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Summary

Background: Oral ulcers are among the common recurrent oral diseases which seek medical help;
the underlying pathology is yet obscure, making medical intervention difficult.

Aims: The purpose of this study was to investigate if montelukast could help mouth ulcer model in Albino rats.
Methods: The rats were divided into two groups of 24, the control group of 12 rats with induced ulcer
and no therapy, and the treatment group with induced ulcer and treated orally with Montelukast 20 mg/kg.
Each group had six rats sacrificed after 3 and 7 days of treatment. The lingual ulcer was produced with cotton
soaked in 70% acetic acid solution and rubbed against the tongue for 2 minutes. Discolouration of tongue
tissue has been noticed. Animals in all groups were weighed on days 1, 3, and 7 following mucosal
ulcerations were confirmed.

Results: On days 1, 3, and 7, the body weight of the treatment group rats improved as compared to the control
group. On days 3 and 7, the tongue histological section of the control group revealed a wide gap of the site
of ulcer in the lingual mucosa, inflammatory exudate, and severe infiltration of inflammatory cells (score 3)
without re-epithelialization (score 0). Lingual sections of MTK treated group after ulcer induction on day 3
showed the same lesions as the control group whereas after 7 days demonstrated improvement in inflammatory
indicators as inflammatory exudate and infiltration of inflammatory cells (score 1), formation of granulation
tissue composed of fibrous tissue and angiogenesis and Re-epithelialization (score 1) comparing with the control
group.

Conclusion: The present study found Montelukast's anti-inflammatory potential characteristics to treat
generated lingual ulcers in rats.
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Introduction

Oral ulcers are a type of superficial lesion in which the mucosa breaks down resulting in the loss of epithelial
tissue (1). Mouth ulcers can disrupt a patient's everyday activities and quality of life by causing pain during eating,
swallowing, and speaking. Additionally, mouth ulcers can affect nutritional intake and oral hygiene, as well as
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cause secondary infection (2). Mechanical, therapeutic, chemical, or thermal stress, as well as infections, medicines,
autoimmune illnesses, and other systemic conditions like anaemia, can all produce oral ulcers (3,4). Mouth ulcers
have become more common as a result of lifestyle changes, and recurrent outbreaks of mouth ulcers can cause foul
breath, chronic pharyngitis, constipation, and even metabolic abnormalities (5).

The pain associated with mouth ulcers is generated by exposing the nerve terminals in the lower region
of the mouth, which is accompanied by leukocyte infiltration into the focal lumen of the epithelium and increased
generation of inflammatory mediators and free radicals from infiltrating leukocytes (6). The inflammatory reaction
includes the lamina propria (7).

Topical corticosteroids, anaesthetics, and analgesics are frequently prescribed, with systemic immunosuppressive
medication reserved for the most severe patients (8).

Leukotrienes (LTs), a crucial class of pro-inflammatory lipid mediators, are produced when arachidonic acid
undergoes oxidative metabolism through the 5-lipoxygenase (5-LOX) pathway. The produced LTA4, transformed
into cysteinyl LTs (CysLTs) by the enzymes LTC4 synthase, glutamyl leukotrienase, and LTD4 dipeptidase.
Eosinophils, mast cells, monocytes/macrophages, and myeloid dendritic cells are the main cells of the innate
immune system that produce CysLTs, the components of the slow-reacting substance of anaphylaxis. These cells
are important in the development of edema, bronchoconstriction, and airway remodeling in asthmatics (9-12).
These CysLT binds to CysLT receptors expressed on the outer membrane of immune/inflammatory cells resulting
in initiation or propagation of inflammatory reactions (12).

Human bronchial asthma is therapeutically treated with many CysLTs receptor antagonists. One of these is
montelukast, which was approved by FDA in 1998 and is the most often prescribed CysLTR1 antagonist in the United
States and Europe. By opposing the proasthmatic, proinflammatory, and priming activities of CysLTs, it is utilized
to cure bronchial asthma and reduce the symptoms of seasonal allergies (12-14).

Montelukast sodium (MTK), also known as Singulair, is an orally active leukotriene receptor antagonist that
inhibits cysteine leukotriene receptor 1 (CysLTR1) (15). Montelukast has been shown to have anti-inflammatory
activity in the rat paw-inflammation model, potentiating the anti-inflammatory activity of non-steroidal anti-
inflammatory drugs and providing protection for gastric mucosa (16). Montelukast has provided Eosinophil-membrane
stabilizing activity in cough-variant asthma patients resulting in improving overall cough symptoms (17).
In the prostate inflammation rat model, montelukast has improved the inflammatory reaction and reduced
the inflammatory markers and histological findings (18).

Montelukast has been used to mitigate indomethacin-induced gastric ulcers in rats. The results have confirmed
that montelukast has reduced microscopically gastric lesions to a greater extent than that of lansoprazole, famotidine
or ranitidine (19-21). Additionally, montelukast has been shown to decrease the catalase activity induced
by indomethacin, proposing their usefulness in ulceration (22). Moreover, montelukast provides mucosal protection
via activation of the glutathione enzyme (23-25).

A pilot study conducted on recurrent aphthous stomatitis by Femiano ef al., 2010 confirmed that montelukast
induced comparable improvement compared to prednisolone; provided that montelukast has lower side effects
compared to prednisolone (26). Similarly, a case study conducted by Aquino and Jamora, 2020 confirmed that
montelukast improved recurrent aphthous stomatitis when patients were transferred to montelukast for 5 months (27).
Because there is little research on the role of MTK in mouth ulcer healing, the primary goal of this study is to look
into the effect of MTK on oral ulcer healing by looking at the histological parameters of produced oral ulcers in rats.

Materials and Methods
The drug used: Montelukast sodium used from Merck Sharp & Dom, Crammington, Northumberland, UK.

The Animals: The Research Ethics Committee of the University of Mosul's College of Dentistry
(UoM.Dent/A.L.11/22) gave their approval to this study. Animal House, College of Veterinary Medicine, University
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of Mosul, Mosul, Iraq, provided 24 healthy male albino rats with an average age of 2-3 months and a weight
of 250-350 g for this study. All experimental protocols followed the criteria for the care and use of laboratory
animals established by the College of Dentistry at the University of Mosul. At ambient temperature (22 °C 2°C),
homogenised sawdust was employed as bedding. In a standard illumination setting (12 h light/12 h dark cycle),
food and drink were freely available.

Designing an experience: The animals were split into two groups of 24, one with induced stomatitis and no therapy
and the other with induced stomatitis and treated orally with 20 mg/kg montelukast per day. From each group,
six rats were sacrificed after 3 days. The remaining animals were sacrificed after therapy and 7 days of treatment.

Oral ulcer formation: The animals were sedated with an intraperitoneal (IP) injection of a mixture of xylazine
(5 mg/kg) and ketamine hydrochloride (50 mg/kg) before the oral ulcers were generated using a small cotton ball
put at one end of the glass tube at a diameter of 3 mm. After that, a cotton ball is immersed in a 70% acetic acid
solution and pushed against the tongue's dorsal surface for two minutes. Mucosal discolouration to white was noticed
immediately following acetic acid administration, and mucosal ulcerations were confirmed two days later. On days
1, 3, and 7, all animals were weighed.

Histopathological study: Sections from ulcers were identified and fixed in 10% formalin for 24 hours, after which
the samples were treated, dehydrated in an alcohol series, dipped in xylol, impregnated with paraffin, and thawed
at 60 °C. At room temperature, samples were packed into paraffin-forming blocks. Using a microtome, samples
were sliced to a thickness of 5 Mm and prepared for microscopic histological analysis using routine Hematoxylin
and Eosin staining.

Inflammation was assigned the following ranking:

*  Score 0 (Absent): 0-10% Inflammation.

e Score 1 (Mild): 10-40% Inflammation.

*  Score 2 (Moderate): 40-70% Inflammation.
*  Score 3 (Intense): 70-100% Inflammation.

Re-epithelial tissue was recorded as follows consequences:
*  Score 0: No re-epithelialization present
e Score 1: Re-epithelization of up to one-third.
*  Score 2: Re-epithelization of up to two-third
*  Score 3: Re-epithelization of more than two-third.

*  Score 4: Normal thickness re-epithelization over the entire wound region.

Statistical analysis: Use the statistical analysis program Sigma Plot, one-way analysis of variance (ANOVA)

Duncan test.
*
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Figure 1. Weight of rats in control group and MTK group at day 0, 3, 7 following injury. Data expressed as mean+SD. *p<0.05
as compared to control group.

350



Majeed et al.: Role of montelukast in oral ulcer healing

Result

The weight of the studied sample of rats has been measured and plotted against each other. MTK-treated groups
showed significantly (p<0.05) higher level of weight gain over the tested time points (day 3 and day 7) compared
to treatment-free groups. The initial weights of rats at day 0 were similar with no significant difference exists
between them (Figure 1).

Tongue histological section from the rat of the control group after 3 days of ulcer induction (did not receive
any therapy after ulcer induction) revealed a wide gap of the site of ulcer in the lingual mucosa, inflammatory
exudate, severe infiltration of inflammatory cells (score 3) and fibrinous exudate in the site of ulcer without re-
epithelialization (score 0) (Figure 2 o), while the tongue of the same group after 7 days of ulcer induction showed
the same lesions as inflammatory exudate with infiltration of inflammatory cells (score 3), formation of granulation
tissue composed of fibrous tissue and new blood vessels and congestion of blood vessel without re-epithelialization
(score 0) (Figure 2 B) (Table 1 and 2).

dnouag jonuo)H
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Figure 2. o is a photomicrograph of a tongue from a rat of the control group (3 days) shows the site of ulcer in the lingual
mucosa (A), inflammatory exudate (B), severe infiltration of inflammatory cells (score 3) (C) and fibrinous exudate in the site
of ulcer (D) without re-epithelialization (score 0). f3 is a section of the tongue from the rat of the control group (7 days) that shows
the site of ulcer in the mucosa (A), inflammatory exudate with infiltration of inflammatory cells (score 3) (B) and formation
of granulation tissue composed of fibrous tissue and new blood vessels (C) and congestion of blood vessel (D) without re-
epithelialization (score 0). y is a photomicrograph of a tongue from the rat MTK group (3 days) that shows the site of ulcer
in the mucosa (A), inflammation (score 2) (B) composed of fibrinous exudate (C) and moderate infiltration of inflammatory
cells (D) without re-epithelialization (score 0). 3 is a photomicrograph of a tongue from the rat of the MTK group (7 days) that
shows the site of ulcer in the mucosa with sloughing of the epithelium (A), re-epithelialization (score 1) (B), inflammatory
exudate with infiltration of inflammatory cells (score 1) (C), formation of granulation tissue (D) composed of fibrous tissue (E)
and angiogenesis (F). H&E stain, 100X.
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Table 1. The scores of inflammation between the two groups on days 3 and 7.

Control group MTK group

(meantSD) (meantSD)

Day 3 2.83+0.37 2.83+£0.37
Day 7 2.67 £0.47* 1.33+0.47

*P< 0.05 significantly higher as compared to MTK-treated group

Table 2. The scores of re-epithelialization between the two groups on days 3 and 7.

Control group MTK group
(mean#SD) (mean#SD)

Day 3 0+0.0 0+0.0
Day 7 0+0.0 1.33+0.47*

*P< 0.05 significantly higher as compared to MTK-treated group

On the other hand, the tongue histological sections from rats of MTK treated group after 3 days of ulcer
induction revealed the site of ulcer in the mucosa with inflammation (score 2) composed of fibrinous exudate and
moderate infiltration of inflammatory cells compared with the control group without re-epithelialization (score 0).
(Figure2 y), Whereas after 7 days of ulcer induction the tongue sections demonstrated improvement in inflammatory
indicators as inflammatory exudate with infiltration of inflammatory cells (score 1), formation of granulation tissue
composed of fibrous tissue and angiogenesis and Re-epithelialization (score 1) compared with the control group
(Figure2 §) (Table 1, 2 and 3).

Table 3. The scores of inflammation and re-epithelialization in MTK-treated group.

MTK group . 5 T
(meanSD) Inflammation Re-epithelialization
Day 3 2.83+0.37* 0+0.0
Day 7 1.33+0.47 1.33+£0.47*

*P< 0.05 as compared between day 3 versus day 7

Discussion

Oral ulcers are a frequent oral mucosa condition that involves recurring and excruciating symptoms. Wound
healing is a complex biological process that occurs naturally in the human body. Inflammation, cell proliferation,
wound contraction, angiogenesis, matrix remodelling, and re-epithelialization are all finely regulated processes (28).
Anti-LTs have been shown to have good therapeutic potential in many inflammatory clinical diseases linked
with a decrease in pleomorphic leukocyte infiltration since leukotrienes (LTs) are one of the primary mediators
of inflammation and are mostly produced by neutrophils (18). We examined the anti-ulcerative impact of MTK
on produced oral ulcers in rats under the microscope, which could be related to its anti-inflammatory, antioxidant,
and anti-apoptotic properties. These findings were compared to body weight changes as a clinical indicator of oral
ulcer healing. This study discovered that MTK has an anti-inflammatory effect, which was demonstrated by a reduction
in the degree of inflammation in the treated group.

These findings are consistent with those of Abdelhady et al. (2021), who found that taking 20 mg/kg of MTK
orally with one of the NSAIDs (particularly Celecoxib) can improve the anti-inflammatory effect and provide
significant stomach protection in mice (16). Furthermore, the findings of the present study are in agreement
with Pu, et al., (2019), who discovered that MTK protects mice against acetaminophen-induced liver injury
by suppressing oxidative stress and reducing inflammation (28).
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MTK can boost the antioxidant defense against acute lung injury in dogs, according to Soltanich ez al (29).
El-Rashidy (2021) also showed that MTK has a better urinary protective effect against cyclophosphamide-induced
hemorrhagic cystitis in mice by suppressing apoptotic signalling, inhibiting mast cell infiltration, and stimulating
autophagy (30). All of these findings could explain why the treatment group's epithelial remodelling improved
on the seventh day, whereas the control group had no epithelial remodelling on any of the study's days.

There were no clinical trials previous to the current investigation that sought to test the anticarcinogenic impact
of MTK on oral ulcers, so we used bodyweight observations as a clinical criterion to measure oral ulcer healing
in addition to the above histological findings. Mouth ulcers can lead to weight loss, which exacerbates the pain
and causes dysphagia, and this malnutrition can lead to delayed healing and additional weight loss (31).

This study discovered that weight loss improved after the fourth day of treatment, whereas the control group
significantly (p<0.05, at day 3 and 7) lost weight continuously. These similarities between ulcer repair and weight
gain are consistent with the findings of a study conducted by Wafaa et al., 2021(32). MTK was discovered to have
analgesic activity in addition to its anti-inflammatory effect by Kolhe and Kalem (2017), therefore the improvement
in weight loss reported in the treatment group in this study could be largely related to this analgesic effect, which
requires more research (33). The limitations of the present study include the short duration of therapy and using
one drug therapy. The future direction will focus on a combination therapy of montelukast with antibiotics to identify
their combined effects.

Conclusion

Finally, MTK promotes the healing of produced lingual ulcers in male rats while also lowering the impact
of induced ulcers on body weight. This could come in handy in clinical practice.
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