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Abstract

Phytochemicals present in plant foods have been linked to reduce several chronic diseases
including cancer. They have gained popularity as safer and cheaper alternative to conventional
drugs. We studied the antimutagenic and anticarcinogenic activity of Trigonella foenum graecum
(L.) seed (TFGS) extract using Salmonella microsomal assay and two stage skin papilloma model
in mice, respectively. Different concentrations (2.5, 5, 10 and 20 g/100 ml of distilled water) of
the aqueous seed extract of fenugreek were screened against the potent mutagens to evaluate its
antimutagenicity using Salmonella assay. Besides, the above mentioned antimutagenicity method,
the anticarcinogenicity study was carried out at chromosomal aberration and micronuclei level in
Swiss Albino mice by mouse two stage papillomagenesis. The dose level of the study was
400 mg/kg body weight of the seed extract. Significant reduction in revertant colony count in the
seed extract treated group compared to positive control group was obtained. At 20 g/100 ml
concentration of TFGS, a strong inhibition rate was observed in both TA98 and TA100 strains of
Salmonella against different mutagens. A clear dose dependent fall on chromosomal aberration in
bone marrow cells of mice and micronuclei count was recorded in the treated group. Animals
treated with TFGS extract at 400 mg/kg/day throughout all the stages of papillomagenesis showed
a significant reduction in the total chromosomal aberrations and micronuclei score.

© 2013 GESDAV

INTRODUCTION

non-nutrient plant compounds that have been linked to

Cancer is a group of complex genetic diseases of
uncontrolled cell division caused by both internal and
environmental factors. Numerous lifestyle factors have
been implicated in carcinogenesis process [1]. There is
a close relation between carcinogenicity and
mutagenicity and ninety percent of the carcinogens
tested were found to be mutagenic in the Ames assay
[2].

Chemoprevention is the attempt to use natural and
synthetic compounds to intervene in the early stages of
cancer, before invasive disease begins [3].
Chemoprevention of cancer through natural plant
phytochemicals is gaining popularity for its relatively
harmless action [4]. Phytochemicals are available in
spices, vegetables and fruits. Briefly, they are plant
chemicals or more appropriately defined as bioactive

http://www.oamsjournal.com

reduce the risks of major chronic diseases and cancers
[5]. Phytochemicals can have complementary and
overlapping mechanism of action which includes gene
expression modulation during cell proliferation,
regulation of oncogenes and tumor suppressor genes,
induction of cell-cycle arrest and apoptosis, modulation
of enzyme activities in detoxification, stimulation of
the immune system, control of hormone metabolism as
well as antibacterial and antiviral effects [6, 7]. Spices
play an integral role in determining the balance
between pro- and anti-cancer factors that regulates the
risk and tumor behavior [8]. Thus, incorporation of
these plant products especially spices in our regular diet
may prove to be beneficial for our health [9]. Though,
the effects of spices in the context of total diet still
remain to be evaluated.
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One such spice, Trigonella foenum graecum,
commonly called fenugreek, is a leguminous plant
native to many Asian, Middle Eastern, and European
countries [10]. Fenugreek belongs to the subfamily
Papilionacae of the family Leguminosae (bean family,
Fabaceae). The plant is an aromatic herbaceous annual,
widely cultivated in Mediterranean countries and Asia.
Fenugreek is a self-pollinated crop. It has a wide range
of medicinal applications [11]. Fenugreek seeds and
leaves have been used extensively in various medicinal
preparations [12-14]. The seeds are very nourishing and
are given to convalescents and also to encourage
weight gain, especially in anorexia nervosa. Seeds,
cooked or sprouted and eaten raw [15, 16], are a good
source of many essential elements such as iron,
phosphorus and sulphur [17]. An essential oil obtained
from the seed is used in food flavoring in imitation
maple syrup, vanilla compositions, liquorice, pickles
etc.

Research has shown that the seeds can inhibit cancer of
the liver, lower blood cholesterol levels and also have
an antidiabetic effect [11, 18] . Pretreatment of the seed
extract have shown to restore activities of the overall
antioxidant defense system in mice [19]. It posses
cytotoxicity against several cancer cell lines inducing
cell death [20] and inhibition of epidermal ornithine
decarboxylase (ODC), cyclooxygenase (COX) and
lipooxygenase activities, edema and hyperplasia [21].
Beneficial effects of fenugreek can be attributed to its
bioactive molecules. One such component diosgenin is
able to effectively treat inflammation and proliferation
principally through inhibition of cell cycle signaling
and induction of apoptosis in number of human cell
lines [22]. Raju and Bird [23] reported that diosgenin
significantly lowered the expression of 3-hydroxy-3-
methyl coenzyme A (HMG-CoA) reductase at both
mRNA and protein levels, suggesting the involvement
of the cholesterol biosynthetic pathway in diosgenin’s
efficacy as an anti-cancer agent.

In the present study attempt has been made to evaluate
the antimutagenic activity of T.foenum graecum (L.)
against various mutagens in the microbial system
(Salmonella  typhimurium) and chemomodulatory
potential of the same against 7,12-dimethylbenz-[a]-
anthracene (DMBA) and 12-O-tetradecanoylphorbol-
13-acetate (TPA) induced mouse skin papilloma-
genesis. The antimutagenicity was determined by
revertant colonies formed in Salmonella auxotrophs
(strains TA98 and TA100) and the current focus of
chemomodulation was on intermediate biomarkers
capable of detecting early changes that can be
correlated with blocking of carcinogenic progression
(chromosomal aberrations and micronuclei).
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MATERIALS AND METHODS
Animals

Random bred male Swiss albino mice (8-9 weeks old)
were obtained from the University animal house
facility.

Bacterial strains

The tester strains S. typhimurium viz TA98 (MTCC
1251) and TA100 (MTCC 1252) were obtained from
microbial type culture collection and gene bank,
IMTEC (Institute of Microbial Technology),
Chandigarh (India).

Preparation of culture

Overnight cultures of S. typhimurium strains TA98 and
TA100 were grown at 37°C in Oxoid nutrient broth
supplememted with 80 ug/ml ampicillin. 1 ml of this
overnight culture was used to inoculate 50 ml of the
fresh broth which was then incubated at 37°C for 2 h
until an ODggo reaches 0.4 [24].

Preparation of metabolic activation (S9) mix

The S9 mix was prepared according to the recipe
recommended by Maron and Ames [25] and
Mortelmans and Zeiger [26]. S9, a cell free fraction
was prepared by homogenization and centrifugation of
rat liver pretreated with polychlorinated biphenyls
(PCBs; Aroclor 1254) at 9000g for 10 min, and added
when metabolic activation is required.

Seeds of Trigonella foenum graecum (L.) (TFGS)

The TFGS were procured from local market and
identified from Department of Botany, University of
Rajasthan, Jaipur, India, as RUBL 20658. The extract
of TFGS was prepared using Soxhlet apparatus with
methanol for 36 h at 70°C. The apparatus consisted of a
condenser, an extractor and a thimble. The plant
material was kept in the extractor and 500 ml of
methanol in the thimble. The vessel was heated from
below and the steam generated was used to extract the
plant material via condenser, extractor and collected in
the thimble. Finally, the extract was collected, filtered
and evaporated to obtain the powdered form. Then
different doses of the seed extract were prepared in
double distilled water [27].

Chemicals

DMBA, TPA, sodium azide (NaN3), 2-Aminofluorene
(2-AF), benzo[a]pyrene (B[a]P) were procured from
Sigma Chemical Co., St. Louis, MO, USA.

Parameters measured

Mutagenecity study of the TFGS extract by plate
incorporation method [25, 28] :

Sterile top agar was made in separate test tubes (about
2 ml/tube) and maintained at 43-45°C in water bath.
Tubes were prepared in triplets for each concentration
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of test material by adding 0.1 ml of bacterial culture,
0.1 ml of seed extract, 0.5 ml of metabolic activation
(S9) mix (for 2-AF and B[a]P) or 0.5 ml phosphate
buffer (for NaN3), 0.2 ml Histidin/Biotine solution and
0.1ml of mutagens NaN; (20 pg/plate), 2-AF
(5 ng/plate), B[a]P (10 ug/plate, 5 ug/plate). Water or
dimethyl sulphoxide (DMSO) was taken in case of
negative control.

Antimutagenic effect of TFGS extract

Reverse mutation assay using direct acting mutagen
NaNs, and promutagens 2-AF and B[a]P. The Ames
assay was performed with S. typhimurium strains TA98
and TA100. The Salmonella/microsome reversion
assay was conducted using the plate incorporation
procedure described by Ames et al [28] and revised by
Maron and Ames [25]. Based on the results of
mutagenicity testing fenugreek aqueous seed extract
were tested for its antimutagenic properties at four
different concentrations viz 2.5, 5, 10 and 20 g/100 ml
of distilled water against mutagenic activity of NaNs,
2-AF and BJ[a]P by plate incorporation method as
discussed above.

Anticarcinogenic effect (cytogenetic study) of TFGS
extract

Dose tolerance study of the seed extract

Mice for tolerance study were divided into seven
groups; group | served as control and groups Il to VII
as treatment groups with 9 animals in each group.
Animals of the treatment groups were given 25, 50,
100, 200, 400, 800 mg/kg/day of TFGS in double
distilled water by oral gavages for 7 consecutive days
as per the previous studies carried out in our lab. All
these animals were observed regularly till 7 days and
no toxic effect were observed in terms of sickness,
mortality, morbidity and behavior in animals treated
with different doses of TFGS extract. This suggests that
extracts of TFGS can be tolerated by mice up to
800 mg/kg/day. Experiments were designed to test the
modulatory influence of TFGS seed extracts on mouse
hepatic lipid peroxidation (LPO) level and reduced
glutathione (GSH) content. Depending upon the level
of GSH and decrease in LPO content 400 mg/kg b.wt
of TFGS was selected [29].

Anticarcinogenicity study using mouse skin papilloma
model

Animals were assorted into control (group 1) and
experimental groups (groups 11-V) (Fig.1). The animals
were marked and their body weights were taken. The
hair on the dorsal region of the body (back) was
removed three days before the commencement of the
experiment and only those animals in the resting phase
of the hair cycle were selected for the experiments.
Mice were shaved before each treatment to allow a
better distribution of the chemical.

http://www.oamsjournal.com
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Figure 1. Experimental design

Two stage skin carcinogenesis model was used as
reported earlier in our lab [30]. For the induction of
tumors/papillomas, the two-stage protocol consisting of
initiation with a single topical application of the
carcinogen DMBA, followed by three times a week
treatment with the promoter TPA, was standardized.
Experiments were designed to see the effect of TFGS
extract on DMBA/TPA induced skin papillomagenesis.

In control group freshly prepared DMBA solution
(100 pl/50 pl acetone/animal) was topically applied on
the shaven area of the skin by a micropipette. After an
interval of two weeks, 0.2 ml (200 ul) of TPA (2 pg in
200 pul acetone) solution was applied on the initiated
area and treatment was continued three times a week
for 14 weeks. Preparation of DMBA solution and its
application on the skin was done in subdued light to
avoid its photoreaction. Whereas in the treatment
groups all the animals were given TFGS extract
(400 mg/kg b.wt/day) by oral gavage continuously at
pre-initiation, post-initiation, promotion and throughout
treatment intervals.

Cytogenetic study

Cytogenetic damage in the bone marrow cells were
studied by chromosomal aberrations and micronuclei
(MN) induction [31].

Chromosomal aberrations

Animals were administered intraperitoneally with
0.025% colchicine to arrest the dividing cells at
metaphase. The animals were sacrificed after 75 min by
cervical dislocation, the bone marrow cells from femur
were flushed with 0.56% KCI and incubated at 37°C
for 20 min. Suspension was centrifuged, the pellet was
kept in acetic acid:methanol (1:3) for 1h and
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centrifuged again. Then, pellet was resuspended in
acetic acid:methanol (1:3), incubated for 10 min and
centrifuged. This cycle was repeated thrice. The final
cell suspension was dropped on pre-chilled slides,
flame dried and stained with 4% Giemsa (Sigma
Chemical Co., St. Louis, MO, USA). Well spread
metaphases were examined to score the aberrations. A
total of 400 metaphase plates were scored per animal.
Different types of aberration like chromatid breaks,
chromosome breaks, centric rings, dicentrics, acentric
fragents and exchanges were scored.

Micronuclei assay

To test the mutagenicity mouse bone marrow
micronuclei assay was performed as per protocol
suggested by Schmid [32]. For this, the animals were
not pretreated with colchicine and the slides were
prepared, femurs flushed out in 0.84% sodium chloride
solution (NaCl/physiological saline). One or two drops
of fetal calf serum (FCS) were added and mixed. Smear
was made on a pre-chilled clean slide and left for
drying and stained with May-Grunwald and Giemsa
stain (Sigma Chemical Co., St. Louis, MO, USA).

The slides were observed using a light microscope.
Micronuclei appeared in normochromatic erythrocyte
(NCE) and polychromatic erythrocyte (PCE). NCE and
PCE can be distinguished by their differential staining
property. Using May-Grunwald and Giemsa stain, the
MN in NCE appears dark pink, while in PCE it stains
light blue. The PCE are also slightly larger than the
NCE. A total of 1000 cells were scored per animal [33].

Statistical analysis

All the experiments were carried out thrice and the
results are expressed as mean + standard deviation;
statistical evaluations were performed by using one
way ANOVA.

RESULTS

Mutagenecity study of the seed extract by plate
incorporation method

All the strains of S. typhimurium (TA98 and TA100)
exposed to different concentrations of TFGS extracts
did not show two-fold or greater increase in the mean
number of revertants as compared to the negative
control group. All strains used in the study exhibited
marked increase (> 10-fold) in the number of revertants
when treated with positive control agents. The results
confirmed the sensitivity of the tester strains to
mutagens and thus the validity of the assay. The results
indicated that the mean number of histidine revertants
in the treatment groups were comparable to the mean
number of revertants in the negative control group in
TA98 and TA100 both in the absence and presence of
metabolic activation. Dry extract of TFGS up to
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20 g/100 ml of distilled water both in the presence and
absence of metabolic activation was found to be non-
mutagenic to S. typhimurium test strains (Tables 1 and
2).

Antimutagenic activity of TFGS extract

This test was performed to determine the inhibition of
mutagenic activity of the direct acting mutagens NaN;
(TAL00), 2-AF, B[a]P (TA98, TA100). The extract was
tested in the dose range of 2.5-20 g/100 ml of water
concentration. DMSO was used as solvent control. The
level of antimutagenicity was calculated in terms of
percent inhibition using following formula:

Inhibition (%) = (1-T/M) x 100
-T; number of His+ revertants in the presence of seed extracts
-M; number of His+ revertants in the absence of seed extracts

The antimutagenic effect was considered moderate (M)
when inhibition was 25-40%, strong (S) when above
40%, and weak (W) when less than 25%.

A dose related increase in the percentage inhibition was
recorded with TA98 and TA100 against the mutagens.
At 20 g/100 ml concentration a strong inhibition rate
was observed in both TA98 and TA100 against the
mutagens. Maximum inhibition was observed against
NaNj; in TA100 at 20 g/100 ml concentration (Tables 3
and 4).

Anticarcinogenicity
papilloma model
Cytogenetic study

Chromosomal aberrations and micronuclei were
studied in all the groups of the animals and the
following observations were made:

study using mouse skin

Table 1. Mutagenic activity of TFGS in TA98

TFGS aqueous extract
concentration

Number of His+ revertants/plate
of TA98 using TFGS extract

20 g/100 mi 132 +£23.1
10 g/100 ml 57 +£51

5 g/100 ml 33+25.6

2.5 9/100 ml 59+79.5

Negative control 313+574

Table 2. Mutagenic activity of TFGS in TA100

TFGS aqueous extract
concentration

Number of His+ revertants/plate
of TA100 using TFGS extract

20 g/100 ml 115+21.9
10 g/200 mi 131 +31.8
5 g/100 mi 159 +£33.6
2.5 9/100 ml 45 +£254
Negative control 234

DOl 10.5455/0ams.020313.0r.028
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Table 3. Antimutagenic activity of TFGS against B[a]P and 2-AF using TA98

Number of His+ revertants/plate of TA98 using TFGS extract

TFGS aqueous
extract
concentration

2-AF

S9 metabolic activator

B[a]P

S9metabolic activator

Number Inhibition rate Number Inhibition rate
20 g/100 ml 470+ 254" 49.7% 510+264" 47.4%
10 g/100 ml 630+36.5 32.6% 625+ 128" 35.5%
5 /100 ml 720 £26.4" 22.1% 766 £31.1" 21.1%
2.5g/100 ml 795 +£27.4" 14.9% 840 + 13" 13.4%
Positive control 935+27.6 - 970 +36.2 -
Negative control 264 +19.2 - 350+£9.6 -

Experiments performed in triplicates and expressed as mean + standard deviation. Negative control; in which both mutagen and TFGS extract
was absent, only DMSO with S9 or water without S9 was used. Positive control; when only mutagen is added not the TFGS. All data was

statistically analyzed by one way ANOVA,; *P < 0.05, **P < 0.001.

Table 4. Antimutagenic activity of TFGS against NaNs, B[a]P and 2-AF using TA100

Number of His+ revertants/plate of TA100 using TFGS extract

TFGS aqueous
extract
concentration

NaN;
Sodium-phosphate buffer

S9 metabolic activator

2-AF B[a]P

S9 metabolic activator

Number Inhibition rate Number Inhibition rate Number Inhibition rate
20 g/100 ml 170+ 9.6~ 66.6% 320+27.57 57.3% 330+ 1297 57.6%
10 g/100 ml 260 +25.6" 49% 385+ 144" 48.6% 465 +354" 40.3%
5 g/100 ml 375+9" 26.4% 434+396" 42.1% 510+ 17.47 34.6%
2.5 g/100 ml 390 + 13" 23.5% 497+17.6" 33.7% 590 + 1227 24.3%
Positive control 510+ 60.2 - 750 £40.6 - 780+£29.2 -
Negative control 205+ 38.6 - 190 + 20.2 - 240+ 12.6 -

Experiments performed in triplicates and expressed as mean + standard deviation. Negative control; in which both mutagen and TFGS extract
was absent, only DMSO with S9 or water without S9 was used. Positive control; when only mutagen is added not the TFGS. All data was

statistically analyzed by one way ANOVA,; **P < 0.001.

Animals of the group treated with a single topical
application of DMBA and two weeks later promoted by
TPA (three times a week) showed a significant increase
in total chromosomal aberrations (157.84 + 1.5) in the
form of chromatid breaks, chromosome breaks, centric
rings, dicentrics, exchanges and acentric fragments
with respect to untreated animals (1.45 + 0.97) (Fig.2).
Animals of this group also showed a significant
increase in the number of micronuclei (23.09 = 0.74)
(P <0.001) as compared to untreated normal group
(0.35 +0.07) (Fig.2).

Group 11, in which animals treated with TFGS extract
(400 mg/kg/day) at pre-initiation stages of papilloma-
genesis, showed a significant reduction in the total
chromosomal aberrations (63.74 +0.40) (P <0.001) in
the form of chromatid breaks, chromosome breaks,
centric rings, dicentrics, exchanges and acentric
fragents as compared to control (164.84 + 1.5) (Fig.2).
A significant reduction was also noticed in the number
of micronuclei (7.39 = 0.67) as compared with control
(23.09 £ 0.74) (Fig.3).

http://www.oamsjournal.com

Total Aberration

Figure 2. Total Aberrations recorded after initiation by DMBA
followed by TPA with or without TFGS (400 mg/kg b.wt./day)
treatment at various stages of carcinogenesis. Group 1, control — 16
weeks duration; group Il, TFGS for 7 days before the application of
DMBA (pre-initiation treatment); group Ill, TFGS for 14 days after
the application of DMBA (post-initiation treatment); group 1V, TFGS
from the application of TPA (promotional treatment); group V, TFGS
for 7 days before the application of DMBA and throughout the
experiment; ***P < 0.001 compared to control (group ).

Maximum reduction in total chromosomal aberrations
and micronuclei had occurred in Group V, in which
animals were treated with TFGS throughout the
experiment (Fig.4); the total chromosomal aberrations
of this group was 48.35 + 0.53 (P < 0.001). Animals of
this group also showed a significant decrease in the
number of micronuclei (5+0.77) (P<0.001) as
compared to control.
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Figure 3. Micronuclei/1000 cells recorded after initiation by DMBA
followed by TPA with or without TFGS (400 mg/kg b.wt./day)
treatment at various stages of carcinogenesis. Group 1, control — 16
weeks duration; group Il, TFGS for 7 days before the application of
DMBA (pre-initiation treatment); group I, TFGS for 14 days after
the application of DMBA (post-initiation treatment); group 1V, TFGS
from the application of TPA (promotional treatment); group V, TFGS
for 7 days before the application of DMBA and throughout the
experiment; ™P >0.05, **P<0.01, ***P<0.001 compared to
control (group ).

Micronuclel/1000 cells
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DISCUSSION

Herbs and spices are known to exhibit an array of
biochemical and pharmacological activities including
antioxidant and anti-inflammatory properties that are
believed to contribute to their antimutagenic and
anticarcinogenic activities. In the present study a
significant dose-dependent antimutagenic effect of four
different concentrations of TFGS aqueous extract were
demonstrated at defined concentrations of NaNj
(20 pg/plate) 2-AF (5 pg/plate) and B[a]P (10 pg/plate,
5 ug/plate) in two strains of S. typhimurium (TA98 and
TA100).

The mutagenicity of NaNs;, 2-AF and B[a]P were
defined as 100% or 0% inhibition. NaN; causes
cytotoxicity in several animal and plant test systems, by
inhibiting the protein synthesis [34]. Following
metabolic activation, 2-AF and its derivatives react
with cellular DNA to form covalent adducts [35]. B[a]P
is a procarcinogen; this molecule intercalates in DNA,
covalently bonding to the nucleophilic guanine
nucleotides at the N2 position [36]. The mutagenicity
of all three mutagens is related to reactive oxygen and

free radical generation [37].

Gene mutations are readily measured in bacteria and
other cell systems when they cause a change in the
growth requirements of the cell. The S. typhimurium/
microsome assay (Salmonella test; Ames test) is a
widely accepted short-term bacterial assay for
identifying substances that can produce genetic damage
leading to gene mutations as well as the effectiveness
of antimutagens which has the capacity to normalize
the damage by inhibiting the mutagens. In the present
study percent inhibition of mutagenesis was observed
maximum against NaN3 as 66.6% in TA100 at highest
concentration of TFGS (20 g/100 ml distilled water),
followed by B[a]P and 2-AF inhibition. In TA98 the
levels of inhibitions were comparatively less as 49.7%
and 47.4% against 2-AF and B[a]P, respectively, at the
similar concentration.

In this study, we have investigated the anticarcinogenic
potential of TFGS during DMBA induced genotoxicity.
The cytogenetic parameters used for the study of
chemoprevention in  mammalian system  were
chromosomal aberrations and micronuclei frequency;
both of which are relatively rapid and sensitive
indicators of genetic damage. Chromosomal aberrations
and micronuclei appear as a hallmark of neoplastic
transformation after exposure to genotoxic agents such
as DMBA and the degree of damage is correlated with
tumor progression [38]. In control group where only
DMBA is used along with TPA the number of total
chromosomal aberration and micronuclei was
157.84+1.5 (P <0.001) and 23.09 +0.74 (P <0.001)
per 1000 cells studied, respectively. The result is well
expected as polyploidy and sister chromtid exchanges
are the end results of DMBA induced oxidation of
DNA bases as well as deoxyribose sugars through its
diol-epoxide metabolites [39-41]. The genome is
particularly vulnerable to oxidative damage when the
antioxidant defences are insufficient. Dietary intake of
chemopreventive agents has been suggested as an
effective strategy for minimizing the toxic effects of
mutagens, genotoxins and carcinogens [42].

A) Metaphase chromosome preparations
Normal ) — - Exchanges

(B) Micronuclei preparations

Micronuclei

Fragments Centric Ring

.
A Figure 4.
(A) Metaphase chromosome preparations;
(B) Micronuclei preparations from bone

marrow of Swiss albino mice (x1000)
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Among the bioactive compounds isolated from

fenugreek seeds are fibers, polysaccharides,
protodioscin,  diosgenin,  yamogenin,  gitogenin,
trigogenin, trigonellin and others [43,44]. The

phytochemical tests along with estimation of total
phenolic compounds carried out in our lab showed
positive results for carbohydrates, reducing sugars,
secondary metabolites such as tannins, saponins,
terpenes, flavanoids, phenols and proanthocyanidins in
aqueous extract of TFGS. They play an important role
in exhibiting the inhibitory activity against the
chemical mutagens and are responsible for antioxidant
and antimutagenic property.

Moreover fenugreek has already shown free radical
scavenging property during DMBA induced
genotoxicity by bringing back the status of
thiobarbituric acid reactive substances and antioxidant
enzymes to nearly normal range in liver in our previous
study [45].

It has been reported that supplementation of diet with
fenugreek seeds lowered lipid peroxidation [46-49]. In
the present evaluation it has been observed that
maximum reduction in the number of aberrations at the
chromosome level was recorded in throughout
treatment group followed by pre-initiation probably by
elevating the antioxidant defense of the body. Similar
reduction in micronuclei number was also noticed with
maximum decrease at throughout treatment group.
When the seed extract was applied from 7 days before
the application of DMBA till the end it exhibited an
overall improvement in the antioxidant defense and
combated the damage to the spindle apparatus. Sakr et
al [50] also reported ameliorative activity of fenugreek
seed extract against adriamycin-induced cytotoxicity in
albino rats.

Human body has an array of antioxidant defence
mechanisms to combat the harmful effects of reactive
oxygen species generated by genotoxic agents [51].
ROS mediated oxidative stress has been implicated in
the pathogenesis of several diseases including oral
cancer and as intracellular modifier of DNA [52]. Our
result implies that TFGS has maintained the status of
detoxifying agents during  mutagenicity and
carcinogenicity by enhancing the antioxidant defence
mechanism which neutralizes the toxic effects of
reactive oxygen species generated by mutagens and
carcinogens. This promising role of TFGS adds another
anticancer agent in the armamentarium of naturally
occurring agents.

ACKNOWLEDGEMENT

The authors acknowledge the infrastructural support provided
by The 1IS University, Jaipur, India, and Department of
Zoology, University of Rajasthan, Jaipur, India.

http://www.oamsjournal.com

REFERENCES

1.

10.

11.

12.

13.

14.

15.

16.

Jemal R, Siegel E, Ward T, Murray J Xu, Thun MJ.
Cancer statistics. CA Cancer J Clin 2007; 57:43-66.

McCann J, Choi E, Yamasaki E, Ames BN. Detection
of carcinogens as mutagens in the salmonella/microsome
test: Assay of 300 chemicals. Proc Natl Acad Sci USA
1975; 72:5135-9.

Greenwald P, Kelloff G, Burch-Whitman C, Kramer BS.
Chemoprevention. CA Cancer J Clin 1995; 45:31-49.

Dagfinn A, Rosa R, Doris S, Chan M, Rui V, Darren C,
Ellen K, Teresa N. Nonlinear reduction in risk for
colorectal cancer by fruit and vegetable intake based on
meta-analysis of prospective studies. Gastroenterology
2011; 141:106-18.

Waladkhani AR, Clemens MR. Effect of dietary
phytochemicals on cancer development. Int J Mol Med
1998; 1:747-53.

Dragsted LO, Strube M, Larsen JC. Cancer-protective
factors in fruits and vegetables: biochemical and
biological background. Pharmacol Toxicol 1993; 72:116-
35.

Sun J, Chu YF, Wu X, Liu RH. Antioxidant and
antiproliferative activitivity of fruits. J Agric Food Chem
2002; 50:7449-54.

Sloan AE. Top ten global food trends. Food Technology
2005; 59:20-32.

Sen S, Chakraborty R, Biplab D. Challenges and
opportunities in the advancement of herbal medicine:

India’s position and role in a global context. J Herbal
Med 2011; 1:67-75.

Chevallier A. Encyclopedia of Herbal Medicine. 2™
edition, Dorling Kindersley Publishing, New York, NY,
USA, 2000.

Basch E, Ulbricht C, Kuo G, Szapary P, Smith M.
Therapeutic applications of fenugreek. Altern Med Rev
2003, 8:20-7.

Vats V, Grover JK, Rathi SS. Evaluation of anti-
hyperglycemic and hypoglycemic effect of Trigonella
foenum-graecum Linn, Ocimum sanctum Linn and
Pterocarpus marsupium Linn in normal and alloxanized
diabetic rats. J Ethnopharmacol 2002; 79:95-100.

Vats V, Yadav SP, Biswas NR, Grover JK. Anti-cataract
activity of Pterocarpus marsupium bark and Trigonella
foenum-graecum seeds extract in alloxan diabetic rats. J
Ethnopharmacol 2004; 93:289-94.

Dixit P, Ghaskadbi S, Mohan H, Devasagayam TP.
Antioxidant properties of germinated fenugreek seeds.
Phytother Res 2005; 19:977-83.

Kaviarasan S, Vijayalakshmi K, Anuradha CV.
Polyphenol-rich extract of fenugreek seeds protects
erythrocytes from oxidative damage. Plant Food Hum
Nutr 2004; 59:143-7.

Reddy RL, Srinivasan K. Fenugreek seeds reduce
atherogenic diet-induced cholesterol gallstone formation
in experimental mice. Can J Physiol Pharmacol 2009;
87:933-43.

51



Chatterjee et al: Antimutagenic and chemopreventive potentialities of fenugreek

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

52

Basu SK, Thomas JE, Acharya SN. Prospects for growth
in global nutraceutical and functional food markets: a
Canadian perspective. Aust J Basic Appl Sci 2007; 1:637-
49.

Krishnaswamy K. Traditional Indian spices and their
health significance. Asia Pac J Clin Nutr 2008; 17:265-8.

Bhatia K, Kaur M, Atif F, Ali M, Rehman H, Rahman S.
Aqueous extract of Trigonella foenum graecum L.
ameliorates  additive  urotoxicity — of  buthionine
sulfoximine and cyclophosphamide in mice. Food Chem
Toxicol 2006; 44:1744-50.

Shabbeer S, Sobolewski M, Anchoori RK, Kachhap S,
Hidalgo M, Jimeno A, Davidson N, Carducci MA, Khan
SR. Fenugreek: a naturally occurring edible spice as an
anticancer agent. Cancer Biol Ther 2009; 8:274-8.

Katiyar SK, Agarwal R, Wang ZY, Bhatia AK, Mukhtar
H. (-)-Epigallocatechin-3-gallate in Camellia sinensis
leaves from Himalayan region of Sikkim: inhibitory
effects against biochemical events and tumor initiation in
Sencar mouse skin. Nutr Cancer 1992; 18:73-83.

Yamada T, Hoshino M, Hayakawa T, Ohhara H, Yamada
H, Nakazawa T, Inagaki T, lida M, Ogasawara T, Uchida
A, Hasegawa C, Murasaki G, Miyaji M, Hirata A,
Takeuchi T. Dietary diosgenin attenuates subacute
intestinal inflammation associated with indomethacin in
rats. Am J Physiol 2009; 273:G355-64.

Raju J, Bird RP. Diosgenin, a naturally occurring steroid
[corrected] saponin suppresses 3-hydroxy-3-
methylglutaryl CoA reductase expression and induces
apoptosis in HCT-116 human colon carcinoma cells.
Cancer Lett 2007; 255:194-204.

Sarhan MAA. Mutagenic activity of N-butyl and N hexyl
azide in the salmonella mutagenicity test (Ames test). J
Appl Sci Res 2007; 3:886-9.

Maron D, Ames BN. Revised methods for the Salmonella
mutagenicity test. Mutat Res 1983, 113:173-215.

Mortelmans K, Zeiger E. The Ames Salmonella
microsome-mutagenicity assay. Mutat Res 2000; 455:29-
60.

Tonk S, Bartarya R, Maharaj Kumari K, Bhatnagar VP,
Srivastava SS. Effective method for extraction of
larvicidal component from leaves of Azadirachta indica
and Artemisia annua Linn. J Environ Biol 2006; 27:103-
5.

Ames BN, McCann J, Yamasaki E. Methods for detecting
carcinogens and mutagens with the
Salmonella/mammalian-microsome mutagenicity test.
Mutat Res 1975; 31:347-64.

Chatterjee S, Kumar M, Kumar A. Chemomodulatory
Effect of Trigonella foenum graecum(L.) Seed Extract on
Two Stage Mouse Skin Carcinogenesis. Toxicol Int 2012;
19:287-94.

Qiblawi S, Kumar A. Chemopreventive action by an
extract from Brassica compestris (var sarason) on 7,12-
dimethylbenz(a)anthracene induced skin
papillomagenesis in mice. Phytother Res 1999; 13:261-3.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Tjio JH, Whang J. Direct chromosome preparation of
bone marrow cells. Stain Technol 1962; 37:17-20.

Schmid K, Nair J, Winde G, Velic |, Bartsch H. Increased
levels of promutagenic etheno-DNA adducts in colonic
polyps of FAP patients. Intl J Cancer 2000; 87:1-4.

Countryman PI, Heddle JA. The production of
micronuclei from chromosome aberrations in irradiated
cultures of human lymphocytes. Mutat Res 1976; 41:321-
32.

Grant WF, Salamone MF. Comparative mutagenecity of
chemicals selected for test in the international program on
chemical safety system for the detection of environmental
mutagens. Mutat Res 1994; 310:187-209.

Hoffmann GR, Fuchs RP. Mechanisms of frameshift
mutations, insight from aromatic amines. Chem Res
Toxicol 1997; 10:347-59.

Shou M, Gonzalez FJ, Gelboin HV. Stereoselective
epoxidation and hydration at the K-region of polycyclic
aromatic hydrocarbons by cDNA-expressed cytochromes
P450 1A1, 1A2, and epoxide hydrolase. Biochemistry
1996; 35:15807-13.

Mehrabian S, Shirkhodaei E. Modulation of mutagenicity
of various mutagens by shrimp flesh and skin extracts in
Salmonella test. Pak J Biol Sci 2006; 9:598-600.

Panjamurthy K, Manoharan S, Venugopal P, Menon,
Nirmal MR, Senthil N. Protective role of withaferin-A on
7, 12-dimethylbenz[a]anthracene induced genotoxicity in
bone marrow of Syrian goldenhamsters. J Biochem Mol
Toxicol 2008; 22:251-8.

Chandra Mohan KVP, Bhuvaneswari V, Abraham SK,
Nagini S. Dose-dependent protection by tomato against 7,
12-dimethylbenz[a]anthracene-induced genotoxicity and
oxidative stress in mice. J Med Food 2003; 6:169-73.

Bhuvaneswari V, Velumurugan B, Abraham SK, Nagini
S. Tomato and garlic by gavage modulate 7, 12-dimethyl
benz(a) anthracene induced genotoxicity and oxidative
stress in mice. Brazilian J Med Biol Res 2004; 37: 1029-
1034.

Han EH, Hwang YP, Jeong TC, Lee SS, Shin JG, Jeong
HG. Eugenol inhibit 7,12-dimethylbenz[a]anthracene-
induced genotoxicity in MCF-7 cells: Bifunctional effects
on CYP1 and NAD (P) H:quinone oxido reductase. FEBS
Lett 2007; 581:749-56.

Rogers AE, Zeisel SH, Groopman J. Diet and
carcinogenesis. Carcinogenesis 1993; 14:2205-17.

Leung AY, Foster S. Encyclopaedia of Common Natural
Ingredients Used in Food, Drugs and Cosmetics. 2nd
edition, John Wiley & Sons, New York, NY, USA, 1996.

Shang M, Cai S, Han J, Li J, Zhao Y, Zheng J, Namba T,
Kadota S, Tezuka Y, Fan W. Studies on flavonoids from

Fenugreek (Trigonella foenum graecum L.). Zhongguo
Zhong Yao Za Zhi. 1998; 23:614-39.

Bajpai M, Mishra A, Prakash D. Antioxidant and free
radical scavenging activities of some leafy vegetables. Int
J Food Sci Nutr 2005; 56:473-81.

DOl 10.5455/0ams.020313.0r.028



Oxidants and Antioxidants in Medical Science 2013; 2(1):45-53

46.

47.

48.

Ravikumar P, Anuradha CV. Effect of fenugreek seeds on
blood lipid peroxidation and antioxidants in diabetic rats.
Phytother Res 1999; 13:197-201.

Anuradha CV, Ravikumar P. Restoration of tissue
antioxidants by fenugreek (Trigonella foenum graecum)
seeds in alloxan-diabetic rats. Indian J Physiol Pharmacol
2001; 45:408-20.

Kaviarasan S, Naik GH, Gangabhagirathi R, Anuradha
CV, Priyadarsini KI. In vitro studies on antiradical and
antioxidant activities of fenugreek (Trigonella foenum-
graecum) seeds. Food Chem 2007; 103:31-7.

49.

50.

51.

52.

Subhashini N, Thangathirupathi A, Lavanya N.
Antioxidant activity of Trigonella foenum graecum using
various in vitro and ex vivo models. Int J Pharm Pharm
Sci 2011; 3:97-102.

Sakr SA, El-Shenawy SM, Al-Shabka AM. Aqueous
fenugreek seed extract ameliorates adriamycin-induced
cytotoxicity and testicular alterations in albino rats.
Reprod Sci 2012; 19:70-80.

Ames BN, Shigenaga MK, Hagen TM. Oxidants,
antioxidants, and the degenerative disease of aging. Proc
Natl Acad Sci USA 1993; 90:7915-22.

Dreher D, Junod AF. Role of oxygen free radicals in
cancer development. Eur J Cancer 1996; 32:30-8.

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License which permits
unrestricted, non-commercial use, distribution and reproduction in any medium, provided that the work is properly cited.

http://www.oamsjournal.com

53


http://alcalc.oxfordjournals.org/content/41/3/267.full#xref-ref-3-1

