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ABSTRACT

Abstract: The aim of the present study was directed to investigate the effect of indole-3-
carbinol (I3C) as a new chemopreventive modality in experimentally induced hamster buccal
pouch (HBP) carcinogenesis. Material and methods: Twenty five golden Syrian male hamsters
five weeks old, weighting 80-120 gs were used as experimental animals and divided into three
group  (Gg) (G1, G2 and G3): G1 (negative control): 5 animals were left untreated. G2:
(dimethylbenz[a]anthracene (DMBA) painting-HBP group): 10 animals, their right buccal pouches
were painted with 0.5% DMBA in paraffin oil 3 times a week and divided into two subgroups,
G2A and G2B (G2A which included 5 animals and painted for 8 weeks, G2B which included 5
animals and painted for 14 weeks. G3 (I3C chemoprevention group): 10 hamsters were included in
this group were received I3C given by the oral route using a specific vehicle one week before, as
well as during the application of DMPA on alternative days for 8 weeks (G3A) and for 14 weeks
(G3B). After termination of the experiment, all animals were sacrificed, and the buccal mucosa was
excised and fixed in 10% neutral buffered formalin, routinely processed and embedded in paraffin
blocks for preparation in order to be examined histologically and immunohistochemically and then
statistical analysis based on these examinations was done Results: Gross observations revealed
variable features in (G2 and G3) compared to that observed in group Glranging from normal
and smooth surface to fungating tumor masses of large sizes. Histopathological findings revealed
variations among chemoprevention groups ranging from normal epithelial layers to epithelial
dysplasia to squamous cell carcinoma with invading nests and pearls. Immunohistochemical (IHC)
results, regarding Bax expression, revealed variability in the area percentage throughout the groups
used. At 8 weeks, area percentages of G1, G2A, and G3A were (39.83%, 22.00 %, and 30.47 %)
respectively, and at 14 weeks were (39.83%, 10.45 % and 26.19%) respectively. Bcl2 expressions
also had variability in the area percentage throughout the same groups at 8 weeks were (7.05 %,
43.09 % and 18.15 %) respectively, while at 14 weeks they were (7.05 %, 75.21 %and 43.76 %)
respectively. Conclusion: 13C is considered as a promising chemotherapeutic agent in prevention
of induced HBP carcinogenesis (epithelial dysplasia & invasive carcinoma) and proved beneficial
role in improving the outcome by modulating apoptosis and proliferation throughout the process
of carcinogenesis.

Keywords: HBP carcinoma, indole-3-carbinol, Bax, Bcl2.

* Lecturer of Oral and Dental Pathology - Faculty of Dentistry - Al-Azhar University.
** Lecturer of Oral Biology - Faculty of Dentistry - Al-Azhar University.



(2192) E.D.J. Vol. 64, No. 3

INTRODUCTION

Head and neck cancer is the sixth most common
human cancer ', representing 3% of all types of
cancer. They are located in the oral cavity in 48%
of cases, and 90% of these are oral squamous cell
carcinoma (OSCC) . They are sometimes preceded
by precancerous lesions, such as leukoplakia and
erythroplakia. More than 300,000 new cases of oral
squamous cell carcinoma are diagnosed annually
BI. Approximately 35,000 new cases are recorded
annually in the US 2!,40,000 new cases are recorded
in the EU and 10915 new cases in Japan . The most
common site for intraoral carcinoma is the tongue,
which accounts for around 40% of all cases in the
oral cavity proper. Tongue cancers most frequently
occur on the posterior-lateral border and ventral
surfaces of the tongue. The floor of the mouth is
the second most common intraoral location. Less
common sites include the gingival, buccal mucosa,
labial mucosa, and hard plate. The incidence of
oral cancer has significant local variation. Oral and
pharyngeal carcinomas account for up to half of all
malignancies in India and other Asian countries,
and this particularly high prevalence is attributed
to the influence of carcinogens and region-specific
epidemiological factors, especially tobacco and
chewing betel quid. An increase in the prevalence
of oral cancer among young adults is a cause of
special concern. There has been a 60% increase
in the number of under 40 years olds with tongue
cancer over past 30 years. However, little has been
published on the etiology and natural history of this
increase 1°!.

The concept of multiclonal “field cancerization”
is supported by patients with oral cancers who
present with multiple primary tumors or secondary
tumors . Multifocal dysplastic lesions could arise
from single site as a result of lateral intraepithelial
migration or intraoral dispersion and, with additional
genetic changes, acquire a growth advantage !
The clonal origin of multiple premalignant or
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malignant lesions in the same patient is supported
by recent cytogenetic findings'®. Either a polyclonal
or a monoclonal hypothesized origin of multiple
oral cancers is consistent with the finding that
aneuploidy in only one of several biopsy specimens
obtained simultaneously or successively from the
same patient can be used to predict subsequent
carcinoma occurrence™. Induction of (OSCC) can
be successfully done by 7, 12-dimethylbenz[a]
anthracene (DMBA) in hamster buccal pouch (HBP).
It has been found that induced OSCC closely mimics
with that of human on morphological, histological
and biochemical aspects as well as at molecular
level "%, Surgery and chemotherapy for OSCC have
limited efficacy 1%, thus, there is an urgent need to
elucidate the mechanisms of development of OSCC
and develop a new strategy for its treatment and
prevention. Both epidemiological and physiological
that
vegetables and fruits represent a largely untapped

studies ~ suggest phytochemicals  from
source of potential anticancer molecules!'*'®),
Increased vegetable intake is linked to a reduction
in the risk of acquiring several types of cancers "
181 Within this food group, enhanced consumption
of cruciferous vegetables e.g., broccoli, cabbage,
cauliflower, bok choy and Brussels spouts) surfaces
as a factor associated with a reduction in cancers
particularly in the colon, lung, prostate, cervix
and breast "% although admittedly, considerable
controversy exists ?!). One such phytochemical is
indole-3-carbinol (I3C), an autolysis product of
glucosinolates present in Brassica vegetables such
as broccoli, cabbage, and cauliflower. Dietary
exposure to I3C reduced tumor occurrence and
decreased the multiplicity of spontaneous as well as
carcinogen-induced mammary tumor formation in
rodent model systems -4 13C also tested positive
as a chemopreventative agent in several short-
term bioassays relevant to carcinogen-induced
DNA damage, tumor initiation and promotion, and
oxidative stress %!,
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Dietary indoles has been documented as inhibit-
ing tumorigenesis in various target organs including
colon®, thyroid®"!, pancreas!, liver’?”, cervix"*,
melanoma®®'!, and lung®®?. Several mechanisms may
account for the anticancer properties of 13C/ diin-
dolylmethane (DIM) including changes in cell cycle
progression, apoptosis, carcinogen bioactivation
and DNA repair. It remains uncertain as to which of
these is most important to bring about the anticancer
properties attributed to crucifers and if a common
cellular mechanism may account for the observed
diverse phenotypic changes**!. Clinical trials are
planned to test the efficacy of I3C as a preventive
treatment for breast cancer **. Laboratory studies
suggest that this phytochemical can act in several
different ways to prevent transformation and/or tu-
mor progression, as well as to kill transformed cells
selectively. I3C is rapidly converted in the stomach
to a variety of condensation products, chiefly DIM.
Plasma from humans and rats fed I3C contains no
detectable I3C, but large amounts of DIM, as well as
other metabolites, some of which remain uncharac-
terized 1. It is well documented that nuclear factor
(NF-#B) acts as an important survival factor in can-
cer cells by mediating the transcription of a series of
antiapoptotic genes, including: (B-cell lymphoma
2) Bcl-2, Bel-xL, survivin, p53, and p21 B9, In ad-
dition, I3C has been shown to activate the stress-
induced MAP kinases p38 and c-jun N-terminal ki-
nase (JNK) in prostate cancer cells ¥ and to inhibit
constitutively active Signal transducer and activator
of transcription 3 (STAT3), a transcription factor, in
pancreatic carcinoma cells Together, the concerted
effects on these proapoptotic components underlie
the ability of I3C /DIM to induce mitochondria-
dependent apoptosis in tumor cells ¥ This review
focuses on the relationships among these anticancer
properties and apoptotic events as a function of the
quantity and duration of I3C exposure.
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MATERIAL AND METHODS

Twenty five golden Syrian male hamsters five
weeks old, weighting 80-120gs were obtained from
the animal house, Cairo University (Cairo, Egypt).
The experimental animals were housed in standard
cages with sawdust bedding under controlled envi-
ronmental conditions of humidity (30-40%), tem-
perature (20 + 2°C), and light (12-h light/12-h dark).
All experimental animals were supplied with stan-
dard diet and water ad libitum. The hamsters were
used as model for OSCC induction utilizing 7, 12
DMBA (Sigma-aldrich company) (0.5% in paraf-
fin oil) as chemical carcinogen and I3C was used as
chemoprevention agent.The experimental animals
were divided into three groups. G1 (negative con-
trol): 5 hamsters not treated and served as negative
controls. G2 (DMBA painting-HBP group):10 ham-
sters were included in this group, the right HPBs of
these hamsters were painted with 0.5 DMPA in par-
affin (Sigma Aldrich) using a number 4 camel hair
brush three times a week and divided into two sub-
groups, G2A and G2B (G2A which included 5 ani-
mals and painted for 8 weeks, G2B which included
5 animals and painted for 14 weeks). G3 (I3C che-
moprevention group): 10 hamsters were included
in this group were received I3C 50 mg/kg**! given
by the oral route using a specific vehicle one week
before, as well as during the application of DMPA
on alternative days for 8 weeks (G3A) and for
14 weeks (G3B).

After termination of the experiment and
recording all gross observations and alterations
that may happened throughout the experiment, the
animals were sacrificed by cervical dislocation,
the cheek pouches were excised and fixed in 10%
neutral buffered formalin, routinely processed
and embedded in paraffin blocks for preparation

in order to be examined histologically and

immunohistochemically and then statistical
analysis based on these examinations was done.
For histological examination: The specimens
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were dehydrated in an ascending ethanol series,
embedded in paraffin wax to form paraffin blocks.
Tissue sections using rotary microtome of 4um
thickness were cut, mounted on glass slides
and stained with hematoxylin and eosin stain
(H&E) for light microscopic examination. For
immunohistochemical (IHC) examination: Other
tissue sections were cut at 4um and put on positive
charged slides for the application of standard labeled
streptavidin- biotin method to apply each antibody
used separately (Bcl-2 and Bax antibodies). Paraffin
sections were cut and mounted on positive charged
glass slides. Each section was carried into two
similar sections one for Bax and one for Bcl-2.
The sections were deparaffinized in xylene and
rehydrated through graded ethanol (100%, 95% and
70%) each run for 5 minutes. Slides were washed
in distilled water then in phosphate buffered saline
(PBS), each for 5 minutes.

Endogenous peroxidase activity was blocked
using 3% solution of hydrogen peroxide (H202)
in methanol for 30 minutes at room temperature.
Slides were then washed in PBS. Slides were then
immersed in plastic jars containing 200 ml of 10 M
citrate buffer (pH 6) (ready to use from DAKO).
The jars were put in microwave at maximum power
at 100°C for 3 intervals, each one 5 minutes. Slides
were left at room temperature to coal gradually.
Slides were then washed in distilled water followed
by PBS for 5 minutes. Tissue sections were received
one or two drops of the primary antibodies (Bax
or Bcl-2) in a dilution of 1:100 and incubated in
a humid chamber at room temperature overnight.
Slides were then washed in distilled water, followed
by PBS for 5 minutes. Biotinylated secondary
added and
temperature for 30 minutes. Tissue sections were
then washed in PBS for 5 minutes. One or two drops
of peroxidase-labeled streptavidin were applied for

antibody was incubated at room

30 minutes at room temperature then washed in
PBS. The tissue sections were received DAB for
2-4 minutes to develop color, followed by putting in
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distilled water. Tissue sections were counterstained
using Mayer’s hematoxylin for one minute and
then washed in tap water. The slides were placed
in two changes of 95% alcohol followed by two
changes of absolute alcohol, each for 3 minutes
then mounted with DPX and covered with plastic
covers in order to be examined. The immunostained
sections were examined using light microscope
to assess the prevalence of positive cases and the
localization of immmunostaining within the tissues.
In addition, image analysis computer system was
used to assess area percentage of positive cells of
the immunostaining. This was done in the Oral and
Dental Pathology Department - Faculty of Dental
Medicine - Boys- Cairo - Al-Azhar University. The
degree of positive staining for each antibody was
evaluated by a well-established semi-quantitative
scoring on a scale range from negative to strong
positive staining as follow: Strong staining (more
than 50% stained), moderate staining (between
25 and 50% stained), weak staining (between 5
and 25% stained), and negative (less than 5%
stained) 9. Statistical presentation and analysis of
the present study was conducted, using the mean,
standard deviation, ANOVA and Tukey’s test by
SPSS V20. Significant level: Non Significant >0.05
Significant <0.05* High Significant <0.001%*

RESULTS

The gross observation results: HBP mucosae
of G1 were pink in color with smooth surface and
no observable abnormalities (Table 1, Fig. 1), in
G2A, HBP mucosa showed multiple small nodules,
area of ulceration and bleeding (Table 1, Fig. 2),
in G3A, HBP mucosae showed few small nodules
without bleeding or ulceration (Table 1, Fig. 3), in
in G2B, HBP mucosae showed large size nodular
elevations, fungating tumor masses, bleeding and
ulceration (Table 2, Fig. 1), in G3B, HBP muco-
sae showed small nodular elevations with ulcer
(Table 2, Fig. 2).
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Histopathological and IHC results: In Gl1,
histological sections, using H&E stain, revealed
normal HBP mucosae, intact, and continuous
epithelium composed of thin keratinized stratified
squamous epithelium. Subepithelial connective
tissue (C.T), muscular layer and areolar layer were
seen (Table 3, Fig. 1). The IHC staining using Bcl-
2 showed weak (7.05%) positive expression which
limited to basal and suprabasal layers (Table 3, Fig.
2). while Bax expression exhibited moderate (39.83

%) positive expression which present throughout
the epithelial layers (Table 3, Fig. 3). Histological
sections, using H&E stain of G2A showed 100%
incidence of epithelial dysplasia, the overlying
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epithelium has obvious, hyperplasia, hyperkeratosis
and severe dysplastic features in most epithelial
layers in multiple areas including: loss of adhesion,
hyperchromatism and abnormal mitosis with intact
basement membrane (Table 3, Fig. 4). IHC staining
using Bcl-2 expression exhibited moderate (43.09%)
positive cytoplasmic expression throughout the
dysplastic epithelial layers (Table 3, Fig. 5), also Bax
of G2A showed weak (22.00%) positive cytoplasmic
expression throughout the dysplastic epithelial
layers (Table 3, Fig. 6). Histological sections, using
H&E stain of G3A reduced epithelial dysplasia
incidence and severity of two premalignant lesions
as compared to G2A, hyperkeratosis and mild to

TABLE (1) (Fig.1): HBP of GI showing normal buccal pouch mucosa which appeared pink in color with smooth surface (arrow).
(Fig.2): HBP of G2A, showing multiple small nodules (arrow A), area of ulceration and bleeding (arrow B). (Fig.3): HBP
of G3A showing small nodule without bleeding or ulceration (arrow).

TABLE (2) (Fig.1): HBP of G2B showing large size nodular elevations, fungating tumor masses (arrow A), bleeding and ulceration
(arrow B). (Fig.2): HBP of G3B showing small nodular (arrow A), elevations with ulcer (arrow B).
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severe dysplastic features in most epithelial layers
in multiple areas including: loss of adhesion and
abnormal mitosis with intact basement membrane
(Table 3, Fig. 7), while three specimen appeared
normal almost the same as G1, IHC staining using
Bcl-2 expression exhibited weak (18.15%) positive
cytoplasmic expression throughout the dysplastic
epithelial layers (Table 3, Fig. 8), Bax showed
moderate (30.47%) positive cytoplasmic expression
throughout the dysplastic epithelial layers (Table 3,
Fig. 9).
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At 14 weeks: regarding G2B, histological sec-
tions, using H&E stain, revealed that 100 % OSCC
incidence, the overlying epithelium has obvious
dysplastic features in multiple areas with evidence
of prominent true invasion. Appearance of various
OSCC nests: well differentiated as well as moder-
ately differentiated were observed in the underly-
ing C.T (Table 4, Fig. 1). IHC staining using Bcl-
2 expression exhibited strong (75.21%) positive

cytoplasmic expression throughout the invading

TABLE (3) (Fig.1): H&E stain of G1 showing: intact and continuous epithelium composed of thin keratinized stratified squamous
epithelium (arrow A). Subepithelial connective tissue (arrow B). (Fig.2): IHC expression of Bcl-2 showing positive
cytoplasmic expression which limited to basal and suprabasal layers (arrows). (Fig.3): IHC expression of Bax showing
positive cytoplasmic expression throughout the epithelial layers (arrow). (Fig.4): H&E stain of G2A showing sever epithelial
dysplastic features including: abnormal mitosis (arrow A), hyperchromatism and loss of adhesion (arrow B). (Fig.5): IHC
expression of Bcl-2 showing positive cytoplasmic expression throughout the dysplastic epithelial layers (arrows). (Fig.6):
[HC expression of Bax showing positive cytoplasmic expression throughout the dysplastic epithelial layers (arrow). (Fig.)
7: H&E stain of G3A showing: hyperkeratosis (arrow A) and mild epithelial dysplastic features including: loss of adhesion
and abnormal mitosis (arrow B). (Fig.8): IHC expression of Bcl-2 showing positive cytoplasmic expression throughout the
dysplastic epithelial layers (arrows). (Fig.9): IHC expression of Bax showing positive cytoplasmic expression throughout

the dysplastic epithelial layers (arrow).
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nests (Table 4, Fig. 2), Bax showed weak (10.45%)
positive cytoplasmic expression throughout the in-
vading nests (Table 4, Fig. 3). Regarding G3B: Si-
multaneous treatment with I3C and DMBA in G3B
significantly reduced OSCC incidence, the overly-
ing epithelium in one animals of G3B (1 of 5) speci-
mens has obvious dysplastic features in multiple ar-
eas with evidence of prominent true invasion with
formation of epithelial nests, well differentiated
SCC nests were observed in the underlying C.T,
while other 2 specimens exhibited severe dysplas-

tic features without true invasion and 2 specimens

2 ,‘ -
‘.,
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exhibited mild dysplastic features without true inva-
sion (Table 4, Fig. 4). IHC staining using Bcl-2 ex-
pression exhibited moderate (43.76%) positive cy-
toplasmic expression throughout the invading nests
(Table 4, Fig. 5). Bax showed moderate (26.19%)
positive cytoplasmic expression throughout the in-

vading nests (Table 4, Fig. 6).

Statistical analysis results of Bcl-2 & Bax ex-
pression were obtained by comparing the area %
between the groups used. Statistical analysis re-

sults were revealed that, in regard to expression

! )
SN el Y

by

TABLE (4) (Fig.1): H&E stain of G2B showing moderately differentiated OSCC, the overlying epithelium has obvious dysplastic
features in multiple areas with evidence of prominent true invasion (arrow A). Subepithelial connective tissue (arrow B).
(Fig.2): IHC expression of Bcl-2 showing positive cytoplasmic expression throughout the invasive nests (arrows). (Fig.3):
IHC expression of Bax showing positive cytoplasmic expression throughout the invasive nests (arrow). (Fig.4): H&E stain
of G2B showing well differentiated OSCC, the overlying epithelium has obvious dysplastic features and multiple areas with
epithelial nests with keratin pearls invading the C.T (arrow). (Fig.5): IHC expression of Bcl-2 showing positive cytoplasmic
expression throughout the invasive nests (arrow). (Fig.6): IHC expression of Bax showing positive cytoplasmic expression
throughout the invasive nests (arrow).
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of Bcl-2 at 8 weeks, G2A had recorded the high-
est mean area percentage (43.09%), while G1 had
recorded the lowest mean area percentage (7.05%)
and G3A recorded mean area percentage (18.15%)
the comparison revealed that there was significant
difference between the following (Gl and G2A)
and between (G2A and G3A) respectively where P
value was (0.005) and there was no significant dif-
ference between G1 and G3A where P value was
(0.718) (Table 5, Chart 1). While in regard to ex-
pression of Bax at 8 weeks, G1 had recorded the
highest mean area percentage (39.83%), while
G2A had recorded the lowest mean area percentage
(22.00 %) and G3A recorded mean area percentage
(30.47 %) the comparison revealed that, there was
no significant difference between the following (G1
and G2A) , (G1 and G3A) and between (G2A and
G3A) respectively where P value was (0.218,0.774,
0.296), (Table 6, Chart 2). In regard to expression
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of Bcl-2 at 14 weeks, G2B had recorded the high-
est mean area percentage (75.21%), while G1 had
recorded the lowest mean area percentage (7.05%)
and G3B recorded mean area percentage (43.76%)
the comparison revealed that there was significant
difference between the following (G1 and G3B) and
between (G2B and G3B) respectively where P value
was (<0.05) and there was high significant differ-
ence between (Gl and G2B) (Table 5, Chart 1).
While in regard to expression of Bax at 14 weeks,
G1 had recorded the highest mean area percentage
(39.83), while G2B had recorded the lowest mean
area percentage (10.45 %) and G3B recorded mean
area percentage (26.19 %) the comparison revealed
that there was significant difference between Gl
and G2B, and between G2B and G3B respectively
where P value was (<0.05) (Chart 3) and there was
no significant difference between G1, G3B where P
value was (0.464), (Table 6, Chart 2).

TABLE (5) Mean, standard deviation (SD), P-values and results of comparison between expression of Bcl-2

all groups.
Bcl-2 ANOVA
Range Mean + SD f P-value
Group I 39 124 7.05 + 3.26
Group 2a 243 612 43.09 + 1421
Group 2b 63.0 94.0 7521 + 12.76 17.990 <0.001%*
Group 3a 13.1 23.1 18.15 + 398
Group 3b 13.0 66.3 43.76 + 24.07
Tukey's test
Group I Group 2a Group 2b Group 3a

Group 2a 0.005*

Group 2b <0.001%* 0.012%*

Group 3a 0.718 0.005* <0.001**

Group 3b 0.004* <0.001%* 0.033* 0.060
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TABLE (6) Mean, standard deviation (SD), P-values and results of comparison between expression of Bax

all groups.
Bax ANOVA
Range Mean + SD f P-value
Group I 209 - 70.3 39.83 + 20.38
Group 2a 10.1 - 31.1 22.00 + 9.78
Group 2b 5.5 - 18.4 10.45 + 5.94 3.587 0.023*
Group 3a 19.0 - 50.2 30.47 + 13.83
Group 3b 11.4 - 342 26.19 + 8.88
Tukey's test
Group | Group 2a Group 2b Group 3a
Group 2a 0.218
Group 2b 0.013* 0.617
Group 3a 0.774 0.296 0.136
Group 3b 0.464 0.984 0.011* 0.983
r N\ A
100 1 07
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Chart (1): Bar chart representing mean area % results of Bcl-2
expressions in all groups.

DISCUSSION

In the present study, the results of the effect
of I3C as a new chemopreventive modality in
induced HBP carcinogenesis
revealed variable alterations. The development of

experimentally

oral cancer is a multistep process requiring initiation,
Promotion and progression. The hamster cheek
pouch model is easily developed and can provide
one of the most widely accepted experimental
models for oral carcinogenesis . Despite the
existence of anatomic and histologic variations

Chart (2): Bar chart representing mean area % results of Bax
expressions in all groups.

between hamster pouch mucosa and human buccal
tissue, the DMBA-treated hamster cheek pouch
model is able to produce premalignant changes and
carcinomas that are similar to the development of
disease in human oral mucosa “?. The changes in
histopathological status during DMBA-induced
HBP carcinogenesis and their timing in the present
study were similar to the results of Kim et al.
(2004) ™31 Lajolo et al. (2008) ™4 and Nishimura
et al. (2004) 1. The results of H&E stain revealed
that topical application of DMBA to the HBP for
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8 weeks induced severe epithelial dysplasia and
for 14 weeks induced invasive SCC. The current
results with those of other studies “**! supported
the concept that DMBA induced HBP carcinoma
appeared to go through the same changes as in
human. Many mechanisms have been proposed as
etiologic factors in development of DMBA hamster
oral carcinoma, such as p53 and K-ras mutations and
overexpression of inducible nitric oxide synthase
(50. 51 In addition, dysregulated bioactive lipid
metabolism is also believed to be important. As an
important AA-metabolizing enzyme, 5-LOX has
been found to be markedly upregulated in stromal
inflammatory cells and epithelial cells at the early
stage of human OSCC P2,

The gross observation in G1 (control: untreated
animals) showed no observable gross changes, HBP
mucosa appeared normal, the weak (7.05%) positive
cytoplasmic expression of Bcl-2, in the basal and
suprabasal epithelial layers, is in agreement with
those of other investigators B3, The moderate
(39.83%) cytoplasmic expression of Bax, in the
superficial epithelial layer, is in agreement with
those of other investigators>>*%, these investigations
stated that, under normal conditions, Bcl-2/ Bax
ratio determines the fate of cell survival or cell
death, through the regulation of the release of
Cytochrome ¢ from the mitochondria. This result
may be due to that; Bcl-2 participates in the control
of the terminal differentiation of keratinocytes by
protecting their stem cells from apoptosis. In the
present study epithelial dysplasia was observed
After DMBA painting for 8 weeks (G2A), Finally,
SCC formed after DMBA painting for 14 weeks
(G2B). The activities of BCL2 were increased
with the progression of HBP carcinogenesis. The
strongest expressions (75.21%) were observed
in malignant epithelium while the activities of
Bax were decreased with the progression of HBP
carcinogenesis, the weak expressions (10.45%)
were observed in malignant epithelium and there
was significant difference between (G1 and G2A),
(G1 and G2B) respectively where P value was
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(<0.05) regarding to Bcl2 expression and between
(G1 and G2B) where P value was (<0.05) regarding
to Bax expression. The trend observed in the present
study was consistent with the results of previous
studies P71,

Under normal physiological conditions, free
radicals are generated in subcellular compartments,
which would subsequently be scavenged by
antioxidant systems. DMBA carcinogen disrupts the
pro-oxidant antioxidant balance, which finally leads
to antioxidants depletion in cells (Li et al., 2002) (671,
Krishnaveni and Mirunalini (2012) ' had reported
decreased levels of lipid peroxidation (LPO) and
antioxidants in tumor tissues, which could be due
to prolonged tumour cells proliferation. Gross
observation of G3A model revealed decrease in
distribution and size of the nodules, ulcerative and
bleeding areas compared to G2A at the same period,
also in G3A reduced epithelial dysplasia incidence
and severity of two premalignant lesions as
compared to G2A, hyperkeratosis and moderate to
severe dysplastic features in most epithelial layers
in multiple areas including: loss of adhesion and
abnormal mitosis with intact basement membrane
while three specimen appeared normal almost the
same as G1, Simultaneous treatment with I3C
and DMBA in G3B significantly reduced OSCC
incidence, the overlying epithelium in one animals
of G3B (1 of 5) specimens has obvious dysplastic
features in multiple areas with evidence of prominent
true invasion with formation of epithelial nests.
Well differentiated SCC nests were observed in the
underlying C.T, while other 2 specimens exhibited
severe dysplastic features without true invasion
and 2 specimens exhibited mild dysplastic features
without true invasion. In the present study in regard
to expression of Bcl2 there was significant difference
between (G2A and G3A) and between G2B and G3B
respectively where P value was (<0.05) and there
was no significant difference between G1 and G3A
where P value was (0.718), Also In regard to Bax
expression there was significant difference between
G2B and G3B where P value was (<0.05) and there
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was no significant difference between G1, G3B
where P value was (0.464), decreased expressions
of Bcl2 and increased expressions of cytochrome
Bax in groups G3A and G3B suggested that the
chemopreventive effect of 13C was accomplished
by inhibiting proliferation
inducing tumor cell apoptosis, this suggestion was

tumor cell and
consistent with the conclusions of previous in vitro

studies (0204331,

Mounting evidence indicates that inactivation
of Akt and its downstream effector, the nuclear
transcription factor NF-xB, plays a pivotal role in
the proapoptotic action of I3C in tumor cells [%5-661 Tt
is well documented that Akt promotes cell survival
by stimulating NF-zB signaling through IxBa
kinase in conjunction with the phosphorylating
deactivation of several proapoptotic proteins
including glycogen synthase kinase (GSK)3p,
Bad, Forkhead transcription factors, and caspase-9,
thereby constituting an important target for cancer
therapy 1. NF-xB acts as an important survival
factor in cancer cells by mediating the transcription
of a series of antiapoptotic genes, including: Bcl-2,
Bcl-xL,survivin,p53,and p21 8, Inaddition,indole-
3-carbinol has been shown to activate the stress-
induced MAP kinases p38 and c-jun N-terminal
kinase (JNK) in prostate cancer cells !, and to
inhibit constitutively active STAT3, a transcription
factor, in pancreatic carcinoma cells 1. Together, the
concerted effects on these proapoptotic components
underlie the ability of indole-3-carbinol/DIM to
induce mitochondria-dependent apoptosis in tumor
cells. The use of vegetables for hundreds of years,
the hundreds of carefully observed animal studies,
and the consumption of synthetic I3C by thousands
of people without noticeable harmful effects have
shown that I3C is a safe dietary supplement.
Therefore, Indole-diet derivatives were found to be
safe compounds and they were evaluated in human
clinical trials as potential chemopreventive agents.
In phase I trial of I3C, 17 women from a high-risk
breast cancer were used 7!,

(2201)

CONCLUSIONS

From the results of the present study the
following conclusions could be drawn: I3C is
considered as a promising chemotherapeutic agent
in prevention of induced HBP carcinogenesis
(epithelial dysplasia & invasive carcinoma) and
proved beneficial role in improving the outcome by
modulating apoptosis and proliferation throughout
the process of carcinogenesis.
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