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Abstract

Introduction: Oral mucositis (OM) has been considered one of the most feared collateral effects of
oncological treatments. Some therapies have been used, such as light-emitting diode (LED), with
promising results, but with no sufficient evidence in the literature.

Objective: Our study aimed to evaluate, by clinical and histological analysis, the effect of LED on
the treatment of chemotherapy-induced OM (CIOM) in an animal model.

Methods: Twenty male hamsters were equally distributed to two groups: control (C), which received
Published online October 3, anesthesia and CIOM induction; and LED (L), which received anesthesia, CIOM induction, and LED
2020 treatment (635 nm, 120 mW, 0.48 )). The clinical analysis was performed through two specific scales
for OM analysis on days 5, 7 and 10 of the experiment. In addition, the injured area of all hamsters
check pouch mucosa was removed and processed for histological analysis on the last experimental
day.

Results: After statistical analysis, group L showed less severity of OM when compared with the C
group (P<0.05); beyond that, both healed completely on day 10.

Conclusion: Our results suggested that the phototherapy with LED had a positive effect on

Introduction

The oral mucositis (OM) lesions are considered a frequent
and painful side effect in oncologic patients submitted
to high doses of chemotherapy."> When severe, it can
be related to cancer treatment delays, interruptions or
discontinuation, as well as an increase in the frequency
and cost of hospitalization.” In addition, its moderate to
severe grades could hamper the normal oral functions,
such as feeding, speech, and swallowing, reducing the
patients’” quality of life.*

Different interventions have been evaluated with the
aim of reducing OM, including systemic analgesics,
coating agents, topic anesthetics/analgesics, mouth
rinse, and oral cryotherapy.* However, in recent years,
an increased understanding of the pathophysiology and
risk factors has been acquired, which has favored the
development of new therapeutic strategies.*®

The recent literature data have shown the effectiveness
of low-level laser therapy (LLLT) in the prevention and
treatment of OM,*’ producing important analgesic,

accelerating repair, reducing the severity of CIOM.
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biomodulatory, and anti-inflammatory effects.*%'¢
This fact contributed to the International Society of
Oral Oncology and the Multinational Association of
Supportive Care in Cancer (MASCC/ISOO) raised the
LLLT for a recommended therapy in their clinical practice
guideline for OM management.* However, besides LLLT,
the use of light-emitting diode (LED) to treat lesions of
OM has been studied with promising but still inconclusive
results.5!71

Emitting monochromatic diffuse light in a therapeutic
wavelength ranging from 635 nm (red) to 1300 nm
(infrared), the LED is a semiconductor device that has
been used as a new alternative to laser light and has
demonstrated similar or even better effects on skin and
mucosal wound healing, with the additional advantage
of lower cost and a larger spot area to reach more tissue
at once.*®!® Although fewer pieces of evidence have been
gathered about the action mechanism of noncoherent
light, LED therapy may promote a bio-stimulative effect
upon irradiated cells.®'”!92!

Please cite this article as follows: Campos L, Cotomacio CC, Arana-Chavez VE, Simdes A. Phototherapy with LED as an effective treatment
for chemotherapy-induced oral mucositis in hamsters. / Lasers Med Sci. 2020;11(4):475-480. doi:10.34172/jlms.2020.74.


http://crossmark.crossref.org/dialog/?doi=10.34172/jlms.2020.74&domain=pdf&date_stamp=2020-10-03
https://doi.org/10.34172/jlms.2020.74
http://journals.sbmu.ac.ir/jlms

Campos et al

In the past few years, the published literature on the
subject has shown positive, preventive and curative effects
of LED therapy on chemotherapy and/or head and neck
radiotherapy-induced OM. Furthermore, some authors
have observed an immediate pain relief in pediatric
patients who underwent a bone marrow transplant and
were submitted to LED therapy.”* Recently, Freitas et al
compared LLLT and LED therapeutic protocols to treat
chemotherapy-induced OM in cancer patients and the
authors concluded that the patients submitted to LED
therapeutic protocol showed better results than those
submitted to LLLT.?

Currently, few histological studies that examined the
effect of LED on chemotherapy-induced OM (CIOM)
are available. Thus, we aimed to evaluate, by clinical and
histological analysis, whether the treatment with LED
would vyield effects comparable to those of the previous
studies with LLLT by using an animal model of CIOM in
hamsters.

Material and Methods

Animals

The experimental protocol presented was approved by
the Ethical Committee for Animal Research of the USP
(University of Sao Paulo), Brazil (Protocol 08.2016), and
the principles of laboratory animal care (NIH 85-23,
1985) were applied for the present study.

Twenty male Golden Syrian hamsters were distributed
into two groups: control (C), where animals received
5-FU and OM induction (n=10); and LED (L), where
animals received 5-FU, OM induction and treatment with
LED therapy (0.48 J) (n=10). A subgroup of each group
was euthanized on days 5 (n=5) and 10 (n=5).

All hamsters weighed approximately 150 g and were
8 weeks old. They were maintained in ventilated plastic
cages (22°C) in a 12-hour light/dark cycle and received
food and water ad libitum.

Experimental Protocol

The experimental OM model was based on a previously
published protocol.** All the experiment lasted
10 consecutive days, and the OM was induced by 2
intraperitoneal injections of 5-fluorouracil (5-FU) (Sigma
Chemical CO, St Louis, MO) on days 1 (100 mg/kg) and
3 (65 mg/kg), followed by scratches on both right and
left cheek pouch mucosa on days 4 and 5, according to
the protocol previously published by Campos et al.
From day 4, all animals were anesthetized with Ketamine
(Dopalen®, Vetbrands, Paulinia, Sdo Paulo, Brazil) 116
mg/Kg and Xylazine 13.8 mg/Kg (Anazedan®, Vetbrands,
Brazil) (Figure 1).

LED Parameters

The LED (Fisio LED - MMOptics® Ltda, Sdo Carlos, Sao
Paulo, Brazil) with a spot size of 1 cm” and a wavelength
of 635 nm was used at 120 mW of power, an irradiation
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Figure 1. Study Design. Groups C and L received chemotherapy injections
on days 1 and 3 and oral mucositis (OM) induction on days 4 and
5. Between days 4 and 10 only the L group received LED therapy. Red
numbers (5 and 10) indicate the euthanasia days.

time of 4 seconds, and 0.48 ] of energy. The irradiation
was punctual (only a central point), in contact with and
perpendicular to the oral mucosa (Figure 2).

Clinical Evaluation

The OM was evaluated by one trained examiner on days
4, 5, 7 and 10 through two specific assessment scales:
Oral Mucositis Assessment Scale (OMAS) modified for
hamsters according to Wilder-Smith et al** and the criteria
proposed by World Health Organization (WHO)"*
(Figure 3). The body mass, food and drink not consumed
of each animal were weighed daily.

Morphological Analysis

Ten samples were used for morphological analysis; for
each group, 5 animals were euthanized on days 5 and 10.
Immediately after euthanasia, the samples of cheek pouch
mucosa were removed and fixed in 4% formaldehyde and
0.1% glutaraldehyde (Polysciences, PA, USA) buffered
in 0.1M sodium cacodylate at pH 7.2. After that, all the
samples were dehydrated and embedded in historesin
JB4 (Electron Microscopy Sciences, PA, USA). Three
3-um-thick sections were obtained with a glass knife
in a microtome (MICROM HM360, Germany) and
stained with hematoxylin and acid fuchsin. The slides
were examined in an Olympus BX60 light microscope
equipped with an Olympus DP72 CCD camera.

Statistical Analysis
The results were subjected to statistical testing using
ANOVA (analysis of variance) to compare quantitative

Figure 2. (A) cheek pouch mucosa everted, showing the final aspect of

superficial scratching (oral mucositis induction) in the area bounded (1
cm?). (B) LED irradiation in contact with and perpendicular to the cheek
pouch mucosa.
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Figure 3. (A) World Health Organization (WHO) classification for oral
mucositis; (B) Oral Mucositis Assessment Scale (OMAS) for oral mucositis.

variables and the Mann-Whitney U and Friedman tests to
compare qualitative variables, with a power value of 90%.
The significance level was set at 5%.

Results

General Clinical Evaluation

Both groups presented similar signs related to
chemotherapy treatment, such as decrease of appetite,
diarrhea, prostration and cachexia, with consequent
weight loss.

Considering the food and water intake as well as the
body mass loss, the groups C and L showed no statistical
difference when compared to each other. The food intake
was 28% higher in the C group, however the weight loss
in the C group was 27% higher than the L group (Table 1).

Clinical Evaluation of Oral Mucositis

According to the WHO scale, on day 4, both groups
showed grade 4 of OM. On day 5, the L group maintained
the same grade while the C group ranged between 4 and 5,
with the median and mean scores near to 4. On day 7, the
L group presented a significant decrease in the severity
of lesions, showing grades between 1 and 3 and the mean
and median values near to 2, in comparison to the C
group which showed grades between 3 and 5, with the
mean and median scores near to 4 (P<0.05). The L group
showed only one animal with grade 4 on day 10, while all
the others presented grade 0 (mean near to 1 and median
equal to zero). In contrast, the C group maintained the

Table 1. Body Mass Loss, Food and Water Intake of the C and L Groups on
the Last Day of the Experiment (ANOVA)

Group Body Mass Food Intake Water Consumption
C -26 (£2)? 54 (+23)° 89 (+17)°
L -19 (£2)° 42 (£5)° 95 (£9)°

Different letters mean statistically significant differences (P<0.05).

highest degrees, showing grades between 1 and 5, with the
mean and median scores near to 2 (Figure 4A).

In the OMAS scale, both groups showed grade 3 on day
4, with only one animal from the C group presenting grade
4. On day 5, the group L presented grades ranging from 2
to 4, with the median and mean scores near to 4, while the
C group maintained grade 4. On Day 7, the OM severity
in the L group started to decrease and was between grades
3 and 1, with the median and mean scores near to 2. On
the other hand, the C group showed OM grades between
3 and 5 and the mean and median scores near to 4, with
only one animal showing grade 5. On day 10, the grades
of OM decreased in both groups: the animals from the
L group presented grade 0, with one exception, showing
grade 4. Regarding the C group, the grades ranged from 1
to 3, with one animal showing grade 5 (Figure 4B).

Both classifications presented similar results to the L
and C groups on the follow-up. On days 4 and 5, were
assessed severe grades of OM in both groups, however,
on day 7 the scores of 70% of animals from the L group
decreased and 30% in the C group increased. Finally, on
day 10, there was complete healing for 90% of animals
in the L group, while no animal from group C got the
same result. For the WHO scale, the differences between
the groups on each day started on day 7 (P=0.002) and
continued until day 10 (P=0.002). For the OMAS scale,
the differences also started on day 7 (P=0.006) and
continued until day 10 (P=0.002) (Figure 4).

The evaluation of the OM degree in each group over the
days also revealed important differences. For the WHO
scale, the L group showed differences when the OM
grades were compared between days 7 and 10, as well as
days 4 and 5 (P<0.05). On the other hand, for group C,
there were differences only when day 10 was compared
with days 5 and 7 (P<0.05). For the OMAS scale, the L
group showed difference when day 10 was compared with
days 4 and 5 (P<0.05), and for the C group, the difference
was also related to day 10, when compared with days 5
and 7 (P<0.05).

Histological Aspects

On day 5, the animals from group C showed the mucosa
with a disruption in the epithelium at the ulcer area,
allowing the exposition of the subjacent connective
tissue. Considering the lamina propria, a moderate
inflammatory infiltrate was present, interspersed between
the dense connective tissue with some dilated blood
vessels (Figure 5A). On day 10, the ulcer was no longer
identified. The lamina propria showed few inflammatory
cells infiltrated into the connective tissue with collagen
fibers (Figure 5B). The samples from group L on day 5
presented evident epithelium disruption, as observed
for group C. The subjacent connective tissue, however,
exhibited less inflammatory infiltrate as well as few
blood vessels close to the ulcer region (Figure 4C). On
day 10, the epithelium was continuous, exhibiting a thin
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Figure 4. Oral Mucositis From Day 4 to 10. (A) WHO scale and grade description; (B) OMAS scale and scale description. Different uppercase letters: statistical
differences between both groups on each day (P<0.05, Mann-Whitney test); Different lowercase letters: statistical difference in each group among the follow-
up (P<0.05, Friedman test). Colorful circles, mean; bold line, median; dark dot, maximum and minimum single value.

corneous outer layer, whereas the underlying connective
tissue appeared with few inflammatory cells between the
collagen fibers (Figure 5D).

Discussion

The present study showed that LED therapy reduced the
OM severity, promoting faster wound healing of the CIOM
model. The experimental OM model employed in this

Figure 5. Light Micrographs of the Cheek Pouch Mucosa of Animals From
the Different Experimental Groups. (A) C group on day 5: presence of ulcer
(arrow), inflammatory infiltrate (*) and blood vessels (BV); (B) C group on
day 10: inflammatory infiltrate (*); (C) L group on day 5: ulcer (arrow),
inflammatory infiltrate (*) and blood vessels (BV); (D) L group on day 10:
blood vessel (BV).

study yielded the general clinical signs shown in published
studies.’** Both groups were systemically affected by
chemotherapy, showing considerable body mass loss as
well as decreased food and water consumption. Indeed,
the 5-FU affects not only the oral mucosa, but also the
entire gastrointestinal tract, may resulting in a reduction
of nutrients and water absorption, contributing to the
weight loss of the animals.>>*

Regarding the histological aspects, the treatment with
LED was also able to maintain less severe inflammatory
infiltrate, organized collagen fibers and epithelial cells.
The anti-inflammatory effect of LED was assessed in an
experimental model of collagenase-induced tendinitis in
rats. The authors showed a significant improvement in
the quality of tissue repair and a decrease in inflammatory
cytokines.” Sacono et al observed a highly cellularized
collagen-rich area in connective tissue, suggestive of
healing on animals treated with LED therapy.”®

Concerning the development of OM along the
experimental period in this present study, the L group
showed less severe degrees of lesions on day 5 and
complete tissue repair by the end of the experiment, while
the C group maintained severe OM degrees throughout
the experiment. Previous studies that assessed the effect
of LED therapy on the prevention and treatment of
chemotherapy-induced OM in hamsters also concluded
that the LED therapy was effective in reducing the severity
of OM, although the oral lesions were not completely
prevented."

Clinical studies have also provided promising results of
LED therapy.'”"** Corti et al evaluated 12 patients who
were affected by hematological tumors and developed
OM after high-doses of chemotherapy and were treated
with LED. The study showed that LED treatment was safe
and capable of reducing the duration of oral lesions.” In
a case report, some authors also evaluated the efficacy of
LED therapy in preventing OM in a Hodgkin’s patient
treated with the doxorubicin, bleomycin, vinblastine, and
dacarbazine chemotherapy regimen and they concluded
that LED was an effective method for preventing this oral

478 |

Journal of Lasers in Medical Sciences Volume 11, Number 4, Autumn 2020



LED as a Treatment for Chemotherapy-Induced Oral Mucositis

complication.'

In a prospective study including 40 patients, the authors
compared the effect of LED and LLLT on the treatment
of chemotherapy-induced OM and showed better healing
of OM in patients treated with LED than those receiving
LLLT, although the authors concluded that both therapies
were effective.® Similarly, Freire et al, using a hamster
model, compared the preventive and therapeutic effects
of LED and LLLT therapies and concluded that both
treatments were effective in diminishing OM severity.*

Chemotherapy-induced ~ OM  has  numerous
consequences. Concerning patients, it may cause severe
pain and dysphagia that can lead to anorexia, weight
loss and weakness.®* In light of the above, the therapy
designed to prevent or accelerate its resolution should
result in a significant benefit to the patient, improving the
prognosis of the cancer treatment as well as contributing
to healthcare cost savings.*

Although the MASCC/ISOO clinical practice guideline
(2014) recommends LLLT to prevent OM, there is no
supportive evidence that LED therapy could be also a
good alternative. In that sense, the present results support
the use of LED therapy as an alternative to LLLT, taking
advantage of lower cost and a bigger spot area.

Conclusion
According to the protocol used in this study, LED therapy
was a promising option for the treatment of CIOM.
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