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Abstract

Background and aim: Vitamin D has recently been shown to not only participate in calcium metabolism but also
has antioxidant and anti-inflammatory properties. The aim of this study was to evaluate the protective effect of
vitamin D3 on changes of liver tissue, liver transaminases and some blood biochemical parameters in adult male rats
treated with thioacetamide.

Materials and Methods: Forty-eight adult male Wistar rats were grouped into 6 groups of 8. The control group did
not receive any treatment, but the sham group 0.2 ml of distilled water as the drug solvent, the experimental group 1
(Expl) 1000 IU/kg vitamin D3, the Exp2 50 mg/kg thioacetamide, the Exp3 500 IU/kg Vitamin D3 and 50 mg/kg
thioacetamide and Exp4 1000 IU/kg Vitamin D3 and 50 mg/kg thioacetamide received by orally gavage for 25 days.
At the end of the study, body weight, liver weight, serum levels of liver transaminases (ALT, AST and GGT) and
blood biochemical parameters (ALP, total protein and albumin) were measured. Also, liver tissues were evaluated
histopathologically.

Results: Thioacetamide did not cause significant changes in liver weight and ALP serum levels but caused
significant changes in body weight, serum levels of ALT, AST, GGT, albumin and total protein in Exp2, 3 and 4. In
Exp3 and 4 degrees of improvement in body weight and serum levels were observed in a dose-dependent manner. In
the Exp2 necrosis and severe destruction of liver tissue were observed, but in the Exp3 and 4, improvement in
necrosis and cell damage was observed in a dose-dependent manner.

Conclusion: Vitamin D3 at maximum dose (1000 IU/kg) has protective effects on liver tissue and improves liver
tissue, serum levels of liver transaminases and blood biochemical parameters and in thioacetamide-treated rats.
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Introduction

Different chemical compounds are made by
humans that exist in the living environment. Most of
these compounds are metabolized and detoxified by
the liver in the human body. One of these compounds
that is widely used in industry is thioacetamide.
Thioacetamide with the chemical formula C2ZH5NS is
used as a chemical and organic solvent in the leather,
rubber, textile, paper industries and as a fuel stabilizer
for the engine (Staitkova et al.,, 2010; Chilakapati et
al., 2007). Thioacetamide is a white or colorless
powder with a mild odor of mercaptan. It is soluble in
water and ethanol and slightly soluble in ether. When
thioacetamide is heated, it releases toxic gases,
nitrogen oxides and sulfur oxides. Thioacetamide
contamination is caused by skin-to-skin contact or by
inhalation (PubChem, 2004). It is predictable that
thioacetamide can be a carcinogenic compound in
humans. Studies show that Thioacetamide can destroy
liver cells and induce cirrhosis. Thioacetamide is used
to induce cirrhosis and liver fibrosis in animal (rats
and mice) model experiments. It is a toxic compound
that affects the synthesis of DNA, RNA, protein and
glutathione  content and ultimately induces
intrahepatic changes (Chang et al., 2021).

Thioacetamide is a potent oxidant that is
converted by the enzyme CytP4502B in liver cell
microsomes to its toxic and active metabolite,
thioacetamide-S which attacks membrane proteins
and lipids, breaking down proteins and lipid
peroxidation, eventually producing free radicals and
oxidative stress (Hajovsky et al, 2012). In recent
decades, increasing use of drugs, chemicals, and
pollution from urban life has put the liver, a vital
organ, at serious risk. Currently, cirrhosis and liver
fibrosis are global problems and common chemical
drugs used to treat these diseases have many side
effects (Suh, 2020; Manisalidis et al., 2020).

Vitamin D is a type of fat-soluble vitamin that can
be stored in body. Vitamin D is either synthesized in
the skin (vitamin D3 (cholecalciferol)) or obtained
from food sources (vitamin D3 or vitamin D2
(ergocalciferol)). Vitamins D3 and D2 have no
biological activity. Both forms are metabolized in the
liver to 25-hydroxyvitamin D (calcidiol) and in the
kidneys to the biologically active form known as
1,25-dihydroxyvitamin D (calcitriol), which acts as a
steroid-like hormone. The effects of 1,25-
dihydroxyvitamin D are mediated by its binding to
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vitamin D receptors in cells. Renal production of
dihydroxyvitamin D 1is regulated by parathyroid
hormone, serum calcium and phosphorus levels, and
by fibroblast growth factor-23 (Bjelakovic et al.,
2017). New evidence shows that vitamin D has anti-
inflammatory, antioxidant and anti-fibrotic effects.
Vitamin D has been reported to have beneficial
effects on serum levels of oxidative stress and
inflammatory factors such as malondialdehyde (Sadat
Miryaghobi et al., 2019). Therefore, this study was
performed to evaluate the protective effect of vitamin
D on liver tissue changes, liver transaminases and
some blood biochemical parameters in adult male rats
treated with Thioastamide.

Materials and Methods
Animals

In this study, 48 adult, male Wistar rats weighing
approximately 190+10 g and approximately 70 to 80
days old were obtained from the animal house of the
Kazerun Islamic Azad University and kept in the
same center. Before the start of the study, the animals
were kept for one week in standard conditions at 22
to 24 ° C, 12 hours of light and 12 hours of darkness
and were maintained in these conditions until the end
of the study. The animals were kept in polycarbonate
cages with a steel mesh roof. Animals’ food was a
compact food for rats prepared by Pars Livestock and
Poultry (Pars Animal Feed Co, Iran) Company. The
study period was 25 days and the animals received
the same amount of water and food throughout the
entire study period without any restrictions. The
ethical protocol of this study on working with
laboratory animals was approved by the Ethics
Committee of the Islamic Azad University, Kazerun
Branch.

Animal grouping and protocol

For grouping, the animals were first weighed with
a restraint device and using a digital scale with an
accuracy of 0.001 g. Rats were divided into 6 groups
of 8 randomly as below:

1. Control group: did not receive any
medication or solvent for 25 days.

2. Sham group: received 2 ml of distilled water
as a drug solvent every day for 25 days by
oral gavage.
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3. Experimental group 1 (Expl): received 1000
[U/kg of vitamin D3 every day for 25 days
by oral gavage.

4. Experimental group 2 (Exp2): received 50
mg/kg of thioacetamide daily for 25 days by
oral gavage.

5. Experimental group 3 (Exp3): received 500
[U/kg of vitamin D3 daily at 9:00 AM and
50 mg/kg of thioacetamide at 5:00 PM for 25
days by oral gavage.

6. Experimental group 4 (Exp4): They received
1000 IU/kg of vitamin D3 daily at 9:00 AM
and 50 mg/kg of thioacetamide at 5:00 PM
for 25 days by oral gavage (Nourozi &
Shariati, 2020).

At the end of the study, the animals were weighed
again, then they were anesthetized with ether (Kimia
Commercial, Iran) to draw blood and remove liver
tissues. By opening the chest, blood samples were
taken directly from the left ventricle of the heart using
a 2.5 cc syringe. The agglutination process of blood
samples was performed at 37 ° C for half an hour.
Blood samples were then centrifuged at 5000 rpm for
15 minutes to isolate serum. Serums were kept at -20
° C until blood parameters were measured. Serum
levels of AST, ALT, ALP, GGT, Alb and TP were
measured by RA-1000 model auto-analyzer
(Technicon, USA) according to the manufacturer's
instructions  (Pars Azmoun Co, Iran). For
histopathological study, liver tissue of all animals was
removed and weighed. Tissues were fixed in 10%
formalin buffer solution and molded in paraffin after
conventional tissue processes. Serial sections of 5
microns were prepared using a microtome device and
stained with hematoxylin-eosin (Merck, Germany).
Tissue samples were evaluated histo-pathologically
using light microscope (Nikon, Japan).

Thioacetamide

Thioacetamide (Merck, Germany) was prepared
as a powder and distilled water was used as its
solvent. The dose of the drug was selected based on
previous studies of 50 mg/kg (Nourozi & Shariati,
2020).

Vitamin D
Vitamin D3 (Banner Pharmacaps, Netherlands)
was prepared in the form of tablets and after
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pulverizing, distilled water was used as a solvent.
Vitamin D3 doses of 500 and 1000 IU/kg were
selected as minimum and maximum doses,
respectively, based on previous studies (Nourozi &
Shariati, 2020).

Statistical Analysis

Using SPSS software version 20 (SPSS Inc,
Chicago, IL, USA) and by ANOVA test and Tukey
post hoc test, data obtained from serum levels of liver
transaminases and blood biochemical parameters
were compared between control, sham and
experimental groups. Data was defined as
Mean+SEM and P<0.05 was considered as a
significant level. The charts were drawn by
Ghraphpad software version 5 (GraphPad Prism, Inc.,
San Diego, CA, USA).

Results
Body weight and liver weight

Graph 1 shows a comparison of mean body
weight and liver weight. Body weight (Graph 1A) in
Exp2, 3 and 4 showed a significant decrease
compared to the control and sham groups (P<0.05)
but in contrast, in Exp3 and 4 showed a significant
increase compared to Exp2 (p<0.05). Liver weight
(Graph 1B) in Expl, 2, 3 and 4 were not significantly
different compared to control and sham groups (p
<0.05).

Hepatic transaminases and blood biochemical
parameters

Graph 2 shows a comparison of mean serum
levels of ALT, AST, GGT, ALP, Alb and TP. Serum
levels of ALT, AST and GGT (Charts 2A, 2B, 2C) in
Exp2, 3 and 4 showed a significant increase
compared to control and sham groups, (P<0.05) but in
Exp3 and 4 showed a significant decrease compared
to Exp2 (p<0.05). Serum ALP levels (Graph 2D) in
Expl, 2, 3 and 4 were not significantly different from
control and sham groups (0.05<p). Serum Alb level
(Graph 2E) in Exp2 and 3 showed a significant
decrease compared to control and sham groups
(P<0.05) but in Exp3 and 4 showed a significant
increase compared to Exp2 (p<0.05). Serum TP level
(Graph 2F) in Exp2, 3 and 4 showed a significant
decrease compared to control and sham groups
(P<0.05) but in contrast to Exp3 and 4 showed a
significant decrease compared to Exp2 (p<0.05).
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Graph 1. Comparison of mean body weight (A) and liver weight (B) in control, sham and Exp groups.
*(p<0.05): Compared with control and sham groups. **(p<0.05): Compared with Exp2.
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Graph 2. Comparison of mean serum levels of ALT (A), AST (B), GGT (C), ALP (D), Alb (E) and TP (F) in control, sham and
experimental groups. *(p<0.05): Compared with control and sham groups. **(p<0.05): Compared with Exp2.

Histopathological findings group (Figure 1D). In Exp3, local inflammation,

The comparison of histopathological findings of acute necrosis and cell damage were observed in
the liver between control, sham and Exp groups is comparison with the control and sham groups, and
shown in Figure 1. In the control group (Figure 1A), liver tissue was observed abnormally (Figure 1E). In
sham (Figure 1B) and Expl (Figure 1C), liver tissue Exp4, compared with control and sham groups, liver
was normal and no cell damage was observed. In tissue destruction, local inflammation and necrosis
Exp2, compared with the control and sham groups, were mild. Liver tissue appeared somewhat normal
severe necrosis, local inflammation and cell damage (Figure 1F).

were observed. Liver tissue was disrupted in this
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Figure 1. Histopathological comparison of liver between control, sham and experimental groups. In control groups (A), sham (B)
and experimental 1 (C) liver tissue is normal and no cell damage is observed. In Exp2 (C) compared to control and sham groups,
necrosis (arrows), local inflammation and severe cell damage are observed. Liver tissue damage is severe. Exp3 (E) shows acute
necrosis (arrowheads), local inflammation, and cell damage. Liver tissue is abnormal but less damaged than Exp2. In Exp4,
compared to Exp2, necrosis (arrowheads), local inflammation and cell damage are mild, and structural changes in liver tissue are

minor. Liver tissue is repairing (E&H staining, 40X).

Discussion

In this study, the effects of vitamin D on body
weight, liver weight, liver levels of serum ALT, AST,
GGT, ALP, Alb and TP as well as histopathological
changes of liver in thioacetamide-treated rats were
investigated. According to the results of this study,
thioacetamide reduced body weight in animals but did
not change liver weight. Thioacetamide has been
reported to interfere with the biological activity of
cells, resulting in disruption of protein synthesis,
impaired metabolism of lipids, carbohydrates, and
amino acids (Koen et al, 2013; Youniset et al,
2021). Also, thioacetamide reduces the amount of
total protein and albumin, so it can explain the reason
for the decrease in body weight (Hamad Shareef et
al., 2022). Thioacetamide attacks membrane proteins
and lipids, causing protein breakdown, lipid
peroxidation, and consequently oxidative stress.
Among biomolecules, fats are the most damaged by
oxidative stress (Sun et al., 2000). Studies show that

vitamin D can reduce the expression of genes
associated with lipogenesis, which reduces fat
synthesis in the liver, suppresses adipose tissue
deposition, and ultimately reduces body weight in rats
(Kang et al., 2015). Nourozi and Shariati showed that
the administration of vitamin D3 at doses of 500 and
1000 IU/kg in male rats treated with thioacetamide

had no effect on testicular weight, however, it causes
weight loss, which is consistent with the results of
this study (Nourozi & Shariati, 2020). Also, Shafei et
al., by examining the protective effect of vitamin D3
in male rats treated with lead nitrate, showed that the
doses of vitamin D had no effect on testicular weight,
which is consistent with the results of this study
(Shafiee et al., 2018).

The results of this study showed that vitamin D3
has protective effects on serum levels of ALT, AST,
GGT, ALP, Alb and TP as well as liver tissue in
thioacetamide-treated rats. Acute doses of toxins and
some drugs or long-term use of some substances can
produce high amounts of free radicals that overwhelm
the antioxidant defense system and cause liver
damage (Sepehrinezhad et al., 2021; Sharifi-Rad et
al., 2020).

Thioacetamide is metabolized by enzymes in the
cytochrome detoxification system upon entry into the
body. Metabolism of thioacetamide produces
thioacetamide-S oxide and other metabolites. Finally,
thioacetamide-S oxide is an intermediate compound
in the oxidation steps of thioacetamide by
monooxygenases with different functions that cause
oxidative stress in liver cells. Also, thioacetamide in
high doses causes necrosis and apoptosis of liver
cells. On the other hand, thioacetamide free radicals
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attack the membrane of liver cells and cause lipid
peroxidation, which reduces the fluidity of the
membrane and thus changes its permeability,
releasing substances and proteins such as albumin
entering the plasma from inside the cell (Hajovsky et
al., 2012; Turkmen et al., 2022; El-Baz et al., 2019;
Zaragoza et al., 2000).

Vitamin D3 is classically recognized as a

hormone with important functions to maintain
mineral metabolism and musculoskeletal health. It
also has antioxidant properties that are as much as or
even stronger than the classic antioxidant Vitamin E
(Javanbakht et al., 2010; Lee et al., 2018).
In addition, vitamin D3 has been reported to be a
potent hormone with important biological functions
such as inducing cell differentiation, reducing
inflammation, and modulating immunity (Wacker &
Holick, 2013).

Studies show that powerful antioxidants such as
vitamin D3 improve cell and tissue function by
destroying free radicals. The hydroxyl (OH) group of
vitaminD3 increases the regenerative power and thus
increases the antioxidant power of this substance and
protects cells from damage caused by chemical and
toxic substances (Souri et al., 2003). Lee et al. report
that vitamin D3 increases levels of antioxidant
enzymes and suppresses lipid peroxidation, thereby
reducing oxidative stress (Lee et al, 2018). Liver
damage and inflammation is the first step in liver
fibrogenesis. After the activation of fibrogenic
cytokines, mainly TGF-B1, liver stellate cells become
active myofibroblast-like cells; the accumulation of
secreted components of these cells causes fibrosis and
progressive cirrhosis. Vitamin D3 has been shown to
inhibit fibrogenesis without hypercalcemic properties
(Calcipotriol) in a rat model of liver fibrosis. In rats
with fibrosis and cirrhosis with CCl4, vitamin D3
supplementation prevented the progression of fibrosis
or cirrhosis, suppressed TGF-B1 expression, and
increased MMP9 levels in liver tissue (Komolmit et
al., 2017).

Nrf2 (Nuclear Factor Erythroid 2-related Factor 2)
is one of the regulators of cellular resistance against
oxidative stress, which is activated as a defense
mechanism against stress-induced damage and
activates transcription of various antioxidant elements
(Nakai et al., 2014). Vitamin D3 is considered as an
activator of Nrf2 and has a regulatory effect against
oxidative stress, causing the antioxidant activity of
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vitamin D in various diseases (Browning and Horton,
2004; Abo El-Magd & Eraky, 2020; Zhang et al.,
2020).

Vitamin D3 has been shown to reduce the
expression of a-SMA (a-smooth muscle actin) (a
functional marker of liver stellate cells) and collagen
levels, and to prevent cirrhosis by thioacetamide
(Kitson & Roberts, 2012). In addition, vitamin D3
inhibits the expression of inflammatory cytokines
such as interleukin-6, TNF-o and interleukin-1 beta
by inhibiting adipogenesis and inhibiting NF-«xB
(Nuclear factor-kB) and increases adiponectin
secretion from adipocytes (Miryaghobi et al., 2019).
It has been shown that vitamin D3 can be a direct
membrane antioxidant by stabilizing and protecting
membranes against lipid peroxidation through
relationships with their hydrophobic components
(Wiseman, 1993; Paprocki et al., 2021; Adelani et al.,
2020). Evidence shows that vitamin D3 prevents
chronic diseases by regulating oxidative stress in the
following ways. It induces the expression of several
molecules involved in the antioxidant defense system,
including GSH, GSH peroxidase, and SOD, and
suppresses the expression of NADPH oxidase.
Vitamin D3 can also be similar to a direct membrane
antioxidant (Mokhtari et al., 2017).

The limitations of this study include the short
duration of the study, the lack of measurement of
oxidative and inflammatory factors, the small number
of animals studied and the lack of vitamin D3
administration in higher doses.

Conclusion

The results of this study showed that
thioacetamide at a dose of 50 mg/kg can alter the
serum levels of liver transaminases and blood
biochemical parameters in adult male rats by
destroying the liver. However, administration of
vitamin D3 at the maximum dose (1000 IU/kg) can
have protective effects on liver tissue in
thioacetamide-treated rats and improve liver tissue,
serum levels of liver transaminases and blood
biochemical  parameters.  Therefore, it is
recommended that people who are exposed to
thioacetamide poisoning use vitamin D3 supplements
to reduce the toxic effects of thioacetamide while
monitoring their vitamin D levels.
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