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Abstract

Research in cancer chemoprevention involves a number of activities, the first and foremost of which is acquisition
of detailed knowledge concerning the process of carcinogenesis and identification of points of intervention whereby
the process can be reversed or stalled. Parallel to this is the search for ideal chemopreventive agents — natural or
synthetic - and screening for their activity and efficacy in vitro and in vivo. For ethical reasons it is not possible to test
new agents on humans, so preclinical studies are dependent on results first being obtained with suitable animal
models. Since it is not possible for a single model to reflect the diversity and heterogeneity of human cancers, itis
necessary to have as many different models as possible, depending on the requirement of the studies on different
aspects of cancer biology.

Advances in research on carcinogenesis and chemoprevention therefore have to be accompanied by development
of appropriate laboratory animal models using a variety of carcinogens that produce tumours at different sites.
Animal models have contributed significantly to our understanding of carcinogenesis and ways to intervene in the
underlying processes. Many animal carcinogenesis and tumour models have been found to mirror corresponding
human cancers with respect to cell of origin, morphogenesis, phenotype markers and genetic alteration. In spite of
the fact that interpolation of data from animal studies to humans is difficult for various reasons, animal models are
widely used for assessment of new compounds with cancer chemopreventive potential and for preclinical trials. So
despite the movements of animal rights activists, animal models will continue to be used for biomedical research for
saving human lives. In doing so, care should be taken to treat and handle the animals with minimal discomfort to
them and ensuring that alternatives are used whenever possible.

Key Words: Skin papilloma - lung carcinoma - black tea - epigallocatechin gallate - theaflavins - proliferation - apoptosis
- caspase-3 - Cox-2

Asian Pacific J Cancer Pre§, 15-23

Introduction intervention studies for chemoprevention can be attempted.
Conventionally in the absence of convincing data on
Investigations over the past decades on Carcinogeneﬁgmans, information collected from animal studies are
and anti-carcinogenesis have laid the foundation for furthetonsidered as evidence for carcinogenic risk to humans,
approaches towards prevention of cancer includinglthough all agents or mixtures that cause cancer in
chemoprevention. Researches in cancer chemopreventigkperimental animals may not necessarily be carcinogenic
involves a number of activities the first and foremost ofo humans. It has been reported that 44 agents and mixtures
which is the acquisition of detailed knowledge concerningor which there is sufficient or limited evidence of
the process of carcinogenesis and identification of points gRrcinogenicity to humans, about 37 were found to produce
intervention whereby the process can be reversed or stallg®ncer in at least one animal species (Wilbourn et al., 1986).
Parallel to this is the search for ideal chemopreventive ageri¥émilarly new compounds with cancer chemopreventive
— natural or synthetic, and screening for their activity an@otential need to be assessed on animal carcinogenesis
efficacy as well as determination of safe dosage. Only aftépodels (Steele et al., 1994) although interpolation of data
obtaining adequate information as above througffom animal studies to humans require caution.
investigationsn vitro andin vivo,clinical trials and human Since the beginning of studies on pathogenesis for cancer
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the need for suitable reproducible models for understandirimethylbenz(a) anthracene (DMBA) is used to initiate the
the cellular, molecular and genetic events that are associaig@cess followed by application of a promoter, Croton oil
with initial transformation and gradual progression fromor TPA its active chemical component, to induce skin
precancer to invasive phenotypes was felt. Thereforgapillomas and squamous cell carcinomas. Papillomas
advances in researches on carcinogenesis had to &gpear after 6-7 weeks of application of the promoter and it
accompanied by development of excellent models whicl possible to follow the development of these precancers to
formed the biological material for the experiments. Itis nosquamous cell tumours both morphologically and
possible for a single model to reflect the diversity andistopathologically. It therefore forms a very useful and
heterogeneity of human cancers (Nicolson and Poste, 1988ktensively used single organ model for measurement of
so it is necessary to have as many as possible dependingapiemopreventive activity, which can be expressed as percent
the requirement of the studies on different aspects of canogsduction in incidence of papillomas and carcinomas (Boone
biology. Although a number of relatively non-animal et al., 1990). This model has been included in our laboratory
procedures and tests have been developed which does fitscreening of natural and synthetic compounds for their
involve direct use of animals, they can at best supplemeghemopreventive activity as well as to evaluate the effect of
but cannot replace animal models. Therefore despite thgal administration of a variety of fruits and spices during
movements of animal rights activists animal models wilcarcinogenesis (Ganguly et al., 2000; De et al., 2000a;
continue to be used for biomedical research for saving hum&engupta et al., 2001; De and Das, 2001; Saha and Das,
lives. 2002; Saha and Das, 2003).

Animal models have contributed significantly to our  Chronic exposure to methyl cholanthrene (MC) or
understanding of carcinogenesis and ways to interfere witenzo(a)pyrene (BP) can induce carcinoma in mouse uterine
the process. Many models were found to be identical teervix. The progress of precancerous dysplasia through
corresponding human cancers with respect to cell of origizarcinomain situ to invasive carcinoma can be easily
morphogenesis, phenotype markers and genetic alterati@gliowed by examination of vaginal exfoliated cells and
(Yuspa and Poirier, 1988). histology of cervix uteri (Kehar and Wahi, 1967; De et al.,

Rodents viz. mouse and rats are the animals of choig®00b). This is a very useful model for screening of new
for cancer research because they have a relatively short lgaemopreventive agents for cancer cervix as the model
span (2-3 years) that allow observation of the progressiugisplays preneoplastic cellular characteristics similar to those
pathophysiological changes in the host during carcinogenesigted in humans. We have successfully used our information
within a reasonable time frame. Moreover theyon the chemopreventive role of alpha tocopherol based on
physiologically resemble humans in many respects and it {is model (De et al., 2000c) to human intervention study
possible to provoke a carcinogenic response by a diversifganguly et al., 2001).
of experimental procedures. Assessment of carcinogenicity The colon carcinogenesis model in rats which can be
and the possible role of modifying factors across specigaduced by azoxymethane (AOM) to produce colorectal
and target organs under controlled conditions is alsadenocarcinomas within 40 weeks with approximately 70%
relatively easier in this group due to convenience of handlingicidence (Boone et al., 1990) has proved to be useful for
and caging. preclinical assessment of chemopreventive agents for

It is now universally recognized that advances in theolorectal cancer. Distinct aberrant crypt foci (ACF) like
understanding of the pathogenesis of many human cancer®se noted in humans and considered to be the earliest
would not have been possible without the well definedecognisable precancerous histopathological change (Bird,
reproducible animal cancer models. Notwithstanding the995; Pretlow et al., 1991), are formed during carcinogenesis
problems related to interpretation and interpolation of datahat serve as useful intermediate histological markers. This
animal tumour models have proved their worth, though thenodel is being extensively used in our laboratory (Sengupta
choice of a specific model, depending on the experimentat al., 2002; Sengupta et al., 2003a; Sengupta et al., 2003b).
design and information saught, is important. A benzo(a)pyrene induced lung carcinogenesis model

Interest in the components of food and beverages, the mice (Yun et al., 1995) allows analysis of the progressive
micronutrients and phytochemicals in plant food inchanges in cellular and histilogical features in lung during
particular, for prevention of human cancer continues teransformation. We are using this model for validation of
increase. Controlled experiments on suitable animajur hypothesis that black tea drinking may protect from lung
carcinogenesis models are required to identify and determig@ancer as postinitiation alterations in the lung leading to
the efficacy of these agents and for appropriate testing @evelopment of a mixed cell type tumour can be followed
hypothesis based on observational studies on humans. Givgigtopathologically.
that the majority of human cancers are of epithelial origin, Other single organ model for carcinogenesis,
many chemically induced epithelial cancer models have begacommended by the NCI chemoprevention drug
developed which are widely used for such studies. development programme, which have found wide use for

Many vital information and basic concepts of multistagechemopreventive studies include representatives of high-
carcinogenesis have been derived from the classical twacidence human cancers like rat mammary gland, mouse
stage mouse skin model (Slaga, 1984) wheré@rinary bladder and hamster respiratory tract.
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Mammary tumours (adenocarcinoma, adenoma antka during carcinogenesis using animal models.
fiboroadenoma) are induced by N-methyl-N- nitrosourea For our study we selected the murine system (using
(MNU) or DMBA (Moon and Mehta, 1989). Like human outbred adult Swiss / A mice from our animal colony),
breast cancer, these chemically induced animal tumours abecause they have certain advantages over other systems. It
hormone dependent. DMBA needs activation in the liver savas reported that human and murine proteins have in many
this model is useful for testing agents, which are associatezhses amino acid identity (Breuinger et al., 1995) and so it
with inhibition of carcinogen activation. is more likely that the results obtained in mouse would be

In the mouse bladder model N-butyl-N-(4-hydroxybutyl) closer to the humans (Lorico et al., 1997). Also, outbreed
nitrosamine (OH-BBN) produce invasive transitional cellSwiss mice closely resemble genetically heterogeneous
carcinomas that morphologically resemble a human typhuman population (Rice and O’Brien, 1980) and can
(Becci et al., 1981). withstand the experimental stress better and are easy to

The respiratoty tract models are MNU induced tracheahandle and maintain.
squamous cell carcinomas (Moon and Mehta, 1989) and
(DEN) induced lung adenocarcinomas (Moon et al., 1992)Evaluation of the Chemopreventive Effect of Black Tea,

EGCG & TF:
Assessment of the Anticarcinogenic Activity of
Black Tea and Theaflavins: I. Mouse Skin Model:
The chemical carcinogen, 9,10-dimethyl

Among the three major beverages of the world viz. teadhenz(a)anthracene (DMBA, Sigma Chemicals) was applied
coffee and cocoa, tea is the most popular and widelyopically in a shaved portion of the skin on the dorsal surface
consumed for its invigorating and stimulatory effects.of the mice, at a dose of 1mg / iiGacetone / mouse twice
Evidences from experimental and epidemiological studieat an interval of three days. This was followed by application
mostly on green tea have indicated beneficial health effectsf croton oil (100ml of 1% croton oil in acetone) on the
and disease preventive properties of this beverage (Mitscheame place twice weekly for 8 weeks. Normally papilloma
et al., 1997; Weisburger, 1999). Role of green tea and istarted to appear after 6 weeks which progressed to
compounds on cancer prevention has been extensivebarcinoma in situ around 14th week (Fig. 1a-e). The
investigated (Chung et al., 1998; Stoner and Mukhtar, 199%xperimental period was 12 weeks when severe dysplasia
Yang et al., 1996; Katiyar and Mukhtar, 1996; Katiyar andwere noted.

Mukhtar, 1998; Steele et al., 20@0)d the anticarcinogenic 24 common commercial brands of Black tea, available
action of green tea is attributed to the presence of four majan Indian market were analyzed for quantitative measurement
antioxidant flavanols (catechins) viz. epicatechin (EC)of theaflavins and catechins by HPLC method and the brand
epicatechin gallate (ECG), epigallocatechin (EGC) andChuapara” which contained the maximum of these two
epigallocatechin gallate (EGCG) of which EGCG was founccompounds i.e. theaflavins and epigallocatechin gallate,
to be the most effective (Dreosti, 1996). Steele et al (200qB7.80mg & 4.41mg per gram tea respectively) and was in
reported that most black and green tea extracts as well general high in total antioxidant content (46.43 mg /gm of
EC, EGC and EGCG strongly inhibited neoplastictea leaves) was used for this study. Tea infusions (1, 2 & 5
transformation in mouse mammary organ cultures, ra%) were prepared by brewing tea leaves in boiling water for
tracheal epithelial cells and human lung tumour epitheliab minutes which were administered orally. Each mouse
cells. The interest in tea in relation to cancer therefore stemmeceived 0.5 ml of this brew every day starting from the
from the high antioxidant polyphenols present in green anfirst day of application of DMBA and continued during the
black tea. experimental period. Since 2% tea infusion exerted the most

Much of the catechins present in tea leaves, to whicheneficial effect with respect to papilloma incidence and
health protective effects are attributed, undergo oxidativenultiplicity, all other studies were made using this dose of
polymerization during processing of black tea (Bronner andiea infusion.

Beecher, 1998). Theaflavins and thearubigins the major Black tea extract, containing 80% theaflavins and EGCG
compounds of black tea also possess antioxidant propertiagre purchased from Sigma chemicals. Theaflavin rich black
(Halder and Bhaduri, 1998). Although, a large body oftea extract (TF) was administered at a dose of 0.02 mg and
experimental evidences point towards varieties oEGCG at a dose of 0.01 mg per mouse per day by
mechanisms of action of green tea at several stages ftraperitoneal injections. Selection of dose of TF and EGCG
carcinogenesis, including detoxification, inhibition of DNA was based on the amount of these two components present
damage, lipid peroxidation and cell proliferation (Yang etin 4 cups of 2% tea (each cup of 100ml) because an average
al., 1998; Hernaez et al., 1998; Hibasami et al., 1998), whicbf 4 cups of tea per day is recommended for beneficial health
support a putative role of tea and tea catechins in canceffect on humans. Treatment was started from the same day
chemoprevention (Siddigi and Das, 1999), the action oés application of carcinogen and continued till termination
theaflavins and other black tea components durin@f the experiment.
carcinogenesis has not yet been fully investigated. The effect of two active tea compounds viz. EGCG and
Therefore we attempted a focussed research on bladiE were examined on incidence of papilloma, activities of
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of papillomas in carcinogen control — total number of
papillomas in treated group) X 100 / Total number of
papillomas in carcinogen control.

Biochemical Parameters:

Activities of the hepatic Phase Il detoxification enzymes,
Glutathione-S-transferase (GST)Glutathbne peroxidase
(GPx), Superoxide dismutase (SOD) and Catalase (CAT)
were determined at day 15 and after 12 weeks in the
carcinogen control (untreated group) and following treatment
(treatment groups). Effects on lipid peroxidation in liver
during carcinogenenic exposure and following treatment was
also assessed, as this physiological process is associated with
damage of cellular macromolecules and tissue injury, due to
generation of various reactive oxygen species, and suggested
to play a key role in human cancer development.

Detection of in situ proliferation and apoptosis in skin lesion:
In situ proliferation and apoptosis were studied by
immunohistochemical method, using commercially available
detection kits (Boehringer Mannheim) as immunochemical
techniques allow visualization of dividing or apoptotic cells
in their natural environment and position in the tissues. The
method for detecting cell proliferation is based on BrdU
labeling of DNA in proliferating cells and its detection using
monoclonal antibody directed against BrdU. In situ apoptosis
assay, measure cell death by detecting DNA strand breaks
in individual cells using terminal transferase (TdT) to label
free 3'OH ends in genomic DNA. It is known that increased
i ) i cell proliferation and removal of damaged cells (cells with
Figure 1. _Mlcrophotographs of HE preparations of DNA damage facilitate accumulation of sequential mutations
mouse Skm', i , ) i resulting in tumour development) by apoptosis play an
() Normal skin section showing uniformly arranged ep'derma}hwportant role in the onset and progression of carcinogenesis.

and dermal layers with cross section view of hair follicles. X 100. Therefore th ¢ t tudied t lat
(b) Section through papilloma after 6 weeks of DMBA-croton oil erefore (hese two parameters were studied to correlate

induced carcinogenesis showing thickened epidermis witfhe Proportion of proliferatign and apoptotis oc_curring.in
irregular proliferation and formation of reteridges and the precancer lesion of skin at the same period of time

keratinized pearl X 40. (c) Severe dysplasia noted after 12 weef@lowing exposure to the carcinogen and after intervention.
X100. (d) Carcinoma in situ noted after 14 weeks X40. (e)

Magnified portion of (d) to show polymorphic cells with alteredExpression of Cycloxygenase Il (COX 1) and Caspase 3 in
nucleo-cytoplasmic ratio X250. skin lesion:

The inducible cycloxygenase-2 (COX-2) enzyme is
some Phase Il detoxification enzymes, cell proliferation andpregulated in inflammatory diseases, as well as in epithelial
apoptosidn situ as well as on the expressions of COX Ilcancers, and has an established role in cell proliferation.
and Caspase 3 as markers of proliferation and apoptoigerefore its expression is an important molecular marker
respectively in skin lesion during  DMBA induced murinefor assessment of the effect of chemopreventive intervention

skin carcinogenesis. during the process of carcinogened®ogammed cell death
(apoptosis) is a part of normal physiology for most metazoan
Detection of Papilloma: species by virtue of which unwanted cells are removed during

The mice were kept under observation for 12 weeks angevelopment, making important contributions to
for the evaluation of chemopreventive activity skinmorphogenesis and organogenesis. The molecular signaling
papillomas (precancer growth) were used as intermediatesponsible for apoptosis can be linked to the activation of a
markers. Morphological observation was confirmed byamily of cystein aspertic acid proteases, known as caspases.
histopathology of the growth. The first incidence ofOne of the effector caspases - caspase 3, associated with
papillomas and the number of papillomas were counteighduction of apoptosis was selected as a marker for the
every week till the experiments ended afte” ¥&ek. presentstudy. The effect of chemopreventive treatment was
Inhibition of multiplicity was calculated on the basis of assessed by Western Blot analysis of expression of markers
observation made in the"l2veek as follows : (total number in the target site.
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Figure 2. Effect of Black Tea Infusion, Theaflavin and Epigallocatechin Gallate on Apoptosis in Mouse Skin ot 6
week and 12" week during DMBA-croton Oil Induced Carcinogenesis

Frolrerative irckex In DMBA inducod fiifidss & kin Prolemabve Indax in DMEBA inducsd reainems
aftsr & wesks freatmant with whim afir 12 weisihis rastimant with
Thaaflavin & Epigellccatechin galiabs Theaflawin & Epigallocaiechin gallate
30 80
25 2
! 3 :H:l i
£
$ §i°
3 o
£ g ... 5 i
e ) B
: £
¥ 5 k-]
at 10
. B o .
Carcinogan Thasfawin EGLG Carcinogan Thialavin EGDG
Control Cionieg

Fig. 3. Effect of Black Tea Infusion, Theaflavin and Epigallocatechin Gallate on Proliferation in Mouse Skin ori"6
week and 12" week during DMBA-croton Qil Induced Carcinogenesis.

Observations: COX-2 and caspase 3 proteins from skin lesion (Fig.6). It
The incidence of papillomas in carcinogen control groupvas revealed that after the application of DMBA there is
receiving DMBA and croton oil only was found to be 70 %over expression of both COX Il and Caspase 3 in skin in
with the number of papilloma per mouse in average waomparison to normal mice. Expression of COX Il could be
3.20. These figures for papilloma incidence were reducetbwn regulated by treatment of carcinogen treated mice with
to 50%, 40% and 40% and multiplicity were 1.5, 2.0 anthe tea compounds whereas there was further enhancement
1.50 per mouse following treatment with 2% black teaf caspase 3 expression by the same treatment.
infusion, EGCG and TF respectively. We also noted
elevation of the Phase Il enzymes studied viz GST, GPK, Mouse Lung Model:
SOD and CAT which was accompanied by reduction of lipid This is a very useful model for following the post-
peroxidation following treatment with tea and the two of itgnitiation changes during lung carcinogenesis and its
components, suggesting their role in physiologicaiodulation. New born mice (24-48 hours, Strain A) were
detoxification and prevention of cellular damage byinjected subcutaneously in the sub scapular region with a
controlling generation of reactive oxygen species. Thesispension of benzo(a)pyrene in 1% gelatin solution at a
results have already been reported (Saha and Das, 2002)ose of 0.2 mg per mouse. They were separated from the
It is interesting to note that treatment with EGCG andnother after 4 weeks and male and females separated.
TF resulted in induction of apoptosis and inhibition ofTreatment with black tea infusion, EGCG and TF were
proliferation as detected by immunohistochemistry (Figs.tarted from this period (post initiation) and continued
5). This is further supported by Western blot analysis dhroughout the experimental period at the same dose as in
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Figure 4. In situ Localization of Apoptotic Cells in Mouse
Skin after 12 Weeks during DMBA-croton Oil Induced
Carcinogenesis before Treatment(a) and after Treatment
with Theaflavin (b) and Epigallocatechin Gallate (c). X 45

Fig.5. Proliferating Cells Localizedin situ after 12 Weeks
during DMBA-croton Oil Induced Carcinogenesis before

case of the skin model. So far only histopathological study
was made in this model.

Observation:

Histopathological changes can be detected from eighth
week onwards. Early cellular changes noted in thedkk
gradually progress through mild to severe dysplasia leading
to carcinoma in situand development of mixed cell type
tumour (Figs 7a-e).

Histopathological characterization of the effect of
treatment with black tea infusion (2 %), EGCG (0.01 mg)
and TF (0.01 mg) were undertaken and compared with the
untreated group during carcinogenesis. Observation made
on the seventeenth week following treatment, when distinct
pre-neoplastic changes were evident in the untreated group,
is presented here. The effect of black tea infusion, EGCG
and theaflavin on the incidence of dysplastic changed'at 17
week of treatment is shown in the Table 1. The histological
appearance of lung tissue from thé& Wek of the treated
groups were found to be similar to that noted in the
carcinogen control group at"@eek. The results indicate
reduced incidence and delayed progress of carcinogenesis
following treatment (Fig. 8a-e).
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Figure 6. Expression of Caspase 3 and COX Il Proteins
by Western Blot Analysis.

(a) shows upregulation of caspase 3 following treatment with
theaflavin and epigallocatechin gallate and (b) shows reduced

Treatment, (a) and after Treatment with Theaflavin (b) and expression of COX Il following treatment with theaflavin and

Epigallocatechin Gallate (c). X 45
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Figure 8. Microphotographs of lung sections from

) ) ) untreated mouse and from mice after treatment with tea
Figure 7. Microphotographs of HE Preparations of nfysion, theaflavin and epigallocatechin gallate. HE X
Mouse Lung showing Progressive Histopathological 400 (a) Normal appearance of bronchiole and alveoli from untreated
Changes at Different Time Intervals during mouse. (b) Same as (a) noted after 6 weeks of Benzo(a)pyrene treatment.
Benzo(a)pyrene induced Carcinogenesis X 400. No apparent changes noted at this stage. Appearance of of bronchiole
(a) Hyperplastic epithelium noted with cellular and nuc|eap1nd_alve_oli after 17 week_s foIIowing_treatmentw_ith carcinogen along with
polymorphism after 8 weeks, dysplastic changes evident in alveol§? infusion (¢), theaflavin (d) or epigallocatechin gallate (e)

region (b) and bronchiole (c) after 17 weeks, (d) carcinoma in

situ noted after 26 weeks showing thickened area of Stratiﬁetgompounds may well provide the basis for more rational
squamous cells with hyperchromatic nuclei and intact basem.egéncer preventive and therapeutic approaches in the future.

membrane without any invasion, (e) after 36 weeks extensive Al bodv of . tal evid h lated
proliferation of epithelial cells with formation of intercellular arge body or experimental evidences has accumulate

bridges noted, proliferative cells can be seen invading through th@ Suggest the anti-carcinogenic action of several

basement membrane, presence of massive inflammatory cells aadytochemicals. It has also been possible to have an insight
noted. into the varieties of mechanisms of action of these agents at

different stages of carcinogenesis, including detoxification,
inhibition of DNA damage, lipid peroxidation and cell
proliferation, but the chemopreventive potential of many of

Carcinogenesis is a long drawn process involving genéhem still remain largely unresolved. This is so because
environment interaction resulting in generation of mutategtudies undertaken on a varietyrofitro andin vivosystems
cell population that may progress to malignancy. During thBave generated contradictory reports that have created
process, molecular changes always precede histobgidgpnfusion. Moreover one agent with protective role in one
alterations, whereby the regulatory control between ceRarticular organ may not elicit the same response at other
proliferation and apoptosis becomes deranged. Thetes. It could be due to a number of factors, which regulate
molecular mechanism of control of such regulatory processé§nesis, and pathophysiology of a specific organ so the
is the focus of attention of current researches ighemopreventive effect seen in one experimental study
carcinogenesis and cancer chemoprevention. A bettépould not be generalized. The same agent has been shown
understanding of the obligate interrelations of importanto have both beneficial as well as harmful effects by different
biological molecules, their functional interactions at differeninvestigators again because the reports are based on
stages of carcinognesis and its modulation by specific natur@xperiments conducted on different systems. Therefore a
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Table 1. Effect of Black Tea, Epigallocatechin and Breuinger LM, Paul S, Gaughan K, et al (1995). Expression of

Theaflavin on the Incidence of Dysplastic Change in multidrug resistence associated protein in NIH/3T3 cells
Mouse Lung after 17 Days of Exposure to confers multidrug resistence associated with increased drug

Benzo(a)pyrene (n=10) ggltgxsigialtered intracellular drug distributid®ancer Res
Bronner WE and Beecher GR (1998). Method for determining the
content of catechins in tea infusions by high performance liquid
80 (8/10) ] chromatographyl Chromatography A805 137-42.
Chung KT, Wong TY, Wei Cl, et al (1998). Tannins and human

Groups % Incidence % Inhibition

Carcinogen Control (CC)

C+EGCG 30 (3/10) 62.5 health — a revievCritical Reviews Food Sc Nu8, 421-64.
C+TF 20 (2/10) 75 De S, Chakraborty J, Das S (2000a). Oral consumption of bitter
C+Tl 40 (4/10) 50 gourd and tomato prevents lipid peroxidation in liver associated

with DMBA induced skin carcinogenesis in mié?JCP, 1,
- . 203-6.
more focussed research approach on specific experlmenB\J9 S, Chakraborty J, Chakraborty RN, Das S (2000b)

models is necessary to establish the role of any cpemopreventive activity of quercetin during carcinogenesis
chemopreventive agent in prevention of carcinogenesis and in cervix uteri in micePhytother Resl4, 347-51.
protection from cancer. Ideally, followirig vitro screening  De S, Sengupta A, Chakraborty RN, Das S (2000c). Influence of
and understanding of the mechanism of action of a particular alphatocopherol during carcinogenesis in uterine cervix of
agent, pre-clinical studies should be undertaken to assess mice.Nutr Res20, 261-72.
its activity on a number of selected single organ mddels De S and Das S (2001). Protective effects of tomato juice on mouse
vivo. Apart from assessing the effect on the end point (in_ Skin carcinogenesi&PJCF 2, 43-7. o
most cases incidence of tumours) the effect should ba'€osti IE (1996). Bioactive ingredients: antioxidants and

. . ._polyphenols in teaNutr Review54, s51-8.
assesseq at different stages of the process of Carc'mgen%éﬁ?guly C, De S, Das S (2000). Prevention of carcinogen induced
systemauca]ly. Effortg should also be.me_lde to understand ,5ise skin papilloma by whole fruit aqueous extract of
the mechanism of action at the target site in the same model. \vomordica charantia. Europ J Cancer P&y 283-8.
The response of the host towards the test agent can alsodgnguly C, Dutta K, Sanyal U, et al (2001). Response of cervical
followed and nature of toxicity if any identified. This would intraepithelial lesions to vitamin E supplementation — a
provide a more clear understanding on the nature of response preliminary reportAPJCR 2, 305-8.
of the host exposed to a particu'ar Carcinogen towards %alder J and Bhaduri AN (1998) Protective role of black tea

specific agent. The single organ model is best suited for ;?:;’r‘]?tsoéfsag‘;emdrgnagg3?‘;““ma” red blood deltzhem
investigation in this line. Hernaez JF, Xu M, Dashwood RH (1998). Antimutagenic activity

of ea towards 2-hydroxyamine-3-methylimdazo[4,5-1]
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