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bstract

Green tea polyphenols (GTP) has been used as a chemopreventive agent world wide against chemically induced cancer. The present
tudy is aimed to understand the therapeutic action of GTP on glycoconjugates and immunological markers in 4-Nitroquinoline
-oxide (4-NQO)-induced oral cancer over a period of 30 days at 200 mg/kg, p.o., Oral cancer was induced by painting 4-NQO for 8
eeks followed by administration of GTP after 22 weeks, for 30 days. Glycoconjugates such as hexose, hexosamine, sialicacid, fucose

nd mucoprotein were analysed. Expression of glycoconjugates was examined through histology and SDS-PAGE. Immunological

arkers such as circulating immune complex and mast cell density were studied. Oral cancer-induced animals showed a significant

ncrease in levels of glycoconjugates and its expression, similar to that observed for immunological markers. Treatment with GTP
ltered the expression of glycoconjugates as well as immunological markers. The results suggest that GTP modulates both the
xpression of glycoconjugates and immunological markers resulting in regression of oral cancer.

nols; Gl
2006 Published by Elsevier Ireland Ltd.
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. Introduction

The significance of glycoproteins in bringing about
eoplastic transformation is well known. Glycoconju-

ates are essential for the assembly of the oligosac-
haride moieties of the glycoprotein chains and their
evels have been found to be elevated in neoplastic con-

Abbreviations: g, grams; rpm, revolutions per minute; 4-NQO, 4-
itroquinoline 1-oxide; GTP, Green tea polyphenols; MC, mast cell;
CD, mast cell density
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ditions and can therefore be designated as non-specific
markers of malignancy [1]. Glycoprotein levels are high
in tumour tissue due to increased lipid peroxidation
resulting in lowered antioxidant status [2], aberrant gly-
cosylation [3] and increased lysosomal hydrolases and
proteases [4].

In experimental oral cancer, the activity of lysosomal
enzymes such as �-d-galactosidase, �-d-glucuronidase
and cathepsin d were reported to be markedly increased
[4]. The activity of phospholipase C and A2 was found
to be elevated in oral cancer [5]. These increase in phos-

pholipase and lysosomal enzymes may contribute to the
increase in glyconjugates.

To elucidate the role of angiogenesis in carcinogene-
sis and progression of oral cancer, we investigated mast

mailto:cssdevi@yahoo.com
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cell density on a paraffin-embedded pathological tissue.
Toluidine blue histochemical method was employed for
mast cell identification [6].

Oral squamous cell carcinoma (OSCC) is the most
common malignancy of the head and neck, with a world-
wide incidence of over 300,000 new cases annually. It
is characterized by a high rate of morbidity and mortal-
ity (over 50%) and in that aspect is similar to malignant
melanoma [7,8]. Incidence of oral cancer varies widely
between countries and geographical areas of the world
[9], and is generally most common in developing coun-
tries. These variations have traditionally been explained
by the exposure of these populations to specific risk fac-
tors, such as tobacco and alcohol [10].

4-NQO is known to induce multistep carcinogen-
esis [11] and serves as a good model to investigate
oral carcinogenesis. The carcinogenic potential of
4-NQO is now well documented, and it has been
shown to produce oral squamous cell carcinoma
as well as spindle cell sarcoma in various rodent
species [12]. Carcinoma is preceded by a sequence of
hyperplasia–papilloma/dysplasia–carcinoma, similar
to that of human oral cancer. 4-NQO is also known to
induce H-ras mutation in chromosome 7 leading to head
and neck squamous cell carcinoma in experimental
murine model, which is quite similar to that of tumors
that develop in tobacco chewers [13].

Green tea is a popular beverage consumed in some
parts of the world and is a rich source of polyphe-
nols, which are antioxidant in nature [14]. Green tea
contains many polyphenols known as catechins, includ-
ing epigallocathechin-3-gallate (EGCG), epigallocate-
chin (EGC) and epicathechin-3-gallate (ECG) [15]. In
recent years, experimental studies have provided grow-
ing evidence for the beneficial action of GTP on multiple
cancer-related biological pathways (carcinogen bioacti-
vation, cell-signaling, cell cycle regulation, angiogene-
sis, oxidative stress, inflammation). Although the epi-
demiologic data on GTP and cancer are still limited
and conflicting, some protective associations have been
suggested for GTP [16]. Epidemiological studies have
associated the consumption of Green tea with a lower
risk of several types of cancer including stomach, oral
cavity, esophagus and lung. In fact, tea is one of the few
agents that can inhibit carcinogenesis at the initiation,
promotion and progression stages [14]. The worldwide
interest in Green tea as a cancer preventive agent for
humans has increased owing to its non-toxic, effective

nature in a wide range of organs [17].

In the previous study we analyzed cellular thiol status
on therapeutic administration of GTP to 4-NQO-induced
oral cancer [18]. The present study evaluates the mod-
Interactions 162 (2006) 149–156

ulating effect of GTP on glycoconjugates and immuno-
logical markers in 4-NQO-induced oral cancer.

2. Materials and methods

2.1. Materials

4-NQO was purchased from Sigma Chemical Com-
pany (St. Louis, MO, USA). Fresh Green tea leaves were
collected from The Nilgris. All other chemicals used
were of analytical grade.

2.2. Preparation of GTP

Extraction of Green tea polyphenols (GTP 80%) was
done by adapting the procedure of Shaowen Lee (Direc-
tor, Human King long Bioresource Co. Ltd., China)
followed by Srinivasan et al. [18].

2.3. Animals

Wistar strain male albino rats (10 weeks old) weigh-
ing 180–200 g were purchased from TANUVAS (Chen-
nai, India). The animals were housed, four per cage in
a room with controlled temperature and humidity with
12 h light:dark cycles. All the animals were given a stan-
dard rat feed (Hindustan Lever Ltd., Bangalore) and tap
water ad libitum. This study was conducted as per the
guidelines of the animal ethical committee of our insti-
tution (IAEC No. 01/12/04).

2.4. Experimental protocol

The animals were divided into 4 groups of 12 animals
each. Group 1 (24) served as control, In group 2 (48)
oral carcinoma was induced by painting 4-NQO 0.5% in
propylene glycol in the oral cavity using no.4 painting
brush three times/week for 8 weeks, after 22 weeks oral
cancer was induced. Group 3 (24) served as drug control
and received 200 mgs of GTP/kg, b.w. oral intubations
for 30 days. Group 4 (24 from group 2) served as treated,
receiving 200 mgs of GTP/kg b.w. oral intubations for 30
days, from 22 to 26 weeks.

After the experimental period, the animals were
anaesthetized using ether, sacrificed by cervical decap-
itation. The mouth was cut opened using a surgical
knife. The tongue was excised out, weighed and the
tissues were homogenised in Tris–HCl buffer pH 7.4
and centrifuged at 3000 rpm for 10 min. The supernatant

obtained was used for various assays.

A portion of the tongue tissue was fixed in 10%
buffered neutral formalin solution for histological stud-
ies. Blood was collected and serum was separated for fur-
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her analysis. After fixation, tissues were embedded on
araffin and solid sections were cut at 5 �m and used for
istological studies. Protein was estimated by the method
f Lowry et al. [19]. Histochemical staining of Glyco-
onjugates was carried out as per the method of Meloan
t al. [20] using 2% periodic acid and Schiff’s reagent
n dark for 20 mins. Photomicrographs were obtained
sing a Nikon Y-FL ECLIPSE 400 (Japan) microscope
onnected to a Nikon FDX-35 camera (Japan) to mea-
ure the relative intensity of PAS staining with the aid of
4×/0.10�/−WD3.0 and 10×/0.25�/−WD6.1 magni-
cation lens in control and experimental groups.

About 12.5% SDS–PAGE was carried by the method
f Laemmli [21]. After completion of the electrophore-
is run, the gel was removed from the plates and was
mmersed in 12.5% TCA for 30 min and rinsed in dis-
illed water for 30 s, then immersed in 1% periodic acid in
% acetic acid for 50 min, washed repeatedly in distilled
ater for five times then immersed in Schiff’s reagent

n dark for 50 min. The gel was destained with three
hanges of 0.5% freshly prepared sodium meta bisul-
hite solution. It was then stored in 3% acetic acid and
he gel was photographed. Simultaneously marker was
un along with the samples and stained with coomassive

rilliant blue stain for reference.

Hexose was estimated by the method of Niebes [22].
exosamine was estimated by the method of Wagner

23]. Sialic acid was estimated by the method of Winzler

ig. 1. Histochemical analysis by periodic acid schiffs staining in control and
TP treated and (d) GTP alone. → Depicts glycoconjugates. 10×/0.25�/−W
Interactions 162 (2006) 149–156 151

[24]. Fucose content was estimated by the method of
Dische and Shattles, [25]. Mucoproteins were estimated
by the method of Winzler [24]. Lysosomal fraction was
isolated by the method of Wattiaux [26]. The activity
of �-d-glucuronidase was determined by the method of
Hultberg et al. [27]. The activity of �-d-galactosidase
was assayed by the method of Conchie et al. [28]. Acid
phosphatase was assayed by the method of King [29].
Assay of Phospholipase C was carried out by the method
of Zwaal et al. [30]. Assay of Phospholipase A2 was
carried out by the method of Clark et al. [31].

Histochemical analysis of mast cell was carried out by
the method of Ranieri et al. [6]. Level of serum gamma
globulin was estimated by the method of Chauhan [32].
Serum CIC was estimated by the method of [33].

2.5. Statistical analysis

All data were analysed with SPSS/10 Student Soft-
ware. Hypothesis testing methods included one way
analysis of variance (ANOVA) followed by Bonferroni’s
multiple comparisons test. The values are expressed as
mean ± S.D., P value of less than 0.001, 0.01 and 0.05
was considered to indicate statistical significance.
3. Result

Histological staining of glycoconjugates by periodic
acid Schiff’s staining (PAS) is shown in Fig. 1, which

experimental animals. (a) Control, (b) OC-induced, (c) OC-induced
D6.1 magnification.
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Fig. 2. Glycoconjugates staining by periodic acid schiffs on SDS-

Fig. 3. (a) Effect of GTP on the levels of hexose and hexoseamine
in the tongue of control and experimental groups. (b) Effect of GTP
on the levels of sialic acid, fucose and mucoprotein in the tongue of
control and experimental groups. Values are expressed as mean ± S.D.
(Bonferroni’s multiple comparison test). Comparisons: control vs. OC
and GTP; OC vs. OC-GTP; ns: non-significant; aP < 0.001; bP < 0.01.

Fig. 4. Effect of GTP on the activities of glucronidase, galacturi-
nadase and ACP in the tongue of control and experimental groups.
Values are expressed as mean ± S.D. Units: glucuronidase and galac-
tosidase (mmoles of p-nitrophenol liberated/h/100 mg protein). Acid
phosphatase (mmoles of phenol liberated/min/100 mg protein). Com-
parisons: control vs. OC and GTP; OC vs. OC-GTP; aP < 0.001;
bP < 0.01; ns: non-significant (Bonferroni’s multiple comparision test).

Fig. 5. Effect of GTP on the activities of phospholipases. Values are
PAGE. Lane 1: control; lane 2: OC-induced; lane 3: GTP alone; lane
4: OC-induced GTP treated.

shows a clear increase in glycoconjugate expression in
oral cancer-induced animals (b) with high pearl forma-
tion in the tongue. GTP treated to oral cancer-induced
rats showed a mild decrease in glycoconjugates with
degradation of tumor cells (c).

Fig. 2 depicts the expression of glycoconjugates, con-
trol (lane 1), oral cancer-induced (lane 2), GTP alone
(lane 3) and GTP treated (lane 4). There was an arbitrary
increase in the level of glycoconjugates in oral cancer
induced (lane 2) when compared to control animals (lane
1). There was a significant decrease in the glycoconju-
gate level in GTP treated (lane 4) to oral cancer-induced
animals when compared to oral cancer-induced animals
(lane 2).

Glycoconjugates level in the tongue of control
and experimental animals are presented in Fig. 3a
and b. Level of glycoconjugates showed a significant
(p < 0.001) increase in group 2 oral cancer-induced
animals when compared with control animals. Group
4 (OC → GTP) rats showed a significant (p < 0.001)
decrease in glycoconjugates when compared with group
2. No significant changes were found between group
1(control) and group 3(GTP).

In OC-induced rats, there was a significant (p < 0.001)
increase in the activity of lysosomal enzymes such as
�-d-galactosidase, �-d-glucuronidase and acid phos-
phatase when compared to that of control animals
(Fig. 4). Administration of GTP to the rats significantly
(p < 0.001 and p < 0.01) increased the activity of lyso-
somal enzymes when compared to that of oral cancer-

induced rats. No significant changes were observed
when control rats are compared with GTP alone treated
rats.

expressed as mean ± S.D. Comparisons : control vs. OC and GTP; OC
vs. OC-GTP; ns: non-significant; aP < 0.001 (Bonferroni’s multiple
comparision test).
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Fig. 6. (a) Histochemical analysis of mast cells in control and experimental animals. (a) Control, (b) OC-induced, (c) OC-induced GTP treated
and (d) GTP alone. → Depicts mast cells. 10×/0.25�/−WD6.1 magnification. (b) Mast cell density in control and experimental groups. Values
a lly non-significant (ns); control vs. OC and OC vs. OC-GTP are statistically
s P < 0.028.
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Fig. 7. Effect of GTP on the levels of circulating immune com-
re expressed as mean ± S.D. P < 0.05; control vs. GTP are statistica
ignificant (a) by Wilcoxon sign Rank test, Asymp. Sig. (two-tailed);

Fig. 5 represents the activity of phospholipase in
he tongue of control and experimental animals. In the
resent study, there was a significant (p < 0.001) increase
n the activity of phospholipase C and A2 in OC-induced
nimals when compared to control animals. GTP treated
o oral cancer-induced animals showed a significant
ncrease when compared to OC-induced animals.

Mast cell population in control and experimental ani-
als is depicted in Fig. 6a and b. Giant mast cells and

ignificant increased population were noticed in OC-
nduced animals (b) when compared to control animals

a). GTP treated to OC-induced animals (c) showed a
ignificant decrease in giant and total mast cell popu-
ation when compared to OC-induced-induced animals
b).
plexes and total serum immunogloblins of control and experimental
groups. Values are expressed as mean ± S.D. Units: CIC (OD/103);
Ig (mg/100 ml). Comparisons: control vs. OC and GTP; OC vs. OC-
GTP; aP < 0.001; ns: non-significant (Bonferroni’s multiple compari-
son test).
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In the present study, there was a significant (p < 0.001)
increase in the content of serum immunoglobulins and
CIC to that of control animals (Fig. 7). Administra-
tion of GTP to oral cancer-induced animals significantly
(p < 0.001) reduced both CIC and serum immunoglobu-
lin to that of OC-induced rats.

4. Discussion

Extracellular matrix plays an integral role in the
biological processes of development, tissue repair and
metastasis by regulating cell proliferation, differentia-
tion, adhesion, and migration. Experimental evidence
shows that tobacco exposure to human oral cavity alters
the glycoconjugates in extracellular matrix that is criti-
cal for maintenance, proliferation, differentiation, angio-
genesis, and apoptosis of cells [34–36]. Solid tumor
growth involves important function such as angiogen-
esis, which involves stromal components that regulate
functions such as cellular adhesion, migration, and gene
expression [37].

Betaglycan, chondrition sulfate (∼20–50 kDa) and
decorin are the glycoconjugates or stromal compo-
nents found mostly in the tongue of experimental ani-
mals. Betaglycan (∼36 kDa) glycoconjugate is cova-
lently linked to a single side chain of chondrotin sulfate
or dermatan sulfate [38]. A small leucine-rich proteogly-
can decorin (∼40 kDa) is found associated with negative
regulation of cell growth. It has a prominent role in trans-
forming growth factor � and epidermal growth factor
receptor activation pathways that contributes to its role
in cellular proliferation, angiogenesis, and immunomod-
ulation [37,39].

In the present study there was significant increase in
the expression of glycoconjugates in histological exami-
nation and protein profile in oral cancer-induced animals.
In SDS-PAGE, glycocojugates of ∼40 and ∼36 kDa was
found to be expressed more in oral cancer to that of con-
trol and drug alone treated rats. There was a significant
reduction in the expression in therapeutic administration
of GTP to oral cancer-induced group.

In addition to their anti-cancer properties, GTP more
particularly EGCG inhibit the binding and efflux of drugs
by P-glycoprotein. Thus, GTP or EGCG might be a
potential agent for modulating the bioavailability of P-
glycoprotein substrates at the intestine and the multidrug
resistance phenotype associated with expression of P-
glycoprotein in cancer cells [40]. Administration of GTP

to oral cancer-induced animals significantly decreased
the levels and expression of glycoconjugates, which
might be attributed to the modulatory effect of EGCG,
one of the catechins in GTP.
Interactions 162 (2006) 149–156

In experimental oral cancer, the activity of lysosomal
enzymes such as �-d-galactosidase, �-d-glucuronidase,
cathepsin d were reported to be markedly increased [4]
which well correlated with our study. Administration of
GTP to oral cancer-induced animals showed a marked
elevation in the activity of lysosomal enzymes, which
might be due to extensive tissue break down as reported
for therapeutic tumour regression.

In the present study, there was a significant increase
in the activity of phospholipase C and A2 that concurs
with the previous study [5]. Green tea catechin improves
microsomal phospholipase A2 activity and the arachi-
donic acid cascade system in the kidney of diabetic
rats [41]. Phospholipase C was found to be activated by
EGCG a major polyphenol in GTP [42]. Earlier reports
on GTP correlated well with our present study. Treatment
with GTP to oral cancer-induced animals drastically
increased (p < 0.001) the activity of phospholipase C and
A2 in group 4 animals thereby resulting in the utilization
of phospholipid content of the cell membrane leading to
lysis or necrosis of cancer cell.

The elevation in the activity of lysosomal enzymes
and phospholipases resulting in the liberation of gly-
coconjugates from the tissue, followed by the excess
synthesis of the same to compensate for the loss due to
liberation can be considered as the possible mechanism
for the elevated levels of glycoconjugates upon induction
of oral cancer. Therapeutic administration of GTP was
found to inhibit phospholipases, which in turn inhibits
loss of glycoconjugate and hence excess synthesis. Con-
sequently the levels of glycoconjugates were maintained
in GTP treated oral cancer-induced animals.

Mast cells (MCs) have been implicated in promoting
angiogenesis in some malignant tumours, especially of
the aerodigestive tract, little is known in oral squamous
cell carcinoma (SCC). The densities of MCs appeared
to increase with disease progression. The MC counts
were significantly higher in oral SCC than in normal oral
mucosa. MCs may upregulate tumour angiogenesis in
oral SCC, perhaps via MC tryptase [43]. Earlier reports
on the increase of MC count in oral cancer correlates well
with our study; where there was a significant increase
in the mast cell population in oral cancer-induced ani-
mals. GTP inactivates MC in oral cancer-induced ani-
mals thereby significantly reducing mast cell density by
blocking the release of histamine [44].

In the present study, there was a significant increase
in the content of serum immunoglobulins and CIC to

that of control animals. Previous study by Remani et
al. [45] states that the circulating immune complexes
and their immunoglobulin contents were found to be
elevated significantly both in oral submucous fibrosis
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nd oral cancer. This helps in monitoring the malignant
ransformation of oral submucous fibrosis to oral can-
er. Previous reports on GTP shows a significant delayed
roduction of autoantibodies and IC in GTP-fed MRL-
aslprcg/Faslprcg mice [46] and total IgG [47] was also
ignificantly reduced.

Thus GTP acts immunologically by modulating
IC and serum Ig and attenuates MC activation, which
lays a role in angiogenesis and progression of oral
ancer. Hence it could be concluded that GTP is a
otential candidate in modulating the expression of
lycoconjugates and immunological markers there by
egressing oral cancer.

cknowledgements

Dr. P. Srinivasan acknowledges financial assistance
rom the Council for Scientific and Industrial Research
CSIR). New Delhi, India.

eferences

[1] U. Sen, S. Guha, J.R. Chowdhury, Serum fucosyl transferase
activity and serum fucose levels as diagnostic tools in malignancy,
Acta Med. Okayama 37 (6) (1983) 457–462.

[2] D. Scholz, G. Horpacsy, M. Mebel, Late prognosis in acute post-
transplant renal failure in 102 patients, Eur. Urol. 5 (1979) 14–17.

[3] S. Hakomori, Tumor malignancy defined by aberrant glycosyla-
tion and sphingo(glyco)lipid metabolism, Cancer Res. 56 (1996)
5309–5318.

[4] S. Balasubramanian, V. Elangovan, S. Govindasamy, Fluo-
rescence spectroscopic identification of 7,12-dimethylbenz[a]
anthracene-induced hamster buccal pouch carcinogenesis, Car-
cinogenesis 16 (1995) 2461–2465.

[5] M. Zhou, X. Zeng, Q. Chen, M. Zhao, M. Lin, X. Wang, G. Zhang,
B. Li, Phospholipase activities of Candida albicans isolates from
oral pre-malignant lesions and oral cancers, Hua Xi Kou Qiang
Yi Xue Za Zhi 19 (5) (2001) 281–282.

[6] G. Ranieri, A. Labriola, G. Achille, G. Florio, A.F. Zito, L. Gram-
matica, A. Paradiso, Microvessel density, mast cell density and
thymidine phosphorylase expression in oral squamous carcinoma,
Int. J. Oncol. 21 (6) (2002) 1317–1323.

[7] S.M. Lippman, W.K. Hong, Molecular markers of the risk of oral
cancer, N. Engl. J. Med. 344 (17) (2001) 1323–1326.

[8] R.M. Nagler, M. Barak, H. Ben-Aryeh, N. Peled, M. Filatov, D.
Laufer, Early diagnostic and treatment monitoring role of Cyfra
21-1 and TPS in oral squamous cell carcinoma, Cancer 35 (1999)
1018–1025.

[9] D.M. Parkin, Epidemiology of cancer: global patterns and trends,
Toxicol. Lett. 102–103 (1998) 227–234.

10] International Agency for Research on Cancer, IARC Monographs
on the Evaluation of Carcinogenic Risks to Humans. Alcohol
drinking, vol. 44, International Agency for Research on Cancer

(IARC), Lyon, 1988.

11] Takashi Sugimura, Multistep carcinogenesis: a prospective, Sci-
ence 258 (1992) 603–607.

12] G. Stenman, Malignancy of 4-NQO induced oral squamous cell
carcinomas in rat, Acta Otolaryngol. 92 (1981) 557–561.

[

[

Interactions 162 (2006) 149–156 155

13] F.J. Hendler, B. Yuan, M.N. Oechlsi, E.J. Lentseh, J.C. Menes,
A. Shum-Siu, L.H. Hu, B. Hawkins, B.W. Heniford, 4-NQO oral
carcinogenesis, a murine model of human head and neck cancer,
Head Neck Cancer (1996) 79–87.

14] S.K. Katiyar, H. Mukhtar, Tea in chemoprevention of cancer; epi-
demiological and experimental studies, Int. J. Oncol. 8 (1996)
221–238.

15] J. Jankun, S.H. Selman, R. Swiercz, E. Skrzypczak-Jankun, Why
drinking Green tea could prevent cancer, Nature 387 (1997) 561.

16] M. Suganuma, S. Okabe, M. Oniyama, Y. Tada, H. Ito, H. Fujiki,
Wide distribution of [3H](2)-epigallocatechin gallate, a cancer
preventive tea polyphenol, in mouse tissue, Carcinogenesis 19
(1998) 1771–1776.

17] Y.C. Wang, U. Bachrach, The specific anticancer activity of Green
tea (−)epigallocatechine-3-gallate-3 (EGCG), Aminoacids 22
(2002) 131–143.

18] P. Srinivasan, K.E. Sabitha, C.S. Shyamaladevi, Therapeutic
efficacy of Green tea polyphenols on cellular thiols in 4-
nitroquinoline 1-oxide induced oral carcinogenesis, Chem. Biol.
Interact. 149 (2004) 81–87.

19] O.H. Lowry, N.J. Rusebrough, A.L. Farr, R.J. Randall, Pro-
tein measurement with folin-phenol reagent, J. Biol. Chem. 193
(1951) 265–275.

20] S.N. Meloan, L.S. Valentine, H. Puchtler, Histochemie 27 (1971)
87–95.

21] U.K. Laemmli, Cleavage of structural proteins during the assem-
bly of the head of bacteriophage T4, Nature 227 (1970) 680.

22] P. Niebes, Determination of enzymes and degradation products
of glucosamine glycan metabolism in the serum of health and
various subjects, Clin. Chim. Acta 42 (1972) 399–408.

23] W.D. Wagner, A more sensitive assay discriminating galac-
tosamine and glucosamine in mixture, Anal. Biochem. 94 (1979)
394–396.

24] R.J. Winzler, Determination of serum glycoproteins, Meth.
Biochem. Anal. 2 (1955) 279–311.

25] Z. Dische, Shuttles, fucose and sialic acid in glycoproteins of the
mucus of the digestive tract, Fed. Proc. 19 (1960) 904–910.

26] G.A. Jamieson, D.M. Robinson, in: Wattiaux (Ed.), Mammalian
cell membranes, vol. 2, Butterworth Press, London, 1977, pp.
165–171.

27] B. Hultberg, J. Linsten, S. Sjoblad, Molecular forms and activities
of glycosides in cultures of amniotic fluid cells, Biochem. J. 155
(1976) 599–605.

28] J. Conchie, A.L. Gelman, G.A. Levvy, Inhibition of glycosi-
dases by aldonolactones of corresponding configuration. The C-4
and C-6 specificity of beta-glucosidase and beta-galactosidase,
Biochem. J. 103 (1967) 609–615.

29] The phosphohydrolases-acid and alkaline phophatases, in: J. King
(Ed.), Practical Clinical Enzymology, Van D. Nostrand Co. Ltd.,
London, 1965, pp. 191–208.

30] R.F. Zwaal, B. Roelofsen, P. Comfurius, L.L. van Deenen, Com-
plete purification and some properties of phospholipase C from
Bacillus cereus, Biochim. Biophys. Acta 233 (2) (1971) 474–479.

31] M.A. Clark, M.J. Chen, S.T. Crooke, J.S. Bomalaski, Tumour
necrosis factor (cachectin) induces phospholipase A2 activity and
synthesis of a phospholipase A2-activating protein in endothelial
cells, Biochem. J. 250 (1) (1988) 125–132.
32] R.S. Chauhan, Laboratory manual of immunopathology for the
participants of DBT sponsored short term training course on
immunopathology, Mod. Trends Diag. Contr. (1998) 67.

33] M. Digeon, D. Droz, L.H. Noel, J. Riza, C. Rieumailhol, J.F. Bach,
F. Santoro, A. Capron, The role of circulating immune complexes



logical

[

[

[

[

[

[

[

[

[

[

[

[

[

552.
156 P. Srinivasan et al. / Chemico-Bio

in the glomerular disease of experimental hepatosplenic schisto-
somiasis, Clin. Exp. Immunol. 35 (3) (1979) 329–337.

34] L. Yin, A. Morita, T. Tsuji, Alterations of extracellular matrix
induced by tobacco smoke extract, Arch. Dermatol. Res. 292
(2000) 188–194.

35] G. Melkonian, C. Le, W. Zheng, P. Talbot, M. Martins-Green, Nor-
mal patterns of angiogenesis and extracellular matrix deposition
in chick chorioallantoic membranes are disrupted by mainstream
and sidestream cigarette smoke, Toxicol. Appl. Pharmacol. 163
(2000) 26–37.

36] H.B. Snyder, G. Caughman, J. Lewis, M.A. Billman, G. Schus-
ter, Nicotine modulation of in vitro human gingival fibroblast-1
integrin expression, J. Periodontol. 73 (2002) 505–510.

37] S.A. Brooks, M.V. Dwek, U. Schumacher (Eds.), Functional and
Molecular Glycobiology, BIOS Scientific Publishers, UK, 2000,
pp. 166–167.

38] A.G. Banerjee, I. Bhattacharyya, W.M. Lydiatt, J.K. Vishwanatha,
Aberrant expression and localization of decorin in human oral
dysplasia and squamous cell carcinoma, Cancer Res. 63 (2003)
7769–7776.

39] D.K. Moscatello, R.V. Iozzo, Interaction of proteoglycans with
receptor tyrosine kinases, Meth. Mol. Biol. 171 (2001) 427–434.

40] J. Jodoin, M. Demeule, R. Beliveau, Inhibition of the multidrug
resistance P-glycoprotein activity by Green tea polyphenols,

Biochim. Biophys. Acta 1542 (2002) 149–159.

41] S.J. Rhee, J.H. Choi, M.R. Park, Green tea catechin improves
microsomal phospholipase A2 activity and the arachidonic acid
cascade system in the kidney of diabetic rats, Asia Pac. J. Clin.
Nutr. 11 (3) (2002) 226–231.

[

Interactions 162 (2006) 149–156

42] H.J. Kim, K.S. Yum, J.H. Sung, D.J. Rhie, M.J. Kim, S. Min
do, S.J. Hahn, M.S. Kim, Y.H. Jo, S.H. Yoon, Epigallocatechin-
3-gallate increases intracellular [Ca2+] in U87 cells mainly by
influx of extracellular Ca2+ and partly by release of intracellular
stores. Naunyn Schmiedebergs, Arch. Pharmacol. 369 (2) (2004)
260–277.

43] A. Iamaroon, S. Pongsiriwet, S. Jittidecharaks, K. Pattanaporn,
S. Prapayasatok, S. Wanachantararak, Increase of mast cells and
tumor angiogenesis in oral squamous cell carcinoma, J. Oral
Pathol. Med. 32 (4) (2003) 195–199.

44] M. Maeda-Yamamoto, H. Kawahara, N. Matsuda, K. Nesumi,
M. Sano, K. Tsuji, Y. Kawakami, T. Kawakami, Effects of tea
infusions of various varieties or different manufacturing types
on inhibition of mouse mast cell activation, Biosci. Biotechnol.
Biochem. 62 (11) (1998) 2277–2279.

45] P. Remani, R. Ankathil, K.K. Vijayan, V.M. Haseena Beevi,
R. Rajendran, T. Vijayakumar, Circulating immune complexes
as an immunological marker in premalignant and malignant
lesions of the oral cavity, Cancer Lett. 40 (2) (1988) 185–
191.

46] K. Sayama, I. Oguni, A. Tsubura, S. Tanaka, A. Matsuzawa,
Inhibitory effects of autoimmune disease by Green tea in
MRL-Faslprcg/Faslprcg mice, In vivo 17 (6) (2003) 545–
47] T.M. Haqqi, D.D. Anthony, S. Gupta, N. Ahmad, M.S. Lee, G.K.
Kumar, H. Mukhtar, Prevention of collagen-induced arthritis in
mice by a polyphenolic fraction from Green tea, Proc. Natl. Acad.
Sci. USA 96 (8) (1999) 4524–4529.


	Modulatory efficacy of Green tea polyphenols on glycoconjugates and immunological markers in 4-Nitroquinoline 1-oxide-induced oral carcinogenesis-A therapeutic approach
	Introduction
	Materials and methods
	Materials
	Preparation of GTP
	Animals
	Experimental protocol
	Statistical analysis

	Result
	Discussion
	Acknowledgements
	References


