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ABSTRACT

Aim: This study aimed to determine the early-stage anticytotoxic effects of Ga—Al-As diode
laser photobiomodulation (LPBM) and Epicatechin (green tea extract) (GT), either alone or
combined, when used to treat induced oral mucositis (OM) in rats.

Subjects & Methods: Thirty Wistar rats were included; two of them were sacrificed in the
beginning (normal mucosa control). Radiotherapy OM was induced by a fractionated course of oral
radiotherapy at a rate of 2 Gy/min bilaterally twice weekly for two weeks. On day 6, four animals
were sacrificed to confirm OM induction. The remaining animals (24 rats) were equally assigned
into four groups: Control group (CG), Laser group (LG), green tea extract group (GG) and combined
group (L+G). They continued for 5 successive days in the 3-test groups. Animal sacrifice has then
occurred on day 11. The mucositis degree (MD) was clinically evaluated, the histopathological
assessment of tissue changes was applied using (H&E) and Monoclonal cytochrome-c antibody.

Results: All treated animals showed a statistically significant difference (P-value < 0.05) than
those in CG. The lased animals had a better clinical outcome with a faster healing than GT. The best
clinical outcome and healing pattern were shown in (L+G).

Conclusion: Ga—Al-As diode laser and Epicatechin produced protection against radiotherapy
induced OM through their antioxidant and anti-apoptotic activity effects. Better outcomes were
noted in favor of LPBM over GT.
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INTRODUCTION

Radiotherapy has become increasingly important
for the treatment of head and neck squamous cell
carcinoma %, Radiation-induced oral mucositis
(OM) develops because radiation therapy can
interfere with the maturity and cellular growth of
epithelial cells, causing changes to normal turnover
and cell death. Irradiated epithelial, endothelial,
and connective tissue cells in the buccal mucosa
release free radicals, modified proteins, and pro-
inflammatory cytokines, including interleukin-1B,
prostaglandins, and tumor necrosis factor . OM
associated with both radiation and chemotherapy, is
a very common, painful, and dose-limiting toxicity,
with an incidence that can be as high as 90% ©.
Radiation-induced OM may be accompanied by
altered taste, pain, dry mouth, decreased appetite,
and decreased nutritional uptake ¢

this leads to other

complications such as; a breakdown in the saliva

Moreover, treatment
barrier, a disruption of epithelial cells with thinning
of epithelium, and even ulceration. Delays in drug
administration and increased medical costs are also
considered, additionally, it may be a life-threatening
condition due to septicemia ©. It was found that
damage occurs to the epithelium of the oro-
pharyngeal cavity and gastrointestinal tract (GIT) as
a result of radiation and/or chemotherapy. In most
instances, epithelial cells of the mucous membranes
have a more rapid turnover than those cancer being
treated and are vulnerable to damage by cytotoxic
agents and radiation ©.

Unfortunately, the standard therapy for OM is
predominantly palliative with few interventions
that may reduce its severity or duration. Many
strategies have been used such as; basic oral care,
oral rinses, analgesics, antibiotics, cryotherapy,
local anesthetics, growth factors and cytokines,
biologic mucosal protectants, and anti-inflammatory
agents “%, with no proven therapeutic approach

to prevent OM occurrence or severity 7. Some
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studies have reported beneficial effects of low-
intensity laser therapy (LILT) to promote tissue
repair, reduce pain and inflammation ©'. It was
reported as a well-tolerated, safe and effective
modality to manage OM related complications 12
owing to its anti-inflammatory “¥ and antioxidant
capabilities 4. Furthermore, it has the ability
to accelerate healing process through activating
mitochondrial-ATP production, the local release
of growth factors !9 increased proliferation of
fibroblasts 7 ' improving extracellular matrix
production, macrophage stimulation or activation
of collagen production !**

Tea, which is made from the leaves of the plant
Camellia sinensis, is the most popular beverage
worldwide besides water; it is rich in antioxidant
polyphenolic flavonoids ©®. Epigallocatechin
Gallate (Epicatechin), a green tea polyphenol,
possesses potent antioxidant, anti-apoptotic, anti-
inflammatory, and autoantigen-inhibitory properties
@b Until now, OM represented a significant
medical problem in oncology settings, with no
universally accepted treatment protocols @2,
Therefore, this experiment aimed, to clinically and
histopathologically evaluate the effects of combining
LPBM and GT on treating the radiotherapy induced-
OM in rat model, compared to the sole use of each

therapeutic line.

MATERIALS AND METHODS

Animal model

Thirty, 12-week-old, with a mean weight 200 g,
male Wistar Albino rats (W. rats) were maintained
in the central animal laboratory (Delta University of
Science and Technology, Gamasa, Egypt) for at least
1 week. The animals were housed in small groups of
three animals per cage and allowed free access to
water and food. The temperature was maintained at
21+1°C and lights were turned on from 8:00 AM to
8:00 PM.
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This research was carried out in line with the
Helsinki Declaration, the study was approved by the
Committee for Ethics in Animal Experiments, Delta
University of Science and Technology, Gamasa,

Egypt.
OM-induction protocol

The W. rats were sedated using an intraperitoneal
(IP)injection of 3.125 mg/kg tiletamine,3.125 mg/kg
zolazepam, and 11.5 mg/kg xylazine hydrochloride.
The rats were placed and restrained in the prone
position on an acryl plate. Radiation was restricted
to the oral cavity to spare the rest of the body .
A 30 Gy dose was delivered twice weekly for two
weeks (the total dose of radiation = 120 Gy/animal)
at a rate of 2 Gy/min bilaterally with a distance
of 100 cm from the source to the axis using the
LINAC, 6MV (21EX; Varian). Tissue-equivalent
material was placed on the irradiated regions to

ensure a uniform distribution of the prescribed dose.

Animal grouping

Two rats were sacrificed before the beginning of
the experiment (normal mucosa control). On day 6,
after the 2 weeks period of OM induction; 4 rats
were sacrificed before the beginning of treatment
to histopathologically evaluate any tissue changes.
The remaining animals (n= 24) were randomly and
equally (n=6 animals/group) assigned into the study
groups as following:

I-  Control group (CG): Animals that were not given
any treatment and were used as a spontaneous

healing control model.

II- Laser group (LG): Animals that underwent
LPBM irradiation.

III- Green tea extract group (GG): Animals assigned
for GT application.

IV- Combined group (L+G): Animals that had both
LPBM irradiation then GT application.
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Laser set up

Animals in Groups II and IV were subjected to
LPBM daily for five successive days. Extra-oral
irradiation was applied using Ga-Al-As diode,
semiconductor laser (Soft Laser SL-202, 870 nm
PETROLASER, RUSSIA), in continuous wave
mode (CW) with special probe of spot size = 0.55
cm? and power (P) = 25 mW (Figure 1), in direct
contact to the skin of the cheeks for 60 seconds.
The surface area of the probe was enough to cover
approximately half the cheek area of the rat, so two
applications for each side were enough to cover the
target area with total energy density (ED) =54 J/
sz. (24)

Fig. (1): Laser device showing the used parameters.

Green tea application

A solution of GT-extract (20 mg/kg) was ad-
ministered orally two times daily (total 40 mg/kg/
day) by intra-oral intubation®. For all groups and
before any procedure, animals were anaesthetized
then; each line of treatment was applied from day
6 up to day 10. All the animals were sacrificed
on day 11 then, excisional mucosal biopsies were
carefully collected to include the adjacent healthy
mucosa and the healed tissue in depth, for further
histopathological and immunohistochemical exami-
nation. During the clinical investigation, the muco-
sal changes were evaluated and scored, as well as
the animal weighting.
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Clinical assessment of OM in rats

The clinical aspect of the oral mucosa was
observed by two blind-independent calibrated
observers and the degree of mucositis (DM) was
evaluated through OM assessment scale (OMAS)
@9 as follows: 0—no ulceration and no erythema;
I —ulceration < 4mm? and slight erythema; 2—
ulceration of 4-9 mm? and moderate erythema;
3 —ulceration > 9 mm? and severe erythema; 4 —
appearance of pseudomembrane. OM scores were
recorded daily starting from day 1 to provide an
overview of the mucositis development.

Histopathology

Histological analysis performed on
specimens from the buccal mucosa to verify the

was

influence of treatment options on the course of
mucositis, for the assessment of healing events.
Buccal mucosae were harvested, and then cut into
horizontal sections perpendicular to the long axis
of the cheek pouch and fixed in 10% neutralized
buffered formalin. Tissue Samples embedded in
paraffin blocks and cut into 4 um thick sections.
Serial sections were stained with hematoxylin and
eosin (H&E).

Immunohistochemical analysis

Sections of 4 pm thickness were mounted on
electrically positive charged slides and deparaf-
finized by overnight incubation with xylene then
rehydrated in a gradual descending concentration
of ethanol followed by PBS wash. Blocking the
endogenous peroxidase activity was performed by
3% hydrogen peroxide (H,O,) for 5 minutes at room
temperature. For antigen retrieval, tissue sections
were put in glass jars containing 0.01M sodium
citrate buffer (pH 6.0) and boiled in a microwave
oven twice for 5 minutes each to enhance immu-
noreactivity (reserve the loss of antigenicity that
occurred with some epitopes of formalin-fixed par-
affin-embedded tissues). The slides were allowed
to cool and rinsed with phosphate-buffered saline
(PBS), ph7.2. The immunohistochemical staining
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for monoclonal cytochrome-c antibody was done
according to the manufacturer’s instructions using
the primary antibody Cytochrome (Thermo scien-
tific Clone 7H8.2C12 cat# MS-1192-R7).

Detection was carried out using the universal kit
(DAKO, Denmark) by washing slides in PBS for
5 minutes and incubated with secondary antibody
that was biotinylated goat serum conjugated rabbit
and mouse sera for 30 minutes. Sections were
then washed for 5 minutes in PBS followed by
development of antigen—antibody visualization by
diaminobenzidine [DAB] in PBS containing 40%
hydrogen peroxide. Sections were washed under
running tap water for 10 minutes, then counterstained
with Mayer’s haematoxylin and mounted.

Histomorphometric analysis

Monoclonal cytochrome-c antibody was used
in staining cytochrome-c protein inside apoptotic
cells as it provides an effective and specific means
for detecting cytochrome-c translocation from
The
kit provides unique formulations of reagents to

mitochondria into cytosol during apoptosis.

isolate a highly enriched mitochondria fraction
from cytosol. The procedure is so simple and easy
to perform, no ultra-centrifugation is required and
no toxic chemicals are involved.

The stain appeared punctuate and faint in normal
cells according to its mitochondrial distribution but
appeared brownish diffuse cytoplasmic color in the
cells going in apoptotic pathway, and quantitative
imaging-based score ?” was performed as following;
negative staining: less than 5%-+ve cells / 10 HPF,
mild staining: from 5-15 % +ve cells / 10 HPF,
moderate staining: from 16-30 % +ve cell / 10 HPF,
strong staining: more than 30% +ve cell / 10 HPF.
The area percent of cytochrome-c immunopositive
cells was assessed using image-j software.

Statistical Analysis

Statistical analysis was performed with SPSS
16.0® (Statistical Package for Scientific Studies)
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for Windows. Data were presented as means and
standard deviation (SD) values. Kruskal-Wallis
test was used to compare between the groups.
MannWhitney U test was used in the procedure
of pairwise comparisons between the groups.
Friedman’s test was used to study the changes by
time in each group. Wilcoxon signed-rank test was
used in the procedure of pair-wise comparisons.

The significance level was set at P < 0.05.

RESULTS

1. Mucositis degree (MD)

There was no statistically significant difference
in the mean of MD among the four groups from
day 1 up to day 7 (score 2.5). Whereas, on days
8, 9, 10 and 11, CG showed the statistically
significant highest mean score, with no statistically
significant difference among the three test groups.
It is noteworthy that L+G group showed the lowest
mean score (Figure 2).
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Fig. (2): The degree of OM among the four groups.

2. Hematoxylin / eosin (H&E)

The mucosa before treatment was shown in
Figure 3-A. The epithelium was markedly thinner
with hydropic degeneration of basal cell layer and
detachment of surface keratinized layer. In addition,
patches of fibrin exudation over the epithelium was
observed and the sub-epithelial tissue showed dilated
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congested blood vessels, infiltration of lymphocytes,
PNLs and macrophages with fragmentation of sub-
epithelial collagen fibers.

In CG, the specimens showed evidence of
severe mucositis in the form of considerable
epithelial destruction and the connective tissue
showed extensive collagen degeneration, dilated
engorged capillaries and extensive inflammatory
infiltrate (Figure 3-B1).
revealed evidence of healing in the form of more

Moreover, some views

cellular connective tissue, moderate angiogenesis
and moderate mixed inflammatory infiltrate (Figure
3-B2).

Figure 3-C represented the mucosa of GG in
which; the epithelium showed prominent basal cell
layer with focal regeneration of the epithelium up
to keratinized layer. Sub-epithelial tissue showed
cellular granulation tissue formation in the form
of numerous thin walled blood vessels, fibroblasts
and haphazardly arranged collagen fibers admixed
with mild to moderate mixed inflammatory cell
infiltrate. (Figure 3-D) displayed histopathological
analysis of LG mucosa with regeneration of
the full epithelial thickness, the sub-epithelial
tissue showed organization of granulation tissue
with mild mixed inflammatory cell infiltrate and
excessive angiogenesis. The mucosal changes of
the combined group were represented in Figure
3-E. A complete reconstruction of the epithelium
up to surface keratinized layer was shown, with
more organization and maturation of sub-epithelial
granulation tissue in the form of obliteration of
most blood vessels, parallelism of collagen fibers
and depletion of fibroblasts with scanty mixed
inflammatory infiltrate.

3. Immunohistochemical results

In Figure 4-A sections, cytochrome-c antibody
was shown before treatment, with a strong expression
in the destroyed and sloughed epithelium (Figure
4-A1) and mild expression in the sub-epithelial
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Fig. (3): Photomicrograph of W. rat buccal pouch mucosa. (A)Mucosa before treatment with detachment of surface keratinized
layer, patches of fibrin exudation over the epithelium (arrow) and the sub-epithelial tissue showed dilated congested blood
vessels (arrow), infiltration of lymphocytes, PNLs and macrophages with fragmentation of sub-epithelial collagen fibers
(M x100 H&E). (B1) CG showing areas of intense inflammatory infiltrate and considerable epithelialdestruction (arrow).
(B2) showing focal epithelial regeneration and sub-epithelial cellular immature granulation tissue (arrow) (M X 40 H&E).
(C) GG mucosa showing prominent basal cell layer (arrow) and cellular granulation tissue (M x100 H&E). (D) LG mucosa
showing granulation tissue with marked angiogenesis (arrow) (M x100 H&E). (E) (L+G) mucosa showing parallelism of
collagen fibers (arrow) with scanty mixed inflammatory infiltrate (M x100 H&E).

inflammatory tissue (Figure 4-A2). Furthermore,
the immunostained mucosal sections of CG showed
strong expression in the sub-epithelial inflammatory
collections (Figure 4-B1), while other sections
showed moderate cytochrome-c staining in the
endothelium and developing granulation tissue, in
addition to remnants of inflammatory cells (Figure

4-B2).

The immunostained mucosa of GG was shown
in Figure 4-C. The cytochrome—c expression
was moderate in epithelial cells and mild in sub-
Whereas,
4-D display the immunostained mucosal sections

epithelial granulation tissue. Figure

of LG with cytochrome-c expression in the sub-
epithelial fibroblasts (Figure 5-D1) and capillary
endothelium (Figure 4-D2).
mucosa of (L+G) group was revealed in Figure 4-E

The immunostained

showing mild cytochrome-c expression in epithelial
and negative to mild in sub-epithelial mature

granulation tissue.

4. Histomorphometric results

Figure 5 revealed the mean value and SD of
apoptotic cells in the five studied groups. There
was no statistically significant difference between
the samples before treatment and CG; both showed
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Fig. (4): Photomicrograph of W. rat buccal pouch mucosa immunostained by cytochrome-c antibody. (A1) mucosa before treatment
with strong expression in detached surface keratinized layer (arrow) (A2) showing mild expression in the sub-epithelial
inflammatory tissue (arrow) (M x 40). (B1) CG showing strong expression in the sub-epithelial inflammatory collections
(arrow), (B2) showing moderate cytochrome —c staining in the endothelium and fibroblast of granulation tissue (arrow) (M
X 40). (C) GG immunostained mucosa showing moderate staining in epithelial cells and mild in sub-epithelial granulation
tissue (M x 200). (D) LG immunostained section showing cytochrome-c expression mainly in the sub-epithelial fibroblasts
(D1), (arrow) and capillary endothelium of granulation tissue (D2), (arrow) (M x100). (E) (L+G) immunostained section
showing mild cytochrome-c expression in epithelial and negative to mild in sub-epithelial mature granulation tissue (M
x200).
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the statistically significant highest mean values. In
LG, a statistically significant lower mean value was
recorded compared to GG, while the statistically
significant lowest mean value was found with
(L+G) group.

-

_ = Before treatment = CG = LG = GG = L+G )

Fig. (5): Image analysis of mucosal samples before treatment,
CG, LG, GG, and (L+G).

DISCUSSION

OM is one of the major side effects of ionizing
radiation toxicities and normal tissue injuries that
result from radiotherapy ©. This ensuing tissue
injury additionally acts as a challenge for radiation
oncologists since it leads to cancer therapy
interruption and poor tumor control , as well. OM
can therefore impairs the quality of life of cancer
patients

The pathophysiology of radiation induced OM
is not fully understood. Many studies proposed that
the pathogenesis of this problem is composed of four
stages: an initial inflammatory/vascular stage, an
epithelial tissue stage, an ulcerative/bacteriological
stage, and the last stage of healing .

In this study, the W. rat buccal-pouch model of
induced OM was used to determine either LPBM or
GT treatment, or their combined use; can affect the
clinical or pathological hallmarks of the disease. In
this regard, W.rats are commonly used because they
present some advantages in relation to other animals,
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e.g. the low cost, easy manipulation, maintenance
in controlled environmental and sanitary conditions
including special diets. Besides, the similarity
between the oral mucosa of W.rats and humans. ?*

Thirty animals were included in this trial; this
sample size was suitable for displaying valid results
as reported by similar studies. ®%3) Male animals
were selected to avoid the systemic impact of the
female sex hormones on the final results.®? Each
animal received radiation with a total dose of 120
Gy. This dose of radiation was recommended
by Nakajima et al ¢ due to the high radiation
tolerance at the rat oral mucosa. They reported
that; in human, oral mucositis is usually created
at a total amount of 40 Gy radiation, however, rats
need about 2 to 3 times of this radiation dose for
creating oral mucositis. In addition, Jordan et al ¢
concluded that the induced radiation oral mucositis
is a dose dependent process, as the severity of the
oral mucositis is directly proportional to the total
amount of radiation.

Green tea extract was also chosen owing to its
well proven antioxidant, anti-apoptotic, and anti-
inflammatory properties. ®® Near infrared (Ga-Al-
As) diode laser (870 nm) was used in this study at
extra-oral points for its greater power of penetration
which is more effective in treatment of OM injuries,
compared to the red spectrum. > The target area
was covered with total ED of 5.4 J/cm? that was
used based on the recommendations of similar
trials using energy densities ranging from 2 to 8
J/Cm2 (35,36)

Results of the current study revealed clinically
that there was no statistically significant difference
among the four groups up to day 7, that revealed
the highest MD score, which was in agreement
with similar studies. ¢” The mean MD score did not
exceed 3 in the three therapeutic groups, in contrast
to CG with the mean MD score reaching 3.5 on days
8 and 9, reflecting the positive role of the therapeutic
agents in managing the condition. Although there
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was a trend toward less MD score in LG and (L+G)
groups, as compared to GG from day 8 up to day 11,
but the difference was non-significant.

In the present study, Epicatechin treatment
significantly improved the clinical features and
histologic findings caused by irradiation. The
clinical improvement in GG was supported by
similar studies which concluded that GT possesses
potent antioxidant property and can protect the
mucosa against oxidative stress and prevent damage
to cells. ® Research suggests that GT may help
to diminish risks associated with conventional
therapeutics such as; high-dose chemotherapy and
radiation by supporting mucosal integrity, immune
competence through its anti-angiogenic properties;
thus, reducing the availability of chemotherapeutic
agents to the oral mucosa.®® Moreover, our results
indicated that treatment with soft laser irradiation
was effective in reducing the severity of OM which
was in agreement with similar studies. ©”

More favorable clinical points were reflected
in favor of LPBM, which may be related to the
fact that; epithelial cells become more motile with
LPBM and are able to migrate across wound sites
with accelerated closure of defects. Leucocytic
also

infiltration, and neovascularization are

seen in LPBM irradiated wounds. Because of
the overall impact of these influences, the time
required for complete healing is reduced, which is
of great importance in compromised patients, like
diabetics, and patients undergoing treatment for

malignancies. “?

Fortunately, our results showed that the best
clinical outcome was revealed with the adjunctive
use of LPBM and GT. To date, there is no single
treatment capable of preventing or treating mucositis
in an efficient way. ¥

Histopathologically,it was found that OM become
evident in the pre-treatment group by appearance of
inflammatory criteria, vascular and epithelial phases
as well as ulcerative phase with pseudomembrane
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formation. While in CG, criteria of mucositis were
shown in addition to healing stage by formation
of sub-epithelial immature granulation tissue with
regeneration of some epithethial layers. While, in
both GG and LG, there were regeneration of the
full epithelial thickness, reduction of inflammatory
infiltrate, granulation tissue formation with excess
angiogenesis especially in LG, in agreement with
similar studies. “!-4?

LPBM seems to be a simple and non-traumatic
technique for prevention and treatment of OM
from different etiologies; having the ability to
delay its onset, decrease its duration and peak
of severity. “ On their combined use, a scanty
inflammatory reaction with more mature and
less cellular collagenous granulation tissue were
shown. Furthermore, better improvements of the
inflammatory process with a more pronounced
healing in shorter duration were revealed. These
results may be attributed to the great role of LPBM
in the induction of cytokines and growth factors
known to be involved in many phases of wound
healing. “¥ Green tea possesses an antioxidant
action and anti-angiogenic properties in addition
to its beneficial contents including; carotenoids,
tocopherols, vitamin C, vitamin E, minerals such as
Cr, Mn, Zn, and certain phytochemical compounds,
which can decrease the severity of OM. @

In this current study, the role of apoptosis was
investigated in the different stages of chemotherapy
induced OM including; inflammatory, ulcerative
and healing stages. In all the study groups,
immunohistochemical analysis of cytochrome-c
immunostained sections was used as an indicator of
apoptotic cells, to detect effects of the therapeutic
agents on apoptosis. Cytochrome-c is a monoclonal
antibody protein located in the space between inner
and outer mitochondrial membranes. It has been
studied extensively, not only for its role in electron
transport, but also in apoptosis. Cytochrome-c

is released from the mitochondria in response to
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specific apoptotic stimuli via Bcl-2 family-regulated
mechanisms. “® In pre-treatment group, the staining
of cytochrome-c antibody was more evident in
destructed surface keratinocytes, as its cytoplasmic
expression was strong in the epithelium and mild
This is
explained by early pro-apoptotic and cytotoxic
effect
epithelial injury and destruction with removal of

in the sub-epithelial inflammatory cells.
of chemotherapeutic agent leading to

destructed epithelial cells by apoptotic pathway.
Our data were in agreement with Kane et al.“”, who
proved the role of apoptosis during inflammation at
the leading edge of the epithelium by exploring the
role of apoptosis-related markers. Whereas, in CG
immunostained mucosal sections, the cytochrome—c
expression was more evident in the sub-epithelial
inflammatory collection. While, in other views,
staining became more evident in fibroblasts and
capillary endothelium of early cellular granulation
tissue.

This is explained by the role of apoptosis in
elimination of inflammatory cells to start healing
process and also in elimination of fibroblasts and
unwanted capillary with progression of healing.
This was supported by findings of Brown et al.,
who observed that apoptosis was detected early in
the inflammatory cells.“® Moreover, the samples
of GG revealed that cytochrome-c expression was
moderate in epithelial cells and mild in sub-epithelial
granulation tissue, which may be attributed to effect
of GT in inducing epithelial cells protection. It
reduces apoptosis in intestinal and oral mucosa, as
well. It is an important precursor for antioxidants
which by itself has antiapoptotic properties under
conditions of oxidative stress. 74

The advantage of green tea application as a
radiation mitigator for OM is its chemo-preventive
properties and its well-proven safety. Meanwhile,
Epicatechin has different target molecules which
might explain the site-specific differences of anti-
cancer effects found in human studies. “ For
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clinical application of any agent as a radiation
mitigator, absolute certainty about the protection
factors for tumor and normal tissues is compulsory
to avoid unpredictable disease progression or
complications. Epicatechin is a dietary component
of green tea which has been ingested by humans
for a long time, the ingredients should be therefore
safe and non-toxic. The molecular mechanisms
related to the chemo-preventive properties of green
tea component are known to be appreciated to the
modulating cell signaling pathways such as NF-
kB, or MAPK kinases. ®® By regulating signaling
pathways, polyphenols could promote cell death
and induce apoptosis in premalignant or malignant
cells, consequently leading to the inhibition of

cancer development or progression.

The least cytochrome-c expression was observed
in LG and (L+G) groups. In LG, the staining was
moderate in the sub-epithelial fibroblasts and
capillary endothelium while in (L+G) group, mild
staining was shown in epithelial and negative to
mild in sub-epithelial mature granulation tissues.
This finding may be due to the presence of more
mature granulation tissue which reach remodeling
stage with less inflammatory reaction and complete
epithelial reconstruction.  These findings may
be attributed to the anti-inflammatory effect of
LPBM in addition to, its role in accelerating the
proliferation and maturation (remodeling) stages
of healing and inducing the apoptotic pathway to
eliminate unwanted capillaries and fibroblasts. ¢V
This leads to stopping proliferation and beginning
of final remodeling stage, in which mature acellular
avascular granulation tissue is formed with decreased
apoptosis as mentioned. This note was parallel to the
findings of Desmouliere et al., ©® who investigated
the direct role of apoptosis in the gradual evolution
of granulation tissue to scar tissue, in a consecutive

fashion, after wound closure.
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CONCLUSION

Within the limits of this study, it was found that;
either LPBM or Epicatechin significantly reduced
both the duration and severity of radiation-induced
OM. LPBM showed a more favorable clinical and
healing outcomes when compared to Epicatechin.

the remarkable clinical and

biological improvement were demonstrated up on

Nevertheless,

their combined use in terms of; the reduction of OM
scores, the organized and mature quality of tissue
samples which reflected the minimal apoptotic
changes.
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