
Introduction

Pesticides are extensively used in agricultural fields to en-
hance food production through eradication of unwanted in-
sects and controlling disease vectors (Anwar, 1997). Among
the most common insecticides, synthetic pyrethroids (lambda
cyhalothrin) and organophosphate compounds (dimethoate)
are widely used in agriculture and industry all over the world
(Sharma et al., 2005). 

Lambda cyhalothrin (LCT) is a synthetic pyrethroid insec-
ticide with effective activity against a large variety of arthro-
pods, which are harmful to human and animal health. LCT is
known as a potent neurotoxicant, characterized by high insec-
ticidal properties and low mammalian toxicity (He et al., 2008).
Exposure to LCT can induce both acute and chronic risks; acute
effects include eye and skin irritation, non-cardiogenic pul-
monary edema, cardiovascular toxicity, convulsions, coma and
severe muscle fasciculation (Iqbal et al., 2007). Chronic effects

include decreased body weights, organ weight changes (liver,
kidney, brain, heart and lung), reduced brain size (Kohner et
al. 1999) cell damage (neoplastic and histopathological le-
sions), tumors, endocrine toxicity (Kothari et al., 2002) and
DNA damage in liver and brain (Yahia and Ali, 2018). 

Dimethoate (DM) behaves like any other organophos-
phate compound as it has anticholinesterase activity (Costa,
2006). Inhibition of brain acetyl cholinesterase results in accu-
mulation of acetylcholine and hyper activation of acetylcholine
receptor at neuromuscular junction and in the autonomic and
central nervous system. This will be manifested as convulsions
and tremors leading to death in severe cases (Lotti, 2001).
Dimethoate exerts several toxic effects on different tissues and
organs including liver, brain (Sharma et al., 2005; Sayim, 2007;
Astiz et al., 2009), pancreas (Hagar and Fahmy, 2002) and kid-
ney (Mahjoubi et al., 2008). Dimethoate was reported to cause
malignant and benign neoplasms in the liver, lymphatic sys-
tem and endocrine organs and induced DNA damage in
human lymphocytes (Undeger and Basaran, 2005). Further-
more, acute exposure to DM caused DNA damage in brain
and liver of rats (Yahia and Ali, 2018).

Comet assay (single cell gel electrophoresis) is a simple,
rapid and sensitive procedure for measuring DNA damage in
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Estimation of Bone Marrow DNA Damage Induced by Lambda cy-
halothrin and Dimethoate Insecticides using Alkaline Comet Assay
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Dimethoate (DM) and Lambda cyhalothrin (LCT) are commonly used insecticides. Human being and
farm animals are expected to have acute toxicity. The present work aimed to explore the effect of acute
exposure to DM and LCT on hematological parameters and to detect DNA damage in bone marrow of
Sprague Dawley rats using the alkaline single cell gel electrophoresis assay (comet assay). Thirty animals
were divided into three groups of ten rats each. LCT group administered 26 mg/kg body weight, DM
group administered 103 mg/kg body weight orally for 24 and 48 hours, while the control group received
the vehicle only. Blood samples were collected for hematological analysis, bone marrow was flushed
from the femur bone for comet assay and spleen samples were preserved in formalin for histopatho-
logical examination. Results showed minor changes in blood profile in all exposed groups associated
with mild changes in histology of spleen tissue. Alkaline single cell gel electrophoresis assay in bone
marrow cells showed that LCT and DM caused extensive and severe DNA damage after 48 h exposure
expressed as significant increases in all comet parameters (% DNA in tail, tail length, tail moment and
Olive tail moment). The results concluded that LCT and DM induced DNA damage in bone marrow of
rats, LCT showed higher degree of DNA damage in comparison with DM.
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mammalian cells and has been widely used for genotoxic
studies. (Singh et al., 1988; Tsuda et al., 1998). The most com-
monly used parameters of comet features are the tail param-
eters such as tail length, tail moment and the % tail DNA (De
Boeck et al., 2000). Among these parameters, tail DNA was a
more appropriate parameter than tail length to analyze in-
duced DNA damage (De Boeck et al., 2000). These parameters
were used for genotoxic studies by many researchers (Sasaki
et al., 1997; Kim et al., 2002; Anderson et al., 2003; Schabath
et al., 2003).

Toxicity of human and animals from insecticides usually
occurs in an acute form due to exposure to a single large dose;
recent exposure to xenobiotics may be reflected in change in
blood profile. Bone marrow is the factory of blood cells pro-
duction and has a large number of dividing cells; it is a suitable
tissue for detection of DNA damage by using comet assay.
This study aimed to investigate the acute effect of lambda cy-
halothrin and dimethoate insecticides on hematological pa-
rameters, DNA damage in bone marrow and histological
changes in spleen.

Materials and methods

Chemicals

Lambda cyhalothrin 2.5 % (Dolf 2.5 EC) a synthetic
pyrethroid insecticide (Star Chem. Co., Egypt) and Dimethoate
40% (Saydon/ Cheminova 40% EC) organophosphate insecti-
cides (Kafre Elzayat, KZ Co., Egypt) were used in the study. The
commercial formulations were used in the current study be-
cause they contain organic solvents, surface active ingredients
and activity enhancers with poorly characterized toxicity.
These products are often highly toxic than the technical
grades of pesticide compound (Ducolomb et al., 2009). 

Animals and treatment

A total number of 30 healthy adult Sprague Dawley male
rats with body weight ranged from 100-130 g, were used in
this study. Rats were obtained from the Experimental Animal
Center, Faculty of Medicine, Assiut University, Egypt.

Rats were divided into three groups of ten animals each,
housed in plastic cages and allowed to acclimatize for a week
before treatment. Animal facilities were controlled for temper-
ature (24–26°C) and operated under a 12 h light-dark cycle.
Rats were fed on standard food pellets and tap water ad libi-
tum. The insecticides LCT and DM were dissolved in corn oil.
The first group was exposed to 26 mg/kg body weight LCT
[oral LD50 79 mg/kg body weight (US Environmental Protec-
tion Agency, 1988)]. The second group was exposed to 103
mg/kg body weight DM [oral LD50 310 mg/kg (JMPR, 1998)].
The third group was left as control and received only corn oil.
All treated animals were exposed to 1/3 LD50 orally for 24 and
48 hours. All applicable national and institutional guidelines
for the care and use of animals were followed. Handling, use,
and care of experimental animals were done according to the
ethical guidelines for animal experiments in Assiut University,
Egypt.

Necropsy and sampling

Five animals from each group were euthanized under di-
ethyl ether anesthesia 24 h after the first exposure, whereas
another five animals were euthanized 24 h after administration
of the second dose (48 h).

Blood samples were collected from the descending aorta
in vacutainer tubes coated with EDTA anticoagulant for hema-
tological analysis. Bone marrow was flushed out from each

femur bone using 1 ml of homogenizing buffer (0.075 M NaCl
and 0.024 M Na2EDTA), centrifuged at 1500 rpm for 10 min.
at 0°C, the supernatant was re-suspended and then used for
comet assay. Spleen samples were collected and kept in 10%
neutral buffered formalin for histopathological examination.

Hematological analysis

Hematological examination of blood samples was per-
formed by using Medonic Vet. Hematology analyzer (Medonic
CA 620, Sweden).

Single cell gel electrophoresis (SCGE), comet assay

Comet assay was used to detect DNA damage in bone
marrow according to Sasaki et al. (1997) as follows:

Slide preparation

Frosted slides were layered twice with 100 µL 1% GP-42
normal agarose (Nacalai Tesqe, Inc. Kyoto, Japan). Seventy-five
microlitre (µL) of nuclear suspension was mixed with equal
amount of 2% low melting (LGT) agarose (Nacalai Tesqe, Inc.
Kyoto, Japan) at 45°C and the mixture was layered on the
frosted slide using a cover slide. Then, 100 µl of agarose GP-
42 was layered on the surface and covered with another slide
and allowed to gel. 

Lysing

The slides were placed immediately into a chilled lysing
solution (2.5 M NaCl, 100 mM Na4EDTA, 10 mM Trizma, 0.1%
Sodium lauryl sulfate (SDS), 10% dimethyl sulfoxide, and triton
X-100) and kept at 4°C in the dark for 60 minutes.

Unwinding and electrophoresis

The slides were arranged on a horizontal gel electrophore-
sis platform (Cleaver Scientific Ltd, U.K.) and covered with
chilled alkaline solution (300 mM NaOH and 1 mM Na2 EDTA,
pH 13) in the dark for 10 min, electrophoresis was conducted
at 25V and approximately 300 mA for 15 min. then the slides
rinsed with 400 mM Tris buffer (Wako Pure Chemical Indus-
tries, Ltd. Japan) pH 7.5 for 7 min. to neutralize the excess al-
kali. The neutralized slides were kept in ethanol for 5 min. then
allowed to dry at room temperature, then stained with 50 µL
(20 µg/ml) ethidium bromide (Wako Pure Chemical Industries,
Ltd.).

Examination of the Slides

The nuclei on the slides were examined at 200 fold mag-
nification using the green filter of a fluorescence microscope
(Olympus BX-43, Japan). The image of the nuclei was captured
using digital camera. At least 50 cells per slide were analyzed
using Comet Assay Software Project (CASP) to measure the
diameter of the head, % of DNA in the tail and the length of
tail of the comet to obtain DNA migration. Tail moment (TM)
and Olive tail moment (OTM) were used as accurate indicators
of DNA damage; Tail moment = Tail length X %Tail DNA/100 
Olive Tail Moment = (Tail mean – Head mean) X %Tail
DNA/100

Histopathological examination

Fresh specimens from spleen of rats from all experimental
groups were collected and fixed in 10% neutral buffered for-
malin. The tissues were dehydrated in a graded alcohol series,
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cleared with methyl benzoate, embedded in paraffin wax, sec-
tioned at 4 µ thickness and stained with hematoxylin and
eosin, histopathological examination by light microscopy
(Olympus CX31, Japan) and photographed using digital cam-
era (Olympus, Camedia C-5060, Japan) (Bancroft et al., 1996).

Statistical analysis

Statistical analyses were done using SPSS software pack-
age version 16.0. Data were analyzed by using one-way analy-
sis of variance (ANOVA) followed by post-hoc lowest
significant difference (LSD) multiple range test for comparison
between control and exposed groups. All data were repre-
sented as Mean±SD for all experimental and control animals
(P < 0.05).

Results

Hematological analysis

Exposure to LCT for 24 h showed significant increases (P<
0.01) in hematocrit (HCT %) and (P< 0.05) mean corpuscular
volume (MCV), while other parameters showed no significant
changes. DM exposure did not show any change except mild
increase in mean corpuscular hemoglobin concentration

(MCHC) at 24 h., on the other hand, white blood cells (WBCs),
lymphocytes, granulocytes and monocytes were increased
after exposure to DM for 48 h (Table 1).

Thrombocytic parameters (Table 1) were normal in all ex-
posed groups, except group that exposed to DM for 24 h,
which showed significant (P<0.05) increases in mean platelet
volume (MPV) and in platelet distribution width (PDW).

DNA damage in bone marrow

Exposure to LCT for 24 h did not show any significant
changes in bone marrow DNA in comparison with the control
group, while exposure for 48 h induced severe DNA damage
indicated by significant increases (P<0.01) in tail moment,
olive tail moment, tail length and % of migrated DNA in tail
(Fig. 1A and B and Table 2). On the other hand, exposure to
DM for 24 h showed significant (P< 0.05) increase in tail length
only, while 48h exposure caused extensive DNA damage and
significant increases (P< 0.01) in tail moment, olive tail mo-
ment, tail length and % of DNA in tail (Fig. 1C and D and Table
2).

Histopathology of spleen

Mild histopathological changes were observed in all the

Table 1. Effect of exposure to lambda cyhalothrin and dimethoate for 24 and 48 hours on the hematological parameters of
male Sprague Dawley rats

Data are shown as mean ± SD. N= 5 rats/ group. Under each treatment: values followed by different superscript means significant compared
to the control group. (P<0.05). Letters (a and b) were used to compare LCT group with control group, letters (c and d) were used to compare
DM group with the control group.

Table 2. DNA damage in bone marrow of rats exposed to lambda cyhalothrin for 24 h and 48h 

Data are shown as mean ± SD. N= 5 rats/ group. Under each treatment: values followed by different superscript means significant compared
to the control group. (P<0.05). Letters (a and b) were used to compare LCT group with control group, letters (c and d) were used to compare
DM group with the control group.
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exposed groups; exposure to LCT for 24 h resulted in slight
congestion in some blood vessels, with no changes in organ-
ization of white and red pulps (Fig. 2A). However, after 48 h
exposure, the vascular changes became more evident in the
form of congestion in most of blood vessels associated with

marked hemosiderosis (Fig. 2B). In DM group, few follicles
showed mild depletion after 24 h exposure (Fig. 2C). On the
other hand, the depletion in follicles were increased after ex-
posure to DM for 48 h, which appeared as vacuolation in lym-
phocytes with disorganization in white pulp (Fig. 2D).

Fig. 1. A) Bone marrow nuclei of rats exposed to 26 mg/kg body weight of LCT for 24 h showing mild DNA damage. B) LCT group
exposed to 26 mg/kg body weight of LCT for 48 h showing severe DNA damage. C) Bone marrow nuclei of rats exposed to 103 mg/kg
body weight of DM for 24 h showing mild DNA damage, while exposure for 48 h induced severe DNA damage (D).

Fig. 2. A) Spleen of rats exposed to lambda cyhalothrin (26 mg/kg body weight) for 24 h showing congestion of blood vessels (notched
arrow) (H&E, bar= 100 um). B) Spleen, lambda cyhalothrin intoxicated group after 48h showing hemosidrosis (notched arrow) (H&E,
bar= 50 um). C) Spleen of rats exposed to dimethoate (103 mg/kg body weight) for 24 h showing depletion in white pulp (star) (H&E,
bar= 100 um). D) Spleen, dimethoate intoxicated group after 48h showing vacuolation in lymphocytes (star) (H&E, bar= 100 um).
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Discussion

Pesticides related poisonings has increased over the past
years due to their uncontrolled use (Abdollahi et al., 2004).
Synthetic pyrethroid and organophosphate insecticides are
among the most commonly used chemicals for controlling
pests. The current work revealed that exposure to DM for 24
and 48 h had no significant changes in the hematological pa-
rameters of rats except mild changes in leucocytes profile and
thrombocytes at 48 h. This result is in accordance with Dogan
and Can (2011), who found that exposure of fish to
dimethoate for 5 days did not change the blood profile but
longer exposure time showed significant changes in all blood
parameters. Parkash (2016) reported that 96 h exposure to
dimethoate could produce severe changes in blood profile.
Histology of spleen showed mild changes, which appeared as
depletion in white pulp at 24 h and vacuolation of lympho-
cytes at 48 h, these results may support the blood profile data.
LCT exposure showed no change in blood picture while the
spleen showed congestion of blood vessels at 24 h and he-
mosidrosis at 48 h. Abd Elkawy et al. (2013) found that expo-
sure of rats to LCT for 45 days caused significant decreases in
RBCs count, Hb and HCT concentration.

The obtained results of hematology and histopathology
of spleen for DM and LCT may be related to the short time of
exposure (24 and 48 h), which was not enough to induce ob-
servable changes in hematological parameters and in the his-
tology of spleen. 

In the present study, the genotoxic effect of lambda cy-
halothrin and dimethoate in bone marrow cells was estimated
by using comet assay, which is increasingly used in genotoxi-
city testing in vivo (Hartmann et al., 2001; Kiskinis et al., 2002)
and in vitro (Ventura et al., 2008; Nwani et al., 2010) because
it is rapid, simple, easy and highly sensitive assay (Tice et al.,
2000). It has an advantage over other traditional cytogenetic
assays by not needing mitotically active cell (Dogan et al.,
2011). The current results showed that LCT and DM exposure
for 24 h could not induce DNA damage in bone marrow cells.
While 48 h exposure resulted in significant and marked in-
crease in all DNA damage parameters (tail parameters), which
include tail length, %DNA in tail, tail moment and olive tail
moment. The percentage of DNA in the tail is strongly selected
as the parameter of choice and directly related to DNA break
frequency because it reflects the amount of migrated DNA
from the nucleus (Dogan et al., 2011).

On the other hand, tail moment calculation includes the
percentage of migrated DNA to the tail multiplied by the tail
length (Collins et al., 1997; Tice et al., 2000) so it is more accu-
rate and indicates the intensity of DNA damage (Knopper et
al., 2005). De Boeck et al., (2000) stated that the tail parame-
ters that are the most frequently used are those of the tail
length, tail DNA% and tail moment. Olive tail moment results
were correlated with other parameters and it is also consid-
ered as a good indicator for DNA damage; it is calculated by
the difference between mean tail and head multiplied by %
tail DNA (Olive et al., 1990; Kumaravel and Jha, 2006).

Boussema et al. (2012) reported that dimthoate caused
DNA damage in bone marrow of mice in a dose dependent
manner. Also, our previous study (Yahia and Ali, 2018) revealed
that DM and LCT induced DNA damage in liver and brain of
Sprague Dawley rats. Braun et al. (1982) stated that OP com-
pounds have alkylating properties either direct alkylation or
indirect via protein alkylation, which can induce DNA damage.
On the other hand, WHO (1990) stated that the induced DNA
damage by LCT might be due to the release of unstable
cyanohydrins, which decompose to cyanides and aldehydes,
and in turn could act as a source of free radicals that attack
DNA and cause different degrees of DNA damage. 

The obtained results revealed that acute exposure of rats
to LCT and DM for 48 h induced severe DNA damage in bone
marrow cells. LCT showed higher degree of DNA damage in-
dicated by longer tail length, higher tail moment and % DNA
in tail. These data may be related to LD50 of each compound
as LCT has lower LD50 (79 mg/kg) compared with DM (310
mg/kg).

Conclusion

The studied insecticides LCT and DM induce DNA damage
in bone marrow of rats at 48 h, which accompanies with mild
histopathological changes in spleen tissue.
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