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Abstract

The present investigation was carried out to evaluate the antioxidant nature of ethanolic extract of Terminalia arjuna bark
(EETA) on N-nitrosodiethylamine (DEN) induced liver cancer in male Wistar albino rats. Liver cancer was induced by single
intraperitonial injection of DEN (200 mg/kg). After 2 weeks of DEN administration, Phenobarbital (PB) was given to promote the
cancer for up to 14 successive weeks. EETA extract (400 mg/kg) was given post-orally for 28 days to hepatocellular carcinoma-
bearing rats. After the experimental period, all the animals were sacrificed and serum, liver and kidney samples were collected
for further biochemical analysis. The levels of lipid peroxides (LPO) under basal and also in the presence of inducers (H2O2,
ascorbate and FeSO4) were estimated in serum, liver and kidney of control and experimental animals. Enzymic antioxidants,
such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx) and non-enzymic antioxidants like Vitamin
C (Vit-C) and Vitamin E (Vit-E) levels were determined in all the groups of animals. A significant increase in LPO levels
were observed while the levels of enzymic and non-enzymic antioxidants were decreased, when subjected to DEN induction.
These altered enzyme levels were ameliorated significantly by administration of EETA at the concentration of 400 mg/kg in
drug-treated animals. This protective effect of EETA was associated with inhibition of LPO induced by DEN and to maintain
the antioxidant enzyme levels. Our results show an antioxidant activity of T. arjuna bark against DEN-induced liver cancer.
(Mol Cell Biochem 281: 87–93, 2006)
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Introduction

Hepatocellular carcinoma (HCC) constitutes about 85% of
primary liver cancer. Globally around 440,000 new cases of
HCC occur annually, accounting for around 5.5% of all hu-
man cancer incidence. Almost the same number die of this
cancer annually [1]. In general, hepatic chemical carcino-
genesis is a multistep process in experimental animals [2].
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Carcinogens initiate the process, which is followed by regen-
eration, growth and clonal proliferation, eventually leading
to cancer [3]. N-Nitrosodiethylamine (DEN) is a represen-
tative chemical of a family of carcinogenic N-nitroso com-
pounds. Administration of DEN to animals has been shown
to cause cancer in liver and at low incidence in other organs
also. The involvement of free radicals in DEN-induced liver
cancer has been extensively studied [4]. Initiation during or
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after DEN exposure is thought to be a rapid metabolism of
DEN to reactive metabolites that interact with DNA, forming
various DNA adducts that can lead to mutations. Hence, O4-
ethyldeoxythymidine adduct (O4-Etdt) accumulates in hepa-
tocyte DNA following DEN administration which is thought
to be important in tumour initiation [5].

There is extensive evidence that the free radicals par-
ticipate in DEN-induced hepatocarcinogenesis, which was
confirmed by overexpression of 8-hydroxyguanine in DEN-
administered rat liver [6]. Generally, oxygen free radicals are
natural physiological products, but also extremely reactive
oxygen species (ROS). They have been proved to cause nu-
merous cellular anomalies, including but not limited to pro-
tein damage, deactivation of enzymatic activity, alteration of
DNA and lipid peroxidation of membranes [7]. When the
excess amount of ROS accumulates, numerous pathological
effects may manifest in the cells including carcinogenesis [8].
Continuous interaction of the animal with these free radicals
causes damage of proteins, lipid, DNA, carbohydrates and
membrane, resulting in oxidative stress. In order to maintain
cellular health, it is essential to have a specific and effective
chemical scavenger to target multiple types of radicals. Most
of the commercially based antioxidant supplements are single
oxidant [9]. Therefore, it is important to find a specific scav-
enger to efficiently and effectively reduce multiple ROS. It
was also observed that majority of the antioxidants originate
from natural sources. These accelerated the research to find
out a novel antioxidant from natural resources and further
modification and refinement of active antioxidant molecules.
It has been noticed that many of the plants, rich in phenolic
compounds, are widely used as antioxidant and antimuta-
genic.

T. arjuna (Combretaceae) Roxenberg is an important
medicinal plant rich in tannins and triterpenes and used ex-
tensively as a cardiotonic in the Ayurveda [10]. A few ran-
domised clinical trials of unstandardised concoction of the
tree bark have been performed in coronary heart disease
(CHD) patients in India [11]. Interestingly, it was reported
that several species of Terminalia have been used in tradi-
tional treatment of cancer [12]. In the present investigation,
we studied the antioxidant activity of ethanolic extract of
T. arjuna bark on DEN-induced HCC in rats.

Materials and methods

Plant material

The fresh bark of T. arjuna was collected during September
2002 in Chennai, Tamil Nadu, India. The plant was authen-
ticated by Botanist, Captain Srinivasa Murti Drug Research
Centre for Ayurveda, Chennai. A voucher specimen (No. 064)
has been deposited in the herbarium of the same department.

Preparation of plant extract

The shade dried T. arjuna bark was coarsely powdered (1 kg)
and soaked in 1000 ml of ethanol for 10 days at room temper-
ature. The extract was filtered and concentrated to obtain the
solid residue and the final weight was noted and stored. The
yield of the total ethanolic extract was 8.5%. Primary phyto-
chemical screening of the ethanolic extract of T. arjuna bark
revealed the presence of triterpenoids, phenols, flavonoids,
tannins and saponins.

Animals

Healthy male Wistar albino rats aged 6 weeks were procured
from Tamil Nadu Veterinary and Animal Science Univer-
sity, Chennai. The animals were randomised and housed in
polypropylene cages (four per cage) with rice husks for bed-
ding and maintained in an airconditioned room at 25±2 ◦C, a
relative humidity of 36 ± 6% with 12 h dark cycle; they were
fed with normal rat chow, marketed by M/s Hindustan Lever
Limited, Mumbai, India and water ad libitum. The protocol
was approved by the Institutional Animal Ethics Committee
(IAEC no. 07/023/03).

Experimental design

The rats were divided into four groups, each consisting of six
animals. Group I – control animals were given normal saline
(0.9%), Groups II and III animals were administered with
single intraperitoneal injection of N-nitrosodiethylamine
(DEN, Sigma Chemical Company, USA) at a dose of
200 mg/kg body weight in saline to induce liver cancer.
Two weeks after administration of DEN, Phenobarbital
(PB, Sigma) at a concentration of 0.05% was incorporated
into rat chow for up to 14 successive weeks to promote
the cancer. After the induction period, Group III animals
were treated with ethanolic extract of T. arjuna tree bark
orally at a concentration of 400 mg/kg body weight for
28 days. Group IV animals were served as plant extract
control.

At the end of the experimental period, all the animals were
sacrificed by cervical decapitation. The liver cancer nod-
ules were observed, counted and hepatocellular carcinoma
was proved by pathological examination [13]. Blood sam-
ples were allowed to clot for 45 min at room temperature.
Serum was separated by centrifugation at 2500 rpm at 30 ◦C
for 15 min. The liver and kidney were immediately excised,
weighed and homogenised in 0.1 M ice-cold Tris-HCl buffer
(pH 7.4) to give 10% homogenate.
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Biochemical estimation

All the samples were used for following biochemical in-
vestigations: Total protein [14], lipid peroxidation (LPO)-
thiobarbituric acid reactive substances (TBARS) [15] and
in vitro induction of peroxidation with inducers (H2O2,
ascorbate and FeSO4) [16], enzymic antioxidants, such as
superoxide dismutase (SOD) [17], catalase (CAT) [18],
glutathione peroxidase (GPx) [19] and non-enzymic antiox-
idants like vitamin C (Vit-C) [20] and vitamin E (Vit-E)
[21].

Statistical analysis

Statistical differences were calculated by one-way ANOVA
followed by LSD multiple comparisons using SPSS 7.5 stu-
dent version. The values were expressed as mean ± S.E.M.

in each group. Comparisons were made between Groups II,
IV and I, and between Groups III and II. p < 0.05 was
considered statistically significant in all the cases.

Results

The effect of EETA on LPO in serum and liver of control and
experimental animals are presented in Figs. 1 and 2. The lev-
els of LPO were found to be significantly increased in Group

Fig. 1. Levels of lipid peroxidation in serum of control and experimental animals. Values are mean ± S.E.M.: (a) Groups II and IV compared with Group I;
(b) Group III compared Group II; ∗ p < 0.05; NS: not significant; d.f. = 3, 20, F ratio: basal, 87.19; H2O2, 646.95; ascorbate, 225.66; FeSO4, 188.90.

II DEN-induced cancer-bearing animals compared with con-
trol animals under basal conditions and also in the presence
of inducers (p < 0.05). Conversely, the administration of
EETA reduced the peroxidation reaction in Group III drug-
treated animals when compared with Group II cancer-bearing
animals (p < 0.05). Table 1 shows the levels of LPO in kid-
ney of control and experimental animals. Under basal and
in the presence of inducers (H2O2 and ascorbate), the levels
of LPO were significantly increased (p < 0.05) in Group
II cancer-bearing animals. However, the levels of LPO were
decreased in Group III drug-treated animals when compared
with DEN-induced liver cancer animals.

Table 2 shows the activities of SOD, CAT, GPx, Vit-C and
Vit-E in serum of control and experimental animals. Serum
of Group II DEN-induced cancer-bearing animals shows a
significant decrease in enzymic and non-enzymic antioxi-
dants levels (p < 0.05). However, the levels of SOD, CAT,
GPx and Vit-E were increased significantly in DEN + EETA
group (p < 0.05) when compared with Group II animals.
Similarly, liver of Group II cancer-bearing animals shows
a significant decrease in enzymic and non-enzymic antiox-
idants levels (p < 0.05) (Table 3). However, a significant
increase of these enzymes was observed in DEN + EETA
treated group when compared with Group II animals. Table 4
shows the levels of enzymic and non-antioxidants in kidney
of control and experimental animals. The levels of enzymic
and non-enzymic antioxidants were significantly decreased
in Group II animals (p < 0.05) when compared with Group I
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Fig. 2. Levels of lipid peroxidation in liver of control and experimental animals. Values are mean ± S.E.M.: (a) Groups II and IV compared with Group I; (b)
Group III compared Group II; ∗ p < 0.05; NS: not significant; d.f. = 3, 20; F ratio: basal, 109.21; H2O2, 151.98; ascorbate, 115.96; FeSO4, 132.21.

Table 1. Levels of lipid peroxidation in kidney of control and experimental animals

Parameters Group I (Control) Group II (DEN) Group III (DEN + T. arjuna) Group IV (T. arjuna) F ratio

Basal 1.85 ± 0.05 2.35 ± 0.06a∗ 2.05 ± 0.05b∗ 1.75 ± 0.05a (NS) 21.54

H2O2 induced 5.46 ± 0.11 8.92 ± 0.13a∗ 6.96 ± 0.12b∗ 5.19 ± 0.08a (NS) 214.70

Ascorbate induced 3.46 ± 0.10 4.04 ± 0.12a∗ 3.58 ± 0.12b∗ 3.24 ± 0.14a (NS) 7.21

FeSO4 induced 5.86 ± 0.11 6.00 ± 0.14a (NS) 5.95 ± 0.20b (NS) 5.54 ± 0.13a (NS) 1.79

Note. Each value represents mean ± S.E.M.; values are expressed as TBARS formed/min/mg protein. NS: not significant; d.f. = 3,
20.
aGroups II and IV compared with Group I.
bGroup III compared with Group II.
∗ p < 0.05.

animals. A significant increase of these enzymes was ob-
served in Group III drug-treated animals when compared with
Group II cancer-bearing animals.

However, the Group IV drug control animals do not show
noticeable changes in these parameters when compared with
the control animals indicating no adverse side effects due to
the administration of T. arjuna in Group IV animals.

Discussion

Lipid peroxidation refers to the reaction of oxidative deteri-
oration of polyunsaturated lipids. Peroxidation involves the
direct reaction of oxygen and lipid to form radical interme-

diates and to produce semistable peroxides, which in turn
damage the enzymes, nucleic acids, membranes and proteins.
The increased levels of LPO under basal and also in the pres-
ence of inducers (H2O2, ascorbate and FeSO4) in Group II
cancer-bearing animals may be due to free radicals produced
by DEN administration. Malondialdehyde (MDA), which is
a major end product and an index of LPO, cross-links pro-
tein and nucleotides on the same and opposite strands [22].
Thirunavukkarasu and Sakthisekaran [4] reported that there
was a significant increase in MDA level after DEN adminis-
tration. Furthermore, it was documented that MDA is muta-
genic in mammalian systems, which readily reacts with de-
oxynucleodies to produce adducts and cause DNA damage.
Hence, the present study shows the increase in MDA levels.
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Table 2. The activities of enzymic and non-enzymic antioxidants in serum of control and experimental animals

Parameters Group I (Control) Group II (DEN) Group III (DEN + T. arjuna) Group IV (T. arjuna) F ratio

SOD 4.92 ± 0.09 3.27 ± 0.09a∗ 3.83 ± 0.09b∗ 5.15 ± 0.09a (NS) 91.99

CAT 29.45 ± 0.54 18.37 ± 0.56a∗ 23.40 ± 0.58b∗ 30.51 ± 0.57a (NS) 99.37

GPx 3.68 ± 0.09 2.49 ± 0.08a∗ 3.32 ± 0.08b∗ 3.81 ± 0.09a (NS) 42.32

Vit-C 1.74 ± 0.05 1.38 ± 0.04a∗ 1.45 ± 0.05b (NS) 1.77 ± 0.04a (NS) 15.11

Vit-E 1.54 ± 0.05 1.16 ± 0.05a∗ 1.45 ± 0.06b∗ 1.56 ± 0.05a (NS) 9.58

Note. Values are mean ± S.E.M.; NS: not significant; d.f. = 3, 20; enzyme units are expressed as SOD: units/mg protein,
CAT: µmol of H2O2 utilised/min/mg protein, GPx: µg of glutathione utilised/min/mg protein, Vit-C and E: mg/dl.
aGroups II and IV compared with Group I.
bGroup III compared with Group II.
∗ p < 0.05.

Table 3. Changes on enzymic and non-enzymic antioxidant activities in liver of control and experimental animals

Parameters Group I (Control) Group II (DEN) Group III (DEN + T. arjuna) Group IV (T. arjuna) F ratio

SOD 8.88 ± 0.15 4.41 ± 0.11a∗ 8.19 ± 0.10b∗ 9.00 ± 0.18a∗ 197.02

CAT 62.53 ± 1.43 39.62 ± 1.46a∗ 59.40 ± 1.62b∗ 63.03 ± 1.43a (NS) 55.66

GPx 4.08 ± 0.09 2.29 ± 0.07a∗ 3.41 ± 0.09b∗ 4.14 ± 0.15a (NS) 62.52

Vit-C 0.88 ± 0.03 0.55 ± 0.03a∗ 0.81 ± 0.03b∗ 0.94 ± 0.03a (NS) 26.36

Vit-E 6.30 ± 0.10 3.04 ± 0.14a∗ 3.79 ± 0.15b∗ 6.40 ± 0.12a (NS) 163.74

Note. Values are mean ± S.E.M.; NS: not significant; d.f. = 3, 20; enzyme units are expressed as SOD: units/mg protein,
CAT: µmol of H2O2 utilised/min/mg protein, GPx: µg of glutathione utilised/min/mg protein, Vit-C and E: mg/g wet
tissue.
aGroups II and IV compared with Group I.
bGroup III compared with Group II.
∗ p < 0.05.

Table 4. The activities of enzymic and non-enzymic antioxidants in kidney of control and experimental animals

Parameters Group I (Control) Group II (DEN) Group III (DEN + T. arjuna) Group IV (T. arjuna) F ratio

SOD 5.24 ± 0.12 4.39 ± 0.12a∗ 4.87 ± 0.13b∗ 5.49± 0.11a (NS) 91.99

CAT 45.50 ± 0.51 18.37 ± 0.63a∗ 38.53 ± 0.57b∗ 46.63 ± 0.53a (NS) 99.37

GPx 3.18 ± 0.09 2.77 ± 0.10a∗ 2.85 ± 0.09b (NS) 3.29 ± 0.07a (NS) 42.32

Vit-C 2.36 ± 0.05 1.54 ± 0.05a∗ 2.15 ± 0.06b∗ 2.43 ± 0.06a (NS) 15.11

Vit-E 3.34 ± 0.05 2.24 ± 0.05a∗ 2.75 ± 0.06b∗ 3.44 ± 0.06a (NS) 9.58

Note. Values are mean ± S.E.M.; NS: not significant; d.f. = 3, 20; enzyme units are expressed as SOD: units/mg protein,
CAT: µmol of H2O2 utilised/min/mg protein, GPx: µg of glutathione utilised/min/mg protein, Vit-C and E: mg/g wet
tissue.
aGroups II and IV compared with Group I.
bGroup III compared with Group II.
∗ p < 0.05.

It also suggests that enhanced LPO and failure of antioxidant
defence mechanism lead to tissue damage in cancer-bearing
animals.

SOD has been reported as one of the most important en-
zymes in the enzymic antioxidant defence system. It scav-
enges the superoxide anion to form hydrogen peroxide, hence
diminishing the toxic effect caused by this radical [23]. The

increased superoxide radical levels in tumour cells [24] as
compared with normal cells may explain the decrease of the
enzymic activity in malignant than normal tissues. In the
present study, the decreased level of SOD as observed in
cancer-bearing animals may be due to the utilisation of the
enzyme to scavenge H2O2 radicals. Catalase decomposes hy-
drogen peroxide and protects the tissue from highly reactive
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hydroxyl radicals [25] and it is thought to be the first line of
defence against oxidative damage caused by hydrogen perox-
ide and other radicals induced by carcinogen. The decreased
level of CAT activities in Group II cancer-bearing animals
may be due to the utilisation of this enzyme in the removal
of hydrogen peroxide radicals caused by DEN administra-
tion. Glutathione peroxidase (GPx) is also considered to be
an important H2O2 removing enzyme in mammalian cells
and is more important than catalase for removing H2O2 [26].
GPx is involved in the defence mechanism against oxidative
damage, it reduces the H2O2 and hydroperoxide levels. The
present study reveals that the activity of GPx in liver and
kidney was significantly decreased in HCC-bearing animals.
The decreased activity of GPx in cancer condition may be
due to excessive production of lipid hydroperoxides. GPx
levels are also relatively low in hepatoma [27]. Reduction in
SOD and GPx in hepatoma conditions would be expected to
have dire consequences. But reduction in GPx is found to be
more deleterious than SOD. The greater relative importance
of GPx over SOD can be attributed to the ability of GPx to
detoxify H2O2 formed by SOD [28].

Enzymic antioxidants are inactivated by hydroxyl radicals,
and hence the presence of non-enzymic antioxidant is pre-
sumably essential for the removal of these radicals. Vit-C is a
water soluble antioxidant that removes free radicals from cy-
tosol by reacting directly with them [29]. Thus, the decreased
level of Vit-C found in Group II cancer-bearing animals may
be due to the utilisation of antioxidant to scavenge the free
radicals. The availability of Vit-C is a determined factor in
controlling and potentiating many aspects of host resistance
against cancer. The ascorbate molecule must be involved in
the feedback inhibition of lysosomal glycosides responsible
for malignant invasiveness [30]. The Vit-C can protect cell
membrane and lipoprotein particles from oxidative damage
by regenerating the antioxidant from Vit-E [31, 32]. Thus,
Vit-C and Vit-E act synergistically in scavenging wide vari-
ety of ROS. Vit-E is the major lipid soluble radical scavenger
that prevents the LPO by terminating the chain reactions ini-
tiated in the membrane lipids [33]. Vit-E is a chain breaking
antioxidant by donating its labile hydrogen atom from pheno-
lic hydroxyl groups to propagating lipid peroxyl and alkoxyl
radical intermediates of LPO [34]. Decreased Vit-E content
in Group II cancer-bearing animals might be due to the ex-
cessive utilisation of this antioxidant for quenching enormous
free radicals produced in these conditions. Besides, Vit-E has
been found to have potent antioxidant activity due to its ability
to penetrate to a precise site into the membrane, which may
be the important feature of protection against highly reactive
radicals [35].

The above biochemical alterations observed in Group II
HCC animals may be due to the induction of LPO and the
decrease of antioxidant enzymes following DEN administra-
tion. These alterations were significantly reversed towards

normal level in Group III EETA-treated animals at a concen-
tration of 400 mg/kg body weight.

It was noticed that many of the plants, rich in polyphe-
nolic compounds, harbour antimutagenic substances [36].
Polyphenols are known to form a complex with proteins.
The association of polyphenols with proteins is principally a
surface phenomenon [37] and this association depends on the
oligomeric nature of the polyphenol. The more the oligomeric
nature, the more is the association which results in the in-
creased antimutagenic activity. In this context, Wang et al.
[38] reported that hydrolysable tannins are natural polyphe-
nolic antioxidants capable of inhibiting H2O2 production and
tumour promotion. Teel has shown that the anticarcinogenic
and antimutagenic activity of plant phenols is due to an inter-
action of the compound with target tissue DNA which in turn
blocks the sites of DNA to electrophilic attack by reactive
carcinogenic moieties [39]. Hence, the regression of HCC in
drug-treated animals may be due to the anticancer activity of
T. arjuna bark extract.

Sumitra et al. [40] reported that arjunolic acid from
T. arjuna prevents the decrease of enzymic antioxidants,
such as SOD, CAT, GPx and Ceruloplasmin and non-
enzymic antioxidants like ascorbic acid, reduced glutathione
in isoproterenol-induced myocardial necrosis in rats. This is
in accordance with the findings of Karthikeyan et al. [41], ac-
cording to which alcoholic extract of T. arjuna bark augments
endogenous antioxidant enzymes. Moreover, Kaur et al. [36]
reported that tannin fraction of T. arjuna possesses antimu-
tagenic activity against 4-nitro-phenylenediamine (NPD) in
TA 98, tester strain of Salmonella typhimurium using the
Ames assay and suggested that the activity of this compound
is due to the interaction with DNA. Previous studies car-
ried out in our laboratory proved the anticancer activity of
T. arjuna ameliorates the marker enzyme levels [13] and
regulates the carbohydrate metabolism [42] in DEN-induced
liver cancer animals. Thus, the anticancer effect of ethano-
lic extract of T. arjuna in Group III animals might be due
to synergistic mechanism of the plant extract, i.e., scaveng-
ing the free radicals induced by the DEN administration via
antioxidant enzyme systems and binding of phenolic groups
with target DNA to block the sites of DNA to electrophilic
attack from pre-existing free radicals of carcinogenic
moieties.

Thus, EETA significantly ameliorates the changes on both
enzymic and non-enzymic antioxidants in drug-treated car-
cinogenic animals at the concentration of 400 mg/kg body
weight. Therefore, it can be concluded that the T. arjuna
possesses the anticancer activity through quenching free rad-
icals induced by the DEN. Hence, it was suggested that the
regression of liver cancer may be due to the antioxidant activ-
ity of T. arjuna. The potential ability of EETA against liver
cancer in different constituents of T. arjuna remains to be
studied.



93

References

1. Parkin DM, Pisani P, Ferlay J: Estimates of the worldwide incidence of
twenty-five major cancers in 1990. Int J Cancer 80: 827–841, 1999

2. Bannasch P, Mayer D, Hacker HJ: Hepatocellular glycogenesis and
hepatocarcinogenesis. Biochim Biophys Acta 605: 217–245, 1980

3. Goldworthy TL, Pitot HC: An approach to the development of a short-
term whole animal bioassay to distinguish initiating agents (incomplete
carcinogens), promoting agents, complete carcinogens, and noncarcino-
gens in rat liver. J Toxicol Environ Health 16: 389–402, 1985

4. Thirunavukkarasu C, Sakthisekaran D: Effect of selenium on N-
nitrosodiethylamine-induced multistage hepatocarcinogenesis with ref-
erence to lipid peroxidation and enzymic antioxidants. Cell Biochem
Funct 9: 27–35, 2001

5. Dyroff MC, Richardson FC, Popp JA: Correlation of O4-
ethyldeoxythymidine accumulation, hepatic initiation and hepatocel-
lular carcinoma induction in rats continuously administrated diethylni-
trosamine. Carcinogenesis 7: 241–246, 1986

6. Nakae D, Kobayashi Y, Akai H, Andoh N, Satoh H, Ohashi K,
Tsutsumi M, Konishi Y: Involvement of 8-hydroxyguanine forma-
tion in the initiation of rat liver carcinogenesis by low dose levels of
N-nitrosodiethylamine. Cancer Res 57: 1281–1287, 1997

7. Beckman JS, Beckman TW, Chen J, Marshall PA, Freeman BA: Ap-
parent hydroxyl radical production by peroxynitrite: implications for
endothelial injury from nitric oxide and superoxide. Proc Natl Acad Sci
USA 87: 1620–1622, 1990

8. Dean RT, Fu S, Stocker R, Davies MJ: Biochemistry and pathology of
radical-mediated protein oxidation. Biochem J 324: 1–18, 1997

9. Pattanayak D, Chatterjee SR: Inactivation of sunflower NADH:Nitrate
reductase by White Light-Activated Rose Bengal. Mol Cell Biol Com-
mun 138: 237–240, 1999

10. Pasquini R, Scassellati-Sforzolini G,Villarini M, Moretti M, Marcarelli
M, Fatigoni C, Kaur S, Kumar S, Grover IS: In vitro protective effects
of Terminalia arjuna bark extract against the 4-nitroquinoline-N-oxide
genotoxicity. J Environ Pathol Toxicol Oncol 21: 33–44, 2002

11. Jain V, Poonia A, Agarwal RP, Panwar RB, Kochar DK, Misra SN:
Effect of Terminalia arjuna in patients of angina pectoris. Indian Med
Gaz 36: 56–59, 1992

12. Hartwell JL: Plants Used Against Cancer. Quarterman Publication,
Lawrence, MA, 1982

13. Sivalokanathan S, Ilayaraja M, Balasubramanian MP: Anticancer po-
tency of Terminalia arjuna bark on N-nitrosodiethylamine-induced hep-
atocellular carcinoma in rats. Nat Prod Sci 10: 190–195, 2004

14. Lowry OH, Rosenbrough NJ, Farr AL, Randall RJ: Protein measurement
with the Folin-phenol reagent. J Biol Chem 193: 265–275, 1951

15. Hogberg J, Larson RE, Kristoferson A, Orrenius S: NADPH-dependent
reductase solubilised from microsomes by peroxidation and its activity.
Biochem Biophys Res Commun 56: 836–842, 1974

16. Devasagayam TPA, Tarachand U: Decreased lipid peroxidation in the rat
kidney during gestation. Biochem Biophys Res Commun 145: 134–138,
1987

17. Marklund S, Marklund G: Involvement of the superoxide anion radical
in the autoxidation of pyrogallol and a convenient assay for superoxide
dismutase. Eur J Biochem 47: 469–474, 1974

18. Sinha AK: Colorimetric assay of catalase. Anal Biochem 47: 389–394,
1972

19. Rotruck JT, Pope AL, Ganther HE, Swanson AB, Hafeman DG,
Hoekstra WG: Selenium: biochemical role as a component of glu-
tathione peroxidase. Science 179: 588–590, 1973

20. Omaye ST, Turabull JD, Sauberlich HE: Selected methods for the de-
termination of ascorbic acid in animal cells, tissues and fluids. Methods
Enzymol 62: 3–11, 1979

21. Desai ID: Vitamin E analysis methods for animal tissues. Methods En-
zymol 105: 138–144, 1984

22. Summerfield FW, Tappel AL: Determination of fluorescence quench-
ing of the environment of DNA cross-links made by malondialdehyde.
Biochim Biophys Acta 740: 185, 1983

23. Gupta M, Mazumder UK, Kumar RS: Hepatoprotective effects and an-
tioxidant role of Caesalpinia bonducella on paracetamol-induced hep-
atic damage in rats. Nat Prod Sci 9: 186–191, 2003

24. Oberlay LW, Buettner GR: Role of superoxide dismutase in cancer: a
review. Cancer Res 39: 1141–1149, 1979

25. Chance B, Green Stein DS, Roughton RJW: The mechanism of catalase
action 1 – Steady state analysis. Arch Biochem Biophys 37: 301–339,
1952

26. Gaetani GF, Galiano S, Canepa L, Ferraris AM, Kirkman HN: Cata-
lase and glutathione peroxidase are equally active in detoxification of
hydrogen peroxide in human erythrocytes. Blood 73: 334–339, 1989

27. Peskin AV, Koen YM, Zbarsky IB: Superoxide dismutase and glu-
tathione peroxidase activities in tumours. FEBS Lett 78: 41–45, 1977

28. Simons TW, Jamall IS: Significance of alterations in hepatic antioxidant
enzymes, primacy of glutathione peroxidase. Biochem J 251: 913–917,
1988

29. Allen RG: Oxygen-reactive species and antioxidant responses during
development: The metabolic para of cellular differentiation. Proc Soc
Exp Biol Med 196: 117–129, 1991

30. Cameron E, Pauling L, Leiboviz B: Ascorbic acid and cancer: Review.
Cancer Res 39: 663–681, 1979

31. Buettner GR: The pecking order of free radicals and antioxidants: lipid
peroxidation, alpha-tocopherol, and ascorbate. Arch Biochem Biophys
300: 535–543, 1993

32. Beyer RE: The role of ascorbate in antioxidant protection of biomem-
branes: interaction with vitamin E and coenzyme Q. J Bioenerg
Biomembr 26: 349–358, 1994

33. Wiseman H: Dietary influences on membrane function: importance in
protection against oxidative damage and disease. J Nutr Biochem 7:
2–15, 1996

34. Daoud AH, Griffin AC: Effect of retinoic acid, butylated hydroxy-
toluene, propylgallate and selenium on 2-acetylaminofluorene induced
hepatotoxicity. Cancer Lett 29: 183–188, 1985

35. Packer JE, Slater JF, Willson RL: Direct observation of a free radical
interaction between vitamin E and vitamin C. Nature 278: 737–738,
1979

36. Kaur S, Grover IS, Kumar S: Antimutagenic potential of ellagic acid
isolated from Terminalia arjuna. Indian J Exp Biol 35: 478–482, 1997

37. Haslam E, Lilley TH, Cai Y, Martin R, Magnolato D: Traditional herbal
medicine – the role of polyphenols. Planta Med 55: 1–8, 1989

38. Wang ZY, Cheng SJ, Zhou ZC, Ather M, Khan WA, Bickers DR,
Mukhtar H: Antimutagenic activity of green tea polyphenols. Mutat
Res 223: 273–285, 1989

39. Teel RW: Ellagic acid binding to DNA as a possible mechanism for its
antimutagenic and anticarcinogenic action. Cancer Lett 30: 329–336,
1986

40. Sumitra M, Manikandan P, Kumar DA, Arutselvan N, Balakrishna K,
Manohar BM, Puvanakrishnan R: Experimental myocardial necrosis
in rats: role of arjunolic acid on platelet aggregation, coagulation and
antioxidant status. Mol Cell Biochem 224: 135–142, 2001

41. Karthikeyan K, Sarala Bai BR, Gauthaman K, Sathis KS, Devaraj SN:
Cardioprotective effect of the alcoholic extract of Terminalia arjuna
bark in an in vivo model of myocardial ischemic reperfusion injury.
Life Sci 73: 2727–2739, 2003

42. Sivalokanathan S, Ilayaraja M, Balasubramanian MP: Efficacy of
Terminalia arjuna (Roxb.) on N-nitrosodiethylamine induced hep-
atocellular carcinoma in rats. Indian J Exp Biol 43: 268–271,
2005


