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ABSTRACT

Aim: It was directed to evaluate rosmarinic acid (RA) effect as a chemopreventive modality on

experimentally induced hamster buccal pouch (HBP) carcinogenesis.

Material and methods: Forty Syrian male hamsters five weeks old, weighing 120-80g, were
divided into four groups of ten hamsters in each as follows, GI: Only topical application of liquid
paraffin (3 times a week for 14 weeks), GII: Topical application of 12,7 dimethyl benz[a]anthracene
(DMBA) alone (%0.5 in liquid paraffin, 3 times a week for 14 weeks), GIII: Topical application of
DMBA (%0.5 in liquid paraffin, 3 times a week for 14 weeks) associated by oral administration of
RA (100mg/kg b.w in 1ml distilled water by oral gavage, 3 times a week for 14 weeks on opposite
days of DMBA application), GIV : Oral administration of RA alone (100mg/kg b.w in 1ml distilled

water by oral gavage, 3 times a week for 14 weeks).

Results: Gross observation and histopathological findings revealed a-GI: normal stratified
squamous epithelium b- GII: well and moderately differentiated SCC c-: GIII: revealed considerably
reversed tumor incidence d: GIV: normal similar to GI. Immunohistochemical results revealed, oral
administration of RA to DMBA treated hamsters restored the normal expression of bcl2- and Bax

indicating that RA may have chemopreventive mechanism and/or pro-apoptotic effects.

Conclusion: RA may act through different mechanisms, such as applying anti-inflammatory,
antioxidant results as well as impede cell proliferation, migration, and selectively convince cancer

cells apoptosis.
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INTRODUCTION

Head and neck cancer is the sixth most wide-
spread cancers recording approximately 600,000
new cases yearly globally”. Oral squamous cell car-
cinoma (OSCC) is the crucial subtype of head and
neck cancer and accounts for two-thirds of the cases
happen in least developed countries®. The National
Cancer Registry Program of Egypt (NCRPE) re-
ported the national incidence rates of cancer in 2015
for all sites excluding non-melanoma skin cancer as
113.1/100,000 (both sexes), 115.7/100,000 (males),
and 110.3/100,000 (females)®. Oral cancer ac-
counts for nearly 3% of all cancer cases . Frequen-
cy of oral cancer in Egypt, (lip, tongue and mouth,
excluding the tonsils and oropharynx) in 2015 was
0.9% in males and 0.75% in females®. More than
90% of oral cancer is OSCC ©-®. OSCC is a multi-
factorial disease with many risk factors involved in
its development, such as tobacco and alcohol con-
sumption, human papilloma virus (HPV), nutritional
deficiencies, immunosuppression, family predispo-
sition and genetic instability®”. OSCC can be pre-
sented as a “natural history”, which originates from
atypical keratinocytes which are persistent exposed
to a stimulus that disturb its homeostasis, following
an epithelial hyperplasia, dysplasia in varying de-
grees, carcinoma in situ and an invasive carcinoma
leading to production of distant metastases®. When
squamous epithelium is affected by multiple genetic
changes oral carcinogenesis which is a highly com-
plex multifocal process takes place . Presumably
oral carcinogenesis begin with the alteration of a
limited number of typical keratinocytes through cy-
togenetic alterations and epigenetic processes that
alter the development of the cell cycle, DNA repair
mechanisms, cell differentiation and apoptosis 9.
DMBA is frequently used as a major carcinogen to
evolve tumors in the golden Syrian HBP!). Buccal
pouches, a pocket like anatomy, exposed to repeat-
ed topical applications of DMBA resulted in well-
developed OSCC. DMBA produces neoplasms by
inducing severe inflammation and dysplasia in the
buccal pouches as well as by causing great DNA
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oxidative damage '». Multiple evidences indicate
histological, morphological, biochemical and mo-
lecular similarities between DMBA induced oral
tumors and human oral tumors®.

Plants and herbs are origin of compounds
with prospective anticancer activity that are able
to arrest, reverse and/or retard carcinogenesis
at various stages. Among these compounds,
polyphenols with pleiotropic properties that select
different inflammatory, redox-sensitive and energy-
sensing metabolic pathways by modulating the
activity of different transcription factors, which
is consistent with multifactorial character of
cancer>19 Rosemary (Rosmarinus officinalis L.) is
awoody plant of the Lamiaceae family that is mainly
spread in the Mediterranean area. Exploratory
researches has established chemoprotective effects
against hepatotoxicity'>, gastric ulcerative disease,
and anticancer"®!'” both in vitro and in vivo.

Diterpenes carnosic acid and rosmarinic acid
(RA) are the main polyphenols found in rosemary
extract "®.  RA have a therapeutic role, with
respect to its anti-oxidant, and anti-inflammatory
activities®. Pervious literature had described the
growth inhibitory and anti-invasion properties of
RA in colon, skin, breast and ovarian cancers in
vitro and/or in vivo but the mechanisms underlying
these effects are poorly understood®?¥. It applies
antiproliferative activity via induction of cell
cycle arrest in GO/G1 and G1/S phase and induces
apoptosis in cancer cells via mitochondrial pathway.
Moreover, it has antiangiogenic activity®-29,

Among different factors, apoptosis, or
programmed cell death, was found to play a pivotal
task in the regulation of OSCC®". Since B cell
Ilymphoma-2 (Bcl-2) is anti-apoptotic protein, it
is expected to function as oncogenes in cancer
cells and pro-apoptotic proteins such as Bcl-2
Associated X Protein (Bax) is expected to act as
tumor-suppressors. According to these postulations,

cancers over-expressing Bcl-2 should have bad
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prognosis, while tumors over-expressing Bax
should be associated with better clinical outcomes.
nevertheless, researches survey the prognostic
importance of apoptotic proteins in OSCC have

submit conflicting results®®.

Hence, the main target of the present study was to
assess effect of RA as a chemopreventive modality
on DMBA induced HBP carcinoma. Assessment was
based on gross observation, histological changes
of tumor tissue and immunohistochemical (IHC)
examination utilizing Bcl-2 and Bax antibodies.

MATERIAL AND METHODS

Chemicals: DMBA (0.5%) was obtained from
Sigma-Aldrich Company, dissolved in paraffin oil.
RA was obtained from Sigma-Aldrich Company.

Animals: forty Syrian male hamsters five weeks
old, weighing 80-120g were achieved from the
animal house, Cairo University (Cairo, Egypt).
Experimental animals were sheltered in standard
cages with sawdust bedding under controlled
environmental circumstances of humidity (30-40%),
temperature (20 = 2°C), and light (12-h light/12-h
dark). All experimental animals were supplied with
standard diet and water ad libitum.

Experimental design: The experimental ham-
sters were categorized into 4 groups of 10 animals
in each as follow: GI: Topical application of liquid
paraffin alone (3 times a week for 14 weeks),GII:
Topical application of DMBA alone, the rights HPB
were painted with 0.5% DMBA in paraffin oil using
a number 4 camel hair brush 3 times a week forl4
weeks, GIII: Topical application of DMBA (0.5% in
liquid paraffin, 3 times a week for 14 weeks) associ-
ated by oral administration of RA (100mg/kg b.w
in 1ml distilled water by oral gavage®, 3 times a
week for 14 weeks on opposite days of DMBA ap-
plication), GIV : Oral administration of RA alone
(100mg/kg b.w in 1ml distilled water by oral ga-
vage, 3 times a week for 14 weeks).
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Following termination of the experiment, all
animals were euthanized, then hamster’s head were
separated and fixed in 10% buffered neutral forma-
lin solution for 24h after putting a piece of wood
with suitable size, between hamster’s teeth to pre-
vent a wrinkling or sloughing of the hamster’s mu-
cosa during manipulation and preparation. Using a
bard-parker scalpel, no 15, small surgical scissors
and tweezers, the specimens were excised from
right HPB mucosa and trimmed to 1-2 cm average
size. Tissue specimens were excised, then processed
for hematoxylin and eosin H&E and IHC staining.

Histopathological examinations: Sections of
3-5 wm thickness were cut utelizing a rotary micro-
tome and stained with H&E dye for microscopic

examination.

Immunohistochemical examinations: Other tis-
sue sections were cut for the application of standard
labeled streptavidin- biotin method to demonstrate
the expression of Bcl-2 & Bax antibodies. Paraffin
embedded tissue sections were dewaxed and rehy-
drated through graded ethanol to distilled water.
Endogenous peroxidase was blocked by incubation
with 3% H,O, in methanol for 10 min. Antigen re-
trieval was acquired by adding citrate buffer solu-
tion (pH 6.0) and put in microwave for 3 intervals, 5
min each at 95°C, followed by washing with phos-
phate buffered saline (PBS). Tissue sections were
then received one or two drops of primary antibod-
ies (Bcl-2 & Bax) in a dilution of 1:100 in Tris buf-
fer solution and incubated in a humid chamber at
room temperature overnight at 4°C. After washing
with PBS, Biotinylated secondary antibody was
added and incubated for 30 min at room tempera-
ture. After rinsing with PBS, tissue sections were
received diaminobenzidine (Sigma, USA) was ap-
plied for 2-4 min to develop color. When acceptable
color intensity acquired, the slides were washed,
counter stained with hematoxylin and covered with
a mounting medium.

Immunostained sections were examined using
light microscope to evaluate the prevalence of
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positive cases and localization of immunostaining
within the tissues. In addition, image analysis
computer system was used to assess area percentage
of positive cells of immunostaining.

This was done in Oral and Dental Pathology
Department - Faculty of Dental Medicine - Boys-
Cairo - Al-Azhar University. The degree of positive
staining for 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).*

Statistical analysis Results are expressed
as the meanz=standard deviation (SD) and are
accompanied by the number of observations. A one-
way analysis of variance (ANOVA) was performed
using SPSS version 17.0 for windows. The results
were considered statistically significant when the

probability was <0.05.

RESULTS

Gross observation: HBP mucosa of GI were pink
in color with smooth surface with no observable
abnormalities (Fig.1A). In GII, HBP mucosa
showed multiple exophytic nodules of variable size.
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The nodules were surrounded with ulcerative and
bleeding areas. Depilating of all animals was an
observable remark (Fig.1B). In GIII, HBP mucosa
showed variable changes included erythematous
mucosal surface to normal color with smooth
surface and the animals appeared healthy (Fig.1C).
In GIV, HBP mucosa showed normal appearance
similar to GI (Fig.1D).

Histopathological and immunohistochemical
results: The tissue sections of HBP mucosa of
experimental groups showed variable results in
regard to the histopathological results and IHC
results. In GI, histological sections, using H&E
stain, revealed normal HBP mucosa, composed
of thin stratified squamous epithelium, consists
of 2 to 4 layers of squamous cells showing slight
keratinization (i.e.; one layer of basal cells and one,
two or three layers of spinous and thin keratinized
cells with abscent rete ridges. Sub epithelial
connective tissue (C.T), muscular layer and areolar
layer were seen (Fig.2A). IHC staining using Bcl-
2 antibody exhibited weak positive expression
(mean = 6.5) which limited to basal and suprabasal
layers (Fig.2B) while Bax expression showed
moderate positive expression (mean = 48.12) which
present throughout the epithelial layers (Fig.2C).
In GII, histological sections, using H&E stain, 5
animals exhibited well differentiated SCC and 5
animals exhibited moderately differentiated SCC.

Fig. 1 (A): HBP of GI showing normal buccal pouch mucosa which appeared pink in color with smooth surface (arrow). Fig. 1(B):
HBP of GII showing multiple exophytic nodules surrounded with ulcerative and bleeding areas (arrows). Fig. 1 (C): HBP
of GIII showing variable changes included erythematous mucosal surface to normal color with smooth surface (arrow).
Fig.1(D): HBP of GIV showing normal appearance (arrow).
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Dysplastic features in multiple areas, destruction of
basement membrane, and prominent true invasion
with formation of various forms of epithelial nests
(Fig.2D). IHC staining using Bcl-2 exhibited strong
positive cytoplasmic expression (mean = 75.16)
throughout the tumor cells (Fig.2E) while Bax
exhibited weak positive cytoplasmic expression
(mean = 13.56) throughout the tumor cells (Fig.2F).
In GIII, histological sections, using H&E stain, 2
out of 10 animals exhibited mild epithelial dysplasia
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and 8 out of 10 animals exhibited hyperkeratosis to
normal epithelium (Fig.2G). IHC staining using
Bcl-2 exhibited moderate positive cytoplasmic
expression (mean = 27.13) throughout the epithelial
layers (Fig.2H) while Bax expression showed
moderate positive cytoplasmic expression (mean =
45.22) throughout the epithelial layers (Fig.2I). In
GIV, histological sections using H&E stain and IHC
staining using Bcl-2 and Bax expression was similar
that of GI.

AR

Fig. 2 (A): H&E stain of GI showing keratinized stratified squamous epithelium with flattened rete ridges, sub-epithelial C.T

layer and muscular layer (X200). Fig.2(B): IHC expression of Bcl-2 showing positive cytoplasmic expression in basal
and suprabasal epithelial layers (X200). Fig.2(C): IHC expression of Bax showing positive cytoplasmic expression
throughout the epithelial layers (X200). Fig.2(D): H&E stain of GII of HBP mucosa showing well differentiated SCC
(X200). Fig.2(E): IHC expression of Bcl-2 showing positive cytoplasmic expression throughout the tumor cells (X200).
Fig.2(F): IHC expression of Bax showing positive cytoplasmic expression throughout the tumor cells (X200). Fig.2(G):
H&E stain of GIII of HBP mucosa showing mild epithelial dysplasia (X200). Fig.2(H): IHC expression of Bcl-2 showing
positive cytoplasmic expression throughout the epithelial layers (X200). Fig.2(I): IHC expression of Bax showing positive
cytoplasmic expression throughout the epithelial layers (X200).
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Statistical analysis results of Bcl-2 & Bax
expression were obtained by comparing the area
% of Bcl-2 & Bax expression in the groups used.
Statistical analysis results were revealed that, In
regard to expression of Bcl-2, GI had recorded the
lowest mean area percentage (6.5%), while GII had
the highest mean area percentage (75.16%) while
in regard to expression of Bax, GII had recorded
the lowest mean area percentage (13.56%), while
GI had the highest mean area percentage (48.12%).
Comparing the DMBA treated group (GII) with
GI (normal) & GIV, there was highly significant
difference regarding Bcl-2 and Bax; the P value
recorded 0.001 (< 0.01). Comparing the GIII with
GI (normal) & GIV, there was highly significant
difference regarding Bcl-2, the P value recorded
0.005(< 0.01) while Bax shown non-significant
difference between the same groups, the P value
recorded 0.441 (> 0.05). Comparing the GIII with
GII, there was highly significant difference regarding
Bcl-2 and Bax; the P value recorded 0.001 (< 0.01).

TABLE (1)
Groups I II
P-value
IHC n=10 n=10

& | MeantSD | 6.5£148 | 75.16+14.06

) 0.001
@ | Range 52-89 |49.05-91.08

s | MeansSD | 48.12+ 1027 | 13.56+2.71

< 0.001
| Range |35.7-6024 | 96-17.24

TABLE (2)
I I
roups
group P-value
IHC n=10 n=15

o | MeantSD | 65+148 | 27.13x6.83

3 0.005
@ | Range 52-89 |22.17-3293

s | Mean=SD | 48.12+ 1027 | 45.22+9.28

< 0.441
| Range | 357-6024 |3751-57.18
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TABLE (3)
Groups I I
P-value
IHC n=10 n=10
Q[ Mean+SD | 75.16+x14.06 | 27.13+6.83
3 0.001
M Range 49.05-91.08 |22.17-32.93
% | MeanxSD | 13.56+2.71 4522+9.28
< 0.001
= Range 96-1724 |37.51-57.18
~ N

Bar chart representing mean area % results of Bl-2 &
Bax between Gl, Gll, Glll and GIV
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DISCUSSION
Oral carcinogenesis has been  widely

experimented, point to progress either biomarkers
for early diagnosis or successful treatment. HBP
model is effective due to resemblance to human
oral carcinogenesis at both histological and
molecular level. Moreover, DMBA was chosen as
the chemical carcinogen, because it plays the same
etiological role in hamster SCC as do alcohol and
tobacco in human OSCC. In this study, we evaluate
the effect of RA as a chemopreventive modality
on experimentally induced HBP carcinogenesis.
The results of gross observations, H&E stain and
IHC staining utilizing Bcl-2 and Bax antibodies,

revealed variable observations.

In the present study, GI (normal group), the
gross observation showed no observable changes.
HBP mucosa appeared normal, with smooth surface
and the buccal pouch length was about S5cm.
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This finding reflected on H&E staining which showed
thin keratinized stratified squamous epithelium.
Subepithelial C.T formed of small amount of
sporadic fibrocytes and blood vessels which present
between the epithelium and the muscular layer.
Bruna et al, 2017¢% reported the same finding. In
the current study, GI (normal group), IHC results
of Bcl-2 showed weak positive expression (mean
= 6.5) which limited to basal and suprabasal layers
while Bax expression showed moderate positive
expression (mean =48.12) which present throughout
the epithelial layers. The finding of this study was in
agreement of some researches®'*?. Karthikeyan et
al, 20146 stated that, under usual circumstances,
Bcl-2/Bax correlation determines the fate of cell
survival or cell death, through regulation of release
of cytochrome C from the mitochondria. This result
may be due to that; Bcl-2 assist in the control of the
terminal differentiation of keratinocytes by secured
their stem cells from apoptosis.

In the current study, GII (DMBA painted group)
at 14 weeks, gross observation showed multiple
large exophytic nodules surrounded with ulcerative
and bleeding areas, some animals appeared
debilitated. H&E stain, showed a development of
well and moderately differentiated SCC. This is in
consistence with that shown by other studies®® 3",
This observations might be attributed to DMBA
effect on metabolic activation, DMBA is converted
into its active metabolic carcinogen, dihydrodiol
epoxide, which mediates carcinogenesis through
overproduction of ROS, chronic inflammation,
activation of protoncogene, deactivation of tumor
suppressor genes, extensive DNA damage, and
reduction in DNA repair which reduced the ability
to induce apoptosis ©* 3. The current results
supported the concept that DMBA induced HBP
carcinoma appeared to go through the same changes
as in human not only at gross observations but also
at light microscopic observations. These results are

in accordance with those of previous studies“*+?.

(2417)

In this study, oral administration a dose of
100 mg/kg body wt of RA not only completely
prevented the formation of oral tumors, but also
markedly reduces preneoplastic lesions severity
such as hyperplasia, keratosis, and dysplasia in
DMBA-treated hamsters. Our results indicate that
RA has vigorous efficacy in prevention of oral
carcinogenesis (chemopreventive capability). These
findings conflicted on H&E staining in which only
2 animals exhibited mild epithelial dysplasia and 8
animals exhibited hyperkeratosis to normal. These
findings are in line with Anusuya et al, 2011“? they
notice that, phase I liver detoxification enzymes were
considerably increased, while phase II enzymes
were decreased in hamsters treated with DMBA
alone. Liver plays a critical role in detoxification
and metabolic activation of carcinogenic agents.
The altered condition of phase I and phase II agents
in the liver of DMBA treated animals suggests that
liver activity was significantly weakned during
DMBA-induced oral carcinogenesis. Increased
activities of phase I enzymes in liver suggest that
DMBA metabolized actively during carcinogenesis.
Decreased activities of phase Il enzymes in liver
suggest that functions of these enzymes are impaired
due to aggregation of carcinogenic metabolites in
liver or impairment in conjugation or detoxification
of carcinogenic metabolites during DMBA induced
oral carcinogenesis. Status of phase I and phase II
detoxification enzymes in the liver of DMBA-treated
hamsters returned to near normal range by oral
administration of RA at a dose of 100 mg/kg body
wt. Their results suggest that metabolic activation
of DMBA or stimulation the process of conjugation
of carcinogenic metabolites with glutathione as
well as stimulation the excretion of carcinogenic
metabolites of DMBA may be inhibited by RA.
These observation are in agreement with those of
other studies™49.

In the current study, hamsters treated with
DMBA alone had overexpression of Bcl-2 and down
expression of Bax.IHC analysis of Bcl-2 was 75.16%
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positive staining while IHC analysis of Bax was
13.56% in hamsters treated with DMBA alone. Oral
administration of RA to DMBA-treated hamsters
suppressed the expression of Bcl-2 (27.13%) and
increased the expressions of Bax (45.22%). These
findings advocate that RA might have inhibited
abnormal cell proliferation either by inhibiting
DMBA metabolic activation or by suppressing
DMBA-induced mutations in Bcl-2 during DMBA-
induced oral carcinogenesis. These results are in
agreement with those of other investigators©®?
4D The increase of Bcl-2 expression indicated that
inhibition of apoptosis by prevention the release of
cytochrome C from mitochondria and promotion of
carcinogenesis, while the decreased expression of
Bax could be due to reduced apoptotic cell death as
well as accelerated their growth®?37:4D

There was highly
differences between the expression of Bcl-2 and
Bax in GII and GIII (the P value recorded 0.001)

which mean, the increased expression of Bcl-2 and

statistically  significant

decreased expression of Bax in OSCC as compared
to normal or oral epithelial dysplasia may be an
evidence of the disease progression of oral epithelial
dysplasiato OSCC,as the results of this study suggest
variations in expression of Bcl-2 family proteins,
creating a convenient environment for malignant
transformation. The results of this work showed that,
inhibition of apoptosis is a frequent event in oral
carcinogenesis. Bcl-2 family proteins appears to be
involved in regulating the terminal differentiation
of keratinocytes. Down and up regulation of Bcl-2
and Bax expressions were associated with terminal
differentiation. Over expression of antiapoptotic
protein Bcl-2 and down expression of proapoptotic
protein Bax, preserve tumor cells from undergoing
apoptosis, thus assisting their survival.

The current study express chemopreventive
potential of RA in DMBA-induced hamster
buccal pouch carcinogenesis. However the
chemopreventive mechanism of RA is uncertain.

Anusuya et al, 20119 attributed chemopreventive
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mechanism to antilipid peroxidative potential and
modulating effect on detoxification cascades of
Bcl-2 expression could play a probable role. This
results are in line with Sharmila et al, 2012?® whom
observed that, over expression of antiapoptic Bcl-
2 and downexpression of proapoptic Bax observed
in the skin tumor tissues of DMBA painted animals
propose evasion of apoptosis and abnormal cell
proliferation. Results of the study showed disability
of apoptotic machinery in mice treated with
DMBA alone. RA oral administration to DMBA
treated mice repair the expression of p53, Bcl-
2, Bax, caspase-3 and 9, indicating that RA may
have facilitate or motivate the process of apoptosis
during DMBA induced skin carcinogenesis. Cao et
al, 2019“® attributed chemopreventive mechanism
to RA exerts pro-apoptotic effects by inhibiting
of STAT3 pathway, thereby upregulating Bax and
down-regulating Bcl-2. Nadeem et al, 2019“”
that, RA’s
as demonstrated through human umbilical vein

suggested anti-angiogenic effects,
endothelial cells proliferation, migration, adhesion,
and tube formation inhibition. Exact mechanistic
pathway for the chemopreventive potential of RA
by analyzing more molecular markers that have a
potent role in carcinogenesis need further studies.

CONCLUSIONS

Present evidence advocate exploration of RA
as a hopeful therapeutic agent against a wide
variety of modernistic lifestyle disorder. However,
mechanisms underlying RA’s therapeutic efficacy
need moreover examinations. Different researches
showed that RA may act through numerous
mechanisms, such as exerting anti-inflammatory
and antioxidant effects in addition to inhibiting
cell proliferation, migration, and inducing cancer
cells apoptosis. Furthermore, RA’s anti-angiogenic
effects, as explained through human umbilical vein
endothelial cells proliferation, migration, adhesion,
and tube formation inhibition, propose that it can be
valuable in inhibiting tumor growth and metastasis.
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RECOMMENDATIONS

Rosemary extract can be considered as a rich

source of potential candidates to be included in the

diet with favorable effects at pre-evaluated doses,

avoiding toxicity.
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