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ABSTRACT

Article Info:

Cancer is a growing public problem whose estimated worldwide new incidence is
about 6 million cases per year. In the present study to investigate the anticancer activity of
Clerodendrum phlomidis (L) leaves extract (CPLE) and its nanoparticles. It is evident that
silver nanoparticles (SNPs) and CPLE is capable of modulating the enzymatic and non
enzymatic antioxidant defense mechanisms and restored the tumor and diagnostic markers in
Diethylnitrosamine (DEN) induced hepatocellular carcinogenesis. The morphometric and
histological studies also supported the chemopreventive properties of SNPs and CPLE and all
these observations clearly indicate a significant antitumor activity of SNPs and CPLE. Our
study confirms that SNPs and CPLE plays duel role by blocking carcinogen metabolic
activation and enhancing carcinogen detoxification. Protective properties of the CPLE may be
due to the presence of phytochemicals such as flavonoids, terpenoids alkaloids etc. SNPs
possess potential anticancer activity than CPLE due to nano size particles act efficiently than
crud extract.
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INTRODUCTION

Cancer is a growing public problem
whose estimated worldwide new incidence is about
6 million cases per year. It is the second major
cause of deaths after cardiovascular diseases.
Cancer is a general term applied of series of
malignant diseases that may affect different parts of
body. These diseases are characterized by a rapid
and uncontrolled formation of abnormal cells,
which may mass together to form a growth or
tumor, or proliferate throughout the body, initiating
abnormal growth at other sites. If the process is not
arrested, it may progress until it causes the death of
the organism. These cells are born due to
imbalance in the body and by correcting this
imbalance the cancer may be treated (Siegel and
Zhu, 2009).
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DiethylInitrosamine is an N-nitroso alkyl
compound, categorized as a potent hepatotoxin and
hepatocarcinogen in  experimental  animals,
producing reproducible tumors after repeated
administration. The main cause for concern is that
diethylnitrosamine is found in a wide variety of
foods like cheese, soybean, smoked, salted and
dried fish, cured meat and alcoholic beverages
(Liao et al, 2001). Metabolism of certain
therapeutic drugs is also reported to produce
diethylnitrosamine (Akintonwa, 1985). It is also
found in tobacco smoke at a concentration ranging
from 1 to 28 ng/cigarette and in baby bottle nipples
at a level of 10 ppb (IARC, 1972).
Diethylnitrosamine is reported to undergo
metabolic activation by cytochrome P45, enzymes
to form reactive electrophiles which cause
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oxidative  stress leading to  cytotoxicity,
mutagenicity and carcinogenicity (Janani et al.,
2010). The detection of diethylnitrosamine in
commonly consumed food products makes the
human population vulnerable to its exposure. This
constraint  underscores the need for the
development of novel hepatoprotective drug with
potent antioxidant activity.

Various plants and plant derived products
have been tested and found to be effective against
diethylnitrosamine induced hepatocarcinogenesis
and hepatotoxicity (Jayakumar et al., 2012). Use of
plants for treating various ailments of both man and
animal is as old practice as man himself. India is
richly endowed with a wide variety of plants
having medicinal value. These plants are widely
used by all sections of the society whether directly
as folk remedies or indirectly as pharmaceutical
preparation of modern medicine. (Uniyal et
al.,2003). In recent times, focus on plant research
has increased all over the world and a large body of
evidence has collected to show immense potential
of medicinal plants used in various traditional
systems (Ayurveda, Siddha and Unani) (Dahanukar
et al., 2000). The medicinal value of the chosen
plant Clerodendrum phlomidis leaves has not been
extensively worked out. Therefore, the present
study was to examine the anticancer activity of
Clerodendrum phlomidis leaves and its silver
nanoparticle.

MATERIALS AND METHODS
Preparation of plant powder

The Clerodendrum phlomidis leaves were
collected and dried under shade. These dried leaves
were mechanically powdered and stored in an
airtight container. These powdered materials were
used for further analysis.
Preparation of alcoholic extract

The powder C. phlomidis leaf was
extracted with 70% ethanol for 48 hours.A semi
solid extract was obtained after complete
elimination of alcohol under reduced pressure.The
C. phlomidis L. leaf extract (CPLE) was stored in
refrigerator until used.
Synthesis of silver nanoparticles

For the Ag nanoparticles synthesis, 5 ml
of Clerodendrum phlomidis is leaf extract was
added to 45 ml of 1 mM and 4 mM aqueous
AgNO; solution in a 250 ml Erlenmeyer flask. The
flask was then incubated in the dark at 5 hrs (to
minimize the photo activation of silver nitrate), at
room temperature. A control setup was also
maintained without leaf extract. The silver
nanoparticle solution thus obtained was purified by
repeated centrifugation at 10,000 rpm for 15 min
followed by re-dispersion of the pellet in de-
ionized water. Then the silver nanoparticles
(AgNPs) were freeze dried using SEM analysis
(Arunachalam et al., 2012).
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PHARMACOLOGICAL STUDIES
Animals

Male albino rats of Wistar strain
approximately weighing 180-200g were used in
this study. They were healthy animals purchased
from the Indian Institute of Science, Bangalore.
The animals were housed in spacious
polypropylene cages bedded with rice husk. The
animal room was well ventilated and maintained
under standard experimental conditions
(Temperature 27 + 2° C and 12 hour light/dark
cycle) throughout the experimental period. All the
animals were fed with standard pellet diet and
watter were provided ad libitum. They were
acclimatized to the environment for one week prior
to experimental use. The animal feed composition
is crude protein (22.3%), crude oil (4.01%), crude
fibre (4.02%), Ash (8.02%) and sand silical
(1.02%)).
Chemicals

DiethyInitosamine, Nitro blue tetrazolium
(NBT), ethylene diamine tetraacetic acid (EDTA),
trichloro acetic acid (TCA), thiobarbituric acid
(TBA), 1-chloro-2,4-dintiro benzene (CDNB),
5,5’-dithio-bis (2-nitrobenzoic acid), glutathione
(reduced), glutathione (oxidized), streptozotocin
(STZ), Diethylnitrosamine (DEN) and L-ascorbic
acid were purchased from Sigma Chemical
Company (St. Louis, MO, USA). All other
chemicals used were of analytical grade and were
obtained from Glaxo Laboratories, Mumbai, India,
and Sisco Research Laboratories, Mumbai, India.
Plant material and preparation of extract

The collected plant materials were
washed, sliced and completely dried in a hot-air
oven at 37°C. The dried materials was ground into
make a fine powder and used for extraction. Three
hundred grams (300g) of the leaves powder plants
were extracted with ethanol (70%) using “Soxhlet
Apparatus” for 48 hours. A semi solid extract was
obtained after complete elimination of alcohol
under reduced pressure. The extract was stored in
refrigerator until used. The extract contains both
polar and non-polar phytocomponents. For
experiments  500mg/kg  body  weight of
Clerodendrum phlomidis leaf extract (CPLE) was
used. This effective dose was selected based on
dose dependent studies of CPLE  carried out in
our laboratory.
Experimental design

Body weights of the animals were
recorded and they were divided into 4 groups of 6
animals each as follows. Group 1: Normal control
rats fed with standard diet and pure drinking water.
Group 2: Rats induced with hepatocellular
carcinoma by providing 0.01% DEN through
drinking water for 16 weeks. Group 3: Rats
pretreated  with  Nanoparticles  (10mg/kg)
intragastrically at the dose of (500 mg/kg body
weight) for one week before the administration of
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DEN and continued till the end of the experiment
(i.e., 16 weeks). Group 4: Rats treated with
Clerodendrum phlomidis L. leaves extract alone by
oral gavage daily at a dose of 500 mg/kg body
weight (based on effective dosage fixation studies)
for 16 weeks.
Collection of blood and preparation of serum
sample

At the end of the experimental period, the
animals were anaesthetized using chloroform
vapour prior to dissection. Blood was collected by
cardiac puncture into serum separator tubes. The
blood was allowed to clot by standing at room
temperature for 30 minutes and then refrigerated
for another 30 minute. The resultant clear part was
centrifuged at 3000rpm for 10minutes, and then the
serum (supernatant) was isolated and stored at
refrigerated until required for analysis.
Tissue homogenate

Immediately after blood collecting, the
animals were sacrificed by cervical dislocation and
the liver was dissected out, washed with ice-cold
physiological saline. The required amount was
weighed and homogenized using a Teflon
homogenizer. Tissue homogenate was prepared in
0.1 M Tris Hcl buffer (pH 7.4) and used for the
estimation of various biochemical parameters.
Histological studies

The liver tissue was fixed in 10% normal
saline for 72 h after which the tissues were sliced to
a thickness of 2.1mm each. These were dehydrated
using alcohol of graded concentration. They were
further treated with paraffin wax and cast into
blocks; sections of the tissues were cut on a
microtome to 5 um. These were later attached to a
slide and dried. The samples slides were viewed on
a photographic microscope to find out histological
changes.

BIOCHEMICAL ESTIMATIONS
Malondialdehyde was estimated by the
thiobarbituric acid assay method of Beuge and Aust
(1978). Superoxide dismutase activity was
determined by the procedure of Kakkar et al.
(1984) in plasma. The activity of catalase was
assayed by the method of Beers and Sizer (1952).
The activity of glutathione peroxidase was assayed
by the method of Rotruck et al (1973). Reduced
glutathione was estimated by method of Moron et
al (1979). The level of ascorbic acid was estimated
by the method of Omaye et al (1979). a-tocopherol
was estimated by the method of Baker et al
(1980).Protein was estimated by the method of
Lowry et al.,. (1951). The serum SGOT and
SGPT were estimated by the method of Reitman
and Frankel (1957). The tumor marker alpha-
fetoprotein was measured by radioimmunoassay
techniques (Eiken Chemical Co., Japan). Serum
homocysteine levels were estimated by ELISA
method of Primus et al., (1988). Serum o2M was
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determined using radial-immuno diffusion kit
(Biocientifica SA, Buenos Aires-Argentina). CEA
was measured in serum by chemiluminescent
immunoassay (Fully Automated ADVIA Centaur,
Bayer, USA). DNA was estimated by the method
of Burton (1956). RNA was estimated by the
method of Rawal et al (1977).

RESULTS

Anticancer activity of Clerodendrum phlomidis
leaves extract and its Silver nanoparticles
Evaluation of lipid peroxidation (LPO)

Table 1 shows the level of LPO in the
liver of control and experimental groups of animals
which was analyzed for oxidative stress. In DEN-
induced group 2 animals, there is a significant
increase in the levels of lipid peroxides and protein
carbonyl when compared with group 1 normal
control animals. This could be a tumor burden.
Whereas in CPLE - treated group 3 animals, there
is a significant decrease in the levels of LPO when
compared with group 2 tumor-bearing animals.
However, animals treated with silver nanoparticles
(SNPs) (group 4) did not show any significant
changes when compared with group 1 control
animals.

Evaluation of antioxidant status in liver

Table 1 depicts the antioxidant status in
the liver of control and experimental group of
animals. DEN-induced group 2 animals exhibited a
significant decrease in the activities of SOD and
CAT when compared with group 1 normal control
animals, Clerodendrum phlomidis leaves extract
(CPLE) treated group 3 showed a significant
increase in the activities of SOD and CAT when
compared with group 2 DEN-induced animals. The
activities of GPx and GSH also significantly
decreased in DEN induced group 3 tumor-bearing
animals when compared with group 1 control
animals. In SNPs -treated group 4 animals, there is
a significant increase in the activities of GPx and
GSH when compared with group 2 DEN-induced
animals.

The levels of antioxidant vitamins,
vitamin-C and vitamin-E were also decreased in
rats treated with diethylnitrosamine as compared to
control (Table 2). CPLE and SNPs treatment for 16
weeks caused a significant reversal of the fall in the
levels of vitamin-C and vitamin-E in the liver
tissue. In SNPs -treated group 4 animals, there is a
significant increased in the vitamin-C and vitamin-
E when compared with group 2 DEN-induced
animals.

Evaluation of liver tumour markers

The content of the tumour markers (serum
AFP, 0a2M, Hcy, CA and liver DNA and RNA in
control and experimental animals were found to be
a significant alterations in tumor bearing animals
when compared with control (Table 3). The rise
(p<0.05) in the content of AFP, oa2M, Hcy and
Cancer antigen found in group 2 tumor bearing
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animals was significantly decreased in group 3
CPLE treated animals when compared with tumor
bearing group. In SNPs -treated group 4 animals,
there is a significant restored the tumour markers
when compared with group 2 DEN-induced
animals.

Tumor bearing animals showed a
significantly increased nucleic acid contents (DNA
and RNA) in liver tissues (Table 3). CPLE (500
mg/kg) treatment resulted in a significant decrease
in the levels of nucleic acid contents in group 3
animals as compared with group 2 rats. In SNPs -
treated group 4 animals, there is a significant
restored the DNA and RNA when compared with
group 2 DEN-induced animals.

The activity of AST and ALT in the serum
of control and experimental animals is presented in
Table 4. It is observed that administration of DEN
(Group-111) to rats produced a significant increase
in the activities of all the marker enzymes, the
increase being two-fold for AST and ALT, when
compared to control rats. In SNPs -treated group 4
animals, there is a significant decreased in the
activity of AST and ALT when compared with
group 2 DEN-induced animals. Treatment with
CPLE administration (Group-3) significantly
decreased the activities of these enzymes to
normalcy.

Table 1 Effect of Clerodendrum phlomidis leaves and nanoparticle on liver MDA, SOD, Catalase
and GPx activities in experimental rats

Parameters Group | Group 1l Group Il Group IV
MDA (nmole/gm tissues) 2.87 #0.20° | 3.86x0.27° | 2.32+0.16% | 2.97+0.20°
SOD (U/ mg protein in tissues) 5.58 +0.23% | 3.98 +0.19° | 4.92 +0.27% | 5.32 +0.24°
Catalase (U/ mg protein in tissues) | 4.72 +0.23% | 3.51+0.20° | 5.78 +0.28° | 4.80 +0.24°
GPx (U/ mg protein in tissues) 6.21 +0.43% | 4.72+0.33" | 7.63+0.38% | 6.73 +0.332

Values are expressed as Mean = SD for six rats

Values which are not sharing common superscript differ significantly at 5% level (P<0.05). Duncan Multiple

Range Test (DMRT).

Table 2 Effect of Clerodendrum phlomidis leaves and nanopatrticle on liver GSH, Vitamin C and

Vitamin E content in experimental rats

Parameters Group | Group Il Group 1 Group IV
GSH (g/mg tissues) 6.21+0.49° | 456+0.32° | 7.63+0.60% | 6.73+0.50°
Vitamin C (pg/mg tissues) | 9 32 +0.45° | 6.45 +0.50° | 11.34 +0.56° | 10.03 + 0.50°
Vitamin E (Hg/mg tissues) | 6 53+024% | 423025 | 6.45+0.32® | 6.54 +0.26°

Values are expressed as Mean = SD for six rats

Values which are not sharing common superscript differ significantly at 5% level (P<0.05). Duncan Multiple

Range Test (DMRT).
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Table 3 Effect of Clerodendrum phlomidis leaves and nanoparticle on tumour markers in
experimental rats

Parameters Group | Group Il Group 111 Group IV
AFP (Units) 0.50.04° | 0.97+0.07° | 0.43+0.03% | 0.57+0.05°
HCY (umolefl) 43+027% | 95+029° | 57£018° | 52+0.15°
CEA (Units) 0.35+0.003% | 0.49 +0.004° | 0.36+0.15° | 0.38 £ 0.009°
M () 131.8£4.2° | 223.8454° |133.17+3.99° | 136.743.0°
DNA (Mg/g tisste) | 1 764 0,04 | 25+014° | 1.86+008° | 1754013
RNA(MO/Qtissue) | 4 44 009° | 28+007° | 1.4+02° | 1.6+0.08°

Values are expressed as Mean * SD for six rats

Values which are not sharing common superscript differ significantly at 5% level (P<0.05).Duncan Multiple

Range Test (DMRT).

Table 4 Effect of Clerodendrum phlomidis leaves and nanoparticle on diagnostic markers in
experimental rats

Parameters Group | Group Il Group 1l Group IV
Protein (gm/dl)
6.83+0.27% | 4.49+0.35° | 6.06+0.28° | 6.63+0.14°
AST(IUL) 60.24 +5.42° | 82.58 + 6.63" | 64.83t532° | 64.34+5.79°
ALT (1U/L
(v 36.08 +3.08% | 65.05+4.11° | 37.36 +3.67% | 37.04 +3.33°

Values are expressed as Mean * SD for six rats

Values which are not sharing common superscript differ significantly at 5% level (P<0.05). Duncan Multiple

Range Test (DMRT).
Morphometric analysis

Macroscopic appearance of the liver cells
of control group 1 animals shows normal
morphology (Plate 1a). DEN alone administered
group 2 animals showing enlargement and several
grayish white nodules and foci on the peripheral
surface of the liver (Plate 1b). Liver cell shows
normal morphology in compound alone treated
group 3 animals (Plate 1c). Most of the foci and
nodules disappeared in the liver from DEN and
SNPs treated group (group 4) of rats showing the
effect of chemoprevention (Plate 1d).
Histopathological observation

Histological examination of the liver
showed normal architecture in both normal control
group (Plate 2a) and CPLE supplemented rats
(Plate 2c). 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. 1t showed nodular arrangement
(Pseudo lobule  formation) surrounded by
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lymphocytic infiltrate (Plate 2b). In contrast, DEN
with SNPs co-treatment showed near normal
hepatocytes with lymphocytic infiltration formed
around the central vein without disruption of the
liver architecture (Plate 2d).

DISCUSSION
Synthesis of silver nanoparticle

Silver nanoparticles are being extensively
synthesized using many different biological sources
including fungi, bacteria and plants (Shivaji et al.,
2011; Shaligram et al., 2009). Among them the
plant mediated nanoparticles synthesis is getting
more popular because of the high reactivity of plant
extract and easy availability of plant materials. This
method of nanoparticles synthesis involves no toxic
chemicals and termed as green chemistry
procedure. In this present study, Clerodendrum
phlomidis L. extract was used for the synthesis of
silver nanoparticles. The aqueous AgNO; solution
turned to brown colour with the addition of leaf
extract, indicating the formation of AgNPs in the



World Journal of Science and Research 1(1): 12-25 (2016).

Plate 1 Morphometric study of Clerodendrum phlomidis L. leaf and Nanoparticle treated rats

Plate 1a-Control Plate 1b- DEN induced cancer rat

Grayish white nodules

Plate 3c DEN + Nanoparticle Plate 4d DEN +
treated Clerodendrum phlomidis treated

Plate 2: Histological examination of the liver experimental rats

Plate 2a Control Plate 2b DEN induced cancer rat

Plate 2c DEN + Nanoparticle treated Plate 2d DEN +
Clerodendrum phlomidis L. treated
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reaction solution probably as a result of the
excitation of surface plasmon resonance (SPR)
bands (Mulvaney, 1996). The control
(AgNO3) showed no change in colour when
incubated in a similar condition.

There was a visible colour change
after the substrate was provided to the plant
extract. Initially the plant extract was light
green. Upon providing the silver salt, it turned
red. The presence of nanoparticles was
confirmed by obtaining a spectrum in visible
range of 200nm to 300nm. A typical peak at
438nm was obtained due to the surface
plasmon resonance of silver nanoparticles.
The ethanolic extract also showed a colour
change from light green to brown. Further,
upon subjecting to the spectrum in visible
range, a peak at 415nm was obtained showing
presence of silver nanoparticles.

SEM analysis was carried out to
understand the topology and the size of the
Ag-NPs, which showed the synthesis of higher
density polydispersed spherical Ag-NPs of
various sizes. The SEM image showing the
high density silver nanoparticle synthesized by
the leaf extract further confirmed the
development of silver nanostructures. Most of
the nanoparticles aggregated and only a few of
them were scattered, as observed under SEM.
The SEM analysis showed the particle size
between 98.85 to 344.23 nm as well the cubic,
face-centred  cubic  structure of the
nanoparticles.

Thirumurugan et al., (2010) reported
the extracellular biological synthesis of silver
nanoparticles (AgNP’s) using plant leaf
extracts (Lantana camara) for the reduction of
aqueous Ag+ ions. Stable silver nanoparticles
were formed by treating aqueous solution of
AgNO; with the plant leaf extracts as reducing
agent of Ag" to Ag’. The formation of
yellowish  brown colour, confirmed the
synthesized silver nanoparticles and UV-
visible spectroscopy (430nm) was used to
monitor the quantitative formation of silver
nanoparticles. The size and shape (40nm) of
the nanoparticles was characterized by SEM
(Scanning Electron Microscopy). In this
presence study the formation of silver
nanoparticales with C.phlomidis L. is
succussfully carried out.

Anticancer activity

Green synthesis of silver
nanoparticles (SNPs) using green resources
like Clerodendrum phlomidis L. leaves is a
better alternative to chemical synthesis, since
this green synthesis has many advantages such
as, ease of applicability for large scale
production, economically feasible, and
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ecofriendly. The anticancer studies showed
great improvement in the biological activity of
the extracts after SNPs synthesis. It is well
known that Ag ions and Ag-based compounds
have strong biological activities (Furno et al.,
2004). Owing to their small size, SNPs impair
the sulfur and phosphorus containing essential
macromolecules such as proteins and DNA
(Wei et al., 2009), thus, action of SNPs
appears to be a consequence of adherence to
and penetration inside the cell of the target
cells. The anti-proliferative effect of SNPs and
Ag was reported (Ahamed et al., 2008;
Rahman et al., 2009).

Zolghadri and co-workers
demonstrated that silver nanoparticles (SNPs)
provide a relatively high hydrophobicity inside
bovine hemoglobin which causes a transition
from alpha helixes to beta sheets and leads to
partial unfolding and aggregation of the
protein (Zolghadri et al.,, 2009), other
researchers suggest that SNPs are likely to
interact with thiol rich enzymes (Morones et
al., 2005); Therefore, it is possible that once
penetrated into cells, SNPs may attack
functional proteins of cells which results in
partial unfolding and aggregation of proteins
as it is the case in the bovine hemoglobin.
Toxicity —of  silver  nanoparticles s
concentration-size-shape dependent ; In green
synthesis process these factors are affected by
chemical compositions of plant parts extracts,
accordingly this will lead to variability in the
biological activities of such extracts (Shawkey
etal., 2013).

Tumorigenesis is a multistep process
that begins with cellular transformation and
progresses to hyper proliferation leading to
metastatic lesions. This progress can be
activated by the carcinogenotoxic substances
which are widely employed to develop cancers
in specific organs of experimental animals.
DEN is a potent carcinogen for HCC. 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 (Hahn and
Weinberg, 2002).

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. 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
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parameters of the host system, particularly
pertaining to the liver which is known to be
the major organ affected in carcinogenesis
(Mayer and Kulkarni, 2001).

Oxidative stress is associated with
damage to a wide range of macromolecular
species including lipids, proteins, and nucleic
acids thereby producing major interrelated
derangements  of  cellular  metabolism
including peroxidation of lipids. Free radicals
and non-radicals oxidizing Species were
produced in animals treated with carcinogens,
and also in human tissues (Sun, 1990).
Reactive oxygen species (ROS) is formed
from endogenous or exogenous sources are

highly reactive, toxic, and mutagenic
(Halliwell, 1994). DEN has been shown to
generate  free radicals (Halliwell and

Gutteridge, 1989), an uncompromising free
radical generation in the liver overwhelms the
antioxidant status and ultimately proceeds to
oxidative stress paving way to carcinogenesis
(Gey, 1993). Lipid peroxidation plays an
important role in carcinogenesis (Banakar et
al., 2004), is the most studied biologically
relevant free radical chain reaction and
measured as  malonaldehyde  (MDA).
Induction of DEN has been reported to
generate lipid peroxidation products like
malondialdehyde and 4-hydroxy nonenal that
may interact with various molecules leading to
cause oxidative stress and carcinogenicity
(Hietanen et al., 1987).

Increased level of LPO was reported
during DEN-induced hepato carcinogenesis.
This dynamic action may further lead to
uncompromised production of free radicals
overwhelming the cellular antioxidant defense
(Klaunig and Kamendulis, 2004). Our result
agrees with the earlier reports (Aml et al.,
2010; Dhanasekaran et al., 2009). It has been
extensively reported that free radicals
participated in DEN-induced
hepatocarcinogenesis. MDA generation at the
initiation stage can be prevented by free
radicals scavengers and antioxidant action of
CPLE. Animals treated with SNPs and CPLE
exhibited significantly lowered the levels of
LPO in liver when compared with animals
induced with DEN. This shows the anti-lipid
peroxidative and anti-protein oxidation role of
SNPs and CPLE that is probably mediated by
its ability to scavenge free radical generation.

Antioxidants possess a variety of
biological activities, including the induction of

drug-metabolizing enzymes, inhibition of
prostaglandin  synthesis, inhibition  of
carcinogen-  induced  mutagenesis, and

scavenging of free radicals (Hirose et al.,
1994). Antioxidants may protect membrane
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from ROS toxicity by prevention of ROS
formation by the interruption of ROS attack,
by facilitating the repair caused by ROS and
by providing cofactors for the effective
functioning of other antioxidants (Sen, 1995).
Development of life threatening diseases like
cancer is linked to the availability of these
antioxidants  (Gutteridge, 1994). Natural
antioxidants are capable of inhibiting the ROS
production and thereby reducing the
associated intracellular oxidative stress (Feng
et al., 2001).

SOD is the first line of defense in the
antioxidant system against the oxidative
damage mediated by superoxide radicals
(Oberley and Oberley, 1986). Superoxide
dismutases catalyze the dismutation of
superoxide radical to hydrogen peroxide and
water (Mccord and Fridovich, 1969).
Furthermore, CAT or GPx catalyze the
transformation of H,0, to harmless
byproducts. Glutathione, a cysteine-containing
tripeptide, is required to maintain the normal
reduced state of cells and to counteract all the
deleterious effects of oxidative stress. GSH is
said to be involved in many cellular processes
including the detoxification of endogenous
and exogenous compounds. DEN, an
electrophilic carcinogen may interact with the
large nucleophilic pool of GSH thereby
reducing the macromolecule and carcinogen
interaction (Chasseaud, 1979). In SNPs and
CPLE treated animals, there was a
significantly higher level of GSH in liver
when compared to DEN-induced animals
consistent with the idea of attenuation of DNA
carcinogen interaction and thereby averting a
favorable environment for carcinogenesis.

Decreases in the activities of SOD,
CAT and GPx are seen in tumor cells. The
compounds that can scavenge excessive free
radicals in the body are suggested to hinder
the process of carcinogenesis (Sumathi et al.,
1996). Such studies support our findings as we
had seen a significant decrease in the activities
of antioxidant enzyme in liver of animals
treated with carcinogen in comparison with
normal animals. Reduction in antioxidant
enzyme (SOD, CAT, GPx) activities in liver
by DEN is consistent with the earlier reports
(Aml et al., 2010; Dhanasekaran et al., 2009).
On the other hand, there is a significant
increase in the activities of antioxidant
enzymes in liver of the animals administered
SNPs and CPLE when compared with animals
administered carcinogen alone.

Excessive liver damage and oxidative
stress caused by diethylnitrosamine depleted
the levels of non-enzymic antioxidants like
GSH, vitamin-C and vitamin-E in our study.
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Non-enzymic antioxidants like vitamin-C and
E act synergistically to scavenge the free
radicals formed in the biological system. GSH
acts synergistically with vitamin-E in
inhibiting oxidative stress and acts against
lipid peroxidation (Chaudiere, 1994). Vitamin-
C also scavenges and detoxifies free radicals
in combination with vitamin-E and glutathione
(George, 2003). It plays a vital role by
regenerating the reduced form of vitamin-E
and preventing the formation of excessive free
radicals (Das, 1994). The decreased levels of
these antioxidant vitamins and GSH observed
during  diethylnitrosamine  administration
might be due to the excessive utilization of
these vitamins in scavenging the free radicals
formed during the  metabolism  of
diethylnitrosamine. SNPs and CPLE treatment
effectively restored the depleted levels of
these nonenzymic antioxidants caused by
diethylnitrosamine. Increase in GSH levels in
the present study observed that turn
contributes to the recycling of other
antioxidants such as vitamin-E and vitamin-C
(Exner et al., 2000). This shows that SNPs and
CPLE maintain the levels of antioxidant
vitamins by maintaining GSH homeostasis,
thereby protecting the cells from further
oxidative stress.

The positive modulation of cellular
damage in liver induced by the chronic
feeding of carcinogens was also evident
through the electron microscopic studies, like
SEM of liver, the target organ. There were
clear evidences of the SNPs and CPLE
providing protective action to liver. The
histopathological studies also supported the
protective action of SNPs and CPLE.

It is well known that liver cancer is
one of the most important cancers in the
world, resulting in more than 1 million
patients and over 260,000 deaths per year (Liu
et al ., 2006). Therefore, the chemoprevention
and treatment of liver cancer is very
important. AFP, a2M, Hcy, DNA, RNA CEA
and liver weight are valuable references,
widely used in animal studies to diagnose and
observe the development of
hepatocarcinogenesis (Thirunavukkarasu et al
., 2005). In the present study, the values of
previously mentioned parameters showed
sharp alterations in DEN-group as compared
with that of the normal control group.

Terpenoids exert antiproliferative and
antitumour effects that are particularly
pronounced in tumour cells (Lage et al.,
2010). Terpenoids are believed to be active
against cancer by enzymatically promoting
glutathione transferase (Fahey and Sundquit,
1991). Our study showed significant decrease
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in body weight and normalization of liver
weight caused in SNPs and CPLE-group. The
decrease in body weight in SNPs and CPLE-
supplemented group may be attributed at least
partly to the slowing down of digestion by
inhibiting enzymes such as amylase, protease
and lipase activities at levels, which could
affect carbohydrates, protein, and fat digestion
and absorption. Our findings are in
concordance with McDougall and Stewart
(2005) study.

AFP, a tumour-associated fetal
protein, has long been employed as a serum
fetal tumour marker to monitor disease
progression (Abelev, 1971; Liu et al ., 2006).
The observed significant increase of serum o2-
macroglobulin in DEN-induced rats is in
harmony with Sukata et al., (2004) who stated
that a2M might be tightly linked to the rat
hepatocarcinogenesis from the initial stage to
tumour progression even in conditions, which
are undetectable, by established cytochemical
markers such as placental glutathione-S-
transferase  (GST-P) and y-GT-positive
lesions. Sukata et al.,(2004) also confirmed
that the observed increases in serum a2M
concentrations during hepatocarcinogenesis
and in animals, bearing hepatic tumours was
not a result of secretion by the host liver of
a2M as an acute-phase reactant in response to
inflamematory injury. a2M functions as a
carrier protein and re regulator for various
growth factors and cytokines such as
transforming growth factor-p (known to be
involved in the onset of hepatocyte apoptosis)
(James, 1990). Furthermore, o2M partially
counteracts the inhibitory effects of
transforming growth factor-p on proliferation
of neoplastic hepatocytes, suggesting that
under some conditions, a2M can promote
hepatocarcinogenesis by perturbing
transforming growth factor-p-induced
apoptosis (Wollenberg et al ., 1991). In the
present study observed that the increased
content of AFP, CEA and oa2M concentrations
in cancer bearing animals. Supplementation of
SNPs and CPLE to cancer bearing animals
restored the content of AFP, CEA and o2M
concentrations.  Our  findings are in
concordance with Nermin et al., (2008) study,
which have been reported that
supplementations of SNPs and CPLE decrease
the content of AFP and 02M concentrations on
DEN induced liver cancer.

Nucleic acid content of tumor is
found to be an important indicator of
prognosis, because it is well correlated with
the size of the tumor in the cancerous
condition (Gallagher, 1986). In diseased state,
the degree of malignancy increases with the
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defective abnormalities in DNA. Reports
reveal that abnormal amount of DNA was
observed in various cancers including breast
carcinoma, endometrial carcinoma and lung
carcinoma (Ellis et al., 1991). In the present
study, an increased activity was observed in
DEN induced liver cancer animals and this
may be due to the over expression of many
enzymes which are necessary for DNA
synthesis in tumor cells.

RNA levels were found to be
increased in the cancerous condition as DNA
and RNA are directly related to each other, an
abnormally increased content of DNA may
lead to an increased transcription, which in
turn increased RNA content in tumor cells.
The mechanisms by which tea polyphenols
may act includes the inhibition of promutagen
activation, the inactivation of mutagens and
carcinogens, blocking and scavenging of
reactive molecules, modulation of DNA
replication or repair, inhibition of promotion,
and inhibition of invasion and metastasis of
tumor cells. These mechanisms are currently
being progressively clarified. Most of the
reports on mechanisms, however, still remain
as suggestive or speculative (Kuroda and
Hara, 1999). Present findings are similar to the
Pakkir et al., (2011) study. In SNPs and CPLE
treated animals, the nucleic acid levels were
decreased due to its inhibition of mutagenesis
process.

Increased serum Hcy activities seem
to be interrelated in the present study. Animal
and human studies have increasingly
demonstrated associations between folate
deficiency, serum Hcy elevations, and a
variety of cancers. The observed increase in
serum Hcy in our study is suggested to reflect
inhibition of homocysteine metabolism due to
folate deficiency reported in other studies
(Eichholzer et al ., 2001; Davis and Uthus,
2004). Folate is important for normal DNA
synthesis, repair, and converting homocysteine
to methionine (Davis and Uthus, 2004).
Therefore, increased demand of folate is
postulated to be a result of increased hepatic
levels of DNA and RNA and might indicate
increased DNA and RNA synthesis and
proliferation of cancer cells in response to
growth stimulation.

Based on the present study, the action
model of SNPs may be described as SNPs
making a breakthrough in the permeability of
outer membrane firstly, resulting in the
leakage of cellular materials. Secondly, SNPs
enter the inner membrane and inactivate
respiratory  chain  dehydrogenases, thus
inhibiting respiration and growth of cells.
Simultaneously, SNPs could affect some
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proteins and phosphate lipids and induce
collapse of membrane, resulting in cell
decomposition and death eventually (Shawkey
et al., 2013).

These  results are  potentially
promising because they suggest that, by using
non-cytotoxic amounts of silver salt with a
convenient, eco-friendly and cheap method
using Clerodendrum phlomidis L aqueous
extract; we can synthesize SNPs with good
anticancer activities. This opens the door to
prepare a suitable pharmaceutical formulation
using these nanoparticles.

In conclusion, it is evident that SNPs
and CPLE is capable of modulating the
enzymatic and non enzymatic antioxidant
defense mechanisms and restored the tumor
and diagnostic markers in DEN-induced
hepatocellular carcinogenesis. The histological
studies also supported the chemopreventive
properties of SNPs and CPLE and all these
observations clearly indicate a significant
antitumor activity of SNPs and CPLE, further
evidenced by macroscopic appearance of the
liver. Our study confirms that SNPs and CPLE

plays duel role by blocking carcinogen
metabolic  activation  and enhancing
carcinogen detoxification. Protective

properties of the CPLE may be due to the
presence of phytochemicals such as
flavonoids, terpenoids alkaloids etc. SNPs
possess potential anticancer activity than
CPLE. Thus, a study of the exact mechanism
by which SNPs inhibit signalling cascades
responsible  for the development and
progression of the disease would be a
tremendous breakthrough in the field of
nanomedicines and make these agents an
effective  alternative in  tumor and
angiogenesis-related diseases.
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