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Summary Medicinal plants are a promising source for
identification of lead molecules for cancer therapy. In our
continuous search to discover bioactive compounds from
natural products, we isolated (5R, 10R)-4R, 8 R-dihydroxy-2S,
3R:15, 16-diepoxycleroda-13(16), 17, 12S:18,15-dilactone
(ECD), a diterpenoid from Tinospora cordifolia and studied
its chemopreventive potential in diethylnitrosamine (DEN)
induced hepatocellular carcinoma (HCC) rats. Fifty male
Wistar rats were divided into five groups. Group I served as
normal control. Group II-IV were given DEN (0.01% in
drinking water) for twenty weeks. In addition, Group III
(preventive treatment) received ECD (10 mg/kg body
weight) throughout the study. Group IV (curative treatment)
received ECD (10 mg/kg body weight) for the last 8 weeks.
Group V received ECD alone (10 mg/kg body weight)
throughout the experimental period. At the end of the
experimental period all the animals were sacrificed and
analyzed for biochemical end points to assess the effect of
ECD treatment in DEN induced HCC. The animals treated
with DEN showed a decrease in the activities of antioxidant
(SOD, CAT) and detoxification enzymes (GSH, GPx) with
increase in the activities of the hepatic markers (SGOT,
SGPT, LDH). Treatment of ECD in both preventive and
curative DEN induced animals increased the level of
antioxidants and detoxification enzymes, and decreased
serum transaminase level and hepatic marker enzymes to
near normal. Histopathological and nodular incidence also
confirmed that ECD remarkably reduced tumor incidence
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and reversed damaged hepatocytes to normal. Our findings
confirm that ECD exhibits preventive effect against chem-
ically induced HCC in rats. ECD can be a potent chemo-
preventive drug for HCC.
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Abbreviations
HCC hepatocellular carcinoma

DEN diethyl nitrosamine

ECD epoxy clerodane diterpene

SGOT serum glutamyl oxalate transaminase
SGPT serum glutamyl pyruvate transaminase
LDH lactate dehydrogenase

GGT gamma glutamyl transpeptidase
GST glutathione-S-transferase

GSH glutathione reductase

GPx glutathione peroxidase

SOD superoxide dismutase

CAT catalase

PEG poly ethylene glycol

ROS reactive oxygen species

Fe-NTA ferric nitrilotriacetate

Introduction
Hepatocellular carcinoma (HCC) is one of the most

frequent cancers among humans, with 0.25—1 million newly
diagnosed cases each year [1]. The highest frequencies are

@ Springer



348

Invest New Drugs (2009) 27:347-355

found in sub-Saharan Africa and far eastern Asia, where
hepatitis B virus (HBV) and hepatitis C virus (HCV)
infections are endemic and in regions where food contam-
inated with Aflatoxin B1 is consumed [2]. HCC incidence
appears to be rising, even in countries with relatively low
incidence, especially in Southern Western Europe and Asia
[3].

Carcinogenesis may arise as a result of chemical or
biological damage to normal cells in a multistep process
that involves changes at the initiation level followed by
promotion and progression which lead to malignancy. The
promotional stage of cancer is reversible stage and appears
to be most appropriate target stage for chemopreventive
intervention [4]. Chemoprevention is one of the strategies
by which we can revert or delay the response of carcinogen.
Cancer chemopreventive agents are able to reduce the
incidence of tumorigenesis by intervening in one or more
stages of carcinogenesis initiation, promotion or prolonga-
tion [5].

Animal experimental models are particularly useful for
the study of neoplasm in humans. As experimental model
of human HCC, we used rats treated with DEN which
induces poor, moderate and well differentiated forms of
HCCs with histological features similar to those of the
human tumors [6].

In developing countries about 35% of prescribed drugs
are derived from natural products. Many investigations are
being carried out worldwide to discover naturally occurring
compounds which can suppress or prevent the progress of
carcinogenesis [7]. It is well known that many anticancer
compounds derived from plants include Taxol from Pacific
Yew tree, Vinblastine and Vincristine from Catharanthus
roseus, Rohitukine from Dysoxylum binectariferum, deriva-
tives of Podophyllin from Podophyllum peltatum and
Campothecin from Camptotheca acuminata [8]. It is
important to continue efforts aimed at discovering anticancer
agents based on natural products [9].

Tinospora cordifolia Miers (Guduchi) is distributed
throughout the plains of India. It has been used for several
centuries in Ayurvedic medicine for the treatment of liver
and intestinal disorders [10]. Plant stem possesses immuno-
modulatory [11] antipyretic [12], antiulcer [13] and anti-
cancer [14] activities. Formulation of 7. cordifolia has been
clinically used to treat jaundice, rheumatoid arthritis and
diabetes [15]. It has also been used to treat gout, viral
hepatitis, general weakness, and throat cancer in man [16].

Clerodane derived diterpinoids was rich in 7. cordifolia
species [17]. The clerodane diterpenoids comprise a large
class of natural products which have been studied more in
recent years for their wide biological activities [18, 19].
Esculentin A and Esculentin B isolated from Casearia
esculenta belonging to clerodane diterpene group showed
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anticancer activity [19]. ECD derivatives isolated from
Croton lechleri showed anti-tumor and apoptotic activity in
prostate cancer [20]. ECD based derivatives from shoots of
C. hieronymi showed strong activity against lung A-549
carcinoma cells, mouse lymphoma and human colon
carcinoma [21].

Generally the toxicity of indigenous drugs has largely
been neglected as it is argued that these drugs are used in
traditional clinical practices. But it has been suggested that
all natural products and active principles must be subjected
to toxicity studies [22]. In our present study the ECD
crystal from 7. cordifolia was subjected to acute toxicity
studies in mice. Enzymes are the best markers of tissue
damage because of their tissue specific activity and an
obvious sign of hepatic injury is leakage of cellular
enzymes into serum. Determination of activity of hepatic
enzymes such as asparatate transaminase (AST), alanine
transaminase (ALT) and lactate dehydrogenase (LDH)
released into the blood by the damaged liver is one of the
important tools in the study of HCC.

Drugs with multiple mechanisms of protective and
preventive action, including anti-oxidant properties, may
be one way forward in minimizing tissue injury in human
disease [23]. Cells are also equipped with enzymatic
antioxidant mechanisms that play an important role in the
elimination of free radicals. Superoxide dismutase (SOD)
and catalase (CAT) are primary antioxidant enzymes
involved in the inactivation of carcinogen and direct
elimination of toxin-free radicals and electrophiles, which
might otherwise result in amelioration of oxidative damage
and lead to cancer progression [24]. Reduced glutathione
(GSH), glutathione peroxidase (Gpx) and glutathione S-
transferase (GST) have been assumed as significant
markers of chemoprevention owing to their antioxidant
and detoxification properties [25].

The present study was carried out to investigate the
antihepatocarcinogenic potential of ECD isolated from T
cordifolia induced by DEN in male Wistar Albino rats.

Material and methods
Chemicals

DEN, gamma glutamyl paranitroanalide, hematoxylin and
eosin were purchased from Sigma Chemical Company,
Bangalore, India. Serum glutamyl oxalate transaminase
(SGOT), Serum glutamyl pyruvate transaminase (SGPT)
and LDH kits were purchased from Futura systems (Italy).
All other chemicals, including solvents were of high purity
and analytical grade marketed by Himedia Chemicals,
Mumbeai, India.
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Extraction, isolation and identification of ECD
from 7. cordifolia

Stems of 7. cordifolia were shade dried, powdered (1 kg)
and extracted with alcohol by cold percolation method. The
extract was evaporated to dryness in vacuum which was
(25 gm) chromatographed using silica gel (100-200 mesh).
The column was eluted by increasing solvent polarity
(hexane to methanol). When increasing the solvent polarity
at chloroform: methanol (19:1), a white color compound
was eluted which was confirmed as terpinoid [26]. The
compound upon repeated crystallization from methanol
yielded transparent crystals. Crystal of dimensions 0.22x
0.20x0.16 mm was selected for data collection (Indian
Institute of Technology, Chennai) using graphite radiation
monochromator (Bruker 1999). The isolated crystal was
confirmed as (5R,10R)-4R,8R-dihydroxy-2S,3R:15,16-
diepoxycleroda-13(16),17,125,18,15-dilactone which has
been reported previously [27] (Fig. 1).

Animals

Male Wistar Albino strain rats of body weight 120—150 g were
procured from Tamil Nadu University of Animal and
Veterinary Science, Chennai. The animal experiments were
performed in accordance with legislation on animal welfare of
Indian National law (reg. no. 833/a/2004/CPCSEA). Animals
were kept in polypropylene cage with hygienic bed of husk
under controlled conditions of a 12 h light/ 12 h dark cycle at
22+2°C till the end of the experimental period. They were fed
with normal rat chow marketed by Kings Institute, Chennai
and were provided with clean drinking water ad libitum.

Behavioral and toxicological effects

Three groups (ten in each group) of Wistar Albino mice
were treated with graded doses of the ECD (10, 20 and
50 mg/kg body weight) given by intragastric intubations
orally and observed continuously for 1 h for any gross
behavioral changes and death, if any, and then, intermit-
tently for the next 6 h, and then again at 24 h.

Fig. 1 Structure of (5R,10R)-
4R,8R-dihydroxy-2S,3R:15,
16-diepoxycleroda-13
(16),17,128,18,1S-dilactone
(ECD)

Experimental design for hepatocarcinogenesis

Fifty rats (120 to 150 kg/body weight) were divided into
five groups (ten animals per group). Liver tumors were
induced in group II, III and IV by supplementation of DEN
(0.01%) via drinking water [28]. Group I served as normal
control and Group II-IV were given DEN till the end of the
experimental period of twenty weeks. Group III received ECD
(10 mg/kg body weight) throughout the experimental period
(preventive treatment). ECD was given by intragastric intuba-
tions orally by dissolving in poly ethylene glycol (PEG) due to
low solubility in water. Group IV received ECD (10 mg/kg
body weight) from the 12th week (curative treatment). Group
Vreceived only ECD 10 mg/kg body weight) till the end of the
experiment. All the experimental animals were sacrificed at the
end of 20th week by administering ketamine intramuscularly
(30 mg/kg body weight).

Morphology and morphometry of liver

Soon after the sacrifice, livers were promptly excised from
all the treated and control rats, weighed and examined on
the surface for subcapsular micro and macroscopic lesions
(hypo and hyperplasic nodules). The nodules with approx-
imate spheres were measured in to three categories via, >3
(hyperplasic), <3—>1 (Hypoplasic) and <1 mm.

Biochemical estimations

All the biochemical estimations were completed within
24 h of animal sacrifice. SGOT, SGPT and LDH were
estimated according to the manufacturer’s kit. Gamma
glutamyl transpeptidase (GGT) activity was estimated
according to the method of Jacobs [29]. GST and GSH
were determined by the method of Moron et al. [30]. GPx
activity was estimated by Rotruck et al. method [31].
Protein content in all samples was estimated by the Lowry
et al. method using bovine serum albumin as standard [32].

Histopathological study

For histopathological examination, livers were removed,
washed in saline and kept in 10% formalin and the fixed
paraffin embedded sections were stained with hematoxylin
and eosin (H&E).

Statistical analysis
Statistical analysis was performed using ANOVA with
SPSS software program while the Duncan multiple range

test (DMRT) was used for significance differences between
the means.
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Table 1 Effect of ECD on number and size of nodules in experimental animals

Groups Number of rats Total no of Average number of Relative size ( % of total number)
with nodule nodules nodules/nodule bearing liver
<0.2to>1 mm >1to <3.0 mm >3.0 mm
DEN alone treated 10/10 168 16.80+1.33 92 (55.95) 49 (28.7) 27 (16.15)
DEN + ECD Preventive treatment 2/10 23 3.66+0.88 12 (50.6) 7 (30.12) 4 (20.3)
DEN + ECD curative treatment 5/10 72 8.00£1.05 28 (38.8) 24 (33.33) 20 (27.7)

Normal control animals (group I) and ECD alone treated animals (group V) did not show any lesions and nodular formation. Values are

represented as mean + SD

Results
Toxicity studies

ECD administered mice did not produce any abnormalities such
as atoxia, circling, lacrimation, labored breathing, etc. during
acute toxicity study up to 50 mg/kg bodyweight.

Effect of ECD on number and size of hepatocellular
nodules in DEN induced rats

Table 1 shows the number and size of nodules in experimental
animals. No macroscopic and microscopic liver nodules were
present in Group I and V. DEN alone rats showed 100%
nodule incidence in group II (Fig. 2). The most prominent
tumor, with a maximum diameter of 8 mm, was seen in
group II, which was neoplastic nodule when examined
histopathologically. The ECD preventive treatment (3.66+

Fig. 2 Morphometric analysis
of liver in control and treated
animals. (a) Normal liver

(b) DEN alone (c¢) Preventive
treatment (d) Curative treatment.
Arrow indicates nodules
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0.88) and curative (Group IV) treatment (8.00+1.05) groups
showed a noteworthy decrease in the number of nodules
when compared to DEN alone animals (16.80+1.33).

Assessment of body weight and liver weight

Table 2 shows the body weight, liver weight and relative
liver weight of control and experimental group of animals.
Body weight of DEN treated animals declined significantly
by the end of the 20th week when compared with normal
control animals (P<0.05). Treatment with ECD improved
the decline of animal body weight remarkably in preventive
(Group III) and curative (Group IV) treatment groups
significantly (P<0.05). Liver weight and relative liver
weight were increased in DEN alone treated animals when
compared with normal control animals (P<0.05). There
was significant decrease in liver weight and relative liver
weight of ECD treated preventive treatment (Group III) and
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Table 2 Effect of ECD on final body weight, liver weight and relative liver weight of normal control and experimental animals

Liver weight (g)

Relative liver weight (g) (liver/100 g of body weight)

Groups Final body weight (g)
Control animals 283.1+9.07°
DEN alone 201.5+£11.14*
DEN + ECD preventive treatment 255.3+9.10°
DEN + ECD curative treatment 251.02+9.10°
ECD alone 286.5+10.5¢

7.82+0.58° 2.76+0.08"
11.38+1.39¢ 4.45+0.21°
9.02+0.98¢ 3.56+0.13°
9.51+1.07° 3.86+0.14¢
7.94+0.88° 2.7940.1%

Value are represented as mean + SD. Values not sharing common superscript (a—¢) are significant with each other at P<0.05 (DMRT)

curative treatment (Group IV) animals when compared to
DEN alone treated animals (P<0.05). ECD supplied rats
showed better resistance against HCC.

Effects on serum transaminase levels

Figure 3 shows SGOT, SGPT and LDH activities in the serum
of DEN alone treated rats. The values of SGOT, SGPT and
LDH were elevated when compared to normal rats (P<0.05).
ECD supplemented rats in both preventive (Group III) and
curative (Group IV) treatments showed remarkable decrease
in SGOT, SGPT and LDH values (P<0.05); ECD reversed
the toxic effect of DEN. In the case of ECD alone group there
was no significant difference between serum transaminase
values when compared to normal control animals (Group I).

Effects on antioxidant and hepatic marker enzymes

As shown in Table 3, SOD and CAT levels in the livers of
group II rats significantly decreased (P<0.05) when
compared with the normal group. Administration of ECD
increased the levels of SOD when compared to that of the
DEN alone treated rats. The CAT level in group II
significantly decreased in comparison with the normal
group. Preventive and curative treatment rats showed
significant (P<0.05) increase in CAT levels when com-
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Fig. 3 Effect of ECD on serum transaminase enzymes in control and
treated animals. Value are represented as mean = SD. Values not
sharing common superscript letter (a-d) are significant with each
other at P<0.05 (DMRT)

pared to that of the DEN alone treated rats. GGT and GST
values in DEN alone treated rats were increased signifi-
cantly when compared to normal group (P<0.05). In the
case of preventive treatment (Group III) the levels became
near normal. In curative treatment (Group IV) the levels
were diminished compared to group II (P<0.05).

Effects on detoxification enzymes

DEN alone treated rats showed decreased level of detoxi-
fying enzymes GSH and GPx (significant at P<0.05) when
compared to normal control animals (Fig. 4). There was a
remarkable increase in the levels GSH and GPx on
preventive and curative ECD treatment rats (significant at
P<0.05). There was no significant difference between the
normal control animals and ECD alone treated animals.

Histopathological results

Histological examination of the liver showed normal
architecture in both normal control group (Fig. 5a) and
ECD supplemented rats (Fig. 5e). However, cellular
damage with malignancy was obvious in the DEN treated
liver. The liver showed loss of architecture, neoplastic
hepatocytes with large cells, vesicular nuclei and prominent
nucleoli. It showed nodular arrangement (Pseudolobule
formation) surrounded by lymphocytic infiltrate (Fig. 5b).
In contrast, DEN with ECD preventive treatment showed
near normal hepatocytes with lymphocytic infiltration
formed around the central vein without disruption of the
liver architecture (Fig. 5c¢). In DEN with ECD curative
treatment, liver showed pseudolobule formation with less
nuclear changes when compared to DEN alone treated rats.
Lymphocytes in the fibrous (pseudolobule) bands were
formed. The hepatocytes were near normal (Fig. 5d).

Discussion
Tumorigenesis is a multistep process that begins with
cellular transformation and progresses to hyper proliferation

leading to metastatic lesions [33]. This progress can be
activated by the carcinogenotoxic substances which are
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Table 3 Effect of ECD on hepatic marker enzymes and antioxidant enzymes

Groups GGT (IU/) GST (umol/mg protein) SOD (U/mg protein) CAT (U/mg protein)
Control animals 3.31+0.23° 0.87+0.04° 4.49+0.14¢ 31.79+4.77¢
DEN alone 8.79+0.33¢ 1.41+0.03¢ 2.67+0.12° 13.67+2.10°
DEN + ECD Preventive treatment 4.56+0.38° 0.95+0.02° 4.11+0.13° 27.86+2.29°
DEN + ECD Curative treatment 5.88+0.21° 1.11+0.03¢ 3.89+0.12¢ 24.67+2.52¢
ECD alone 3.37+0.37° 0.85+0.03° 4.52+0.139 32.54+3.134

Values are expressed as mean + SD. Values not sharing common superscript (a—d) are significant with each other at P<0.05 (DMRT)

widely employed to develop cancers in specific organs of
experimental animals. DEN is a potent carcinogen for HCC
[30]. DEN is well known to cause perturbations in the
nuclear enzymes involved in DNA repair and is normally
used as a carcinogen to induce liver cancer in animal
models and these compounds are considered to be effective
health hazards in causing HCC.

Liver plays a pivotal role in regulation of physiological
processes such as metabolism, secretion and storage.
Unfortunately it is a common target for a number of
toxicants [34]. The multitude of pathological changes
caused by the progression of tumor as well as its inhibition
through chemotherapy is expected to be reflected in the
biochemical and histological parameters of the host system,
particularly pertaining to the liver which is known to be the
major organ affected in carcinogenesis.

Plant materials are a promising source for the identifica-
tion of lead molecules against cancer. Certainly, to move from
a crude plant extract to a prescription drug with proven
effectiveness as a cancer chemopreventive agent is a long and
arduous process. In the present study ECD, a diterpenoid, was
isolated from the stems of 7. cordifolia which was found to
have chemopreventive potential in DEN induced HCC.

In short-term toxicity studies, the administration of ECD
did not exhibit any adverse effect. The acute and subacute
toxicity studies of 7. cordifolia had no toxic effects on
heart, liver and kidney [34]. In earlier studies the
methanolic crude extract of 7. cordifolia was found to be
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Fig. 4 Effect of ECD on detoxification enzymes in control and treated
animals. Values are represented as mean + SD. Values not sharing
common superscript letter (a-d) are significant with each other at P<
0.05 (DMRT). Values are expressed as U/mg protein
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nontoxic and no sign of death of mice up to 10 g/kg body
weight was noticed indicating the safety of the treatment
[35]. In our present study the compound ECD did not
exhibit any toxicity signs up to 50 mg/kg body weight.
Histopathological examinations suggested that no gross
abnormalities or pathological lesions developed in the ECD
alone treated animals.

One major symptom of HCC is weight loss [36]. A
significant (P>0.05) weight loss was observed in rats
exposed to DEN. Treatment with ECD improved the body
weight which indicated the reversal of chemically induced
hepatocarcinogenesis. This suggested that ECD had no
adverse effect on the growth response of rats. ECD was
found to significantly reduce the number of macroscopic
nodules; however more number and large size of nodules
were found in DEN alone treated animals. In curative
treatment the nodular incidence was decreased when com-
pared to DEN alone treated animals. Not all nodules become
cancerous during their life span, but several observations
suggest that the nodules are precursors of hepatic cancer. A
large body of data in experimental and human disease has
found a correlation between the size of hyperplasic nodules
and the likelihood of HCC [37]. The inhibitory effect of
nodule development may be due to ECD.

Hepatospecific enzymes were activated when hepatocel-
lular damage gave rise to abnormalities of liver function
[38]. SGOT and SGPT activities in blood serum are
generally accepted as an index of liver damage and this
tendency is also known to be distinct in rodents. SGPT is
accepted to be a highly liver specific enzyme. SGOT might
be a non specific-index because it is distributed not only in
the liver but also in the heart, skeletal muscle, brain and
kidney. Significantly elevated levels of SGOT and SGPT
were observed which indicated the liver damage and loss of
functional integrity of cell membranes, thus proving to be
an excellent ‘marker’ enzyme for this tumor model. [39].
Hepatocellular necrosis leads to high levels of SGOT and
SGPT which are released from the liver into the blood. On
the other hand, LDH activity is related to functional
hepatocytes. A high rate of glycolysis is manifested in
malignant conditions because dividing neoplastic cells
consume more energy than required in the normal status,
in that way leading to an abnormal increase in LDH
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Fig. 5 Histopathological altera-
tions in the liver of control and
treated animals (H&E x400)

activity. Treatment with ECD in DEN treated animals
significantly reduced the level of these enzymes indicating
preventive effect by stabilization of plasma membrane as
well as repair of hepatic tissue damage caused by tumor
induction.

GGT and GST are important markers for HCC. GGT is
the only known enzyme to break the y-glutamyl bond of
glutathione and, as such, is important for recycling of
glutathione and the metabolism of glutathione xenobiotic
conjugates [40]. This enzyme is induced mainly in the
periportal areas of the liver by a wide range of chemo-
preventive agents. An increase in the activity of GGT may
lead to the accumulation of glycine and cysteine, thereby
reducing ferric nitrilotriacetate (Fe-NTA) to its ferrous

Normal control (Group I)
DEN alone (Group II)

DEN+ ECD preventive
treatment (Group IIT)

DEN + ECD curative
treatment (Group IV)

ECD alone

complex and enhancing peroxidative damage to the tissue
or membrane [41]. GST is prominent phase-II enzyme
involved in detoxification, conjugation and elimination of
carcinogens in the form of glucuronides, sulfates and
glutathione conjugates. GST, used as a marker for evaluating
anticarcinogenic potential, catalyzes electrophilic conjuga-
tion with reduced glutathione thus counteracting a variety of
carcinogens. ECD administrated animals showed markedly
decreased levels of GGT and GST indicating that ECD has
the ability to prevent HCC.

A possible mechanism is that ECD might either inhibit
methionine aminopeptidase which is involved in the
removal of N-terminal methionine from peptides and
proteins and thus affect the key regulator of proliferation
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of cancer [42] or ECD might inhibit the production of
interleukin-8 (IL-8) by preventing DNA binding of amino
peptidase (AP-1) since ECD derivatives of sesquiterpene
lactones are known to do this [43].

The ability of plant-derived compounds to function as
antioxidants has been well established, and their role in
chemoprevention is supported by numerous epidemiological
studies [44]. The antioxidant properties of crude extract of
T cordifolia were earlier investigated and found to possess
free radical scavenging property [45]. The endogenous
antioxidant system may frustrate the reactive oxygen
species (ROS) there by reduce the oxidative stress with
the enzymic antioxidants such as SOD and CAT. SOD
initiates the conversion of superoxide radical (O™%) to
hydrogen peroxide while CAT converts H,O, to H,O.
Depletion in the activity of these enzymes can be due to an
enhanced radical production during DEN alone treated rats
[46]. ECD has been able to enhance the antioxidant
enzymes SOD and CAT in tumor-bearing rats to near
normal levels. ECD exhibits preventive effect in DEN
induced HCC by reducing the levels of oxidative injuries
on DNA and other components of hepatocytes during the
early stage of hepatocarcinogenesis.

GSH and GPx are the most potent enzymes playing an
important role in detoxification mechanisms or in the
protection of cellular constituents against oxidating and
alkylating agents [47]. The levels of GSH and GPx were
used to monitor the balance of oxidative stress and
chemopreventive ability. A decrease in the GSH level
could therefore expose the mitochondria to their own
endogenously generated free radicals, leading to irreversible
damages [48]. The reactivity of ECD against GSH could be
useful in anti-multidrug resistance therapy because elevated
intracellular GSH level can augment cell resistance to
irradiation and chemotherapy and the use of alkylating
agents to deplete intracellular GSH content can increase cell
response to chemotherapy.

In conclusion, ECD from T cordifolia was able to
prevent malignancy. It was effective in inhibiting tumor
growth in solid tumor model. The present investigation
highlights the chemopreventive potential of ECD in DEN
induced hepatocarcinogenesis which might be due to the
antioxidant and detoxification mechanisms. Decrease in
serum transaminase enzymes maintained the functional
integrity of membrane because of protective effect of ECD.
The biochemical and histological studies also supported the
chemopreventive properties of ECD. Our study confirms that
ECD plays duel role by blocking carcinogen metabolic
activation and enhancing carcinogen detoxification.
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