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methotrexate (80 mg/kg)

Background and objective:

induced by methotrexate.

Although methotrexate has been utilized over many years,
adverse effects are frequent throughout therapy, especially among cancer patients. The
study examined the efficacy of bosentan as a protective therapy against tongue toxicity
Methods: This study employed twenty-four 300-400 g Wister-
albino rats. The animals were categorized into three groups: methotrexate (80 mg/kg),
plus bosentan (60 mg/kg), and control healthy (distilled water).

Keywords: The tongue mucosa was subjected to biochemical and immunohistochemical analysis. The
Bosentan, animals' tongue mucosa was dissected immediately following they were euthanized on day
Methotrexate, 16. Results: In contrast to the control group, the Methotrexate group had significantly

Oxidative stress,
Tongue toxicity

Methotrexate group, (p

higher levels of TNF-a,

IL-13 and MDA (p < 0.05). However, the Methotrexate+Bosentan
group displayed considerably lower levels of TNF-a, IL-13 and MDA in contrast to the
0.05). Conclusion: These findings demonstrate that bosentan

protect considerably against methotrexate-induced tongue toxicity in rats.

2025 Iragi Journal of Pharmacy. Published by University of Mosul, Iraq,. This is an open access

article licensed under CC BY: (https://creativecommons.org/licenses/by/4.0)

1. Introduction

Methotrexate acts as a folic acid blocker that works as an
antiproliferative drug (1). Methotrexate is utilized for the
treatment of choriocarcinoma, and juvenile acute
lymphoblastic leukemia. Methotrexate is a highly
successful treatment for rheumatoid arthritis (RA),
psoriasis, and other rheumatic problems, in addition to
multiple sclerosis (MS) and other autoimmune diseases (2).
Low dosages of methotrexate could be used for treatment of
inflammatory diseases, but large doses for treating cancer
should be used (1,3). Moderate to severe inflammatory
illnesses may result in modest to severe side effects, which
can lead to therapy termination (4). These adverse effects
can occur throughout the treatment of inflammatory
disorders. Among the most serious effects of methotrexate
is mucositis. One of the most important negative impacts of
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cancer treatment is oral toxicities, like stomatitis and
mucositis (6). A condition known as mucositis involves
inflammation and wulceration in the mucosal tissue
extending through the mouth towards the anus (7). Oral
mucositis can limit the amount of medicine taken, heighten
the risk of infection, make feeding challenging, impede
therapy, and lengthen hospital stays (8). Pro-inflammatory
cytokines and reactive oxygen species (ROS) have been
linked to the development of mucositis (9). Interleukin 1
beta (IL-1f), an oxidant in the oral mucosa, tumor necrosis
factor (TNF-a), a marker of inflammation, and
malondialdehyde (MDA) have all been associated with
increased levels of methotrexate (10).

While a number of drugs are available to prevent or lessen
the intensity of muecositis, there isn't a 100% effective
treatment. Based on this research, effective anti-
inflammatory and antioxidant drug could assist to avoid
methotrexate-associated mucositis.



https://iphr.mosuljournals.com/
https://www.uomosul.edu.iq/
https://creativecommons.org/licenses/by/4.0
mailto:drranakhaire@uomosul.edu.iq
https://doi.org/10.33899/iraqij.p.2025.155197.1121
mailto:drranakhaire@uomosul.edu.iq
https://orcid.org/0000-0003-2608-4903
https://iphr.mosuljournals.com/
https://iphr.mosuljournals.com/

Rana Khairi Attarbashee

Bosentan was the first orally available mixed endothelin
receptor antagonist given approval by the FDA for use in
pulmonary arterial hypertension (11, 12). Preclinical
studies suggest that bosentan may treat a number of
inflammatory disorders, like: arthritic conditions (13),
cancer (14), uveitis (15), and depression (16). Bosentan is a
useful tool for examining the impact of endotheline-1 on
disease and its possibilities for treatment. Bosentan
reduces the deleterious effects of endothelin while also
having vasodilating, anti-inflammatory, antioxidant, and
anti-apoptotic characteristics. These functions may explain
bosentan's effectiveness in treating pulmonary diseases by
slowing the course of the condition and increasing survival
rates (17). The impact of bosentan on rats' oxidative and
inflammatory tongue injury resulting from methotrexate
was evaluated in this study.

2. Methods

2.1. Ethical approve

The study procedure was authorized by “the institutional
animal ethics committee at Al-Mosul University's College of
Dentistry” (UoM.Dent/A.L.14/22).

2.2. Drugs and Chemicals

The methotrexate was supplied by Ebewe (Austeria).
Bosentan was purchased from a Cipla (India). I
mmunohistochemical kit was supplied by Abcam (UK).

2.3. Preparation of drugs

During the day of the trial, bosentan and methotrexate
were prepared fresh before being administered. Distilled
water was employed to suspend estimated medications.

Methotrexate (80 mg/kg)

Bosentan 60mg/kg

Day1-7

ontrol healthy group: received normal saline solution.
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Previous studies were utilized to determine the bosentan
dose of 60 mg/kg (18). To induce oral mucositis,
methotrexate (80 mg/kg) was administered (19).

2.4. Animal Model and Treatment

Twenty-four mature male albino rats weighing 300-400 g
were kept in polyvinyl cages (4 rats /cage) at a“standard
temperature (22°C+3°C) and a 12-hour light/dark cycle”.
Animals were randomly split into 3 groups :

i. Control group was given a standard saline solution for
15 days.

ii. Mucositis group received one intraperitoneal injection
(80 mg/kg) of methotrexate on day 8 (19),

iii. The methotrexate+bosentan group was supplemented
using 60 mg/kg bosentan before the illness induction
(7 days) and 7 days after the onset of illness induction.

2.5. Drug-Induced Tongue toxicity Model

The rats were placed in the animal house for seven days
with no therapy to assist them adjust to their new
surroundings. From the first to the 8th day, the
Methotrexate+ bosentan subgroup received 60 mg/kg
orally. On the 8th day, all groups except the control were
given one intraperitoneal (IP) methotrexate injection at 80
mg/kg. Following the 8th day of therapy, the Methotrexate+
bosentan rats received 60 mg/kg bosentan until the
fifteenth day. On the 16th day, the animals received
anesthesia with Ketamine plus Xylazine (80 mg/kg) via the
same syringe. The rats tongues have been selected for
biochemical analysis and immunohistochemistry Figure 1.

(Biochemical & IHC)

Bosentan60mg/kg  Euthanized

Day 9-15

Methotrexate group: received intraperitoneal single dose of 80 mg/kg on day 8th

Methotrexate+Bosentan group: received a single dose of bosentan (60 mg/kg)
orally for total of 14 days: 7 days before induction, 7 days postinduction and

intraperitoneal single dose of 80 mg/kg on day 8th .

Figure 1. Experimental design of study groups



Rana Khairi Attarbashee

2.6. Biochemical examination:
2.6.1. Measurement of Inflammatory Biomarkers

TNF-a and IL-1B (MyBioSource, USA) were recognized in
rat tongue tissue homogenates employing a widely used
sandwich technique “lenzyme- linked immunosorbent
assay) according to vendor guidelines (Cloud-Clone Corp).
The antibodies biomarker is initially put on a 96-well plate
as part of the test. The extract specimens and baseline
standards' TNF-a or IL-1B are bound to the wells using
encapsulating antibodies. After that, the pore gaps were
rinsed with wash buffer and coated with an antibody to
biotin. The plate was carefully supplied with streptavidin
and horseradish peroxidase after the elimination of the
detached biotin-connected antibody” (20-22).

By comparing optical density with standard curves, the
number of different bio-indicators in every sample was
determined. “Spectrophotometry results for optical density
and bioindicator quantity were correlated. After another
wash, TMB-substrate combinations were added to the
plates, and the color produced was used to indicate the
matched marker level. When there is a change from a
bluish color to yellow using the stop agent”, the color
severity is measured at 450 nm (23-24).

2.6.2. Measurement of Oxidative Biomarker

The basic concept of the immunohistochemistry (IHC)
study implemented in this work is the use of specific
antibodies to find the gene protein within the cells of the
untreated group, methotrexate, and methotrexate-bosentan
groups. “The primary antibody (rabbit polyclonal to MDA
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(Anti -MDA antibody ab6463) was then applied to slices of
paraffin-fixed tongue tissues. The secondary antibody plus
a 3,30-diaminobenzidine (chromogen) was then applied”.
(25, 26). The tissue slices were stained with hematoxylin.
To allow for blind examination, segments from every animal
in every group were utilized. “Semi-quantitative scoring of
positive staining is employed for quantifying the evaluation
of immunohistochemistry: Score O = no stain; score 1 =
25%; score 2 = 26-50%; score 3 = 51-75%; score 4 = 67-
100%.” (27, 28).

2.7. Statistical analysis

A statistical program (SPSS 24) made exclusively for social
scientists, was utilized to enter the data. The standard
deviation (SD) and mean constitute aspects of the
descriptive statistical analysis. The data was examined
using appropriate statistical techniques and depicted
graphically. “The ANOVA test was used to compare groups,
followed by the Tukey test as a post-hoc test. The statistical
significance level was chosen at p < 0.05” (29).

3. Results

3.1. Impact of tested drugs on inflammatory indicators
The Methotrexate group had considerably more levels of
both of the inflammatory markers; TNF-a and IL-1{3; than
the ones in the control group (p < 0.05). Even so, Figure 2.
illustrates levels of TNF-a and IL-13 in the
Methotrexate+Bosentan group were significantly lower than
those seen in the Methotrexate group (p < 0.05).

* %

IL-18

Biomarkers

N Methotrexate

Methotrexate+Bosentan

Figure 2. illustrates how the tested drugs affect pro-inflammatory indicators (IL-1$ and TNF-a). *

Indicates significant changes (p<0.05) from that of control group; ** implies substantial differences (p<0.05) from that of
Methotrexate group. The Data is represented as mean + standard deviation. The expression of TNF-a and IL-1f levels are

expressed as pg/g.
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3.2. Effects of tested drugs on oxidative biomarker

In comparison to the control group, the methotrexate
group's IHC levels for the oxidative biomarker MDA were
considerably greater (p < 0.05). However, as seen in Table

Iraqi Journal of Pharmacy 22(1) (2025), 8-13

1; and Figure 3, the Methotrexate+tBosentan group
revealed a significant reduction in IHC levels of the
oxidative marker as compared to the Methotrexate group (p
< 0.05).

Table 1. Effects of tested drugs on oxidative marker (MDA).

Study groups (mean * standard deviation)
Marker
Control (n=8) Methotrexate (n=8) Methotrexate+Bosentan (n=8)
MDA 0.88+ 0.354 3.88+ 0.354* 1.75+0.463**

The mean * standard deviation is utilized to display the data; * implies significant variations (p<0.05) from the control group,
and ** designates significant variations (p<0.05) from the Methotrexate group.

Figure 3. depicts the impact of the tested drugs on tongue immunohistochemistry analysis (MDA).

A. Immunohistochemistry of MDA in the control group of
rat tongue exhibited mild positive expression. Hematoxylin
at a magnification of 100x. B. MDA immunohistochemistry
in the rat tongue Methotrexate group exhibits high positive
expression. Hematoxylin at a magnification of 100x. C.
MDA immunohistochemistry in the Methotrexate+Bosentan
group of rat tongue exhibited moderately positive
expression. Hematoxylin at a magnification of 100x .

4. Discussion

Methotrexate is extensively wused as a cytotoxic
chemotherapy drug, although its effectiveness is limited
owing to the adverse effects (19). Methotrexate has a
tendency to cause serious adverse effects, such as
mucositis (5). Mucositis results in mucosal hemorrhage,
ulceration as well as inflammation of the mucosal tissue
(30). The current study showed fluid retention, hyperemia,
ulcerations, and bleeding in the tongue tissues of rats
administered methotrexate, which is comparable with prior

findings (31).

Pro-inflammatory cytokines and reactive oxygen species
appeared to play a role in the progression of mucositis. To
study methotrexate-induced mucositis, this study
examined TNF-a, IL-1p and MDA levels within tongue
tissues. The study demonstrated that rats receiving
methotrexate had significantly elevated levels of TNF-a, IL-
18 and MDA among their tongue tissue when compared
with the control and bosentan groups. Methotrexate

11

treatment raises reactive oxygen species, which encourages
a marker for lipid peroxidation, MDA (32, 33). The
investigation suggested that methotrexate promoted tissue
destruction through an inflammatory process, as seen in
elevated levels of inflammation-promoting cytokines like:
TNF-qa, IL-1B, and I1-6 (34). A recent study discovered that
methotrexate-induced tissue damage is related to increased
levels of inflammatory and oxidative mediators like IL-1(,
TNFa, MDA, and myeloperoxidase (MPO) (35).
Methotrexate-induced organ damage has been associated
with higher levels of TNF-a, and MDA (36). Nevertheless,
bosentan's anti-inflammatory and antioxidant properties
are now increasingly being identified (37, 38, 30). Research
shows that bosentan diminishes TNF-a and MDA levels in
damaged tissues while improving GSH activity (39).
Bosentan reduces superoxide anion-provoked IL-1f and
TNF-a production, and decreases neurotrophic MPO
production (40). Additionally, other studies noticed that
bosentan significantly improved antioxidant indicator
activity, especially GSH, while inhibiting MDA formation in
weaker tissues (41, 42). More researches indicate that
bosentan  enhances  chemotactic  cytokines level,
particularly TNF-a, and IL-1p in damaged tissue (43).

5. Conclusion
Biochemical and immunohistochemical studies were used

to assess the development of oxidative and inflammatory
damage in methotrexate-treated rat tongue tissues.
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Bosentan inhibited methotrexate-induced MDA, TNF-q,
and IL-1B levels in tongue tissues. These data show that
bosentan could be effective in protecting against
methotrexate-induced tongue toxicity.
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