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Fenugreek (rrigonellafoenum-graecum) of Fabacecae family is widely distributed throughout the world 
and used as an old medicinal plant and traditional food. The present study deals with the investigation of 
the anti-genotoxic potential of methanol (MTG) and ethanol (ETG) extracted leaf sap of fenugreek on 
Allium cepa root tip cells, which were treated with cadmium sulfate (CdS04). Three types of treatments 
were applied. First, roots were treated with different concentrations ofmethanolic and ethanolic extracts 
(0.1 %,0.5% and 1 %) separately for 3 h each, followed by CdS04 treatment (at 250 ppm, for 3 h). Second, 
roots were first treated with CdS04 followed by extracts treatment. Third, root tips were treated with 
CdS04 with extracts treatments at the same time. For controls, roots with CdS04 (250 ppm) and distilled 
water served as positive and negative control, respectively. The results showed that the methanol and 
ethanol extracts of fenugreek modulated the genotoxic and ciastogenic aberrations, which were induced 
by CdS04• The protection activity ofMTG (1 %) was 50% in the first treatment, 70% in the second treat
ment and 82% in the third treatment and 61%,68% and 88% ofETG (1%), respectively. DNA rearrange
ments were also observed by revealing new RAPD bands in the total DNS samples isolated from Allium 
roots after treatmenst. 

Keywords: Trigonellafoenum-graecum - anti-genotoxic potential- random amplified polymorphic DNA 
(RAPD) - cadmium sulfate (CdS04) 

INTRODUCTION 

Several medicinal plant species have antimutagenic and anti carcinogenic properties 
and have been used in traditional medicines with the capacity to decrease the effect 
of environmental genotoxicants [32]. These plants contain chemopreventive com
pounds with antioxidant, antimutagenic activities are effective against cancer through 
a different range of mechanisms [21]. 

Trigonella foenum-graecum, commonly known as fenugreek, is widely distributed 
throughout the world and belongs to Fabacecae family. It is an ancient medicinal 
plant and has been commonly used as a traditional food and medicine. Fenugreek is 
reported to have anti-fertility, anticancer, anti-microbial, anti-parasitic, hypoglycemic 
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and hypocholesterolaemic effects [1, 7]. Recent research has identified fenugreek as 
a potential source for preparing raw phytosteroidal hormones [7]. 

Cadmium (Cd) is one of the most toxic environmental pollutants that cytogeneti
cally affects various organisms by genotoxic [18] and carcinogenic [36] ways. At 
genetic level, Cd can induce chromosomal aberrations, abnormalities in chromatin 
structure, and nuclear apoptotic changes in both animals and plants [13, 39]. 

Cd is considered as a co-mutagen and human carcinogen according to the 
International Agency for Research on Cancer. Cd exposure causes genomic DNA 
hypermethylation, and inhibits DNA repair processes to promote chromosome aber
rations, formation of DNA crosslinks [39] and stimulates free radical production, 
resulting in oxidative deterioration of lipids, proteins and DNA. 

Several mutagenicity bioassays using higher plants were are established for the 
assessment of genotoxicity of various environmental chemicals [14]. Reports on 
herbal compounds against cadmium toxicity are limited. However, cytoprotective 
role of Glycyrrhizae radix extract was reported against Cd-induced cell death [15]. 
It was found that myrobalan (Terminalia chebula) extract could successfully reduce 
genotoxicity of lead [28] and aluminium [29] in Allium cepa test. 

Recently, advances in molecular biology have led to the development of a number 
of selective and sensitive assays for DNA analysis in the field of genotoxicology. 
RAPD [37], is a PCR-based technique that amplifies random DNA fragments of 
genomic DNA with single short primers of arbitrary nucleotide sequences. This tech
nique produces novel biomarkers to detect DNA damage and mutational events in 
cells of bacteria, plants, invertebrate and vertebrate animals [3,33]. 

The aim of the present study is to evaluate the potential of crude methanol and 
ethanol extracts of T. foenum-graecum to modulate genotoxicity of Cd using root tips 
of Allium cepa assay. The DNA alteration in the root tips was also investigated by 
RAPD analysis. 

MATERIALS AND METHODS 

Preparation of solvent extract 

Fresh and healthy leaves of fenugreek (T. foenum-graecum) were obtained from local 
market, and identified by Prof. EI-Sayeda Gamal Eldein, Suez Canal University. 
Leaves were grounded to fine powder in liquid nitrogen for extractions. Fifty grams 
were extracted initially with 300 mL of methanol and ethanol separately for 24 h at 
23 ± 2 QC followed by filtering with Whatman filter paper. A subsequent extraction 
was also carried out with the same amount of solvents for another 24 h and filtered. 
Extracts were evaporated using rotary flash evaporator. Ten milligram dried solvents 
of extracts were dissolved in 1 mL of ethanol and methanol and used for the prepara
tion of different concentrations (0.1 %, 0.5% and 1 %) of dilutions. 

Seeds of A. cepa cv. 'Giza 20' were obtained from the Agricultural Research 
Center (ARC), Giza, Egypt. They were germinated to primary roots of 2--4 mm long. 
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Young roots were dissected and treated with different concentrations of CdS04 (10-
100 ppm for 3 h) followed by repeated treatments with Cd dilutions (150-500 ppm) 
to find the maximum abnormalities (41--43%) of the cells. The concentration of250 
ppm CdS04 was used as positive control (with the highest chromosomal aberration 
frequency). In the first (pre-treatment), roots were first treated with different concen
trations (0.1 %, 0.5% and 1 %) of MTG and ETG extracts separately for 3 h followed 
by CdS04 treatment (250 ppm, 3 h). In the second (post-treatment), roots were first 
treated with CdS04 (250 ppm, 3 h) followed by MTG and ETG treatments for 3 h 
each. In the third (simultaneous) treatment, the roots were treated with CdS04 togeth
er with MTG and ETG extracts for 3 h. The treatment of roots with CdS04 (250 ppm) 
and distilled water served as positive and negative control, respectively. Ten plants 
were used for each treatment. 

Cytogenetic assay 

Root tips after treatments were processed for mitotic preparation as described by 
Mekki and Badr [19]. Mitotic index and chromosomal aberrations were calculated. 

Molecular analysis 

After one week of growth, approximately 1.5-3.5 cm root-tips of 50 seedlings were 
collected, grounded in liquid nitrogen, and total genomic DNA was extracted using 
CTAB assay [30]. Purified DNA concentration and integrity of total genomic DNA 
in each sample were estimated by observing ethidium bromide (EB)-stained band 
with DNA standard of 1 kb. The conditions of DNA amplification were optimized, 
following the procedure of [37]. Each reaction (25 mLl) mixture was overlaid with 
a drop of mineral oil and incubated in a thermal cycler (thermal cycler 480, Perkin 
Elmer-Cetus, USA) programmed as follows: 48 cycles of 1 min denaturation at 
94 QC, 1 min annealing at 37 QC and 1.5 min extension at 72 QC, followed by final 
extension at 72 QC followed by a cooling at 4 QC. PCR reaction products were mixed 
with one-sixth volume of gel loading buffer (analytical grade water containing 36% 
glycerol, 0.05% bromophenol 30 mM EDTA and 0.05% xylene cyanol), and then 
separated by electrophoresis in a 2.4% agarose gel, using a Tris-borate-EDTA (TBE) 
system. DNA molecular size marker was used for each agarose gel. Five RAPD 
primers were used. 

Statistical analysis 

Data were statistically analyzed by using SPSS.17.0 for window (SPSS, Chicago, IL, 
and US4). Analysis of variance (ANOVA) was performed to determine the least sig
nificance difference (LSD) with the level of significance at p<0.05. 
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The marked changes observed in RAPD profiles were evaluated, the robust poly
morphic bands were scored as present (1) or absent (0) for each primer. Genetic 
similarity coefficients for all treated and untreated roots were estimated from Nei's 
unbiased measure [23] in POPGENE version 1.31. Cluster analysis was performed 
and a dendrogram generated using the unweighted pair group method with arithmetic 
means (UPGMA) algorithm of POPGENE. 

RESULTS 

Cytogenetic assay 

The CdS04 treatment induced cytotoxic and genotoxic effect, which were revealed 
by the significant decrease in the mitotic index (MI) and by the observation of high 
frequency of micronuclei, chromosome stickness, chromatin bridge and lagging chro
mosome. Delayed anaphase, chromosome and chromatid breakage were also 
observed at lesser frequency than the other aberriations. 

Frequencies of chromosome aberrations in the protective treatments with MTG 
and ETG extracts decreased significantly (Table 1). The results did not show signifi
cant differences between the effects of MTG and ETG extracts. In the pre-treating 
experiments, MTG and ETG showed concentration dependent decrease in the per
centage of total abnormalities. In the post-treating experiments, MTG and ETG also 
showed concentration dependent decrease in total number of abnormal cells. The 
percentage of total aberrant cells ranged from 44% at 0.1 % to 70% at 1 % concentra
tion of MTG extracts and from 45% at 0.1 % to 68% at 1% concentration of ETG 
extracts (Table 1). In the combined treatments, MTG and ETG, both at 1 % concentra
tion, caused the highest level of protectivity. The percentage of total aberrant cells 
ranged from 60% at 0.1% to 82% at 1% concentration of methanol extract, and 65% 
at 0.1 % to 88% at 1 % concentration of ethanol extract. The chromosome breakage 
completely disappeared at the highest concentration (1 %) of MTG and ETG 
(Table 1). 

RAP D fingerprinting 

Results of random amplified polymorphic DNA by using five RAPD primers in root 
tips of A. cepa plants treated with MTG and ETG showed differences compared with 
those exposed to Cd only (positive control) (Fig. 1). In total, 35 bands in the negative 
control (treated with H20) and 21 bands in the positive control (treated with 250 ppm 
CdS04) were detected. The appearance of new RAPD fragment with size 3500 bp 
was observed only by the primer B-14 [5] in the MTG treated samples (Fig. 1). 
Disappearing RAPD bands were also observed (Fig. 1). RAPD profiles in the root tips 
treated with the different concentrations ofMTG and ETG in the three modes of treat
ments revealed by the 5 primers, showed a variation in the number and size of disap
pearance bands. 
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Fig. 1. Samples ofloss and gain (arrows) ofRAPD bands (B13: A, and B14: B) in the MTG- (lanes 1-9) and ETG- (lanes 12-20) protected Cd treatments 
(250 ppm) of Allium cepa root tips. Mw marker sizes are indicated. Controls of lanes sample NC (H20 treatment without MTG and ETG) and PC (Cd 

treatment at 250 ppm without MTG and ETG) are included 
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Table 1 
The geno-protective effect of methanol (MTG) and ethanol (ETG) extract of Trigonella foenum-graecum on the genotoxicity of CdS04 applied to root tip 

cells of Allium cepa, and calculated by chromosome aberrations 

Number of aberrations 

Treatments D.C. M.1. Tot. 
%of %of 

Micro-
Stickness Bridge Lag Br. C-mit Dely. Star. aberrations inhibation 

nucleus 

NC 651 16.67 0 6 5 3 0 0 2 3 19 2.9 

PC 556e 5.43b 40- 28-b 20- 11- 6 12 2b 0 119- 42.81 _ 

MTG 

Pre-treatment 

0.1% 6 lOb 
11.1 _ 

35- 24be 16-b 4b 0 0 2b 3 84be 13.8b 35d 

0.5% 602b 12- 23be 18e 14be 7-b 0 0 7- 0 69bed 11.5be 50e 

1.0% 616b 12.3- 20be 17ed lOe 7-b 0 0 2b 1 66bed 1O.7be 53e 

Post-treatment 

0.1% 644-b 12.1 _ 31b 23be 12bed 7-b 0 0 2b 0 75bed 11.7be 44ed 

0.5% 630b 12.2- 29b 18e 8de 3bce 0 0 Ob 0 58ed 9.2ed 61 bc 

1.0% 621b 12.4- 22e 15ed 8de 2ede 0 0 2b 0 49d 7.ge 70b 

Combined treatment 

0.1% 678- 13.5- 29b 1ge 11 cd Oe 0 0 Ob 0 5ged 8.ged 60b 

0.5% 634-b 14.5- 21e 11e 6e 3bce 0 0 Ob 0 41 d 6.5ed 78-b 

1.0% 667- 15- 16d 12de 7ef 2ede 0 0 Ob 0 37d 5.6d 82-b 

ETG 

\0 
o 

~ 
~ 



Table 1 (cont.) 

Pre-treatment 

0.1% 604b 11.8a 40a 33a 12b 4bcd 0 0 1b 0 90b 14.9b 29d 

0.5% 601b 12a 35ab 27b 4ef 1 de 2 0 Ob 0 69bcd 11.5bc 50c 

1.0% 600b 12a 34ab 18c 3f 2cde 0 0 1b 0 58cd 9.7bcd 61bc 

Post-treatment 

0.1% 604b 11.9a 29b 25b lOcd 7ab 1 0 2b 0 74bcd 12.3bc 45c 

0.5% 611b 12.1a 26bc 18c 7ef 6b 0 0 3b 0 60cd 9.8bcd 59bc 

1.0% 619b 12.3a 18cd 16cde 12bc 5bd 0 0 Ob 0 51 d 8.2cd 68b 

Combined treatment 

0.1% 603b 11.8a 18cd 22bc 14bc Oe 0 0 Ob 0 54d 9cd 65b 

0.5% 605b 11.9a 19cd 15cd 6ef Oe 0 0 Ob 0 40d 6.6cd 79a 

1.0% 603b 12.01 a 14d 8e 9cd Oe 0 0 Ob 0 31 d 5.1d 88a 

Values in the same column with the letter is not significant different at p<0.05 
Pre-treatment: Roots were first treated with 0.1, 0.5 and 1% concentration of methanolic or ethanolic extract of Trigonella f. for 3 hours and then by 250 

~ ppm CdS04 for 3 h. Post-treatment: Roots treated first with 250 ppm CdS04 for 3 h and with the different concentration of Trigonella f. extract (0.1, 0.5 and 
§- 1 %) for 3 hours. Combined treatment: Roots were treated with a mixture of 250 ppm CdS04 and each of Trigonella extract concentration (0.1, 0.5 and 1 %) 
b::i for3h. 
~ D.C. = Total number of dividing cells. M.L = Mitotic Index. Lag = Laging chromosomes. Br. = Chromosome breaks. C-mit = C-meta or C-anaphase. 
~. Dely. = Delayed anaphase. Star. = meta or anaphase. 
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Fig. 2. UPGMA dendrogram of RAPD (primers A3, AS, Bl, B13 and B14) band patterns of MTG
(samples 1-9) and ETG- (samples 12-20) protected Cd treatments (250 ppm) of Allium cepa root tips. 
Controls of sample 10 (H20 treatment without MTG and ETG) and 11 (Cd treatment at 250 ppm without 

MTG and ETG) are included 

Dendrogram analysis 

Dendrogram (UPGMA) was constructed to estimate the level of DNA polymorphism 
in the MTG and ETG treated samples compared to control. The results showed two 
main clusters (Fig. 2). The first cluster included the positive control (sample number 
11) together with all samples treated with MTG (samples from 1 to 9). The second 
cluster comprised all samples treated with ETG extract (sample numbers 12-20) 
together with the negative control (sample number 10). 

DISCUSSION 

The anti-genotoxic effect of various plant extracts have been studied [7, 22, 26, 27, 
35]. In the present study the concentration 250 ppm cadmium sulfate (which induced 
the highest number of chromosome aberrations in Allium root tips) was used as a 
genotoxicant, and MTG and ETG extracts of T. foenum-graecum were used as geno
protectant. The polyphenolic and flavonoids contents of T. foenum-graecum extract 
were found to be geno-protective through its antioxidant and antimicrobial effect 
[25]. The genotoxic effect of cadmium in plants was reported earlier in several studies 
[6,34]. The most common type of aberrations found in the present study was micro
nuclei. Our results are in agreement with the finding of Bhat et al. [8] who found the 
highest micronucleus frequency in root tip cells of T. foenum-graecum treated with 
cadmium was at 125 ppm concentration after exposure for 8 hours. Fusconi et al. [12] 
have explained the formation of micronuclei after treatment with Cd as a result of 
chromosomal damage to the meiotic spindle apparatus in the Pisum sativum root tip 
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cells. The study [31] indicated the role of oxidative stress. A study of Cavusoglu [10] 
concluded that heavy metals may enter into the cell nucleus and may be bound to 
purine and pyramidine bases, and also to proteins, and these interactions may dena
ture mitotic spindle. T. foenum-graecum seed extract has also been shown to has 
antimutagenic effect in Drosophila [20]. Gallic acid, ellagic acid, citric acid was also 
found to protect against genotoxicant [32] and antioxidants [9]. Polyphenols detoxi
fied Cd in water lily [16]. 

RAPD is a reliable, sensitive and reproducible technique to detect rearrangement 
of DNA as the result of DNA damage and mutation in plants induced by different 
genotoxicants, lead, copper, manganese and cadmium [2, 11]. Our results showed 
variation in the number, size and band intensity ofRAPD profiles in the treated sam
ples. RAPD band loss was found in roots treated with cadmium, and roots treated 
with the different concentrations of MTG and ETG. The loss of band(s) may be 
related to the events of DNA damage, e.g. single- and double-strand breaks, modified 
bases, oxidized bases, or DNA-protein cross links, point mutations and/or complex 
chromosomal re arrangements induced by genotoxins [4, 38]. The appearance of new 
bands in the present study was very rare, only one small and faint band with size 3500 
bp was found in the first treatment with the three concentration and the third treatment 
at concentrations 0.1 and 0.5 of methanol extract treatment in primer B14 [5] 
(Fig. lE). The new bands could be attributed to mutations as reported in Atienzar and 
Jha [5] with a calculation that a minimum of 10% of mutations may be detected by 
new PCR band. New PCR products may reveal a change in some oligonucleotide 
priming sites due to mutations [2]. As reported, the alteration in DNA fingerprinting 
is a useful biomarker in eco-genotoxicology [5, 17,33, 38]. 

The dendrogram analysis of Zhiyi and Haowen [40] of our results revealed two 
main clusters, which may be in agreement with the results of Premanath et al. [25] 
who found that ethanol extract of T. foenum-graecum has the highest antibacterial and 
antioxidant activity than methanol extract. Ethanol extract of T. foenum-graecum has 
higher polyphenol and flavonoid contents than methanol extract [16, 25, 32]. 

CONCLUSION 

The results presented indicate that ethanol and methanol extracts of fenugreek can be 
recommended as a useful anti-mutagenic agent not only in plants but in animal and 
human bodies. 
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