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Hypervitaminosis D leads to toxic effects, including hypercalcemia, which can cause severe damage

to various organs. Fetuin-A, a glycoprotein with anti-inflammatory properties, may protect

tissues from such damage. This study explores the role of Fetuin-A in mitigating hypervitaminosis
D-induced damage in renal, hepatic, and cardiac tissues. The objectives of this study were to: (1)
Assess the extent of tissue damage from high-dose vitamin D in a murine model by examining the
histopathological changes in liver, kidney and heart. (2) Investigate Fetuin-A's protective effect
against this damage. Thirty-six albino rats were divided into four groups: (1) control, (2) vitamin D
toxicity, (3) Fetuin-A + vitamin D, and (4) Fetuin-A only. Vitamin D was administered subcutaneously
at 250 pg/20 g/day for 3 days. Fetuin-A was given at 100 pl/20 g, starting 7 days before vitamin D
treatment. Histopathological analysis of liver, kidney, and heart tissues was performed using H&E and
Alizarin Red staining and findings were analysed statistically. Vitamin D toxicity caused significant
tissue damage, including apoptosis, inflammation, and calcification in the liver, kidneys, and heart.
Pre-treatment with Fetuin-A reduced calcification and inflammation, preserving tissue architecture.
Fetuin-A-only rats showed no damage or calcification. Fetuin-A provided statistically significant
protection against vitamin D-induced damage, reducing oxidative stress and calcification in affected
organs. These findings suggest Fetuin-A could be a potential therapeutic agent for hypervitaminosis D.
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Hypervitaminosis D and vitamin D toxicity are closely related yet distinct conditions caused by excessive vitamin
D intake. Hypervitaminosis D refers to elevated levels of vitamin D metabolites, such as 25-hydroxyvitamin D
[25(OH)D] and 1,25-dihydroxyvitamin D [1,25(0OH),D], typically resulting from prolonged supplementation or
dietary intake!2. Vitamin D toxicity, on the other hand, describes the clinical consequences of hypervitaminosis
D, primarily hypercalcemia, which leads to symptoms such as nausea, vomiting, renal impairment, and
cardiovascular complications®. While hypervitaminosis D may occur without immediate clinical symptoms at
serum 25(OH)D levels exceeding 100 ng/mL, toxicity generally arises when levels surpass 150 ng/mL, often due
to chronic intake of doses exceeding 50,000 IU/day*".

The global prevalence of hypervitaminosis D, though less documented compared to vitamin D deficiency,
is increasingly recognized as a growing concern, particularly in populations that frequently self-administer
supplements without medical supervision. Contributing factors include the misuse of high-dose supplements,
the promotion of megadoses for therapeutic purposes, and errors in supplement manufacturing®-1°. This trend
was exacerbated during the COVID-19 pandemic, with heightened emphasis on vitamin D supplementation,
which increased the risk of toxicity?®. Certain vulnerable populations, such as pediatric cystic fibrosis patients,
show hypervitaminosis D prevalence rates as high as 5%, highlighting the need for monitoring vitamin D
levels in high-risk groups'!. Additionally, conditions such as mutations in enzymes like CYP24A1 or SLC34A1
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and diseases such as pulmonary tuberculosis can predispose individuals to hypervitaminosis D, exacerbating
hypercalcemia and increasing the risk of severe complications'>!?.

Fetuin-A, a glycoprotein primarily produced in the liver, plays a multifaceted role in maintaining
physiological balance, particularly in conditions involving calcium-phosphate dysregulation. It binds calcium
and phosphate ions to form soluble calciprotein particles (CPPs), thereby preventing ectopic calcification in
soft tissues'*!°. Fetuin-A also exhibits anti-inflammatory properties and has been shown to inhibit vascular
calcification, making it a key regulator in metabolic and cardiovascular health!®-!. Studies have demonstrated
that mice deficient in Fetuin-A exhibit increased systemic calcification when exposed to a high-vitamin D diet,
underscoring its potential role in mitigating hypercalcemia-induced damage'®.

This study investigates the protective effects of Fetuin-A against vitamin D toxicity in a murine model.
Specifically, it seeks to address the following questions:

1. What is the extent of cellular and tissue damage caused by high doses of vitamin D in renal, hepatic, and
cardiac tissues?

2. Does the administration of Fetuin-A mitigate vitamin D-induced damage in these tissues?

3. What histopathological changes occur in the renal, hepatic, and cardiac tissues of murine models subjected
to hypervitaminosis D and Fetuin-A treatment?

4. Are there differences in the protective efficacy of Fetuin-A across renal, hepatic, and cardiac tissues?

By addressing these questions, this study aims to provide insights into the mechanisms underlying Fetuin-
A’s protective effects and its potential as a therapeutic agent for managing hypervitaminosis D. The findings
could inform future research and therapeutic strategies aimed at reducing the systemic and tissue-specific
complications associated with vitamin D toxicity.

Methodology

Reagents

Vitamin D3 (cholecalciferol) was obtained from Memphis Pharmaceutical and Chemical Industries (Egypt).
Each ampoule contained 200,000 IU in 2 mL. Fetuin-A was sourced from Roche Products (UK) as a 10 mg/mL
solution in a 1 mL ampoule.

Animals and diets

The study utilized 36 healthy adult male albino rats of the C57BL/6 strain, aged 8-10 weeks and weighing
between 20 and 30 g. The animals were housed under standard laboratory conditions, including a controlled
temperature of 22 + 2 °C, relative humidity of 50-60%, and a 12-h light/dark cycle. They had free access to water
and food during the experimental period. The diet, supplied by Grain Silos and Flour Mills, consisted of 20%
crude protein, 4% crude fat, 3.5% crude fiber, 6% ash, 0.5% salt, 1% calcium, 0.6% phosphorus, 20 IU/g vitamin
A, 2.2 1U/g vitamin D, and 70 IU/g vitamin E.

Induction of hypervitaminosis-D and fetuin-A intervention
The animals were randomly assigned to one of four experimental groups (n=9 per group) using randomization
software to ensure unbiased allocation:

« Group 1 (Control): Received subcutaneous injections of distilled water.

o Group 2 (Vitamin D Toxicity): Administered a toxic dose of 250 ug/20 g/day of vitamin D (500,000 IU/kg/
day) subcutaneously for three consecutive days at 0, 24, and 48 h%.

o Group 3 (Fetuin-A 4 Vitamin D): Administered an intraperitoneal dose of Fetuin-A (100 mg/kg) daily for
seven days before the first subcutaneous vitamin D (500,000 IU/Kg/day) and continuing the same dose of
fetuin A for the duration of vitamin D treatment?*?!. The rationale to administer fetuin A before Vitamin D
in group 3 was to study its capacity for primary prevention of Vitamin D toxicity and to explore its usability in
patients who take large doses of Vitamin D for therapeutic reasons, e.g. Rheumatological diseases?.

« Group 4 (Fetuin-A Only):Administered Fetuin-A (100 mg/kg) intraperitoneally for ten days®!. This group
was included to assess any independent effects of Fetuin-A in the absence of hypervitaminosis D which helps
to determine if Fetuin-A has any inherent effects on renal, hepatic, and cardiac tissues. This is important for
distinguishing between its general impact and its role in specifically countering the effects of vitamin D toxic-
ity. This group addresses the hypothesis that Fetuin-A, beyond its protective role, does not negatively impact
tissue health under normal conditions.

The dosing regimen was based on each rat’s body weight, following established protocols®®*! and all injections
were performed at 08:00 each day to minimize circadian variability. Vitamin D was administered subcutaneously
to ensure reliable absorption and consistency with previous studies?’. Fetuin-A was delivered via intraperitoneal
injection according to the methodology outlined by Zhang et al.?!. The details of the dose calculation are in
appendix-1.

According to the dose conversion between rats and humans®® the daily amount of Vitamin D received by
group 2 and 3 were equivalent to 80,800 IU/kg/day in humans which is much higher than recommended daily
dose and can cause severe toxicity. The human equivalent dose of Fetuin-A would be 16.22 mg/kg/day.

Quantification of clinical signs
General clinical observations, including appetite, neurological symptoms (e.g., muscle twitching), and physical
activity, were recorded daily. Physical activity was objectively assessed using a locomotor activity chamber?!,
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with measurements standardized at 08:00 daily (Fig. 1). Data were expressed as steps per minute, and group
averages were calculated for comparison. Data were analysed using statistical methods to compare activity levels
and other parameters across the four experimental groups.

Histopathological analysis
After the treatment period (Day 11), the animals were sacrificed using carbon dioxide inhalation, followed by
decapitation to confirm death. Tissue specimens from the liver, kidney, and heart were collected, fixed in 10%
neutral-buffered formalin, and subjected to routine histological processing. The samples were trimmed, washed,
dehydrated in ascending grades of ethanol, cleared in xylene, and embedded in paraffin. Sections of 4-6 pm
thickness were prepared and stained with hematoxylin and eosin (H&E) and Alizarin Red.

Histopathological images were captured using an Olympus BX53 microscope equipped with a DP74 digital
imaging system. The analysis was conducted under blinded conditions to ensure objective evaluation.

Quantification of histopathological signs

Histopathological analysis was conducted to evaluate key tissue changes, including the quantification of the
portal vein diameter. For portal vein diameter, the most dilated vein within the portal triad was identified and
measured using image analysis software. The data were expressed as arithmetic mean, and standard deviation of
the mean (+ SD) and all findings were statistically analysed to determine significant differences between groups.

Statistical analysis

All data were analyzed using statistical methods to compare parameters across the four experimental groups.
The mean and standard deviation were calculated for each group to summarize the data. Group differences
were analyzed using a one-way analysis of variance (ANOVA) to assess overall statistical significance. Pairwise
comparisons were further examined through post-hoc Tukey’s HSD tests to identify specific differences between
groups. Statistical significance was determined at a threshold of p <.001, and all analyses were performed using
SPSS software, version 20.

Ethical considerations

This study was approved by the Research Ethics Committee of Dubai Medical College for Girls, and it followed
the regulations of ethical treatment of laboratory animals and ARRIVE guidelines (REC AY22-23-F-01). Every
effort was made to minimize animal distress and Sample size calculations ensured the use of the minimum
number of animals required for statistical validity.

Results
Observed clinical signs
The comparison of clinical signs observed across different experimental groups is summarized in Table 1. No
significant clinical signs were observed in any of the groups during the first two days. On the third day, the
vitamin D toxicity group (Group 2) exhibited reduced appetite, decreased activity (in all mice), and muscle
twitches in approximately 66% of the mice, primarily in the abdominal region. On the fourth day, one mouse
from this group was found dead. In the Control group and Fetuin-A groups, both with and without vitamin D,
no neurologic signs were recorded, and overall health and appetite appeared normal.

The physical activity of each group was quantitatively recorded using the locomotor activity chamber (Image
1). The statistical analysis of activity levels across the four groups revealed significant (p <.001) differences into
the effects of vitamin D toxicity and the protective role of Fetuin-A (Table 2).

Fig. 1. Quantification of locomotor activity of the mice in Locomotor chamber.
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Fetuin-A
Only
(Group
Clinical Signs Control | Vitamin D Toxicity (Group 2) Fetuin-A + Vitamin D (Group 3) | 4)
Mortality None 1 Mouse (Day 4) None None
Appetite Normal | Reduced (Day 3 onward) Largely Preserved Normal
. . . Muscle twitches observed in the abdomen of
Neurological Signs (Muscle Twitches) | None 66%, reduced activity None None
Activity Level (Steps per Minute) 124 71 103 120
Table 1. Comparison of clinical signs among experimental groups.
Group 1 (Control) | Group 2 (Vitamin D Toxicity) | Group 3 (Fetuin-A + Vitamin D) | Group 4 (Fetuin-A Only)
Parameter (Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD) ANOVA p value
Activity Level 124 +3.2 71+8.96 103+8.2 120 +1.94 <.001
Portal Vein Diameter | 2.00+0.12 5.92+0.22 2.90+0.23 2.02+0.08 <.001

Table 2. Summary of statistical findings for activity levels and portal vein diameter across experimental
groups.

Group 1 (Control), which received distilled water, demonstrated the highest activity levels (mean=124
steps per minute). In contrast, Group 2 (Vitamin D Toxicity) exhibited the lowest activity levels (mean="71
steps per minute, p<.001 vs. Group 1), highlighting the debilitating effects of vitamin D toxicity, likely due
to hypercalcemia-induced neuromuscular disturbances. Group 3 (Fetuin-A 4+ Vitamin D), pre-treated with
Fetuin- A, displayed intermediate activity levels (mean = 103 steps per minute). Although significantly lower than
the Control group (p<.001), Group 3 exhibited markedly higher activity than Group 2 (p <.001), suggesting
that Fetuin-A mitigates the adverse effects of vitamin D toxicity. These results underscore Fetuin-A's potential
as a preventive intervention for hypervitaminosis D, especially in scenarios requiring high-dose vitamin D
therapy. Group 4 (Fetuin-A Only), included to assess the independent effects of Fetuin-A, showed activity levels
comparable to the Control group (mean =120 steps per minute, p =.55 vs. Group 1). This indicates that Fetuin-A
does not impair normal physiological activity, supporting its safety and potential therapeutic usability.

These findings highlight the severe physiological impact of vitamin D toxicity and the protective role of
Fetuin-A. The comparable activity levels between the Control and Fetuin-A Only groups confirm its safety, while
the improvements in Group 3 emphasize its therapeutic promise. These results provide a strong foundation for
further investigation into Fetuin-A as a protective agent in conditions associated with hypervitaminosis D.

Histopathological findings

Liver

The liver of control mice showed normal histology with a thin capsule, normal portal areas and hepatocytes
arranged in plates or cords radiating from the central vein, separated by blood sinusoids lined by thin squamous
epithelium (Fig. 2A). However, there was no calcification spots on staining with Alizarin (Fig. 2B). The portal
vein caliber appeared normal with maximum diameter noted as 2.2mm (Fig. 2C). In contrast, livers from
mice supplemented with a toxic dose of vitamin D exhibited cells showing condensed nuclei and eosinophilic
cytoplasm indicative of apoptosis admixed with normal hepatocytes. Kupffer cell hyperplasia, portal vein dilation,
inflammatory cells around bile duct, congestion of portal vessels with marked portal vein dilatation (Fig. 3A-C).
The maximum diameter of portal vein was noted to be 6. 2mm (Fig. 3E). Calcified deposits were seen with
Alizarin Red stain (Fig. 3D). Fetuin-A pre-treated mice exhibited reduced fatty degeneration and preserved
hepatocyte structure compared to Group 2. While fatty degeneration was still observed in some hepatocytes,
with some cells displaying a signet ring appearance, it was significantly less pronounced in Group 3, and overall
tissue integrity appeared more preserved. Occasional cytoplasmic eosinophilia and sparce inflammation was
also noted in the hepatocyte demonstrating reversible injury (Fig. 4A). Calcification deposits and portal vein
dilatation was less marked in Fetuin-A pre-treated mice compared to Group 2 (Fig. 4B, C). Fetuin A only group
showed mild fatty degeneration of hepatocytes (Fig. 5A), no calcification (Fig. 5B) and normal portal vein
diameter (Fig. 5C).

The analysis of portal vein (PV) diameters revealed significant differences among the experimental groups,
reflecting the vascular effects of vitamin D toxicity and the protective role of Fetuin-A (Table 2). Group lexhibited
a mean PV diameter of 2.0 +0.12 mm, representing the baseline for healthy, untreated rats. In stark contrast,
Group 2 (Vitamin D Toxicity) showed a significantly increased PV diameter of 5.92 +0.22 mm (p <.001 vs. Group
1). This marked dilation highlights the severe vascular alterations induced by vitamin D toxicity, likely resulting
from hypercalcemia-driven endothelial dysfunction, inflammation, and increased vascular permeability. Group
3 (Fetuin-A + Vitamin D), which was pre-treated with Fetuin-A, demonstrated an intermediate PV diameter of
2.9+0.23 mm. While significantly larger than the control group (p <.001), it was markedly reduced compared
to Group 2 (p <.001), indicating that Fetuin-A mitigated the vascular effects of vitamin D toxicity. This finding
supports Fetuin-As potential in preserving vascular integrity by reducing calcium-phosphate imbalance and
protecting endothelial function. Group 4 (Fetuin-A only), included to evaluate the independent effects of
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Fig. 2. Histology of negative control mice liver (A) H&E showing normal architecture, (B) Alizarin Red
showing no calcification, High Power, (C) Portal Vein diameter (widest area=2.2mm) (X 40).

Fetuin-A, had a mean PV diameter of 2.02+0.08 mm, which was comparable to the control group (p=.99).
This suggests that Fetuin-A does not cause any adverse vascular changes under normal physiological conditions,
further reinforcing its safety as a therapeutic agent.

These findings collectively demonstrate the detrimental effects of vitamin D toxicity on vascular structure
and the protective role of Fetuin-A in mitigating these changes. The absence of significant differences between
Group 4 and the Control group confirms that Fetuin-A does not negatively impact vascular health, making it a
promising candidate for addressing hypervitaminosis D and related vascular complications.

Kidney

The kidney of control mice (Fig. 6) displayed normal structure with a thin capsule, well-organized renal
corpuscles in the outer cortex, and medulla containing parts of different proximal and distal renal tubules
(Fig. 6A). No calcification was seen on the renal tissue on staining with Alizarin (Fig. 6B). In mice supplemented
with a toxic dose of vitamin D, some renal corpuscles exhibited shrinkage and decreased cellularity of glomerular
capillaries with widening of Bowman’s space. Other tubules showed decreased epithelial height, luminal dilation
with desquamated cells, hyaline material deposition, focal cellular damage, and inflammatory cell infiltration,
alongside apoptosis and necrosis with marked disorganization of renal tubules (Fig. 7A-C). Massive calcification
of renal tubules, glomeruli, and renal blood vessels was also observed (Fig. 7D). In mice supplemented with
Fetuin-A followed by toxic dose of vitamin D (Fig. 8), the kidneys showed largely normal glomeruli and renal
tubules (Fig. 8A) with no detectable calcification by Alizarin Red stains (Fig. 8B). Only fetuin A group showed
normal kidney structure (Fig. 9A) and no calcification (Fig. 9B).

Heart

In sections from the hearts of control mice (Fig. 10A), cardiac muscles appeared cylindrical with branched
fibers running in various directions, displaying ill-defined striations and oval, vesicular, central nuclei. Scanty
loose connective tissue with thin-walled blood capillaries and branches of the coronary artery, lined by simple
squamous cells and having a thin muscular wall, were observed among the fibers, no calcification was seen on
the renal tissue on staining with Alizarin (Fig. 10B). In mice given a toxic dose of vitamin D, slight changes and
congestion were observed in the coronary arteries, with dilated and congested capillaries among the fibers, some
showing apoptotic changes, and inflammatory cells, including lymphocytes (Fig. 11A-C). Calcification deposits
were detected by Alizarin Red stain (Fig. 11D). In mice supplemented with Fetuin-A as prophylaxis, the cardiac
muscles appeared mostly normal, with only minimal inflammatory cell infiltration (Fig. 12A), and very minimal
calcification as shown by Alizarin Red stain (Fig. 12cB). Only fetuin A group showed normal cardiac fibers
(Fig. 13A) and no calcification (Fig. 13B).

Discussion
This study highlights the severe physiological and histopathological effects of hypervitaminosis D and the
protective potential of Fetuin-A in mitigating these outcomes. Mice exposed to toxic doses of vitamin D exhibited
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Fig. 3. Histology of mice liver after taking the toxic dose of Vit D (A-C) H&E showing apoptosis,
inflammation, central vein dilatation and Kupffer cell hyperplasia, (D) Alizarin Red showing calcification in
hepatocytes, (E) Portal Vein diameter (widest area=6.2mm) High Power (X 40).

significant reductions in activity levels, extensive tissue calcification, and inflammation in the liver, kidneys, and
heart. In contrast, pre-treatment with Fetuin-A significantly alleviated these adverse effects, as evidenced by
improved activity levels, reduced calcification, and preserved tissue architecture. These findings underscore the
pathological consequences of vitamin D toxicity and emphasize Fetuin-A’s therapeutic promise.

Hypervitaminosis D primarily results from excessive vitamin D intake, leading to hypercalcemia, which
disrupts calcium and phosphate homeostasis and causes systemic complications?. The underlying mechanisms
involve the activation of the vitamin D receptor (VDR), which forms a heterodimer with the retinoid X receptor
(RXR) and binds to vitamin D response elements (VDREs) in DNA, modulating genes that regulate calcium
and phosphate metabolism?*. High levels of 1,25-dihydroxyvitamin D (1,25(0OH),D) amplify VDR activation,
resulting in increased calcium absorption in the intestines, elevated bone resorption driven by RANKL
overexpression, and reduced renal calcium excretion due to decreased transporter expression. These processes
overwhelm calcium-regulating mechanisms, such as parathyroid hormone (PTH) and calcium-sensing
receptors, leading to persistent hypercalcemia, ectopic calcification, and tissue dysfunctionzs.

In this study, mice in the Vitamin D Toxicity group exhibited substantial histopathological damage across
multiple organ systems, consistent with these mechanisms. The liver showed portal vein dilation (5.92 +0.22 mm,
p<.001 vs. Control), inflammatory infiltration, Kupffer cell hyperplasia, and calcification, consistent with
findings reported by Ali et al.?’. Hypercalcemia-induced vascular dysfunction, including endothelial damage,
increased permeability, and reduced nitric oxide (NO) production, likely contributed to these changes®?.
Similarly, renal tissues displayed nephrocalcinosis, tubular damage, and widespread calcification, while cardiac
tissues exhibited apoptotic fibers, inflammatory infiltration, and calcification deposits. These findings align with
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Fig. 4. Histology of mice liver after taking the Fetuin-A followed by toxic dose of Vit D, (A) H&E showing
fatty degeneration of hepatocytes, occasional signet ring cells, Occasional cytoplasmic eosinophilia and sparce
inflammation was also noted in the hepatocyte demonstrating reversible injury, (B) Alizarin Red showing
sparse calcification in hepatocytes, (C) Portal Vein diameter (widest area=3.2mm) (X 40).

prior studies demonstrating the systemic effects of hypervitaminosis D, including nephrocalcinosis, vascular
calcification, and cardiac dysfunction?’-%.

Pre-treatment with Fetuin-A mitigated these adverse effects, as shown by improved functional and histological
outcomes in the Fetuin-A + Vitamin D group. Activity levels, which were significantly reduced in the Vitamin D
Toxicity group (71 +8.96 steps/min, p <.001 vs. Control), improved to 103 + 8.2 steps/min (p <.001 vs. Vitamin
D Toxicity) with Fetuin-A pre-treatment. Portal vein dilation was markedly reduced in the Fetuin-A 4 Vitamin
D group (2.9+0.23 mm, p<.001 vs. Vitamin D Toxicity), and histological analysis revealed preserved tissue
architecture, reduced calcification, and minimal inflammation in the liver, kidneys, and heart. These findings are
consistent with Fetuin-A's molecular mechanisms, including its ability to bind calcium and phosphate ions to
form soluble calciprotein particles (CPPs), preventing ectopic calcification in soft tissues!'>!°.3%3! Fetuin-A also
inhibits the osteogenic transition of vascular smooth muscle cells (VSMCs), stabilizes the extracellular matrix,
and suppresses pro-inflammatory pathways, reducing systemic inflammation?-%*.

Interestingly, the Fetuin-A Only group displayed activity levels (120+1.94 steps/min) and portal vein
diameters (2.02+0.08 mm) comparable to the Control group (p>.05), confirming that Fetuin-A does not
adversely affect normal physiological or vascular function. However, mild fatty degeneration of hepatocytes,
characterized by signet ring-like cells, was observed in both the Fetuin-A+ Vitamin D and Fetuin-A Only
groups. Similar findings were reported by Dogru et al.*® who concluded that While these changes are reversible,
they warrant further investigation into the long-term hepatic effects of Fetuin-A, particularly under conditions
of sustained supplementation?"¥’.

The protective efficacy of Fetuin-A varied across organs. It demonstrated the most pronounced effects in
the kidneys and heart, with minimal inflammation and no detectable calcification in these tissues. In contrast,
hepatic changes, including mild fatty degeneration, persisted despite Fetuin-A pre-treatment!*. These findings
emphasize the importance of optimizing dosing strategies and exploring combination therapies to enhance
Fetuin-As efficacy in the liver.

The broader implications of this study highlight Fetuin-A’s potential as a therapeutic agent for managing
hypervitaminosis D. By mitigating calcification, reducing inflammation, and preserving tissue function,
Fetuin-A addresses key pathological processes associated with vitamin D toxicity. Combining Fetuin-A with
other treatments, such as bisphosphonates, may enhance therapeutic outcomes by simultaneously reducing
calcium release from bones and preventing its deposition in soft tissues®®. Additionally, novel approaches, such
as gene therapy to enhance endogenous production of Fetuin-A, could provide sustainable solutions for patients
with chronic hypercalcemia or requiring high doses of vitamin D for therapeutic purposes®+.

By providing critical insights into the pathological effects of hypervitaminosis D and the protective
mechanisms of Fetuin-A, this study highlights a potential therapeutic approach for mitigating the systemic
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Fig. 5. Histology of mice liver after taking the Fetuin-A only, (A) H&E showing mild fatty degeneration
of hepatocytes, (B) Alizarin Red showing no calcification in hepatocytes, (C) Portal Vein diameter (widest
area=2.1mm) (X 40).

Fig. 6. Histology of negative control mice Kidney, (A) H&E showing normal kidney structure, (B) Alizarin
Red showing no calcification, High Power (x 40).

complications of vitamin D toxicity. These findings contribute to a growing body of research aimed at improving
the safety and efficacy of vitamin D use in clinical practice.

Study limitations and future directions

One limitation of this study is the lack of quantitative analysis of calcification beyond portal vein diameter.
Future research should incorporate advanced imaging techniques and biochemical assessments, such as serum
calcium, phosphate, and Fetuin-A levels, to provide a more comprehensive understanding of vitamin D toxicity
and Fetuin-A’s protective effects. Investigating hypervitaminosis D’s impact on additional organs, including
the gastrointestinal tract, lungs, pancreas, and immune system, could further elucidate its systemic effects 2.
Exploring optimal dosing strategies and the long-term safety of Fetuin-A, including its combination with other
protective agents like omega-3 fatty acids, could enhance its clinical applicability. Additionally, studies focusing
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Fig. 7. Histology of mice kidney after taking the toxic dose of Vit D, (A-C), H&E showing Glomerular
shrinkage, wide Bowman’s capsule, inflammatory cell infiltrate, Hyaline casts, damaged tubular epithelium,
Apoptosis, necrosis, calcification deposits, (D) Alizarin Red showing massive calcification, High Power (X 40).

Fig. 8. Histology of mice kidney after taking the Fetuin-A followed by toxic dose of Vit D, (A) H&E showing
minimal inflammation, Epithelial degeneration, Hyaline casts, (B) Alizarin Red showing minimal calcification,
High Power (X 40).

on Fetuin-A’s role in vascular calcification and its interplay with metabolic and inflammatory pathways may
provide deeper insights into its therapeutic potential.

Conclusion

This study demonstrated that high doses of vitamin D caused significant cellular and tissue damage in renal,
hepatic, and cardiac tissues, including calcification, inflammation, and. The administration of Fetuin- A effectively
mitigated these effects, reducing calcification, inflammation, and preserving tissue architecture across all organs
examined. Histopathological analysis revealed that the protective effects of Fetuin-A varied between different
organs, with the most substantial impact observed in the kidneys and heart, while some hepatic changes, such
as fatty degeneration, persisted. These findings highlight the potential of Fetuin-A as a therapeutic agent for
managing vitamin D toxicity, though further research is needed to optimize its use and explore combination
therapies for enhanced protection, particularly in vulnerable organs like the liver.
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Fig. 9. Histology of mice kidney after taking the Fetuin-A only, (A) H&E showing normal kidney structure,
(B) Alizarin Red showing no calcification, High Power (x 40).

Fig. 10. Histology of negative control mice heart, (A) H&E showing normal cardiac Fibers, (B) Alizarin Red
showing no calcification, Low Power (X 10).

With continued research, Fetuin-A may offer a novel approach for managing vitamin D overdose, providing
new hope for preventing the harmful effects associated with excessive vitamin D intake and ensuring the safe
therapeutic use of vitamin D in clinical practice.
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Fig. 11. Histology of mice heart after taking the toxic dose of Vit D, (A-C), H&E Showing Apoptotic
Myocytes, dilated and congested capillaries, inflammatory cell infiltrate, damaged cardiac fibers, (D) Alizarin
Red showing calcification, Low Power (X 10).

Fig. 12. Histology of mice heart after taking the Fetuin-A followed by toxic dose of Vit D, (A) H&E showing
minimal inflammatory infiltrate of lymphocytes, (B) Alizarin Red showing minimal calcification, Low Power
(x10).
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Fig. 13. Histology of mice heart after taking the Fetuin-A only, (A), H&E showing normal cardiac Fibers, (B)
Alizarin Red showing no calcification, Low Power (X 10).
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