for treatment of diabetes-related issues [e.g., hyperglycaemia and insulin 

resistance]. Also, metformin has been shown to improve blood glucose and when addition vitamin D with 

metformin it showed better results that led to near normal levels in diabetes. 
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INTRODUCTION 

Diabetes mellitus [DM] is a long-term condition characterized by a 

persistently high blood sugar level caused by deficiencies in the action, 

secretion or both of insulin. Additionally, it is linked to varied degrees of 

impairment in the metabolism of carbohydrates, lipids and proteins [1].  

The World Health Organization [WHO] has divided diabetes mellitus 

[DM] into two primary types: Type 1 diabetes is also known as juvenile 

diabetes or insulin dependent diabetes mellitus [IDDM], while type 2 

diabetes mellitus [T2DM] is also known as non-insulin dependent diabetic 

mellitus. Type 1 diabetes usually starts during childhood or before the age 

of forty. It is brought on by the full or partial degeneration of the beta cells 

in the pancreas, which leads to insufficient insulin [2].  However, type 2 

diabetes mellitus that develops beyond the age of 40 is typically not 

insulin-dependent and is brought on by either a malfunctioning insulin 

receptor [insulin resistance] or insufficient insulin synthesis. This disease 

is less severe than juvenile forms and is easily treated with diet and oral 

hypoglycemic drugs [3]. About 460 million people globally are calculated 

to have type 2 diabetes [4]. 

Gestational diabetes mellitus [GDM] is a third kind of diabetes that is 

similar to type 2 diabetes in many ways, including relatively low insulin 

secretion and reactivity. Pregnancy-related DM, most commonly T2DM, 

affects 5–10% of women with GDM [5]. One or more single-gene 

mutations that affect insulin synthesis are the cause of maturity onset 

diabetes of the young [MODY], an autosomal type of diabetes. It is much 

less common than the three main kinds. MODY has at least thirteen 

subtypes. Insulin is not necessary for patients with MODY to manage their 

condition [6].  Secondary diabetes mellitus is defined as diabetes that arises 

as a result of an endocrine condition, an infection, a genetic illness, or a 

side effect of another medication [7].  

Cushing's syndrome and acromegaly are common endocrine illnesses 

that cause secondary diabetes mellitus; they primarily cause insulin 

resistance in the early stages, though advanced stages can also show signs 

of insulin insufficiency [8]. Steroids are the most common drug-induced 

secondary DM cause, with thyroid hormone, β-adrenergic agonists, 

statins, and steroids are other potential causes [9]. 

Diabetes is characterized by weight loss, polyuria, polydipsia and 

polyphagia. Symptoms of type 2 diabetes usually show up considerably 

later and can be mild or nonexistent, whereas those of type 1 diabetes can 

show up weeks or months before [10].  

A sedentary lifestyle, physical inactivity, smoking and alcohol 

consumption are among the many lifestyle factors that have a substantial 

impact on the development of type 2 diabetes [11]. 

The majority of diabetes-related problems are either macrovascular or 

microvascular. However, new problems are becoming more prevalent 

than those that are typically recognized and researched due to 

advancements in life-saving treatment and innovative therapies. The 

traditional complications of diabetes mellitus include peripheral 

neuropathy, nephropathy, heart failure, stroke, coronary heart disease and 

peripheral vascular disease. Rather, connections between diabetes mellitus 

and infections, cancer, liver disease, mental disorders and cognitive and 

functional impairment are beginning to emerge [12]. 

Unlike other vitamins, vitamin D is a hormone since it is produced in 

the body. Currently, T2DM patients frequently have vitamin D 

insufficiency, it is still unclear, though, if this is a chance or if low vitamin 

D levels may have played a role in the disease's beginnings. Vitamin D 

deficiency may have a significant role in the pathophysiology of type 2 

diabetes [T2DM] by changing numerous important pathways involved in 

the occurrence of diabetes and its complications, including peripheral 

insulin resistance, systemic inflammation, immunological activation, 

downregulation of the insulin receptor gene and pancreatic insulin 

production [13].   

Compared to other antidiabetic medications like insulin, 

glibenclamide or chlorpropamide, metformin has a higher potential to 

lower diabetes-related outcomes [14].  

According to Sliwinska et al. [15], Metformin can lower adenosine 

triphosphate [ATP] levels and increase adenosine monophosphate [AMP] 

levels in hepatocytes by inhibiting complex I of the mitochondrial electron 

transport chain. AMP-activated protein kinase [AMPK] is subsequently 

activated through the traditional adenine-nucleotide-dependent route [16]. 

In order to prevent gluconeogenesis, elevated AMP also inhibits adenylate 

cyclase and fructose-1,6-bisphosphatase-1 [17].  

Another very rare side effect of metformin is lactic acidosis, which 

almost always occurs in those who are at high risk of getting the condition 

even if they are not taking the medication [18]. Additionally, patients with 

hepatic impairment and those who abuse alcohol should not take 

metformin [19]. Progressive vitamin B12 insufficiency occurs in certain 

metformin-using patients [20].  

An imbalance between the body's antioxidant capacity and oxygen-

derived radicals results in oxidative stress. The natural cellular balance 

between defense and radical generation is upset by this. Nucleic acids, 

lipids, and proteins are oxidatively damaged as a result. According to 

several studies, metformin's main action is to block mitochondrial 

complex I [21].  

According to Vinothkumar et al. [22], mitochondrial complex I may 

play a significant role in the generation of ROS within cells. It is 

commonly known that when this complex is blocked, less electrons are 

transported from NADH plus H+, which lowers the generation of reactive 

species [23]. Thus, there is evidence that metformin lowers mitochondrial 

levels of endogenous ROS [24].  

As time went on, new applications for metformin were found and its 

advantages for a number of illnesses and even aging were confirmed. 

Malignancies, obesity, liver, cardiovascular and renal disorders are among 

these illnesses [25]. The current study was an experiment to look into the 

role of vitamin D supplementation with or without metformin in diabetes 

mellitus in adult male albino rats. 

MATERIALS AND METHODS 

60 adult male albino rats weighing 130–150 g were used in the 

investigation; they were purchased from Nile Pharmaceuticals Company. 

Each of the five rats was housed in a cage that measured 30 x 32 x 30 cm 

and was kept at a comfortable temperature with an ordinary light-dark 

cycle. Rats received rat chow and had unrestricted access to water during 

the four-week experiment. Before the experiment began, the rats were 

housed for two weeks to allow them to acclimatize to their new 

surroundings. 

Rats were split into six equal groups at random: 

1. Group I [normal control group 1]: received a regular diet every 

day for four weeks. 

2.Group II [normal control group 2]: As a vehicle group, 

participants were given 0.3 mL/kg BW of olive oil by oral route.  
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3. Group III [diabetic group]: When alloxan was used to induce 

diabetes, it was dissolved in 0.9% NaCl solution and given 

intraperitoneally [IP] in a single dose of 90 mg/kg BW [26] and it was 

preceded by nicotinamide in a single dose of 110mg/kg [27]. 

4.Group IV [diabetic-vitamin D treated group]: Following this 

group's implementation of diabetes, each rat received vitamin D dissolved 

in 0.3 mL olive oil in a dose of 500 IU [12.5 μg] /kg BW/day for 4 

weeks[28]. 

5.Group V [diabetic-metformin treated group]: After induction of 

diabetes in this group, rats were administrated 100 mg/kg BW/day of 

metformin by oral gavage for 4 weeks [29]. 

6.Group VI [diabetic-vitamin D & metformin treated group]: 

Following diabetes induction, rats were given 500 IU/kg BW/day of 

vitamin D and 100 mg/kg BW/day of metformin by oral gavage for four 

weeks. To avoid coprophagia, rats were housed in specially designed 

boxes with permeable floors for a full day. The next day, nicotinamide was 

mixed in 0.9% sodium chloride. Each rat was weighed, and then given 110 

mg/kg BW of nicotinamide intraperitoneally [27].  

Within a few minutes of preparation, alloxan was dispersed in 0.9% 

NaCl and given intraperitoneally in a dose of 90 mg/kg body weight. This 

took around 20 minutes [26]. Before receiving the alloxan injection, two 

millilitres of glucose [5%] were taken orally. Blood samples were 

extracted from the tail vein after 48 hours in order to use a consumable 

glucometer to measure the glucose levels. Diabetic rats were defined as 

having blood glucose levels more than 250 mg/dL [30]. 

Collection of blood samples:  

To sustain the ether vapour used to anaesthetise the rat using ethyl 

ether, a piece of cotton wool at the bottom of the anaesthetic box was 

periodically soaked with liquid ether. When the rat achieved the surgical 

stage of anaesthesia, as evidenced by the elimination of the withdrawal 

reflex, it was removed and placed on a table. A heparinised capillary tube 

with an inner diameter of 0.75 to 1.0 mm was inserted into the medial 

canthus medial to the eye globe in order to collect three millilitres of blood 

from each rat's retro-orbital plexus [31].   

Blood was drawn into a graduated glass centrifuge tube that had been 

cleaned and dried, and it was quickly placed in a centrifuge set to 5000 

rotations per minute for approximately 15 minutes in order to extract 

serum. The majority of the serum was extracted into Eppendorf tubes and 

kept frozen at -200C until it was needed to determine fasting blood glucose 

level, fasting insulin, Serum vitamin D level, Liver function tests [alanine 

transaminase [ALT], aspartate transaminase [AST] & alkaline 

phosphatase], Insulin resistance by homeostasis model assessment 

[HOMA-IR] and Serum malondialdehyde level [MDA]. All analysis was 

performed according to analysis kit manufacturer structures. HOMA-IR 

was calculated from the equation [HOMA-IR = insulin [µU/mL] x glucose 

[mmol/L] / 22.5].  

Statistical Analysis:  

The statistical package of the social sciences [SPSS] version "24" was 

the computer program used to conduct the statistical analysis [32]and the 

mean and standard deviation [SD] of the results were shown. The 

ANOVA [Analysis of Variance] test was used to measure differences 

between groups. Multiple comparisons between groups are performed 

using the Bonferroni post hoc multiple comparison test. Statistical 

significance was defined as a P-value of less than 0.05. 

RESULTS  

 Effect of different treatments on Fasting Blood Glucose Level 

[mg/dl]: The current study's findings [Fig 1] showed a significantly higher 

level of fasting blood glucose in the diabetic group [Group III] from 

[85,67± 3.51] and [93.33 ± 8.96 mg/dl] to [395.83 ± 32.24 mg/dl] as 

compared to the control groups [p<0.05]. Administration of vitamin D 

[Group IV] showed a significantly lower level of blood glucose from 

[395.83±32.24 mg/dl] to [262.67±19.53 mg/dl] as compared to the 

diabetic group [Group III] [p<0.05]. Treatment with metformin [Group V] 

led to a significantly lower level of blood glucose from [395.83±32.24 

mg/dl] to [242±15.31 mg/dl] as compared to the diabetic group [Group III] 

[p<0.05]. Treatment with a combination of metformin and vitamin D 

[Group VI] showed a significantly lower level of blood glucose from 

[395.83±32.24 mg/dl] to [227.76±12.24 mg/dl] as compared to the 

diabetic group [Group III] [p<0.05]. Combination therapy using vitamin 

D and metformin [Group VI] led to a significantly lower level of blood 

glucose from [262.67±19.53 mg/dl] to [227.67±12.24 mg/dl] as compared 

to the diabetic treated with vitamin D [Group IV] [p<0.05]. 

Effect of different treatments on serum vitamin D level [ng/ml]: 

Results of the present study [Figure 2] showed a significantly lower values 

of vitamin D levels in the diabetic group [Group III] from [30.13±2.79 

ng/ml] and [31.47±2.26 ng/ml] to [27.80±2.80 ng/ml] as comparison to 

the control groups [Group I and Group II] [p<0.05]. Administration of 

vitamin D [Group IV] led to significantly higher levels of serum vitamin 

D levels from [27.80 ± 2.80 ng/ml] to [37.55 ± 3.40 ng/ml] as compared 

to the diabetic group [Group III] [p<0.05]. On the other hand, treatment 

with metformin [Group V] led to non-significant change of serum vitamin 

D levels from [27.80 ± 2.80 ng/ml] to [28.50 ±1.70 ng/ml] as compared to 

the diabetic group [Group III] [p>0.05]. Combination therapy using 

vitamin D and metformin [Group VI] showed a significantly higher levels 

of serum vitamin D from [27.80 ± 2.80 ng/ml] to [39.63 ±3.80 ng/ml] in 

comparison to the diabetic group [Group III] [p<0.05]. 

Effect of different treatments on serum alanine aminotransferase 

[ALT] level [U/L]: The current study's findings [Figure 3] showed a 

significantly higher levels of ALT in the diabetic group [Group III] from 

[34.67±5.13 U/L] and [39.30±3.79 U/L] to [81.17±15.64 U/L] when 

compared to the control groups [Group I and Group II] [p<0.05]. 

Administration of vitamin D [Group IV] led to a significantly lower value 

of ALT level from [81.17 ± 15.64 U/L] to [56.33 ± 3.61 U/L] as compared 

to the diabetic group [Group III] [p<0.05]. In the same way, treatment with 

metformin [Group V] led to a significantly lower value of ALT levels from 

[81.17± 15.64 U/L] to [50.83 ±5.85 U/L] as compared to the diabetic 

group [Group III] [p<0.05]. Combination therapy using vitamin D and 

metformin [Group VI] showed a significantly lower level of ALT from 

[81.17 ± 15.64 U/L] to [47.83 ±3.87 U/L] in comparison to the diabetic 

group [Group III] [p<0.05]. 

Effect of different treatments on serum aspartate amino-

transferase [AST] level [U/L]: The current study's findings [Figure 4] 

showed a significantly higher levels of AST in the diabetic group [Group 

III] from [92.67±9.50 U/L] and [94.67±6.60 U/L] to [142±11.24 U/L] as 

compared to the control groups [Group I and Group II] [p<0.05]. 

Administration of vitamin D [Group IV] led to a significantly lower value 

of AST level from [142 ± 11.24 U/L] to [113.33 ± 9.75U/L] as compared 

to the diabetic group [Group III] [p<0.05].On the other hand, treatment 

with metformin [Group V] led to a significantly lower value of AST level 

from [142± 11.24 U/L] to [110.60 ±11.31 U/L] as compared to the diabetic 

group [Group III] [p<0.05]. Combination therapy using vitamin D and 

metformin [Group VI] showed a significantly lower levels of AST from 

[142 ± 11.24 U/L] to [98.33 ±9.95 U/L] in comparison to the diabetic 

group [Group III] [p<0.05]. 
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Effect of different treatments on alkaline phosphatase level [U/L]: 

The current study's findings [Figure 5] showed a significantly higher levels 

of alkaline phosphatase in the diabetic group [Group III] from [74±7.0 and 

97.33 ±4.51U/L] to [105.67±8.19 U/L] as compared to the control group 

[Group I and Group II] [p<0.05]. Administration with vitamin D [Group 

IV] led to a significantly lower value of alkaline phosphatase levels from 

[105.67 ± 8.19 U/L] to [92.67 ± 3.67 U/L] as compared to the diabetic 

group [Group III] [p<0.05].   In the same way, treatment with metformin 

[Group V] led to a significantly lower value of alkaline phosphatase level 

from [105.67± 8.19 U/L] to [90.17 ±4.49 U/L] as compared to the diabetic 

group [Group III] [p<0.05]. Combination therapy using vitamin D and 

metformin [Group VI] showed a significantly lower level of alkaline 

phosphatase from [105.67 ± 8.19 U/L] to [83.0 ±5.40 U/L] as compared 

to the diabetic group [Group III] [p<0.05]. 

Effect of different treatments on fasting blood HOMA-IR level: 

The current study's findings [Figure 6] showed a significantly higher levels 

of fasting blood HOMA-IR level in the diabetic group [Group III] from 

[0.39±0.05] and [0.45±0.08] to [0.82±0.76] as comparison to the control 

groups [Group I and Group II] [p<0.05]. Administration of vitamin D 

[Group IV] led to a significantly lower levels of fasting blood HOMA-IR 

from [0.82 ± 0.76] to [0.74 ± 0.77] as compared to the diabetic group 

[Group III] [P<0.05]. In the same way, treatment with metformin [Group 

V] led to a significantly lower level of fasting blood HOMA-IR from [0.82 

± 0.76] to [0.69 ±0.28] as compared to the diabetic group [Group III] 

[p<0.05]. Combination therapy using vitamin D and metformin [Group 

VI] showed a significantly lower levels of fasting blood HOMA-IR from 

[0.82 ± 0.76] to [0.68±0.52] as compared to the diabetic group [Group III] 

[p<0.05]. 

Effects of different treatments on serum malondialdehyde level 

[MDA] [µmol/L]: The current study's findings [Figure 7] showed a 

significantly higher levels of malondialdehyde in the diabetic group 

[Group III] from [6.95±0.85µmol/L] and [6.29 ± 0.85µmol/L] to 

[19.28±1.62 µmol/L] as compared to the control groups [Group I and 

Group II] [p<0.05]. Administration of vitamin D [Group IV] led to a 

significantly lower value of malondialdehyde level from [19.28±1.62 

µmol/L] to [13.17±1.03µmol/L] as compared to diabetic group [Group III] 

[p<0.05]. In the same way, treatment with metformin [Group V] led to a 

significantly lower value of malondialdehyde level from [19.28±1.62 

µmol/L] to [12.94±0.95µmol/L] as compared to the diabetic group [Group 

III] [p<0.05]. Combination therapy using vitamin D and metformin 

[Group VI] showed a significantly lower value of malondialdehyde level 

from [19.28±1.62 µmol/L] to [12.12±1.15µmol/L] as compared to the 

diabetic group [Group III] [p<0.05]. 

 

 

 

Figure [1]: Effect of different treatments on fasting blood glucose level 
 

 

Figure [2]: Effect of different treatments on serum vitamin D level 
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Figure [3]: Effect of different treatments on ALT level [U/L] 
 

 

Figure [4]: Effect of different treatments on AST level 

 
Figure [5]: Effect of different treatments on alkaline phosphatase level [U/L] 

 

 

 
Figure [6]: Effect of different treatments on fasting blood HOMA-IR level 
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Figure [7]: Effects of different treatments on serum malondialdehyde level [MDA] [µmol/L] 

 

 

DISCUSSION 

Diabetes mellitus [DM] is a chronic inflammatory and metabolic 

condition marked by hyperglycemia. According to latest World Health 

Organisation [WHO] statistics, diabetes is the leading worldwide health 

concern. An estimated 463 million people globally, or 9.3% of the adult 

population, suffer from diabetes [33]. Vitamin D promotes cell proliferation 

and differentiation, protects several bodily organs from oxidative damage 

and serves as a transcriptional regulator for numerous genes [34].  

Metformin is an anti-diabetes medication that seeks to lower blood 

glucose levels close to normal [35]. Metformin has been found to have 

substantial antioxidant capabilities in addition to its therapeutic efficacy 

against DM [36]. Therefore, the present study investigated the effect of 

vitamin D supplementation with or without metformin throughout 

measuring blood glucose, vitamin D, serum calcium, serum phosphate, 

liver enzymes [ALT, AST& alkaline phosphatase], insulin resistance by 

homeostasis model assessment [HOMA-IR] and serum MDA level on 

diabetes mellitus in adult male albino rats. 

In the present study, supplementation of vitamin D alone, metformin 

alone or a combination of vitamin D and metformin showed a significant 

decrease of blood sugar levels. Vitamin D's effect on beta cell insulin 

receptors is one conceivable mechanism linking it to diabetes. It has been 

demonstrated that vitamin D increases the transport of glucose from the 

intestine and stimulates the production of the insulin receptor gene. 

Another way is that 1,25 [OH]2D3 helps the stomach absorb calcium, 

which is necessary for beta cells to release insulin [37].  

Metformin's anti-hyperglycemic effect is primarily due to a reduction 

in hepatic glucose output, which suppresses hepatic gluconeogenesis, 

intestinal glucose absorption, improves insulin sensitivity and increasing 

glucose uptake and utilisation [38].  

The current findings are consistent with a study by Dray et al. [39] in 

which glucose levels were reduced while absorption and utilisation by 

tissues were increased. 

 In this study, it was observed that serum vitamin D level dropped 

down in diabetic rats Supplementation with vitamin D resulted in 

significantly greater serum vitamin D levels compared to diabetic rats. 

However, when compared to diabetic rats, metformin treatment by itself 

did not significantly raise serum vitamin D levels; however, when 

metformin and vitamin D were combined, serum vitamin D levels were 

much greater.  

This supports the findings of Out M, et al. [40] who discovered that 

metformin has no effect on vitamin D levels in type 2 diabetic patients.  

Considering that vitamin D is absorbed in the duodenum and proximal 

gut, this is biologically plausible. According to studies using fluorodeoxy-

glucose positron emission tomography [FDG-PET], metformin is 

absorbed more widely in the ileum and colon but less frequently in the 

duodenum [41]. 

Serum sample biochemical examination revealed that, in comparison 

to normal control groups, levels of ALT and AST activities rose following 

the induction of diabetes mellitus. These liver enzymes are helpful 

indicators of damage to the hepatocellular membrane. Therefore, 

increased levels in diabetics who are not receiving treatment may be a sign 

of liver damage or inflammation. Rats with diabetes exhibit noticeably 

higher levels of enzyme activity. When compared to the diabetes control, 

all therapies significantly decreased the serum activity of these liver 
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reduced these liver enzymes more than each drug did by itself. By 

lessening liver damage, vitamin D by itself can treat hepatic dysfunction 

brought on by hyperglycemia.  
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vitamin D improves increased liver enzymes in diabetic rats, and with 

Uchendu et al. [43] who show that metformin improves raised liver 

enzymes in diabetic rats. 
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has a protective effect on hepatic cells as seen by decreased blood ALT 

and AST activity.  
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may be attributed to its anti-diabetic properties via enhancing hepatic 
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cytokines [46]. 
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effective than when either drug was taken alone. 
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that diabetic rats had significantly higher levels of glucose and HOMA-IR 

than control rats.  

Rats treated with alfacalcidol alone or in combination with metformin 
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showed a significant reduction in HOMA-IR compared to untreated 

diabetic rats. Metformin reduces insulin resistance in diabetic rats by 

lowering HOMA-IR levels via many pathways. Metformin works 

predominantly in the liver to reduce hepatic glucose production [47].  

By preventing the liver from synthesising glucose, metformin lowers 

blood glucose levels and improves insulin sensitivity. Additionally, 

compared to a placebo, long-term metformin treatment stabilises body 

mass index [BMI] and improves body composition in obese, insulin-

resistant teenagers [48]. Obesity reduction improves insulin sensitivity. 

The extremely reactive compound malondialdehyde [MDA] is a sign 

of lipid peroxidation and oxidative stress. It can damage proteins and DNA 

and is created when polyunsaturated fatty acids break down. MDA levels 

are frequently used to evaluate oxidative stress in a number of diseases, 

such as diabetes, cancer, and neurological issues. According to our 

research, vitamin D administration led to a much lower level of 

malondialdehyde than the diabetic group, while diabetic rats had 

significantly higher levels of MDA than control rats. 

This is consistent with Alatawi et al. [49] who stated that vitamin D 

supplementation can lower malondialdehyde levels via the following 

mechanisms: Antioxidants included in vitamin D can directly shield cells 

from oxidative damage. While boosting the activity of antioxidant 

enzymes such glutathione peroxidase and superoxide dismutase [SOD], 

vitamin D prevents the production of reactive oxygen species [ROS]. 

 In addition, Vitamin-D helps in the control of hyperglycemia by 

improving insulin sensitivity and secretion. Uncontrolled hyperglycemia 

significantly contributes to oxidative stress and lipid peroxidation in 

diabetes [50].   

Vitamin D has anti-inflammatory properties, decreasing the 

production of proinflammatory cytokines such as interleukin-6 [IL-6], 

which can contribute to oxidative stress [51]. Vitamin D prevents death and 

malfunction in pancreatic beta cells, retaining their ability to make insulin 

and control glucose metabolism [52]. Similarly, metformin administration 

to diabetic rats resulted in significantly decreased serum malondialdehyde 

levels, which is consistent with Ibrahim et al. [53] findings. Metformin's 

ability to reduce MDA shows that it has antioxidant benefits in DM. 

Metformin reduces oxidative stress through several mechanisms, which 

include: inhibition of the respiratory chain complex in the mitochondria. It 

activates AMPK, which has immune-modulatory and anti-inflammatory 

properties and somewhat reduces the production of ATP [54]. In addition, 

inhibiting mitochondrial glycerol 3 phosphate dehydrogenase [mGPD] 

reduces hepatic glucose synthesis [55]. 

Conclusion: Vitamin D showed a potential in treating diabetes 

mellitus-related issues like insulin resistance and hyperglycaemia. 

Oxidative stress associated with DM is improved by vitamin D by 

decreasing MDA level. Also, metformin improves blood glucose by 

different mechanisms. Adding vitamin D to metformin showed better 

results than each drug alone. 

Disclosure: None to be disclosed.  

REFERENCES 

1. Banday MZ, Sameer AS, Nissar S. Pathophysiology of diabetes: An overview. 

Avicenna J Med. 2020 Oct 13;10[4]:174-188. doi: 10.4103/ajm.ajm_53_20. 

2. Zaccardi F, Webb DR, Yates T, Davies MJ. Pathophysiology of type 1 and type 

2 diabetes mellitus: a 90-year perspective. Postgrad Med J. 2016 

Feb;92[1084]:63-9. doi: 10.1136/postgradmedj-2015-133281.  

3. Ziegler R, Neu A. Diabetes in Childhood and Adolescence. Dtsch Arztebl Int. 

2018 Mar 2;115[9]:146-156. doi: 10.3238/arztebl.2018.0146. 

4. Saeedi P, Petersohn I, Salpea P, Malanda B, Karuranga S, Unwin N, et al.; IDF 

Diabetes Atlas Committee. Global and regional diabetes prevalence 

estimates for 2019 and projections for 2030 and 2045: Results from the 

International Diabetes Federation Diabetes Atlas, 9th edition. Diabetes Res 

Clin Pract. 2019 Nov; 157:107843. doi: 10.1016/j.diabres.2019.107843. 

5. Ikoh Rph CL, Tang Tinong R. The Incidence and Management of Type 2 

Diabetes Mellitus After Gestational Diabetes Mellitus. Cureus. 2023 Aug 

31;15[8]:e44468. doi: 10.7759/cureus.44468.  

6. Kim Y, Kim Y, Chang M, Lee B. Association between Thyroid Function and 

Respiratory Distress Syndrome in Preterm Infants. Pediatr Rep. 2022 Nov 

10;14[4]:497-504. doi: 10.3390/pediatric14040058.  

7. Griffin T, O'Loughlin A, Dinneen F. How Should Secondary Causes of Diabetes 

Be Excluded? Clinical Dilemmas in Diabetes 2021;45-67. doi: 

10.1002/9781119603207.ch4 

8. Kim SK, Kim BR, Kim K, Kim S, Jung JH, Hahm JR, Jung J. Dramatic 

Improvement of Diabetes Mellitus Following the Treatment of Coexisting 

Acromegaly and Cushing's Syndrome. Intern Med. 2015;54[19]:2471-4. 

doi: 10.2169/internalmedicine.54.3302. 

9. Fathallah N, Slim R, Larif S, Hmouda H, Ben Salem C. Drug-Induced 

Hyperglycaemia and Diabetes. Drug Saf. 2015 Dec;38[12]:1153-68. doi: 

10.1007/s40264-015-0339-z. 

10-Hajam Y, Rani R, Malik J, Pandita A, Sharma R, Kumar R. Diabetes Mellitus: 

Signs and Symptoms, Epidemiology, Current Prevention, Management 

Therapies, and Treatments. In Antidiabetic Potential of Plants in the Era of 

Omics, Apple Academic Press 2022; 2: 31-77. eBook ISBN 

9781003282860 

11. Dendup T, Feng X, Clingan S, Astell-Burt T. Environmental Risk Factors for 

Developing Type 2 Diabetes Mellitus: A Systematic Review. Int J Environ 

Res Public Health. 2018 Jan 5;15[1]:78. doi: 10.3390/ijerph15010078. 

12. Tomic D, Shaw JE, Magliano DJ. The burden and risks of emerging 

complications of diabetes mellitus. Nat Rev Endocrinol. 2022 

Sep;18[9]:525-539. doi: 10.1038/s41574-022-00690-7.  

13-Cojić M. The Role of Vitamin D in Treating Patients with Type 2 Diabetes 

Mellitus. Acta Med Median 2019; 58: 116–24. 

doi:10.5633/amm.2019.0116 

14. Tomlinson B, Patil NG, Fok M, Chan P, Lam CWK. The role of sulfonylureas 

in the treatment of type 2 diabetes. Expert Opin Pharmacother. 2022 

Feb;23[3]:387-403. doi: 10.1080/14656566.2021.1999413.  

15. Sliwinska A, Drzewoski J. Molecular action of metformin in hepatocytes: an 

updated insight. Curr Diabetes Rev. 2015;11[3]:175-81. doi: 10.2174/ 

1573399811666150325233108. 

16. Ma T, Tian X, Zhang B, Li M, Wang Y, Yang C, et al. Low-dose metformin 

targets the lysosomal AMPK pathway through PEN2. Nature. 2022 

Mar;603[7899]:159-165. doi: 10.1038/s41586-022-04431-8.  

17. Hunter RW, Hughey CC, Lantier L, Sundelin EI, Peggie M, Zeqiraj E, et al. 

Metformin reduces liver glucose production by inhibition of fructose-1-6-

bisphosphatase. Nat Med. 2018 Sep;24[9]:1395-1406. doi: 

10.1038/s41591-018-0159-7. 

18. Kim MJ, Han JY, Shin JY, Kim SI, Lee JM, Hong S, Kim SH, Nam MS, Kim 

YS. Metformin-associated lactic acidosis: predisposing factors and 

outcome. Endocrinol Metab [Seoul]. 2015 Mar 27;30[1]:78-83. doi: 

10.3803/EnM. 2015.30.1.78. 

19. Vieira IH, Barros LM, Baptista CF, Rodrigues DM, Paiva IM. 

Recommendations for Practical Use of Metformin, a Central 

Pharmacological Therapy in Type 2 Diabetes. Clin Diabetes. 2022 

Jan;40[1]:97-107. doi: 10.2337/cd21-0043. 

20. Akhter MS, Uppal P. Toxicity of Metformin and Hypoglycemic Therapies. 

Adv Chronic Kidney Dis. 2020 Jan;27 [1]: 18-30. doi: 10.1053/j.ackd. 

2019.08.004. 

21. Carvalho C, Correia S, Santos MS, Seiça R, Oliveira CR, Moreira PI. 



Abdelsattar MH, et al.                                                                                                                                                                      IJMA 2025 Mar; 7[3]:5428-5435 

5435 

 

Metformin promotes isolated rat liver mitochondria impairment. Mol Cell 

Biochem. 2008 Jan;308[1-2]:75-83. doi: 10.1007/s11010-007-9614-3. 

22. Vinothkumar KR, Zhu J, Hirst J. Architecture of mammalian respiratory 

complex I. Nature. 2014 Nov 6;515 [7525]:80-84. doi: 10.1038/nature 

13686.  

23. Kushnareva Y, Murphy AN, Andreyev A. Complex I-mediated reactive 

oxygen species generation: modulation by cytochrome c and NAD[P]+ 

oxidation-reduction state. Biochem J. 2002 Dec 1;368[Pt 2]:545-53. doi: 

10.1042/BJ20021121. 

24. Kelly B, Tannahill GM, Murphy MP, O'Neill LA. Metformin Inhibits the 

Production of Reactive Oxygen Species from NADH:Ubiquinone 

Oxidoreductase to Limit Induction of Interleukin-1β [IL-1β] and Boosts 

Interleukin-10 [IL-10] in Lipopolysaccharide [LPS]-activated 

Macrophages. J Biol Chem. 2015 Aug 14;290[33]:20348-59. doi: 

10.1074/jbc.M115.662114.  

25. Zhou T, Xu X, Du M, Zhao T, Wang J. A preclinical overview of metformin 

for the treatment of type 2 diabetes. Biomed Pharmacother. 2018 

Oct;106:1227-1235. doi: 10.1016/j.biopha.2018.07.085.  

26. Szkudelski T. The mechanism of alloxan and streptozotocin action in B cells of 

the rat pancreas. Physiol Res. 2001;50[6]:537-46. PMID: 11829314. 

27-Shalaby A, Abd El-Mottaleb A, Alkot A. Comparative study to ginseng and 

cinnamon water extract on diabetic adult male albino rat. Al-Azhar Med J 

2016; 45[3]: 527-543. Doi: 10.12816/0033121/ORG. No. 96281 

28. Salum E, Kampus P, Zilmer M, Eha J, Butlin M, Avolio AP, et al.. Effect of 

vitamin D on aortic remodeling in streptozotocin-induced diabetes. 

Cardiovasc Diabetol. 2012 Jul 13; 11:58. doi: 10.1186/1475-2840-11-58. 

29. Amin SN, Hussein UK, Yassa HD, Hassan SS, Rashed LA. Synergistic actions 

of vitamin D and metformin on skeletal muscles and insulin resistance of 

type 2 diabetic rats. J Cell Physiol. 2018 Aug;233[8]:5768-5779. doi: 

10.1002/jcp.26300. 

30-Obi F, Maduka H, Mamza Y. Effect of chloroquine on blood glucose and 

cholesterol levels in alloxan-induced diabetic rabbits. J Boil Sci 2003; 3[10]: 

875-881. DOI: 10.3923/jbs.2003.875.881. 

31-Shermer S. Rats haemopiotic system, in the blood morphology of laboratory 

animals. Chap. 10. Pbl. F.A. Davis Co, Philadelphia, USA 1968: 112-114. 

32-Field A. Comparing several means: ANOVA. In: Discovering statistics using 

IBM SPSS statistics Sage Publications, fifth edition 2017; 5: 595-620. 

33. Chan JCN, Lim LL, Wareham NJ, Shaw JE, Orchard TJ, Zhang P, et al. The 

Lancet Commission on diabetes: using data to transform diabetes care and 

patient lives. Lancet. 2021 Dec 19;396[10267]:2019-2082. doi: 

10.1016/S0140-6736[20]32374-6.  

34. Jeon SM, Shin EA. Exploring vitamin D metabolism and function in cancer. 

Exp Mol Med. 2018 Apr 16;50[4]:1-14. doi: 10.1038/s12276-018-0038-9. 

35. Pittas A, Dawson-Hughes B, Staten M. Vitamin D Supplementation and 

Prevention of Type 2 Diabetes. Reply. N Engl J Med. 2019 Oct 

31;381[18]:1785-1786. doi: 10.1056/NEJMc1912185. 

36. Alzoubi KH, Khabour OF, Al-Azzam SI, Tashtoush MH, Mhaidat NM. 

Metformin Eased Cognitive Impairment Induced by Chronic L-methionine 

Administration: Potential Role of Oxidative Stress. Curr Neuropharmacol. 

2014 Mar;12[2]:186-92. doi: 10.2174/1570159X11666131120223201.  

37-Bikle D. Vitamin D biochemistry and physiology. Extraskeletal Effects of 

Vitamin D: A Clinical Guide, Humana Press 2018, ISBN 978-3-319-73742-

3, pp 1-40. 

38. Samuel SM, Ghosh S, Majeed Y, Arunachalam G, Emara MM, Ding H, Triggle 

CR. Metformin represses glucose starvation induced autophagic response in 

microvascular endothelial cells and promotes cell death. Biochem 

Pharmacol. 2017 May 15; 132:118-132. doi: 10.1016/j.bcp. 2017.03.001.  

39. Dray C, Knauf C, Daviaud D, Waget A, Boucher J, Buléon M, et al. Apelin 

stimulates glucose utilization in normal and obese insulin-resistant mice. 

Cell Metab. 2008 Nov; 8 [5]:437-45. doi: 10.1016/j.cmet. 2008.10.003. 

40. Out M, Top WMC, Lehert P, Schalkwijk CA, Stehouwer CDA, Kooy A. Long-

term treatment with metformin in type 2 diabetes and vitamin D levels: A 

post-hoc analysis of a randomized placebo-controlled trial. Diabetes Obes 

Metab. 2018 Aug;20[8]:1951-1956. doi: 10.1111/dom.13327.  

41. Gontier E, Fourme E, Wartski M, Blondet C, Bonardel G, Le Stanc E, et al. 

High and typical 18F-FDG bowel uptake in patients treated with metformin. 

Eur J Nucl Med Mol Imaging. 2008 Jan; 35[1]:95-9. doi: 10.1007/s00259-

007-0563-6. 

42. Lim C, Roh YH, Kim S, Nam KW. Preoperative Vitamin D Deficiency is 

Associated with Postoperative Functional Recovery and Complications 

after Hip Fracture Surgery. J Bone Metab. 2021 Nov;28[4]:333-338. doi: 

10.11005/jbm.2021.28.4.333. 

43-Uchendu A, Omogbai E.  Co-administration of metformin and vitamin C or E 

in improves diabetes prognosis in streptozotocin-induced diabetes rats. J 

Curr Biomed Res 2023; [3]:817-834. doi: 10.54117/jcbr.v3i2.1  

44. Abdel-Rehim WM, El-Tahan RA, El-Tarawy MA, Shehata RR, Kamel MA. 

The possible antidiabetic effects of vitamin D receptors agonist in rat model 

of type 2 diabetes. Mol Cell Biochem. 2019 Jan;450[1-2]:105-112. doi: 

10.1007/s11010-018-3377-x. 

45. Yanardag R, Ozsoy-Sacan O, Bolkent S, Orak H, Karabulut-Bulan O. 

Protective effects of metformin treatment on the liver injury of 

streptozotocin-diabetic rats. Hum Exp Toxicol. 2005 Mar;24[3]:129-35. 

doi: 10.1191/0960327104ht507oa. 

46. Harinarayan CV. Vitamin D and diabetes mellitus. Hormones [Athens]. 2014 

Apr-Jun;13[2]:163-81. doi: 10.1007/BF03401332. 

47. Moonira T, Chachra SS, Ford BE, Marin S, Alshawi A, Adam-Primus NS, et 

al. Metformin lowers glucose 6-phosphate in hepatocytes by activation of 

glycolysis downstream of glucose phosphorylation. J Biol Chem. 2020 Mar 

6;295[10]:3330-3346. doi: 10.1074/jbc.RA120.012533.  

48. Fang L, Li X. [Level of serum phosphorus and adult type 2  diabetes mellitus]. 

Zhong Nan Da Xue Xue Bao Yi Xue Ban. 2016 May;41[5]:502-6. Chinese. 

doi: 10.11817/j.issn.1672-7347.2016.05.009.  

49. Alatawi FS, Faridi UA, Alatawi MS. Effect of treatment with vitamin D plus 

calcium on oxidative stress in streptozotocin-induced diabetic rats. Saudi 

Pharm J. 2018 Dec; 26 [8]: 1208-1213. doi: 10.1016/j.jsps.2018.07.012. 

50. Dhas Y, Mishra N, Banerjee J. Vitamin D Deficiency and Oxidative Stress in 

Type 2 Diabetic Population of India. Cardiovasc Hematol Agents Med 

Chem. 2017; 14 [2]: 82-89. doi: 10.2174/1871525714666160426150233. 

51-Makhlouf A, Mahmoud M, Ibrahim G, Aziz A. Effects of vitamin D and 

simvastatin on inflammatory and oxidative stress markers of high-fat diet-

induced obese rats. J Sci Res Med Biol Sci 2021; 2[3]: 39-50. doi: 

10.47631/jsrmbs.v2i3.297.  

52. Altieri B, Grant WB, Della Casa S, Orio F, Pontecorvi A, Colao A, Sarno G, 

Muscogiuri G. Vitamin D and pancreas: The role of sunshine vitamin in the 

pathogenesis of diabetes mellitus and pancreatic cancer. Crit Rev Food Sci 

Nutr. 2017 Nov 2;57[16]:3472-3488. doi: 

10.1080/10408398.2015.1136922.  

53-Ibrahim I, Ali F, Abdel-Hakeem E, Saleh A, Sayed Z. Pathophysiological 

mechanisms of type 2 diabetes mellitus and the effects of metformin 

treatment in adult male albino rats. Minia J Med Res 2023; 34[1]: 209-214. 

doi: 10.21608/mjmr.2023.184444.1271.  

54. Kristófi R, Eriksson JW. Metformin as an anti-inflammatory agent: a short 

review. J Endocrinol. 2021 Sep 28;251[2]: R11-R22. doi: 10.1530/JOE-21-

0194. 

55. Xie J, Ye J, Cai Z, Luo Y, Zhu X, Deng Y, et al. GPD1 Enhances the Anticancer 

Effects of Metformin by Synergistically Increasing Total Cellular Glycerol-

3-Phosphate. Cancer Res. 2020 Jun 1;80[11]:2150-2162. doi: 

10.1158/0008-5472.CAN-19-2852. 



 

 


