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Abstract
Introduction: Methotrexate (MTX) causes hepatotoxicity by producing oxidative stress. Benfotiamine and irisin have protective effects against oxidative stress. The aim of this study was to investigate the changes in irisin activity in the liver as a result of toxicity produced by MTX and the protective
role of benfotiamine in the hepatotoxicity.
Material and methods: Rats were divided into 4 groups as follows: control,
benfotiamine (50 mg/kg, oral gavage (o.g.), for 14 days), MTX (MTX 20 mg/kg
intraperitoneally (i.p.) on day 1), MTX + benfotiamine (MTX 20 mg/kg (i.p.)
on day 1, then 50 mg/kg (o.g.) benfotiamine for 14 days). Liver tissue was
used to examine histopathological and immunohistochemical changes. Serum was used to look for oxidative stress markers (total antioxidant status
(TAS) and total oxidant status (TOS)).
Results: Administration of MTX caused a significant TOS increase and TAS
decrease in the serum as compared to the control group. Immunohistochemically, irisin was significantly increased in immunoreactivity in the MTX
group as compared to the control group (p < 0.05). Significant histopathological improvement and decrease in serum TOS levels were observed in the
MTX + benfotiamine group compared to the MTX group (p < 0.05). In addition, an increase in TAS level and a decrease in irisin immunoreactivity were
observed but they were not statistically significant (p > 0.05).
Conclusions: Our results showed that MTX caused an increase in the activity
of irisin after producing toxicity in the liver. In addition, we found that benfotiamine was effective in preventing damage caused by MTX in the liver.
Key words: irisin, liver toxicity, benfotiamine, oxidative stress, rats.

Introduction
Methotrexate (MTX) has been used in the treatment of autoimmune
diseases such as psoriasis and rheumatoid arthritis, especially leukaemia
and various solid tumours, for many years. Even though the mechanism
of liver damage caused by MTX is not yet clear, many parameters such as
genetic, molecular, and apoptotic factors are thought to play a role in the
pathogenesis of hepatotoxicity. Methotrexate is an antimetabolite and
folate antagonist. This function is performed by binding to dihydrofolate
reductase, which plays a key role in cell replication, and inhibiting the
synthesis of tetrahydrofolate required for the formation of purines and
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pyrimidines. Inhibition of purine and pyrimidine
synthesis leads to DNA damage resulting in apoptosis [1, 2]. In addition, MTX causes weakening of
the effectiveness of the antioxidant defence system, which protects cells against oxidative stress
[3]. Furthermore, MTX also shows a negative effect on energy metabolism by decreasing ATP synthesis [4].
Irisin, which plays a role in energy regulation, is
a proteolytic product of fibronectin type III domain
5 (FNCD5), which is a membrane protein in the
muscles and a member of the myokine group. After
synthesis of irisin, having thermogenic properties,
the white fat tissue turns into a brown fat tissue
which results in energy dissipation [5, 6]. The increment in expression of PGC1, also known as the
coactivator of peroxisome proliferator-activated receptor (PPAR), leads to an increase in FNDC5, which
leads to upregulation of UCP-1 from the brown
adipose tissue. It has also been demonstrated that
PGCI stimulates mitochondrial biogenesis, which is
known to have beneficial effects on inflammation
and many chronic diseases [6].
A fat soluble form of thiamine pyrophosphate,
which plays an important role in energy metabolism, is called benfotiamine [7, 8]. Having anti-inflammatory properties, benfotiamine prevents
apoptosis caused by high glucose [9, 10]. It has
also been shown in recent studies that it has an
antioxidant effect against oxidative stress [11, 12].
Oxidative stress is caused by deterioration of
the balance between reactive oxygen species (ROS)
and antioxidant defence systems such as superoxide dismutase, glutathione peroxidase and cytochrome oxidase, in favour of ROS. The excess ROS
increase causes a toxic effect in the cell and affects
the cell components: DNA, protein and lipids [13,
14]. It has been shown in recent studies that oxidative stress increases in relation to age and is
responsible for the pathogenesis of many diseases
such as atherosclerosis, thyroid diseases, cardiovascular diseases and liver diseases [13, 15–17].
In this study, we aimed to investigate the activity of irisin in liver toxicity due to MTX and the
effect of benfotiamine in preventing the damage.

Material and methods
Animals
The present study was approved by the Institutional Ethics Committee for Animal Experiments
(2018/007). In our study, 28 Wistar Albino male
rats weighing 200–250 g and 10–12 weeks old
were used by dividing them into 4 groups, each
group having 7 animals. The rats were kept in
rooms with 22 ±2°C room temperature, with a 12 h
light and 12 h dark light cycle, and were provided with feed and water ad libitum. The weights

2

of the animals were determined at the beginning
and end of the study, which was to be continued
for 14 days in total. The rats in the study were
divided into four groups as follows.
1. Group I (control group) (n = 7): no procedure
was performed during the experiment.
2. Group II (MTX group) (n = 7): only one dose of
20 mg/kg MTX (i.p.) was administered on day 1
of the experiment.
3. Group III (benfotiamine group) (n = 7): 50 mg/
kg benfotiamine was given by oral gavage daily
for 14 days of the experimental period.
4. Group IV (MTX + benfotiamine group) (n = 7):
rats that were given a single dose of 20 mg/
kg (i.p.) MTX on the first day of the experiment
were then administered a dose of 50 mg/kg
benfotiamine by oral gavage daily for 14 days
of the experimental period. At the end of the
experimental period, all rats were decapitated.
Then, serum and tissue samples were obtained.

Biochemical study – total antioxidant
status (TAS) and total oxidant status (TOS)
measurements
The levels of serum TAS were measured using
the Rel Assay Total Antioxidant Status Test Kit in
the Olympus AU2700 Autoanalyzer (Mega Medicine San. Ve Tic. Ltd. Sti., Gaziantep, Turkey) [18].
Working Principle: The antioxidants in the example change the concentrated dark blue-green
ABTS+ (30 mmol/l) [2,2′-azinobis-(3-ethylben
zothiazoline-6-sulfonic acid)] in acetate buffer
(0.4 mol/l, pH: 3.6) solution to a reduced colourless ABTS form. The ABTS molecule reduces and
decolorizes when diluted with a solution of acetate buffer (0.4 mol/l, pH 5.8) having high pH, due
to antioxidants present in the samples. There is
an inverse relationship between concentration
and decolourization of the antioxidant substances found in the samples. The absorbance change
detected spectrophotometrically is related to the
level of antioxidant in the sample. Stable antioxidant is calibrated with its standard solution
(Trolox equivalent). The reaction rate is adjusted
with Trolox, which is a vitamin E analogue, and the
unit is mmol Trolox equivalent/l [18].
The levels of serum TAS were measured using
the Rel Assay Total Antioxidant Status Test Kit in
the Olympus AU2700 Autoanalyzer (Mega Medicine San. Ve Tic. Ltd. Sti., Gaziantep, Turkey) [19].
Working principle: oxidizing agents present in
the sample oxidize the ferrous ion chelator complex to ferric ion. The reaction is carried out by
the oxidizing molecules. The ferric ion forms a coloured complex with the chromogen present in the
acidic medium. Density of the colour measured
spectrophotometrically is directly proportional to
the amount of oxidizing substances present in the
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Immunohistochemistry
The sections cut from paraffin blocks in 4–6
mm thickness were placed on polylysine coated
slides. The deparaffinized tissues were passed
through graded alcohol series and boiled in a microwave oven (750 W) for 7 + 5 min at pH 6 in
citrate buffer solution for antigen retrieval. After
boiling, the tissues that were kept to cool off in
room heat for about 20 min were incubated for
5 min with hydrogen peroxide block solution to
prevent endogenous peroxidase activity after being washed for 3 × 5 min with PBS (Phosphate
Buffered Saline, P4417, Sigma-Aldrich, USA)
-125-HP, Lab Vision Corporation, USA). In order to
prevent dye remaining on the tissues that were
washed with PBS for 3 × 5 min, Ultra V Block
(TA-125-UB, Lab Vision Corporation, USA) solution
was applied for 5 min and they were incubated
with 1/200 diluted primary antibody (iris Rabbit
Polyclonal H-067-17, Phoenix Pharmaceuticals,
Inc., California, USA) at room temperature for
60 min in a humid environment. After the application of primary antibody, the tissues were
incubated at room temperature for 30 min in
a humid environment with a secondary antibody
(biotinylated Goat Anti-Polyvalent (anti-mouse/
rabbit IgG), TP-125-BN, Lab Vision Corporation,
USA) after being washed with PBS for 3 × 5 min.
After the application of secondary antibody, the
tissues were washed with PBS for 3 × 5 min and
after being incubated at room temperature for
30 min in a humid environment with streptavidin
peroxidase (TS-125-HR, LabVision Corporation,
USA), were placed in PBS. After taking the image
signal on a light microscope by dripping the solution
of 3-amino-9-ethylcarbazole (AEC) Substrate + AEC
Chromogen (AEC Substrate, TA-015 and HAS, AEC
Chromogen, TA-002-HAC, LabVision Corporation,
USA) on tissues, the tissues were washed with PBS
synchronously. Tissues that underwent contrast
dye with Mayer’s haematoxylin were closed with
appropriate closure solution (Large Volume Vision
Mount, TA-125-UG, Lab Vision Corporation, USA)
after being passed through PBS and distilled water.
Prepared slides were evaluated and photographed
on a Leica DM500 microscope (Leica DFC295).
The histopathological score was determined
with respect to the prevalence (0.1: < 25%, 0.4:
26–50%, 0.6: 51–75%, 0.9: 76–100%) and intensity (0: absent, +0.5: very low, +1: low, +2: moderate, +3: severe) of immunological reactivity. Histopathological score was defined as prevalence
times (X) intensity.

Statistical analysis
Statistical analyses were performed using the
SPSS 15.0 program. The normal distributions of
TAS, TOS and immune variable groups were evaluated by the Kolmogorov-Smirnov test. One-way
analysis of variance was used for group comparisons of TAS, TOS and immunity variables. Levene’s
statistic was used for the homogeneity test of
variances. Tukey’s pair-wise multiple comparison test was used to determine the differences
between the groups of significant variables. The
results were given as mean ± SD. The level of significance was accepted to be at least p < 0.05.

Results
Body weight of rats
In control (initial; 207.86 ±4.45 g), final; 229.57
±5.19 g) and benfotiamine (initial; 221.42 ±8.92 g,
final; 233.28 ±10.56 g) groups, there was a statistically significant increase in body weights of rats
at the end as compared to the beginning of the
study (p < 0.05). The body weights of rats in MTX
(initial; 212.0 ±4.47 g, final; 214.29 ±12.79 g) and
MTX + benfotiamine groups (initial; 212.0 ±4.47 g,
final; 215.71 ±10.01 g) increased at the end as
compared to the beginning of the study. However,
this increase was not statistically significant (p >
0.05) (Figure 1).

TAS and TOS Levels
In the biochemical study carried out to evaluate the serum TAS and TOS levels of all groups,
TAS and TOS levels in trolox Eq/l were similar in
the control (TAS; 1.69 ±0.13, TOS; 16.87 ±0.80)
and benfotiamine groups (TAS; 1.78 ±0.08, TOS;
18.02 ±0.44). Compared with the control group,
TAS levels (1.36 ±0.09) in the MTX group significantly decreased while TOS levels (20.58 ±1.58)
significantly increased (p < 0.05). Compared with
the MTX group, there was no significant difference
250
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samples. This measurement method is calibrated
with hydrogen peroxide and the results are measured in micromolar hydrogen peroxide equivalent per litre (μmol H2O2 equiv./l).

230
220
210
200
190
180

Control
Benfotiamine
MTX
MTX +
				benfotiamine
Initial
Final

Figure 1. Initial and final body weights of rats are
given as mean ± standard deviation
a

Compared with initial body weights (p < 0.05).
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Figure 2. Serum TAS (A) and TOS (B) levels are given as mean ± standard deviation
a

Compared with control group, bcompared with MTX group (p < 0.05).

in TAS levels (1.46 ±0.13) in the MTX + benfotiamine group, while TOS levels (18.28 ±1.95) were
significantly decreased (p < 0.05) (Figure 2).

was a significant decrease in sinusoidal dilatation,
oedema and haemorrhage (black star), while decreased glycogen (black arrow) in hepatocytes persisted in the MTX + benfotiamine group (Figure 3 D).

Histopathological results

Immunohistochemical results

Examination with haematoxylin and eosin dye
under the light microscope showed that the liver
tissues of the control (Figure 3 A) and benfotiamine (Figure 3 B) groups were normal.
Compared with the control group, sinusoidal dilatation, oedema and haemorrhage (black star) and
decreased glycogen (black arrow) in hepatocytes
were clearly observed in the MTX group (Figure 3 C).
However, in comparison with the MTX group, there

As a result of examination of immunohistochemical staining for irisin immunoreactivity under the light microscope, irisin immunoreactivity
was observed in hepatocytes (black arrow) in the
liver tissue. Irisin immunoreactivity in the liver tissue was similar in control (1.05 ±0.18) (Figure 4 A)
and benfotiamine (1.14 ±0.33) (Figure 4 B) groups.
Compared with the control group, the irisin immu-
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Figure 3. A – Normal looking liver tissue of control group. B – Normal looking liver tissue of benfotiamine group.
C – Sinusoidal dilatation, oedema and haemorrhage (black star) in MTX group and decreased glycogen (black
arrow) in hepatocytes. D – Significant decrease in sinusoidal dilatation, oedema and haemorrhage (black star) in
MTX + benfotiamine group and decreased glycogen (black arrow) in hepatocytes
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A
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Figure 4. A – Irisin immunoreactivity (black arrow) in liver tissue of control group. B – Irisin immunoreactivity (black
arrow) in liver tissue of benfotiamine group. C – Increased irisin immunoreactivity (black arrow) in liver tissue of
MTX group. D – Irisin immunoreactivity (black arrow) in liver tissue of MTX + benfotiamine group

Discussion
In our study, we determined the oxidative
stress in liver produced by MTX in rats according to increasing TOS and decreasing TAS levels.
We observed increased irisin immunoreactivity in
the damaged liver tissue. We found that benfotiamine, by decreasing oxidative stress caused by
MTX, leads to histopathological improvement in
liver and a decrease in irisin immune reactivity.
Methotrexate is a chemotherapeutic and immunosuppressive agent that can often be well
tolerated. However, it causes hepatotoxicity,
which can be life-threatening due to its cytotoxic effect. This situation has been shown in many
experimental studies [20, 21]. Methotrexate has
a toxic effect on the liver by many mechanisms.
One of these mechanisms reduces the MTX folate level, suppresses DNA synthesis, while another mechanism causes it through oxidative

3.0

a
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Histoscore

noreactivity in the MTX group (1.90 ±0.67) was
found to be statistically significantly increased
(p < 0.05) (Figures 4 C and 5). Compared with the
MTX group, the immunoreactivity of irisin was
found to be decreased in the MTX + benfotiamine
group (1.40 ±0.65) (Figure 4 D), but this decrease
was not statistically significant (Figure 5).
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Figure 5. Histoscore of irisin immunoreactivity is
given as mean ± standard deviation
a

Compared with control group (p < 0.05).

stress [22, 23]. In a study conducted by Bozkurt
et al. on rats, it was observed that TAS levels
were lowered after MTX and liver formed toxicity
[24]. In another study conducted by Moghadam
et al., a significant decrease was also observed
in TAS levels in hepatotoxicity induced by MTX
[25]. In our present study, MTX-induced oxidative
stress in liver tissue of rats was detected by TOS
increase and TAS decrease. Also, MTX led to severe liver damage. These results were compatible
with the literature [26, 27]. Our results suggest
that MTX causes liver damage by increasing oxidative stress.
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Irisin suppresses inflammation, oxidative stress,
thermogenesis, glucose uptake, gluconeogenesis
and lipolysis, while increasing glycolysis, energy consumption and weight loss [28]. In a study
conducted by Xiong et al., it was found that irisin
increases energy consumption and causes hyperlipidaemia and hyperglycaemia [29]. Irisin is one
of the factors responsible for the increase of energy consumption during possible oxidative stress.
In oxidative stress, glycolysis is increased due to
energy consumption. Irisin also meets this energy requirement by increasing glycolysis [28, 30].
In previously conducted studies, it was found that
irisin was an important antioxidant and anti-inflammatory agent [31–33]. In a study conducted
by Rizk et al., it was shown that serum irisin levels
increase against hepatotoxicity [34]. In our study,
a significant increase in the immunoreactivity of
irisin in the liver was observed in the MTX group.
We also observed that MTX caused oxidative liver
injury. In the MTX + benfotiamine group, oxidative stress and liver injury were clearly reduced.
Although there is no statistically significant difference, the immunoreactivity of irisin in the liver
was reduced in the MTX + benfotiamine group. All
these results suggest that irisin plays a role in reduction of oxidative stress in the liver.
The antioxidant effect of benfotiamine has
been shown in many studies with the help of superoxide dismutase, glutathione reductase and
catalase [35]. Schmid et al., after experimentally inducing oxidative stresses in human, rat and
pig kidneys by administering 3 different agents
(mutagenic NQO, angiotensin II and uremic toxin
indoxylsulphate), gave benfotiamine. It was observed that benfotiamine reduces the oxidative
stress caused by these 3 agents [7]. Portari et al.
found that in liver damage related to oxidative
stress induced with ethanol, oxidative stress could
be reduced with benfotiamine [36]. In our present
study, a statistically significant decrease in TOS
was observed with the addition of benfotiamine
to oxidative stress caused by MTX; however, the
increase in TAS level was statistically insignificant.
This decrease in TOS and the increase in TAS have
been linked to the antioxidant effects of benfotiamine. Benfotiamine significantly improved liver
injury histopathologically. These results suggest
that antioxidant properties of benfotiamine may
contribute to prevention of liver damage caused
by MTX.
In conclusion, in our study, we found that the
immunoreactivity of irisin increases after liver toxicity induced by MTX. We observed that benfotiamine improved oxidative liver injury and reduced
irisin immunoreactivity. We believe that irisin activity increases in order to reduce oxidative stress
in liver toxicity and to meet the increased energy
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need. However, further experimental and clinical
studies are required to confirm these findings
indicating beneficial effects of irisin and benfotiamine before conducting clinical applications for
treating liver injury in the light of biochemical and
histopathological analysis.
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