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ABSTRACT

Vitamin D3 receptor is expressed in several types of immune cells suggesting that Vitamin D3 could have immune
regulatory roles. The current study was conducted to investigate the role of Vitamin D3 in reducing the toxicity of
the cisplatin on some Immunological parameters in the rat model. The current experiment was conducted on 80 adult
white male rats within the age range of 9-12 weeks. The animals were divided into eight groups (10 animals in each
group). The control group was dosed with the physiological solution until the end of experiment (C). Rats in the
second treatment were injected with cisplatin (2 mg/kg, T1). Rats in the third (T2), fourth (T3), and fifth (T4) groups
were injected with cisplatin at a concentration (2 mg/kg) and received Vitamin D3 at levels of 5000 U, 10,000 IU,
and 15,000 IU, respectively. The rats in the sixth (T5), seventh (T6), and eighth (T7) groups were subjected to
Vitamin D3 at concentrations of 5000 1U,10,000 IU, and 15,000 1U, respectively. At the end of the experiment,
which lasted 21 days, the animals were anesthetized, their weights were recorded, and blood samples were collected.
The findings revealed a significant elevation in the levels of interleukin-12, tumor necrosis factor-alpha, C-reactive
protein, lymphocyte percentage, monocyte percentage, and eosinophil percentage within group T1 compared to the
control and other treatment groups that received Vitamin D3. The average percentage of white blood cells and
neutrophils in group T1 was significantly lesser than other groups. It can be concluded that supplementation of
different Vitamin D3 levels (5000-10,000 IU) have positive influences on the immunological parameters of
immunosuppressed rats.
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INTRODUCTION

Vitamin D is an essential fat-soluble vitamin with multiple functions. Vitamin D receptor is expressed in several types of
immune cells suggesting its immune regulatory roles. Vitamin D insufficiency has been suggested to increase the risk of
autoimmune diseases (Ao et al., 2021). However, little is known regarding its immunomodulatory effects in the
condition of immune suppression. The demand for nutritional supplements has been increasing dramatically worldwide,
encompassing a wide range of products including vitamins, protein supplements, herbal supplements, mineral
supplements, and essential fatty acids (Abdul Aziz et al., 2020).

Vitamin D is stored in the body tissue as a steroid hormone 25-hydroxycholecalciferol, called calciferol. Vitamin D
is the only vitamin that the human body can make. Vitamin D can be produced in the skin when exposed to sunlight.
Other sources of vitamin D include supplements and food (Ao et al., 2021). Vitamin D may also act as an antioxidant,
anti-inflammatory, immunoprotect, immune regulator, cellular oncogenic signaling, and apoptosis regulator, as well as
cell-cycle and angiogenesis controllers (Balasa et al., 2014). A study indicated that the immune response of patients with
type 2 diabetes and spinal tuberculosis who receive long-term drug therapy can be improved by supplementation with
1,25(0H)2D3 (Abdul Aziz et al., 2020).

Cisplatin (CI2H6N2Pt) is a powerful chemotherapy medication comprising platinum, widely utilized to address
various cancer types affecting different tissues (Nasiri et al., 2020). This drug necessitates specific precautionary
measures due to its serious side effects when used in hospitals. Despite its adverse effects, it remains the primary
treatment for many cancer types. Cisplatin toxicity arises from cross-linking within and between nuclear strands, leading
to various effects, including nephrotoxicity, hepatotoxicity, cardiotoxicity, thrombocytopenia, anemia, and dysfunction
in the peripheral nervous system (Nasiri et al., 2020). Although the mechanism of cisplatin toxicity is well understood,
there is still a lack of effective treatments and preventive measures to mitigate these changes.

Hence, there is a pressing need to develop a substance that can enhance the safe usage of cisplatin (Sun et al.,
2019). Recent studies have explored the use of potent natural plant-based antioxidants and nutritional supplements
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contain Vitamin D, to prevent or reduce oxidative stress and inflammation caused by cisplatin. These approaches have
shown promising effects on the pathophysiological status (Abdel-Daim et al., 2019).

This study aimed to investigate the role of Vitamin D3 in reducing the toxicity of the chemical drug (cisplatin) on
some immunological parameters in rat model.

MATERIALS AND METHODS

Ethical approval
All research methods and practices and the use of experimental animals have been approved by the Animal Care
and Use Committee (ACUC), Faculty of Veterinary Medicine, College of Education, University of Al-Qadisiyah, Iraq.

Experimental animals

The study was conducted in the animal laboratory of the College of Education / University of Al-Qadisiyah, under
standard conditions of temperature (22-28°C), ventilation, and lighting duration (14 hours of light and 10 hours of
darkness). The animals were given free feeding (metabolizable energy of 1850 kcal/kg, and crude protein 14 %) and
water for the duration of the experiment. All the mice were weighed and sacrificed by cervical dislocation and blood
samples (2 ml) were collected immediately at the end of the study (8 weeks of age; Florea and Bisselberg, 2011).

Experimental design

The experiment included 80 male white rats (average weight 180-200 gr) distributed into 8 groups (10 in each
groups). The rats were obtained from the laboratory of the University of Al-Qadisiyah, Iraq. Each group included 10
animals for a period of 21 days.

The experiment consisted of eight different treatment groups. The control group (C) received normal saline
physiological solution daily for 21 days. The first treatment group (T1) received weekly injections of cisplatin at a
concentration of 2 mg/kg of body weight for 21 days. The second treatment group (T2) received the same cisplatin
injections and a daily dose of Vitamin D3 at a concentration of 5000 U for 21 days. In the third treatment group (T3),
animals received cisplatin injections along with a daily dose of Vitamin D3 at a concentration of 10,000 1U for 21 days.
The fourth treatment group (T4) received cisplatin injections and a daily dose of Vitamin D3 at a concentration of 15,000
IU for 21 days. The fifth treatment group (T5) solely received a daily dose of Vitamin D3 at 5000 1U of body weight for
21 days. The sixth treatment group (T6) received a daily dose of Vitamin D3 at 10,000 IU of body weight for 21 days.
Lastly, the seventh treatment group (T7) received a daily dose of Vitamin D3 at 15,000 IU of body weight for 21 days.

Cisplatin dosage

Cisplatin was obtained from drug stores (Iraq) in the form of a liquid bottle with a concentration of (50 mg/100 ml)
and the dose was prepared as described by Florea and Blsselberg (2011) at a concentration of 2 mg/kg of body weight
by dissolving the required concentration depending on the average body weight of the animal. Inject each animal weekly
under the peritoneum for 21 days.

Serum interleukin-12

The level of interleukin-12 in the serum was determined using the ELISA test and the Direct ELISA Sandwich
method according to the instructions contained in the examination kit supplied by the Chinese company BT Lab (Florea
and Busselberg, 2011).

Serum C-reactive protein

The CRB-Latex assay is a rapid-slide stacking assay based on the modification of the latex fixation method and
was used for the direct detection of C-reactive protein (CRP) and its semi-quantitative estimation in serum (Desoize and
Madoulet, 2002).

Platelets, total and differential numbers of white blood cells
Platelets, total and differential numbers of white blood cells were examined using Auto Blood Analyzer Sysmex-
XP300 (Germany) according to instruction of the device (Desoize and Madoulet, 2002).

Statistical analysis

After data collection and tabulation, statistical analysis program SPSS version 25 (USA) was used. Where the data
were statistically analyzed according to the one-way ANOVA test, and the Least Significant Difference (LSD) was used
for the posthoc test at the 0.05 level of significance (Daniel and Cross, 2018). Mean data are expressed with standard
deviation (SD).

RESULTS AND DISCUSSION

Table 1 presents the interleukin-12, TNF-a, C-reactive protein, and platelet count concentrations in different treatment
groups. In the first treatment (T1), there was a significant increase in the concentration of interleukin-12 compared to the
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other groups (p < 0.05). Regarding TNF-a, the T1 group showed a significant increase compared to the control and other
treatments (p < 0.05).

The elevated levels of TNF-a observed could potentially be linked to immune cells present within the tumor
microenvironment, including Kupffer cells and macrophages (Titov et al., 2022). The findings align with prior
researches of Florea and Biisselberg (2011), Ito et al. (2012), and Erbas et al. (2014) which emphasized the existence of
diverse receptor types, such as TNF-a, IL-6, and 1L-12 in hepatocytes.

One of the important effects of high concentration of TNF-a is to stimulate the accumulation of reactive oxygen
species (ROS) in the epithelial cells, and this accumulation causes damage to the DNA of the epithelial cell and cause
mutation in the cells (Laird et al., 2014).

The improvement was observed in the patients diagnosed with hepatic steatosis that administered with Vitamin D3
in their treatment regimen (lIto et al., 2012). It was demonstrated that Vitamin D3 possesses the capacity to mitigate the
inflammatory process through various mechanisms. These mechanism is due to diminish the T1 helper 1 (Thl) cell
response while augmenting the Th2 response, resulting in reduced levels of TNF-a and interleukin-1. Furthermore,
Vitamin D3 was found to decreases the concentration of interleukin-12 by impacting both monocytes and B cells, as
indicated in studies by Mirhosseini et al. (2017) and Mohammed et al. (2019).

The platelet count indicated a significant reduction in group T1 compared to the other treatments (p < 0.05). The
cisplatin binds with the DNA of bone marrow cells, which leads to the destruction of the bone marrow and thus reduces
the production of platelets (Mu et al., 2005; Perry, 2008).

Vitamin D3 demonstrated positive effects on the blood platelet count, which is consistent with findings from a
previous study by Papapostoli et al. (2016). The results of current study indicated that vitamin D may influence the
process of megakaryocytopoiesis, and the formation of platelet precursor cells. This process involves calcium-dependent
events mediated by the non-genomic activity of Vitamin D receptors (VDR) within mitochondria (Weir et al., 2011).
Moreover, the relationship between platelet count and oxidative stress is closely linked, highlighting the role of vitamin
D as a well-known antioxidant (Wilson et al., 2007). Furthermore, vitamin D demonstrates anticoagulant and anti-
inflammatory properties, which additionally enhance its positive effects on platelet function.

The data depicted in Table 1 regarding C-reactive protein revealed an increase in group T1 compared to the control
group and other treatment regimens (p < 0.05). These results were agreed with the study by Wu et al. (2014). C-reactive
protein is an inflammatory biomarker and a strong indicator of kidney abnormalities and functions in humans and
animals (Stuveling et al., 2003). C-reactive protein production is assumed to be restricted by the liver, but a recent study
suggested that the kidney may be a second site for C-reactive protein formation (Zoair, 2021). The observed effect of
Vitamin D3 on platelet count can be attributed to its anti-inflammatory properties. Several studies including Mohammed
and Qasim (2021), Abolhasani Zadeh et al. (2022), and Huldani et al. (2022) have reported that Vitamin D3
supplementation can lead to reduced levels of inflammatory markers, including TNF-o and C-reactive protein in rats.
Another study highlighted that decreased levels of Vitamin D3 in circulation were associated with increased
inflammation, marked by elevated levels of IL-6 and C-reactive protein (Hafsan et al., 2022). The Vitamin D3
supplementation helps to reduce C-reactive protein levels and increase IL-10, which possesses potent anti-inflammatory
effects in rats. IL-10 can inhibit monocyte activation and suppress the production of inflammatory mediators (Zhang et
al., 2010; Zakharova et al., 2019; Ansari et al., 2022).

Table 1. The effects of different concentrations of Vitamin D3 on immune parameters of immunosuppressed rats with
cisplatin

IL-12 Tumor necrosis factor alpha C-reactive protein

Group (pg/ml) (pg/ml) Platelet count (x103/mm) (mg/L)

C 6.28+0.88° 0.16+1.348 2.31+341.80" 7.06+0.038
T1 1.10£11.634 0.68+3.36" 4.22+263.408 8.27+0.07*
T2 0.76+10.048 +2.930.288 2.834+309.50" 7.51+0.088
T3 +8.160.758 +1.800.278 +320.402.96" 7.45+0.085
T4 +7.610.718 +1.380.208 2.814+334.00" 7.41+0.038
T5 +6.690.838 0.12+1.278 +336.402.44" 7.08+0.048
T6 +6.970.88 1.310.16® 3.13+335.80" 7.15+0.048
T7 +7.200.838 +1.320.158 2.94+333.00" 7.20+0.048

ABC Different superscript letters indicate significant differences in the columns between the treatments (p < 0.05). IL-12: Interleukin 12. C: The control
group that received the physiological saline solution for the duration of the experiment (21 days). T1: The first treatment represents a group of rats that
were immunosuppressed with cisplatin at a concentration of 2 mg/kg bw. T2: The second treatment represented a group of rats that were
immunosuppressed and dosed with Vitamin D3 at a concentration (5000 IU). T3: The third treatment represents a group of rats that were
immunosuppressed and dosed with Vitamin D3 at a concentration of (10,000 1U). T4: The fourth treatment represents a group of rats that were
immunosuppressed and dosed with Vitamin D3 at a concentration (15,000 1U). T5: The fifth treatment represents the group of rats that received
Vitamin D3 at a concentration (5000 IU). T6: The fifth treatment represents the group of rats that were dosed with Vitamin D3 at a concentration of
(10,000 V). T7: The fifth treatment represents the group of rats that were dosed with Vitamin D3 at a concentration of (15,000 IU)

Table 2 presents the results of the total number of white blood cells and the percentage of lymphocytes,
neutrophils, monocytes, and eosinophils in different treatment groups. In group T1, there was a significant decrease in
the total number of white blood cells, compared to the control group and other treatments (p < 0.05). Regarding the
percentage of lymphocytes, group T1 displayed a significant increase, compared to the control group and other
treatments (p < 0.05).
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The results of the current study indicated a significant decrease in the average percentage of neutrophils in group
T1, compared to the control and other treatment groups (p < 0.05). The results showed a significant increase in the
percentage of monocyte cells in group T1, compared with the control and other treatment groups (p < 0.05). The results
indicated a significant increase in the average percentage of eosinophils in the treatment group 1 compared to the control
group and other treatment groups (p < 0.05).

The reduction in white blood cell count was similar to the study of Mackall et al. (1994). The reason for the
decrease in the white blood cells in treatment 1 is attributed to the fact that cisplatin causes side effects when used,
including the decrease of white blood cells, and it is associated with immune suppression. These effects may lead to a
significant decrease in white blood cells in peripheral blood. Additionally, cisplatin affects T and B lymphocytes in the
spleen and lymph nodes (Florea and Busselberg, 2011). Chemotherapy is contributed to decline in white blood cell, by
influencing the liver, and kidneys (Ito et al., 2012; Jhaveri et al., 2013). According to a study by Zhang et al. (2010),
chemotherapy-induced reduction in white blood cell and it could be due to its impact on bone marrow, and it is reducing
the ability of bone marrow to produce cells and compromising the immune system, thereby reducing overall body
protection. This could be the results of an increase in the levels of IL-10, known for its immunosuppressive properties,
and inhibiting 1L-10 could potentially restore immunity function (Florea and Busselberg, 2011). IL-10 is used
therapeutically to inhibit the proliferation and cytokine production of Thl lymphocytes (Nguyen et al., 2021). As a
consequence of using cisplatin, there was a decrease in the levels of neutrophils, those results in weakening the body's
defense mechanisms, and causing a deficiency of macrophages.

The expressing vitamin D receptors and la-hydroxylase, leading to anti-inflammatory effects (Ao et al., 2021).
Vitamin D3 reduces the differentiation and secretion of inflammatory cytokines (IL-2, IFNy, and TNF-a) by Thl cells
while enhancing the differentiation and secretion of anti-inflammatory cytokines (IL-4, IL-5, and IL-10) by Th2 cells.
Furthermore, Vitamin D3 enhances T-cell differentiation and regulation, preventing an exaggerated stress response
(Florea and Busselberg, 2011).

Chemotherapy-induced bone weakening and immune system defects result in increased IL-12 levels, while
Vitamin D3's role in immune regulation helps to counteract inflammation and maintain immune balance. The results of
current study indicated that vitamin D supplementation can increase the level of immune cells such as monocytes,
lymphocytes, and eosinophils.

Table 2. The effects of different concentrations of Vitamin D3 on the differential number of white blood cells in rats
immunosuppressed with cisplatin.

Group W.B.C Count I‘(;)'\)A I?loil)J M&’)\)lo E?;SO

[® 9.96+0.06” 65.99+3.11° 25.00+1.92A 5.29+0.225C 3.90+0.16°
T1 4.760.04° 74.04+2.16" 11.89+0.988 7.22+0.30" 7.01+0.26"
T2 6.33+0.198 63.64+1.88° 23.44+0.57° 6.42+0.218 4.52+0.218
T3 6.59+0.278 68.76+1.61° 20.10+0.74" 6.11+0.095 4.17+0.178
T4 8.12+0.13* 67.99+1.80° 19.73+2.21° 5.98+0.33° 4.2+0.188
T5 8.96+0.13" 66.34+2.31° 24.18+1.16" 5.26+0.205C 3.90+0.128
T6 8.10+0.08" 67.35+2.078 23.01+1.29" 5.19+0.255C 4.02+0.10°
T7 8.06+0.09” 68.51+1.14" 22.64+1.19° 5.84+0.19° 4.01+0.218

ABC Different superscript letters indicate significant differences in the columns between the treatments (p < 0.05). C: The control group that received the physiological saline
solution for the duration of the experiment (21 days). T1: The first treatment represents a group of rats that were immunosuppressed with cisplatin at a concentration of 2
mg/kg bw. T2: The second treatment represented a group of rats that were immunosuppressed and dosed with vitamin D3 at a concentration (5000 1U). T3: The third
treatment represents a group of rats that were immunosuppressed and dosed with vitamin D3 at a concentration of (10000 1U). T4: The fourth treatment represents a group of
rats that were immunosuppressed and dosed with vitamin D3 at a concentration (15,000 1U). T5: The fifth treatment represents the group of rats that received vitamin D3 at a
concentration (5000 1U). T6: The fifth treatment represents the group of rats that were dosed with vitamin D3 at a concentration of (10,000 1U). T7: The fifth treatment
represents the group of rats that were dosed with vitamin D3 at a concentration of (15,000 IU). WBC: White blood cells, LYM: Lymphocyte, NEU: Neutrophile, MONO:
Monocyte, EOSINO: Eosinophile.

CONCLUSION

It can be concluded that different levels of Vitamin D3 (5000-15,000 1U) have positive influences on immunological
parameters in immunosuppressed rats. There is a need to evaluate the effects of Vitamin D supplementation at other
different doses on the other immunosuppressed animal species and human.
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