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Abstract. Oral mucositis (OM) is a debilitating consequence of cancer treatment that could be treated with pho-
tobiomodulation therapy (PBMT); however, there is no consensus about its dosimetric parameters for OM heal-
ing. The aim of this study was to compare different PBMT protocols on OM treatment, through clinical and
histological analysis. Thirty hamsters were used, in an induced model of OM by 5-fluorouracil (5-FU) and super-
ficial scratching, in seven days of follow-up. The animals were divided into five groups: control (C), which
received only anesthesia and chemotherapeutic vehicle; chemotherapy (Ch), which received anesthesia,
5-FU, and scratches; laser 1 (L1), the same as Ch group, PBMT 6 J∕cm2 and 0.24 J (one point); laser 2
(L2), the same as Ch group, PBMT 25 J∕cm2 and 1 J (one point); and laser 3 (L3), the same as Ch group,
PBMT 4 points of 0.24 J and 6 J∕cm2 each. The laser used has λ ¼ 660 nm, 0.04 cm2 of spot area, and
40 mW. The best PBMT protocol to maintain lowest OM levels compared to Ch group was L1, followed by
L2 and L3. Our results suggest that the application mode of PBMT and the energy delivered per area could
interfere with the OM healing. © 2017 Society of Photo-Optical Instrumentation Engineers (SPIE) [DOI: 10.1117/1.JBO.22.1.018003]
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1 Introduction
Oral mucositis (OM), a clinical condition that usually affects
patients undergoing chemotherapy or radiotherapy, is character-
ized by inflammation of the oral mucosa varying from erythema
to confluent ulcers.1 This condition directly affects the quality of
life of these patients due to the pain and difficulties with eating,
swallowing, chewing, and speaking, contributing to debilitation
of patients with cancer.1–3

Sonis4 described the etiological process of OM in five
phases: the first phase, called initiation, occurs when either radi-
ation or chemotherapy induces a large production of oxygen
reactive species, leading to oxidative stress that can cause
cell death or leaves the cell to act as a signaling mediator. In
the second and third phases, in response to the primary damage
and amplification, in other cells, oxidative stress stimulates
death or activation of NF-kB—a nuclear factor that stimulates
the production of inflammatory cytokines such as TNF-α, which
in turn stimulate more NF-kB in other cells, in a positive feed-
back process, promoting amplification of inflammation. In the
fourth phase—ulceration, there is pseudomembrane formation,
composed of fibrin, dead cells, and microorganisms, stimulating
further proinflammatory activity of macrophages. A few days
after oncological treatment ends, the trend is toward healing
and reestablishing the epithelium, leading to the last phase: heal-
ing itself.

The widely used antimetabolite, 5-fluorouracil (5-FU),
affects mitosis in the S phase of DNA replication by cells.
This drug specifically affects the synthesis of thymidylic
acid, nitrogenous bases of DNA. The nonspecific mechanism
of action makes 5-FU attack all cells of the body that frequently

replicate, such as gastrointestinal cells, thus explaining several
side effects of the oncological treatment,5,6 including OM.

Some studies have been conducted trying to bring more com-
fort to patients with cancer and help them undergo cancer treat-
ment without oral pain and with more quality of life, decreasing
OM severity, for example.7 Over the past few years, photobio-
modulation therapy (PBMT) has been studied for the manage-
ment of OM, mainly the red wavelength that seems to be related
to tissue repair, delay in the development of OM, or maintenance
of the grade of OM at low levels.8–10 In addition to low power
red laser, the infrared wavelength has also been used, but its use
is more related to analgesia, due to its deeper penetration into the
tissue and its action mechanism.11

Although many studies have demonstrated the effectiveness
of PBMT on chemotherapy or head and neck radiotherapy-
induced OM,8–10,12,13 several PBMT protocols and application
modes have been described in the literature. Thus, due to the
wide range of studies that have used different amounts of
PBMT energy; different modes of PBMT application, and the
characteristics of the tissue before laser irradiation, the aim
of this study was to compare the effects of three different param-
eters of red PBMT on the oral mucosa of hamsters that either
received a 5-FU injection and a scratch with the tip of a needle
or not.14,15

2 Materials and Methods
This study, conducted at Oral Biology Laboratory, University of
São Paulo, São Paulo, Brazil, was approved by the Ethics
Committee on Animal Use of University of Sao Paulo
(FO-USP) (Process number 2015.010) and was carried out in
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accordancewith the Ethical Principles of Animal Experimentation
adopted by the Brazilian Society of Laboratory Animal Science.

2.1 Animals

All animals were kept in the Animal House of the Laboratory of
Oral Biology, School of Dentistry, USP, one per cage, with free
access to water and food, in a 12-h day/night cycle at 23� 3°C,
and were monitored daily. Thirty Syrian hamsters (15 female
and 15 male), weighing ∼150 g each were divided equally,
according to gender and number of animals, into five groups:
control (six animals), chemotherapy (six animals), laser 1
(six animals), laser 2 (six animals), and laser 3 (six animals),
totaling a sample of 12 cheek pouch mucosas analyzed in
each group. The control group (C) received only the chemo-
therapeutic vehicle. All the experimental groups received
chemotherapeutic 5-FU, as follows: chemotherapy group (Ch)
received OM induction only; laser 1 group (L1) received OM
induction and PBMT protocol 1 (the photobiomodulation pro-
tocols are shown below); laser 2 group (L2) received OM induc-
tion and PBMT protocol 2; and laser 3 group (L3) received OM
induction and PBMT protocol 3. The animals were euthanized
on day 7 of follow-up. The three PBMT protocols are described
below.

2.2 OM Induction

OM induction was performed according to Cruz et al.15 On days 1
and 3, OM was induced in groups Ch, L1, L2, and L3 by injec-
tions of 5-FU (Sigma Chemical Co., St. Louis, Missouri) at doses
of 100 and 65 mg∕kg body weight, respectively. The animals of
C group received only the chemotherapeutic vehicle (ammonia
hydroxide, 1 M). On days 4 and 5, the left and right cheek
pouch mucosas were scratched with the tip of a needle. The
everted cheek pouch [Fig. 1(a)] was scratched within the demar-
cated area (1 cm2) by dragging the needle across the mucosa
twice, in a linear movement [Fig. 1(c)]. This technique has repeat-
edly been used to mimic the development of OM in humans.14–20

From the day 4, all animals were anesthetized with xylazine
(Anazedan®, Vetbrands, Brazil) 13.8 mg∕kg and ketamine
(Dopalen®, Vetbrands, Paulínia, São Paulo, Brazil) 11.6 mg∕kg.

2.3 Photobiomodulation Therapy

From days 4 to 7 PBMT was performed in the red wavelength
(660 nm), power output of 40 mW, with continuous radiation,
and spot area of ∼0.04 cm2 (MMOptics®, São Carlos, Brazil), in
contact mode [Fig. 1(b)], with an irradiance of 1 W∕cm2. The
protocols were divided as follows: protocol 1 (L1), a smaller
amount of energy in a central point with energy density of
6 J∕cm2 and 0.24 J of energy; protocol 2 (L2), a higher amount
of energy in a central point, with energy density of 25 J∕cm2

and 1 J of energy; and the protocol 3 (L3), with higher amount
of energy divided into four points of 6 J∕cm2 and 0.24 J each,
totaling 24 J∕cm2 and 0.96 J.

In that way, the L1 group received 6 J∕cm2 and 0.24 J per
point, 6 s of application in a central point of the OM area; L2
received 25 J∕cm2, 1 J per point, 25 s, in a central point of the
OM area; and L3 received a total of 24 J∕cm2 and 0.96 J divided
into four points of 6 J∕cm2 and 0.24 J, 6 s per point, around the
induced OM area [Fig. 1(c)]. The procedures complied with the
health and safety regulations, including the use of protective
glasses, gloves, and PVC film to cover the laser pen tip.

2.4 OM Evaluation

OM clinical severity was evaluated by two calibrated examiners
and degree of severity was determined by using the scales pro-
posed by Sonis et al.20—modified OM Assessment Scale
(OMAS)—adapted to hamsters, according to Wilder-Smith
et al.21 Both right and left oral mucosa tissues were classified,
totaling 12 mucosal samples per group. For classification, the
ulcerated area was estimated, considering the demarcated
area of 1 cm2, as 0 (nothing), <4 mm2; 4 to 9 mm2 or
>9 mm2; and the severity of erythema was classified as 0 (noth-
ing); not severe (mild erythema, close to bright red color); and
severe (severe erythema, close to dark red and purple color).
After crossing these two items of information, it was possible
to determine the grade of OM in each mucosa.

2.5 Food and Water Intake

Food and water was measured on the first and last day of follow-
up to calculate the intake in this period. The body mass of each
animal was also assessed daily.

2.6 Morphological Analysis

The left and right cheek pouch mucosas of all animals were
removed immediately before euthanasia and fixed in 4% form-
aldehyde (freshly prepared from paraformaldehyde) and 0.1%
glutaraldehyde (Polysciences, Pennsylvania) buffered in 0.1
M phosphate at pH 7.2. The tissues were prepared for histologi-
cal analysis by light microscopy in increasing concentrations of
alcohol for subsequent paraffin embedment. Four-micrometer
sections were cut using a low profile knife (Crystal Plus™)
on a microtome (MICROM HM 360, Germany) and stained
with hematoxylin and eosin. Images were captured and exam-
ined using an Olympus BX 60 light microscope at 20×;
magnification.

Fig. 1 PBMT application scheme. (a) Everted cheek pouch mucosa,
where the scratches and PBMT were performed, (b) PBMT applica-
tion in contact mode, and (c) PBMT points of application: (1) an exam-
ple of oral mucosa after scratches; (2) PBMT, using one central point
for protocol 1 (L1), PBMT 6 J∕cm2 and 0.24 J per point and for pro-
tocol 2 (L2), PBMT 25 J∕cm2 and 1 J per point; and (3) PBMT being
applied in 4 points of 6 J∕cm2 and 0.24 J for protocol 3 (L3).
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2.7 Statistical Analysis

The Kruskal-Wallis and Friedman statistical tests were used to
analyze the clinical outcomes, with a power value of 80%.
Values with significance less than 5% (p < 0.05) were consid-
ered for the study. For all tests, statistical software Action Stat
Pro (version 3.1, 2016) was used.

3 Results

3.1 OM Evaluation

With regard to results of OM evolution and grades distribution,
on day 4, the first day of scratches, the Ch and L2 groups pre-
sented most grades equal to 2 (just one classification grade 1 and
one grade 3), L1 group presented grades between 1 and 2 (mean
and median closer to grade 2), and L3 group presented grades
between 2 and 3 (mean and median closer to grade 2). On day 5,
the L1 and L2 groups increased the distribution between 1 and 3
(mean and median closer to grade 2). Likewise, groups Ch and
L3 increased OM values, but mean and median were closer to
grade 3. On day 6, L1 and L2 groups maintained the distribution
of OM grades, but most of the classifications in L1 group were
placed between grades 1 and 2, while for L2 group were
between grades 2 and 3 (mean and median closer to grade
2). Ch group increased the distribution between grades 3 and
4, being mean and median closer to 4. L3 group showed
most of the grades classifications between grades 3 and 4.
On day 7, the last day of follow-up, the Ch group increased
the grade classifications, mean and median near to grade 5
while all the PBMT protocols presented better OM results
than no treatment (Ch group). The protocol 1 (L1 group),
with the lowest amount of energy in one central point, showed
the best results, followed by L2 and L3 protocols. The L1 group
decreased the OM classification, between 0 and 2 (mean and
median equal to 1); L2 group maintained the distribution
between 1 and 2 (just one grade value equal to 3 and mean
and median equal to 2); and L3 group, that after an OM

grade increase at the first days, maintained the grades between
3 and 4 (just one OM value equal to 1). The control group, that
did not receive any OM induction, showed grade 0 during all the
experimental time, as expected [Fig. 2(a)].

On the following days, the Ch group showed a tendency to
increase OM grade while all the PBMT groups showed better
results in mucositis grades than Ch group, which only received
mucositis induction [Fig. 2(a)]. On day 5, the mean of the OM
grade in groups L1 and L2 was ∼20% lower than that of group
Ch (p ¼ 0.064). On days 6 and 7, group L1 showed a lower
grade of OM than that of group Ch at 52% on day 6
(p < 0.001) and 78% on day 7 (p < 0.001). L2 group showed
scores ∼40% (p < 0.001) and 60% (p < 0.001), respectively,
lower than group Ch on days 6 and 7. The L3 group showed
scores 33% lower than Ch group (p < 0.001). The L1 group
showed better OM grades than L2 group (p ¼ 0.001) and L3
group (p < 0.001) on day 7 [Fig. 2(a)].

When the means of each group were analyzed during the
time [Fig. 2(b)], Ch group presented a difference in the grades
of OM on days 4 and 5 in comparison with day 7 (an increase of
143% and 65% of OM) and days 4 to 6 (an increase of 91%)
(p < 0.001). L1 group tended to show a decrease from 1.8 to 1 in
the OM scores from days 4 to 7; the significant difference was
between grades assessed on days 5 and 6, when OM started to
decrease (a decrease of 30%—p ¼ 0.038). Group L2 main-
tained the OM scores near to 2 (p > 0.05). Group L3 score
increased from 2 to 3, and the significant difference was between
grades assessed on days 4 to 6, when this group reached its high-
est score (on day 6 the OM grade was 48% greater than OM
grade assessed on day 4—p ¼ 0.01) [Fig. 2(b)].

The mean of OM grades in male and female hamsters was
analyzed separately too. Male and female hamsters showed the
same evolution in the experimental time (p > 0.05) in each
group: Ch [Fig. 3(a)], L1 [Fig. 3(b)], L2 [Fig. 3(c)], and L3
[Fig. 3(d)], with similar trend lines.

Clinically, on day 5, last day of scratches, the aspect of the
oral mucosa was similar among groups Ch, L1, L2, and L3. On

Fig. 2 (a) Mucositis grades distributions in each group from days 4 to 7, according to W-Smith scale for
mucositis and considering both genders together (male and females). Different letters indicate statistical
relevance among all groups in each day (p < 0.05-Kruskal–Wallis test); (b) OM evolution by means of
each group from days 4 to 7. Different letters indicate statistical relevance among days (Friedman test).
C, control; Ch, chemotherapy; L1, PBMT 6 J∕cm2 and 0.24 J—one point; L2, PBMT 25 J∕cm2 and
1 J—one point; L3, PBMT four points of 6 J∕cm2 and 0.24 J; circle, mean; bold line, median; dark
dot, maximum and minimum single value.
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day 7, Ch group, that received only mucositis induction, pre-
sented ulcers, necrosis, and severe erythema while in L1 and
L2 groups it was possible to observe an improvement of
OM. L3 group showed lesions, but in a better stage than Ch
group (Fig. 4).

3.2 Food, Water Intake, and Body Mass

No statistical difference was found in food and water intake.
However, group L1 showed food and water intake closer to
group C, which did not receive OM induction. Group C had
the highest water intake, 28% more than group Ch; 7% more
than group L1; 60% more than group L2; and 90% more
than group L3. For food intake, group L1 was the one with
the highest intake: 8% more than group C; 43% more than
group Ch; 31% more than group L2; and 43% more than
group L3. Nevertheless, group C was the one that showed
the lowest weight loss: 69% less than group Ch and L1
(p ¼ 0.005); 74% less than group L2 group (p ¼ 0.05); and
67% less than group L3 (p ¼ 0.05) (Fig. 5).

3.3 Histological Analysis

Some histological aspects were observed in the experimental
groups. On day 7, group C presented nondamaged tissue: intact
epithelium and connective tissue of the lamina propria, with sig-
nificant muscle fibers and blood vessels. Group Ch showed evi-
dent ulcer and a disrupted epithelium; the subjacent connective
tissue exhibited moderate to intense inflammatory infiltrate,
with presence of extravasation of blood cells and necrosis
below the ulcer. Group L1 showed an aspect similar to that
of group C, with continuous and more organized epithelium
than group Ch, and absence of inflammatory cells in the con-
nective tissue. Group L2 presented the same pattern as those
of groups C and L1, with the aspect of a continuous thin epi-
thelium and few blood vessels in the connective tissue. The pat-
tern of group L3 seemed to be an intermediate stage between
those of group Ch and groups L1 and L2, due to the appearance
of epithelial regeneration in the ulcer region, in which the basal
layer seemed to be forming and not all of the epithelium was

Fig. 3 Comparison of OM evolution between male and female genders in each group: (a) chemotherapy
group (Ch); (b) PBM protocol 1 group (L1); (c) PBM protocol 2 group (L2); (d) PBM protocol 3 group (L3),
from days 4 to 7, with tendency lines of OM evolution (p > 0.05, Friedman test).

Fig. 4 Clinical comparison of the hamster cheeks pouch mucosa in
each group, between days 5 (D5) and 7 (D7).

Fig. 5 Comparison of food, water intake, and body mass on day 7
(p > 0.05). Kruskal–Wallis test.
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organized; some extravasation of blood cells and small region of
necrosis were observed in the lamina propria (Fig. 6).

4 Discussion
In the past few years, PBMT has been shown to be a good alter-
native for OM management. Animal models have been success-
fully used to determine which is the best PBMT protocol
(wavelength, power, frequency, time, and mode of application)
to keep OM at lower levels or speed up the healing process. In
the present study, all of the three protocols were capable of
maintaining lower grades of OM than that of group Ch, but
only group L1, which had received only one central point of
PBMT application, with 0.24 J of energy, showed significant
difference on day 7, followed by L2 and L3 protocols, in com-
parison to Ch group.

With use of the OM induction model in hamsters, proposed
by Sonis et al.,14 some studies have tested the effects of PBMT
on OM. França et al.16 observed that the group that received
PBMT (660 nm, 30 mW, 1.2 J∕cm2 in four points of ∼0.4 J
of energy on each one) on OM lesions presented faster healing
than the group that had not received treatment. Another study17

that used 96 hamsters divided into control (no treatment) and
experimental groups (PBMT for OM prevention; PBMT to
treat OM, and a combination of both), showed positive results,
reducing OM levels when the therapeutic PBMT protocol was
applied. In this study, PBMT was used with a power output of
40 mW, 6.6 J∕cm2 of energy density, 0.24 J of energy, and 6 s of
irradiation time, per point, with six points being applied in con-
tact mode.

In the present study, group L1 that received 6 J∕cm2∕0.24 J,
6 s of application, in a central point of the OM area, showed the
best results in OM healing, followed by groups L2 (25 J∕cm2∕1 J,
25 s, in a central point) and L3 (6 J∕cm2∕0.96 J divided into four
points, 6 s each, around the induced OM area). The authors were
able to infer that the central and localized application mode of L1
and L2 groups appeared to be more effective than the application
around the OM lesion, as was performed in group L3, and the less

amount of energy of L1 group seems to be better than a higher
amount of energy of L2 group in a central point, or divided in
four points, as performed in L3 group. However, it is possible
to suppose that if group L3 had had a fifth application point, or
more localized points in the center of the lesion, this group
would perhaps have had better results, such as the results obtained
by Lopez et al.,17 who applied six points distributed over the entire
OM surface area, with 0.24 J of energy per point, or like the results
found by Campos et al.19 that applied five points of 0.24 J each,
covering all the surface area of OM induction.

Based on the literature over the past few years, Simões et al.22

suggested that there are some aspects and parameters of PBMT
that ensured the results obtained. One of these was application in
contact mode perpendicular to the tissue, because it guaranteed
that the amount of energy calculated would reach the tissue.
Furthermore, taking into account the results obtained in the
present study, the position of the laser beam in relation to the
center of the lesion and the amount of energy delivered to
the tissue could also be important aspects to consider during
PBMT irradiation.

Regarding the food and water intake, although there were no
statistical differences among the groups, group C and the group
that received less energy per point (L1) showed similar results,
indicating better healing of OM in group L1, which enabled the
hamsters to eat and drink more than the animals in the other
groups, as reported by Campos et al.19 As expected, group C
showed the lowest loss of body mass, differently from the
groups that received OM induction (Ch, L1, L2, and L3).
Meanwhile, the body mass loss could have been caused by
OM induction and consequent difficulty with feeding and sys-
temic effects of 5-FU, in addition to the daily manipulation,
application of anesthesia, and stress of the animals.15,16

With regard to the histological findings, other animal studies
in the literature have demonstrated similar aspects to those
observed in the present study. França et al.16 showed intense
inflammatory infiltrate and scanty granulation tissue in the
mucosa without treatment; whereas, in the mucosa that received

Fig. 6 Photomicrographs of the cheek pouch mucosa of animals from the different experimental groups.
Representative images from control, Ch (chemotherapy), L1 (PBMT 6 J∕cm2 and 0.24 J—one point), L2
(PBMT 25 J∕cm2 and 1 J—one point), and L3 (PBMT 24 J∕cm2 and 0.96 J—four points of 6 J∕cm2,
0.24 J each) groups on day 7. Arrows, ulcers; asterisks, extravasation of blood cells; IN, inflammatory
infiltrate; VS, blood vessels; M, muscle fibers; NE, necrosis; ER, epithelial regeneration. Hematoxylin and
eosin staining. Original magnification: 20×.
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PBMT the cited authors observed organization of the collagen
fibrils, less inflammatory infiltrate, and expressive angiogenesis.
These results were endorsed by Lopes et al.,18 who showed that
PBMT-induced organized collagen, and it also appeared to be
related to the modulation of inflammation by reducing the neu-
trophil infiltrate. Furthermore, Cruz et al.,15 in a similar study
performed with hamsters that received the OM induction proto-
col and PBMT with a higher dose of laser irradiation
(120 J∕cm2, 40 mW, and 4.4 J of energy), showed similar his-
tological results in the laser group, on day 10, compared with
those observed for groups L1 and L2 in the present study, on day
7. Thus, the lower level of energy applied in the present study
demonstrated a faster wound healing process when compared
with those observed by Cruz et al., which is in agreement
with the idea that there are several dosimetric parameters that
could interfere with the effect of PBMT on the irradiated tissue.

Huang et al.22,23 reviewed the biphasic dose response in pho-
tobiomodulation, following the principles of Arndt Schulz
model, and showed that insufficient doses and energies have
no effect on the treated surface area, in the same way that
too high energies seem to have inhibitory effects.15,22–26

There are no defined limits of energies to stimulate healing
or to produce inhibitory response. Although there is a lack of
studies in dosimetric field, some studies, mainly in animal mod-
els, started to give us directions to an ideal amount of energy to
each desired clinical application. Corazza et al.25 analyzed the
effects of photobiomodulation with low level laser and light-
emitting diode (LED) therapies on skin wounds in rats and
showed that the dose of 5 J∕cm2 was better than 20 J∕cm2

for wound healing, similar to the results obtained in the present
study for groups L1 (6 J∕cm2) and L2 (25 J∕cm2). These results
showed that PBMT promoted tissue healing, but the difference
in speed and effectiveness of the results could be correlated to
the amount of energy delivered to the tissue surface and high
energies could induce inhibitory effects.22–26

Although protocols with high energies are not the best pro-
tocols to speed up healing, they could be related to analgesic
effects due to the inhibitory process. Some studies in humans
have used high energies to treat OM (2 to 3 J per point)
12,27,28 and, despite finding benefit in OM healing, they reported
greater pain relief than studies using lower energies (closer to
0.24 J, as used in this study),8,29,30 which focused the results
on the effects of PBM in OM healing.

All the protocols, in the present study, were better than
chemotherapy control group to OM healing; however, the
group that received less energy showed a faster healing than
the other two protocols with high energies. Nevertheless, if it
was possible measure the pain associated to OM, maybe the
groups with higher energies would presented more pain relief,
as reported by the studies in humans and by Yan et al., who
showed that PBMT in 650 nm, 35 mW, and 1 J per point pro-
duced an analgesic effect in rat’s sciatic nerves.31

In conclusion, within the limitations of this study, our results
suggest that PBMT, mainly with regard to the amount of energy
delivered per area and application mode, could interfere in OM
healing, being the protocol with less energy in a central point
better than the other protocols used for tissue repair. Thus, a
further dosimetric study is necessary in the field of PBMT to
elucidate the mechanisms of action and biological effects of
PBMT following different treatment protocols, to support the
results found in this present study.
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