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Abstract: Imidacloprid insecticide was selected to study its effects on biochemical (total protein,
acetylcholinestrase and nucleic acids) and histological (liver) parameters in female albino mice at orally
administered doses of 25, 50 and 75% LDs, Imidacloprid and 40 mg/kg bw Cyclophosphamide (CP) and
distilled water (DW). Significant decrease in total protein (P<0.01), acetylcholinestrase (P<0.001) and DNA
(P<0.05) were observed with increase in doses as compared to control group whereas slight dose dependent
significant increase was noticed for RNA (P<0.01). The change noticed in DNA and RNA for low dose of
Imidacloprid was insignificant. The maximum damage with CP and 75% LDs, Imidacloprid dose were noticed.
Liver of mice showed degeneration of hepatocytes, dilation of sinusoids, irregular hepatic cords arrangement,
leucocytes infiltration, necrosis and hemorrhages. This reveals biochemical and histotoxicity induction by
Imidacloprid so awareness about its judicious use by farmers/users is of pivotal importance to have safe next
generations.
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I.  Introduction

Pesticides are extensively used all over the world since the human realization to control the harmful
effects of pests on different crops and food stuffs to cater maximum yield of growing human population.
Neonicotinoids are widely used plant systemic insecticides developed in the last some decades [1].
Imidacloprid was launched in 1991 for the first time by Bayer Crop-Science [2-4]. Imidacloprid is an
extensively used for crop protection worldwide from the last decade due to its low soil persistence and high
insecticidal activity at very low application rate. The selective toxicity of Imidacloprid to insects and not to
mammals reported to be due to differences in the structure and binding affinity at the nicotinic acetylcholine
receptor [5-7]. Imidacloprid exposure leads to block a type of neuronal pathway which causes the accumulation
of acetylcholine which leads to paralysis and eventually death of the insect pests [8].

The indiscriminate and improportionate use of pesticides may lead to their residues in food chain
which may exert their harmful effects in target and non target organisms [9-10]. Imidacloprid has been
classified as both a toxicity Class Il and Class 11 pesticide on a scale of | to IV with | being the highest toxicity
class [11]. It has been reported that in acute poisoning cases in humans following ingestion of an insecticide
formulation containing approximately 10% Imidacloprid [12] and Imidacloprid intoxication resulted in
fatalities [13-16]. Various studies have shown that environmental contaminants can alter biochemical system in
fish [17-19], snails [20] and rat [21]. Therefore, the present study was carried out to investigate the effect of
different doses of Imidacloprid on biochemical parameters like total protein, acetylcholiestrase, nucleic acids
and histology of liver in female mice.

Il.  Materials and Methods

Swiss albino female mice (Mus musculus) a rodent species, was selected as experimental animal and
were obtained from Lala Lajpat Rai University of Veterinary Science, Hisar, Haryana, India. Mice were kept in
cages for at least 5 days prior to dosing for acclimatization to the laboratory conditions in a wire topped
polypropylene cage with paddy husk bedding. The temperature in the experimental animal room was
maintained at 22°C + 3°C with relative humidity 50 -- 60%. Artificial lighting sequence i.e. 12 hrs light and
12hours dark was maintained. The control and reared animals were given food in pellet form and water ad
libitum. The mice were randomly selected, marked by tail painting to permit individual identification. The
experiments were approved by the Institutional Animal Ethics Committee, Maharshi Dayanand University,
Rohtak, and Haryana, India.

At the time of dosing each mouse was between 20 - 25 g b.w. and 8 to 12 weeks old. After
acclimatization animals were divided into five groups consisting of 5 mice each. Group 1 served as control,
groups 2 - 4 were treated with imidacloprid doses at the rate of 37.5, 75 and 112.5 mg/kg b.w. and group 5 was
treated with 40 mg/kg b.w. CP and doses were administered by oral gavage.
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2.1, Biochemical analysis

Blood samples were collected by cardiac puncture in EDTA tubes for the estimation of total protein
[22] and acetylcholinestrase [23]. These tests were performed by using Avecon analyzer with Avecon
commercial Kits (www.aveconhealthcare.com) whereas DNA and RNA concentration were estimated using
diphenyl assay [24] and Orcinol method [25].

2.2, Histological examination

For histopathological examination liver was removed from mice and transferred to fresh neutral
buffered formalin and left in it for 24 hrs. The tissue was then removed carefully and washed with water for
some times. Dehydration was done in the ascending grades of alcohol (50%, 70%, 90% and absolute alcohol)
for 30 minutes in each grade and transferred to xylene. The tissue was then embedded in paraffin wax and with
the help of a rotary microtome and thin sections of 5 -- 6 microns were cut, spreaded, allowed to stand for a
day and deparaffinated in xylene for 10 to 15 minutes. Then hydrated by passing through a descending alcohol
series and then in distilled water. The sections were stained with Haris Haematoxylin solution and counter —
stained with alcoholic Eosin stain solution in ascending series of alcohol grade, mounted and observed under
microscope.

2.3, Statistical analysis
The statistical calculations (mean, standard deviation, standard error, t-test) were done using
Statistical Statsoft Inc., Release 5.0, Tulsa, OK, USA.

1. Results

3.1 Biochemical studies

In the present study the range of values of total protein (6.35 to 5.32 gm/dl) and acetylcholinestrase
(4.89 to 2.94 U/L) and nucleic acid, DNA (1.23 to 0.82 pg/ml) and RNA (1.30 to 1.46 ug/ml) after the
administration of different doses of Imidacloprid were observed (Table 1). Whereas in the untreated female
mice and CP treated the total protein was 7.81 gm/dl and 4.39 gm/dl respectively. The results indicates that
significant reduction in protein content with all doses of Imidacloprid (P < 0.05; 0.01) and CP (P<0.001). There
is significant decrease in acetylcholinesterase (P < 0.001) and DNA (P<0.05) whereas significant increase with
RNA (P < 0.01) was observed. However, an insignificant change in DNA and RNA at low dose of
imidacloprid was observed.

31 Histological analysis

The histopathological examination of control mouse liver tissue (Fig. 2 a) revealed radially arranged
hepatic cords around the central vein while the liver of the mice treated with Imidacloprid (Fig. 2 c-f) and
Cyclophosphamide (Fig. 2 b) showed distorted central vein and dilated sinusoids between hepatocytes with a
number of pycnotic nuclei along with distortion radial arrangement of hepatic cords. This could be due to
morphological and chemical genotoxicity induced injury that was manifested itself in different ways.

The increase in extent of the damages with increase in doses of Imidacloprid was noticed in liver
structural anatomy. The different extent of hepatocytes damage and blood sinusoids dilation, congestion within
central veins and some sinusoids and necrotic debris with degenerated area and accumulation of RBC in portal
vein were observed (Fig. 2 a-f). Degeneration and necrosis of hepatocytes appeared to be due to vascular
changes induced particularly in the portal vessels (Fig. 2 a-f).

The CP treated tissue showed nuclear degeneration of hepatocyte cells as well as their necrosis to a
great extent. After exposure, the hepatocytes exhibited clumped chromatin and irregular nuclear boundaries in
addition to lesions that were observed to be occurred with approximately the same frequency (Fig. 2 b).

IV.  Discussion

The acute oral LDg, of IMC reported earlier in female Swiss albino mice was 150 mg/kg bw [26]
whereas other studies reported 170 mg/kg [27] and 131 mg/kg [8]. In the present study exposure of
Imidacloprid results in tiredness, frequent jumping in anxiety following reduction in movement and reduction
in the intake of food was observed. Chao and Casida [28] have reported the accumulation of Imidacloprid or its
metabolites in mouse brain following direct intra peritoneal administration. Toxicity signs of Imidacloprid
were evident within 15 minutes following oral administration, might be due to rapid and complete absorption
[29-31] and [6].

In present study mice treated with different doses of Imidacloprid exhibited a dose dependent decrease
in actetylcholinestrase which is significant at all tested doses. There are no reports we came across in mice
about AChE activity but reported in other systems as in a chronic study, the effect of Imidacloprid on the brain
and serum AChE activity in rat was found significantly reducted at dose of 20 mg/kg bw per day, [32] Myzus
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persicae,[33] Chironomus riparius [34] and insignificant in chicken [35]. The reported pathological changes in
brain and specific AChE inhibition revealed that multiple brain region abnormalities may be involved in
changes of spontaneous locomotor activity. Neurobehavioral dysfunction at multiple anatomical areas in
central nervous system was reported by Abou-donia et al [36] after exposure of sub-lethal dose of imidacloprid
(327 mg/kg bw) during gestation of rat. Plasma AChE is synthesized in the liver and the decrease in plasma
AChE activity may be related to observed changes in liver function, [11] in present study also severe signs of
liver toxicity were observed for each dose tested. Some studies have shown that concentration of pesticides and
metabolites in plasma and brain generally correlate with the severity of toxicity and symptoms of neurotoxicity
which were found to increase with the pesticide concentration in brain [37-38]. Buckingham et al [39] reported
that imidacloprid resulted in dose-dependent depolarizations of postsynaptic interneurones which may be the
reason behind decrease in concentrations of AchE.

Our results about dose dependent decrease in total protein observed might be due to counter
mechanism against different toxicity sign occurred due to exposure of Imidacloprid and are in agreement with
reports available in other model organisms studied like in Channa punctatus [40] and Quails [41]. Rajput et al
[42] reported that Imidacloprid caused up to 49% protein loss at lethal concentration (4 ppm) in liver in
walking fish and at sub-lethal dose (2 ppm) caused 27% protein loss. In contrary no changes in total protein
reported in chicken [35] and rat [32] after Imidacloprid exposure. It is reported that organophosphorous
pesticides decreased total serum proteins in treated animals [43-44, 23]. Physiological state and health of the
animal may also related with the decrease in the protein content as pesticides may affect the gastrointestinal
tract which results in decrease absorption and protein assimilation [45-46] Similar signs of toxicity were also
reported earlier by Doull et al [47]. In this study following the dose of imidacloprid reduction in the food intake
was observed which has also been considered as the reason of decrease in protein by many workers. Lopez-
Antia et al [10] reported that starvation appears to be the reason for total protein reduction. It may be due to the
increased protein catabolism because of starvation [45]. Avery et al [49] and Werner et al [50] reported that
reduction in intake of food may be due to repellent effects of the pesticides whereas Li et al [51] reported that
food intake reduction could be attributed to toxic effects of pesticides that made the exposed animal feels
sickness and resulted in less food intake.

In present investigation on treatment of mice with Imidacloprid a dose dependent decrease for DNA
but increase for RNA content was observed. Prasanna and Vardhani®®? also studied effects of Imidacloprid
(used 0.4 mg-4 mg/kg bw) on DNA and RNA and reported significant decrease in both DNA and RNA in
swiss albino mice. The inhibition in DNA and RNA observed may be due to genotoxic action of Imidacloprid
which is reported by different researchers [53-56]. Genetic responses to oxidative stress are known to occur in
bacteria, yeast, mammalian cell lines [57-58]. Several workers also considered DNA damage or impaired DNA
synthesis as a reason for the decrease in the DNA content [59] whereas Awasthi et al [60] reported that
decrease in DNA and RNA may be due to enzyme inhibition and apoptotic induction. RNA, DNA, protein and
lipids were reported biological targets for the reactive oxygen species generated due to pesticide exposure [61-
62].

Histopathological changes in animal tissues are powerful indicators of prior exposure to environment
stresses and are net result of adverse biochemical and physiological changes in organisms [63]. The liver via
the portal vein is the first organ exposed to drug and act as a huge complement of detoxification machinery
system,'®” Kammon et al [35] also reported that liver is the principal target organ in Imidacloprid toxicity.

In our study the most common findings in liver were fatty degenerative changes, necrosis of the
parenchyma of hepatic lobule and degeneration of the hepatocytes and loss of normal architecture of hepatic
cord and distortion of central vein. These results are in agreement with study conducted by Badgujar P et al
[65] reporting no significant changes in the kidneys and lungs whereas in liver of mice in the test groups
significant changes in morphology was reported. Being scarce reports available on mice but its toxicity has
been reported in other model organisms like in mammalian system a dose of 45 mg/kg body weight caused
significant changes in rat liver like dilation of central vein and blood sinusoids; wide spreads pycnotic nuclei
and leucocytes infiltration in hepatic tissue [66]. The histopathology of Imidacloprid showing hemorrhages,
congestion and mild dilation of hepatic sinusoids has been reported in animals like chicken,[35] Japanese quail
[67].

The above reveals that oral administration of different doses of Imidacloprid induced significant
reduction in total protein, DNA and acetylycholinestrase activity levels in all the experimental groups of mice.
These changes reveal either a decreased catabolism of the biomolecules to meet the energy demand of animals
under stress or their reduced synthesis due to impaired tissue function.

V.  Conclusion
Imidacloprid has shown mild to severe toxic effects on both biochemical and histological parameters
in female Swiss mice. India being agrarian state needs to take specific steps to educate farmers about pesticides
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ill effects and their judicious use so to limits its hazardous effect to the non-target species that are exposed to it
directly or indirectly as taken along with food etc being residue in the agricultural products.
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Fig. 1. The percent effect on different biochemical parameters in swiss albino female mice following
Imidacloprid and Cyclophosphamide dose exposure.
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Fig. 2 The photomicrograph of mouse liver sections (x400) from control mice, positive control and mice
treated with Imidacloprid (A-F). The control showing normal structure, central vein (CV) hepatocytes (H) and
sinusoids (S) (A). The liver treated with Cyclophosphamide (B) showing degeneration of hepatocytes (DH)
with dilation of sinusoids (DS) and necrotic deberis (ND); with 37.5 mg/kg bw Imidacloprid (C) showing
leucocytes cell infiltration; 75.5 mg/kg bw Imidacloprid (D) showing blood congestion (BC) and dilated
sinousoids (DS) and with 112.5 mg/kg bw Imidacloprid (E-F) showing distorted central vein (DCV) and

congestion with dilation of sinusoids, accumulation of RBC in vein central.

Table 1. Summary of Biochemical Changes in Female Mice after Different Doses of
Imidacloprid and Cyclophosphamide (CP)

Imidacloprid
Biochemical Parameters CP Distilled 37.50 75.00 112.50
(40 mg/kg bw) Water mg/kg bw mg/kg bw mg/kg bw
Total protein (gm/dl) 4.39+0.17%** 7.81+0.39 6.35+0.14* 5.98+0.18* 5.32+0.01**
ACHE U/L 2.360.07*** 6.64+0.24 4.89+0.13** 3.03+0.15*** 2.94+0.08***
DNA (pg/ml) 0.67+0.04*** 1.46+0.10 1.23+0.20 1.06+0.08* 0.82+0.014*
RNA (RNA) 1.7440.09** 1.12+0.15 1.30£0.07 1.60+0.06** 1.46+0.11*

Note. ***P<0.001,**P<0.01and *P<0.05
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