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Increased pesticides application in agriculture and public health has contributed to the pollution of the
environment. This study evaluates the cytogenotoxic effects of emulsifiable concentrate of
cypermethrin, deltamethrin, lambdacyhalothrin and endosulfan on Allium cepa root cells. Five
concentrations (1.0, 5.0, 10.0, 20.0 and 40.0 ppm) of each pesticide were used for microscopic (48 h) and
macroscopic (72 h) evaluations with distilled water as the control. Data were analyzed by Student's t-
test. A dose dependent reduction in A. cepa root length was observed for the pesticides. Significant
reduction in treated root length was observed at 10.0 ppm of deltamethrin, cypermethrin and
lambdacyhalothrin, and at 20.0 and 40.0 ppm of all the pesticides compared to the control (P<0.05). The
ECso values showed growth inhibition in the order of lambdacyhalothrin > cypermethrin > deltamethrin
> endosulfan, while that of total aberrant cells was cypermethrin > lambdacyhalothrin > deltamethrin >
endosulfan. Microscopic aberrations observed in the pesticide-treated onions include sticky
chromosomes, disturbed spindle and chromosome bridges. Dose dependent reduction was observed in
the total mitotic dividing cells and mitotic index of the pesticide-treated A. cepa, except for 5.0 ppm of
endosulfan. The pesticides induced growth inhibition and caused cytogenotoxic effects on the
meristematic cells of Allium cepa. The data herein provide more information on the pesticides of which

exposure to substantial concentration might constitute health risk to non-target organisms.
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INTRODUCTION

Pesticides are used to exterminate pests in order to
increase yield and improve the shelf life of agricultural
products. Besides, they are used in public health to
reduce morbidity and mortality from pest related
diseases. In recent years, there has been a tremendous
increase in the use of these chemicals without paying
much attention to the adverse effects they may have due
to the toxic ingredients (Badr and Ibrahim, 1987; Anis et
al., 1998). Reports have shown organochlorine pesticides
like endosulfan to be toxic and have potential to be
bioaccumulated in the environment and run off from field
application of endosulfan leads to aquatic pollution.
Animals that live in endosulfan-contaminated waters can

bioaccumulate endosulfan in their bodies, the amount of
which may be several times greater than in the
surrounding water (ATSDR, 2008). Endosulfan has been
reported to alter haematological profile in animals
(Gimeno et al., 1994; Das et al., 2010; Modaresi and Seif,
2011; Yekeen and Fawole, 2011). Its accumulation in the
environment led to its ban in most developed countries.
However, it is still being used in most of the developing
countries. Endosulfan is highly toxic and due to its
persistence in the environment, its harmful effects are
expected to manifest even in future generation of
exposed population (Kumar and Chaudhary, 2012).
Bioaccumulative effects of organochlorine and high
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toxic effects of organophosphates especially on non-
target organisms led to the increase use of pyrethroids as
a potential alternative. Lambdacyhalothrin, deltamethrin
and cypermethrin are type 1l pyrethroids extensively used
in agriculture. Pyrethroids are also used in public health
to reduce malaria morbidity and mortality (Zaim et al.,
2000).

Although technical grades of pyrethroids were reported
to have less to no toxic effects on non-target organisms,
emulsifiable concentrate formulations of pyrethroids were
two to nine times more toxic compared to the technical
grades (Sanchez-Fortun and Barahona, 2005). Evalua-
tions of some pyrethroids through different biological
endpoints in animals show that they cause alteration in
the haematological profile of exposed animals (Gimeno et
al., 1994; Yekeen et al., 2007; Khan et al., 2012; Yekeen
et al., 2013, Muthuviveganandave et al., 2013). Cyperme-
thrin caused significant increase in chromosome aber-
ration and in micronucleated erythrocytes frequency in
farm workers (Carbonell et al., 1995; Lander et al., 2000).
DNA damage was detected in tissue of workers involved
in the production of cypermethrin (Grover et al., 2003).

Deltamethrin as a synthetic dibromo-pyrethroid insec-
ticide and acaricide has been known to be three times
more powerful than some other pyrethroids (Bradbury
and Coats, 1989), which enhances its usage both indoor
and outdoor. Cabral et al. (1990) reported that deltame-
thrin does not appear to be carcinogenic in mice or rats,
while a very low dose of deltamethrin dis-plays harmful
effects by disrupting hepatic and renal function and cause
DNA damages in pubescent female rats (Chargui et al.,
2012).

A non-significant induction of sperm cell aberra-ions in
mice was reported for emulsifiable concentrate form of
deltamethrin (Yekeen et al., 2007). Lambdacyhalothrin is
used in public and animal health applications where it
effectively controls a broad spectrum of insects and
ectoparasites (Davies et al., 2000). The -cytogenetic
effects of lambdacyhalothrin were investigated in humans
and various animal species using different endpoints
such as micronucleus (MN) formation, induction of
chromosomal aberrations and sister chromatid exchange
(Fahmy and Abdalla, 2001; Celik et al., 2005), while
studies on plant assay are limited.

The present study sought to evaluate the cytotoxic
effects of cypermethrin, deltamethrin, lambdacyhalothrin
and endosulfan in Allium cepa. This plant assay was
selected because it is cost effective and as reliable as
other methods for evaluation of chromosome aberrations
(Rank and Nielsen, 1997) and can be easily used to
assess toxicity via effective concentration determination
(Yildiz and Arikan, 2008).

MATERIALS AND METHODS
Test chemicals

All pesticides were procured in the form (emulsifiable concentrate)
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commonly available in the market and widely used: Thionex® 35
EC (350 g/L) for endosulfan, Karate ® 2.5 EC for lambda-
cyhalothrin, Deltaforce ® 2.5% EC for deltamethrin, and 10% EC for
cypermethrin. Carmine salt was purchased from Zayo Sigma
Chemicals Limited, Nigeria. All other chemicals used were of
analytical grade.

Allium cepa assay

The onion bulbs (Allium cepa L.) used for experiment were sun-
dried for three weeks, and the outer scales and brownish bottom
plates were carefully removed, leaving the root ring primordial
intact. Five concentrations (1.0, 5.0, 10.0, 20.0 and 40.0 ppm) of
each pesticide were prepared with distilled water used as diluents
as well as the control.

Twelve (12) onion bulbs were planted per concentration with
each bulb placed on 50 ml capacity beaker filled separately with the
prepared concentrations of the pesticides. Onion roots were grown
at room temperature (25+1°C) in a dark cupboard. The contents of
the beaker were replaced with freshly prepared pesticide solution at
every 24 h.

The root tips used for microscopic evaluation were harvested from
five onion bulbs per concentration at 48 h, and fixed in ethanol-
ethanoic acid (3:1 v/v) before been transferred to 70% ethanol. The
root tips were then hydrolyzed in 1 N HCI at 65°C for 3 min. Two
root tips were squashed on slides, and then stained with
acetocarmine for 15 min.

One thousand (1,000) cells per slide and a total of 5000 cells per
concentration were scored for the frequency and occurrence of
different types of chromosomal aberrations in the dividing cells at
1000x as previously described (Fiskesjo, 1985; Bakare et al. 2000;
Lateef et al. 2007). The photomicrographs were taken with the
Ocular VGA adapted Bresser Erudit DLX microscope (Germany).
The mitotic index and mitotic inhibition were determined from the
scores obtained for dividing cells based on these formulae:

Mitotic Index (MI)= number of dividing cellin the treatment x 100

Total number of cell

— . Mitotic index of control — Mitotic index of treatment x 100
Mitotic Inhibition =

Mitoticindex of control

The length of each root from the 5 onion bulbs per concentration
and the control were measured at 72 h for macroscopic evaluation,
and growth inhibition was evaluated. The ECsy was extrapolated
from the graph of percentage root growth relative to control against
pesticides concentrations.

Statistical analysis

The means with the standard errors for each of the concentrations
per pesticide were calculated. The data obtained for the root length
of the treated groups and the control was compared using t-test and
considered significant at P< 0.05.

RESULTS AND DISCUSSION

The mean root length of the treated A. cepa for the four
pesticides in all concentrations was lower compared to
the control (Table 1). A dose dependent reduction was
observed in A. cepa root length for the pesticides except
at 5.0 ppm of deltamethrin. Significant difference in root
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Table 1. Macroscopic and microscopic evaluations of the pesticide treated Allium cepa.

Concentration Mean root % Dividing  Mitotic Mitotic Sticky Disturbed Chr Chr Chr C Total %
(ppm) length inhibition cells index inhibition chromosome spindle bridge fragment Laggard mitosis  aberration  Frequency
Control

0 2.88+0.08 - 162 3.24 - - - - - - - - -
Cypermethrin

1.0 2.50+0.23 13.19 101 2.02 37.65 - 9 2 - 3 - 14 0.28
5.0 2.18+0.08 2431 85 1.70 47.53 1 14 3 - - - 19 0.38
10.0 1.88+0.12* 34.72 65 1.30 59.88 3 10 5 2 - 20 0.40
20.0 1.54+1.12* 46.53 41 0.82 74.69 - 6 1 1 - 1 9 0.18
40.0 0.88+0.05* 69.44 26 0.52 83.95 6 3 - - - 9 0.18
Deltamethrin

1.0 2.28+0.16 20.83 112 2.24 30.86 1 6 - 2 - 9 0.18
5.0 2.49+0.10 13.54 102 2.04 37.04 - 8 3 1 1 2 15 0.30
10.0 1.84+0.10* 36.11 78 1.56 38.27 - - 2 - - - 2 0.04
20.0 1.58+0.12* 45.14 10 0.20 93.83 - 1 - - - - 1 0.02
40.0 0.98+0.08* 65.97 0 0 100.0 - - - - - - - -
Lambdacyhalothrin

1.0 2.01+0.13 30.21 145 2.90 10.49 - 1 - - - 1 0.02
5.0 1.95+0.09 32.29 86 1.72 46.91 1 - 2 - - 3 0.06
10.0 1.12+0.07* 57.99 73 1.46 54.94 - 15 - 1 16 0.48
20.0 1.04+0.08* 63.89 75 1.50 53.70 - 19 3 1 1 24 0.32
40.0 0.69+0.08* 76.04 32 0.64 80.25 - 3 1 - 1 5 0.10
Endosulfan

1.0 2.84+0.10 1.39 102 2.04 37.04 - - - - - - - -
5.0 2.53+0.08 12.15 136 2.72 16.06 - 5 1 - 1 - 7 0.14
10.0 2.12+0.06 26.39 79 1.58 51.23 - 2 - - 1 - 3 0.06
20.0 1.78+0.05* 38.19 32 0.64 80.25 - 1 - - - - 1 0.02
40.0 0.95+0.08* 67.01 17 0.34 89.51 - 2 - - - - 2 0.04

5000 cells were scored per concentration; Chr: chromosome; *Student t-test show significant difference compared to control (P < 0.05).

length was observed at 10.0, 20.0 and 40.0 ppm
of deltamethrin, cypermethrin and lambda-cyha-
lothrin, while endosulfan showed difference at
20.0 and 40.0 ppm (P<0.05). Highest percent-tage
root inhibition was observed at 40 ppm of each of
the pesticides. Figure 1 shows the percentage
root length relative to control where the ECsg

values of 9.0, 21.5, 23.5 and 29.00 ppm were
obtained for lambdacyhalothrin, cyperme-thrin,
deltamethrin and endosulfan, respectively, which
indicate the decreasing order of their inhibitory
effects on A. cepa root growth. The growth
inhibitory effect of the pesticides is indicated by
the significant reduction of root length compared

to the control. Table 1 also shows the microscopic
evaluation of the pesticides. A dose dependent
reduction in the total mitotic dividing cells and
mitotic index was observed in A. cepa treated with
the pesticides, except for 5.0 ppm of endosulfan.
However, complete cell arrest was observed only
in deltamethrin at 40.0 ppm. The values of mitotic
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Figure 1. Growth inhibitions of pesticides treated A. cepa root.

index obtained for all pesticides at 10.0 (except in
endosulfan), 20.0 and 40.0 ppm were lower than half of
the negative control, which reflect their cytotoxicity.
Similar observation was reported in A. cepa treated with
different pesticides (Asita and Matebesi, 2010;
Sibhghatulla et al., 2012). The total chromosomal aber-
rations induced were in the order: Cypermethrin >
lambdacyhalothrin > deltamethrin > endosulfan.

The aberrations observed in the three pesticides
included sticky chromosome, disturbed spindle, c-
mitosis, chro-mosome-bridge and laggard chromosomes
(Table 1 and Figure 2). Stickiness observed in the
pyrethroid-treated onion roots may be due to physical
adhesion of the proteins of the chromosome (Patil and
Bhat, 1992). The occurrence of c-mitosis indicates that
spindle formation was adversely affected (EI-Ghamery et
al., 2003). Disturbed spindle resulted in inability of
chromosomes to move to the poles.

Chromosome bridge is formed by breakage and fusion
of chromosomes and chromatids, the stickiness of
chromosome and subse-quent failure of free anaphase
separation, and unequal translocation or inversion of
chromosome segments (Gomoérgen, 2005). Permijit and
Grover (1985) attributed laggard chromosomes to the
delayed terminalization, stickiness of chromo-some ends
or the failure of chromosomal movement.

Aberrations of mitotic cycle, change of mitotic index
and chromosomal abnormalities observed after exposure
to toxic metals, metalloids or organic pollutants were
attributed to the disorganization and depolymerization of
microtubules, which underlie these processes in higher
plant cells (Liu et al., 2009; Xu et al., 2009; Dho et al.,
2010; Eleftheriou et al., 2012, 2013; Adamakis et al.,
2013). Cypermethrin among other pesticides tested in

10
s concentration (ppm)

o NN
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this study has the highest total chromosomal aberration.
Seehy et al. (1983) reported that in mice, both technical
and formulated products of alpha cypermethrin showed a
dose dependent sister chromatid exchanges in dividing
cells at all dose levels but the highest doses inhibited
mitotic division.

Cypermethrin and alphamethrin were reported to elicit
varying degrees of cytotoxic, turbagenic (toxicity to
spindle) and clastogenic effects but generally more
turbagenic and weak clastogenic (Rao et al.,, 2005).
However, Asita and Makhalemele (2008) reported that
alpha-thrin (active ingredient of alpha-cypermethrin) was
only cytotoxic but not genotoxic at various concentrations
in treated A. cepa. Cypermethrin has been classified as a
possible human carcinogen (EPA, 2002).

The pesticides used induced significant growth
inhibition at 10.0, 20.0 and 40.0 ppm. Also, at these
concentrations, the mitotic index was lower than half of
the values obtained for the control which indicate their
cytotoxic effects. Induction of chromosomal aberrations at
different concentrations shows the genotoxic effects on
the meristematic cells of A. cepa. The aberrations
observed were however not dose dependent, which may
be due to fewer number of dividing cells at higher
concentration of the pesticide and complete cell arrest
observed at 40.0 ppm of deltamethrin.

Our results are in accord with the previous reports,
where mitotic inhibition and genotoxicity of pesticides
were demonstrated (Mosuro et al 1999; Chauhan et al.,
1999; Kumar and Chaudhary, 2012). Reduction in mitotic
activity could be due to the inhibition of DNA synthesis
(Schneiderman et al., 1971; Sudhakar et al., 2001) or due
to a block in the G2-phase of the cell cycle, thus
preventing the cell from entering mitosis (Van’'t Hof, 1968).
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Figure 2. Normal and aberrant cells observed in allium cepa treated with pesticide. a, normal interphase; b,
normal prophase; ¢, normal metaphase; d, normal anaphase; e, normal telophase; f, laggard chromosome;
g, disturbed spindle and fragmentation; h, sticky chromosome; I, chromosome bridge.

Prior to occurrence of chromosome aberrations, there is
always some growth restriction which is the cumulative
response of all the damaging effects (Fiskejo, 1997).

Conclusion

The inhibition of growth and induction of chromosomal
aberrations by the pesticides show their cytogenotoxic
effects. This data provide more information on the
cypermethrin, deltamethrin, lambdacyhalothrin and endo-
sulfan of which exposure to substantial concentration

may constitute health risk to non-target organisms and
thus will assist in future ecotoxicological evaluations.

REFERENCES

Adamakis |-D, Panteris E, Cherianidou A, Eleftheriou EP, (2013).
Effects of bisphenol A on the microtubule arrays of Pisum sativum L.
root meristematic cells. Mutation Research - Genetic Toxicol.
Environ. Mut. 750:111-120.

Anis M, Shiran B, Wani AA (1998). Genotoxic effect of aldrin and
malathion on the root meristem of Vicia faba. J. Cytol. Genet. 33:35-
42.



Asita AO, Matebesi LP (2010). Genotoxicity of hormoban and seven
other pesticides to onion root tip meristematic cells. Afr. J. Biotechnol.
9(27):4225-4232.

Asita OA and Makhalemele R (2008) Genotoxicity of Chlorpyrifos,
Alpha-thrin, Efekto virikop and Springbok to onion root tip cells. Afr. J.
Biotechnol. 7(23):4244-4250.

ATSDR (2008) (Content Source);Sidney Draggan Ph.D. (Topic Editor)
"Health effects of endosulfan”. In: Encyclopedia of Earth. Eds. Cutler
J. Cleveland (Washington, D.C.: Environmental Information Coalition,
National Council for Science and the Environment). [First published in
the Encyclopedia of Earth March 31, 2008; Last revised Date March
31, 2008; Retrieved May 1, 2013
<http://www.eoearth.org/article/Health_effects_of_endosulfan>

Badr A, Ibrahim AG (1987). Effects of the herbicide glean on mitosis,
chromosomes and nucleic acids in A. cepa and Vicia faba root
meristems. Cytologia. 52:293-302.

Bakare AA, Mosuro AA, Osibanjo O (2000). Effects of simulated
Leachates on chromosomes and mitosis of Allium cepa (L). J.
Environ. Biol. 21:263-271.

Bradbury SP, Coats JR (1989). Toxicokinetics and toxicodynamics of
pyrethroid insecticides in fish. Environ. Toxicol. Chem. 8:373-380

Cabral JRP, Galendo D, Laval M, Lyandrat N (1990). Carcinogenicity
studies with deltamethrin in mice and rats. Cancer LeU., 49:147-152

Carbonell E, Valbuena A, Xamena N, Creus A, Marcos R (1995).
Temporary variations in chromosomal aberrations in a group of
agricultural workers exposed to pesticides. Mutat. Res. 344:127-134.

Celik A, Mazmanci B, Camlica Y, Comelekoglu U, Askin A (2005).
Evaluation of cytogenetic effects of lambdacyhalothrin on wisker rat
bone marrow by gavage administration. Ecotoxicol. Environ. Safe.
61:128-133

Chargui |, Grissa |, Bensassi F, Hrira MY, Haouem S, Haouas Z,
Bencheikh H (2012). Oxidative Stress, Biochemical and
Histopathological Alterations in the Liver and Kidney of Female Rats
Exposed to Low Doses of Deltamethrin (DM): A Molecular Assess
Biomed. Environ. Sci. 25(6):672-683

Chauhan LKS, Saxena PN, Gupta SK (1999). Effects of deltamethrin on
the ultrastructure of root meristem cells of Allium cepa. Pestic.
Biochem. Physiol. 64:181-189.

Das B, Pervin K, Roy AK, Ferdousi Z, Saha AK (2010). Toxic effects of
prolonged endosulfan exposure on some blood parameters in albino
rat. J. Life Earth Sci. 5:29-32

Davies CR, Lanus - Cuentas EA, Campos P, Mange J, Leon E,
Camales J (2000). Spraying houses in the Peruvian Andes with
Lambda-cyhalothrin ~ protects  residents against cutaneous
leshimaniasis. Trans. Roy. Soc. Med. Hyg. 94:631-636.

Dho S, Camusso W, Mucciarelli M, Fusconi A (2010). Arsenate toxicity
on the apices of Pisum sativum L. seedling roots: effects on mitotic
activity, chromatin integrity and microtubules. Environ. Exp. Bot.
69:17-23.

Eleftheriou EP, Adamakis |-D S, Fatsiou M, Panteris E. (2013).
Hexavalent chromium disrupts mitosis by stabilizing microtubules in
Lens culinaris Moench. root tip cells. Physiologia Plantarum 147:169-
180.

Eleftheriou EP, Adamakis I-D S, Melissa P. (2012). Effects of
hexavalent chromium on microtubule organization, ER distribution
and callose deposition in root tip cells of Allium cepa L. Protoplasma
249:401-416.

El-Ghamery AA, El-Kholy MA, Abou El-Yousser MA, (2003). Evaluation
of cytological effects of Zn2+ in relation to germination and root
growth of Nigella sativa L. and Triticum aestivum L. Mutat. Res.
537(1):29-41.

EPA U.S. Environmental Protection Agency (2002). Chemicals
Evaluated for Carcinogenic Potential, Science Information
Management Branch, Health Effects Division, Office of Pesticide
Program, May

Fahmy AM, Abdalla EF (2001). Cyogenetic effects by the natural
pyrethrin and the synthetic lambda-cyhalothrin in mice in vivo.
Cytologia. 66:139-149.

Fiskesjo G (1985) The Allium test as a standard in environmental
monitoring. Hereditas 102:99-112.

Fiskesjo G (1997) ‘Allium test for screening chemical evaluation of
cytological parameters’, in Wang, W., Gorsuch, J.W. and Hughes,

Yekeen and Adeboye 6005

J.S. (Eds), Plants for Environmental Studies New York, NY:CRC
Lewis Publishers. pp.307-333.

Gimeno L, Ferrando MD, Sanchez S, Andreu E (1994). Endosulfan
effects on liver and blood of the eel, Anguilla Anguilla. Comparative
Biochemistry and Physiology Part C: Pharmacology, Toxicol.
Endocrinol. 108(3):343-348.

Gomodrgen AN (2005). Cytological effect of the potassium
metabisulphite and potassium nitrate food preservative on root tips of
Allium cepa L. Cytologia 70:119-128.

Grover P, Danadevi K, Mahboob M, Rozati R, Banu BS, Rahman MF
(2003). Evaluation of genetic damage in workers employed in esticide
production utilizing the Comet assay. Mutagenesis 18:201-205.

Khan A, Ahmad L, Khan M.Z. (2012). Hemato-biochemical changes
induced by pyrethroid insecticides in avian, fish and mammalian
species. Int. J. Agric. Biol. 14:834-842.

Kumar G, Chaudhary N. (2012). Mitotoxic effect of 2, 4-D and
endosulfan in root meristems of Hordeum vulgare. Chromosome Bot.
7:73-77.

Lander BF, Knudsen LE, Gamborg MO, Jarventaus H, Norppa H (2000)
Chromosome aberrations in pesticide-exposed greenhouse workers.
Scand. J. Work Environ. Health 26:436-442.

Lateef A, Yekeen TA, Ufoma P (2007). Bacteriology and Genotoxicity of
some Pharmacaeutical wastewater in Nigeria. Int. J. Environ. Health.
1(4):551- 562

Liu D, Xue P, Meng Q, Zou J, Gu J, Jiang W (2009). Pb/Cu effects on
the organization of microtubule cytoskeleton in interphase and mitotic
cells of Allium sativum L. Plant Cell Rep. 28:695-702.

Modaresi M, Seif MR (2011). Effect of an organochlorine insecticide,
endosulfan, on blood parameters in rat. Shahrekord University of
Medical Sciences. 13(2); 26-32.

Mosuro AA, Bakare AA, Koofreh MA, Ngenwi AA (1999). Genetic safety
evaluation of pesticides using Allium cepa assay J. Cytol. Genet.
34(2):173-182.

Muthuviveganandave V, Hwang |, Anita V, Malarani PS, Selvam C,
Hemalatha M, Pandurangan M (2013). Synthetic Pyrethroid effect on
blood plasma biomarker Enzymes and histological changes in Catla
catla. Int. J. Exp. Path. 94:104-108.

Patil BC, Bhat Gl (1992). A comparative study of MH and EMS in the
induction of choromosomal aberrations on lateral root meristem in
Clitoria ternata L. Cytologia, 57:259-264

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

Rank J, Nielsen MH (1997). Allium cepa anaphasetelophase root tip
chromosome aberration assay on NmethyINnitrosourea, maleic
hydrazide, sodium azide, and ethyl methanesulfonate. Mut. Res.
390:121-127.

Rao BV, Narasimham TL, Subbarao MV (2005). Relative Genotoxic
Effects of Cypermethrin, Alphamethrin and Fenvalerate on the Root
Meristems of Allium cepa. Cytologia, 70(3):225-231.

Sanchez-Fortun S, Barahona MV (2005). Comparative study on the
environmental risk induced by several pyrethroids in estuarine and
freshwater invertebrate organisms. Chemosphere 59(4):553-559.

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

Seehy MA, Shalabi HG, Shaker N, Badr E (1983). In vivo induction of
sister chromatid exchanges in mice by cypermethrin. Proceedings of
the International Conference on Environmental Hazards of
Agrochemicals. 1:659-673.

Sibhghatulla S, Nazia N, Mohammad IL, Waseem A (2012).
Dichlorophen and Dichlorovos mediated genotoxic and cytotoxic
assessment on root meristem cells of Allium cepa Science Diliman.
24(1):13-22.

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

Van't Hof J (1968). The action of IAA and kinetin on the mitotic cycle of
proliferative and stationary phase excised root meristem. Exp. Cell
Res. 51:167-176.

Xu P, Liu D, Jiang W (2009). Cadmium effects on the organization of
microtubular cytoskeleton in interphase and mitotic cells of Allium


http://www.eoearth.org/profile/Sidney.draggan
http://www.eoearth.org/article/Health_effects_of_endosulfan
http://www.sciencedirect.com/science/article/pii/0742841394000197
http://www.sciencedirect.com/science/article/pii/0742841394000197
http://www.sciencedirect.com/science/article/pii/0742841394000197
http://www.sciencedirect.com/science/article/pii/0742841394000197
http://www.sciencedirect.com/science/journal/07428413
http://www.sciencedirect.com/science/journal/07428413
http://www.sciencedirect.com/science/journal/07428413
http://www.sciencedirect.com/science/journal/07428413/108/3

6006 Afr. J. Biotechnol.

sativum. Biol. Plant 53:387-390.

Yekeen TA, Fawole OO (2011). Toxic effects of endosulfan on
haematological and biochemical indices of Clarias gariepinus Afr. J.
Biotechnol. 10(64),14090-14096

Yekeen TA, Fawole OO, Bakare AA (2013) Evaluation of toxic effects of
lambdacyhalothrin on the haematology and selected biochemical
parameters of African catfish Clarias gariepinu. Zool. Ecol. 23(1):45-
52.

Yekeen TA, Okorie TG, Bakare AA (2007). Acute and Chronic Toxicity
Effects of Deltamethrin in Mice. Asian Journal of Microbiology,
Biotechnol. Environ. Sci. 9(1):11-17.

Yildiz M, Arikan ES (2008). Genotoxicity testing of quizalofop-P-ethyl
herbicide using the Allium cepa anaphase-telophase chromosome
aberration assay. Caryologia. 61(1):45-52, 2008).

Zaim M, Aitio A, Na-Kashima N (2000). Safety evaluation of pyrethroid
treated mosquito nets. Med. Veter. Entomol. 14:1-5.



