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Abstract
Diabetes mellitus is an oxidative stress-related disease characterized by hyperglycemia and a variety of complications, including

nephropathy. Vitamin D has variable functions extending beyond the calcium metabolism to prevent oxidative tissue damage.

We aimed to investigate whether vitamin D supplements could enhance Glibenclamide’s effectiveness in treating diabetes and min-

imize the risk of associated pathology. Wistar rats were divided into normal control (n= 10) and diabetic (n= 30), where animals

received two low doses of Streptozotocin 30 mg/kg/BW intraperitoneally to develop diabetes. The diabetic rats were then randomly

divided into three equal groups: untreated, treated with Glibenclamide (0.6 mg/kg), and treated with Glibenclamide and Vitamin D3

(500 IU/kg). After eight weeks, the animals were sacrificed, and blood samples and kidney tissues were collected to evaluate bio-

chemical, anti-oxidant, and pro-inflammatory cytokine levels and histological and immunohistochemical changes. Diabetic animals

had significantly increased fasting blood glucose, lipid profile, blood urea, serum creatinine, and Malondialdehyde levels, whereas

serum insulin, albumin, and the anti-oxidant enzymes superoxide dismutase and catalase were significantly decreased compared

to normal control (p < 0.01). Furthermore, some renal histological changes were observed together with significantly increased

immunoreactivity of anti-p53, anti-TNF-α, and anti-IL-6 antibodies when compared to the normal control. All abnormal parameters

improved significantly with Glibenclamide therapy (p < 0.01), but combination therapy with vitamin D produced a much better

result. In conclusion, vitamin D supplementation along with anti-diabetic medication can help prevent or reduce the severity of dia-

betic nephropathy due to its potent antioxidant, anti-inflammatory, and anti-apoptotic properties.
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Introductionn
Diabetes mellitus (DM) is a chronic inflammatory and meta-
bolic disorder characterized by hyperglycemia. Diabetes
affects more than 400 million people worldwide, with a
marked rise in incidence.1 On the other hand, chronic hypergly-
cemia induces oxidative stress, which can result in defective
insulin secretion, impaired insulin gene expression, and
increased tissue apoptosis. Increased oxidative stress in diabet-
ics is responsible for the majority of diabetic complications
including nephropathy.2

Diabetic nephropathy (DN) is the leading cause of end-stage
renal failure worldwide, as well as the leading risk factor for
developing macrovascular disorders.3 The prevalence of DN is
approximately 30% for patients with type-I diabetes and ranges
from 20% to 50% for patients with type-II diabetes.4 However,
many factors and pathways play a role in the pathogenesis of
DN. Chronic hyperglycemia can result in a variety of cellular
and molecular changes that affect the glomerular blood capillar-
ies as well as tubular structure and function.5 Hyperglycemia pro-
duces excess reactive oxygen species (ROS) and reduces the
anti-oxidant potential resulting in oxidative damage to lipids,
proteins, and DNA, with possible changes in the structure and
function of these molecules. This will stimulate the immune
system and help release inflammatory mediators and cytokines
that promote the initiation and progression of tissue damage
and apoptosis throughout the body, including the kidneys.6,7

Additionally, the accumulation of lipid peroxidation prod-
ucts, advanced glycation end products, and damaged DNA con-
tributes to most diabetic complications. In the absence of an
adequate compensatory response from the endogenous anti-
oxidant network to glucotoxicity and lipotoxicity induced by
hyperglycemia and hyperlipidemia, oxidative stress is exagger-
ated, resulting in activation of the stress-sensitive intracellular
signaling pathways.8 As a result, oxidative stress reduction
and stress-sensitive signaling pathways were investigated to
treat diabetes and diabetic complications. Malondialdehyde
(MDA), on the other hand, is a commonly used lipid peroxida-
tion marker for oxidative stress. At the same time, living organ-
isms have evolved several protective anti-oxidant enzymes
against ROS toxicity, such as superoxide dismutase (SOD), cat-
alase (CAT), and many others.9

Vitamin D is a fat-soluble secosteroid that acts as a prohor-
mone to regulate bone mineralization. Vitamin D is found
mainly in vitamin D2 (ergocalciferol) and vitamin D3 (cholecal-
ciferol). Vitamin D can be synthesized endogenously through
ultraviolet solar radiation and obtained from a limited number
of dietary sources.10 Beyond calcium metabolism and bone min-
eralization, vitamin D regulates cell proliferation and differentia-
tion,11 protects multiple tissue organs from oxidative damage,12

and acts as a transcriptional regulator factor for many genes.13

Vitamin D first binds to the Vitamin D Receptors (VDR), a
type of nuclear receptor family member expressed in nearly all
body cells that regulate a variety of biological processes.14

VDR is highly expressed in pancreatic B-cells, implying that
vitamin D plays a vital role in regulating the risk of diabetes.15

Diabetes management is increasingly focusing on preventing
diabetes-related complications. However, managing diabetes
without side effects remains a significant challenge.
Anti-diabetes therapy aims to reduce near-normal blood
glucose levels, but free radicals pose an additional challenge.16

Diabetes medications, such as insulin, glibenclamide, and
others, can effectively treat hyperglycemia but cannot prevent
diabetic complications.17 The current study aims to investigate
whether vitamin D supplementation could enhance
Glibenclamide’s effectiveness in treating diabetes and minimize
the risk of associated pathology such as dyslipidemia, oxidative
stress tissue damage, and nephropathy in experimentally
induced DN in rats.

Materials and Methods

• Animals: The current study employed forty male Wistar
rats weighing 200 - 220 g from our university’s Lab
Animal Care Unit at the Pharmacy College. Animals have
been treated following the Guide for the Care and Use of
Laboratory Animals (eighth edition, National Academies
Press), and the experimental protocol was established and
approved by the University Bioethical Research
Committee (BERC-001-09-20). Rats were kept under
observation for 15 days before the start of the experiment
to allow for adaptation and to rule out any concurrent infec-
tions, after which they were weighed and included in the
study. Animals were housed in standard plastic cages (2
rats/cage), with well-aerated covers at standard temperature
(25± 5 °C) and relative room humidity of 50–60% with
12-h light/dark cycles. Free access to water and feed was
provided to rats throughout the study period (8 weeks).

• Animal grouping: The animals under study were randomly
divided into two main groups:
• The normal control (NC) group: 10 normal rats were

fed a standard rodent diet (6.5% kcal fat) and injected
twice intraperitoneally (IP) with 30 mg/kg/BW of
0.1 M citrate buffer (pH:4.5) at 24-h intervals.

• The diabetic group: Thirty animals were fed a high-fat
diet (60% kcal fat) for two weeks. They were then
injected with two low doses of Streptozotocin (STZ)
30 mg/kg/BW in 0.01 M citrate buffer intraperitoneally
(IP) at 24-h intervals (STZ; Sigma, St. Louis, USA).
Fasting blood glucose (FBG) level was measured by
glucometer three days later to confirm diabetes.
Animals with FBG levels of ≥250 mg/dL were included
in the study as diabetics,18 whereas nephropathy was
confirmed by increasing serum levels of urea and
creatinine.19

The diabetic rats were then randomly subdivided into three
groups of ten each.

• The diabetic control (DC): diabetic rats without further
treatment.
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• Diabetic GLB-treated (D-GLB): Diabetic rats were given
0.6 mg/kg/BW of Glibenclamide (GLB), an oral hypogly-
cemic drug, via oro-gastric gavage daily throughout the
experiment; Sigma Aldrich Co. (St. Louis, MO, USA).20

• Diabetic rats treated with GLB+Vitamin D3
(D-GLB-VD3): Diabetic rats were given daily 0.6 mg/kg/
BW GLB and 500 IU/kg BW Vitamin D3; Sigma–
Aldrich Co. (St. Louis, MO, USA), in corn oil via oro-
gastric gavage throughout the experiment as previously
described by Alrefaie and Alhayanib.21

• Body Weight: The rats’ body weight was measured on the
first and last days of the experiment. The percentage change
in the body weight was calculated.

• Blood sampling: Blood was drawn from the tail veins and
tested for biochemical and oxidative stress markers, and
pro-inflammatory cytokines.

• Biochemical Markers:
• Fasting blood glucose (FBG) was measured after 12 h of

fasting using a One-Touch Ultra glucose meter (Life
Scan, Milpitas, CA, USA). Serum insulin was measured
using rat-specific Enzyme-linked immune sorbent assay
(ELISA) commercial kits (DRG International Inc, USA).
In addition, blood urea, serum creatinine, total serum cho-
lesterol (TC), serum triglycerides (TG), and serum albumin
were measured by using commercially available test kits.

• Anti-Oxidant Stress Parameters and pro-Inflammatory
Cytokines in the Kidney Tissue:
• Preparation of kidney tissue homogenate: After the

rats were sacrificed, the right kidneys were dissected
and used for microscopic study. The left kidneys were
extracted, washed in cold isotonic saline, dried with
filter paper, and weighed. The kidneys were then
minced and homogenized in an ice potassium phosphate
buffer (0.1 M, pH 7.4). Homogenates were centrifuged
for 20 min at 3000/min to remove tissue residues; super-
natants were extracted, and protein content was mea-
sured. The supernatants were kept frozen at −20 °C
until they were used to measure the following: -

• The oxidative stress parameters: Superoxide Dismutase
(SOD), Catalase (CAT), and Malondialdehyde (MDA),
the lipid peroxidation end product, were measured by
using SOD (ab 65354), CAT (ab 83464), and MDA
(ab 118970) Colorimetric Assay Kits from Abcam,
USA according to the manufacturer’s instructions. The
enzyme activities of SOD and CAT are expressed as
U/mg, and MDA levels are expressed as nmol/g.

• Pro-inflammatory cytokines: Interleukin-6 (IL-6) and
Tumor Necrosis Factor Alpha (TNF-α) levels were esti-
mated in the kidney homogenate according to Sha et al22

by Enzyme-Linked Immunosorbent Assay (ELISA)
using the commercial kits [Rat IL-6 ELISA Kit
(ab100772), and Rat TNF-α ELISA kit (ab100785),
Abcam, USA] according to the manufactures protocol
and results are expressed as pg/mg protein.

• Tissue preparation for histological studies: After eight
weeks, animals were sacrificed after being anesthetized

with IP injection of ketamine (50 mg/kg) along with xyla-
zine (30 mg/kg).23 Kidney tissues were then dissected,
fixed in 10% neutral-buffered formalin, processed, and
embedded in paraffin.
• Stain for histological changes: The 4 µm thick paraffin

sections were mounted on a glass slide, deparaffinized,
dehydrated, and stained with the following according to
the manufacturer’s protocols: -
• Haematoxylin and Eosin (H&E) stain; Scytek

Laboratories SDP Hematoxylin-Eosin Stain Kit
(Catalog No. NC0510871).

• Periodic Acid Schiff (PAS); Diagnostic BioSystems
CA, Stain Kit (Catalog No. 027)

• Masson’s trichrome stain; Thermo ScientificTM
Richard-Allan ScientificTM Masson Trichrome
Kit (Catalog No. 22-110-648).

Two independent observers examined the kidney tissues
blindly to detect the histological changes.

• Immunohistochemical reactions to evaluate apoptosis and
pro-inflammatory cytokines (IL-6 and TNF-α) in kidney
tissue sections: The expression of anti-p53 antibody (for apo-
ptosis), anti-IL-6 antibody, and anti-TNF-α antibody were
investigated in formalin-fixed, paraffin-embedded 4 µm
thick kidney tissue sections. Kidney tissue sections were
deparaffenized, rehydrated. An antigen-retrieval procedure
was then performed by heating the slides in 10 mM
sodium citrate buffer solution (pH 6.0) in the microwave
for 15 min. Sides were then incubated in hydrogen peroxide
(H2O2) to block endogenous peroxidase, then the slides were
incubated with primary antibodies [Anti-p53 antibody [(BP
53.12): sc-81168] (Santa Cruz Biotechnology Inc, Santa
Cruz, CA, USA). Anti-IL-6 polyclonal antibody (ab6672),
Abcam, USA. Anti-TNF-α monoclonal antibody (ab6671),
Abcam USA] diluted in bovine serum albumin at 4 °C over-
night. Slides were washed three times in PBS, then incubated
with appropriate secondary antibodies for one hour, counter-
stained, and examined.

The stained sections were examined microscopically, and the
results were interpreted accordingly. The expression pattern was
blindly evaluated in five non-overlapping fields/sections in five
serial sections/rat. The stained sections were graded based on
staining intensity and number of stained cells, with 0 representing
no staining/expression, 1 representing weak but detectable
(>25%) staining, 2 representing moderate staining (25-50%),
and 3 representing intense or high staining (>75%).24

• Statistical analysis: All data were expressed as the mean±
SD. ANOVA (one-way analysis of variance) and a post hoc
test were used for group comparisons. P-values < 0.05 were
considered statistically significant for a two-tailed test.

Results

• Evaluation of the bodyweight: At the end of the experi-
ment, diabetic untreated rats lost significantly (p < 0.05)
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more weight than normal control rats. The bodyweight of
the GLB- and GLB/vitamin D-treated rats increased signifi-
cantly (p < 0.05) compared to the diabetic untreated group,
with better body weight results for GLB/vitamin D- than
GLB-treated rats (Table 1).

• Evaluation of Biochemical parameters:
• Fasting blood glucose (FBG) and plasma insulin

(Table 1): Our results demonstrated a significantly
increased (p < 0.01) FBG level and a significantly
decreased (p < 0.01) serum insulin level in diabetic
untreated rats compared to the normal control group.
After 8 weeks of treatment, GLB- and GLB/vitamin
D-treated rats, on the other hand, displayed a significant
reduction (p < 0.01) in FBG associated with signifi-
cantly increased (p < 0.01) plasma insulin levels com-
pared to diabetic rats, with better results of GLB/
vitamin D- than GLB-treated rats.

• Serum total cholesterol (TC), and triglycerides (TG)
levels (Table 1): Our results showed a significant
increase (p < 0.01) in serum TC and TG in diabetic
untreated animals compared to normal control. After 8
weeks of treatment, GLB- and GLB/vitamin D-treated
animals showed a significant decrease (p < 0.01) in TC

and TG levels compared to diabetic untreated rats, with
better results for GLB/vitamin D- than GLB-treated rats.

• Kidney function tests: As shown in Table 1, diabetic
untreated animals had impaired renal functions evidenced
by a significant increase in blood urea (p < 0.01), serum
creatinine (p < 0.05), and a significant decrease (p <
0.01) in serum albumin compared to normal control rats.
After 8 weeks of treatment, GLB- and GLB/vitamin
D-treated animals had improved renal functions, evidenced
by a significant decrease (p < 0.05) in blood urea and serum
creatinine and a significant increase (p < 0.05) in serum
albumin compared to diabetic untreated rats, with better
results of GLB/vitamin D- than GLB-treated rats.

• Oxidative stress and pro-inflammatory markers: Table 2
displayed the oxidative stress and the pro-inflammatory
markers in the kidney tissue homogenates and representing
that SOD and CAT levels were significantly decreased (p <
0.01), whereas MAD was significantly increased (p < 0.01)
in diabetic untreated rats compared to normal control.
Furthermore, levels of SOD and CAT were significantly
increased in the GLB-treated (p < 0.05) and GLB/vitamin
D-treated (p < 0.01) animals, whereas levels of MAD
decreased significantly in both groups, as compared to

Table 1. Demonstrates the BodyWeight and the Biochemical Parameters in all Study Groups. Values Indicate Mean ± Standard Deviation of the

Mean (SDM) of ten Rats per Group.

NC (Group I) DC (Group II) D-GLB (Group III) D-GLB-VD3 (Group V)

Body Weight (g) 374± 6.22 264.33± 3.4* 355.67± 4.61# 376.67± 11.84#

FBG (mg/dL) 96.73± 5.75 255.37± 12.1** 138.16± 2.41## 128± 3.83##

Plasma Insulin (µU/ml) 15.27± 1.25 5.62± 0.56** 11.56± 1.01## 13.68± 0.96##

Triglycerides (mg/dl) 63.83± 6.42 111.08± 5.64** 88.62± 4.96## 71.87± 3.42##

Total cholesterol (mg/dl) 117.23± 5.34 172.46± 2.52** 127.13± 4.93## 119.95± 1.77##

Serum Albumin (g/dl) 4.28± 0.21 2.77± 0.15** 3.87± 0.14# 4.03± 0.07#

Blood urea (mg/dl) 37.76± 3.1 65.09± 3.78** 58.44± 4.25# 41.15± 2.21#

Serum Creatinine (mg/dl) 0.998± 0.042 1.23± 0.039** 1.15± 0.03# 1.003± 0.028#

NC: Normal Control, DC: Diabetic Control, D-GLB: Diabetic treated with Glibenclamide, D-GLB-VD3: Diabetic treated with Glibenclamide supplemented with

Vitamin D3, FBG: Fasting Blood Glucose.

* P < 0.05: compared to the normal control values.

**P < 0.01: compared to the normal control values.
#P < 0.05: compared to the diabetic control values.
##P < 0.01: compared to the diabetic control values.

Table 2. Demonstrates Oxidative Stress and pro-Inflammatory Biomarkers in the Kidney Tissue Homogenates of the Studied Groups. Values

Indicate Mean ± Standard Deviation of the Mean (SDM) of ten Rats per Group.

NC (Group I) DC (Group II) D-GLB (Group III) D-GLB-VD3 (Group V)

MDA (nmol/g) 4.9± 0.41 12.81± 2.69** 9.6± 2.37# 6.08± 1.29##

SOD (U/mg protein) 103.9± 5.84 73.63± 3.79** 83.8± 3.08# 94.95± 4.01##

CAT (U/mg protein) 51.76± 2.92 22.76± 2.75** 37.6± 3.27# 49.27± 2.97##

TNF-α (pg/mg protein) 35.1± 2.83 99.79± 5.45** 49.1± 3.98## 40.93± 3.61##

IL 6 (pg/mg protein) 37.76± 2.87 89.3± 4.55** 52.44± 6.2## 43.59± 3.88##

NC: Normal Control, DC: Diabetic Control, D-GLB: Diabetic treated with Glibenclamide, D-GLB-VD3: Diabetic treated with Glibenclamide supplemented with

Vitamin D3, FBG: Fasting Blood Glucose.

* P < 0.05: compared to the normal control values.

**P < 0.01: compared to the normal control values.
#P < 0.05: compared to the diabetic control values.
##P < 0.01: compared to the diabetic control values.
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diabetic untreated rats, with even better results in the GLB/
vitamin D-treated rats versus the GLB-treated rats.

Additionally, TNF-α and IL-6 levels in diabetic
untreated animals were significantly higher (p < 0.01)
than in normal controls. Moreover, GLB- and GLB/
vitamin D-treated animals had significantly lower (p <
0.01) levels of TNF-α and IL-6 compared to diabetic
untreated animals, with better results for GLB/vitamin D-
than GLB-treated rats.

• Histological results (Figure 1): The kidney tissue sections
of the diabetic untreated group showed glomerular and
tubular histological changes including glomerulosclerosis,
mesangial expansion, tubular dilatation, and tubular
atrophy (as demonstrated by H&E staining). In addition,

there is extracellular matrix deposition (as shown by PAS
stain), and mild interstitial fibrosis (as shown by Masson tri-
chrome stain). Meanwhile GLB- treated animals showed
considerable improvements in their histological changes,
but GLB/vitamin D-treated animals showed more improve-
ment than animals treated with glibenclamide alone.

• Immunohistochemical results (Figure 2):
Immunohistochemical staining of kidney tissue sections
for pro-inflammatory cytokine, (IL-6, TNF-α), and apopto-
tic protein (p53) showed weak expression in normal control
rats, but it was strongly increased in diabetic untreated
animals. Furthermore, the expression was moderately
increased in the GLB-treated group but weak in the GLB/
vitamin-D treated animals.

Figure 1. Photomicrographs of histologically stained kidney tissue sections showing. Haematoxylin and Eosin stained sections show the

following: First, the normal histological structure of glomerulus and tubules, in normal control group. Second, glomerulosclerosis, tubular

dilatation, and atrophy in the diabetic control group. Third, mild glomerulosclerosis, with mild tubular atrophic changes in the GLB-treated

group. Finally, minimal glomerulosclerosis, and mild tubular dilatation in the Diabetic group treated with GLB/vitamin D-treated diabetic group

(X 400). Periodic Acid-Schiff (PAS)-stained sections show the following: First, normal morphology of glomerulus and tubules in the control

group. Second, in the diabetic control group, expanded mesangial matrix, and extended tubules in the diabetic control group. Third, the

GLB-treated group experienced mild restoration of pathological changes. Finally, there was near normal renal tissue in the diabetic group

treated with GLB/vitamin D. (X 400). Masson trichrome stained sections show the following: First, normal morphology of glomerulus and

tubules in the control group. Second, the expanded mesangial matrix, and mild interstitial fibrosis in the Diabetic control group. Third, mild

restoration of the expanded mesangial matrix in the glomerular area and minimal interstitial fibrosis in the GLB-treated diabetic group. Finally,

the near-normal mesangial matrix in the glomerular area, and no interstitial fibrosis, in the diabetic group treated with GLB/vitamin D (X 400).
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Discussion
Diabetes induced by STZ injection is associated with pancreatic
β-cells dysfunction, which results in decreased insulin secretion
and hyperglycemia. Chronic hyperglycemia contributes to car-
bohydrates, protein, and lipid metabolism defects and impaired
kidney function and structure.25 The current study showed that
diabetic rats had significantly lower body weight, plasma
insulin, and serum albumin levels but significantly higher
blood glucose, TC, TG, blood urea, and serum creatinine
levels compared to control rats. In kidney tissue homogenates,
diabetic rats had significantly lower levels of oxidative stress
markers and significantly higher levels of MAD and inflamma-
tory cytokines. Furthermore, the diabetic kidney tissue sections
had significant pathological changes associated with the over-
expression of inflammatory cytokines (IL-6 and TNF-α) and
p53 (for apoptosis). Our results were consistent with previously
reported data.25–29

GLB-treated diabetic animals had a significant decrease in
FBG compared to diabetic control values. GLB is an anti-

diabetic medication that has long been used to lower blood
glucose levels through various mechanisms; GLB stimulates
pancreatic β-cells binding to the sulfonylurea receptor-1,
blocks K+ ATP-sensitive channels that cause membrane depo-
larization, and opens the Ca++ voltage-dependent channels.
This, in turn, increases the intracellular calcium influx and pro-
motes insulin secretion, raising blood insulin levels while
decreasing glucose levels.30 GLB also reduces hepatocyte
glucose synthesis, which lowers blood glucose levels.31 On the
other hand, the diabetic GLB-treated group supplemented with
vitamin D showed more decreases in the FBG and increased
insulin levels than the diabetic GLB-treated animals. This was
consistent with the findings of Hassan et al,32 who reported
that vitamin D improves insulin secretion by stimulating VDR
on pancreatic β-cells. Vitamin D also improves insulin sensitivity
by increasing the expression of insulin receptors and promoting
the expression of the peroxisome proliferator-activated receptor
(PPAR), a nuclear receptor involved in lipid and glucose metab-
olism.23 Furthermore, vitamin D can indirectly improve insulin

Figure 2. Photomicrographs of immunohistochemical reactivity in kidney tissue sections showing. Immunohistochemical expression of IL-6

and TNF-α showing a weak expression (∼25% of cells) in the normal group, marked expression (∼75% of cells) in the diabetic control group,

mild expression (∼50% of cells) in Glibenclamide treated group, and finally a weak expression (∼25% of cells) in the diabetic group treated with

Glibenclamide and Vit D3 (X 400). Immunohistochemical expression of P53 showing weak nuclear staining (∼25% of cells) in the normal group,

marked nuclear staining (∼75% of cells) in the diabetic control group, mild nuclear staining (∼50% of cells) in the Glibenclamide group weak

nuclear staining (∼25% of cells) in the diabetic group treated with Glibenclamide and Vit D3 (X 400).
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secretion by normalizing extracellular calcium and maintaining
normal intracellular calcium influx.33

Compared to the normal control, diabetic rats had a signifi-
cant increase in serum cholesterol and triglycerides.
Furthermore, serum cholesterol and triglyceride levels
decreased significantly in GLB- and GLB/vitamin D-treated
diabetic groups than in the diabetic untreated animals, which
was consistent with previous studies.34,35 GLB has a hypolipi-
demic effect by inhibiting or reducing cholesterol biosynthesis,
reducing fatty acid synthesis, and/or promoting the formation of
triglyceride precursors such as acetyl CoA and glycerol phos-
phate.25 On the other hand, Vitamin D can improve hyperlipid-
emia either indirectly by stimulating VDR, which helps in
reducing acetylated low-density lipoprotein cholesterol
uptake, or directly by stimulating lipogenesis through the acti-
vation of lipoprotein lipase in adipocytes.36 In addition,
vitamin D stimulates calcium absorption from the small intes-
tine to maintain serum calcium levels, increasing tissue fat oxi-
dation. Furthermore, VDR overexpression reduces lipid
catabolism and promotes lipogenesis pathways, and improves
adipocyte differentiation and proliferation.37

Blood urea and serum creatinine levels improved significantly
in the GLB treated diabetic and GLB-treated with vitamin D sup-
plemented diabetic groups compared to the diabetic untreated
group in this study. Studies have shown that treating diabetic
animals with GLB,27 or vitaminD38 significantly improved the
kidney functions such as blood urea and serum creatinine
levels. In addition, Gembillo et al39 reported that Vitamin D sup-
plementation has been shown to reduce proteinuria, improve glo-
merular filtration rate, and preserve the renal structure. Whereas,
Wang et al40 found that vitamin D supplementation significantly
reduced blood urea but not serum creatinine in diabetic patients
with chronic kidney diseases.

Diabetes is associated with inflammation, an increase in the
production of free radicals and reactive oxygen species (ROS),
as well as a decrease in anti-oxidants, and an increase in lipid
peroxidation. All of which are involved in the pathogenesis
and prognosis of most diabetic complications, including
DN.32,41 Lipid peroxidation is a reaction between ROS and
lipids that results in oxidative damage to cellular membrane
lipids. Malondialdehyde, MDA, the end product of lipid perox-
idation, is used to assess oxidative stress.42 In our study, antiox-
idative enzymes such as SOD and CAT were significantly
decreased in diabetic untreated rats compared to normal con-
trols, whereas MDA was significantly increased. These findings
were consistent with the findings of Chandirasegaran et al.43

GLB treatment significantly increased anti-oxidant defense
(SOD and CAT) while decreasing MDA in diabetic animals.
Our findings agreed with previously published studies.17,44

We hypothesized that because GLB has low anti-oxidant activ-
ity, it cannot completely reverse kidney oxidative tissue
damage. Furthermore, Vitamin D supplementation with GLB
significantly improved the SOD and CAT and decreased lipid
peroxidation (MDA), which agreed with the result of Hassan
et al.32 Vitamin D can reduce oxidative stress by reducing
hyperglycemia, the leading cause of oxidative stress in diabetes.

Vitamin D can also protect cell membranes from ROS-induced
damage.45

In the current study, the expression of inflammatory cyto-
kines, IL-6 and TNF-α, was increased significantly in renal
tissue homogenates as well as renal tissue sections, indicating
the role of these cytokines in the pathogenesis and prognosis
of DN. It has been reported that the level of IL-6 and TNF-α
in DN patients’ serum and renal tissues were significantly
higher than in diabetics without nephropathy.46 Furthermore,
there was a direct correlation between over-expression of IL-6
in renal tissue and the incidence of renal pathology and albu-
minuria, indicating that IL-6 is involved in the pathogenesis
of DN.22 TNF-α can also cause ROS to be produced in
various renal cells, including mesangial cells, resulting in glo-
merular capillary permeability disturbances and albuminuria.47

The findings confirm the role of inflammatory cytokines (IL-6
and TNF-α) in DN development.

Treatment of diabetic animals with GLB alone or in combi-
nation with Vit-D resulted in a significant reduction in the levels
of inflammatory cytokines (IL-6 and TNF-α) in both renal
tissue homogenates and renal tissue sections. Zakhary and col-
leagues48 recently reported that short-term vitamin D3 supple-
mentation could protect diabetic patients from diabetic
complications and improve proteinuria. Several studies have
also found that vitamin D supplementation reduces
pro-inflammatory cytokines such as IL-1β, IL-2, IL-6,
interferon-γ (IFN-γ), and TNF-α.49,50

Diabetic nephropathy is characterized by thickened base-
ment membranes, tubule degeneration, necrosis, loss of podo-
cytes,51 mesangial enlargement, hypertrophy, interstitial cell
infiltration,52 inflammatory cell infiltration, dilation of
tubules, as well as glomerular deterioration and atrophy.53

Our results showed most of these findings. Hyperglycemia
stimulates the expression of transforming growth factor-1
(TGF-1) in renal mesangial cells, which increases the synthesis
and cross-linking of extracellular matrix, resulting in glomeru-
losclerosis and interstitial fibrosis.54 In addition, ROS can acti-
vate the STAT kinases JAK2 and TYK2. JAK/STAT signaling
activation promotes the growth and proliferation of renal
mesangial cells, which contributes to DN.55 On the other
hand, insulin deficiency activates IGF-1 and IGF-1R expression
in renal mesangial cells and increases cell proliferation, fibro-
nectin, and collagen IV synthesis, all of which contribute to
DN.56 TNF-α, on the other hand, has been shown to have a
cytotoxic effect on renal tissues, causing apoptosis, necrosis,
and changes in intraglomerular blood flow and glomerular fil-
tration rates. TNF-α is also involved in the development of
renal hypertrophy and hyperfunction, which are early renal
changes involved in the pathogenesis of DN.47

GLB and GLB/vitamin D treatment resulted in a considerable
reduction in glomerulosclerosis, cellular infiltration, and intersti-
tial fibrosis, with better results in the case of the GLB/vitamin D
combination. Tian et al27 indicated that GLB could protect
against diabetic complications by inhibiting the Notch/Snail1 sig-
naling pathway, accelerating the anti-oxidant potential, and pre-
venting renal fibrosis. In contrast, Ioannidis57 indicated that the
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kidney metabolizes GLB inefficiently, resulting in an accumula-
tion of non-metabolized products with impaired renal functions
and/or incomplete recovery of diabetic renal pathological
changes. Vitamin D supplementation has been shown to
protect against DN through several mechanisms, including
decreased oxidative stress, improved glucose tolerance, and
insulin secretion regulation. Furthermore, vitamin D has been
shown to protect against cytokine-induced apoptosis50 and
inhibit JAK/STAT signaling and reduce TGF-1, IGF-1, and
IGF-1R expression in renal mesangial cells, preventing renal
tissue fibrosis and podocytes` damage and preserving renal struc-
ture. Furthermore, vitamin D can activate anti-oxidant enzymes
by stimulating the synthesis of metal ion protein carriers such
as Zn and Cu, which act as cofactors to activate various
enzymes, including anti-oxidant enzymes.55,58

Conclusion
Hyperglycemia, oxidative stress, and inflammatory cytokines
were found to be responsible for pathological changes in
renal tissues, abnormal biochemical parameters, and apoptosis
in diabetic animals. Many studies, however, have found that
hyperglycemia is a significant risk factor for the production of
ROS, which stimulates the release of inflammatory cytokines
and causes renal tissue damage and apoptosis. Ordinary anti-
diabetes medication, such as Glibenclamide, had a significant
effect in reducing blood glucose levels, improving the biochem-
ical parameters, histological changes, and apoptosis, but at
higher levels than normal. As a result, we hypothesized that
controlling hyperglycemia would be ineffective in preventing
diabetic complications. Furthermore, Glibenclamide has mild
antioxidant and anti-inflammatory properties that cannot
prevent diabetic complications.

However, several animal experiments and human case-
control studies have suggested that vitamin D may play a pro-
tective role in diabetic complications. Because of its potent anti-
oxidant and anti-inflammatory properties, vitamin D acts as a
diabetes risk modifier. The current study found that combining
Glibenclamide and vitamin D therapy was more effective in
reducing apoptosis and improving the biochemical, histologi-
cal, and immunohistochemical renal changes associated with
diabetes to near-normal levels. As a result, combined therapy
is critical in preventing diabetes-related inflammatory and oxi-
dative stress-induced renal tissue injury.
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