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A B S T R A C T

Syringic acid (SRA) is an excellent anti-oxidant and anti-cancer property in various in vitro and in vivo studies. In
the present study was modifying effect of SRA on 7,12-dimethylbenz(a)anthracene (DMBA) induced cell surface
glycoconjugates (GCs) abnormalities in the plasma and buccal mucosa of golden Syrian hamster buccal pouch
carcinogenesis (HBPCs). Topical application of DMBA three times a week for 10 weeks on the buccal pouches of
the hamsters resulted in well developed squamous cell carcinoma. GCs status was assessed biochemically, his-
tological and immunoexpression pattern of cytokeratin (CK) in the buccal mucosa of the DMBA treated hamsters.
Elevated levels of GCs and CK expression were observed in DMBA alone treated hamsters. Oral pre-adminis-
tration of SRA (50mg/kg bw) positively modulates the GCs levels and CK expressions to near normal. The
present findings suggested that SRA can protect cell surface GCs and CK expression during DMBA induced
HBPCs.

1. Introduction

Head and neck cancer is one of the major health problem globally,
accounting for 247,000 new cases and 145,000 deaths annually GLO-
BACON 2012, with an average five years [1–4]. In comparison with the
global populations, where oral cancer represents only about 3% of
malignancies, it accounts for over 30–40% of all cancers in India [5]. A
common etiological factor like tobacco chewing, tobacco related pro-
ducts and drinking excessive alcohol are the most common factors for
the development of oral cancer [6]. Tobacco smoking is an essential
cause of human oral squamous cell carcinoma (OSCC). Tobacco smoke
contains manifold carcinogens comprising polycyclic aromatic hydro-
carbons and their derivatives [7]. DMBA, a polycyclic aromatic hy-
drocarbon, is an immunosuppressor as well as a potent organ-specific
carcinogen [8]. Recently, studies have focused on the immunotoxicity
of DMBA given to experimental animals to induce tumors in oral cancer
[9,10]. DMBA is metabolically activated by cytochrome p450 mono-
xygenases to form electrophilic metabolite, diol epoxide, which binds
covalently to adenine residues of DNA, forming DNA adducts that may
eventually culminate in malignant transformation [11].

Recently, advanced therapeutic treatment of OSCC including sur-
gical excision and radiation therapy has limited efficacy and results in
an adverse systemic method for treating OSCC [12]. The occurrence of
oral cancer is effectively reduced by the use of non-toxic

chemopreventive agents that offers a believable approach. Chemopre-
vention refers to the organization of natural agents to prevent initia-
tion, promotion, and progression events of carcinogenesis [13]. High
consumption of novel natural products from plants, fruit and vegetables
has long been used as a home remedy by the medical practitioners.

SRA is a major benzoic acid, derived from edible plants such as
fruits and vegetables [14], and also used as a traditional Ayurvedic
Indian medicine to treat diabetes. Several in vitro and in vivo in-
vestigations documented its beneficial role in various cancers and non
communicable diseases [15,16]. SRA has multiple pharmacological
properties such as antioxidant, anti-lipid peroxidative, anti-in-
flammatory, immunomodulatory, anti-endotoxic, anti-mitogenic and
anti-cancer effects [17–21,14]. SRA has potent anti-proliferative and
hepatoprotective properties in human colorectal and breast cancer by
scavenging their reactive oxygen species (ROS) [22,20,23]. In our
previous dose dependent study, SRA completely inhibited the formation
of exophytic tumor formation in DMBA induced HBPCs [24]. Velu et al.
[25] reported that SRA has strong chemopreventive agents due to its
modulating effect on detoxification metabolizing enzymes in DMBA-
induced HBPCs.

Glycoproteins (GPs), a family of complex proteins in mammals, are
the vital components on the cell surface and their glycan moieties ex-
hibit diverse functions, from non-specific roles in protein structure and
stability to specific ones in signal recognition [26]. Cell surface GPs
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play a key role in the neoplastic process and serve as an effective in-
dicator of cancer progression. Cell surface GCs may contribute to play
vital roles in various pathological actions such as cell-cell recognition,
cell adhesion, antigenicity, inflammation, invasiveness and neoplastic
transformation characteristics. Carbohydrate moieties of glycoprotein
have also been implicated in the transport of metabolites across cell
membranes and show a direct relationship between GCs and tumor-
igenesis [27].

CK is the epithelial specific intermediate filament proteins. CK is
directly associated with the epithelial tumors of stratified buccal cell
origin [28]. These are very sensitive marker in frequent molecular,
biological, clinical and pathological studies [29]. IFs are necessary for
intracellular components, underlying distinct properties and segrega-
tion stages in outer layer organs [30].

Since, no efficient studies exist on the effect of the SRA on GPs
components in DMBA induced HBPCs. The aim of the current study to
inspect the membrane stabilizing consequence of the SRA on cell sur-
face GPs, CK and protein expression against DMBA induced OSCC in
Syrian hamsters.

2. Materials and methods

2.1. Chemicals

DMBA (Fig. 1A) and SRA (Fig. 1B) were obtained from Sigma Al-
drich Chemicals Pvt. Ltd (Bangalore, Karnataka, India). Primary and
secondary antibodies against CK were supplied by Santa Cruz Bio-
technology, USA. All other chemicals used in the study were of analy-
tical grade, purchased by HIMEDIA Laboratories Pvt. Ltd., Mumbai,
India.

2.2. Animals

Male golden Syrian hamsters (Mesocricetus auratus) (Fig. 1C), 8–10
weeks old, weighing 80–120 g, were purchased from the NIN, Hyder-
abad, India and maintained in the central animal house (CAH), Rajah
Muthaiah Medical college and hospital, Annamalai University, India.
They were housed four or five in a clean propylene cage and were
provided daily standard pellet diet and water ad libitum. The hamsters
were maintained, most commonly in controlled conditions of tem-
perature (27 ± 2 °C) and humidity (55 ± 5%) with a 12 h light/dark
cycle. The local institutional animal care and use committee (IACUC)
(Reg No: 160/1999/CPCSEA) of Annamalai University approved the
experimental guide (Proposal No: 1113, Dated: 16.04.2015).

2.3. Preparation of SRA

SRA (50mg/kg bw) dissolved in 0.9% saline and given three times a
week on days alternate to DMBA application, starting a week before the
disclosure to the carcinogen and sustained during the experimental
period (14 weeks).

2.4. Preparation of DMBA

OSCC was induced in hamster left buccal mucosa a No: 4 paint
brush by topical application of DMBA (0.5% /kg bw) in liquid paraffin a
thrice weekly for 10 weeks [31].

2.5. Experimental design

A total of forty hamsters were randomly assigned to four groups
(n= 10 in each group). As shown in Fig. 2 the schematic protocol for
optimum dose study. The experiment was terminated at the end of 14th

week and all of the hamsters were sacrificed by cervical decapitation.
Before the hamsters were killed, the left buccal mucosa was grossly
inspected to evaluate premalignant lesions or tumor enlargement and
photographed. The biochemical studies were carried out in the plasma
and buccal pouch of untreated control and experimental hamsters in
each group.

2.6. Tumor analysis

Total number of tumors present in all hamster cheek pouch epi-
thelium were examined microscopically, when the hamsters were eu-
thanized and the diameter of each tumor size was measured with a
vernier caliper. The tumor volume calculations were measured using
the formula, = ( )( )( )V π ,4

3
D
2

D
2

D
2

1 2 3 where D1, D2 and D3 are the three
diameters (mm3) of the tumor were calculated by the methods of [32]
respectively The tumor burden was determined by multiplying the
tumor volume and number of tumors in each group.

2.7. Biochemical analysis

2.7.1. Sample collection
Biochemical samples were contacted on the blood and oral mucosal

tissues of untreated control and experimental hamsters. Plasma was
separated by centrifugation at 1000 × g for 15min these arrangements
were used for biochemical (GPs) estimations. Oral buccal tissues were
washed with saline and homogenized using the Tris-HCl buffer in an all-
glass Homogenizer with a Teflon pestle and used for biochemical (GCs)
analysis.

The precipitate was obtained after treating the plasma with ethanol
were used for the evaluation of GCs. The defatted tissues obtained after
treating buccal mucosa tissues with methanol and chloroform were
used for the estimation of GPs. The GPs in plasma and buccal mucosa
tissues were expected by the methods of [33–36] respectively. Proteins
are estimated by the method of [37].

2.8. Histological studies

Histological investigations were performed on oral tissues of the
untreated control and experimental hamsters. Tissues were fixed in
10% formalin and routinely processed and embedded in paraffin;
2–3 μm sections were used for histological Periodic Acid-Schiff (PAS)
staining and immunohistochemistry (IHC) analysis. For detection of
GCs, the tissue sections of buccal mucosa were immersed in a solution
of 0.1% PAS staining for 15min, at 50 °C. The slides were washed with
running tap water and wrapped up in Schiff’s reagent for 40min and
the sections again washed for 10min, counterstained with hematoxylin,
dehydrated in graded ethanol, blank in xylene and mounted on resinous
medium. Histological changes in the oral tissues of keratosis, hyper-
plasia, dysplasia and OSCC were observed under a light microscope.

2.9. Immunohistochemistry of buccal mucosa tissues

The oral mucosa tissue section fixed in formalin and fixed in par-
affin. Therefore more incubated universal proteinaceous block to non-Fig. 1. A) Structure of DMBA, B) Structure of SRA, C) Mesocricetus auratus.
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specific required sites and incubated with the primary antibody (CK)
were used for IHC staining of proteins. The bound primary antibody
was detected by incubation with the secondary antibody conjugated
with HRP and DAB substrate. When acceptable color intensity is
reached, counter stained with hematoxylin and covered with a
mounting medium. We also graded CK expression according to the
number of positive tumor cells per section 100 counted cells. The % of
positive cells was scored according to the method of [38] and the IHC
staining cells were variables shown in Table 3. A final arrangement was
obtained for each score by using a phase contrast microscope (Nickon
eclips 100, Germany).

2.10. Statistical analysis

Statistical analysis was performed using the Statistical Package for
Social Sciences 17 (SPSS, Inc., Chicago). The data are expressed as the
mean ± standard deviation (SD). We used one-way analysis of var-
iance (ANOVA) by using Duncan Multiple Range Test (DMRT) group
comparisons a method were used to correlate the difference between
the variables. The value was considered statistically if the P value was
less than 0.05.

3. Results

3.1. Effect of SRA on tumor incidence, number, volume, burden and
histopathological changes

Table 1 and 2 shows the tumor incidence, number, volume, burden
and histopathological observations of untreated control and experi-
mental hamsters. We observed 100 percentage tumor formation with
mean tumor volume (150.68mm3), tumor burden (1657.76mm3) and
well differentiated OSCC in DMBA alone hamsters (group 2). Pre-ad-
ministration of SRA (50mg/kg bw) (group 3) to DMBA treated ham-
sters significantly (p<0.05) suppressed the development of tumor and
exhibited moderate keratosis and mild hyperplasia. Normal cellular

architecture and no tumor were observed in untreated control hamsters
(group 1) as well as SRA alone administered hamsters (group 4).

3.2. Estimation of GCs

Figs. 3 and 4 shows the levels of protein bound hexose, protein
bound hexosamine, TSA and fucose in the plasma and buccal mucosa
tissue in the untreated control and experimental hamsters in each
group. The levels of GCs in the plasma were protein bound hexose,
protein bound hexosamine, TSA and fucose and the buccal mucosa was
protein bound hexose, TSA and fucose were significantly (p < 0.05)
increased (100%) to DMBA (0.5% /kg bw) alone compared to untreated
control hamsters. Oral pre-administration of SRA (50 mg/kg bw) to
DMBA (0.5% /kg bw) painted hamsters significantly (p < 0.05) re-
duced the GCs levels (approximately 50–60%) near normal as com-
pared to DMBA alone hamsters. No statistical significance was observed
between untreated control and SRA alone treated hamsters.

3.3. Gross appearance and histopathological examination of mucosa tissues
with PAS staining

The representative gross manifestation and photomicrographs of
histopathological changes in the oral tissue of untreated control and
experimental hamsters are shown in Figs. 5 and 6. The GCs expression
pattern was analyzed as evidenced by PAS staining in the buccal mu-
cosa (Fig. 6). 100% tumor formation with significantly (p < 0.05)
increased positive percentage PAS staining (increased the expression of
GCs) were observed in DMBA alone (group 2) as compared to untreated
control hamsters. Oral pre-administration of SRA (50 mg/kg bw) to
DMBA painted hamsters (group 3) significantly (p < 0.05) reduced
the percentage of PAS positive cells (decreased the expression of GCs)
as compared to DMBA alone. The GCs expression pattern was normal in
SRA alone treated (group 4) and untreated control (group 1). These
results revealed a significant positive correlation with biochemical
glycoconjugate analysis.

Fig. 2. Schematic diagram for experimental design.
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3.4. Effects of IHC expression in CK of buccal tissues

Effect of SRA on CK expression in the buccal pouch mucosa of un-
treated control and experimental hamsters in each group and IHC
scores of positively stained cells were shown in Table 3 and Fig. 7. The
expression of CK was significantly (p < 0.05) higher in DMBA alone
painted hamsters as compared to untreated control hamsters. Pre-ad-
ministration of SRA (50 mg/kg bw) to DMBA treated hamsters showed
significantly (p < 0.05) reduce the expression of CK when compared
to DMBA alone painted hamsters. Normal CK expression was observed
in untreated control and SRA alone treated hamsters.

4. Discussion

Oral cancer has become a significant health care problem clinically.
However, promising therapeutic and preventive strategy for the dif-
ferent stages of the oral carcinogenesis (OCs) process could be im-
portant for management of patients. The HBP has been used since 1954
as a model for oral cavity cancer [39] and studies revealed the inhibi-
tion of oral cancer by numerous phytochemical agents. A chemopre-
ventive agent has been shown to reduce growth of tumors in the HBP
when administered before, during and after chemical carcinogen [40].
Natural synthetic compounds are particularly helpful for chemopre-
vention of oral cancer in HBP.

Kumar et al. [41] have been reported that SRA protects hy-
persensitive rats at different doses (25, 50 and 100mg/kg bw) SRA at a
dose 50mg/kg bw, exerts optimum protection, reducing oxidative
stress and also retaining the bioavailability of nitrous oxide in the
cardiovascular system. In our previous dose dependent study, SRA has
chemopreventive potential in DMBA induced HBPCs, hence among the
different doses (25, 50 and 100mg/kg bw), the effect of SRA at the
doses of 50 and 100mg/kg bw, was being pronounced effects in DMBA
induced hamsters. Further, in all our experimental design we used
medium dose (50mg/kg bw) to evaluate the effects on DMBA induced
cell surface GCs and CK expressions [24].

In our present study, topical application of DMBA to the HBP for 10
weeks induced OSCC with a very large tumor burden 1657.76 ± 63.23
mm3 associated with aberrant expression of CK (80%) is a 3+ = strong
staining. Oral administration of SRA at a dose of 50mg/kg bw, delayed
the growth of tumors in the oral tissue of DMBA-treated hamsters. Our
results suggested that SRA might be suppressed abnormal growth oc-
curring during DMBA-induced OCs as evidenced by prevention of tumor
formation in the buccal mucosa of DMBA treated hamsters. Previously
we reported that SRA prevented the formation of excess ROS in ham-
sters treated with DMBA as evidenced by the increased activities of
antioxidants. Due to orthodiphenol content in SRA, which is playing a
radical scavenging effect on HBPCs [24]. Orabi et al. [17] demonstrated
that SRA possesses anti-mutagenic activity against human malignant
melanoma cells. Yan et al. [42] reported that SA inhibits reactive
oxygen species and inflammatory markers in acute ethanolic induced-
hepatotoxicity in mice. SRA exhibits a number of mechanisms involved
in anti-proliferative and apoptosis induction in human breast cancer
cells [43].

GCs were secreted by cancer cells are a most potential source to
assess the progression of cancer biomarkers. At early stages, measure-
ment of these biomarkers could be useful for diagnosis and prognosis of
all cancers. Shah et al. [44] suggested that the tissue and circulatory
GPs levels of analysis are used OCs. Stowell et al. [45] demonstrated
that modifications of oligosaccharide moieties on the surface of cancer
cell GPs are associated with invasion and metastasis of cancers.

Sialic acid is very important to determine the surface properties of
cells and has been implicated in cellular invasiveness, adhesiveness and
immunogenicity [46]. Previous studies in our laboratory demonstrated
that malignant cells have been further sialic acid in their cell membrane
than in normal cells and elevation of TSA in the plasma were found to
reflect tumor burden, and correlated well with several stages of cancers
including oral cancer [47]. Our results are in line with these studies.
Fucose plays an important function in several non-communicable dis-
eases including oral cancer its invasion and metastasis of cancer cells
[48]. Raval et al. [49] reported that exposure of carcinogen improved
sialyl transferase movement and has been responsible for amplified
expression of cell surface GCs during DMBA induced OCs. The results
are corroborated by these observations. Dualistic increases in the
plasma and buccal tissue sialic acid content in tumor bearing hamsters
reported [50]. An increased fucose substance in the oral tumor and
plasma is probably due to increased proceeds of malignant cells with

Table 1
Tumor incidence, number, volume and burden of untreated control and experimental hamsters in each group (n=10).

Groups/ Treatment Untreated control DMBA DMBA+SRA
(50mg/kg bw)

SRA alone
(50mg/kg bw)

Tumor incidence 0% 100% 0% 0%
Total number of tumor/hamsters 0 11 ± 0.84 0 0
Total volume (mm3)/hamsters 0 150.68 ± 11.48 0 0
Tumor burden (mm3)/hamsters 0 1657.76 ± 63.23 0 0

Values are expressed as mean±SD for ten hamsters in each group. Values not sharing a common superscript letter differ significantly at p < 0.05.

Tumor volume was measured using the formula = ( )( )( )V π ,4
3

D1
2

D2
2

D3
2 where D1, D2 and D3 are the three diameters (mm3) of the tumor. The tumor burden was

calculated by multiplying the tumor volume and number of tumors per hamster. Values are expressed as mean ± SD for 10 hamsters in each group.

Table 2
Histopathological changes in the buccal mucosa of untreated control and ex-
perimental hamsters in each group (n=10).

Groups/
Treatment

Untreated
control

DMBA DMBA+SRA
(50mg/kg bw)

SRA alone
(50mg/kg
bw)

Keratosis – +++ ++ ++
Hyperplasia – +++ + +
Dysplasia – +++ – –
SCC – +++ – –

–=No change, +=Mild, ++=Moderate, +++=Severe.

Table 3
The intensity of staining for cytokeratin expression in the buccal pouch of un-
treated control and experimental hamsters in each group (n=10).

Groups/Treatment Cytokeratin

0 1+ 2+ 3+

Untreated control 0 9 1 0
DMBA 0 0 0 10
DMBA+SRA (50mg/kg bw) 0 6 4 0
SRA alone (50mg/kg bw) 0 9 1 0

Results are given as number of hamsters (n=10). The percentages of positive
cells were scored as: 3+ = strong staining, more than 50% of the cells were
stained, 2+ = moderate staining, between 20 and 50% of the cells were
stained, 1+ = weak staining between 1 and 20% of the cells were stained, 0 =
negative, less than 1% of cell staining.
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subsequent leakage into distribution [7]. Elevated levels of fucose, a
terminal pentose sugar of glycoprotein chain, have been reported in the
various types of malignancies [51,52]. It has been suggested prominent
levels of TSA and fucose in the cell surface may facilitate tumor me-
tastasis. Improved fucosylation in the cancer cell surface might con-
tribute to decreased adhesion and uncontrolled growth [53].

Increased glycoprotein levels in cancer cell are associated with cell
proliferation rather than cell destruction. Due to abnormal poly-
merization or the turnover of glycoprotein content on the surface of the

cancer cell results in leakage/shedding of soluble biomolecules into the
plasma [54,45]. Aberrant glycosylation responsible for the hyper dis-
ordered proliferation observed in oral dysplastic leukoplakias and car-
cinomas that are either absent of normal glycosyltransferases or the
activation of new tumor related enzymes [55]. Profound studies have
shown that atypical glycosylation and degradation of cell surface car-
bohydrates have been shown in OCs [56]. Increased levels of protein
bound hexose, hexosamine and TSA and fucose have been reported in
experimental HBPCs [27]. Muthukumaran et al. [57] revealed that oral

Fig. 3. Protein bound hexose, protein bound hexosamine, total sialic acid and fucose levels in the plasma of untreated control and experimental hamsters in each
group (n= 10).
Values are expressed as mean±SD for 10 experimental hamsters. Values that do not share a common superscript letter between groups differ significantly, at
p< 0.05 (DMRT). Untreated control (group 1), DMBA alone (group 2), DMBA + SRA (group 3) and SRA alone (group 4).

Fig. 4. Protein bound hexose, total sialic acid and fucose levels in the buccal mucosa of untreated control and experimental hamsters in each group (n=10).
Values are expressed as mean±SD for 10 experimental hamsters. Values that do not share a common superscript letter between groups differ significantly, at
p< 0.05 (DMRT). Untreated control (group 1), DMBA alone (group 2), DMBA + SRA (group 3) and SRA alone (group 4).

V. Periyannan, V. Veerasamy Toxicology Reports 5 (2018) 1098–1106

1102



administration of SRA brought the levels of hexose, hexosamine, TSA
and fucose to near normal level in streptozotocin induced diabetic rats
and also it inhibited the synthesis of GPs. Elevated sialyl and glyco-
syltransferase activity could be responsible for over expression of cell
surface GCs in malignant tumor [58]. Oral administration of SRA to
hamsters treated with DMBA significantly inhibit the levels of plasma
and oral tissue GCs. SRA inhibited the formation of GPs during neo-
plastic transformation through altered the activities of glycosylation
enzymes (glycosyltransferases and glycosidases).

Augmented glycosylation of membrane bio-molecules causes accu-
mulation of GCs in the tumor tissue and is related to the degree of
keratosis [59]. Increased staining intensity (pink color) of buccal mu-
cosal cells with PAS positive reaction is probably due to GCs accumu-
lation in tumor cells. Administration of SRA to DMBA induced ham-
sters, delayed the keratinization of epithelial tissue and prevented cell

proliferation. Histological assessment of the GCs expression model in
the experimental hamsters interrelated with the biochemical findings.
Thus, SRA protects cell surface abnormality in DMBA-induced OCs.

Profound studies shown that the aberrant expression of CK as a main
family of intermediary filaments (IFs) might add supplementary prog-
nostic significance in the tumorigenesis [60]. Detection of GCs and CK
expression is helping to assess the cancer patients with malignant
neoplasm [61]. Several studies reported that abnormal expression in
the CK has been experimenting in a wide range of epithelial carcinomas
[62,63]. CK is a useful proliferation marker and a major component in
IFs of structural proteins. Thus, the purpose of the present study was to
find the immunoexpression pattern of the CK in buccal tissues as a
useful tool for objectively distinguishing dysplastic buccal pouch epi-
thelium. Several reports documented that elevated expression of CK is
associated with neoplastic malignant transformation [62,64]. Babu
et al. [65] demonstrated that hesperetin significantly inhibit the status
of the CK expression to the near normal range to DMBA treated ham-
sters. The immunoexpression was elevated in CK is used for confirming
the presence of dysplastic changes in DMBA alone painted hamsters.
The positivity of staining was always strong in a high percentage of cells
in the DMBA alone treated hamsters. The IHC pattern is clearly dif-
ferentiated from normal buccal mucosa, in which the whole cells are
weakly positive in SRA treated hamsters. In this present study, SRA has
chemopreventive efficacy and protected the abnormalities on the cell
surface GCs and near normal the expression of CK in DMBA induced
HBPCs (Fig. 8).

5. Conclusion

In summary, oral administration of SRA to DMBA treated hamsters
significantly repressed the abnormalities seen on cell surface GCs in the
oral tissues and circulation during OCs and restored the expression of
CK, which indicates the membrane stabilizing effect of SRA during
neoplastic alteration. The protective role of the SRA on cell surface GPs
is probably due to its inhibitory role in the abnormal GPs separation
and on regulating glycosyltransferase activity.

Fig. 5. Photomicrograph showing the gross appearance of oral squamous cell
carcinomas on 10th and 14th week indicated by arrow (). Gross appearance of
oral tissue of untreated control and experimental hamsters in each group (40x).
Group 2 exophytic and well defined tumor mass in the HBP painted with DMBA
alone. Untreated control (group 1), DMBA+SRA (group 3) and SRA alone
(group 4) treated hamsters revealed that the normal appearance of the buccal
mucosa. The images show sections of the oral buccal mucosa stained with PAS
embracing the buccal mucosa area (40x).

Fig. 6. Histological analysis of GCs by PAS in
the buccal mucosa of untreated control and
experimental hamsters in each group (40x).
A and D) shows GCs expression pattern was
normal. B) shows well differentiated OSCC
with keratin pearls shown over expression of
GCs. C) shows lowered expressions and mild
dysplasia with hyperkeratosis of GCs.
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