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Abstract In this study, the genotoxicity of commonly
used insecticide cypermethrin and fungicide carbendazim
were examined on root meristem cells of Hordeum vulgare
L. Cypermethrin and carbendazim were applied with con-
centrations of 0.05%, 0.1% and 0.5% at different
presoaking durations of 7 h, 17 h and 27 h which falls into
G, S and G, phases of cell cycle, respectively. The cyto-
genetic studies of the root meristem cells of Hordeum
vulgare L. showed that S phase of the cell cycle was more
sensitive in comparison to other phases of cell cycle.
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Pesticides are designed to kill pests and synthetic pyre-
throids are among the most potent and effective pesticides
available. Cypermethrin, one of the important insecticides,
is widely used in fields of cotton, cereals, vegetables and
fruits as well as for seed storage and public health. Its
structure is based on pyrethrum, a natural insecticide
contained in chrysanthemum flowers but it has a higher
biological activity and is more stable than its natural
model. It rapidly paralyzes the nervous system of insects
(Reigart 1999). Carbendazim is a fungicide of major con-
cern due to its suspected hormone disrupting effects. It is a
systemic benzimidazole fungicide (ACP 1992) that plays a
very important role in plant disease control (Quian 1996).
It is also used in post-harvest food storage, and as a seed
pre-planting treatment (Hicks 1998).
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Generally the Screening tests need sensitive indicators
which provide fast and reliable information. Plant assays
are unique in the sense that they provide valuable genetic
assay systems for screening and monitoring environmental
pollutants. Now, plants are recognized as excellent indica-
tors of cytogenetic and mutagenic effects of environmental
chemicals and are applicable for the detection of environ-
mental mutagens both indoor and outdoor (Grant 1982;
Srivastava and Singh 2007). Therefore, the present study
was to determine the genotoxicity of cypermethrin and
carbendazim in specific stages of cell cycle on root meri-
stem cells of Hordeum vulgare L.

Materials and Methods

The selection of the cypermethrin and carbendazim were on
the basis of their frequent use in this region. Technical grade
of cypermethrin [(RS) — alpha-cyano-3-phenoxy benzyl-2,
2-dimethyl (1R, 1S)-cis, trans-3-(2, 2-dichlorovinyl) cyclo-
propanecarboxylate), 25% EC, B. No. A1-B-A110] and
carbendazim [(Methyl (1H-benzimidazol-2-yl) carbamate),
75%, WPE-0045)] were procured from BSF India Ltd., India
and Nagarjun Agrichem Ltd., Hyderabad, India, respec-
tively. Ethyl Methane Sulphonate (EMS) was brought from
Sigma Aldrich, USA. Fixatives/stains used in the study were
brought from Loba Chemie and Merck Ltd., Mumbai India.
Three different concentrations (0.05%, 0.1% and 0.5%) of
cypermethrin, carbendazim and positive control ethyl
methane sulphonate were used in three replications. The used
concentrations were determined on the basis of their doses
applied in agricultural fields by the farmers.

The seeds of Hordeum vulgare L. variety karan-4 were
obtained from the Institute of Agricultural science, Banaras
Hindu University, Varanasi, India. A total of 150 seeds were
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taken for each treatment. They were soaked in water for 1 h
to complete hydration and left for different presoaking
durations (7 h, 17 h and 27 h) which fall in three different
stages of cell cycle i.e., Gi, S and G, phases, respectively
(Singh et al. 2007). All the presoaked seeds were treated with
each concentration of cypermethrin carbendazim and ethyl
methane sulphonate for 6 h. The equal numbers of seeds
were also treated with distilled water to be used as a negative
control. The treated seeds were washed under the running tap
water for duration of 4 h. All the seeds were placed on moist
filter paper in petri plates to germinate at 20 &+ 1°C. The
appropriate root tips were randomly collected from each
petri plate for cytological studies. The collected root tips
were washed thoroughly and fixed in Carnoy’s solution (6
ethyl alcohol:3 chloroform:1 acetic acid) for overnight and
preserved in 70% alcohol at 4°C for cytological studies.
These root tips were hydrolyzed in 1 N HCI and stained with
0.5% hematoxylin. All the observations were made from
temporarily prepared slides. In each replication, a minimum
of 4,000 to 4,500 cells were observed. The data recorded for
mitotic index and chromosomal aberrations were statisti-
cally analyzed by using New Duncan’s Multiple test.

Results and Discussion

Effects of cypermethrin and carbendazim along with the
positive control ethyl methane sulphonate and negative
control on mitotic index are presented in Table 1. At 17 h
presoaking duration the significant inhibition in mitotic
index was observed at 0.1% and 0.5% concentrations of
cypermethrin and carbendazim treated root meristem cells
of Hordeum vulgare L. A significant decrease in the mitotic
index was also observed at 27 h. presoaking duration in
0.1% and 0.5%.

The various chromosomal aberrations like stickiness,
chromosomal bridges, laggards, chromosomal breaks and
binucleated cells were observed in cypermethrin, carben-
dazim and ethyl methane sulphonate treated root meristem
cells. Stickiness and chromosomal breaks were the most
frequent chromosomal abnormalities. The maximum per-
centage (15.48%) of chromosomal aberration was
encountered at 17 h presoaking duration with 0.5% con-
centration of cypermethrin, carbendazim and ethyl methane
sulphonate (Tables 2, 3, 4).

Data of the present study revealed that each concentration
of cypermethrin and carbendazim diminished the mitotic
index and induced the chromosomal aberrations at all pres-
oaking durations which confirm their mitodepressive,
cytotoxic and genotoxic effects (Saxena et al. 2005). How-
ever, the significant reduction in mitotic index and induction
of chromosomal aberrations at 17 h presoaking duration
confirm the higher sensitivity of S phase of the cell cycle.

Table 1 Mitotic index at different concentration of carbendazim and

cypermethrin
Exp. time Mitotic index at different concentration
and concentration (Mean £ SD)
0.05% 0.1% 0.5%
Control
7h 9.95 £ 0.79
17 h 9.82 £ 0.26
27 h 9.90 £ 0.52
EMS
7h 889+ 0.65 8.65+0.32 7.85 £ 0.90
17 h 732£054 7.15+£045 6.32 £ 0.84%*
27 h 748 £036 7.30 £0.98 6.85 £ 0.32
Cypermethrin
7h 843 +0.84 8.01 £041 7.17 £ 1.09
17 h 736 £0.72 5.80 £ 0.59%*% 4.53 £ 0.31**
27 h 7.07 £ 1.10  5.12 £ 0.31%*  4.86 £ 0.99%**
Carbendazim
7h 8.68 £ 047 7.80 =+ 1.12 6.81 £ 0.32
17 h 791 £033 649 £ 0.83**% 5.67 £ 1.06%*
27 h 858 £0.67 7.11x 1.19 6.2 + 0.88*

Significance level calculated by student’s ¢ test
Data obtained from 3,000 to 4,000 cells and expressed as Mean £+ SD

*p <0.05; ** p <0.01

Table 2 Types and percentage of chromosomal

abnormalities

induced by cypermethrin in the root tip cells of Hordeum vulgare L

Exp. times & Chromosomal abnormalities (%) Total
concentrations chromosomal
BRI LAG CB BN aberrations (%)

Control

7h 021 ND ND ND ND 0.21

17 h 026 ND ND ND ND 0.26

27 h 024 ND ND ND ND 0.24
0.05%

7h 0.63 ND ND ND ND 0.63

17 h 1.29 022 021 055 ND 227

27 h 1.15 032 ND 0.57 ND 2.04
0.1%

7h 1.16 ND 022 0.62 0.06 2.06

17 h 192 068 146 1.75 038  6.19*%*

27 h 1.64 048 091 096 024 423
0.5%

7h 1.73 091 051 125 0.16 4.56

17 h 385 3.85 124 462 192 1548+

27 h 143 146 222 238 042  791**

Significantly different from the control at ** p < 0.01, *** p < 0.001

ST = Stickiness, BRI = Bridges, LAG = Laggards, CB = Chro-
mosomal breaks, BN = Bi Nucleated cells
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Table 3 Types and percentage of chromosomal abnormalities
induced by carbendazim in the root tip cells of Hordeum vulgare L

Exp. times and Chromosomal abnormalities (%)  Total
concentrations chromosomal
BRI LAG CB BN aberrations (%)

Control

7h 0.21 ND ND ND ND 021

17 h 026 ND ND ND ND 026

27 h 0.24 ND ND ND ND 0.24
0.05%

7h 0.38 ND ND ND ND 038

17 h 0.96 0.52 ND 038 ND 1.86

27 h 0.56 0.12 ND 0.12 ND 0.8
0.1%

7h 0.65 0.65 ND 02 0.02 152

17 h 226 1.75 132 226 0.61 82%*

27 h 1.02 153 ND 142 036 433
0.5%

7h 1.32 1.06 ND 0.94 0.61 393

17 h 206 222 146 340 0.5 9.64**

27 h 1.68 0.84 225 238 0.94 8.09**

Significantly different from the control at ** p < 0.01

ST = Stickiness, BRI = Bridges, LAG = Laggards, CB = Chro-
mosomal breaks, BN = Bi Nucleated cells

Table 4 Types and percentage of chromosomal abnormalities
induced by ethyl methane sulphonate in the root tip cells of Hordeum
vulgare

Exp. times and Chromosomal aberrations (%) Total
concentrations chromosomal
ST BRI LAG CB BN  poations (%)

Control

7h 021 ND ND ND ND 0.21

17 h 026 ND ND ND ND 0.26

27 h 024 ND ND ND ND 0.24
0.05%

7h 054 ND ND ND ND 0.54

17 h 1.21 052 ND 038 ND 2.11

27 h 0.84 0.12 ND 0.12 ND 1.08
0.1%

7h 095 038 032 024 002 191

17 h 147 106 174 056 035 5.18

27 h 125 085 085 035 0.18 348
0.5%

7h 1.01 1.65 120 120 046 5.52

17 h 292 275 270 1.85 0.69 10.91**

27 h 253 1.62 253 0.64 027  7.59%%

Significantly different from the control at ** p < 0.01

ST = Stickiness, BRI = Bridges, LAG = Laggards, CB = Chro-
mosomal breaks, BN = Bi Nucleated cells
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The significant decline of mitotic index with higher
concentrations at 17 h presoaking duration is the outcome
of inhibition of cell division which reflects the cytotoxic
potential of cypermethrin and carbendazim in Hordeum
vulgare. Cypermethrin and carbendazim may contain
undesirable cytotoxic compounds causing the cell death
resulting in the decline of mitotic index. The reduction of
mitotic index may be either due to the inhibition of DNA
synthesis at S-phase (Sudhakar et al. 2001) or blocking of
G, suppressing DNA synthesis (Schneidermann 1971) or
blocking in G, preventing the cells from entering mitosis
(El-Ghamery et al. 2000). The findings of the present study
are in line of our previous observation showing the mitotic
inhibition in the root meristem cells of Hordeum vulgare L.
by insecticide and fungicide (Singh et al. 2007).

Chromosome stickiness was a very frequent chromo-
somal abnormality observed in somatic cells of Hordeum
vulgare L. This stickiness is presumably due to intermin-
gling of chromatin fibers which leads to subchromatid
connections between chromosomes (Klasterska et al.
1976). Chromosomal break was another most frequent
chromosomal aberration induced which indicates the clas-
togenic potential of cypermethrin and carbendazim. 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). 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).

As the chromosome aberrations are adjunct indicators of
genotoxicity, it can be concluded that cypermethrin and
carbendazim have the potential to cause genotoxic effects
in root meristem cells of Hordeum vulgare L. However, the
treatments during the synthesis (S) phase of cell cycle may
cause more damage to cells and affect the viability of seeds
and plants as well.

References

Advisory Committee on Pesticides (1992) Evaluation on carbenda-
zim, evaluation of fully approved or provisionally approved
products, No. 58. Ministry of Agriculture, Fisheries and Food

El-Ghamery AA, El-Nahas Al, Mansour MM (2000) The action of
atrazine herbicide as an inhibitor of cell division on chromo-
somes and nucleic acid content in root meristems of Allium cepa
and Vicia faba. Cytologia 65:277-287

Grant WF (1982) Chromosome aberrations assay in Allium. A report
of USEPA Gene tox. programme. Mutat. Res. 99:273-291

Hicks B (1998) Generic pesticides — the products and markets, Agrow
reports. PJB Publications

Klasterska I, Natrajan AT, Ramel C (1976) An interpretation of the
origin of subchromatid aberrations and chromosome aberrations
and chromosome stickiness as a category of chromatid aberra-
tions. Hereditas 83:153-162



Bull Environ Contam Toxicol (2008) 81:258-261

261

Permjit K, Grover IS (1985) Cytological effects of some organo-
phosphorus pesticides. II Meiotic effects. Cytologia 50:199-211

Quian Y (1996) Transformation and expression of the resistance gene
to carbendazim into Trichoderma harzianum. Resist Pest Man-
age 6:8-12

Reigart J (1999). Recognition and management of pesticide poison-
ings. EPA

Saxena PN, Chauhan LKS, Gupta SK (2005) Cytogenetic effects of
commercial formulation of cypermethrin in root meristem cells
of Allium sativum: spectroscopic basis of chromosome damage.
Toxicology 216:244-252

Schneidermann MH, Dewey WC, Highfield DP (1971) Inhibition of
DNA synthesis in synchronized chinese hamster cell treated in
G1 with cycloheximide. Exp Cell Res 67:147-155

Singh P, Srivastava AK, Singh AK (2007) Comparative sensitivity of
barley (Hordeum vulgare L.) to insecticide and fungicide on
different stages of cell cycle. Pestic Biochem Physiol 89:216—
219

Srivastava AK, Singh P (2007) Plant bioassay: method for assessment
of genotoxicity. Environ Sci (An Indian Journal) 2:98-102

Sudhakar R, Ninge Gowda KN, Venu G (2001) Mitotic abnormalities
induced by silk dyeing industry effluents in the cells of Allium
cepa. Cytologia 66:235-239

Tomkins DJ, Grants WF (1972) Comparative cytological effects of
pesticides: menazon metrobromuron and tetrachloro isophthalo-
nitrile in H. vulgare and Tradescantia. Can J Gen Cytol 14:245-
256

@ Springer



	Cell Cycle Stage Specific Application of Cypermethrin �and Carbendazim to Assess the Genotoxicity in Somatic Cells �of Hordeum Vulgare L
	Abstract
	Materials and Methods
	Results and Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


