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ABSTRACT. Because the studies on pesticide effects evidenced a diversity of chromosomal aberrations, in
relation to the analysed class of compounds, we considered necessary to test the influence of carbendazim
fungicide on genetic material of fenugreek (Trigonella foenum graecum L.), which can constitute, as other
plant species, monitoring systems in the evaluation of possible genetic risk of the pesticide use. Mitotic
index, the frequency of cell division phases, the types and incidence of ana-telophase aberrations, and the
types of metaphase abnormalities were studied. The mitotic index was lower in all carbendazim treated
variants; the most numerous ana-telophase aberrations and metaphase abnormalities were noted in 0.5%
and 1.0% carbendazim treated variants. The effect of carbendazim on height growth of plantlets in early
ontogenetic phases was also investigated — an inverse relation between concentration and plantlets’ height

was registered.
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INTRODUCTION

The studies on genetic effects of pesticides
evidenced a diversity of chromosomal aberrations, in
relation to the respective class of substances. The first
such observations, published in 1931 by KOSTOFF
(cited by Grant, 1978), refer to the nicotine sulphate
effect on tobacco plants, seed number and on meiotic
irregularities, considered as cause of partial plant
sterility. Carbendazim is a fungicide of major concern
due to its suspected hormone disrupting effects. It plays
a very important role in plant disease control, being
also used in post-harvest food storage, and as a seed
pre-planting treatment (Quian, 1996; Hicks, 1998).

Plants are valuable genetic assay systems for
screening and monitoring environmental pollutants
(Singh et al., 2008), they constituting indicators of
cytotoxic, cytogenetic, and mutagen effects of chemical
polluters by the detection of lesions induced at genetic
level by the respective compounds. Trigonella foenum
graecum L. (Fabaceae) can represent a monitoring
system in the evaluation of possible genetic risk of
carbendazim and other pesticides, because it is a
species of great pharmaceutical, industrial, and culinary
interest and its chromosome complement has a
relatively reduced number of chromosomes of large
sizes (Capraru et al., 2006). The trigonelline alkaloid
has shown potential for use in cancer therapy
(http://www.pfaf.org/database/plants.php?Trigonella+f
oenum-graecum).

The aim of present study was to determine the
amplitude of carbendazim induced effects at the level
of fenugreek genetic material and on mitosis intensity
in root meristems of this plant, after carbendazim
treatment.

MATERIALS AND METHODS

Carbendazim (CoHoN;05) (methyl 2-
benzimidazolecarbamate) (Fig. 1) is a broad spectrum
benzimidazole carbamate fungicide with systemic
activity (ACP, 1992), with molecular weight=191.187
g/mol. We used a preparation produced in Romania, by
Oltchim S.A. Rémnicu Valcea, furnished by
Agricultural Station from Podu Iloaiei Iasi. Four
carbendazim concentrations were tested: 0.1%, 0.2%,
0.5%, and 1.0%. The solutions were applied for 3 hours
to fenugreek seeds.
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Fig. 1 Carbendazim structure

The fixation of root tips (10-15 mm) was done for
about 24 hours in ethylic alcohol/acetic acid, 3:1
mixture, at room temperature. After 10 min of
hydrolysis in 50% HCI, the plant material was stained
in modified charbol fuchsin solution (Gamborg and
Wetter, 1975). For each variant, five slides were
prepared according squash method, in 45% glacial
acetic acid, and 10 microscopic fields were
microscopically analyzed on every slide. A Nikon
Eclipse 600 light microscope was used for this
analysis. Photos were taken with a Nikon Cool Pix 950
digital camera, at 1600x1200 dpi resolution.

The different phases of mitosis were counted to
calculate the mitotic index (MI) and phase indices,
respectively prophase index (PI%), metaphase index
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(MI%), anaphase index (Al%), and telophase index
(TI%).

Mitotic Index (MI) = TDC x100/TC

PI% = prophase cells x 100/TDC

MI% = metaphase cells x 100/TDC

Al% = anaphase cells x 100/TDC

TC% = telophase cells x 100/TDC, where:

TDC = total dividing cells, and TC = total analyzed
(dividing and non-dividing) cells

Also, the percentage of aberrations and
abnormalities in metaphase and ana-telophase was
calculated:

TA-Talbr = TA'Tabr/TDC
T abn = Mane/ TDC, where:

<

Tar ar = total percentage of ana-telophase
aberrations

Tm an = total percentage of metaphase
abnormalities

TDC = total dividing cells

RESULTS AND DISCUSSIONS

Effects of carbendazim on plantlets length

Stimulatory effect of carbendazim on 10 days old
fenugreek plantlets is low at 0.1% concentration
(x£Sx=47.30+1.98, comparatively to 46.70+2.38, for
control). The other variants have smaller values than
control, an inverse relation existing between
concentration and length of plantlets obtained from
treated seeds (at higher concentrations, the average
length is more reduced) (Table 1, Fig. 2).

Table 1

Influence of carbendazim on height (mm) of 10 days old fenugreek plantlets

Variant Height (x£Sx)
Control 46.70+2.38
0.1% 47.30+1.98
0.2% 45.17+£1.75
0.5% 43.10+£1.91
1.0% 40.12+1.78
60

average height (mm)

Control 0.1%

0.2% 0.5% 1.0%

experimental variant

Fig. 2 Graphic representation of carbendazim effect on height of 10 days old fenugreek plantlets, depending on pesticide
concentration

Evolution of mitotic index after the treatment with
carbendazim

Data of the present study revealed that all
carbendazim concentrations diminished the mitotic
index, although the decline of this division parameter
was not very high (Table 2, Fig. 3). Mitotic index

registered smaller values especially for 0.5% and 1.0%
concentrations where the inhibitory effect was marked
(the values are 1.3 — 1.4 times higher than control,
namely 13.7+0.74% and 13.1+1.1%, comparatively to
18.4+1.09% for control). An indirect relation was noted
between concentration increase and value of mitotic
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index. Carbendazim may contain cytotoxic compounds
causing the cell death, resulting in the decline of
mitotic index. The reduction of this parameter may be
either due to the inhibition of DNA synthesis at S-

Estimation of genotoxic potential of
carbendazim in fenugreek

phase (Sudhakar et al., 2001), to the blocking of Gl
suppressing DNA synthesis (Schneidermann, 1971) or
to the blocking in G2 preventing the cells from entering
mitosis (El-Ghamery et al., 2000).

Table 2 — part 1

Influence of carbendazim on cytogenetic parameters of fenugreek

Nr. Variant Total cells* Dividing Mitotic index* Indices of mitotic phases*
cells* (%) P1% MI1% Al% TI%
1. Control  1238.4£79.6 229.2+22.6 18.4£1.09 71.6+2.1 10.5£0.66 6.0+1.09 12.1+1.5
2. 0.1% 944.6+135 159.8+25.4 16.8+0.7 55.8+3.8 16.7+£0.9 7.0£0.6 20.4+2.9
3. 0.2% 1086.4+176  153.6+8.5 15.7+1.4 51.2+1.7 15.7£2.0 9.840.8 23.0£2.4
4. 0.5% 978.8+17.7 134.617.5 13.7£0.74 55.8+3.9 16.241.1 12.1£2.2 15.7£1.8
5. 1% 1093.6+90.4 140.6+4.7 13.1+£141 49.06+1.7 18.52+1.9 10.21+0.5 22.18+1.9
Table 2 - part 2
Influence of carbendazim on cytogenetic parameters of fenugreek
Nr. A-Tabr (%) Mabn (%)
Total types Total types
bridges expulsed laggards multipolar complex C met exp sticky
1. 3.49 1.3 0.08 1.83 0.17 0.08 0.87 0.00 0.20 0.67
2. 4.38 1.75 1.00 0.62 0.37 0.62 1.00 0.13 0.87  0.00
3. 6.38 3.90 0.26 1.30 0.13 0.78 1.04 0.52 0.52 0.00
4. 8.61 1.33 0.44 2.82 0.00 2.20 8.46 0.00 3.1 4.30
5. 8.10 2.04 0.70 2.80 0.99 0.99 5.12 0.71 0.85 340

Relative to the incidence of division phases, both in
control and in treated variants, the prophase index
registered the highest level, generally followed by
telophase, metaphase and anaphase indices. The
average values of the prophase index were smaller in
all carbendazim treated variants, comparatively to
control, but the other three indices presented average
values higher than those of control.

Evaluation of the number and types of
chromosomal aberrations induced by carbendazim

Various chromosomal aberrations were observed in
carbendazim treated variants (Table 2, Fig. 4). The ana-
telophases with chromosome aberrations registered in
carbendazim variants surpassed the control: 0.2%
carbendazim concentration induced 1.8 times more
ana-telophase aberrations, while 0.5% and 1.0%
carbendazim treated variants showed 2.4, respectively
2.3 times more aberrations than untreated control. The
most encountered ana-telophase aberrations were the
bridges and the laggards but also other types of ana-

telophase abnormalities were noted: multipolar
formations, expulsed chromosomes, unusual
arrangements  and  disorganized = chromosome

formations. The most numerous bridges are in 0.2%
variant, but more bridges than control appeared too in
the other three carbendazim variants. An important
number of lagging chromosomes were noted for 0.5%
and 1.0% carbendazim treated variants. The 0.5%
variant presented also an enough increased number of
complex aberrations (multipolar ana-telophases with
bridges, ana-telophases with lagging and expulsed

chromosomes etc.) — 2.20%, comparatively to 0.08%
for control. The significant incidence of bridges and
lagging chromosomes can be an evidence of the
alteration at the level of chromosome attachment and
sliding on spindle fibres. The presence of lagging
chromosomes may be attributed to the delayed
terminalization, stickiness of chromosome ends or
failure of chromosomal movement (Permjit and
Grover, 1985), while the chromosomal bridges
observed in the present study may be the result of
dicentric chromosomes formation due to the breaking
and reunion of chromosomes (Tomkins and Grants,
1972). The two maximum tested concentrations of
carbendazim induced lysis zones of chromatin material.

Metaphase abnormalities

The effect of carbendazim is also visible on the
number of abnormal metaphases (with expulsed
chromosomes, with unusual configurations of
chromosome in metaphase plate, C-like metaphases)
(Table 2, Fig. 5). In human and mammals, carbendazim
induces mitotic spindle abnormalities and reduces the
metaphase inter-centromere  distance of  sister
chromatids, indicating reduction of tension on
kinetochores and determining the metaphase arrest
(Yenjerla et al., 2009).

In our experiment, all treated variants registered
values higher than control, but in 0.1% and 0.2%
carbendazim treated variants the increase was non-
significant. Unlike these, 0.5% concentration induced
almost 10 times more metaphase abnormalities, while
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the frequency of abnormal metaphases in 1% treated
variant was approximately 6 times higher than control.
The presence of C-metaphases confirms the
literature data on colchicine-like effect of carbamate
pesticides. C-mitoses are the result of division spindle
inactivation, followed by random scattering of

<

chromosomes in cell. Delayed centromere division can
induce chromosome configurations of C-type (Storey
et al., 1968). Because of their effectiveness as C-
mitotic chemicals, they are used to induce artificial
polyploidy (Levan, 1968). For example, with
carbamate propham a 16x ploidy level was obtained.
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Fig. 3 Graphic representation of the evolution of mitotic index and phase indices in fenugreek root tip meristems, after
carbendazim treatment, depending on pesticide concentration
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Fig. 4 Graphic representation of frequency of aberrations in ana-telophases of fenugreek root tip meristems, after
carbendazim treatment, depending on pesticide concentration

42

Studia Universitatis “Vasile Goldis”, Seria Stiintele Vietii
Vol. 20, issue 2, 2010, pp. 39-44

© 2010 Vasile Goldis University Press (www.studiauniversitatis.ro)



8

Estimation of genotoxic potential of
carbendazim in fenugreek

OAbnormal metaphases B C-metaphases Oexpulsed Ostickiness I

abnormal metaphases (%)

Control 0.1%

0.2%

experimental variant

0.5%

1%

Fig. 5 Graphic representation of frequency of metaphase abnormalities in fenugreek root tip meristems, after
carbendazim treatment, depending on pesticide concentration

The 0.5% variant showed significant increases of
the frequency of expulsed chromosome from equatorial
plate (3.11%, comparatively to control — 0.20%) and
stickiness phenomenon 4.30% of metaphases
presented sticky chromosomes, comparatively to
0.67% in control. The stickiness was also important in
1.0%  carbendazim treated variant  (3.40%).
Chromosome stickiness, a very frequent chromosomal
abnormality observed in somatic cells of Trigonella
foenum graecum L., is presumably due to intermingling
of chromatin fibres, fact leading to subchromatid
connections between chromosomes (Klasterska et al.,
1976).

The results of this study are generally in accordance
with the data published for other species concerning
the genotoxic effects of carbendazim (Singh et al.,
2008 in Hordeum vulgare L., for example). As the
chromosome aberrations are indicators of genotoxicity,
it can be concluded that carbendazim have, by the high
number of induced aberrations, genotoxic effects in
root meristem cells of Trigonella foenum graecum L.

CONCLUSIONS

Carbendazim had a slight inhibitory effect on
length growth of plantlets. Mitotic index registered
smaller values especially for 0.5% and 1.0%
concentrations where the inhibitory effect was marked.
The most numerous ana-telophase aberrations were
noted in 0.5% and 1.0% carbendazim treated variant
with more than 2 times higher levels than control. The
most frequent types of aberrations were the bridges and
the lagging chromosomes. The abnormal metaphases

were at the highest percentage in 0.5% carbendazim
treated variant, followed by 1.0% concentration.
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