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ABSTRACT

Objective: The aim of this study was to evaluate the effect of boron on 5-fluorouracil (5-FU)—induced oral mucositis
in rats. Materials and Methods: Sixty-four male Wistar albino rats were injected with 5-FU on days 1 and 3. The right
cheek pouch mucosa was scratched with the tip of an 18-G needle, dragged twice in a linear movement, on days 3 and 5.
The animals were randomly divided into two groups of 32: boron group (BG) and control group (CG). Rats in the CG did
not receive any treatment, whereas the others were fed boron (3 mg-kg'-day!') by gavage. The animals were sacrificed
onday 3 (n=28),6 (n=28),9 (n=28), and 12 (n = 8), and the cheek pouch was removed for histopathological analysis.
Results: On day 3, both groups showed necrosis and active inflammation, but the inflammation was mild in CG and
moderate in BG. On day 6, both BG and CG showed necrosis; in the CG, there was moderate inflammation, and in the
BG, there was severe inflammation and granulation tissue around the necrotic area. On day 9, re-epithelization began in
both groups, and there were no differences between groups. Re-epithelization was complete in both groups on day 12.
Conclusion: We found no beneficial effect of boron in healing oral mucositis. Additional research is warranted to elucidate
the pathogenic inflammatory mechanisms involved in mucositis and the prophylactic and therapeutic roles of antioxidants.
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life and/or death.P! In addition, mucositis can have
a significant economic impact because of increased

INTRODUCTION

Oral mucositis (OM) is a common complication of
radiotherapy (RT) and chemotherapy (CT) in patients
with cancer.!" The incidence of OM varies according
to the type of cancer and treatment modality. Use of
5-fluorouracil (5-FU) is one of the most common causes
of OM. Grade 3-4 mucositis, which results in delay,
dose reduction, or discontinuation of CT, occurs in
more than 15% of cases during 5-FU administration.
OM is characterized by erythematous, erosive, and
ulcerative lesions in the oral cavity. The severity of
mucositis varies from lesions with few symptoms to
severe ulcers and pain that result in lower quality of

hospitalization, use of opioids, and the requirement
of parenteral or enteral nutrition.!

On the basis of recent evidence and an evolving
understanding of molecular and cellular processes in
mucositis, SonisP proposed a theory for the pathogenesis
of OM. This theory consists of multiple, interdependent
biological processes involving multiple cell types and
the extracellular matrix. According to this theory, the
initial phase of mucositis consists of an inflammatory
response to radiation and/or chemotherapy-induced
generation of reactive oxygen species (ROS).
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Many agents and strategies have been used to treat
mucositis in patients receiving CT or RT. Treatment
modalities have included oral mouthwashes, basic
oral care, antibiotics, analgesics, local anesthetics,
growth factors, cytokines, and biological mucosal
protection.l? However, none of these have proven
highly effective, and there is no universally accepted
protocol. Therefore, new treatment protocols are of
great interest.

Boron is a mineral that is abundant in soil, air, and
the surface water of oceans.”? The most notable
boron compounds are boric acid and borax. The
major sources of human exposure to boron are
diet (e.g., fruits, vegetables, and nuts) and water.?!
Dietary boron supplementation may have important
effects on various metabolic and physiological
systems. Some studies have demonstrated that
boron compounds have nutritional benefits, such
as increased vitamin D biosynthesis,! induction of
hematopoiesis,'” and stronger antioxidant defenses in
animals and humans.™! Boron limits oxidative damage
by enhancing the body’s store of glutathione and its
derivates, or by inducing other ROS-neutralizing
agents.l'" The promising antioxidant effects displayed
by boron in previous studies!">*! suggest the potential
for therapeutic benefit in chemotherapy-induced
mucositis. Therefore, we hypothesized that boron
would accelerate healing of mucositis induced by the
chemotherapeutic drug 5-FU in a rat model.

MATERIALS AND METHODS

Sixty-six male Wistar albino rats ranging 300-350 g
were used. All animals were kept in individual
stainless steel cages and acclimated for 5 days
at a constant temperature and humidity. A 12-h
light-dark cycle was maintained. The rats were
pair-fed with standard chow and given free
access to water. The Animal Ethics Committee of
Gaziantep University School of Medicine approved
the experimental procedure. At the beginning of
the experiment, two of the rats were sacrificed to
obtain excisional biopsies of normal cheek mucosa.
All animals were intraperitoneally injected with
100 mg/kg of 5-FU on day 1 and 65 mg/kg of
5-FU on day 3. The right cheek pouch mucosa was
scratched with the tip of an 18-G needle, dragged
twice in a linear movement, on days 3 and 5. This
technique has been used repeatedly to induce
ulcerative mucositis, which is similar to human
OM. The animals were anesthetized with xylazine
hydrochloride (XylazineBio; 3 mg/kg) and ketamine
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hydrochloride (Ketasol; 90 mg/kg) before these
procedures were performed. Rats were randomly
divided into two groups of 32: boron group (BG) and
control group (CG). The control rats did not receive
any treatment. The others were fed 3 mg kg -day!
boron (99.99% pure, in powder form; National
Boron Institute of Turkey,) by gavage. The boron
was prepared in distilled water. Boron dose was
determined on the basis of a previous study!"”! and
constituted a supra-nutritional amount.

The beginning of the gavage was considered day 1
of the study after mucositis was induced. In the CG
group, drinking water was administered by gavage.
The animals were weighed daily and sacrificed on
days3 (n=8),6(n=8),9(n=8),and 12 (n = 8), and the
right cheek pouch was removed for histopathological
analysis. All animals in the current study were
sacrificed by cervical dislocation.

Histological analysis

Assingle pathologist (S.E.) masked to group assignments
performed histological analysis to determine the
effect of boron on the course of mucositis. After the
animals were sacrificed, mucosal specimens from
wounds were collected and fixed by immersion in
10% formaldehyde for at least 24 h after these sections
were obtained from the tissues. The specimens were
placed in an automatic tissue processor and then
embedded in paraffin to provide transverse sections
of tissue. Five-micrometer sections were stained
with hematoxylin and eosin. Stained sections were
examined with an optical microscope. Histological
evaluation was used to assess degree of inflammation,
necrosis, granulation tissue, and re-epithelization.
Healthy mucosa was also evaluated for comparison.

Statistical analysis

Statistical analyses were conducted with SPSS 15.0.1
for Windows (SPSS, Inc., Chicago, IL, USA). Daily
weight loss was analyzed with a 2-tailed ¢ test. P <0.05
were considered statistically significant.

RESULTS

Before administration of 5-FU, all rats gained body
weight, with no significant differences among
groups (P > 0.05). After 5-FU administration, all
rats, including those treated with boron, experienced
significant weight loss (P > 0.05). This decrease in
body weight continued over the remainder of the
experimental period, with no significant differences
between BG and CG [Figure 1].
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Figure 1: Distribution of the mean weight of animals throughout the
experiment

As shown in Figure 2, the healthy rat mucosa had
normal epithelium and connective tissue without
inflammatory infiltration. On day 3, both groups
showed necrosis and active inflammation, but
inflammation was mild in CG and moderate in BG.
On day 6, both BG and CG showed necrosis; in CG,
there was moderate inflammation, and in the BG,
there was severe inflammation and granulation tissue
around the necrotic area. On day 9, re-epithelization
began in both groups, and no difference was detected
between groups. Re-epithelization was complete in
both groups on day 12, and the histopathological
appearance was similar [Figure 3].

DISCUSSION

Chemotherapy-induced OM may lead to significant
morbidity or discontinuation of treatment in
cancer patients. An increasing number of studies
are investigating different treatment modalities for
mucositis, making this one of the most researched
topics in the field of supportive cancer care. However,
no effective intervention has been developed
for the management of OM. In this study, we
analyzed the effects of boron on wound healing in
chemotherapy-induced OM in a rat model.

The experimental model used in the current study
was the 5-FU-induced mucositis protocol developed
by Sonis et al.,!"®! which has been used by several
investigators. This model has proven very useful
in pre-clinical trials of new treatment options for
mucositis. In the current study, abrasion of the buccal
mucosa and 2 doses of 5-FU-induced mucositis and
caused a reduction in body weight; this corroborates
findings described in other studies."*! Body weight
reduction occurred in both groups, with no statistically
significant differences between groups, as compared
on days 3, 6, 9, and 12 (P > 0.05). The similarity
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Figure 2: Histological view of healthy rat mucosa (H and E, x100)

between groups indicates that the boron dose we used
in this study did not affect weight loss in rats. Doses
of 5-FU used in different studies vary considerably.
The present study used 100 mg/kg on day 1 and
65 mg/kg on day 3, following the protocol proposed
by Franca et al.* The dose of boron used in the current
study was determined based on the findings of Uysal
et al.," who reported a beneficial effect of boron on
tissue regeneration. Apart from the boron, water and
diet were not considered confounders, because both
groups received the same water and diet. Therefore,
the boron dose was supranutritional, meaning that
our study evaluated the effect of supplementing a
conventional diet with additional boron.

The pathogenesis of mucositis is not completely
understood, but both direct and indirect mechanisms
are known to be involved in mucositis. Agents used
to treat cancer may cause epithelial atrophy, making
tissue more susceptible to traumatic or spontaneous
ulceration. Other factors, such as the endothelium,
cytokines, and extracellular matrix, may also
contribute to the pathogenesis of mucositis.?!
Therefore, mucositis appears to stem from a series
of dynamic interactions as well as molecular and
cellular events that involve all elements of the
mucosa (epithelium and conjunctive tissue). The
current classification describes five biological stages
of mucositis: initiation, primary damage response,
signal amplification, ulceration, and healing.’! ROS
are considered to play an important role in the
inflammatory component of mucositis. 5-FU has
been widely used to treat various types of cancer.
It inhibits thymidylate synthase and both RNA and
DNA synthesis, causing marked apoptosis./?? Several
anticancer agents, including 5-FU, have been shown
to promote ROS generation in both normal tissue
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Figure 3: Histopathological view of rat oral mucosa. (a) Control group
on day 3; necrosis and mild inflammation. (b) Boron group on day
3; necrosis and moderate inflammation. (c) Control group on day 6;
necrosis and moderate inflammation. (d) Boron group on day 6; severe
inflammation and granulation tissue surrounding necrosis. () Control
group and (f) boron group on day 9; re-epithelization has begun in
both groups, and is no difference between groups. (g) Control group
and (h) boron group on day 12; re-epithelization is complete in both
groups and the histopathological appearance is similar (H and E, x100)

and cancer cells,®?¥ and overproduction of ROS is a
major cause of mucosal injury.®!

In the present study, boron had no significant effect on
the healing process of mucositis. However, there were
indications that the rate of recovery from mucositis could
be improved. On day 3, inflammation was more intense
in BG than in CG. On day 6, necrosis was observed in
both BG and CG; CG had moderate inflammation, and
BG had dense inflammation and granulation tissue
around the necrotic area. However, on days 9 and 12,
there was no difference between groups. It appears that
the effect of boron declines as healing progresses and
disappears by the time the mucosa has fully recovered.
Antioxidants may affect the quantity of damaging
ROS, which are generated in the first of five recognized
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stages of mucositis.>**! Therefore, the effect of boron
may not have been detected in the latter stages. In
addition, antioxidants may play a protective role in the
first stage of mucositis. Boron may be able to prevent
rather than heal mucositis. In animal studies, boron
has a more pronounced beneficial effect on bonel”
and mineral metabolismP#! than on soft tissues.*
This may help explain the ineffectiveness of boron in
healing mucositis.

CONCLUSIONS

We found no beneficial effect of boron on the
healing process of 5-FU-induced OM. Although a
supranutritional dose of boron changed the nature
of the healing process, it did not affect the eventual
restoration of epithelial tissue. These findings should be
interpreted with caution and in light of the limitations
of the study. Indeed, the reason for publishing
this limited study is not to provide a definitive
conclusion, but to contribute to the knowledge of
new therapeutic approaches for mucositis. Additional
research is warranted to elucidate the pathogenic
inflammatory mechanisms involved in mucositis and
the prophylactic and therapeutic roles of antioxidants.
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