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ABSTRACT: The purpose of this study was to explore possible protective effects of vitamin D3 on serum glucose
concentration, body weight and histopathology of pancreas and liver. Animals were divided into 3 groups: Control
group (n=6), streptozotocin (STZ) group (n=6) and streptozotocin + vitamin D3 (STZ+D3) group (n=6). Rats in the
STZ+D3 group starting from the 7th day of experiment were given vitamin D3 for 14 days. Glucose levels and body
weight were measured on the 1, 7, 14 and 21st day of experiment. Qualitative histological analysis of pancreas and liver
was done using the light microscope with a digital camera. Differences between the groups were tested by one-way
analysis of variance (ANOVA) followed by Dunnett's posttest. Differences in repeated measures were tested using
paired t-test. On day 14 and 21, blood glucose level in STZ+D3 group was significantly higher compared to the control
group of animals but significantly lower than the glucose level registered in STZ group of rats. On day 14 and day 21,
body weight in STZ rats was significantly lower compared to weight in STZ+D3 and control groups of rats.
Morphological changes, such as shrinkage of islets, vacuolation of both endocrine and exocrine cells, were observed in
pancreas of STZ group of animals but were nearly absent in STZ+D3 rats. Similarly, STZ+D3 group of rats showed
preserved liver histoarchitecture. Obtained results suggest that vitamin D3 treatment reduces hyperglycemia, exerts
beneficial effects on body weight and alleviates histopathological changes in pancreas and liver in STZ-induced diabetic
rats.
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1. INTRODUCTION

Diabetes mellitus (DM) is major health problem worldwide. The prognosis is that total number of
patients with diabetes will increase from 171 million in 2000 to 366 million by 2030 [1]. Pancreas and liver are
organs that play a pivotal role in the maintenance of blood glucose level. Hyperglycemia and hypoinsulinemia
are main features of DM. Both pancreas and liver suffer significant adverse changes in DM with disturbed
pancreatic and hepatic glucose homeostasis and metabolism [2].

Streptozotocin (STZ) has potent toxic effects on islet beta cells and is widely used in induction of insulin-
dependent DM in experimental animals. It has various biological actions, including the production of acute
and chronic cellular injury, teratogenesis mutagenesis and carcinogenesis. Apart from diabetogenic, STZ has
also hepatotoxic and nephrotoxic effects [3]. Earlier study by Zafar et al. [4] has shown that STZ also causes a
significant decrease in the body weight of STZ-induced diabetic albino rats.

Vitamin D through its active form the 1,25-dihydroxy vitamin D3 (1,25(OH)2D3) has numerous
physiological functions in the human body. Best known are its effects on calcium and bone homeostasis. Novel
research has proven other important roles of the vitamin D3 including its effects on immunoregulation,
antiangiogenesis, apoptosis inhibition and blood pressure control [5, 6]. Moreover, vitamin D3 exerts anti-
inflammatory and antioxidant actions [7-9].

Vitamin D3 deficiency is often present in patients with both type 1 and type 2 diabetes [10-12]. However,
underlying mechanisms of observed deficiency are less clear. Animal model of STZ - induced diabetes is often
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used in studies of liver and pancreas diabetic complications [2, 13] and disturbed glucose homeostasis. Recent
study by Derakhshanian et al. [14] has showed that administration of vitamin D3 ameliorates complications
of diabetes by improving blood glucose levels among other mechanisms. Furthermore, studies have shown
that treatment with vitamin D3 results in reduced diabetes complications such as diabetic retinopathy and
nephropathy [1, 15, 16].

Bearing in mind global incidence and prevalence of diabetes and vitamin D3 deficiency that are related
to numerous health complications, extensive studies of both of these detrimental conditions are of paramount
importance. Hence, the purpose of this study was to explore possible protective effects of vitamin D3 on serum
glucose concentration and histopathology of pancreas and liver.

2. RESULTS

In STZ and STZ+D3 groups of rats, body weight significantly decreased from day 1 to day 21, while in
the control group of rats no significant changes were observed. On day 1, no significant difference in weight
between the groups of rats was observed. On day 7, body weight was significantly lower in STZ and STZ+D3
group of rats compared to controls. On day 14 and day 21, weight in STZ rats was significantly lower compared
to weight in STZ+D3 and control groups of rats (Figure 1).

2854
* p<0.001
. " p<0.001 * p =0.003
. = p<0.001 = p=0.001
s *p<0.001 = p=0.004
280 *p=0.5 . ** p<0.001
~ p=0.6 ~** p=0.99
= p=0.54 \ h
g SN, W
= N %
5 2757 N8,
] Nt ..l
g \\\ ~~~~~“~
e R
\, Seao
2704 \\
\, _
& | \ "= s
——Contro N R
—-sTZ L W
265-  ==-STZ+D3
T T T T
1 7 14 21
Day
1 7 14 21 p-value€|
Control 277.1£29.0 278.0£29.0  280.0+£28.4  280.1+26.4 0.17
STZ 278.3+24.2 27444221  266.0£22.0  268.3+22.0 0.01
STZ+D3 282.1£20.3 274.0£22.2  273.0£20.2  270.3%£19.7 0.009

Figure 1. Body weight changes in control, diabetic and diabetic treated with vitamin D3 group of rats during the
21 days of follow up. Data are expressed as mean+SD. STZ - streptozotocin group; STZ+D3 - streptozotocin with
vitamin D3 group; *- control vs. STZ group; **- control vs. STZ+D3 group; ***- STZ vs. STZ+D3 group; Y - between
day 1 and day 21 within the group.

When blood glucose levels were compared within the groups, results have shown that in STZ group of
rats blood glucose level significantly increased from day 1 to day 21, while in STZ+D3 and control group of
rats no significant changes during the same period were observed. In STZ+D3 group, after the initial increase
in blood glucose from day 1 to day 7, blood glucose started decreasing onwards to day 21, but the difference
was not statistically significant. There were no statistically significant differences in the blood glucose levels
between the groups on day 1 of the experiment. On day 7, blood glucose was significantly higher in STZ and
STZ+D3 group of rats compared to controls. On the same day, no significant difference in blood glucose
between STZ and STZ+D3 was observed. On day 14 and 21, blood glucose level in STZ+D3 group was
significantly higher compared to the control group of animals but significantly lower than the glucose level
registered in STZ group of rats (Figure 2).
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Figure 2. Blood glucose changes in control, diabetic and diabetic treated with vitamin D3 group of rats during the
21 days of follow up. Data are expressed as mean+SD. STZ - streptozotocin group; STZ+D3 - streptozotocin with
vitamin D3 group *- control vs. STZ group; **- control vs. STZ+D3 group; ***- STZ vs. STZ+D3 group; Y - between
day 1 and day 21 within the group.

Control group of animals reveals regular architecture of both, exocrine and endocrine pancreas (Fig
3A1-3). In the STZ group, both components of the pancreas show alterations, and the stromal compartment is
reduced (Fig. 3B1). Acinar cells are enlarged with several well-defined vacuoles that are uneven in size and
usually found in the basal part of the cell. Cytoplasm is well stained, with the typical distribution of basophilia
and acidophilia (Fig. 3B2). The islets appear ill-defined and shrunken with less numerous cells. The cytoplasm
of endocrine cells is poorly stained and sporadically vacuolated. Central region of islets is occupied with the
homogenous, acidophilic material (Fig. 3B3). Pancreas in the STZ+D3 group of animals reveals nearly regular
structure (Fig. 3C1). Acinar cells appear moderately swollen with only a few vacuoles present in the basal
region of the cytoplasm (Fig. 3C2). Langerhans islets, nearly regular in size, show enlarged poorly stained
endocrine cells and inconspicuous capillaries (Fig. 3C3).
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Figure 3. Representative photomicrographs of HE stained pancreas section, magnification x 10 and x 40 (A-control
group; B- STZ group; C-STZ + D3 group)

A1 - 3 The control group reveals regular histoarchitecture of exocrine (arrows) and endocrine pancreas (asterisk);
B1 - 3 In the STZ group, endocrine islets appear ill-defined and shrunken with less numerous cells (asterisk) while
acinar cells are enlarged with well-defined vacuoles in the basal part (arrows);

C1 - 3 Pancreas in the STZ+D3 group shows Langerhans islets that are relatively preserved (asterisk) and
moderately swollen acinar cells with few vacuoles found in the basal region of the cytoplasm (arrows).

In the control group of animals, normal structure of the liver lobules and the portal area is present (Fig.
4A1). Hepatocytes are arranged in plates, divided by sinusoids (Fig. 4A3) that converge to the central vein
(Fig. 4A2). Their cytoplasm appears acidophilic without apparent vacuolation. In the STZ group, portal area
and lobular architecture show no remarkable changes (Fig. 4B1) while sinusoids and central vein appear
relatively narrowed and hyperemic (Fig. 4B2). Enlarged hepatocytes with the coarse vacuolation of the
cytoplasm (Fig. 4B3) can be found, more prominently in centrilobular area (Fig. 4B2). In the STZ + D3 group,
there is no evident alterations in the portal area (Fig. 4C1). Sinusoids are readily observed, running between
well-defined plates of hepatocytes to the slightly hyperemic central vein (Fig. 4C2). The cytoplasm of
hepatocytes has acidophilic properties with mild vacuolar changes (Fig. 4C2-3).
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Figure 4. Representative photomicrographs of HE stained liver sections, magnification x 10 and x40 (A-control
group; B- STZ group; C- STZ +D3 group)

Al - 3 In the control group, portal area appears preserved (asterisk) as well as the hepatocytes, regularly
arranged in plates that converge to the central vein (arrow) of the liver lobule;

B1 - 3 In the STZ group, hepatocytes appear enlarged (asterisk), sinusoids and central vein of the liver lobule
are relatively narrowed and hyperemic (arrows).

C1 - 3 In the STZ + D3 group, portal area is preserved (asterisk), sinusoids are readily observed, while the
central vein is slightly hyperemic (arrow).

3. DISCUSSION

The results of the present study have shown that vitamin D3 treatment reduces hyperglycemia in STZ-
induced diabetic rats and alleviates histopathological changes in pancreas and liver. We also report significant
decrease in body weight in both STZ and STZ+D3 groups of rats compared to the control group. However,
our results have shown that on the day 14 and day 21, weight in STZ rats was significantly lower compared
to weight in STZ+D3 and control groups of rats. Observed reduction of body weight in STZ group might be
explained by both detrimental effects of diabetes and toxic actions of STZ. These findings are in compliance
with previous studies in which decrease of body weight was regarded as a consequence of deficient insulin
secretion that results in increased lipolysis in adipose tissue alongside with protein breakdown caused by
reduced the amino acid uptake of tissues [17, 18]. On the other hand, our results have shown increase in body
weight in STZ+D3 rats from the 14th to the 21st day of experiment that could suggest beneficial effects of
vitamin D3 treatment on body weight in STZ-induced diabetes mellitus.

Results of Alatawi et al. [19] have shown that single intraperitoneal injection of STZ in a dosage of 45
mg/kg of body weight induced elevated blood glucose levels at the third day post-injection in rats. In their
study, authors assessed the antioxidative effect of vitamin D and calcium administration for 28 consecutive
days. Contrary to their study, we were able to induce diabetes with the lower dosage of STZ (35 mg/kg). We
were also able to show decrease of glucose concentration in STZ+D3 group of animals after 14 days of vitamin
D3 administration.

Protective effects of vitamin D3 on glucose homeostasis are in the accordance with similar recent studies
[14, 20]. Earlier study by Kumar et al. [13] has also shown that vitamin D3 treatment reduces blood glucose
levels in STZ-induced diabetic rats. Also, similar protective effects are obtained in alloxan-induced DM animal
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model treated with vitamin D3. The effect was even more pronounced when a vitamin D3 is applied before
the induction of disease as a preventive measure [21].

According to novel research, protective effects of vitamin D3 on glucose homeostasis might be explained
by reduction of serum levels of advanced glycation end products [22]. During hyperglycemia glucose
transporters allow influx of glucose into pancreatic p-cells, thus controlling insulin release. Process that follows
is glycolysis that is accompanied by rise in intracellular calcium. Studies have shown that this process is
enhanced by vitamin D through regulation of extracellular calcium concentration and consequent flux into [3-
cells but also intracellular calcium content via calbindin, a cytosolic calcium-protein [23]. As a result of rise in
calcium levels in pancreatic B-cells insulin is released from granules [24]. In addition, it is suggested that
vitamin D stimulates the expression of insulin receptors and affects insulin sensitivity [23]. Protective effects
of vitamin D3 treatment on blood glucose levels observed in our study might be explained by rise in
intracellular calcium levels in pancreatic B-cells that resulted in the release of insulin, which reduced blood
glucose levels in STZ+D3 diabetic rats. However, we did not measure serum insulin levels in our study that
should be regarded as a study limitation.

Previous studies [23, 25] demonstrated alterations of endocrine pancreas in STZ-induced diabetic rats
and mice similar to our findings. STZ is widely used in experimental studies since it has been proved to cause
insulitis, pancreatic islet inflammation and insulin deficiency [26]. Wang Y et al. [27] reported conspicuous
inflammation in and around islets that was not noted in the present study. Even though experimental design
was similar, Wang et al. [27] applied higher dose of STZ, which can be a possible explanation for the observed
differences. Also, the authors of the aforementioned studies reported protective role of vitamin D3, based on
the histological findings in endocrine pancreas of diabetic rats treated with vitamin D3, such as regular size
and shape of islets, markedly reduced P-cells degeneration, decreased atrophy and vacuolation of their
cytoplasm. Those reports are in accordance with our results.

The changes in exocrine pancreas associated with diabetes and STZ application, described in the present
study, are not frequently reported in the literature. Vacuolation and swelling of acinar cells can be in part
explained by disturbance of autophagy, the process that is important for the cell homeostasis in general, and
is linked to diabetes development when present in endocrine pancreas [27]. These changes were ameliorated
with vitamin D3 treatment. However, the major limitation of the presented morphological analysis is the lack
of more detailed approach such as electron microscopy and immunohistochemical techniques.

Liver is the primary site of glucose metabolism. Vitamin D3 binds to vitamin D receptor (VDR), which
has been shown to be present in numerous tissues including liver [28]. Diabetic patients often suffer from liver
failure accompanied with vitamin D deficiency [23]. It is possible that in combination of diabetes and vitamin
D deficiency VDR is downregulated, which results in hepatic complications and disturbed glucose metabolism
with consequent hyperglycemia. However, roles and functions of VDR remain largely unknown, not only in
the liver but also in other tissues, and further research is warranted in order to attain more in-depth knowledge
of VDR functions in human body.

Amelioration of hyperglycemia observed in STZ+D3 rats in our study might be due to upregulation of
liver VDR receptor caused by vitamin D treatment. However, we did not measure hepatic expression of VDR
and this should be regarded as another limitation of the present study. Our results, supported by the
histological findings in liver of STZ+D3 group of rats, suggest hepatoprotective effects of vitamin D3 in
diabetes and are in compliance with previous studies [2, 20, 21]. The liver histoarchitecture is nearly preserved
and changes as narrow sinusoids, hepatocytes swelling and vacuolations, found in STZ rats, are minimal or
completely absent after D3 treatment. Similar hepatoprotective effects of vitamin D3 were reported by Risha
et al. [29]. In their study, as in ours, 35mg/kg of STZ was used for the induction of diabetes. However,
administration of vitamin D3 lasted for four weeks, whereas we were able to show hepatoprotective effects of
vitamin D3 after only 14 days of its administration.

4. CONCLUSION

Results of the present study have shown that vitamin D3 treatment reduces hyperglycemia, exerts
beneficial effects on body weight and alleviates histopathological changes in pancreas and liver in STZ-
induced diabetic rats. Attained results have clinical implications and suggest that vitamin D3 administration
may be used as a successful treatment in a prevention and reduction of the pathological complications of
diabetes. However, more elaborative studies using electron microscopy and immunohistochemical techniques
are required to corroborate obtained findings.
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5. MATERIALS AND METHODS

5.1. Animals and experimental design

Study included Wistar rats, both sexes, of 180 - 240 g body weight. Rats had free access to water ad libitum
and standard dry pellet diet. Study was approved by Institutional Ethical Committee; ethical code: 02-3-4-
4638/14. All animal care and procedures were carried out in the accordance with the National and Institutional
Guide for the Care and Use of Laboratory Animals, and the ethical treatment of all experimental animals was
conformed to the guidelines provided by the Institutional Animal Care and Use Committee. All efforts were
made to minimize the suffering of animals and to use minimal number of animals. Reagents used in the
present study were purchased from Sigma-Aldrich Chemical Company. Animals were housed in separate
cages for 2 weeks to allow their acclimatization under standard laboratory conditions (humidity 50% #+ 10%,
temperature 23 °C = 3 °C and under 12 h light - 12 h dark periods). Study was experimental and prospective.

5.2. Induction of diabetes

Animals were divided into 3 groups: Control group (n=6) that were intraperitoneally (i.p.) injected with citrate
buffer (pH 4.5; 0.1M) on the first day of the experiment. Streptozotocin (STZ) group included rats (n=6) that
were injected by a single i.p. dose (35 mg/kg) of STZ, which was freshly dissolved in citrate buffer (pH 4,5;
0,1M) on the first day of the experiment. Streptozotocin + vitamin D3 (STZ+D3) group included rats (n=6) that
were injected by a single i.p. dose (35 mg/kg) of STZ, freshly dissolved in citrate buffer (pH 4.5; 0.1M) on the
first day of the experiment. Rats in the STZ+D3 group starting from the 7th day of experiment were given
vitamin D3 (12 micrograms of cholecalciferol/kg dissolved in 0,3ml of coconut oil) via oral gavage for 14 days

[2].
5.3. Biochemical analysis and body weight measurement

Diabetes was confirmed on the 7th day of experiment in animals with fasting glucose level > 16,7 mmol/L
measured via test strips from the blood obtained by incision of tail vein. Glucose levels and body weight were
measured on the 1, 7, 14 and 21st day of experiment. Glucose levels were determined to confirm the induction
of diabetes using a test strips of One Touch Basic Glucometer (Accu-Chek Active, Roche, Germany). Body
weight was measured using an electronic scale (Acculab V-1200®, IL, United States). On 21st day of
experiment, animals were sacrificed by decapitation after being anaesthetized by ether.

5.4. Histological analysis

After sacrificing the animals, liver and pancreas were removed and fixed in 10% buffered neutral formalin.
Tissue samples were processed in an automated tissue processor and embedded in paraffin following the
standard procedure. Paraffin blocks were sectioned in 5pm thick sections and stained with hematoxylin and
eosin (HE). Qualitative histological analysis was done using the light microscope (Nikon, Eclipse 400) with a
digital camera (Nikon, DN 100). Researchers were blinded to the treatment group.

5.5. Statistical analysis

Statistical analysis was performed with SPSS software version 17.0 (SPSS, Inc., Chicago, Illinois). Results are
expressed as the mean + standard deviation (SD). Differences between the groups were tested by one-way
analysis of variance (ANOVA) followed by Dunnett's posttest. Differences in repeated measures were tested
using paired t-test. P values < 0.05 were considered significant.
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