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in 4-Nitroquinoline 1-oxide-induced oral carcinogenesis

Periasamy Srinivasan, Kuruvimalai Ekambaram Sabitha,
Chennam Srinivasulu Shyamaladevi∗

Department of Biochemistry, University of Madras, Guindy Campus, Chennai-600025,Tamilnadu, India

Accepted 23 June 2004
Available online 18 September 2004

Abstract

In cancer, a high flux of oxidants not only depletes the cellular thiols, but damages the whole cell as well. Epidemiological
studies suggest green tea may mitigate cancers in human and animal models for which several mechanisms have been proposed.
In the present investigation, the levels of cellular thiols such as reduced glutathione (GSH), oxidised glutathione (GSSG), protein
thiols (PSH), total thiols, lipid peroxidation product conjugated dienes and the activity of gamma glutamyl transferase (GGT)
were assessed in tongue and oral cavity. In 4-Nitroquinoline 1-oxide- (4-NQO) induced rats, there was a decrease in the levels of
GSH, PSH and total thiols and an increase in the levels of GSSG, conjugated dienes and the activity of GGT. On supplementation
of green tea polyphenols (GTP) for 30 days (200 mg/kg) for the oral cancer-induced rats, there was a moderate increase in the
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evels of GSH, PSH and total thiols and a decrease in the levels of GSSG, conjugated dienes and the activity of GGT. T
educes the oxidant production thereby maintains the endogenous low molecular weight cellular thiols in oral cance
ats. From the results, it can be concluded that GTP supplementation enhances the cellular thiol status thereby m
ancer.
2004 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Thiol compounds are known for general anti-
xidant properties such as radical quenching[1] as well
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as specific anti-oxidant functions. However, the m
significant of the multiple roles of thiol compoun
in vivo might be their critical function as cellular r
dox buffers, regulating protein thiol/disulfide compo
tion. Glutathione (GSH), the major non-protein thio
mammalian cells, is involved in many cellular functio
including amino acid transport[2] and thiol-disulfide
balance[3]. GSH has also been suggested as a p
tial regulator of protein synthesis[4]. Free sulfhydry
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groups in protein thiols (PSH) play the role of highly
reactive functional groups in biological systems and
participate in several different reactions such as alkyla-
tion, arylation, oxidation, thiol-disulfide exchange etc.
Therefore, the modification of PSH groups can result
in severe functional damage, including loss of enzyme
activity [5].

Oral squamous cell carcinoma (OSCC), the fifth
most common cancer worldwide, is a major cause of
morbidity and mortality[6]. The incidence rate of oral
cancer in India is among the highest in the world consti-
tuting 47% of all cancers. In India, OSCC is recognized
to result from chewing of betel quid containing lime,
areca nut and tobacco together with smoking. In re-
cent decades, oral cancer incidence and mortality rates
have been increasing in USA, Japan, Germany and
Scotland, especially among young males. In the United
States, there are∼43,000 new cases annually, resulting
in ∼11,600 deaths[7].

4-NQO is known to induce multistep carcinogene-
sis[8]. 4-NQO is also known to induce H-rasmutation
in chromosome 7 leading to head and neck squamous
cell carcinoma in experimental murine model, which is
quite similar to that of tumours that develop in tobacco
chewers[9]. Carcinoma is preceded by a sequence
of hyperplasia–papilloma/dysplasia–carcinoma, simi-
lar to that of human oral cancer[10]. Hence in the
present study, 4-NQO is chosen as a model to investi-
gate oral carcinogenesis.
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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 car-
cinogenesis at the initiation, promotion and progression
stages[12]. The most noteworthy properties of GTP
that may affect carcinogenesis are their anti-oxidative
activity, inhibitory action against nitrosation reactions,
modulation of carcinogenic enzymes, trapping of ulti-
mate carcinogens, and inhibition of cell proliferation-
related activities[13]. The worldwide interest in green
tea as a cancer preventive agent for humans has in-
creased since it is non-toxic and it is effective in a wide
range of organs[14].

Based on the above facts, it was proposed to study
the levels of cellular thiols and the activity of GGT to
determine the therapeutic efficacy of GTP on 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
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rages in the world, next to water. Catechins
picatechins are the structural parent compound
reen tea polyphenols (GTP). The major GTP
pigallocatechin-3-gallate (EGCG), epigallocatec
EGC), epicatechin-3-gallate (ECG), epicatechin (
nd catechin. Over the past decade, numerous

es reported that green tea polyphenols have si
cant anti-carcinogenic and anti-oxidative activit
hich suggest that GTP might be a useful can
hemopreventive agent in the human populations.
iological activities of green tea are believed to
ediated by its major polyphenolic constituent, e
allocatechin gallate (EGCG). EGCG has been s

ed extensively due to its diverse physiological
harmacological properties, including hypolipidem
nti-inflammatory, anti-microbial, anti-oxidative, an
arcinogenic and anti-tumour activities[11]. Epidemi-
logical studies have associated the consumptio
Extraction of green tea polyphenols (GTP 80%)
one by adapting the procedure of Shaowen Lee
ector, Human King long Bioresource Co. Ltd., Chin
reen tea leaves were extracted with six times vol
f 30% grain alcohol under 60–70◦C for 20 min. Fil-

ered and cooled and the solution was extracted.
esidual green tea leaves are extracted with four t
olume of 30% grain alcohol. The extract was filte
nd cooled, and extracts were pooled, concentrate

he grain alcohol was recovered under low temp
ure (<50◦C) to obtain the concentrated solution (so
25%) and subsequently purified using ethyl aceta
et 80% GTP. From the concentrated extract, ethy
tate was recovered and GTP was spray dried into
er. The amounts of polyphenols in the extract w
stimated according to the modified method of P
nd Butler[15], which accounts approximately 80
olyphenols.
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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:12 h dark cycles. All the animals were given
a standard rat feed (Hindustan Lever Ltd., Bangalore)
and tap water ad libitum. This study was conducted as
per the guidelines of the human/animal ethical com-
mittee of our institution.

2.4. Experimental protocol

The animals were divided into four groups of 12
animals each. Group I (12) served as control, Group II
(24) served as induced, oral carcinoma was induced by
painting 4-NQO 0.5% in propylene glycol using No. 4
painting brush three times/week for 12 weeks, after 22
weeks, oral cancer was induced. Group III (12) served
as drug control, received 200 mg of GTP/kg b.wt. p.o.,
for 30 days. Group IV (12 from Group II) served as
treated, received 200 mg of GTP/kg b.wt. p.o., for 30
days, from 22–26 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 and whole oral cavity tissue (hard
palate, cheek, and floor of the mouth) was excised out,
weighed and the tissues were homogenised in Tris–HCl
b in.
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dithio(2-nitrobenzoic acid) (DTNB) is a disulfide com-
pound that is readily reduced by sulphydryl compounds
forming a highly colored anion. The optical density of
this yellow substance was measured at 412 nm. GSSG
was measured by the method of Griffith[18]. Total thiol
content was estimated by the method of Sedlack and
Lindsay[19], using Ellman’s reagent (DTNB), which
was reduced by thiol groups to form one mole of 2-nitro
5-mercaptobenzoic acid per mole of thiol, which has
an absorption maximal at 412 nm. Protein thiols were
calculated by subtracting the non-protein thiols from
total thiols. Conjugated dienes were estimated by the
method of Klein[20]. The extent of peroxidation was
determined by the measurement of conjugated dienes,
which is arrived by computing the ratio of absorbance
at 233 and 215 nm. GGT was assayed according to the
modified method of Indrani and Hill[21]. Transpepti-
dation activity of GGT transfers the gamma glutamyl
moiety of gamma glutamyl para nitroanilide to glycyl-
glycine and releases the para nitroanilide, which has an
absorbance maximal at 405 nm.

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 LSD. 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.
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uffer pH 7.4 and centrifuged at 3000 rpm for 10 m
he supernatant obtained was used for the variou
ays. Protein was estimated by the method of Low
l. [16]. GSH was estimated by the method of Moro
l.[17]. Virtually all the non-protein sulphydryl conte
f the cell is in the form of reduced gultathione.5,1-

able 1
ffect of GTP on 4-NQO-induced oral cancer

roup (treatment) Number of
animals
examined

Visible tumour

Tumour
incidence

ontrol 12 0
-NQO 12 (9/12) 100%
TP 12 0
-NQO→ GTP (post) 12 (8/12) 100%

esults are expressed as mean± S.D. Tumour volume (mm3) was
iameter measurement in mm).
∗ Significant difference (P < 0.001, LSD) compared with grou
umber of
nimal/animal

Tumour volume
(mm3)/animal

Tumour
regression

0 0 0
4.92± 0.44 88.30± 3.05 (9/12) 100%

0 0 0
3.86± 0.66∗ 77.38± 4.82∗ (5/8)∗ 62.50%

ated by the formula-4/3�r3(r represents the average radius of th

QO).

. Results

Table 1depicts the effect of GTP on 4-NQO-induc
ral cancer. There was significant decrease (P < 0.001)
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Table 2
Effect of GTP on the levels of cellular thiols and activity of GGT in the tongue of control and experimental groups

Parameters Group I (control) Group II (oral cancer-induced) Group III (drug control) Group IV (treated)

GSH 1.15± 0.08 0.57± 0.04c 1.51± 0.06NS 0.80± 0.12a

GSSG 0.56± 0.04 1.07± 0.05c 0.59± 0.05NS 0.91± 0.02b

PSH 6.32± 0.10 3.09± 0.07c 6.35± 0.08NS 4.09± 0.07c

Total thiols 7.47± 0.15 3.67± 0.07c 7.50± 0.06NS 4.89± 0.05c

Conjugated dienes 1.62± 0.04 2.53± 0.04c 1.62± 0.03NS 1.92± 0.03c

GGT 12.79± 0.57 19.41± 0.92c 12.59± 0.49NS 15.91± 0.51c

Values are expressed as mean± S.D. for six rats in each group. GSH,�g/mg protein; GSSG,�g/mg protein; PSH,�g/mg protein; total thiols,
�g/mg protein; conjugated dienes, ratio of absorbance at 233 and 215 nm; GGT, IU/L. On comparing Groups II, III with Group IcP < 0.001;
NS, non-significant. On comparing Group II with Group IVaP < 0.05,bP < 0.01,cP < 0.001.

in the percentage of tumours, number of tumours and
volume of tumours in GTP treated animals (Group IV)
when compared to that of oral cancer-induced animals
(Group II).

Table 2shows the level of cellular thiols and the
activity of GGT in the tongue of control and experi-
mental rats. The levels of GSH, PSH and total thiols
were markedly decreased (P < 0.001) whereas the lev-
els of GSSG, conjugated dienes and the activity of GGT
were found to be significantly increased (P < 0.001) in
oral cancer-induced rats (Group II), when compared
with control rats (Group I). In oral cancer-induced rats,
supplementation of GTP for 30 days increased the lev-
els of GSH (P < 0.05), PSH (P < 0.01) and total thiols
and decreased the level of GSSG, conjugated dienes
and the activity of GGT (Group IV). No significant
changes were found in GTP alone treated rats (Group
III) as compared with control rats.

The levels of cellular thiols and the activity of GGT
in the oral cavity of control and experimental group of
animals are presented inTable 3. The levels of GSSG,
conjugated dienes and the activity of GGT were found
to be significantly high (P < 0.001) and the levels of

Table 3
Effect of GTP on the levels of cellular thiols and activity of GGT in the oral cavity of control and experimental groups

Parameters Group I (control) Group II (oral cancer-induced) Group III (drug control) Group IV (treated)

GSH 1.73± 0.01 0.84± 0.02a 1.75± 0.04NS 1.08± 0.06a

GSSG 0.76± 0.03 1.52± 0.02a 0.78± 0.03NS 1.24± 0.04a

P a NS a

T
C
G

V SH,�g/m ,
� nd 215 p II with
G

GSH, PSH and total thiols were found to be signif-
icantly lowered (P < 0.001) in oral cancer-induced
rats when compared to control rats. Administration of
GTP significantly increased the levels of GSH, PSH
and total thiols and significantly reduced the levels
of GSSG, conjugated dienes and the activity of GGT
when compared with oral cancer-induced rats. No sig-
nificant changes were observed for GTP alone treated
rats, when compared with control rats.

4. Discussion

In the present investigation, decrease in the levels
of GSH, PSH and total thiols and an increase in the
levels of GSSG, conjugated dienes and the activity of
GGT were observed in tongue and oral cavity of oral
cancer-induced rats when compared with control rats.
Supplementation of GTP scavenges free radicals; this
might be attributed to the enhancement of cellular thiol
levels.

The cell is protected against damage by several
mechanisms such as oxygen consumption, primary
SH 9.15± 0.04 4.34± 0.17
otal thiols 10.87± 0.05 5.53± 0.18a

onjugated dienes 2.27± 0.02 3.55± 0.05a

GT 19.99± 0.16 30.30± 0.26a

alues are expressed as mean± S.D. for six rats in each group. G
g/mg protein; conjugated dienes, ratio of absorbance at 233 a
roup IV,aP < 0.001; NS, non-significant.
9.34± 0.09 6.45± 0.14
11.09± 0.14NS 7.53± 0.20a

2.30± 0.02NS 3.09± 0.02a

19.89± 0.11NS 23.74± 0.46a

g protein; GSSG,�g/mg protein; PSH,�g/mg protein; total thiols
nm; GGT, IU/L. On comparing Groups II, III with Group I, Grou
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radical scavenging, release of bound endogenous re-
actors, inhibition of oxygen transport etc.[22]. Among
the protectors, cellular thiols are important mainly GSH
plays a major role thus, GSH belongs to the second
line of anti-oxidant defence which is the most abun-
dant non-protein thiol synthesised in vivo and serves
as a scavenger of different free radicals[23]. GSH has
also been reported to have anti-cancer effects against
experimentally induced oral cancer and as a chemopre-
ventive agent[24]. Lipid peroxidation was also known
to deplete the protein thiols. Casini et al.[25] have
shown that a significant decrease in protein thiols was
observed only when lipid peroxidation is developed.
Oxygen free radicals and hydrogen peroxide are able
to react directly with protein sulphydryl groups[26]
and in the absence of glutathione this effect may be-
come pronounced. Oxidative stress which can enhance
S-thiolation causes formation of one nmole protein
SSG/1 nmol GSSG duringt-butylhydroperoxide oxi-
dation of mitochondria[27]. It was also found that dur-
ing the conditions of oxidative stress the PSH were
depleted. This was correlated with damage to the cells
[28].

In the present investigation there was a significant
depletion in the GSH, PSH and total thiols. Thus, there
was an increase in the levels of GSSG. This could be
attributed due to the increased oxidative stress in 4-
NQO-induced oral cancer. In cancer, there is an enor-
mous production of free radicals in the system[29].
Dormandy[30] has proposed a close relationship be-
t ski
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cell death[33]. Elevated levels of conjugated dienes in
the oral cancer-induced rats might be due to an im-
balance between pro and anti-oxidant in favour of the
former, which is deleterious for the cells. On admin-
istration of GTP to the oral cancer-induced animals,
there was a decrease in the lipid peroxidation because
GTP is a potent anti-oxidant, which scavenges free rad-
icals, the mediators of lipid peroxidation[34]. Thus the
levels of GSH, PSH and total thiols were found to mod-
erately maintained and there was a significant decrease
in the levels of conjugated dienes (Tables 2 and 3)
in both tongue and oral cavity. This could be at-
tributed to the inhibition of tumour promotion re-
lated enzymes such as ornithine decarboxylase, protein
kinase C, lipoxygenase and cyclooxygenase[35–37]
by GTP.

In the present study, there was an increase in GGT
activity in oral cancer-induced group II animals. GGT is
a marker of neoplastic progression and occur in a num-
ber of human neoplasm’s and their metastasis[38]. The
physiological function of GGT is closely connected
with the metabolism and transport of glutathione. GSH
is exported to the blood plasma and it is broken down by
GGT. The broken products are transported and utilised
for GSH synthesis, inhibition of GGT also interrupts
salvage pathway of GSH synthesis[39]. Supplementa-
tion of GTP significantly reduced the activity of GGT
(Tables 2 and 3) in both tongue and oral cavity. Qing
et al. [40] reported that administration of GTP in liver
carcinogenesis decreased GGT positive foci by 60%.
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ween free radical activity and malignancy. Szatvow
nd Nathan[31] reported an increase in lipid peroxid

ion and poor anti-oxidant system. In 4-NQO-indu
ral cancer there was depletion in anti-oxidants

ncrease in lipid peroxidation[32] and protein per
xidation, which leads to decrease in PSH and

hiols.
In the present study, the levels of conjugated die

ere found to be increased. This might be due to
normous production of free radicals in cancer. L
eroxidation is a free radical mediated process, it i
olved in the formation of lipid radicals, rearrangem
f unsaturated lipids that results in the variety of
raded products like alkanes, MDA, conjugated die
nd lipidhydroperoxides and eventually destructio
embrane lipids. Increase in the accumulation of

ugated dienes in the cells can result in their cell
egradation, biochemical, functional changes and
he results of the present study is consistent with
revious findings[41].

The proposed mechanism of the study is “GT
resent in the system as glucuronide conjugates w

n turn directly scavenges free radicals thereby m
ains the anti-oxidant status, thus preserving the
roups of enzymes and proteins present in the sys

In conclusion GTP a known anti-oxidant inhib
ipid peroxidation, which in turn moderately increas
he level of cellular thiol status and decreased the
ivity of GGT, a marker of tumour progression.
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