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ABSTRACT

Aim of the present study was to focus the protective effect of carnosic acid on 7,12-dimethylbenz(a)anthracene
(DMBA) induced cell surface glycoconjugates (Protein bound hexose, Hexosamine, Lipid bound sialic acid, Total
sialic acid and Fucose) abnormalities in the plasma and buccal mucosa of golden Syrian hamsters. Oral squamous
cell carcinoma was developed in the buccal pouch of hamsters by painting with 0.5% DMBA three times a week for
14 weeks. Glycoconjugates status was assessed both histologically and biochemically in the buccal mucosa of
DMBA treated hamsters. The levels of glycoconjugates were increased in both plasma and buccal mucosa of
DMBA treated hamsters. Oral administration of carnosic acid at a dose of 10mg/kg bw brought back the status of
glycoconjugates to near normal concentrations in DMBA treated hamsters. Present results thus suggest that car-
nosic acid protected DMBA induced cell surface abnormalities during DMBA induced hamster buccal pouch carci-
nogenesis.
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INTRODUCTION ents of cell membrane. Cellular glycosylation changes
are associated with diverse types of neoplastic trans-
formation (Dabelsteen 1996). Altered levels of glyco-
proteins and glycolipids perform crucial role in aber-
rant cell-cell recognition, cell adhesion, antigenicity
and invasiveness (Varki and Schauer 2008). Sialic acids,
a nine-carbon keto sugars, is involved in maintaining
the ionic balance, regulation of the immune response,
the progression and spread of human malignancies and
in certain aspects of human evolution (Schauer 2009).
Cell surface sialic acids also play an important role in
cell = cell communication. Recent studies showed that
the levels of total sialic acid and lipid bound sialic acid
were higher in patients with cancer than normal sub-
jects (Chen and Varki, 2010). Fucose (6-deoxy-L-
galactose), a monosaccharide that is found on glyco-
proteins and glycolipids, is essential for optimal func-
tion of cell to cell communication. An altered level of
fucose plays a significant role in many diseases, includ-
ing cancer and its spread. Altered fucosylation of the
cell surface was contributed to the ability to escape
Glycoproteins and glycolipids are important constitu- from immune control. Higher levels of fucose have

been reported in patients with oral cancer and precan-

cerous lesions (MacDougall, et al., 1987).

Oral squamous cell carcinoma, one of the most com-
mon malignant neoplasm worldwide, is predominantly
a disease of human population in the fifth to eighth
decades of life. Oral carcinogenesis is preceded by a
sequence of precancerous lesions such as leukoplakia,
erythroplakia and oral submucous fibrosis. Higher pre-
valence of oral cancer is frequently associated with
chewing of betel quid with and without tobacco smok-
ing and alcohol consumption (Johnson 2001). 7,12-
dimethylbenz(a)anthracene(DMBA) is one of the most
common chemical carcinogen employed to induce oral
carcinogenesis in the buccal pouch of golden Syrian
hamsters (Manoharan, et al., 2010). The precancerous
and cancerous lesions induced by this potent site and
organ specific carcinogen not only resemble human
oral precancerous and cancerous lesions, but also ex-
presses similar biochemical and molecular markers
that are expressed in human oral carcinoma (Miyata, et
al., 2001).
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ies demonstrated anti-proliferative, anti-inflammatory,
anti-tumorigenic and neuro-protective effects of car-
nosic acid (Cheung, et al., 2007). Carnosic acid induced
cell cycle arrest predominantly at G2/M phase (Visanji,
et al.,2006). Carnosic acid decreased metabolic activa-
tion and increased detoxification of benz(a)pyrene,
identifying it as promising candidate for chemopreven-
tive programs (Peng, et al.,2007). Previous studies from
our laboratory have demonstrated the antigenotoxic
and chemopreventive potential of carnosic acid in
DMBA treated hamsters (Manoharan, et al., 2010). The
present study focused the protective effect of carnosic
acid on cell surface glycoconjugates abnormalities dur-
ing DMBA induced hamster buccal pouch carcinogene-
sis.

MATERIALS AND METHODS
Chemicals

DMBA and carnosic acid were obtained from Sigma—
Aldrich Chemical Pvt. Ltd., Bangalore, India. All other
chemicals used were of analytical grade, purchased
from Hi-media Laboratories, Mumbai, India.

Animals

Male golden Syrian hamsters, aged 8-10 weeks, weigh-
ing 80—120 g, were purchased from the National Insti-
tute of Nutrition, Hyderabad, India and were main-
tained in the Central Animal House, Rajah Muthaiah
Medical College and Hospital, Annamalai University.
The animals were housed five in a polypropylene cage
and provided with a standard pellet diet (Agro Corpo-
ration Pvt. Ltd., Bangalore, India) and water ad libitum.
The animals were maintained under controlled condi-
tions of temperature (27+2°C) and humidity (55+5%)
with a 12h light/dark cycle.

EXPERIMENTAL DESIGN

The Institutional Animal Ethics Committee (Reg. No.
160/1999/CPCSEA), Annamalai University, Annamalai-
nagar, India, approved the experimental design. A total
number of 40 hamsters were randomized into four
groups and each group contained 10 hamsters. Group |
animals served as the control and were treated with
liquid paraffin (vehicle) alone three times a week for 14
weeks on their left buccal pouches. Group Il animals
were treated with 0.5% DMBA in liquid paraffin three
times a week for 14 weeks on their left buccal pouches.
Group Il animals received no other treatment. Group llI
animals were treated with DMBA as in group I, re-
ceived in addition oral administration of carnosic acid
(10 mg/kg body weight/day), dissolved in 1 ml of 5 %
dimethyl sulphoxide (DMSO), starting 1 week before
exposure to the carcinogen and continued on alternate
days to DMBA painting until the animals were
sacrificed. Group IV animals received oral administra-
tion of carnosic acid (10 mg/kg body weight/day)
alone, as in group lll, throughout the experimental pe-
riod. The experiment was terminated at the end of 16
weeks and all animals were sacrificed by cervical dislo-

cation. Biochemical studies were conducted on the
plasma, liver and buccal mucosa tissues. For histopa-
thological examination, buccal mucosa tissues were
fixed in 10% formalin and routinely processed and em-
bedded with paraffin, 2-3 p m sections were cut in a
rotary microtome and stained with haematoxylin and
eosin. For detection of glycoconjugates, the tissue sec-
tions of buccal mucosa were immersed in a solution of
0.1% periodic acid for 15 minutes, at 50°C. The slides
were washed in running tap water and immersed in
Schiff’s reagent for 40 minutes. Subsequently, the sec-
tions were washed in running tap water for 10 mi-
nutes, counterstained with hematoxylin, dehydrated in
graded ethanol, cleared in xylene and mounted in re-
sinous medium.

BIOCHEMICAL STUDIES

The precipitate obtained after treating the plasma with
95 % ethanol was used for the estimation of protein
bound hexose and hexosamine. The defatted tissues
obtained after treating buccal mucosa with methanol
and chloroform was used for the estimation of glyco-
protein. To the dry defatted tissues remaining after
lipid extraction, 0.1N H,SO,4 was added and hydrolyzed
at 80°C for 1h. It was cooled and the aliquot was used
for sialic acid estimation. To the remaining solution,
0.1N sodium hydroxide was added and kept in an ice
bath for 1 h. From these aliquots, protein bound hex-
ose and fucose were estimated. The protein bound
hexose, hexosamine, total sialic acid and fucose were
estimated by the methods of Niebes (Niebes, et al.,
1972), Wagner (Wagner, et al., 1979), Warren (Warren,
et al., 1959) and Dische and Shettles (Dische and Shet-
tles, 1948) respectively. Plasma lipid bound sialic acid
level was determined by the method of Katopodis and
Stock (Katopodis and Stock, 1980).

Statistical analysis

The data are expressed as mean + SD. Statistical com-
parisons were performed by one-way analysis of va-
riance (ANOVA), followed by Duncan’s Multiple Range
Test (DMRT). The results were considered statistically
significant if the p values were 0.05 or less.

RESULTS

Figure 1(a-e) shows the levels of glycoconjugates in
plasma (protein bound hexose, hexosamine, total sialic
acid, Lipid bound sialic acid and fucose) and Figure 2(a-
c) shows the buccal mucosa glycoconjugates (protein
bound hexose, total sialic acid and fucose) of control
and experimental hamsters in each group. The levels of
glycoconjugates in plasma and buccal mucosa were
significantly increased in DMBA alone painted ham-
sters (group 2) as compared to control hamsters. Oral
administration of carnosic acid to DMBA painted ham-
sters (group 3) brought back the levels of above said
glycoconjugates to near normal range. No significant
difference was noticed in the levels of plasma and buc-
cal mucosa glycoconjugates in carnosic acid alone
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Figure 1: (a-e) shows the levels of glycoconjugates in plasma (protein bound hexose, hexosamine, total sia-

lic acid, lipid bound sialic acid and fucose) of control and experimental hamsters in each groups

Values are expressed as meant SD (n=10). Values that are not sharing a common superscript differ significant-

ly at p<0.05.

(group 4) treated hamsters as compared to control
hamsters (group 1).

Figure 3 (a - d) shows glycoconjugates expression pat-
tern in the buccal mucosa of control and experimental
animals in each group. The glycoconjugates expression
pattern was analysed as evidenced by periodic acid
Schiff’s staining in the buccal mucosa. We observed
increased glycoconjugates expression in the buccal
mucosa of tumor bearing hamsters (Group 2; figure.
3b). Oral administration of carnosic acid to DMBA
painted hamsters significantly reduced the expression
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of glycoconjugates in the buccal mucosa (Group 3; fig-
ure 3c). Glycoconjugates expression pattern was nor-
mal in carnosic acid alone treated (Group 4; figure 3d)
and control (Group 1; figure 3a) hamsters.

DISCUSSION

In recent years, consideral effects have been focused
to emphasize the significance of cell- surface glycocon-
jugates during malignant transformation. Neoplastic
transformation is often associated with profound alte-
rations in cell membrane glycosylation. Profound stu-
dies documented that glycoconjugates levels could be
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Figure 2: (a-c) shows the levels of glycoconjugates in buccal mucosa (protein bound hexose, total sialic acid
and fucose) of control and experimental hamsters in each group

Values are expressed as meanz SD (n=10). Values that are not sharing a common superscript differ significantly

at p<0.05

a promising approach for the early detection, diagnosis
and prognosis of several cancers (Rajalingam, et al.,
2008). Evaluation of serum or plasma glycoconjugates
could help in the diagnosis of patients with oral pre-
cancer or cancer (Manoharan, et al.,, 2004). Atypical
glycosylation of cell surface carbohydrates and reduc-
tion in epithelial cell surface carbohydrates is
240

associated with malignant transformation (Dabelsteen
1996). Glycoconjugates are secreted from membrane
into extracellular fluid in cancerous conditions. A loss in
epithelial cell surface carbohydrate during experimen-
tal oral carcinogenesis has been reported (Thirunavu-
karasu, et al., 2003). Profound studies documented
that the synthesis of glycoproteins increased in tumour

©JK Welfare & Pharmascope Foundation | International Journal of Research in Pharmaceutical Sciences



Shanmugam Manoharan et al., Int. J. Res. Pharm. Sci., 2(2), 2011, 237-243

Figure 3: (a - d) shows glycoconjugates expression pattern in the buccal mucosa of control and experimental
animals in each group

(a) Normal glycoconjugates expression in the control hamsters (40X)

(b) Overexpression of glycoconjugates in hamsters treated with DMBA alone (40X)

(c) Lowered expression of glycoconjugates in DMBA + carnosic acid treated hamsters (40X)

(d) Normal glycoconjugates expression in hamsters treated with carnosic acid alone (40X)

cells (Manoharan, et al., 2004). Highly proliferated cells
were often found to have higher concentrations of
total glycoproteins (Manoharan, et al., 2008). In-
creased levels of plasma glycoproteins in tumour bear-
ing hamsters could be due to spontaneous release of
glycoproteins from tumour cells or due to increased
synthesis in tumour cells with subsequent shedding
into plasma.

Sialic acids, the end moieties of the carbohydrate chain
of glycoconjugates, are reported to be elevated during
malignancy (Senthil, et al., 2007). Tumor cells have
twice the concentration of sialic acid as compared to
normal cells (Manoharan, et al., 2004). Elevated levels
of sialic acid in tumor tissues is due to selective in-
crease in existing specific sialylated sequence or tumor
associated denovo synthesis of specific sialylated se-
guence (Goodarzi, et,al., 2005). Several studies re-
ported elevated serum total sialic acid (TSA), lipid
bound sialic acid (LSA) and TSA to total protein ratio, in
various malignancies (Pugalendhi, et al., 2011). A posi-
tive correlation between lipid bound sialic acid levels
and tumour, staging, degree of metastasis and recur-

rence of diseases has been reported (Vasanti, et.,
1998). Studies have shown that malignant changes are
accompanied by increased expression of membrane
associated fucose containing macromolecules (Kim, et
al., 1982; Rao, et al., 1998). Altered metabolism of a L-
fucose play an important role in the malignant beha-
viour of tumour cells, which include underexpression,
overexpression or neoexpression of fucose-containing
carbohydrate structures of specific N-glycans, mucin-
type O-glycans and glycoproteins of the cell surface as
well as elevated serum fucose concentrations (Wang,
et al., 1995). Tumor itself may contribute to circulating
fucose either due to spontaneous release of glyco-
proteins as the mass grows or as a result of host cell
damage through carcinogen treatment (Glick, et al.,
1978). Sialic acid and fucose, important constituents of
glycoproteins, are released into the circulation through
increased turnover, secretion, and/or shedding from
the malignant cells (Narayanan, et al., 1994). Our re-
sults are line with these findings. The present study
also confirmed the accumulation or increased expres-
sion of glycoconjugates in the tumour cell surface with
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histopathological studies using Periodic acid Schiff’s
(PAS) staining.

Oral administration of carnosic acid at a dose of
10mg/kg bw to DMBA treated hamsters brought back
the status of glycoconjugates to near normal concen-
tration in the plasma and buccal mucosa. The protec-
tive effect of carnosic acid is probably due to their in-
hibitory effect on glycoprotein synthesis or on the ac-
tivity of the enzymes involved in aberrant glycosyla-
tion, fucosylation or sialylation of cell surface glycocon-
jugates. Further studies are therefore warranted to
study the effect of carnosic acid on the role of glycosyl,
fucosy or sialyl transferases during DMBA induced
hamster buccal pouch carcinogenesis.
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