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ABSTRACT
Hepatocellular carcinoma (HCC), commonly known as liver cancer, is a most prevalent cancer which accounts
for increased morbidity and mortality in developed countries. Currently available drugs for the treatment of
liver cancer cause detrimental side effects. Hence search for plant - based drugs with fewer side effects
continues. Farnesol which is found in the essential oils of ambrette seeds, citronella, and chamomile possess a
wide range of pharmacological properties. In the present study an attempt has been made to evaluate the
anticancer effect of farnesol against DEN- induced hepatocellular carcinoma in rats. Oral treatment of farnesol
(25 mg/kg bw) to tumor bearing rats daily for four weeks was found to be effective against DEN- induced
hepatocellular carcinoma in rats. The levels of tumor markers such as alpha fetal protein and carcinoembryonic
antigen were decreased upon farnesol treatment. The increased levels of DNA and RNA were found to be
decreased upon treatment with farnesol. There was a significant improvement in protein content. The
increased activities of AST, ALT, ALP, ACP, 5’-ND, gamma-GT and LDH in serum of experimental rats were
significantly decreased to near normal levels. Oral administration of farnesol to DEN- induced rats significantly
decreased the levels of Phase I enzymes and increased the levels of Phase II enzymes in liver tissues to near
normalcy. Elevated levels of glycocomponents of glycoproteins such as hexose, hexosamine and sialic acid in
plasma and liver tissues were significantly decreased upon farnesol treatment. The results of the present study
indicate that farnesol exerts chemotherapeutic potential in DEN- induced hepatocellular carcinoma in rats.
Keywords : Hepatocellular Carcinoma, Diethyl Nitrosamine, Farnesol, Anticancer Property.

I. INTRODUCTION

development of certain cancers [1] since these diseases
are

Non-communicable diseases including diabetes and

lifestyle

related

they

require

specialized

infrastructure and human resource for treatment.

cancer pose chief public health problems. Cancer is
the second most common cause of morbidity and

Hepatocellular carcinoma (HCC), commonly known

mortality in both developed and developing countries.

as liver cancer is a most prevalent cancer not only in

Substantial epidemiological data on populations

developed countries but also in most undeveloped

indicate an association between many human cancers

countries. It is induced by toxic industrial chemicals,

and lifestyle/diet. Research on mutational events in
human cancers has provided substantial evidence for a

air and water pollutants, food additives and fungal
toxins [2]. The liver is the major organ involved in the

direct action of environmental carcinogens in the

metabolism of ingested materials and it is more
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susceptible to carcinogenic insult. Hepatocellular

Experimental Animals

carcinoma is rarely detected at the primary stage and
once detected treatment has a poor prognosis in most

Adult male Wistar strain albino rats weighing about

cases [3].

140-180 g were obtained from Fredrick Institute for
Plant Protection and Toxicology, Chennai, India. The

The liver plays a significant important intriguing site

animals were fed with commercially available

in the study of neoplastic diseases. As abnormal

balanced pellet diet (Amrut laboratory Animal Feed,

metabolism represents cancer, the liver being the

Bangalore, India) and water ad libitum. The animals

major vital metabolic organ, the structural and

were acclimatized for one week prior to the initiation

functional abnormalities represent the diseased
condition. Currently available drugs for the treatment

of experiments. The experimental design was
performed in accordance with the current ethical

of liver cancer cause detrimental side effects. Hence

norms approved by the Ministry of Social Justice and

search for plant based drugs with fewer side effects

Empowerment, Government of India and

continues. A large number of natural and synthetic

Institutional Animal Ethics Committee Guidelines

compounds have been shown to possess anticancer

(IAEC.No: 01/20/2018).

the

activity. Plants and plant products have been shown
to play an important role in the management of

Experimental Design

various liver disorders. One such compound that is
known for its therapeutic value is farnesol.

The experimental animals were divided into four
groups, each group comprising of six animals.

Farnesol, a 15-carbon sesquiterpene (an isoprenoid
intermediate of the mevalonate pathway), is produced

Group 1: Normal control rats fed with standard diet
and pure drinking water for 16 weeks

in cells by the dephosphorylation of farnesyl

Group 2: Rats were induced with hepatocellular

pyrophosphate, a precursor of squalene generating

carcinoma by providing 0.01% DEN through drinking

sterols and other isoprenoid compounds [4]. Fruits

water

such as plums, berries, apricots and peaches are the

Group 3: Rats treated with farnesol 25mg/kg body

fair source of farnesol [5]. It could also be found in the
essential oils of ambrette seeds, citronella, and

weight one week before the administration of 0.01%
DEN and continued along with carcinogen till the end

chamomile [6].Farnesol exerts antioxidant and anti-

of the experiment

inflammatory effects [4], [7]. In the present study, an

Group 4: Drug control (Farnesol alone treated)

attempt has been made to evaluate the anticancer
effect of farnesol against
hepatocellular carcinoma in rats

DEN

-

induced

All animals were fasted overnight and sacrificed by
sodium pentothal anesthesia followed by cervical
decapitation. Blood was collected with and without

II. MATERIALS AND METHODS

anticoagulant and the serum was centrifuged at 5000
rpm for 15 min to obtain a clear supernatant and

Chemicals

stored at -70°C until its use for further biochemical

N-Diethyl nitrosamines (DEN) and Farnesol were
purchased from Sigma Chemicals Co. (St. Louis, MO,

analysis. Liver tissues from control and experimental
groups of rats were immediately excised, washed in

USA). All other chemicals used were of analytical

ice-cold PBS to remove the blood stains, blotted,

grade obtained from SRL/HIMEDIA, India.

weighed and homogenized in Tris-HCl buffer (0.1M,
pH 7.4) using a Teflon homogenizer to prepare 10%
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(w/v) tissue homogenate. This homogenate was

transferase (GST) and UDP glucuronyl transferase (QR)

centrifuged at 12,000g for 30 min at 4°C to obtain a

were also measured [19].

clear supernatant. This supernatant was pooled and
used for further analysis.

Glycoprotein components
The levels of glycoprotein components namely hexose,

Evaluation of markers of tumorigenicity
Tumor

markers

alpha

fetoprotein

hexosamine and sialic acid in plasma and liver were
and

estimated by the method of Niebes (1972), Wagner

carcinoembryonic antigen were quantified based on

(1979), and Warren (1959) [20,21&22] respectively.

solid phase enzyme-linked immunosorbent assay

The values are expressed as mg/dl for plasma and mg/g

method using UBI MAGIWELL (USA) enzyme
immunoassay kit according to the manufacturer’s

of defatted tissue for a tissue.

instructions.

III. RESULTS AND DISCUSSION

Total Protein

The body weight, as well as liver weight of the

Total Protein was estimated according to the method

experimental groups of rats, is depicted in table 1.

of Lowry et al 1951[8].

DEN- induced hepatacellular carcinoma showed a
significant decrease in the body weight with an

Nucleic acids from liver tissues were extracted by the

increase in liver weight, whereas farnesol treatment to
DEN- induced animals significantly improved the

method of Schneider (1957) [9] and the DNA and

body weight and decreased the liver weight in tumor-

RNA were quantified by the method of Burton (1956)
[10] and Rawal et al. (1977)[11] respectively

bearing rats.

Nucleic acids

Table 1 : Effect of Farnesol on body weight and liver
weight of control and experimental animals.

Estimation of Liver marker enzymes
The activity of cytosolic marker enzymes such as AST
and ALT in serum was assayed by the method of

Groups

Body weight (g)

Liver weight (g)

Bergmeyer et al., (1978) [12]. Alkaline phosphatase
and Acid phosphatase activities were estimated by the

Control

180.00 ± 6.45

7.00 ± 0.18

method of King (1965a) [13] using disodium phenyl

DEN induced

120.00 ±9.10*

11.30 ± 0.77

153.30 ± 9.00a#b*

8.20 ± 0.30

assayed by the method of Luly et al., (1972) [14] using

DEN induced
+ Farnesol

5’ adenosine monophosphate as substrate and the
activity ofγ-glutamyl transpeptidase was assayed by

Farnesol

170.00 ± 08.00aNS

7.32 ± 0.12

phosphate as substrate. The 5’-Nucleotidase was

the method of Rosalki and Rau, (1972)[15]using L-γglutamyl-p-nitroanilide

as

substrate.

Lactate

dehydrogenase (LDH) was assayed by the method of
King (1965b) [16] using lithium lactate as substrate.
Estimation of Phase I and Phase II enzymes
PhaseI detoxification enzymes such as cytochrome
P450 and cytochrome b5 were assessed [17]. Phase II

Values are given as mean ± S.D for six rats in each
group. Statistical significance was compared within
the group as follows :
A-compared with control rats b-compared with DEN
INDUCED treated rats*p<0.001; @p<0.05; #p<0.01;
NS-Not significant

detoxification enzymes such as glutathione S -
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Figure 1 shows the effect of farnesol on the levels of

Table 2 depicts the activities of marker enzymes, such

serum tumor markers in the control and the

as

experimental groups of animals. The markers of

Nucleotidase, transpeptidase, γ GT and LDH in the

tumorigenicity examined in the DMBA group showed

serum, of control and experimental group of rats. A

a significant increase in the AFP, CEA levels when

significant increase in the levels of serum marker

compared to the control group of rats. Farnesol,

enzymes was observed in DEN- induced rats

treatment

compared to control rats. However, upon treatment

to

DEN-

induced

rats

significantly

decreased the levels of the tumor markers.

transaminases,

alkaline

phosphatases,

5’

with farnesol these levels were decreased to normal in
DEN- induced rats. However, there was no significant
change in marker enzyme activities observed in
farnesol control rats when compared to control rats
demonstrating the non-toxic nature of farnesol.

Table 2 : Effect of Farnesol on the levels of marker enzymes in serum of control and experimental animals
Groups

AST

Control

46.02 ± 1.60

a
DEN induced 70.00±5.80 *

ALT

ALP

ACP

5’ND

γ GT

LDH

24.00 ± 0.55

54.77 ± 2.30

12.20 ± 0.38

2.50 ± 0.04

8.00 ± 0.40

79.54 ± 3.28

44.40 ± 5.40 a*

6.66 ± 0.83 a*

12.24 ± 1.23 a*

129.00 ± 13.00 a*

72.85 ± 3.10a#b*

31.64 ± 2.11 a*b#

4.30 ± 0.35 a*b#

7.80 ± 0.24 a*b#

92.22 ± 7.50 a*b#

54.44± 1.32aNS

12.50± 0.32aNS

2.89± 0.08aNS

6.80± 0.38aNS

83.00± 3.45aNS

38.60±3.88a*

a b#
a b#
DEN induced 49.00 ± 1.42 * 32.50 ± 2.04 *

118.00±10.41 a*

+ Farnesol
Farnesol

43.10 ± 0.70aNS

20.58± 0.79aNS

Units: AST and ALT are expressed in µmoles of

compared with DEN INDUCED treated rats*p<0.001;

pyruvate liberated/mg protein/min; ALP and ACP are
expressed in µmoles of p-nitrophenol liberated/mg

@p<0.05; #p<0.01; NS-Not significant.

protein/min; 5’ND is expressed in µmoles of inorganic

Table 3 shows the levels of nucleic acid and proteins

phosphate liberated/mg protein/min, γ GT is expressed

in livers tissues of experimental groups of rats. Tumor

in µmoles of p-nitroanilineliberated/mg protein/min;

-induced rats showed a significant increase in nucleic

and LDH is expressed in µmoles of pyruvate

acid content and a decrease in protein content in liver

liberated/mg protein/min. AHH is µmoles offluroscent
phenolic metabolites formed/mm/mg pr.

tissue. However, upon treatment with farnesol to
DEN- induced rats, the level of nucleic acids in liver
tissue was found to be significantly decreased. The

Values are given as mean ± S.D for six rats in each

protein content was found to be increased. The

group. Statistical significance was compared within

nucleic acid and protein content remained the same in

the group as follows: a-compared with control rats, b-

control and farnesol alone treated animals.
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the group as follows: a-compared with control rats bTable 3 : Effect of Farnesol on the levels of nucleic
acid and protein level in liver tissues of control and
experimental animals.

Groups Control

DEN

DEN

induced induced+Farnesol

RNA
(mg/g wet

6.20 ±
0.05

10.26±
0.40 a*

7.00 ± 0.20 a*b*

@

p<0.05; #p<0.01; NS-Not significant

The levels of Phase I and Phase II biotransformation
Farnesol

enzymes in the liver tissues of control and an
experimental group of animals are shown in Table 4.

DNA
(mg/g wet
tissue)

compared with DEN INDUCED treated rats *p<0.001;

5.80 ±
0.05aNS

The levels of Phase I enzymes was found to be
increased significantly in the liver tissue of tumor induced rats when compared to control animals.
However, the Phase II enzymes were found to be

5.20 ±
0.04

8.60± 0.35
a*

5.50 ± 0.14a*b*

5.40 ±
0.06aNS

decreased significantly in liver tissues of tumor

tissue)

induced rats. On the contrary, the administration of

Proteins

farnesol to DEN- induced rats significantly decreased

(mg/gof
wet

8.50 ±
0.41

5.00 ±
0.29 a*

6.20 ± 0.28 a*b*

7.14 ± 0.32
aNS

tissue)

the levels of Phase I enzymes and increased the levels
of Phase II enzymes to near normalcy. There was no
significant change in the enzyme levels in farnesol
alone treated rats when compared to control animals.

Values are given as mean ± S.D for six rats in each
group. Statistical significance was compared within
Table 4 : Activities of Phase I and Phase II Biotransformation enzymes in liver tissues of control and
experimental animals

Groups

Control

DEN induced

DEN induced+Farnesol

Farnesol

0.45 ± 0.032

0.84 ± 0.02 a*

0.63 ± 0.03 a*b*

0.83 ± 0.03aNS

0.34 ± 0.040

0.74 ± 0.024 a*

0.42 ± 0.03 a*b*

0.75 ± 0.014aNS

12.31 ± 2.20

18.40 ± 0.83a*

14.14 ± 1.06 a*b*

18.20 ± 0.23aNS

3.20 ±0.71

2.87 ± 0.14a*

4.05 ± 0.22 a*b*

2.76 ± 0.08aNS

47.00 ± 3.80

37.82± 0.13 a*

44.73 ±2.60 a*b*

32.10 ± 1.80aNS

Phase I enzyme
Cytochrome P450
Cytochrome b5
NADPH Cytochrome
‘C’Reductase
Phase II Enzyme
Glutathione S-transferase
UDP Glucronyl tranferase

Units : n moles/mg microsomal protein/min Values

compared with DEN induced treated rats *p<0.001;

are given as mean ± S.D for six rats in each

@p<0.05; #p<0.01; NS-Not significant

group.Statistical significance was compared within the
group as follows: a-compared with control rats b-
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Table 5 and 6 depicts the levels of glycocomponents of
glycoproteins in plasma and liver tissues of control,

Hexosami 2.50±0. 4.20±1.
ne

08

DEN- induced and farnesol treated rats respectively.
Elevated levels of hexose, hexosamine and sialic acid

Sialic acid

induced rats when compared to the controls. Upon
farnesol administration, levels of glycocomponents of
glycoproteins were significantly decreased in a dose
dependent manner when compared to control rats.
Table 5 :

Effect of Farnesol on the levels of

glycoproteins in plasma of control and experimental

20

NS

2.52±0.25a

2.70±0.32 a*b*

42 a*

NS

Units: mg/g of defatted tissue.Values are given as
mean ± S.D for six rats in each group. Statistical
significance was compared within the group as follows:
a-compared with control rats b-compared with DEN
INDUCED treated rats *p<0.001;

@

p<0.05; #p<0.01;

NS-Not significant

animals.

IV.DISCUSSION

Groups Control

DEN

DEN

Farnesol
Diethylnitrosamine

induced induced+Far

and

nesol
Hexose

00 a*

2.02±0. 3.30±0.

in plasma and liver tissues were observed in DEN-

2.88±0.40a

3.13±0.35 a*b

135.60±8 197.68±1 153.70± 9.10 142.50±9.
.00

is

a

N-nitrosodiethylamine,
well

known

potent

hepatocarcinogenic agent present in tobacco smoke,
water, curd and fried meals, cheddar cheese,

0.12 a*

a*b*

Hexosam 36.43±3.

50.34±

43.00 ± 4.00

39.50±

ine

4.30 a*

a*b*

3.6aNS

93.50±7.54

60.11±

the most accepted and widely used experimental

a*b*

7.20aNS

models to study hepatocarcinogenesis [24]. It has been

Sialic

30

52.20±4. 120.50±

acid

60

10.00 a*

50aNS

NDEA)

(DEN,

agricultural chemicals, cosmetics and pharmaceutical
products [23]. DEN is known to induce damage in
many enzymes involved in DNA repair and it is one of

reported

that

DEN

after

its

metabolic

pro

mutagenic

Units: mg/dl Values are given as mean ± S.D for six

biotransformation

rats in each group. Statistical significance was

adducts, O6-ethyl deoxyguanosine and O4- and O6-

compared within the group as follows: a-compared

ethyl deoxy thymidine that may initiate liver

with control rats b-compared with DEN INDUCED

carcinogenesis [25, 26&27].

treated rats *p<0.001;

@

produces

the

p<0.05; #p<0.01; NS-Not

significant.

Acute toxicity studies were conducted to evaluate the
adverse effects of a drug that results either from a

Table 6:

Effect of Farnesol on the levels of

glycoproteins

in Liver tissues of control and

experimental animals.
Groups

Control

single or multiple exposures in a short time. Dosage
fixation studies are performed to determine the
optimum dosage that shows maximum activity for a

DEN

DEN

Farnesol

particular disease in experimental animals. Acute
toxicity and dosage fixation studies of farnesol were

induced induced+farne

performed in control and DEN- induced rats. For the

sol

acute toxicity study, graded doses of farnesol were
Hexose

1.45±0.
28

5.65±0.
74

a*

3.12±0.22 a*b*

2.00±0.31a
NS

administered

orally

and

the

animals

were

continuously observed for two weeks following
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administration. Change in body weight gain, food and

Tumor markers are molecules that can be detected in

fluid intake and psycho-motor activities were clearly

higher or lower than normal amounts in the blood,

monitored. The activities of liver marker enzymes

urine, or body tissues of patients with certain types of

such as AST, ALT and ALP were also assayed to

cancer [32]. Alpha-fetoprotein (AFP) is a major

determine the toxicity. In the acute toxicity study,

plasma protein produced by the yolk sac and liver

farnesol did not show any toxicity nor change in

during fetal development. AFP, a tumor-associated

behavioral patterns even at very high doses (Data not

fetal protein, has long been employed as a serum fetal

shown).

tumor marker to monitor disease progression [33].
Carcinoembryonic

In the dosage fixation study (10, 25, 50 and 100mg/kg

antigen

(CEA)

are

glycosyl

bw/rat/day), farnesol at a dosage of 25 mg/kg for a

phosphatidylinositol (GPI) cell surface anchored
glycoproteins whose specialized glycoforms serve as

period of 4 weeks showed maximum activity when

functional carcinoma L-selectin and E-selectin ligands,

compared to other doses. Hence farnesol treatment at

which are involved in cancer cell adhesion and

a dose of 25 mg/kg body weight for a period of 4

metastasis

weeks was fixed as the optimum dosage and used for

gastrointestinal tissue during fetal development, but

further studies to evaluate the chemotherapeutic

the production ceases before birth. However, the

effect in DEN-induced experimental hepatocellular

serum levels of CEA are raised in some types of cancer,

carcinoma in rats.

which indicates its prominence as a tumor marker in

respectively.

CEA

is

produced

in

clinical tests [34]. Elevation of serum AFP levels has
Hepatocellular carcinoma (HCC) is a highly malignant

been reported in several diseases including cancer.

tumor with very high morbidity and mortality and a
poor prognosis [28&29]. Metabolic reprogramming

AFP along with CEA is most extensively used in the
diagnosis of hepatocellular carcinoma [35]. There was

occurs in tumors to foster cancer cell proliferation,

an increase in serum AFP and CEA levels on DEN-

survival and metastasis, but as well as a systemic level

induced rats. However, treatment with farnesol

affecting the whole organism, eventually leading to

decreased the levels of tumor markers indicating its

cancer cachexia. Cancer cells rely on external sources

antitumor property.

of nitrogen and carbon skeleton to grow, systemic
metabolic deregulation promoting tissue wasting and

The nucleic acid content of the tumor is found to be

metabolites mobilization ultimately supports tumor

an important indicator of prognosis because it is well

growth [30].During tumor growth, liver tissue is

correlated with the size of the tumor in the cancerous

actively

high-rate

condition [36]. In the diseased state, the degree of

gluconeogenesis, using the lactate derived from tumor

malignancy increases with the defective abnormalities

glycolysis [31].

Increased glycolytic process and

in DNA. The assessment of DNA content is an index

proteolysis, decreased food intake may contribute to

of proliferative activity in cancer conditions. An

weight loss during cancerous condition.

In DEN-

abnormally increased content of DNA may lead to an

induced animals there was a significant decrease in

increased transcription, which in turn in reflected in

body weight and were increase in liver weight due to

increased RNA content in tumor cells.

cancer. Treatment with farnesol increased the body

induced rats showed a significant increase in nucleic

weight which indicates the beneficial effect of

acid content in liver tissue. However, upon treatment

farnesol in controlling in controlling muscle wasting.

with farnesol to DEN- induced rats, the levels of

co-opted

to

perform

Tumor

nucleic acids in liver tissue were found to be
significantly decreased.
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Protein synthesis is a process that is considered as

revealed the elevated levels of LDH in various types of

important in both normal as well as in cancerous

cancers. The rise in LDH activity is attributed to the

milieu. Protein waste indicates the metabolic nitrogen

high glycolysis rate in the cancerous condition, which

imbalance which is being reflected by an elevation in

is the only energy-producing pathway for the

the apparent protein catabolism rate with no changes

uncontrolled proliferating malignant cells [40]. The

in apparent synthesis and thus, the body responds to

increase in the activities of LDH in tumor induced rats

the increased tumor lead by increased tissue protein

could be attributed to overproduction of enzymes by

breakdown [37]. The protein content was reduced in

proliferated cells and further release of their

DEN-administered rats which occur as a consequence

isoenzymes from destructed cells thus making it a

of decreased synthesis or excessive losses [38].Upon
treatment with farnesol to DEN- induced rats, the

sensitive marker for solid neoplasm. An increase in
the AST, ALT activities in DEN- induced animals

catabolic rate decrease with a concomitant increase in

serves

the total protein content this indicates the beneficial

carcinogenesis with the development of preneoplastic

effect of farnesol in controlling muscle wasting.

changes, thus indicating the advanced stage of liver

as

an

index

of

hepatotoxicity

and

carcinoma. In the present investigation, the increased
Aspartate

alanine

levels of AST, ALT, ALP, 5’ nucleotidase, Gamma

pathophysiological

glutamyl transferase and LDH observed in tumor

enzymes present in cytosol which serves as the

induced rats were normalized upon treatment with

marker of tissue damage. The increase in the activities

farnesol indicating the tissue protective nature of

of ALT, AST and ALP in hepatic cancer bearing rats
may be primarily due to leakage of these enzymes

farnesol.

from the liver cytosol into the bloodstream as a result

Liver is a major organ involved in detoxification

of tissue damage. The structural integrity of the cells

which

has been reported to be damaged in toxicity induced

prevention of cancer. The liver detoxifies a wide range

animals and this results in cytoplasmic leakage of

of any foreign substances, or xenobiotics, by a

transaminase

transaminase
(ALT)

are

(AST)
the

and

is

an

important

phenomenon

for

the

enzymes into the bloodstream. Tissue damage is the complex series of chemical reactions through
vulnerable feature in a cancerous environment. Hence, biotransformation of phase I and II metabolizing
elevation of these marker enzymes is an indicator of

enzyme [41]. The Phase 1 enzymes, including the

progression of tumor growth.

cytochrome

P450,

cytochrome

b5 and

epoxide

hydrolases adds a polar functional group to the
GGT is an enzyme embedded in the hepatocyte

original compound producing reactive intermediates

plasma membrane, mainly in the canalicular domain;

which bind to DNA and cause a mutation, or they can

again the liberation of this enzyme into serum

become

indicates damage to the cell and thus injury to the

detoxification enzymes. The Phase II enzymes,

liver. It is pointing out that serum GGT activity is

including glutathione S-transferase and quinone

considered to be one of the best indicators of liver

reductase, conjugate these reactive intermediates,

damage [39].Gamma -glutamyl transferase (γ-GT) is

adding a hydrophilic functional group and making

known to protect the cells against toxins and

them water-soluble. These secondary products are

carcinogens. Lactate dehydrogenase (LDH) is a

subsequently excreted from the body.

a

substrate

for

the

second

class

of

tetrameric isoenzyme recognized as a biomarker with
potential use in assessing the progression of the

The phase I enzymes such as cyt p450, cyt b5,

proliferating

NADPH Cytochrome ‘C’Reductase was elevated in

malignant cells. Numerous reports
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DEN- induced rats. DEN, an indirect acing carcinogen

neoplastic transformation suggest their importance in

requires metabolic activation to yield an ultimate

physiology and behavior of the cells. Increased cell

carcinogen. Drugs and chemicals undergo phase I

proliferation

oxidative

the

hepatocellular carcinoma leads to the promotion of

formation of more water-soluble and less toxic

reactive oxygen-initiated cells, thereby enhancing the

metabolites [42]. Genotoxic and cytotoxic carcinogen

possibility of neoplastic changes.

metabolic

reactions

resulting

in

observed

in

DEN-

induced

exerts more reactive electrophilic species through
bioactivation, a process which is carried out by phase I

During cancer, the increased levels of plasma

cytochrome p450 complex [43].

Phase II enzymatic

glycoprotein components may be due to the leakage of

reactions know as conjugation reactions, involve the
addition of the intracellular polar groups including

the membrane components from dying neoplastic

glucuronate, glutathione, sulfate, glycine to the

and due to increased synthesis by sequential addition

foreign molecules [42] and function to eliminate

of monosaccharide units to parent protein molecule

electrophiles and ROS generated by phase I reactions,

catalyzed by multiple glycosyltransferases [47]. Upon

thereby protecting organisms against chemical insult

treatment with farneosl the increased levels of

[44]. GST conjugation catalyzed by GST that is

glycoprotein components such as hexose, hexosamine

involved in the removal of the proximate and ultimate

and sialic acid were decreased in plasma and liver

carcinogen through the formation of more water

tissues indicating the cytostabilising property of

soluble and non-electrophilic detoxification products.

farnesol.

cells or as a consequent shedding of plasma membrane

There was a significant decrease in the levels of phase
II enzymes of DEN- induced rats which might have
resulted in an enhanced covalent binding of DEN

V. CONCLUSION

metabolites to cellular DNA and thereby promoting
carcinogenesis [45] The increase in the activities of

The results of the current study shed light on the

phase II enzymes upon treatment with farnesol might

promising anticancer properties of farnesol on the

be due to suppression of DEN- induced tumorigenic

hepatocellular
animal model.

process. Treatment with farnesol showed high levels
of phase II enzymes which might lead to an enhanced

carcinoma-induced

VI. REFERENCES

DEN detoxification, elimination as well as reduction
of carcinogen-DNA adduct formation and cancer.

1.

binding

and

clearance

of

[46]. Elevations of glycoprotein contents serve as an

2.

Malignant transformation of the normal cell may be
accompanied

by

changes

in

the

carbohydrate

composition of glycoproteins viz. hexose, hexosamine
and sialic acid in liver tissue. Changes in surface
carbohydrates during cellular differentiation and

Occupational

exposures

and

Ann

cancers

Glob

and
in

Health,

FG.Peers, C.A. Linsell. Dietary aflatoxins and
liver cancer--a population based study in Kenya.

indicator of carcinogenesis and any alterations in
these affect the rigidity of the cell membrane.

P.Boffetta:

developing countries.
80(5):393{411, 2014.

serum

glycoproteins and metabolic transport among others

DHashim,

environmental

Glycoproteins mediate cell-cell recognition, cellular
adhesion,

experimental

Br J Cancer, 27(6):473{84, 1973.
3.

KJ. Jeena, K.L.Joy, R.Kuttan. Effect of Emblica
officinalis, Phyllanthus amarus and Picrorrhiza
kurroa

on

N-nitrosodiethylamine

induced

hepatocarcinogenesis.Cancer Lett, 136(1):11{6,
1999.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

334

Dr. Devaki T et al. Int. J. S. Res. Sci. Technol. 2018 September-October-2018; 4(10) : 326-337

4.

R Khan and S. Sultana. Farnesol attenuates 1, 2-

vitro of plasma membrane bound (Na+, K+) -

inflammation and apoptotic responses in the

ATPase of rat liver. Biochim. Biophys. Acta. 282:

colon of Wistar rats. Chem. Biol. Interact, 192:

447{52 1972.

D

Tatman

15.
and

H.Mo.Volatile

isoprenoid

cumulatively suppress the proliferation of

9.

Acta. 39: 41{7 1972.
16.

Enzymology. London: D.Van, Nostrand Co. Ltd
83-93, 1965.
17.

pigment of liver microsomes, J. Biol. Chem. 239:

and down-regulation of fatty acid synthase in

2370 {2378, 1964.
18.

S-transferases. The first enzymatic step in

involved in farnesol-induced apoptosis. Cancer

mercapturic acid formation, J. Biol. Chem, 249:

Lett, 287:123{135, 2010.

7130{7139, 1974.

OH. Lowry, N.J. Rosebrough, A.L. Farr and R.J.

19.

KJ.Isselbacher, J.L.Dienstag. Carcinomas of the

Randall.Protein measurement with the Folin

liver. In A.S.Fauci, E.Braunwald, K.J.Isselbacher,

phenol reagent.J Biol Chem,193:265{275,1951.
WC. Schneider. Determination of nucleic acid

et al, eds. Harrison’s Principles of Internal
Medicine. 14th ed. New York, McGraw-Hill;

in tissue by pentose analysis, in: Methods in

p.579 {80, 1998.
20.

PNiebes.

Determination

of

enzyme

and

York, 680{775, 1957.

degradation products of GAG metabolism in the

K Burton. A study of the conditions and

serum of healthy and various subjects. Clin

mechanisms of diphenylamine reaction for
colorimetric estimation of deoxyribonucleic

Chim Acta 42: 399{408, 1972.
WD.
Wagner:
More
sensitive

21.

VM.

Rawal,

V.S.

Patel,

G.N.

Rao,R.R.

in mixtures. Anal biochem ; 94:394{397, 1979.
22.

LWarren: The thiobarbituric acid assay of sialic

23.

acid. J. Biol Chem 234: 1971{1975, 1959.
BP. Sullivan, T.J. Meyer, M.T. Stershic, L.K.

Health Sci, 3:69{75,1977.

Keefer

HU.Bergmeyer,P.Schiebe,A.W.Wahlefeld.Opti

reactions by electrophiles, l370 {374, 1991.

mization

of

methods

for

assay

discriminating galactosamine and glucosamine

cataractous human lenses e III e quantitative
study of protein RNA and DNA, Arogya J.

13.

WH.Habig, M.J.Pabst, W.B.Jakoby. Glutathione

JH. Joo and A.M. Jetten. Molecular mechanisms

Desai.Chemical and biochemical studies on

12.

TOmura, R.Sato. The carbon monoxide binding

mechanisms including up-regulation of PPARa

acid.Biochem. J, 62:315{323, 1956.
11.

JKing. The dehydrogenases or oxido reductase-

leukemia cells. Cancer Lett, 175:129{139, 2002.
RDuncan and M. Archer.Farnesol decreases

Enzymology, vol. III Academic Press, New
10.

Serum-glutamyl

lactacte dehydrogenase. In: Practical clinical

hepatocytes. Lipids, 43:619{627, 2008.

8.

D.Rau.

Murine B16 melanoma and human HL-60

serum triglycerides in rats: identification of

7.

SB.Rosalki,

transpepidase activity in alcoholism. Clin. Chim.

constituents of fruits, vegetables and herbs

6.

PLuly, O.Barnabei, E.Tria: Hormonal control in

dimethylhydrazine induced oxidative stress,

193{200, 2011.
5.

14.

aspartate

24.

LK.

Acceleration

of

N-nitrosation

VSivaramakrishnan, P.N.M.Shilpa, V.R.Praveen

aminotransferase and alanine aminotransferase.

Kumar, S.Niranjali Devaraj. Attenuation of N-

Clin. Chem, 24: 58{73, 1978.
JKing, The phosphohydrolases-acid and alkaline

nitrosodiethylamine-induced
hepatocellular
carcinogenesis by a novel flavonol-Morin.

phophatases. In Practical Clinical Enzymology,

Chemico-Biological Interactions. (2)171:79-88,

D.Van, (Ed.) Nostrand Company Ltd. London.

2008.

191{208, 1965.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

335

Dr. Devaki T et al. Int. J. S. Res. Sci. Technol. 2018 September-October-2018; 4(10) : 326-337

25.

GRamakrishnan,

H.R.Raghavendran,

36.

R.Vinodhkumar, T.Devaki.Suppression of N-

Comprehensive textbook of oncology. Moosa

nitosodiethylamine

AR, Robson MC, Schimpff SC (eds). Baltimore,

induced

hepatocarcinogenesis by silymarin in rats. Chem
Biol Interact. 161(2):104{114, 2006.
26.

27.

28.

USA, Williams and Wilkins, 36{45, 1986.
37.

development of protein metabolic perturbations

M.Mass, H.C.Pitot. Focal and non-focal hepatic

in the liver and skeletal muscle of tumour-

expression of placental glutathione S-transferase

bearing rats. A model system for cancer

in

cachexia. Biochem J,241(1):153{9, 1987.

carcinogen-treated

rats.

Carcinogenesis,

15(11):2587{2591, 1994.
LVerna,J.Whysner,G.M.Williams.

38.
N-

31.

33.

vivo

bioactivation,

DNA-adduct

echographic

evidence

tumoral

vascularization

Pharmacol Ther. 71(1-2):57{81, 1996.

interactions in metastatic orthotopic human

AS.Yu,

E.B.

Keeffe.

Management

of

neuroblastoma

and

of

formation, mutagenicity, and tumor initiation.

microenvironment

xenografts.

Int

J

Cancer,

113(6):881{90, 2005.
39.

YSun. Free radicals, antioxidant enzymes, and

M. Di Maio, E. De Maio, F.Perrone, S.Pignata, B.

carcinogenesis. Free Radic Biol Med, 8:583{599,

Daniele. Hepatocellular carcinoma: systemic

1990.

treatments. J Clin Gastroenterol: S109 {14, 2002.
PE.Porporato. Understanding cachexia as a

40.

MH.
Helmes,
A.Modia,
A.El-Moneim,
M.S.Moustafe, A.EI-Balc, M .Safinoz. Clinical

cancer metabolism syndrome. Oncogenesis,

value of serum LDH, ceruloplasmin, cathepsin-

5:2016.

D and lipid bound sialic acid in onitoring

CP. Holroyde, C.L. Skutches, G.Boden, Reichard

patients with malignant lymphomas. Med. Sci.

GA. Glucose metabolism in cachectic patients

Res,26: 613{ 617,1998.

cancer.

NVoorzanger-Rousselot,

Cancer

Res.

41.

MJ. Zamek-Gliszczynski, K.A. Hoffmaster,
K.Nezasa,
M.N.Tallman,
K.L.Brouwer.

P.Garnero.

Integration of hepatic drug transporters and

Biochemical markers in oncology. Part I:

phase II metabolizing enzymes: mechanisms of

molecular basis. Part II: clinical uses. Cancer

hepatic excretion of sulfate, glucuronide, and

Treat Rev,33: 230{283, 2007.
LWu, A.Hu, N.Tam, J.Zhang, M.Lin, Z.Guo,

glutathione metabolites. Eur J Pharm Sci,
27:447{486, 2006.
42.

SRendic. Summary of information on human

with recurrent hepatocellular carcinoma after

CYP enzymes: human p450 metabolism data.

curative resection. PLoS One,7(7): 2012.

Drug Meta Rev, 34:83{448, 2002.

Konstantopoulos, S.N.Thomas. Cancer cells in

43.

transit: the vascular interactions of tumor cells.
Annu Rev Biomed Eng, 11: 177{202, 2009.
35.

V.Rouffiac,
K.Auderset,

assessment:

X.He. Salvage liver transplantation for patients

34.

N.Gross, N.Lassau,
L.Laudani,

J.F.Geay,A.Mühlethaler-Mottet, G .Vassal. In

with
colorectal
44:5910{3,1984.
32.

JM.Joseph,
P.Opolon,

mitrosodiethylamine mechanistic data and risk

Disord. Winter,3(1):8{24, 2003.

30.

LTessitore, G.Bonelli, F.M. Baccino. Early

YP.Dragan,H.A.Campbell, K.Baker, J.Vaughan,

hepatocellular carcinoma. Rev Gastroenterol
29.

RE. Gallagher. Biochemistry of neoplasia. In:

DD. Banker. Viral hepatitis. Indian J Med Sci,
57:511{7, 2005.

CIoannides, D.F.Lewis. Cytochromes p450 in
the bioactivation of chemicals. Cur Top Med
Chem, 4:1767{1788, 2004.

44.

VKrajka-Kuzniak.

Induction

of

phase

II

enzymes as a strategy in the chemoprevention of

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

336

Dr. Devaki T et al. Int. J. S. Res. Sci. Technol. 2018 September-October-2018; 4(10) : 326-337

cancer and other degenerative diseases. Postepy
High Med Dosw, 61:627{638, 2007.
45.

SSrigopalram,

S.Ilavenil,

Indira,

A.Jayraaj.

Apoptosis associated inhibition of DEN-induced
hepatocellular carcinogenesis by ellagic acid in
experimental rats. Biomed Prev Nutr. 2:1–8
2012.
46.

NM

Pakkir

Maideen

1,

R.Velayutham,

G.Manavalan. Protective Effect of Prosopis
cineraria
Against
N-Nitrosodiethylamine
Induced Liver Tumor by Modulating Membrane
Bound Enzymes and Glycoproteins. Adv Pharm
Bull. 2012; 2(2):179{82. 2012.
47.

VManju,

V.Balasubramanian,

N.Nalini.

Oxidative stress and tumour markers in cervical
cancer patients. J Biochem Mol Biol Biophys, 6:
387{390, 2002.

International Journal of Scientific Research in Science and Technology (www.ijsrst.com)

337

