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Abstract In general, people may come in contact with mix-
tures of insecticides through domestic use, consumption of con-
taminated food or drinks, and/or living close to treated areas.
We analyzed the toxic effects of diazinon on histological struc-
ture of liver and hematological parameters in male rats. DNA-
damaging potential of diazinon was also investigated using the
comet assay in blood cells and the micronucleus test in bone
marrow. Two groups of six male rats orally received different
amounts of diazinon: 1/50 and 1/25 LD 50 for 4 weeks (5 day/
week). The present study showed that diazinon caused hyper-
trophy of sinusoids, central vein, and portal triad, in addition to
the formation of oedema, vacuoles, hemorrhage, necrosis, and
lymphoid infiltration in rats’ liver. A significant decrease in red
blood cells, hemoglobin, hematocrite levels, and platelet counts
was observed in the treated groups. However, the white blood
cell count increased. Micronucleus test results revealed
aneugenic effects of diazinon. Furthermore, we noticed an in-
crease in comet tail length in treated groups. So, the comet
assay confirmed the genotoxic potential of diazinon in vivo.
On the assumption that all alterations observed in rats could

be observed in human, it is necessary to raise the awareness
about the health risk posed by this insecticide.
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Introduction

Insecticides are wildly used in agriculture as well as in health
care facilities. In Tunisia, between the 1960s and the 1970s, an
intensive control program was conducted principally against
Anopheles (vectors of malaria). This program used mainly
DDT (2,2bis (p-chlorophenyl)-1,1,1-trichloroethane), andma-
laria has not been reported in Tunisia since 1980 (Ben Cheikh
et al. 1998). After stopping the use of organochlorine insecti-
cides, the organophosphate insecticides (OPs) have become
important in mosquito control strategies. Many studies have
reported that OPs insect resistance in Tunisia is increasing
(Ben Cheikh et al. 1998, 2008, 2009).

Exposure to insecticides affects most of the population, not
only those occupationally exposed. In general, people may come
into contact with mixtures of insecticides through domestic use,
consumption of contaminated food or drinks, living close to
treated areas. OPs compounds are known to inhibit acetylcholin-
esterase enzyme (AChE), which is responsible for the rapid hy-
drolysis of the neurotransmitter, acetylcholine, into choline and
acetate during neurotransmission at cholinergic synapses (Fulton
and Key 2001; Kwong 2002; Oruc and Usta 2007). This causes
the accumulation of acetylcholine at cholinergic synapses lead-
ing to increased activation of nicotinic and muscarinic receptors.
A range of late toxicities may also occur (Kalender et al. 2006).
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Diazinon (O,O-diethyl-O-(2-isopropyl-4-methyl-6-
pyrimidinyl)-phosphoro-thionate) is a commonly used OPs
insecticide in agriculture and pest control. It has been classi-
fied by theWorld Health Organization (WHO) as class II toxic
and moderately hazardous compound.

Toxic effects of diazinon are due to the inhibition of ace-
tylcholinesterase, an enzyme needed for nervous system func-
tion. Diazinon itself is not a potent cholinesterase inhibitor.
However, it can be become to more toxic diazoxon due to
the enzymatic reaction in birds, fish, insects, and mammals
(Zhang and Pehkonen 1999). It is activated by the cytochrome
P450 mediated reactions in liver to oxons which are potent
acetylcholinesterase inhibitors (Kappers et al. 2001).
Detoxification occurs through hydrolysis of the oxon by
calcium-dependent arylesterases (Aesterases; paraoxonase)
or by binding of the oxon to, or hydrolysis of the oxon by
carboxylesterases (B-esterases) (Furlong et al. 2000; Li et al.
1993).

Diazinon causes changes in liver enzymes and bio-
chemical indices and swelling of mitochondria in hepa-
tocytes (Kalender et al. 2005; Abdel-Daim et al. 2015).
It also causes toxic effects on blood cells, spleen, thy-
mus, and lymph nodes of rats (Handy et al. 2002). In
addition, the diazinon’s mutagenicity studies, its ability
to cause genetic damage, showed that diazinon can in
fact damage DNA in human blood cells, in cells from
laboratory animals, and in bacteria (Grover et al. 2003).
Besides, other studies proved that the rate of micronu-
cleus has been elevated in the blood cells of diazinon-
treated group of rats compared with that in the control
group (Hariri et al. 2011).

Among the techniques used to detect genetic and
genotoxic effects, the micronucleus test and comet assay
are often used since they are appropriately and easily ap-
plied. For that reason, in the present study, the sub-acute
toxicity of diazinon on genotoxicity markers was investi-
gated using the comet assay for detecting the blood cells
DNA damage and the micronucleus test of bone marrow
cells under laboratory conditions. As well, some hemato-
logical indices and liver histological changes were
evaluated.

Materials and methods

Animals

Eighteen maleWistar rats weighing 120–160 g, obtained from
SIPHAT, (Pharmaceutical Industrial Society of Tunisia, Ben
Arous Tunisia) were used in this study. Animals were
acclimatized during 1 week before the experiments.
They were randomly divided into three groups of six
rats each one control group and two diazinon adminis-
tered groups. Diets and water were given ad libitum to
rats. Animals were housed at 24 ± 3 °C with 12 h light/
dark cycle, 55 % humidity, and maintained during the
experimental period in accordance with the guidelines
for animal care of the Faculty of Medicine of Monastir,
Tunisia.

Chemicals

We used a commercial formulat ion of diazinon,
(Dazide®600 g/l). This product was purchased from a local
market of agricultural products (Monastir, Tunisia).

Treatment

Two diazinon-treated groups (group 1, group 2) re-
ceived an amount of 5 ml/Kg bw/day of corn oil con-
taining respectively 26.8 mg/Kg bw and 53.6 mg/Kg
bw for 4 weeks (5 days a week). Control group re-
ceived an equal amount of corn oil. Diazinon was ad-
ministered orally by gavage. Twenty-four hours after
the last dose, animals were sacrificed under ether anes-
thesia and a blood sample was taken from each rat by heart
tapping.

Follow-up of body and liver weight

Animal body weight was measured every week, whereas liver
was weighed immediately after sacrifice as following:

Bodyweightgain %ð Þ ¼ Finalbodyweights–initialbodyweights� 100ð Þ
.
initial bodyweight

Relative liver weight %ð Þ ¼ organ weight � 100
.

final body weight

Histological study

After blood sampling, rats were decapitated, and livers were
removed, washed in ice-cold physiological saline, post-fixed

in alcohol bouin, processed in a series of graded ethanol, and
embedded in paraffin. Five micrometer-thick sections were cut
and stained with hematoxylin and eosin (H & E) for light mi-
croscopy analysis. Hepatic changes were graded based on
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severity from normal to severe. Normal (0) represented the least
detectable lesion; mild (+) represented an easily discernible
lesion; moderate (++); represented a change affecting a large
area of the tissue represented on the slide; and severe (+++)
represented the maximal lesion observed (Araoud et al. 2014).

Hematological study

Freshly collected blood samples were analyzed for hemato-
logical analysis using an automatic hematological assay ana-
lyzer (Beckman Coulter, USA). Different hematological pa-
rameters were tested as follows: red blood corpuscles (RBC),
white blood corpuscles (WBC), mean cell volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpuscular he-
moglobin concentration (MCHC), platelet counts (PLT), he-
moglobin (Hb) and hematocrite (HCT) levels, mean platelet
volume (MPV).

Micronucleus test

Bone marrow slides were prepared by using the modified
method of Schmid (1975). We used bovine serum albumin
(BSA) prepared in phosphate buffered saline (PBS) as
suspending medium instead of fetal calf serum (Seetharama
Rao et al. 1983).

The bone marrow of both femur and tibia was flushed out
using 2 ml of 5 % BSA centrifuged at 1000 rpm for 10 min.
The pellet was collected and resuspended in required quantity
of BSA (5 %), mixed thoroughly and a drop of the suspension
was smeared on clean slides which were fixed inmethanol and
stained with Giemsa (5 %).

The slides were scored for the presence ofMN in polychro-
matic erythrocytes (PCE) and normochromatic erythrocytes
(NCE). About 1500 PCE were scanned from each animal to
assess the percentage of MN-PCE and 500 PCE and NCE to
estimate P/N ratio.

Comet assay/alkaline single-cell gel electrophoresis

The alkaline version of the comet assay was performed as
described by Singh et al. (1988) with minor modifications.
Cleaned microscopic frosted slides were dipped into 1 % nor-
mal melting agarose (NMA). Then, the slides were gently
wiped to remove extra agarose, and then stored at room tem-
perature. A mixture of whole blood (60 μl) and low melting
point agarose (LMA) (60 μl) (prepared in 0.6 % PBS (pH
7.4)) were dropped onto the precoated slide with normal melt-
ing agarose.

Slides were placed on ice for 10 min and allowed to solid-
ify. Cover slips were then removed and slides were immersed
for 3 h at 4 °C, in the dark, in freshly prepared lysing solution
(2.5 M NaCl, 100 Mm EDTA, 0.25 M NaOH, Triton X100
(1 %), DMSO (10 %), pH 10).

The slides were then removed from lysing solution and
placed in the electrophoresis tank. The tank was filled with
freshly made alkaline electrophoresis solution (20mMEDTA,
10NNaOH, pH 10) to cover the slides, and then theywere left
for 20 min in the dark to allow DNA unwinding and alkali-
labile site expression. Electrophoresis was carried out for
20 min at 37 V and 300 mA. The slides were then washed
for three times with 1 ml of neutralizing solution (0.4 M
TrisBase, pH 7.5) for 5 min each.

After neutralization, gels were stained with 50 μl of
ethidium bromide solution (20μg /ml) and covered with cover
slips for 20 min. The slides were scored without knowledge of
the dose group. Image of 100 randomly selected comets (50
cells from each of two replicate slides) were taken at ×400
magnification. The tail length (TL) was measured on screen
using the Comet Score computer-based image analysis system
(TriTek Corp., Sumerduck, VA, USA). TL indicates the extent
of migration of genetic material in the direction of the anode
(Singh et al. 1988) and is expected to be proportional to the
level of single-strand breaks and alkali-labile sites.

Statistical analysis

The results are presented as mean±SD. Statistical analysis has
been carried out using SPSS (Statistical Packages for Social
Science, version 20.0, IBM Corporation, New York, USA).
The statistical analyses were conducted using one-way analy-
sis of variance (ANOVA) followed by the post hoc Tukey’s
test, used for comparison. A p value ≤0.05 was considered
statistically significant.

Results

Body weight gain (%) and relative liver weight (%)

In the current study, no significant change of body weight gain
was observed in the treated groups in comparison with the
control group (Fig. 1a) after 4 weeks of diazinon treatment.
However, we noted a decrease in the relative liver weight of
treated rats in comparison with the controls (Fig. 1b). That
decrease was only significant (p≤0.01) in groups treated with
the highest dose.

Histological findings

Light microscopic observation of the liver of the control rats
exhibited a normal histological architecture with adjacent si-
nusoids radiating from the central veins (CV) towards the
periphery of the liver lobules and normal portal triad
(Fig. 2a, b). The hepatocytes were of normal shape with dis-
persed chromatin.
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The administration of the lowest dose of diazinon tomature
rats induced lymphoid infiltration (Fig. 2d), dilated sinusoids,
cytoplasm vacuolization, degenerating cells, and moderate he-
patocellular necrosis (Fig. 2g).

The highest dose of diazinon induced the formation of oe-
dema and dilated central vein (Fig. 2c), hemorrhage, and se-
vere hepatocellular necrosis randomly distributed throughout
the parenchyma (Fig. 2h), as well as an increase in inflamma-
tory cell infiltration, cytoplasmic vacuolation, and dilated si-
nusoids (Fig. 2e, h, and i) was observed. In addition, a dilated
portal triad was observed (Fig. 2f). Our findings showed that
histological changes of the liver were proportional to the dose
(Table 1).

Hematological findings

The hematological parameter data are presented in Table 2. A
non-significant difference between treated groups and control
group was observed inMCV, MPV, MCH, andMCHC levels.
However, we noted a decrease in RBC, HCT, and HGB levels
in treated groups in comparison with the control. That de-
crease was significant (p≤0.05) only in the group treated with
the higher dose. Also, we observed a decrease in PLT count in
treated groups in comparison with the control. The

administration of the lower dose of diazinon induced a signif-
icant decrease (p≤0.01) in PLT count. That decrease is more
significant in groups treated with the higher dose.

While, an increase in WBC count was observed in treated
groups compared to the control group. These findings showed
that WBC count changes were proportional to the dose. This
parameter increased significantly (p≤0.05) after the adminis-
tration of the lower dose of diazinon (26.8 mg/Kg). The ad-
ministration of the higher dose (53.6 mg/Kg) induced an even
greater increase in WBC counts. This increase was significant
(p≤0.01).

Micronucleus test

The results of micronucleus assay carried out on rat bone
marrow cells to assess the potential of diazinon to induce
cytogenetic damage are listed in Table 3. The cytotoxic effects
of diazinon were evaluated by the determination of PCEs in
total erythrocytes (PCEs and NCEs). An insignificant differ-
ence between the control group and the treated groups was
observed in P/N ratio. So, for treated groups, there was no sign
of increased bone marrow cytotoxicity.

The micronucleus induction in the bone marrow of rats
exposed to diazinon was also observed. There was a signifi-
cant (p≤0.01) increase of MN-PCE percentage in the treated
groups compared with the control group. Thus, all dose levels
can be considered mutagenic.

Comet assay

Figure 3 displays the results of DNA damages in rat blood
cells according to comet analysis. All doses of diazinon could
induce DNA damage at different levels. A statistically signif-
icant (p≤0.01) increase of comet tail length was observed in
the group treated with the higher dose (53.6 mg/kg) compared
with control group. Figure 3 also demonstrates that DNA
damage increased with the increase of the diazinon dose.

Discussion

Insecticides are designed to interfere with living species and
are necessarily toxic. Diazinon is not only used to protect
fruits and vegetables from harmful insects but it is also used
as an anti-parasitic for sheep and cattle. It has a toxic effect
when it is orally or dermally administered (Garfitt et al. 2002).

In the present study, decreases in body weight gain and
relative liver weights were observed. Also, Kalender et al.
(2006) and Ogutcu et al. (2006) suggested that diazinon did
not affect body weight gain in rats. The minor drop in body
weight gain may be due to a food intake disturbance.
However, the relative liver weight decrease observed in treat-
ed groups is an indicator of hepatic toxicity. It may be due to

Fig. 1 Evolution of body weight gain (%) (a) and of relative liver weight
(%) (b) in male rats after 4 weeks of oral treatment with diazinon.
**Significantly different from control (p ≤ 0.01)
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Fig. 2 Light micrographs of rat liver tissue stained by hematoxylin-eosin
(HE) in control and treated groups after 4 weeks of oral treatment. The
control reveal a normal liver parenchyma and a normal portal triad (a, b)
(×400). Rats treated with the lowest dose (26.8 mg/Kg bw/day) of
diazinon show a moderate changes in the liver parenchyma (d, g)
(×400, ×1000, respectively). Rats treated with the highest dose
(53.6 mg/Kg bw/day) reveal a severe alteration in the liver parenchyma

and hyperthrophy of portal triad (c, e, f, h, and i) (×400, ×400, ×400,
×1000, ×1000, respectively). CV central vein, S sinusoids, LI lymphoid
infiltrate, V vacuoles, Nc necrotic cell, He hemorrhage, DS dilated
sinusoid, DCV dilated central vein, Dg degenerating cell, O oedema,
and portal triad (PVB portal vein branch, HAB hepatic artery branch,
BD bile duct)

Table 1 Grading of the
histological changes in the liver
sections after sub-acute treatment
with diazinon

Control group Group 1 (26.8 mg/Kg) Group 2 (53.6 mg/Kg)

Dilated sinusoid 0 ++ +++

Lymphoid infiltrate 0 + ++

Degenerating cell 0 + ++

Necrotic cells 0 + ++

Vacuoles 0 +++ +++

Oedema 0 0 ++

Dilated central vein 0 ++ +++

Hemorrhage 0 + +

Dilated portal triad 0 0 ++

0 normal, + mild alteration, ++ moderate alteration, +++ severe alteration
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enhanced catabolic processes such as glycogenolysis, lipoly-
sis, or proteolysis (Belaid-Nouira et al. 2013).

Our results of histological studies demonstrated that diazinon
caused many structural changes in the liver tissue of Wistar rats.
It was induced an intense cytoplasmic vacuolation, degeneration
of hepatocytes, and appearance of moderate necrotic cell’s foci.
Necrosis is produced as a result of cell degeneration accompa-
nied by organelles swelling and amorphous cytoplasm followed
by shrinking and dissolution of nuclei (Campos-Pereira et al.
2012). Cytoplasmic vacuolation is known to be caused by an
excess of lipids accumulation in the cytoplasmic vesicles but it
was also suggested that vacuolar formation is a cellular defense
mechanism against toxic substances. The segregation of these
substances in vacuoles could be a way to prevent them from
interferingwith cellularmetabolism (Mollendorf 1973). All liver
sections of the treated rats have shown an abundance of dilated
sinusoids, dilated central veins, hypertrophy of portal triad, and
mild hemorrhaging in both treated groups as well, while oedema
was only observed in the group treated with a higher dose.
However, variable intensities of these changes were noticed de-
pending upon the dosage of treatment.

Another study of Al-Attar (2015) demonstrated that oral
administration of 50mg/Kg bw/day of diazinon along 3 weeks
induce severe histopathological alterations including vacuole
formations in hepatocytes, dilated sinusoids, appearance of
necrotic cell’s foci, and damage of liver structure.

These findings support earlier reports on hepatic alterations
induced by organophosphate insecticides (Yehia et al. 2007;
Tripathi and Srivastav 2010; Mansour and Mossa 2010).

In addition, the lymphoid infiltration detected in liver sec-
tions of treated groups with diazinon is in perfect agreement
with WBC count results that prove the presence of inflamma-
tion. These observations are in concordance with those report-
ed by Mossa et al. (2012) and Elzoghby et al. (2014) which
have shown that treatment with organophosphate insecticides
induces lymphocyte infiltration. However, an earlier study of
Lari et al. (2015) demonstrated that oral administration of
15 mg/Kg bw/day of diazinon during 28 days did not show
any major histopathological changes in liver.

The study of hematological constituents of rats treated with
diazinon showed a decrease in RBC, HGB and HCT which
may be due to a decrease in the rate of erythropoiesis,
hemosynthesis and/or an increase in the rate of erythrocyte
destruction in hemopoietic organs. As we have shown in the
results section, a significant reduction in the platelet count in
diazinon treated rats was observed. This could be due to the
effect of free radicals in bone marrow which leads to a de-
crease in platelet production. This is shown through the

Table 2 Effect of diazinon on
hematological constituents of
male rats

Items (unit) Control group Group 1 (26.8 mg/Kg) Group 2 (53.6 mg/Kg)

RBC (106/mm) 7.78 ± 0.58 7.44± 0.53 6.65 ± 0.76a

MCV (μm) 53.01± 0.87 51.32± 0.58 50.78 ± 2.37

HCT (%) 41.98± 1.10 40.70± 0.96 39.95 ± 0.50a

PLT (103/mm) 315 ± 59.45 196.44± 9.23b 191.50 ± 51.19b

MPV (μm) 8.20 ± 0.99 7.64± 0.50 7.43 ± 0.28

WBC (103/mm) 11. 26± 1.71 15.48± 3.04a 17.15 ± 0.61b

HGB (g/dl) 13.36 ± 0.53 12.80± 1.28 11.85 ± 0.55a

MCH (pg) 18.35± 0.80 17.62± 0.29 18.20 ± 0.32

MCHC (g/dl) 34.65 ± 2.08 34.72± 0.74 35.00 ± 0.71

Each value represents the mean± SD
a Significant different from control (p ≤ 0.05)
b Significantly different from control (p ≤ 0.01)

Table 3 Results of micronucleus test in rat bone marrow cells after oral
administration of diazinon during 4 weeks

Insecticide Dose % MN-PCEs PCE/NCE ratio

Control group Corn oil 1.37 ± 0.5 2.40 ± 0.1

Group 1 26.8 mg/Kg 42.59 ± 2.46a 2.44 ± 0.68

Group 2 53.6 mg/Kg 43.09 ± 4.23a 2.13 ± 0.62

Each value represents the mean ± SD
a Significantly different from control (p ≤ 0.01)

Fig. 3 Evaluation of DNA damage visualized by Comet tail length in
diazinon treated rats in comparison with controls. **Significantly
different from control (p ≤ 0.01)
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micronucleus test which found an increased MN formation in
bone marrow cells. This increase is proof that diazinon in-
duced bone marrow toxicity.

However, no significant difference was observed in MCV,
MPV, MCH, and MCHC levels. MCH is a marker for hemo-
globin in erythrocytes. In this study, RBC and hemoglobin
counts decreased at the same rate in diazinon-treated rats.
Because of this, no significant change was observed in
MCH counts. These results are in concordance with those of
Kalender et al. (2006), Hariri et al. (2011) and Yassa et al.
(2011). In addition, the significant increase of WBC may be
due to the activation of an animal’s defense mechanism that
has been treated (Kalender et al. 2006).

In the present study, the micronucleus test proved that 26.8
and 53.6 mg/Kg of diazinon induced the formation of bone
marrow micronuclei in a dose-dependent manner. That could
be via an aneugenic mode of action (Hayashi et al. 1989).
Hariri et al. (2011) found that the oral administration of
20 mg/Kg bw/day of diazinon for 4 weeks induced a signifi-
cant increase of micronucleus frequency in bonemarrow cells.

Also, Sarabia et al. (2009) demonstrated that intraperitone-
al injection of diazinon increased the percentage of polychro-
matic erythrocytes with micronucleus and induced DNA frag-
mentation in cells of testicular tissues.

Several studies have shown the involvement of reactive
oxygen species (ROS) and oxidative stress in insecticide tox-
icity, and it is generally accepted that ROS eventually cause
DNA damage (Bertram and Hass 2008; Heikal et al. 2012).
Although, MN test can detect clastogenic and aneugenic
potential of chemicals and it is unable to detect single
strand breaks (Vikram et al. 2008) which is detected by
the comet assay. The comet assay is commonly used as
a biomarker for DNA damage; it has been widely used
in the field of genetic toxicology and environmental
biomonitoring.

Figure 3 shows the amount of DNA damage (tail length)
determined with the comet assay. As the amount of damage
increases in a cell, more DNA migrates into the tail region.
Tail length significantly increased at the concentration of
53.6 mg/Kg bw/day.

These findings support earlier reports on diazinon-related
DNA effects (Hariri et al. 2011; Yassa et al. 2011) point to a
main mechanism of diazinon action in vivo: genotoxicity,
which was established by the comet assay.

Another study on human lymphocytes in cell culture
(Muranli et al. 2015) reported that diazinon significantly in-
crease the MN frequency and the comet tail length at different
concentrations. Furthermore, a previous report (Tisch et al.
2002) showed, using the comet assay, some evidence of po-
tential carcinogenicity of diazinon in human nasal mucosa
cells in culture. The increase of comet tail length and of MN
frequency demonstrated the DNA-damaging potential of
diazinon.

Overall, the present findings indicate that diazinon could
induce the MN of bone marrow cells, DNA damage of blood
cells and the modification of blood parameters which
could be a sign of hematopoietic organs’ alteration.
Besides, an intense structural modification was observed
in liver parenchyma of rats.

The increase of DNA damage in bone marrow and blood
cells revealed in our study, in addition to the induction of
DNAmethylation alterations in response to diazinon exposure
in vitro (Zhang et al. 2012) bring back into question the result
of combined exposures of different insecticides and its poten-
tial to generate cancer.

On the assumption that all alterations observed in rats could
be observed in human, it is necessary to raise the awareness
about the health risk posed by this insecticide.
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