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Abstract

Pesticides, spinosad, imidacloprid and neem oil are widely used both in residential and
agricultural environments because of its broad spectrum insecticidal activity and effectiveness.
The present study was undertaken to estimate genotoxicity of formulations of some pesticides in
mice. Three pesticides of diverse group studied were spinosad (45% w/v), imidacloprid (17.8%,
w/v) and neem oil. Animals were exposed 37,4.5 and 50 mg kg'] b.wt. for spinosad, imidacloprid
and neem oil, respectively, through oral gavage for 5 consecutive days. A vehicle control group
and one positive control (cyclophosphamide; 20 mg kgrlb. wt.) were also selected. The results
showed that cyclophosphamide produced 1.12% micronuclei in mice, as against 0.18 in vehicle
control, 0.30 in spinosad, 0.28 in imidacloprid and 0.22% in neem oil, respectively. The gross
percentage of chromosomal aberration in mice were 28.5% in cyclophosphamide against 6.5% in
vehicle control, 8.0% in spinosad, 9.5% in imidacloprid and 7.0% in neem oil, respectively. The
overall findings of the present study revealed that all the three pesticide formulations,

imidacloprid, spinosad and neem oil at tested dose did not show any genotoxic effect in mice.
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Introduction

Pesticides are widely used to control insects/pests of
agriculture to control crop loss and to improve yield and
quality (Oerke and Dehne, 2004). Pesticides are biologically
active compounds with a component specific to inherent
toxicity, and therefore pesticide poses serious concern to
humans, animals and environment. Danalas and
Eleftherohorions (2011) have reviewed the safety issues and
risk assessment indicators of pesticide exposure. Pesticide
exposure among human population has revealed varied
information on genetic risk (Garaj-Vrhovac and Zeljezic,
2001; Antonucci and De Sylloscolus, 2000).

Imidacloprid, N-/1-/(6-chloro-3pyridyl)methyl]-4, 5-
dihydroimidazole-2-yl] nitramide, a neonicotinoid

insecticides works by interfering with transmission of nerve
impulses in insects by binding irreversibly to specific insect
nicotinic acetylcholine receptor (Tomizawa et al., 2005).
Imidacloprid is used in crops, soil and fleas in pets (Tomlin,
2006). Imidacloprid continues to be of great concern to
human health due to its continued use worldwide and
documented occupational and environmental exposures (Wu
etal., 2001). It has been reported that imidacloprid is neither
mutagenic nor teratogenic (Tomlin, 2006).

Spinosad a microbial insect control agent derived
from Saccharopolyspora spinosa, a naturally occurring
actinomycete bacteria is composed of spinosad A and D, the
two main active components. It is considered as selective
insecticide with a novel mode of action involving nicotinic
acetylcholine receptor, GABA receptor (Salgado, 1998).
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Azadirachtin is a major biologically active compound
of neem, Azadirachta indica. Technically, azadirachtin and
other related tetranortriterpenoids of neem seed kernel
disrupts metamorphosis of insects (Tomlin, 2006). Raizada
etal., (2001) and Srivastava and Raizada (2001) reported low
acute/subchronic, non-mutagenic/teratogenic effects and
lack of postnatal developmental effects of azadirachtin in
mammalian species. Neem oil is obtained from pressing of
fruits or seeds of neem. Neem oil contain azadirachtin,
steroids and many triterpenoids used for skin diseases,
inflammation, fever, rheumatic disorders, insect repellent,
malaria, tuberculosis and even diabetes (Boeke et al., 2004).

Inlight of the above, the present study was carried out
to investigate in-vivo chromosomal aberration and
micronuclei in mice exposed to low doses of spinosad,
imidacloprid and neem oil.

Materials and Methods

Test organism : Experiments were performed on healthy and
mature (six to eight week old) Swiss female albino mice (Mus
muscullus) weighing 30+ 2 g, obtained from Life Science
Intelligentsia, Animal house, Patna, India. Ethical approval
for the experiment was obtained from Institutional Animal
Ethical Committee. Animals were randomly selected and
housed in polycarbonate boxes. Animals were segregated
into various experimental groups with six animals and
maintained in controlled atmosphere for 12 hrs
dark/lightcycle, 23+3°C and 40-70% humidity. Animals were
given commercial pellet feed (M/s. Ashirwad, Chandigarh,
India) and water ad libitum.

Test substance and exposure level Commercial
formulation of spinosad (45%SC), imidacloprid (17.8%SL)
and neem oil were purchased from local market of Patna,
India. These compounds are soluble in water, hence diluted
with distilled water to obtain desirable concentration of
pesticides. One group of animal was maintained as vehicle
control group and 2" group as positive control
(cyclophosphamide; 20mg kg'l b.wt.) without any exposure
to these pesticides. Animals of group 3, 4 and 5 were orally
administered spinosad (37mg kg'l b.wt.),imidacloprid ( 4.5
mgkg' b.wt.)and neem oil (50 mg kg b.wt.), respectively.

Screening of chromosomal abnormalities : Animals were
sacrificed 24 hr after last treatment (i.e., on 6" day) and slides
were prepared for detection of any abnormalities in
chromosomes of their bone marrow cells by standard
colchicines — acetoalchohol — flame drying — Gimsa staining
technique (Preston et al., 1987) with few modifications
(Khan and Sinha, 1993). Mice from each group were given
colchicine treatment at a dose of 4 mg kg’1 b.wt. 1.5 hrs prior
sacrificing animals to arrest cells at metaphase stage. Briefly,
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bone marrow was flushed out from both femurs using Hanks
buffered salt solution (pH 7.2). Cells were centrifuged at
1000 rpm for 5 min and pellets were re-dispersed in
hypotonic solution of 0.56% (w/v) KClI for 30 min at 37° C to
permit osmotic swelling of cells. Swollen cells were fixed in
ice-cold Carnoy's fluid, dropped onto slides, and stained with
phosphate buffer 5% Giemsa solution. A total of 75 well
spread metaphase plates per animal in each group were
analyzed for chromosomal aberrations at 100X
magnification. Abnormalities in chromosomes were
classified into structural and numerical types. Structural
aberrations were classified as gap and breaks in chromatid(s),
acentric fragments, rings, terminal association, centric
fusion, deletion and multiple breaks while numerical
aberrations included of polyploidy, hypoploidy, c-metaphase
and precocious separations. The incidence of aberrant cells
was expressed as percentage of damaged cells (aberrant
metaphases).

Micronuclei induction assay : Suspension of bone marrow
cells of mice were directly smeared on slide (Schmid, 1975;
Das and Kar, 1980). Animals were sacrificed 24 hrs. after the
last treatment, and bone marrow cells were collected from
their femur in chilled hypotonic KCI solution using Hanks'
buffered salt solution, 1% (w/v) bovine serum albumin and
0.15% (w/v) EDTA (pH 7.2). Cell suspension was
centrifuged immediately and resuspended in the remaining
fluid. Smear of bone marrow cells were made by slide-drawn
method, air dried and then fixed in methanol. Slides were first
stained in May-Grunewald's solution followed by Giemsa
staining rinsed in running tap water and then air-dried again.

A minimum of 2000 (about 1000 PCEs and
corresponding number of NCEs encountered in same optical
field) erythrocytes were scored for each experimental group.
Stained slides containing mature enucleated erythrocytes
were screened for the presence of micronuclei (MN). Only
non-retractile structures that resembled nuclei in colour and
staining intensity and had diameter less than one third of the
main nucleus were scored as micronuclei PCEs/NCEs ratio
was also taken into consideration for each group to register
any cytotoxic effect on the turnover of PCEs

Statistical analysis : Data of all the groups were expressed as
mean frequency per 100 cells along with the standard error of
percent mean (%= SE).Statistical comparisons were made
using Students #-test, and P <0.05 was considered significant.

Results and Discussion

Indiscriminate and reckless use of pesticides and
presence of their residues in food, water and air beyond the
acceptable limit has resulted in large scale exposure of human
population to harmful concentrations. Among the various
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toxic effects of these agrochemicals, large scale abuse of
genetic material is of particular concern, and hence, the
potential genetic hazard of pesticides on man cannot be
ignored. The analysis of the observations in the present study
revealed that the administration of spinosad, imidacloprid
and neem oil at low level did not produce any significant
increase in frequency of chromosomal anomalies and
micronuclei in mice. Frequencies of total anomalies in
chromosomes were 8.0, 9.5, and 7.0% in spinosad,
imidacloprid and neem oil treatment, respectively.
Statistically these values when compared with control (6.5%)
did not show any significant difference. However, if
compared to the percent value of total anomalies (28%) in
mice with cyclophosphamide (positive control), a significant
(p<0.001) difference was noticed (Table 1). Absence of a
statistical difference was also noted in PCE and NCE
micronucleus in bone marrow of mice exposed to spinosad
(0.3040.13), imidacloprid (0.28+0.12) and neem oil
(0.2240.11) in comparison to control (0.18+0.10). However
on comparison to cyclophosphamide (positive control) a
significant (p<0.05) difference was observed (Table 2).
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Chromosomal aberration test of bone marrow cells in
vivo has become a standard method for testing for the
potential mutagenic effect of virus, drugs and chemical
pollutants, whereas micronucleus assay is considered as
surrogate for corresponding metaphase chromosome
analysis (Fenech, 2002a,b). The results obtained through
metaphase chromosome analysis can therefore be confirmed
by means of micronucleus assay (Khan and Sinha, 1994).The
result of the present study, based on chromosomal aberration
test in bone marrow cells and micronucleus induction in
erythrocytes in mice, exhibited non-significant genotoxic
potential at low level of imidacloprid, spinosad and neemoil.

It is interesting to note that fansidar, an antifolic
agent, produces moderate clastogenic effects (Praveen ez al.,
2011) in human lymphocyte chromosomes in vitro, whereas
fludrocorticosone does not have any toxic effect on human
lymphocyte chrosomes at wide range of concentration
(Shadab et al., 2006). Similarly, induction of chromosomal
aberration and micronucleated erythrocytes due to high
exposure level of imidacloprid (50 and 100mg kg’1 b.wt. to

Table 1 : Frequencies of structural and numerical aberrations (numbers and %) in bone marrow of mice exposed to spinosad, imidacloprid and neem oil

Experimental group Structural aberration Numerical aberration Gross aberration

No. % +SE No. % +SE No. % +SE
Vehicle control 09 4.5+1.46 04 2.0+0.98 13 6.5+£1.74
Positive control cyclophosphamide 37 18.5%+2.74 20 10.0*+2.12 57 28.5%+3.19
(20mgkg ' b.wt., ip)
Spinosad (37 mg kg" b.wt.) 11 5.5+1.61 05 2.5£1.10 16 8.0+1.91
Imidachoprid (4.5 mg kg" b.wt.) 13 6.5+1.74 06 3.0+1.20 19 9.5+2.07
Neemoil(SOmgkg" b.wt.) 10 5.0+1.54 04 2.0+0.98 14 7.0+1.80

Values are mean + SE; * significance at p<0.001 when compared to control and treatment groups

Table 2 : Frequency of micronucleus (MN) induction in polychromatic (PCEs) and normochromatic erythrocytes (NCEs) of mice upon spinosad,

imidacloprid and neem oil treatment

Experimental group Total no. PCEs with MN Totalno. NCEs with MN PCEs+ PCE+NCE PCE:
of PCE of NCEs NCEs  withMN NCE
scored scored scored ratio

No. %=SE No. %+SE No. %=+SE

Vehicle control 908 02 0.22 792 01 0.10 1700 03 0.18 1.20

+0.15 +0.11 +0.10

Positive control cyclophosphamide 836 11 1.31%* 868 08 0.92* 1704 19 1.12* 0.96

(20mg kg'I b.wt.,ip) +0.39 +0.32 +0.25

Spinosad (37 mg kg" b.wt.) 896 03 0.33 765 02 0.26 1661 05 0.30 1.17

+0.19 +0.18 +0.13

Imidachloprid(4.5 mg kg"b.wt‘) 903 03 0.32 726 02 0.24 1739 05 0.28 1.10

+0.18 +0.17 +0.12

Neem oil (50 mg kg" b.wt.) 939 02 0.21 863 02 0.23 1802 04 0.22 1.08

+0.15 +0.16 +0.11

Values are mean +SE; * significance at p<0.05 when compared to control and treatment groups
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rats for 90 days) were noted in Wistar albino rats indicating
its potential for clastogenicity (Karabay and Oguz 2005).The
non-significant effect of low exposure of imidacloprid in the
present study on mice could be due to low toxicity to
vertebrates and low binding affinity to nAch receptors
(Huangetal., 1999).

Spinosad has shown no increase in chromosomal
aberration in Chinese hamster ovary cell, no increase in
micronuclei frequency in bone marrow cells in mouse and
negative evidence for mouse forward mutation with or
without metabolic activation (USEPA, 1998). It was further
suggested that cytogenetic activity of spinosad may refer to
its chemical structure and/or certain impurities in the
commercial formulation; a matter, which needs further
elucidation. Mutagenic chemicals have potential to damage
germ line leading to fertility problems and establishing
defects due to mutation in future generation (Kumar et al.,
2013). Present findings are in agreement with the results
reported by Akmoutsou et al. (2011) and Gowri et al. (2013)
who found that spinosad showed either no genotoxic activity
or mild genotoxicity at high dose level.

It is well established that neem (4zadirachta indica)
exhibit antibacterial, antifungal, anti-inflammatory and
pesticidal toxicity due to presence of triterpenoids, saponin,
glycosides flavonoids and tannin alkaloids. The ethanol
extract of neem leaves has been reported to cause
chromosomal abnormalities for e.g., strand breakage and
spindle disturbances, thereby inducing genotoxic effects in
mice (Awasthietal., 1999). However, there are reports that to
suggest that neem products have significant modulating
(Subapriya et al., 2005), anti-mutagenic (Vinod et al., 2011)
and anti-genotoxic effect (Alabi et al., 2011). The protective
effect of neem extract can be ascribed to the antioxidant
property (Schaafet al., 2000; Farah ez al., 2006) that might be
one of the cause of non-genotoxicity of neem oil in the
present study also. As compared to vehicle control animals,
number of chromosomal aberrations and micronucleated
erythrocytes in neem oil treated animals showed similar
results, indicating non-genotoxic activity of neem oil in mice.

Administration of low dose formulations of
imidacloprid, spinosad and neem oil over limited period
could be one of the reasons for the absence of chromosomal
aberration and presence of micronuclei in the present study.
The present study further suggests necessity of evaluating
combnination of pesticides.

Acknowledgments

Authors are thankful to Dr. M.VijaiParthiban,
Managing Director, Lab Life Science Intelligentsia, for his
constant support, and to Dr. R.B. Raizada, Ex. Scientist and
Head Pesticide Toxicology, CSIR-IITR, Lucknow for his

Journal of Environmental Biology, March 2016

A. Saxena and V.P. Kesari

keen interest and constant encouragement in this study.
Thanks are also due to fellow scientists Mr. Tariq Ahmad and
Mr. Shadab Alam for their assistance and help.

References

Akmoutsou, P., D. Mademtzoglou, I. Nakou, A. Onoufriadis, X.
Papadopoulou, 1. Kounatidis, G. Frantzios, G. Papadakis, K.
Vasiliadis, N.T. Papadopoulos and P. Mavragani-Tsipidou:
Evaluation of toxicity and genotoxic effects of spinosad and
deltamethrin in Drosophila melanogaster and Bactroceraoleae.
Pest Manag Sci., 67,1534-1540(2011)

Alabi, O.A., C.P. Anokwuru, C.N. Ezekiel, O. Ajibay, U.J. Nwadike, O.
Fasai and M. Abu: Anti-mutagenic and anti-genotoxic effect of
ethanolic extract of neem on dietary aflatoxin induced genotoxicity
inmice. J. Biol. Sci., 11,307-317 (2011)

Antonucci, G.A. and I.M. De Sylloscolus: Chromosomal analysis in a
Brazilian population exposed to pesticides. Teratogen.
Carcinogen. Mutagen., 20,265-272(2000)

Awasthi, K.S., B.P. Chaurasia and S.P. Sinha: Prolonged murine
genotoxic effects of crude extracted from neem. Phytotherapy
Research, 13,81-83 (1999)

Boeke, S.J., M.G. Boersma., G.M. Alink., J.J.LA. Van Loom., Arnold
VanHuis., Marcell Dicke and IVonne M C M Rietjens. Safety
Evaluation of Neem (Azadiracta indica) derived pesticides. J.
Ethnopharmacol., 94,25-41(2004)

Danalas, C.A. and 1.G. Eleftherohorions: Pesticide exposure, safety
issues and risk assessment indicators. nt. J. Environ. Res. Public
Hith, 8,1402-1419(2011)

Das, R.K. and R.N. Kar: Sodium citrate solution as a substitute for fetal
calf serumin micronucleus preparation. Stain Technol., 55, 43—45
(1980)

Farah, M.M., B. Ateeq and W. Ahamad: Antimutagenic effect of neem
leaves extract in freshwater fish Channa punctatus evaluated by
cytogenetic test. Sci. Total. Environ., 364,200-214 (2006)

Fenech, M.: Chromosomal biomarkers of genomic instability relevant to
cancer. Drug Discov. Today, 7,1128-1137(2002a)

Fenech, M.: Biomarkers of genetic damage for cancer epidemiology.
Toxicology, 181/182,411-416 (2002b)

Garaj-Vrhovac, V. and D. Zeljezic: Cytogenetic moniteering of Croatian
population occupationally exposed to a complex mixture of
pesticide. Toxicology, 165,153-162(2001)

Gowri, K.U. and B. Suresh: Genotoxic effects of two different classes of
insecticide in developing chick embryos. Toxicol. Environ. Chem.,
95,992-1005 (2013)

Huang, Y., M.S. Willianson, A.L. Devonshree, J.D. Windass, S.J.
Lansdell and N.S. Millar: Molecular characterization and
imidacloprid selectivity of nicotinic acetylcholine receptor
subunits from peach—potato aphid Myzuspersicae. J. Nurochem.,
73,380-389(1999)

Karabay, N.U. and M.G. Oguz: Cytogentics and genotoxic effects of the
insecticide imidacloprid and methamidophos. Genet. Mol. Res., 4,
653-662(2005)

Khan, P.K. and S.P. Sinha: Antimutagenic efficacy of higher doses of
Vitamin C. Mutat. Res., 298, 157-161 (1993)

Khan, P.K. and S.P. Sinha: Impact of higher doses of vitamin C in
modulating pesticide genotoxicity. Teratogen. Carcinogen.
Mutagen., 14,175-181(1994)

Kumar, A., S. Sharma, M. Tomar, V. Malik and S.K. Kataria:



Lack of genotoxic potential of pesticides in mice

Determination of mutagenic potential of imidacloprid in
Salmonella typhimurium — TA 98 and TA 100 following Bacterial
reverse mutation assay. Int. J. Biotech. Bioengg. Res., 4, 703-710
(2013).

Oerke, E.C. and H.W. Dehne: Safe guarding production losses in major
crops and the role of crop protection. Crop. Protect., 23, 275-285
(2004).

Praveen, N., M.A. Saifi and G.G.H.A. Shadab: Cytogenetic evaluation of
fansidar on human lymphocyte chromosomes in vitro. J. Environ.
Biol., 32,95-98 (2011).

Prestone, R.J., B.J. Dean, A.F. Galloway and S. Mcfree: Mammalian in
vivo cytogenic assay analysis of chromosomal aberration in bone
marrow cell. Mutation, 189, 157-165 (1987).

Raizada, R.B., M.K. Srivastava, R.A. Kaushal and R.P. Singh:
Azadirachtin a neem biopesticide: Subchronic toxicity assessment
inrats. Food. Chem. Toxicol.,39,477-483 (2001).

Salgado, V.L.: Studies on mode of action of spinosad: Insect symptoms
and physiology correlates. Pest. Biochem. Physiol., 60, 91-102
(1998).

Schaaf, O., A.P. Jarvis, S.A. Van der Esch, G. Giegnacovo and N.J.
Oldham: Rapid and sensitive analysis of Azadirachtin and related
triterpenoid from neem (Azadirachta indica) by high-performance
liquid chromatography-atmospheric pressure chemical ionization
mass spectrometry..J. Chromatograph., 886A,89-97 (2000).

Schmidt, W.: The micronucleus test. Muta. Res., 31,9-15 (1975).

295

Shadab, G.G.H.A.,M.E. Ahmed and M.A. Azfer: Cytogenetic evaluation
of hormonal drug flurocortisone in human lymphocyte
chromosomes in vitro. J. Environ. Biol.,27,257-261 (2006).

Srivastava, M.K. and R.B. Raizada: Assessment of embryo/foetotoxicity
and teratogenicity of azadirachtin in rats. Food Chem. Toxicol., 39,
1023-1027(2001).

Subapriya, R., R. Kumaeaguruparan, S.K. Abraham and S. Nagini:
Protective effect of ethanolic neem leaf extract on DMBA-induced
genotoxicity and oxidative stress in mice. J. Herb. Pharmacother.,
5,39-50(2005).

Tomizawa, M., D.L. Lee and J.E. Casida: Nicotinoid insecticide
Toxicology: Mechanism of selective action. Ann. Revi. Pharmacol.
Toxicol., 45,247-268 (2005).

Tomlin, C.D.S.: The Pesticide Manual, A World Compendium. 14" Edn.,
British Crop Protection Council, Surry, England (2006).

USEPA. Prevention, Pesticides and toxic Substances (7101): Health
Effect Test Guidelines. OPPTS 870 5385. Mammalian Bone
Marrow Chromosome Test. EPA 712(C), pp. 98-225 (1998).

Vinod, V., P.K. Tiwari and G.P. Meshram: Evaluation of mutagenic and
antimutagenic activities of neem (Azadirachta indica) seed oil in
the in vivo mouse bone marrow micronucleus test. J.
Ethnopharmacol., 134,934 (2011).

Wu, ILW., JL. Lin and E.T. Cheng: Acute poisoning with the
neonicotinoid insecticide imidacloprid in N-methyl pyrrolidone.
J. Toxicol. Clin. Toxicol.,39,617-621 (2001).

Journal of Environmental Biology, March 2016



