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ABSTRACT 

Objectives: The study aimed to assess the anti-inflammatory and anti-oxidative effects of 

vitamin D supplementation to type 2 diabetic rats.  

Subjects and methods: Sixty male Albino Wistar mature rats, weighing 25010 g were 

used. Normal control group: 10 rats kept on regular diet and received no treatment. 

Normal control group+100IU vitamin D: 5 rats kept on regular diet with 1000IU vitamin 

D supplementation. Diabetes was induced in the rest of animals (45 rats) by single dose of 

streptozotocin and fed high fat diet, then divided into 3 equal groups. Diabetic group: 15 

diabetic rats received no treatment. Diabetic group+100IU vitamin D: 15 diabetic rats 

supplemented with 1000IU vitamin D. Diabetic group+200IU vitamin D: 15 diabetic rats 

supplemented with 2000IU vitamin D. 

Results: 1000 and 2000IU vitamin D administration to diabetic rats significantly reduced 

the inflammatory markers TNF-α and NFB to near the normal control values. 1000IU 

vitamin D supplementation was associated with a significant improvement in oxidant 

markers in diabetic rats with significant decrease of MDA level (p= 0.009), and non-

significant increase of GSH level, but with higher level of SOD (p= 0.028). While 

2000IU dose has led to significantly elevated GSH (p= 0.003) and SOD (p= 0.003) and 

lowered MDA level (p= 0.003). Low and high vitamin D regimen to diabetic rats induce 
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improvement of the histopathological changes in the architecture of pancreas, liver and 

skeletal muscles. 

Conclusion: Supplementations with 1000 to 2000IU vitamin D to diabetic rats 

significantly reduced the inflammatory markers to near normal values, improved anti-

oxidant markers, and showed protective effects on the pancreas, liver and skeletal 

muscles.  

Keywords: Vitamin D, Type 2 Diabetes, Anti-inflammatory, Antioxidant. 

INTRODUCTION 

Vitamin D, an endogenously synthesized in the body under the influence of 

ultraviolet light, can affect diverse aspects of human health. However, currently many 

biosocial factors have led to a pandemic of vitamin D deficiency (1,2). Poor vitamin 

D status has been associated with many human diseases, including cardiovascular 

disease (CVD), cancers and diabetes mellitus(3). 

Type 2 diabetes mellitus (T2DM) as a multifactorial and heterogeneous metabolic 

disease may affect nearly every organ system in the body(4). It is reaching epidemic 

proportions globally as the World Health Organization estimated that T2DM was 

responsible for 1.6 million deaths worldwide each year, a figure making diabetes one 

of the world’s most common causes of preventable mortality(5). 

Systemic inflammation is believed to play a significant role in the pathogenesis of 

T2DM and the development of insulin resistance as inflammatory cytokines down-

regulate insulin signaling cascades in tissues that are sensitive to insulin. This leads to 

the disruption of insulin sensitivity and the impairment of glucose homeostasis(6). 

Vitamin D also has a role in immune regulation, as immune cells express 1-alpha-

hydroxylase to regulate their own local concentration of calcitriol. Also, adequate 

level of serum 25-hydroxy vitamin D have been associated with increased levels of 

the anti-inflammatory cytokines interleukins (IL) 4 and 10, and to lower levels of the 

pro-inflammatory cytokines IL-1 and IL-6(7).  

Oxidative stress, an imbalance between anti-oxidant defense and pro-oxidants 

with a shift towards the latter, has been implicated in human diseases, including 

diabetes and its complications(8).  
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The results in some experimental studies implied that vitamin D administration in 

diabetic mice helps to diminish the reactive oxygen species (ROS) formation by the 

suppression of gene expression of NADPH oxidase(9,10). 

In this study we aimed to assess the anti-inflammatory and anti-oxidative effects 

of vitamin D supplementation in T2DM rat model. 

MATERIALS AND METHODS 

The current study was conducted in the Biochemistry Department, Faculty of 

Pharmacy, Mansoura University, Mansoura, in collaboration with the Biochemistry 

labs, Faculty of Medicine, Zagazig University, Zagazig 44519, Egypt. This study was 

approved by ethics committee of the Faculty of Pharmacy, Mansura University, 

Mansura 35516, Egypt, that complies with "Principles of Laboratory Animal Care" 

(National Institute of Health publication No. 85-23, revised 1985). 

Animals:  

Sixty male Albino Wistar rats supplied from the Egyptian Organization for 

Biological products and Vaccines (Cairo, Egypt), were used. Rats were mature, 

weighing 25010 g at start of experiment with normal vital signs and base line 

laboratory tests. Rats were kept at housed in stainless steel cages under conventional 

housing conditions for 10 days to acclimatize to the new environment before start of 

the experiments with room temperature around 25°C and light/dark cycle of 12 hours. 

At this stage rats were fed rodent chow diet (El-Nasr Pharmaceuticals and Chemicals 

Industry, Egypt) and access to drinking water was free. 

Study groups: 

Animals were divided into five groups: Group 1 (Normal control group) included 

10 rats that were kept on regular diet and received no treatment. Group 2 

(Normal+1000IU vitamin D group) included 5 rats that were kept on regular diet with 

1000IU vitamin D supplementation for 45 days. Group 3 (Diabetic control group) 

included 15 rats injected with streptozotocin (STZ) and fed high fat diet which 

induced diabetes mellitus, and received no treatment for 45 days. Group 4 

(Diabetic+1000IU vitamin D group) and Group 5 (Diabetic+2000IU vitamin D 

group), each included 15 rats injected with STZ and fed high fat diet which induced 
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diabetes mellitus, and supplemented with 1000 and 2000IU vitamin D, respectively, 

for 45 days. 

Induction of diabetes mellitus:  

Experimental diabetes was induced by feeding rats with a high-fat diet for 8 

weeks(11)
 
followed by single intra-peritoneal injection of 60 mg/kg of STZ, freshly 

dissolved in cold 0.1 M citrate buffer, pH 4.5 after 15 min of intra-peritoneal injection 

of nicotinamide (110 mg/kg) prepared in normal saline(12). Control rats received 

standard diet and were injected with citrate buffer alone. 

Administration of vitamin D: 

The vitamin D-treated groups received cholecalciferol (Vidrop oral drops, 

Novartis Co, Switzerland) via gavage in doses of 1000IU or 2000IU for a period of 45 

days(13).   

Blood and tissue sampling: 

Blood samples were collected at the end of the study. Animals were then 

decapitated and tissue samples from pancreas, liver, and skeletal muscle were 

collected. Tissue samples were washed in 1% phosphate buffered saline (PBS) and 

preserved in 10% formaldehyde for histopathological assessment. 

Analysis of tissue samples: 

The formalin preserved pancreatic, hepatic and skeletal muscle specimens were 

processed in an automated tissue processor. The processing consisted of an initial 2 

step fixation and dehydration. Fixation comprising tissue immersion in 10% buffered 

formalin for 48 hours, followed by removal of fixative in distilled water for 30 

minutes. Dehydration was then carried out by running the tissues through a graded 

series of alcohol. This was followed by clearing the samples in several changes of 

xylene. Samples were then impregnated with molten paraffin wax, then embedded 

and blocked out. Paraffin sections (4–5 um) were stained with hematoxylin and eosin 

(H&E)(14). 

Biochemical analysis: 

Serum tumor necrosis factor α (TNF-α) and nuclear factor-kappa-B (NF-B) were 

assessed using enzyme-linked immunosorbent assay (ELISA) kits (Shanghai Crystal 
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Day Biotech Co. Ltd, Shanghai, China) based on the Biotin double antibody sandwich 

technology (Catalogue: E0764Ra and E0290Ra, respectively). 

Assessment of oxidant stress and antioxidant enzymatic activity in tissue 

homogenates was done by assessing the activity of superoxide dismutase (SOD), and 

the contents of glutathione (GSH) and malonaldhyde (MDA). ELISA kits were used 

(CUSABIO TECHNOLOGY LLC, Houston, USA - Catalogue: CSB-E08555r, CSB-

E12144r and Cell Biolabs Inc, California, USA catalogue: STA-031). 

Statistical analysis:  

The collected data were analyzed by computer using Statistical Package of Social 

Services version 25 (SPSS Inc., Chicago, IL, USA). Data were represented in tables, 

Continuous Quantitative parametric variables were expressed as the mean ± standard 

deviation. Analysis of variance (ANOVA) test with post hook LSD test was used for 

comparison between more than 2 independent groups. Pearson's correlation 

coefficient was used to find correlation between two numeric quantitative variables. 

The results were considered statistically significant when p < 0.05.  

RESULTS 

A. Histopathology Findings:  

Group 1&2: Examined serial sections from pancreatic, liver and muscle tissues of 

Normal and Normal+1000IU vitamin D groups, showed normal tissue features 

[Figure 1 (A, B, C) and Figure 2 (A, B, C)], respectively.  

Group 3: Serial sections from pancreatic tissue of diabetic control group revealed 

characteristic changes represented by moderate decrease in densities of the islets’ 

cells, degenerative changes in the β-cells of the islets, mainly cloudy swelling and 

hydropic degenerations. Necrotic and apoptotic changes in a moderate number of β-

cells were characteristic findings with complete or partial loss of their nuclear and/or 

the cytoplasmic components. Apoptotic cells were small, with shrunken deep 

eosinophilic cytoplasm and small nuclei. Congestion and thickening of pancreatic 

blood vessels and cystic dilatation and engorgement of pancreatic ducts were also 

encountered (Figure 3A).    

Liver sections revealed congested hepatic blood vessels and sinusoids, marked 

cloudy swelling and hydropic degenerations of hepatocytes, beside moderate biliary 
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proliferation (Figure 3B). Skeletal muscle sections showed moderate hyaline 

degeneration, early necrotic changes with disappearance of the peripherally located 

nuclei, interstitial edema and focal cartilaginous metaplasia (Figure 3C). 

Group 4: Examined sections from pancreas of Diabetic+1000IU vitamin D group 

revealed apparently normal endocrine islets cells with regard to densities, distribution, 

and size and cell populations. The - and α-cells were healthy and apparently 

functioning in most parts of the islets, however, a few β-cells were apoptotic or 

degenerated. The exocrine pancreas was normal with good histo-morphologic 

architecture (Figure 4A).  

Examined sections from liver of Diabetic+1000IU vitamin D group revealed 

apparently normal hepatic parenchyma and stroma with normal arrangement of 

hepatic lobules, hepatic cords, central veins, sinusoids and Von-Kupffer cells. Some 

sections denoted mild degenerative changes in some hepatocytes, mainly cloudy 

swelling (Figure 4B). Sections from skeletal muscles showed apparently normal 

histo-morphological structures with keeping features of fibers arrangement, striations, 

peripheral nuclear distribution and sarcolemmal membrane coating, however, some 

sections showed focal hyaline degeneration and interstitial edema (Figure 4C). 

Group 5: Serial sections from pancreas of Diabetic+2000IU vitamin D group 

pointed out apparently normal endocrine islets cells with regard to densities, 

distribution, size and cell populations. The - and α-cells were in a good morphologic 

condition and apparently functioning in most parts of the islets (Figure 5A). 

Examined serial sections from liver of Diabetic+2000IU vitamin D group showed 

normal hepatic parenchyma and stroma with regular arrangement of hepatic lobules, 

hepatic cords, portal blood vessels, central veins, sinusoids and Von-Kupffer cells. 

Some sections showed mild congestion of portal blood vessels and mild biliary 

proliferation (Figure 5B). Serial sections from muscles of this group denoted normal 

histomorphological structures with keeping features of fibers arrangement, striations, 

peripheral nuclear distribution and sarcolemmal membrane coating, however, some 

sections showed focal hyaline degeneration, interstitial capillary hyperemia and 

edema (Figure 5C).  
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B. Inflammatory markers: 

The inflammatory markers were significantly increased in the diabetic group in 

comparison with the control group for both TNF-α (Z score = 3.105, P = 0.002) and 

NFκB (Z score = -2.847, P = 0.004). Vitamin D 1000IU administration to normal rats 

resulted in no significant change of TNF-α and  NFκB  from control group (Z score = 

0.32, P = 0.747 and Z score = -1.289, P = 0.197), respectively, while, Vitamin D 

administration to diabetic rats significantly reduced the inflammatory markers to near 

normal values at the dose of 1000IU dose (Z score = 2.959, P= 0.003 and Z score = -

3.003, P = 0.003 for TNF-α and  NFB),  respectively, and also for 2000IU dose (Z 

score = 2.911, P = 0.004 and Z score = -2.932, P = 0.003  for TNF-α and NFB),  

respectively, with no significant difference between the 1000IU and the 2000IU 

treatment groups (Table 1). 

C. Oxidative stress markers: 

The diabetic group of rats had significantly different levels of oxidative stress 

markers with lower GSH (Z score = -2.842, p = 0.004) and SOD (Z score = -2.840, p 

= 0.004), and higher MDA (Z score =-2.838, p = 0.004) in comparison with normal 

rats. Treatment with 1000IU vitamin D to diabetic rats has led to a significant 

improvement in oxidant markers in comparison with the diabetic control group with 

higher levels of SOD (Z score = -2.193, p = 0.028) and lower level of MDA (Z score 

= -2.611, p = 0.009) but no significant change of GSH level (Z score = -0.736, p = 

0.462). Vitamin D 2000IU has led to significantly elevated GSH (Z score = -2.928, p 

= 0.003) and SOD (Z score = -2.928, p = 0.003) and lowered MDA levels (Z score = -

2.928, p = 0.003). Administration of vitamin D 1000IU to normal rats has no 

significant effect (Table 2). 

D. Correlation study:  

On comparing the effect of vitamin D supplementation and its two dose regimen 

on both anti-inflammatory and anti-oxidant markers among the studied diabetic rats. It 

was found that GSH, only diabetic rats received 2000IU vitamin D supplementation 

had the highest level while those taking 1000IU did not significantly improve GSH 

level on comparing diabetic with and without 1000IU supplementation. Regarding 

SOD, its level was significantly higher among rats with vitamin D supplementation at 

dose 2000IU followed by those received 1000IU then the highest level in diabetic 
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control rats; hence vitamin D at dose 2000IU is expected to improve outcome in 

diabetic rats regarding SOD. The same findings were reported with TNF which 

significantly decreased in rats received 2000IU followed by 1000IU then diabetic 

control rats. However, diabetic control rats, had significantly higher MDA level, on 

comparing them with those on vitamin D supplementation. However, dose of 

supplementation did not show significant difference in MDA level as at dose 1000IU 

or 2000IU, MDA level decreased to comparable values. Same finding was reported on 

studying NFB as vitamin D supplementation at either dose significantly decreased 

NFB as compared to control diabetic rats (Table 3). 

There was statistically non-significant correlation between GSH level and extent 

of degenerative, necrotic or biliary changes among the studied rats. However, GSH 

level was negatively correlated with extent of cytoplasmic and inflammatory changes 

among the studied rats (p<0.05). Also, there was statistically non-significant 

correlation between SOD level and extent of degenerative, inflammatory, 

cytoplasmic, or biliary changes among the studied rats. However, there was non-

significant correlation between MDA level and extent of degenerative, inflammatory, 

cytoplasmic, capillary or biliary changes among the studied rats. (Table 4). 

There was statistically significant negative correlation between TNF level and the 

extent of degenerative, cytoplasmic, capillary and biliary changes among the studied 

rats. On the other hand, there was non-significant correlation between TNF level and 

the extent of inflammatory changes. There was statistically non-significant correlation 

between NFB level and the extent of inflammatory, cytoplasmic, necrotic and 

capillary changes (Table 4). 

There was statistically significant positive correlation between GSH and SOD and 

between each of TNF, NFB and MDA. On the other hand, there was significant 

negative correlation between GSH, SOD and each of MDA, TNF and NFB, also, 

there was significant negative correlation between GSH and MDA, TNF and NFB 

(Table 5). 

DISCUSSION 

Vitamin D action is extending to a wide range of skeletal and extra-skeletal 

functions. In this study, we investigated the anti-inflammatory and anti-oxidative roles 
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of vitamin D administration to T2DM rat model induced by STZ. We, also, studied 

the histopathological changes in pancreas, liver, and skeletal muscle tissues. 

In this study we showed that vitamin D administration has a favorable effect 

extended to the histopathological findings with healthier pancreatic and liver tissues 

in the treated groups. The mechanisms behind these findings are complex and involve 

anti-inflammatory, anti-oxidant and anti-apoptotic effects.  

Induction of T2DM was done using a single dose of STZ with high fat diet. As an 

alkylating agent, STZ has been extensively used for years in experimental studies for 

chemotherapeutic induction of diabetes mellitus. STZ can begin an autoimmune 

process that results in the destruction of the Langerhans islets beta cells and results in 

the toxicity of beta cells with emergence of clinical diabetes within 2-4 days(15,16). 

The effect of STZ has been controlled by simultaneous administration of nicotinamide 

showed that the STZ induced T2DM may be unstable and normal diet may improve 

the glycemic control. The concomitant use of high fat diet aids in the development of 

insulin resistance which adds to the pathophysiology of T2DM(17,18). 

Vitamin D effects extend beyond physiological regulation of glucose/insulin axis 

to be cell protective against the damaging effects of STZ as proved by 

histopathological comparison of sections from pancreas, liver and skeletal muscle 

from different studied groups. Despite the extensive work covering the protective 

effects of vitamin D in different disease including breast cancer, nephropathies, 

neuropathies and atherosclerosis; the data supporting histopathological evidence that 

indicating protection against STZ is scarce(19–21). Mostafa et al.,(22), showed 

histopathological evidence of protective effects of vitamin D on liver and cardiac 

muscles of rats with fat-induced metabolic syndrome. 

These findings raise concerns about the mechanisms by which vitamin D 

mediated these effects. These histopathological findings necessitated exploring the 

anti-inflammatory, anti-oxidant and anti-apoptotic pathways.  

Addressing the anti-inflammatory effects of vitamin D, serum levels of TNF-α 

and NFB were assessed in this study. The significant elevated markers in the 

diabetic group compared to the normal one were successfully reduced to near normal 

levels after treatment with 1000IU and 2000IU vitamin D with no significant 
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difference between the 1000IU and 2000IU vitamin D treatment groups. Similar 

effects were reported for vitamin D in patients with bacterial infections, tumors and 

multiple sclerosis(23–25). In a study by Haddad Kashani et al.,(26), vitamin D 

showed similar effects on inflammatory markers of diabetic patients undergoing 

hemodialysis. Dadrass et al.,(27), investigated the anti-inflammatory effects of 

vitamin D in diabetic patients with or without resistance training in men with T2DM 

and vitamin D deficiency. They could provide evidence on the effect of vitamin D 

treatment alone on IL-6 but not TNF-α.  

We have showed that vitamin D has dose dependent effects on anti-oxidants and 

markers of oxidative stress namely SOD, GSH, and MDA. Similar findings were 

reported by Mostafa et al.,(22), who addressed the anti-oxidant role of vitamin D in 

rats with high fat diet induced metabolic syndrome. In that study, vitamin D with or 

without metformin effectively reduced serum MDA level. In meta-analysis of 33 

studies up to December 2017 addressing anti-oxidant effects of vitamin D in diabetic 

patients, vitamin D significantly lowers serum MDA and increases total GSH level 

(28).  

In the present study there was a significant positive correlation between TNF-

α and NFB. TNF-α is one of the most potent physiological inducers of the nuclear 

transcription factor NFB(29). Cytokines belonging to the TNF family induce rapid 

transcription of genes regulating inflammation, cell survival, proliferation and 

differentiation, primarily through activation of the NFB pathway (30). 

In the present study, we found a correlation between the oxidative stress 

markers and the inflammatory markers. This is in accordance with the study of 

Castellani et al.,(31), who found that increases in oxidative stress can increase the 

production of inflammatory cytokines and likewise, an increase in inflammatory 

cytokines can stimulate the production of free radicals. Oxidative stress can increase 

cytokine production via several different mechanisms. Oxygen derivatives, acting as 

second messengers, activate the transcription factors NFB and activating protein-1 

(AP-1) leading to the transcription of genes encoding cytokines, growth factors, and 

extracellular matrix proteins(32). On the other hand, enhanced macrophage migration 

in diabetes induces the release of inflammatory and pro-fibrotic cytokines, which 

further stimulates ROS production(33). Therefore, oxidative stress-induced cytokine 
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production is likely to further increase oxidative stress levels setting up a vicious 

cycle. 

In our study, there is statistically significant positive correlation between TNF 

and MDA and a significant negative correlation between GSH and TNF. These results 

were similar to the results of Yoshida and Tsunawaki,(34) and Kuhad and 

Chopra,(35), who confirmed the relationship between oxidative stress and TNF-α is 

complex. TNF-α has been shown to increase ROS and ROS have been shown to 

increase TNF-α levels. 

The relation between NFB and the oxidative markers has been proved in our 

study. Oxidative stress or intracellular redox status is involved in the activation of 

NFB, particularly, H2O2 has been found to activate NFB and antioxidants have 

been demonstrated to block NFB activation(36,37). On the other hand, Djuric et 

al.,(38), showed that the NFB subunits contributed to alleviation of oxidative stress 

by increased expression of antioxidant enzyme manganese SOD (MnSOD). How the 

NFB system regulates the expression of apparently conflicting genes in health and 

disease is quite complicated and has not been fully clear yet. 

The present study found a relation between the histopathological results and 

both oxidative and inflammatory markers. Naik and Dixit,(39), found that O2
•− 

generated by mitochondria reacts with MnSOD in the mitochondrial matrix to 

generate H2O2, which can cross the mitochondrial outer membrane to access cytosolic 

targets. This can lead to multiple functional outcomes such as activation of redox-

sensitive transcription factors (such as HIF-1α and NFB). In addition, oxidative 

stress produced by macrophages can induce cell death through creating an imbalance 

in antioxidant GSH equilibrium(40). 

In conclusion supplementations with 1000 to 2000IU vitamin D to diabetic rats 

significantly reduced the inflammatory markers to near normal values, and led to a 

significant improvement in anti-oxidant markers especially with 2000IU dose 

supplementation. Moreover, the study revealed histopathological evidences of 

protective effects of vitamin D on pancreas, liver, and skeletal muscles of diabetic 

rats. 
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Table 1: Inflammatory markers results in study groups 

Marker Normal 

control 

Normal + 

1000IU Vit. D 

Diabetic 

control 

Diabetic + 

1000IU Vit. D 

Diabetic + 

2000IU Vit. D 

TNF-α (pg/mL) 20.90 ± 0.108 19.80 ± 0.243 32.10 ± 0.140* 26.57 ± 0.11*† 25.50 ± 0.2*† 

NFκB (pg/mL) 55.17 ± 3.90 65.68 ± 4.77 129.14 ± 14.30* 58.90 ± 3.60*† 64.67 ± 3.20*† 

 

Values are represented as: mean ± SD. 

NFB: nuclear factor kappa B; TNF-α: tumor necrosis factor-alpha.  
ANOVA test with post hook LSD test 
* P < 0.05 compared to the normal control. 

† P < 0.05 compared to the diabetic control. 
 

 

Table 2: Markers of oxidative stress in study groups 

Marker Normal 

control 

Normal + 

1000IU Vit. D 

Diabetic 

control 

Diabetic + 

1000IU Vit. D 

Diabetic + 

2000IU Vit. D 

GSH (ng/mL) 8.46± 0.47 8.86 ± 0.44 7.18 ± 0.40* 7.36 ± 0.36* 8.23 ± 0.33*†‡ 

SOD (U/mL) 21.77± 1.62 21 ± 0.54 17.68 ± 0.89* 19.76 ± 1.34*† 20.75 ± 0.91*† 

MDA (nmol/mL) 52.62 ±1.55 51.96 ± 1.06 127.60 ± 5.02* 87.56 ± 9.33*† 87.50 ±14.53*† 

 

Values are represented as: mean ± SD. 

GSH: glutathione; MDA: malondialdhyde; SOD: superoxide dismutase.  

Test: ANOVA test with post hook LSD test 
* P < 0.05 compared to the normal control. 

‡ P < 0.05 compared to the diabetic + 1000IU vitamin D. 

† P < 0.05 compared to the diabetic control. 

 

Table (3) Relation between vitamin D supplementation and both inflammatory 

and antioxidant markers among the studied diabetic rats: 
 

Groups Diabetic 

control 

Diabetic + 

1000IU Vit. D 

Diabetic + 

2000IU Vit. D 

p 

Markers 

GSH (ng/mL) 7.18 ± 0.367 7.36 ± 0.338 8.244 ± 0.322 <0.001** 

LSD P1 <0.158 P2 <0.001** P3 <0.001**  

SOD (U/mL) 17.68 ± 0.89 19.76 ± 1.34 20.75 ± 0.91 <0.001** 

LSD P1 <0.001** P2 <0.001** P3 <0.006*  

MDA (nmol/mL) 127.60 ± 5.02 87.56 ± 9.33 87.50 ±14.53 <0.001** 

LSD P1 <0.001** P2 <0.001** P3 0.940  

GSH (ng/mL) 32.10 ± 0.140 26.57 ± 0.11 25.50 ± 0.2 <0.001** 
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LSD P1 0.158 P2 <0.001** P3 <0.001**  

NFκB (pg/mL) 129.14 ± 14.30 58.90 ± 3.60 64.67 ± 3.20 <0.001** 

LSD P1 <0.001** P2 <0.001** P3 0.711  
 

Values are represented as: mean ± SD. LSD Fisher least significance test; P1 the difference 

between groups I and II; P2 the difference between groups II and III; P3 the difference 

between groups I and III. **P≤0.001 is statistically highly significant; *P<0.05 is statistically 

significant. 

 

 

Table (4): Correlation between extent of histopathological examination and anti-

inflammatory and antioxidant markers among the studied rats 
 

 Degenerative 

changes 

Cytoplasmic 

changes 

Necrotic 

changes 

Inflammatory 

changes 

Biliary 

changes 

Capillary 

changes 

r p r p r p r p r p r p 

GSH -0.188 0.15 -0.544 <0.001

** 

0.178 0.173 -0.443 <0.001

** 

0.006 0.993 -0.425 0.001

** 

SOD 0.092 0.484 0.148 0.258 0.266 0.04* -0.101 0.443 0.109 0.407 -0.082 0.531 

MDA 0.004 0.976 0.218 0.094 -0.166 0.204 0.073 0.745 -0.035 0.793 0.04 0.76 

TNF -0.514 <0.001

** 

-0.173 0.185 -0.477 <0.001

** 

-0.548 <0.001

** 

-0.488 <0.001

** 

-0.602 <0.001

** 

NFκB -0.329 0.01* 0.163 0.214 -0.25 0.054 -0.11 0.404 -0.262 0.04* -0.088 0.504 
 

r Spearman rank correlation coefficient; *p<0.05 is statistically significant; **p0.001 is 

statistically highly significant. 
 

 

Table (5) Correlation between anti-inflammatory and anti-oxidant markers 

among the studied rats 
 

 GSH SOD MDA TNF NFB 

r p r p r p r p r p 

GSH ---  0.663 <0.001** -0.728 <0.001** -0.242 0.063 -0.57 <0.001** 

SOD 0.663 <0.001** ---  -0.726 <0.001** -0.302 0.019* -0.663 <0.001** 

MDA -0.728 <0.001** -0.762 <0.001** ---  0.548 <0.001** 0.749 <0.001** 

TNF -0.242 0.063 -0.302 0.019* 0.548 <0.001** ---  0.625 <0.001** 

NFκB -0.57 <0.001** -0.663 <0.001** 0.749 <0.001** 0.625 <0.001** ---  

 

r Pearson correlation coefficient; **p≤0.001 is statistically highly significant. 

 

Figure 1. Hematoxylin and eosin-stained sections of Normal control group:  

(A) Pancreatic tissue showing apparently normal beta cells (green arrows) and alpha cells 

(yellow arrows). (B) Liver tissue shows normal arrangement of hepatic lobules, hepatic cords 
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(yellow arrows), central veins (yellow stars), sinusoids and Von-Kuffer cells (green arrow). 

(C) Skeletal muscles, showing normal muscle fibers with apparent longitudinal fibers 

arrangement, striations (blue arrows) and normal peripheral multi-nuclear distribution within 

a sarcolemmel membrane coating (yellow arrows). Scale bars 20 um.  

 

 

Figure 2. Hematoxylin and eosin-stained sections of Normal+1000IU vitamin D treated 

group. 

(A) Pancreatic tissue showing normal endocrine islets cell populations, the Beta and 

alpha cells appears healthy and apparently functioning in most parts of the islets (blue 

and black arrows, respectively). Intervening capillary network is seen among islets 

cells (green arrow). (B) Liver, showing normal arrangement of hepatic lobules, 

hepatic cords (blue arrows), central veins (yellow stars), sinusoids (black arrow) and 

Von-Kupffer cells (green arrow). (C) Skeletal muscles, showing normal muscle fibers 

with apparent longitudinal and oblique fibers arrangement, striations and normal 

peripheral multi-nuclear distribution within a sarcolemmel membrane (blue arrows). 

Scale bars 20 um.  

 

 

Figure 3: Hematoxylin and eosin-stained sections of diabetic control group.  

(A) Pancreatic tissue showing degenerative changes in the β-cells of the islets, mainly cloudy 

swelling and hydropic degenerations (red arrow heads). (B) Rats’ liver tissue showing 

moderate biliary proliferation (green arrow). (C) Rats’ muscle tissue showing normal 

arrangement of muscle fibers (green arrows), focal hyaline degeneration with early necrotic 

changes and disappearance of the peripherally located nuclei (black arrow heads), interstitial 

edema (blue arrow) and focal cartilaginous metaplasia (yellow star). Scale bars 20 um.  
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Figure 4: Hematoxylin and eosin stained sections of diabetic+1000IU vitamin D group. 

(A) Pancreatic tissue showing apparently normal endocrine islets cells with regard to 

densities, distribution, size and cell populations (yellow stars). The Beta and alpha cells were 

healthy and apparently functioning in most parts of the islets (yellow and blue arrows, 

respectively). (B) Liver tissue showing normal arrangement of hepatic lobules, hepatic cords 

(blue arrow), central veins (yellow stars), sinusoids and Von-Kupffer cells (green arrow). (C) 

Muscle tissue keeping features of fibers arrangement, striations, peripheral nuclear 

distribution and sarcolemmal membrane coating (black arrows). Focal hyaline degeneration 

and interstitial edema are seen (blue arrows and yellow stars, respectively). Scale bars 20 um.  

 

Figure 5: Hematoxylin and eosin stained sections of diabetic+2000IU vitamin D group. 

(A) Pancreatic tissue showing apparently normal beta and alpha cells (yellow and blue 

arrows, respectively). Intervening capillary network appears normally distributed among the 

islet cells (white arrows). (B) Normal hepatic parenchyma and stroma with regular 

arrangement of hepatic lobules, hepatic cords (blue arrows), central veins, sinusoids and Von-

Kupffer cells (black arrow). Mild congestion of portal blood vessels (yellow star) and mild 

biliary proliferation (yellow arrow). (C) Skeletal muscle showing normal histomorphological 

structures with keeping features of fibers arrangement, striations, peripheral nuclear 

distribution and sarcolemmal membrane coating (blue arrow). Focal hyaline degeneration 

(green arrows), interstitial capillary hyperemia (yellow star) and edema (yellow arrow). Scale 

bars 20 um. 


