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Abstract

Background: Oral squamous cell carcinoma (OSCC) is the sixth most common mouth cancer in the world.
The aim of the present study is comparing the effects of using Nanocurcumin, and photodynamic therapy
(PDT), alone or together in treatment of OSCC in rats.

Methods: Forty Wister male rats were divided into Control (group 1), 650 nm diode Laser only (group
2), Nanocurcumin alone (group 3), and PDT with a combination of laser with Nanocurcumin (group
4). Then, OSCC in the tongue induced by dimethylbenz anthracene (DMBA). The treatments were
evaluated clinically, histopathologically, and immunohistochemically through BCL2 and Caspase-3
genes expression.

Results: Positive control with OSCC displayed significant weight loss, while PDT group gained more
than nanocurcumin treated groups as well as laser groups comparing with control positive group.
The histological examination of the tongue in PDT group showed improvement. In laser group, there
were partial loss of surface epithelium with various ulcers and dysplasia and partial improvement by
this type of treatment. The tongue in the positive control group showed ulcer in the dorsum surface
with inflammatory cells, hyperplasia of the mucosa membrane around the ulcer (acanthosis) with
increase of dentition, vacuolar degeneration of prickle cell layer and increase mitotic activity of basal
cell layer together with dermal proliferation.

Conclusions: Under the condition of the present study, PDT using nanocurcumin photosensitizer was
effective in the treatment of OSCC regarding clinical, histological and gene expression of BCL2 and
Caspase-3.
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Introduction

Oral squamous cell carcinoma (OSCC) is the
sixth most common oral cancer, with over
500,000 cases diagnosed each year (1). It is
thought to be responsible for more than 90% of
all oral cancer cases and has the highest death
rate in the globe (2-4). Its treatments, including
surgery, radiotherapy, and chemotherapy, have

a significant impact on a patient's quality of life
and are perceived as particularly harsh due to
their ~ location and  intrusive  nature.
Photodynamic therapy treats the tumor while
preserving as much shape and function as
possible through proper repair (5-8).

Curcumin is a promising molecule for
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creating anti tumorigenic therapeutic
approaches, particularly because of its low
toxicity, antioxidant, and anti-inflammatory
properties (9). Due to limited resorption from
the gastrointestinal tract, low solubility, and
quick metabolization, curcumin has a low
bioavailability (10). Nanocurcumin can be
used to boost curcumin levels in the
bloodstream by  preventing  metabolic
breakdown (11-12); another feasible treatment
strategy is a combination of nanocurcumin
(0.1-2 g/ml/Kg) with visible light (VIS) diode
laser 650 nm (13).

Photodynamic  therapy (PDT) is a
noninvasive therapy method that has the
advantages of preserving normal tissue, causing
minimal pain, and being clinically approved for
early-stage disease, notably cancer. It has been
shown to cause tumor-specific cytotoxicity and
cell death. In the presence of oxygen, a certain
wavelength of light, and a photosensitizer (PS),
PDT is done. Until they are exposed to light in
the presence of oxygen, PDT agents are
pharmacologically inactive (14-18). The aim of
the present study evaluated the efficacy of
nanocurcumin alone and nanocurcumin as a
photosensitizer in PDT for treatment of OSCC
in the rat tongue.

Materials and Methods

Ethical approval

The research was approved by Cairo University's
Institutional Animal Care and Use Committee,
Cairo University, Egypt, with identification

number code (CU-IACUC CU | F 21 18).

Selection of the animal

A total of 40 male Wistar rats, aged 8 weeks with
the weight range 120- 160 g were used in the
present study.

Induction of rat tongue Oral squamous cell
carcinoma (OSCC)

Rat tongue OSCC was induced according to the
protocol of Chen et al., by using topical
application of the carcinogen 7, 12 di methyl
benz anthracene (DMBA) at a concentration of
0.5 percent (Sigma Aldrich, Company, Saint
Louis, USA) three times per week for 4 weeks
with the total applications 12 times (19).

Nanocurcumin

Nanocurcumin was obtained from (Sigma
Aldrich, St. Louis, MO, USA), particle size
ranged from 200 + 0.2 nanometers and 94%
purity. Nanocurcumin was given orally in
distilled water at a concentration of 0.1-2
ml/mg/kg (13).

Diode laser

A continuous 650 nm wavelength (6 mm
diameter) was generated wusing gallium
aluminum arsenide diode laser equipment (5
minutes of irradiation at 200 mw, Pioon S1,
China) (20, 21).

Experiment design
Forty Wistar male rats were divided into four
equal groups, each of ten rats (Table 1).

Table 1. Descriptions of animal groups were used in this study.

Group Group Number  Tumor induction by VICIEny
e Subgroups
number description of Rats DMBA .
PDT  Nanocurcumin
A (-ve) 5
1 Control
B (+ve) 5 Yes
2 PDT only 10 Yes Yes
3 Ngnocurcu 10 Yes - Yes
min only
4 PDT 10 Yes Yes Yes
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Treatment assessment of rat tongue OSCC
Clinical observation

The treated rats were assessed clinically by
measurements of tumor volume reduction and
body weight. All animals were weighted
monthly for 4 months, (22). The tumor volume
was measured using a caliper in both
horizontal and vertical orientations and V=
(W2*L)/2 formula was the used. The letters V,
L, and W stand for tumor volume, length, and
width, respectively.

Tumor volumes were measured for all
experimental groups at two separate time
points, after the first month after tumour
induction and after 3 months after different
treatments (23).

Histopathology examination

The tongue tissues were preserved in 10%
neutral buffered formalin, and sections were
stained with hematoxylin and eosin (H & E)
(22).

Bcl2 and Casapase-3 expression levels
measurements by ELISA
Bcl2 and Caspase-3 expression were evaluated
by ELISA in accordance with the
manufacturer's instructions (Simple Step
ELISA kits, UK) (24-27).
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Statistical analysis

Data were presented as mean + standard
deviation of mean, analyzed with Student's t-test
for two groups of data or one-way analysis of
variance with Tukey's post hoc test for multiple
groups of data using SPSS, 2020. Where P value
was set as (P< 0.05) to indicate a statistically
significant difference (28).

Results

Clinical results

Body weight

When compared to the control subgroup A, all
rats receiving DMBA (subgroup B) lost weight
significantly. The weights of the rats in all
groups differed significantly, according to the
unpaired t-test. There was a substantial
difference in body weight between groups 3
and 4 and other groups at the end of the trial

(Fig. 1).

Tumor volume

There was no significant difference in tumor
volumes between group 1A (-ve control) and
(group 4) at the end of the study. However,
there was a highly significant difference
between groups 3 and 4 when compared to 1B
(+ve control) and group 2 (Laser only) (P<
0.05) (Fig. 2).

Fig. 1. Body weights were measured in different groups at the end of the experiment. There was a significant difference in body
weight between all groups, positive control group, showed a significant loss in body weight, on the other hand, animals in all

treatment groups gained weight, with the best result in PDT group.
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Fig. 2. Tumor volume in different groups. were measured in different groups at the end of the experiment. There was a
significant difference in tumor size between all groups; positive control group, showed highest volume size and the least tumor

size in PDT group.

Histopathology observation

The H & E-stained sections at the end of
experiments were prepared and evaluated (Fig.
3). The mucosa in subgroup 1A (the negative
control) had four regular different layers. While
the subgroup 1B positive control (DMBA group)
had well to moderately differentiated oral
squamous cell carcinoma with various ulcers and
significant papillomatous overgrowths, as well
as several invading malignant epithelial islands
into the connective tissue. The epithelium
showed dysplasia, hyperplasia, and
hyperkeratinization.

In group 2 (Laser group), partial loss of surface
epithelium with various ulcers and dysplasia
were seen. In group 3 (Nanocurcumin group),
sub epithelial moderate congestion and
inflammatory cell infiltration, as well as
congestion and mononuclear infiltration were
found. In Group 4 (PDT group), tongue that is
typical (epidermis, muscle) smaller cells with
nuclear disintegration, cytoplasm
condensation, and  well-defined  cell
boundaries were discovered to be apoptotic
cells.

Fig. 3. Immunohistochemistry for hormonal receptors in female breast cancer patients A) Positive estrogen receptor (ER +Ve).
B) Negative estrogen receptor (ER -Ve). C) Positive progesterone receptor (PR +Ve). D) Negative progesterone receptor (PR -
Ve). E) Positive HER-2/neu (HER2 +Ve). F) Negative HER-2/neu (HER2 -Ve).
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Bcl-2 and Caspase-3 expressions

There were a significant decrease of Bcl-2
amounts in cancer tongue tissue treated with
nanocurcumin (1.75 + 0.04), cancer tongue
tissue treated with diode laser (2.25+ 0.04)
groups compared to cancer group (2.5 + 0.28).
(P< 0.001). There was a significant difference
in Bcl-2 level in cancer tongue tissue treated
with PDT and control group (P< 0.05). A
significant increase of Bcl-2 amounts in
tongue tissue treated with PDT in comparison

with tongue tissue treated with low power
diode laser and nanocurcumin (Fig. 4).

There were significant elevations of
Caspase-3 in cancer tongue tissue treated with
low power laser only, with nanocurcumin
only, and with PDT compared to cancer group
(P< 0.001). Caspase-3 expression also showed
significant elevation between tongue tissue
treated with PDT in comparison with tongue
tissue treated with nanocurcumin or low power
diode laser (P< 0.05) (Fig. 5).
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Fig. 4. The levels of (Bcl-2) in different treated groups related to control. There was a significant difference in Bcl-2 level
in cancer tongue tissue treated with PDT and control group.
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Fig. 5. The levels of (Caspase3) in different treated groups related to control. There was a significant difference in Caspase
3 level in cancer tongue tissue treated with PDT and control group.
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Discussion

Oral squamous cell carcinomas are common,
have a high rate of recurrence, and have a
dismal five-year survival rate (29). Curcumin
is a cancer-fighting substance. It has a reduced
risk of side effects when compared to other
medications. The goal of the current study was
to examine nanocurcumin alone as well as
photodynamic therapy with nanocurcumin on
OSCC in rats. Due to the limited solubility,
rapid degradation, and photochemical
instability of free curcumin in clinical trials, a
formulation capable of solubilizing and
stabilizing the curcumin during treatment is
required for photoactivity, which matched the
present result (30).

Body weight, the animals in the control
positive group that were not given any
therapy showed a significant loss in body
weight at the end of the experiment. Animals
in all treatment groups, on the other hand,
gained weight. The (PDT group) better than
the Nanocurcumin alone group, showed
significant reductions in tumor volumes,
matching with the studies (22).

In terms of histology, various studies have
advocated a step-by-step progression of
mucosal lesions following DMBA delivery
using the identical procedure used here.
Throughout the establishment of OSCC in
tongue tissues, every rat exposed to DMBA
displayed symptoms of malignancy clinically
and histopathologically. The tongue tissues
epidermis and muscle in group 1B (control
positive)  showed  market  malignant
transformation, whereas group 4 (PDT)
demonstrated improvement. The current
research established a photodynamic treatment
using combination of nanocurcumin and 200
mw of 650 nm diode laser light. The effects
caused by PDT treatments were more potent
than those induced by laser treatment alone
throughout the treatment, which mirrored Buss
et al 2013 findings. Previously, photodynamic
therapy of malignant and non-cancerous cell
lines, as well as a mouse xenograft tumor
model, reduced cell growth and promoted
apoptosis (31-32).

Nanourcumin therapy, whether with or
without PDT, resulted in liver function
modulation. Curcumin has been shown to have
potent antioxidant, anti-proliferative, and anti-
inflammatory activities. Apoptosis-inducing
factors have been studied in a wide range of
cells. It's risk-free and well-tolerated. At
higher doses, curcumin has been used to treat
hyperproliferative diseases (33-34).

Immunohistochemistery examination
(IHC) reveals the following: -
Immunohistopathology of BCL2 B cell
lymphoma2 (Bcl-2) is a protein that prevents
cell death, allowing malignant cells to
proliferate  (35). Caspase cascades are
associated to cancer progression and
prognosis, as well as apoptosis. In cancer cells,
caspase inactivation or low levels of
expression are common, making them resistant
to the microenvironment (36,37). Stresses and
therapies that target Caspases expression in
dying cells, on the other hand, may be
damaging. Allow non apoptotic tumor cells to
thrive and multiply by producing growth-
stimulating signals. You live in a high-stress
atmosphere. The role of apoptosis related
Caspase in OSCC is unknown currently. The
IHC and statistical analysis results are listed
below. First, the expression of Caspase-3 in
tumor tissues was substantially higher than in
normal tissues. Second, in OSCC, high levels
of cleaved Caspase-3 were linked to poor
differentiation. Third, the presence of either
positive cleaved Caspase-3 or increased
Caspase-3 expression, or both, was linked to
poor differentiation in OSCC, as well as
moderately differentiated tumors and small
tumor size (38,39).

Apoptosis induced proliferation is a process
in which dead or surviving tumor cells produce
a variety of mitogens, including as Ryoo and
Hedgehog, to encourage surrounding cells to
expand (40). Caspases were shown to be over
expressed in breast carcinomas, pancreatic
ductal carcinomas, lung carcinomas, and oral
carcinomas, among other cancer tissues (41).

Nutrient deficiency and hypoxia are
common in tumors and aggressive tumor cells.
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Caspases-3 activation is simpler under both
dietary deficiency and hypoxia conditions,
resulting in cancer cell death. Increased
expression of cleaved Caspase-3 and Caspase-
3 has been connected to a protracted invasion
of OSCC with only large tumors, according to
these data. Even though caspases may have
non apoptotic functions in tumor genesis and
poor prognosis, our data suggest that Caspase-
3 can be employed as tumor genesis
biomarkers in OSCC, with Caspase- 3 values
that matched our research values (38, 42-44).

Photodynamic therapy using a combination
of nanocurcumin photosensitizer and 650 nm
diode laser with suitable parameters has a
significant influence in treatment of rat tongue
oral squamous cell carcinoma through clinical,
histological examination and gene expression
of BCL2 and Caspase-3.
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