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Abstract

Background: Diabetes mellitus (DM) manifests itself in consistently high blood glucose concentrations as a result
of insufficient insulin secretion, action, or both. This can result in long-term complications, including diabetic
nephropathy (DN). The aim of this study was to examine the impact of a four-week administration of zinc sulfate
(Zn) and vitamin D (Vit D) in controlling glycemia and preventing renal damage in an experimental model of DM.
Material and methods: A total of 55 rats, each weighing between 100 and 150 grams, were grouped into
11 groups: diabetic control rats, healthy control rats, and diabetic rats that had received Zn, Vit D and metformin
as reference medication before and after alloxan injection. Results: DM induced by alloxan led to notable rises in
blood urea nitrogen, creatinine and uric acid concentrations. Moreover, it caused damage to kidney tissues, with
severe morphological damage in the renal tissues of diabetic rats. Elevated levels of kidney function markers and
other biochemical parameters were decreased by administering zinc and Vit D, but Zn produced the greatest
reduction. Additionally, histopathological examination of the excised kidneys revealed increased protection follo-
wing supplementation. Conclusions: The findings of this study suggest that Zn and Vit D are effective in managing
DM and protecting against DN.
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Introduction

Diabetes mellitus (DM) is a complicated, multi-causal and
chronic condition manifested by increased levels of blood
sugar (hyperglycemia). It is characterized by a total or partial
decrease of insulin synthesis or secretion by B-cells of the
pancreas, in addition to its inability to produce normal physi-
ological effects [1].

By specifically inhibiting glucokinase, the B-cells’ sensor of
glucose, insulin release induced by glucose is selectively inhib-
ited by alloxan. Additionally, alloxan causes reactive oxygen
species (ROS) to generate, which leads selective necrosis of
B-cells and the development of IDDM. The preferential cellu-
lar uptake and alloxan accumulation by B-cells is the common
denominator between these two pathways. This is explained
by the unique chemical properties of alloxan [2].

Hyperglycemia induces oxidative and nitrosative stress in
various cell types, leading to the generation of reactive spe-
cies like superoxide, nitric oxide, and peroxynitrite. These ROS
contribute to apoptotic cell death, which is associated with
diabetes mellitus complications such as nephropathy, neurop-
athy, and cardiovascular disease. Key proteins involved in this
process include caspases and BCL-2 family members [3].

Diabetic nephropathy (DN) is a microvascular compli-
cation of diabetes that ultimately results in end-stage renal
disease [4]. Because DN is a common cause of chronic kidney
disease (CKD), dialysis patients with DM have a greater death
rate than patients without the disease [5]. Thus, effective an-
tioxidants might be effective in the treatment of disorders as-
sociated with DM [6].

DN is caused by the interplay of metabolic and hemod-
ynamic variables [7]. Increased intraglomerular and system-
ic pressure, as well as the activation of vasoactive hormone
pathways, such as the renin-angiotensin system (RAS) and en-
dothelin, are hemodynamic factors that lead to the develop-
ment of DN [8-9]. In the diabetic kidney, glucose-dependent
pathways are also triggered, leading to increased oxidative
stress, the production of renal polyol [10], and the buildup
of advanced glycation end products (AGEs) [11]. When these
mechanisms work together, they eventually result in in-
creased extracellular matrix accumulation and renal albumin
permeability, which leads to proteinuria, glomerulosclerosis,
and tubulointerstitial fibrosis.

Zinc sulfate (Zn) is a necessary trace element that main-
tains many of the body’s cellular processes. Zn plays a vital
role in facilitating the transport of glucose into cells, as well
as in improving glucose storage, insulin crystallization and
signaling, which is necessary for glucose metabolism. When
Zn supplementation was administered to rats with DN, pro-
teinuria, fibrosis, and renal oxidative stress were all reduced,
protecting kidney structure and function [12-15].
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Vitamin D (Vit D) is one of the fat-soluble vitamins [16].
There is a long history of the use of various Vit D derivatives
in the management of renal disorders and some research
studies have indicated that Vit D compounds may reduce the
death rate in CKD [17]. Furthermore, Vit D helps maintain low
resting levels of free radicals and ROS, normalizes Ca2+ sign-
aling, reduces the expression of pro-inflammatory cytokines,
and increases the production of anti-inflammatory cyto-
kines [18].

Numerous studies have shown that oxidative stress (ex-
cess free radicals) contributes to the development of DM,
reduces insulin function, and increases the risk of DM com-
plications, therefore antioxidants have already demonstrated
promise in the management of T1D and T2D [19]. The aim of
this study was to examine the impact of a 4-week administra-
tion of Zn and Vit D in controlling glucose levels and prevent-
ing renal damage.

Material and methods

Animals

Adult male albino rats, weighing 100 to 150 g, were ob-
tained from the National Research Center in Giza (Egypt)
and kept in the animal house of the Faculty of Pharmacy in
Deraya University (El-Minia, Egypt). A 12-hour cycle of light
and dark and constant environmental factors (humidity 50%
+ 10%, temperature 23 °C = 3 °C) were provided. During the
experiment, the rats were allowed free access to water and
a standard chow diet, unless otherwise stated. For two weeks
before the experimental procedures, the animals were kept in
separate aerated cages to acclimate to the new environment
and ensure they were disease-free.

Experimental design

The current study was performed in accordance with the
international guidelines regarding animal experiments [20].
A total of 55 adult male albino rats were divided randomly
into eleven groups (n =5 for each) as follows:

e Group 1: healthy controls receiving normal saline only.

e Group 2: diabetic controls receiving a solution of alloxan
monohydrate.

e Group 3: healthy controls treated with Zn only.

e Group 4: healthy controls treated with Vit D only.

e Group 5: healthy controls treated with metformin only.

e Group 6: diabetic post-treated with Zn.

e Group 7: diabetic post-treated with Vit D.

e Group 8: diabetic post-treated with metformin.

e Group 9: diabetic pre-treated with Zn.
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e Group 10: diabetic pre-treated with Vit D.
e Group 11: diabetic pre-treated with metformin.

Chemicals and drugs

Alloxan monohydrate, metformin (Glucophage 500 mg/
tablet), Zinc sulfate (Octozinc 110 mg/capsule) and vitamin D
(Vi drop 2800 unit/ml) were obtained from Loba Chemie Pvt
Ltd (India), Mina Pharm (Egypt), October Pharma S.A.E and
Medical Union Pharmaceuticals (Egypt), respectively. The
administered drugs were freshly prepared daily for 28 days
except for alloxan, which was freshly prepared once before
and after the experiment. Metformin (120 mg/kg BW), Zn
(100 mg/kg BW) and Vit D solution (10 IU/kg BW) were ad-
ministered orally using an oral gavage feeding needle, where-
as the alloxan solution was injected intraperitoneally with an
insulin syringe, while the rat was held securely to avoid harm-
ing it [21-23].

Induction of diabetes

Since alloxan is less stable when dissolved and its half-life
is short (1.5 minutes at pH 7.4 and 37 °C), the rats (apart from
the control groups) underwent overnight fasting and were
given a single dose (150 mg/kg BW) of freshly prepared allox-
an immediately after dissolving in 0.9% saline solution [24].
Then, in order to overcome the alloxan-induced hypoglycemia
(due to the large pancreatic insulin release following beta cell
damage), the rats were given free access to a glucose solution
(5%) for 24 hours [21, 25]. A glucometer (PreciChek Autocode,
AC-302, Germany) and compatible test strips of blood glucose
were used to measure the rats’ fasting glycemia after 3 days
in order to confirm that DM had been successfully induced.
Blood was collected from the tail vein. In this study, only rats
with fasting blood glucose levels exceeding 250 mg/dl were
selected as diabetics [26].

Blood sample collection and dissection

Four weeks following treatment, the rats were decapi-
tated after fasting overnight. Their blood was then collected
in sterile centrifuge tubes, allowed to coagulate for 30 min
at room temperature, and then centrifuged at 4000 rpm for
10 min (Z 200 A, Hermle LaborTechnik GmbH, Germany). The
obtained serum (supernatant) was then stored at -80° C im-
mediately after separation for biochemical analysis. Finally,
each rat’s abdomen was dissected, the right kidney was rap-
idly excised, weighed, and subsequently stored in formaline
solution for histopathological examinations.

Biochemical analysis

e Glucose and Kidney function markers

Glucose, creatinine, blood urea nitrogen (BUN) and uric
acid were assessed using colorimetric assay kits (purchased
from Spectrum Diagnostics in Cairo, Egypt) by a semi-auto-
mated chemistry analyzer (SK3002B, Sinothinker Technology
Co. Limited, Shenzen, China).
e  Glucose

In the presence of glucose oxidase, glucose is measured
following enzymatic oxidation. Under the catalytic action of
peroxidase (PAP), the generated hydrogen peroxide combines
with phenol and 4-aminoantipyrine to generate a red violet
quinoneimine dye that serves as an indicator.
e Creatinine

Creatinine reacts with picric acid in alkaline solution to
form a colored complex.
e Blood urea nitrogen

Urea hydrolyzes in water to release carbon dioxide and
ammonia. In an alkaline pH, free ammonia forms a colored
complex that is proportionate to the specimen’s urea concen-
tration when an indicator is present.
e Uric Acid

Uric acid is oxidized to allantoin by uricase with the pro-
duction of hydrogen peroxide. The peroxide reacts with
4-amino-antipyrine and (DCHB) in the presence of peroxidase
to yield a quinoneimine dye.

Apoptotic markers

B-cell lymphoma 2 (BCL-2) and caspase 3 (CASP-3) ELI-
SA kits were purchased from Elabscience, Texas, USA. These
markers were determined using an ELISA System (ChroMate
SF 4300 Microplate Reader, Awareness Technology, Palm City,
FL, USA). Both ELISA kits use the Sandwich-ELISA method. The
microplate is pre-coated with an antibody specific to BCL-2 or
CASP-3, and samples or standards were added to the wells.
A biotinylated detection antibody and Avidin-HRP conjugate
were then added, followed by incubation. After washing away
unbound components, a substrate solution was added, result-
ing in a color change in the wells containing BCL-2 or CASP-3.
The optical density (OD) at 450 nm was measured, which is
proportional to the BCL-2 or CASP-3 concentration.

Histopathological examination

The right kidney from each experimental rat was washed
with 0.9% saline solution and instantly fixed in a solution of
formalin (10%) prepared in saline for 3 days. Then the organ
was washed, dehydrated in increasing ethanol grades from
70% to absolute, cleared in xylene, impregnated and embed-
ded in paraffin wax. Serial sections (5 um thick) were obtained



using a microtome and stained with hematoxylin and eosin
(H&E) for histopathological examination using a light micro-
scope equipped with a digital camera (Olympus, Japan) [27].

Statistical Analysis

The Statistical Package for Social Sciences (SPSS) soft-
ware (version 26.0, IBM, Armonk, NY, United States) was
used to perform the statistical analyses. The mean of the re-
sults + standard deviation (SD) was presented. Differences of
p < 0.05, p < 0.01 or p < 0.001 were accepted as significant,
moderately significant or highly significant, respectively. Insig-
nificant is denoted by the symbol (#), significant by the sym-
bol (*), moderately significant by the symbol (**), and highly
significant by the symbol (***).

Effects of zinc, vitamin D and metformin
administration on blood glucose levels

The effects of the oral administration of Zn and Vit D on
fasting blood glucose are presented in Table 1. The experi-
mentally induced DM caused a highly significant (p > 0.001)
increase in the level of fasting glucose in the diabetic control
group (2) compared to the control levels of healthy groups.
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However, post and pre-treatment with Zn and Vit D caused
a highly significant (p >0.001) reduction in the fasting glucose
levels of the alloxan-diabetic rats of groups (6, 7, 9 and 10)
compared with the diabetic control group (2), as shown in Fig-
ure 1A. However, the rats in the post-treated groups (6 and 9)
showed a higher reduction of glycemia than the pre-treated
groups (7 and 10).

Effects of zinc, vitamin D and metformin
administration on selected kidney function
markers

The experimental rats’ serum kidney function marker
concentrations were measured and summarized in Table 1.
In alloxan-diabetic rats of group (2), the concentrations of se-
rum creatinine, blood urea nitrogen (BUN) and uric acid un-
derwent a highly significant (p > 0.001) increase compared to
the healthy control groups (Figure 1 B-D). On the other hand,
post-treatment of the diabetic rats with Zn and Vit D caused
a highly significant (p > 0.001) reduction in the concentrations
of these markers in the serum of groups (6 and 7) compared to
the mean values of the diabetic control group (2), except for
uric acid levels in rats of group (7), which underwent a moder-
ately significant (p > 0.01) reduction. However, pre-treatment
with Zn and Vit D resulted in a highly significant (p > 0.01)
reduction in the BUN level of groups (9 and 10), a significant
(p > 0.05) reduction in the creatinine and uric acid levels of

Table 1. Mean glycemia before & after the experiment and mean of selected kidney function markers concentrations in experimental

rats after administration of alloxan and test drugs.

Pancreatic Function

Kidney Functions

Initial FBS Final FBS Creatinine BUN (mg/dl) Uric Acid
(mg/dl) (mg/dlI) (mg/dl) (mg/dl)

1 104.98 + 2.45 106 = 0.73 0.89 £+ 0.07 10.98 + 2.06 3.29 = 0.24
2 267 £ 1.55 307**%* £ 1.67 1.7**%* £ 0.09 60.44*** £ 3,15 4.1*** £ 0.16
3 112.1 £ 2.45 110.02 + 1.89 0.9 £0.11 11.1 £ 0.54 3.31 £ 0.11
4 106 + 1.89 106 = 1.76 0.85 = 0.05 10.91 £ 1.77 3.3 +£0.18
5 101.04 + 2.19 95 £+ 2.35 0.97 £ 0.04 11.49 £ 0.66 3.36 £ 0.23
6 258 + 2.28 189*** + 1,99 1.29*%** £ 0.07 41.58*** + (.88 3.54*** + 0.09
7 264 + 1.30 215.03*** £ 2.10 | 1,46*** £ 0.03 49 .4*%** £ 2.10 3.61*%* £ 0.07
8 254 £+ 1.40 115 + 1.79 1.07 £ 0.09 16.8 £ 1.18 3.43 £ 0.12
9 109 + 1.27 205*%** + 1.70 1.53* £ 0.08 46.01*** £ 1.14 3.68* £ 0.13
10 102 £ 1.41 237.01*** £ 1.30 | 1.57# + 0.04 51.2*%** + 0.76 3.76# £ 0.07
11 106 = 1.45 244 £+ 2.00 1.62 + 0.04 52.03 £ 1.58 3.8 +£0.12

All values are expressed as mean + standard deviation of 5 rats from each group.
BUN — blood urea nitrogen, FBS — fasting blood sugar
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group (9) and an insignificant (p > 0.05) reduction in the cre-
atinine and uric acid levels of group (10).

Effects of zinc, vitamin D and metformin
administration on apoptotic markers

As shown in Table 2 & Figure 1E-F, the 2 apoptotic mark-
ers we investigated were affected by the alloxan injection.
The diabetic control group (2) showed a highly significant
(p < 0.001) increase in levels of CASP-3 and decrease in lev-
els of BCL-2 compared to the healthy control groups (1, 3, 4
and 5). However, post and pre-treatment with Zn and Vit D
insignificantly (p < 0.05) increased the levels of BCL-2, signif-
icantly (p < 0.05) decreased the levels of CASP-3 in groups
(6, 9 and 10) and insignificantly (p > 0.05) decreased the
CASP-3 levels in group (7). Thus, the administration of Zn and
Vit D reversed the levels of apoptotic makers compared to the
diabetic control group (2).

Effects of zinc, vitamin D and metformin
administration on renal tissues

Our study also showed that alloxan-induced DM in the
rats of group (2) caused damage to the renal structures while
the healthy control groups (1, 3, 4 and 5) showed no signifi-
cant pathological changes. Histological sections of the kidney

excised from the diabetic group (2) showed congested glo-
merular capillary tuft, congested blood vessels and interstitial
haemorrhage with signs of renal tubular injury (Figure 2B). In
contrast, sections of healthy groups’ kidneys (1, 3, 4 and 5)
showed normal glomeruliand normal renal tubules (Figure 2A,
Figure 2C-E). However, sections obtained from post and
pre-treated diabetic rats of groups (6, 7, 9 and 10) with Zn
and Vit D showed reduced glomeruli congestion and necrosis,
normal tubules, dilated Bowman'’s space, and some had signs
of renal tubular injury (Figure 2F-G, 2I-K), compared to the di-
abetic control group (2).

DN is caused by renal tissue destruction resulting from
toxic levels of elevated blood sugar. Patients with DM expe-
rience impaired kidney function due to hemodynamic altera-
tions in renal tissue caused by hyperglycemia and glycosylated
proteins, linked to increased oxidative stress [28]. In our study,
injection of alloxan in Group 2 induced hyperglycemia and
significantly elevated serum glucose levels compared to the
healthy control (Group 1), supporting previous findings that
chronic hyperglycemia leads to pathological renal changes
such as tubulointerstitial alterations and thickening of the tu-
bular basement membrane, which is further characterized by
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Figure 1. lllustrates effect of metformin, zinc and vitamin D administration either before alloxan injection (prophylactic) or after injection

(therapeutic) on:

1A. the initial fasting blood sugar (3 days after alloxan injection) and final fasting blood sugar (28 days after test drugs administration)

of alloxan-induced diabetic rats,
1B. creatinine levels of alloxan-induced diabetic rats,

1C. blood urea nitrogen (BUN) levels of alloxan-induced diabetic rats,

1D. uric acid levels of alloxan-induced diabetic rats,

1E. B-cell lymphoma 2 (BCL-2) levels of alloxan-induced diabetic rats,

1F. caspase 3 levels of alloxan-induced diabetic rats.
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Table 2. Mean of some apoptotic markers concentrations in experimental rats after administration of alloxan and test drugs.

Apoptosis markers

BCL-2 (ng/ml)

CASP-3 (ng/ml)

1 0.35 % 0.06 0.29 # 0.05
2 0.11%%* £ 0.03 0.48%** £ 0.04
3 0.29 + 0.06 0.33 % 0.04
4 0.35 % 0.06 0.3 £0.03

5 0.33 % 0.03 0.28 % 0.02
6 0.19# + 0.03 0.38* % 0.02
7 0.14# % 0.05 0.43# + 0.05
8 0.26 % 0.04 0.36 % 0.04
9 0.16# % 0.02 0.39%  0.11
10 0.15# + 0.03 0.39% + 0.04
11 0.12 % 0.02 0.43 % 0.03

All values are expressed as mean + standard deviation of 5 rats from each group.

BCL-2 — B-cell lymphoma 2, CASP-3 — caspase 3

the accumulation of matrix protein, tubular and glomerular
hypertrophy, and renal hypertrophy [29].

Numerous complications of DM, including DN, are linked
to oxidative stress triggered by hyperglycemia [30]. Chronic
hyperglycemia in renal tissues leads to oxidative stress and
release of ROS, which activate the nuclear transcription fac-
tor (NF-kB), thereby promoting kidney inflammation [31].
In agreement with these mechanisms, our diabetic control
group (Group 2) exhibited significant increases in markers of
renal damage, such as creatinine, blood urea nitrogen (BUN),
uric acid, and CASP-3, while BCL-2 was reduced, indicating
enhanced apoptosis due to oxidative damage. These findings
align with the established role of ROS and oxidative stress in
promoting renal fibrosis and end-stage renal disease (ESRD)
through extracellular matrix (ECM) accumulation and glomer-
ulosclerosis which is associated with deteriorating renal func-
tion [32-33].

Sustained hyperglycemia contributes to nephropathy
through multiple cellular mechanisms, such as PKC pathway
activation, the generation of cytokines, enhanced polyol path-
ways, the increased formation of AGEs, increased oxidative
stress, and the hexosamine pathway [34]. In our study, the
deleterious renal effects observed in Group 2 further confirm
the damaging impact of these pathways, as shown by signif-
icant biochemical and apoptotic alterations. Furthermore,
DM-related hyperglycemia damages mitochondria and raises

reactive free radicals, which in turn damages DNA and trig-
gers the apoptosis process. Additionally, hyperglycemia raises
lipid peroxidation, glutathione (GSH) oxidation, and oxidative
stress. Lastly, hyperglycemia causes diabetic nephrons to ex-
perience oxidative stress, which stimulates a number of bio-
chemical mechanisms that result in the death of renal cells,
elevated albuminuria, and kidney failure that were likely con-
tributors to the observed elevation of apoptotic markers such
as CASP-3 [35].

Among diabetic patients, DN remains a leading cause of
renal failure [36]. Chronic low-grade inflammation and acti-
vation of the innate immune system play critical roles in DN
progression [37]. Our findings, showing elevated CASP-3 and
reduced BCL-2 in diabetic controls, are consistent with reports
that TNF-a and other pro-inflammatory cytokines promote
renal injury by inducing apoptosis and necrotic cell death
[38-40].

DN has a complicated etiology involves direct effects of ex-
tracellular glucose on renal cells, activating growth factors and
cytokines like monocyte chemoattractant protein (MCP)-1,
transforming growth factor-b (TGF-b), and angiotensin Il
(Ang 11), which further mediate development of DN [41-43].
The role of the renin-angiotensin system (RAS) in DN is well
established, with intrarenal Ang Il levels contributing signifi-
cantly to glomerulosclerosis and fibrosis. So, It is thought that
intrarenal RAS plays a primary injurious role in causing kidney
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Figure 2A. Photomicrographs of rat renal tissues of healthy control group showing normal glomeruli (black circles) and normal renal
tubules (black arrow head) x 400.

Figure 2B. Photomicrographs of rat renal tissues of diabetic control group showing congested glomerular capillary tuft (black circle),
congested blood vessels (black arrow), interstitial haemorrhage (blue arrows) with signs of renal tubular injury and necrosis (arrow
head) x 400.

Figure 2C. Photomicrographs of rat renal tissues of healthy control group treated with zinc sulfate only showing normal glomeruli
(circle) and normal renal tubules (arrows) x 400.

Figure 2D. Photomicrographs of rat renal tissues of healthy control group treated with vitamin D only showing normal glomeruli (circ-
le) and normal renal tubules (black arrows) x 400.

Figure 2E. Photomicrographs of rat renal tissues of healthy control group treated with metformin only showing normal looking glome-
ruli (circles) and tubules (arrows) x 400.

Figure 2F. Photomicrographs of rat renal tissues of diabetic group post-treated with zinc sulfate showing normal glomeruli (star) and
normal tubules (arrows) x 400.

Figure 2G. Photomicrographs of rat renal tissues of diabetic group post-treated with vitamin D showing some glomeruli are normal
(black circle) while others are necrotic or sclerotic (red circles) with dilated Bowman’s space, some tubules show signs of renal tubular
injury (black arrow) x 200.

Figure 2H. Photomicrographs of rat renal tissues of diabetic group post-treated with metformin showing some atrophic glomeruli
(black circle), mild cloudy swelling of renal tubular epithelium (black arrow) x 200.

Figure 21. Photomicrographs of rat renal tissues of diabetic group pre-treated with zinc sulfate showing normal glomeruli (yellow
arrows) and renal tubules (black arrows) x 200.

Figure 2J. Photomicrographs of rat renal tissues of diabetic group pre-treated with vitamin D showing congested glomerular tuft (blue
circle), signs of renal tubular injury and cloudy swelling (black arrows), interstitial haemorrhage (arrow head) and chronic inflamma-
tory cellular infiltrate (yellow arrows) x 400.

Figure 2K. Photomicrographs of rat renal tissues of diabetic group pre-treated with metformin showing congested or atrophic renal
glomeruli (blue circles), interstitial haemorrhage (black arrows), moderate cloud swelling of renal tubular epithelium (blue arrows)

x 200.



damage [44-45]. Our study supports these concepts indirectly
by demonstrating that unregulated diabetes induced by allox-
an led to substantial renal damage, which could be associated
with the known effects of elevated Ang Il on promoting in-
flammation, cell proliferation, and fibrosis [41, 46].

Given the critical role of oxidative stress and inflammation
in DN, attention has been directed towards potential nephro-
protective agents, such as zinc (Zn). Zn is a vital cofactor for
over 300 enzymes and plays a crucial role in antioxidant de-
fense [47]. Zn deficiency has been linked to increased suscep-
tibility to infections and elevated ROS generation [48], which
aligns with the observed exacerbation of oxidative damage in
the diabetic group of our study.

Necessity of Zn for superoxide dismutase activation,
a potent antioxidant enzyme [49], underlines its antioxidant
role. Low serum Zn concentrations have been associated with
higher incidences of DM, glucose tolerance and cardiovascu-
lar diseases [50]. The administration of Zn in our study, both
as treatment (Group 6) and prophylaxis (Group 9), significant-
ly improved glycemic control and reduced markers of renal
dysfunction compared to the diabetic group. These results
are consistent with previous findings that restoring Zn status
mitigates oxidative stress and prevents complications related
to DM [51].

Zn facilitates glucose transporter 4 (GLUT4) translocation
and insulin receptor B-subunit phosphorylation [52-53], both
crucial for glucose metabolism. Furthermore, Zn ions are vital
for insulin hexamer formation, while insulin combines with
two Zn ions to form a hexameric structure, which is required
for insulin to mature inside pancreatic B-cell secretory gran-
ules and release insulin [54-55]. Certain Zn carrier proteins
that are essential for insulin release are expressed by pan-
creatic B-cells [56-58]. One such important protein is ZnT8,
which is necessary for the general metabolism of glucose as
well as the crystallization, processing, storage and secretion
of insulin [59-62]. Moreover, the Zn transporter protein ZnT7
is in charge of delivering Zn to the pancreatic B-cells’ Golgi
apparatus, which is a necessary step for the correct synthesis
of insulin [63-64]. Our observation that Zn supplementation
improved glycemic parameters and renal function supports
the established role of Zn in enhancing insulin secretion and
action.

Supplementing with Zn decreased the rate of renal dam-
age in comparison to the control groups by activating metal-
lothionein, a cysteine-rich protein that interacts with Zn and
iron to reduce ROS and, in turn, the oxidation process [65-67].
Another key mechanism by which Zn can protect the kidneys
from chronic hyperglycemia-induced damage is through ap-
optotic regulation. Zn supplementation in our study reduced
serum CASP-3 and elevated BCL-2 levels compared to the dia-
betic group, indicating its anti-apoptotic properties. Previous
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studies have demonstrated that Zn reduces apoptosis by the
inhibition of CASP-3 and promoting BCL-2 expression [68].

Similar protective effects were observed with vitamin D
(Vit D) administration. Vit D, acting primarily through its re-
ceptor in renal tissues, has been reported to exert nephro-
protective effects in diabetic models [69]. In our study, both
treatment (Group 7) and prophylaxis (Group 10) with Vit D
improved serum glucose levels and renal function markers,
consistent with studies linking optimal Vit D levels to better
glucose homeostasis and insulin sensitivity [70-71].

Vit D’s nephroprotective mechanisms include enhancing
glucose metabolism, inhibiting the renin-angiotensin system,
blocking oxidative stress pathways, and reducing the produc-
tion of inflammatory mediators like TNF-a and IL-6 [72-73].
Our observation of reduced renal injury with Vit D treatment
supports previous findings that Vit D modulates RAS activi-
ty and protects against DN by regulating BCL-2 and CASP-3
expression [74].

The nephroprotective properties of Vit D may be attribut-
ed to several mechanisms, including suppressing the RAS and
inhibiting inflammatory cytokines and profibrotic growth fac-
tors. First, TGF-B and CTGF, which are crucial mediators for the
formation of sclerosis in DN, may be targeted by 1,25(0H)2D3
[45, 75-76]. Second, the nephroprotective effects of Vit D
may also be linked to its control of the RAS, specifically re-
nin [77]. DM causes an increase in the intrarenal RAS activity,
which is crucial for the onset of diabetic nephropathy [78-79].
Ang Il causes mesangial and tubular cells to produce more
ECM proteins and express TGF-B [80]. Additionally, Ang Il
causes glomerular damage and increases glomerular perme-
ability, which results in proteinuria. It has been noted that
diabetic nephropathy can be improved by inhibiting renin or
Ang Il activity [81-82].

Thus, both Zn and Vit D demonstrated significant protec-
tive effects against alloxan-induced diabetic nephropathy by
reducing oxidative stress, improving glycemic control, modu-
lating apoptotic pathways, and preserving renal function, as
reflected by the improvement of biochemical markers and ap-
optotic regulators compared to untreated diabetic rats.

Zn is an important microelement that plays a role in vi-
tal processes that control body homeostasis. Supplementing
with Zn appears to have a positive impact on DN risk factors
as well as slowing the development of the disease. The po-
tential of supplemental Zn in reducing renal damage in DN
was investigated in this study. External administration of Zn
repaired the pathological changes in the renal tissues of rats
with DM. By reversing proinflammatory and profibrotic mark-
ers implicated in the pathophysiology of DN, Vit D therapy has
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