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Introduction: Imidacloprid was the first insecticide of the wide group of neonicotinoids

introduced to the market. Neonicotinoids were developed in the late 1980s and in early

1990s as a response to the widespread insect's resistance to older insecticides, such as

organophosphates, pyrethroids, and carbamates, and their health and environmental

issues. Imidacloprid is a widely applied pesticide due to its higher affinity for insect nicotinic

acetylcholine receptors, and it acts on nervous system.

Methods: The present study was carried out on 300 fertile eggs of white leghorn chicken

obtained from government poultry farm after taking permission from animal ethical commit-

tee. Chicken eggs exposed to imidacloprid with doses of 5 mg, 10 mg, and 20 mg in a volume of

5 ml, 10 ml, and 20 ml respectively and control same as test group. The embryos were terminated

on 21st day, eggshells broken with a scalpel, and embryos removed. Dissection of chick head

was done for collection of brain. Histological and immunohistochemical processing was done

for cerebellum of chick embryos using neurofilament polypeptide (NFP) and glial fibrillary

acidic protein (GFAP) markers and observed under microscope and using photographs.

Results: The results show that experimental group had comparatively more cases of histo-

logical changes, GFAP immunoreactive in glial cells, and NFP immunoreactive in neuropil

and neurons. Patchy clustering and degenerative changes in neurons with focal pyknosis

and karyolysis in comparison to controls were seen.

Discussion: Imidacloprid exposure increases the risks of histological changes. Comparatively

higher doses proved more toxic and also caused many histological and immunohistochemi-

cal changes in cerebellum of chick embryos.
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1. Introduction

Worldwide, the usage of insecticides enabled the increase in
agricultural productivity in the twentieth century. Imidacloprid
was the first insecticide of the wide group of neonicotinoids
introduced to the market. Neonicotinoids have been the most
important and the fastest growing class of insecticides and are
registered in more than 120 countries for use on over 140
different crops. One of today's commonly used pesticides whose
safety has not been sufficiently explored is imidacloprid.
Although imidacloprid (belonging to the group of neonicoti-
noids) is considered safe, it actually has a similar molecular
structure as nicotine, which is known to affect nAChRs and
adversely influence the development of the mammalian
nervous system, especially the developing brain.1 Through
the last decades, the use of neonicotinoids and their intake in
the environment has grown rapidly,2 so it is of great importance
that we gain knowledge about their impact on environment and
on humans. Its high binding affinity to nicotinic acetylcholine
receptors in neurons of central nervous system, which
influences Ca2+ homeostasis, makes it potentially dangerous
for mammals and humans due to its possible involvement into
neurodegeneration. Ecotoxicological point of view treats insec-
ticides in the environment as organic pollutants originating
either from nature (mostly found in plants) or synthetically
produced. According to their chemical composition, they can be
classified as organochlorines, organophosphates, carbamates,
pyrethroids, neonicotinoids, ryanoids, phenylpyrazoles, and
others. Many epidemiological studies have suggested linkage
between chronic exposures to pesticides. Neonicotinoids are
used to protect a lot of different plants, such as leafy and fruiting
vegetables, sugar beet, cotton, pome fruit, grains, tobacco, rice,
citruses, corn, oilseed rape, potatoes, stone fruit, soy beans,
peanuts, artichoke, tea, sunflowers, and some others.2 Environ-
mental exposure to neurotoxic chemicals during fetal develop-
ment produces a cascade of effects in developing children,
families, and society, because of persistent neurological
abnormalities of the central nervous system.

Global pesticide use is increasing, particularly in third world
countries. India uses approximately 85,000 tons of pesticides per
annum and an 8% increase in pesticide use is expected every
year. As the Food and Agriculture Organisation of the United
Nations (FAO) defined, pesticide is any substance or mixture of
substances intended for preventing, destroying, repelling, or
mitigating any pest, including vectors of human or animal
disease or weed which can cause harm during or otherwise
interfering with the production, processing, storage, transport
or marketing of food, agricultural commodities, wood and
wood products, or animal feedstuffs.3 Histopathology, the
microscopic study of diseased tissue, is an important tool of
anatomical pathology. In terrestrial and aquatic animals,
insecticides produce toxic effects on different tissues.

2. Materials and methods

2.1. Experimental design

The present study was carried out in the department of
Anatomy Govt. Medical College, Ambedkar Nagar and Santosh
Medical College, Ghaziabad, U.P. on 300 fertile eggs of white
leghorn chicken weighing between 35 and 55 g obtained from
the government poultry farm after taking permission from
animal ethical committee. Eggs from stock known to be
nutritionally healthy were taken. Eggs were first candled in the
order to discard the defective ones and to outline the exact
location of the air cell with a pencil. All the eggs were
thoroughly washed with soap water solution and incubated
immediately in standard electrical digital incubator (Micro
Scientific Works Ltd.) with their broad end up where the
chorioallantoic membrane is situated. The thermostat of the
incubator will be set at temperature of 38 8C in humidity inside
the chamber that will be maintained at 60–80% with no
additional CO2 or O2 and the eggs were tilted three times a day.

2.2. Method for exposure to neonicotinoid insecticide
imidacloprid in chick embryos

Eggs will be candled on 2nd day to discard unfertilized eggs
prior to exposure. Eggs were divided into three groups: 1, 2, and
3, with 50 eggs in each group. Control same as test group,
treated with normal same, whereas experimental groups 1, 2,
and 3 were exposed to imidacloprid with doses of 5 mg, 10 mg,
and 20 mg in a volume of 5 ml, 10 ml, and 20 ml respectively and
control same as experimental group on 2nd day of incubation.

The solutions were taken in a tuberculin syringe. The broad
end of the egg was wiped with a sterile gauze pad moistened
with 70% alcohol solution. A hole was drilled in eggshell in the
center of the surface over the air cell with a sterile needle; care
was taken not to damage the shell membranes with point of
drill. This is to avoid contact of air with the egg membrane. The
needle was inserted horizontally into the air cell. The needle
was wiped with a sterile gauze pad between each injection and
hole of the shell was sealed with Candle melted wax. After
injection of drug, eggs were again kept for incubation at 38 8C
temperature. The embryos were terminated and eggs removed
from the incubator on 21st day, the eggshells were broken with
a scalpel, and the embryos were removed. The number of live
and dead embryos was noted. Parameters, namely crown
rump length, size, and weight of the embryos and the hardness
of the tissue, were measured. The dissection of chick embryos
was done to observe the gross morphological changes and
skeletal anomalies were carefully observed using photo-
graphs. Dissection of chick head was done for collection of
brain. The brain tissue proceeds for histological processing.

2.3. Histological processing

The size, shape, and weight of brains were measured by digital
weighing machine and digital vernier caliper. The cerebellum
of chick embryos was placed in 10% neutral formalin solution
for 24–48 h and thoroughly washed with water before further
processing of dehydration, clearing, and embedding by
automatic tissue processor (Thermo Scientific, Germany) at
histology and research lab of Anatomy department. Serial
sections of blocks of embedded tissue were cut at 5 mm, 7 mm,
and 10 mm thickness by Rotary microtome (Thermo Scientific,
Germany) and mounted on glass slides and stained. The
cerebellum sections were stained with Hematoxylin and Eosin
(H&E) using standard methods to determine histological
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structures of cerebellum. Histological processing was opti-
mized and neural tissue evaluated for any histological changes
in cerebellum, changes in neuron morphology, and cell
number examined by light microscope. Specific structural
changes to neurons and neuroglial cells were observed using
photographs and recorded.

2.4. Immunohistochemistry processing

Immunohistochemistry or IHC refers to the process of
detecting antigens (e.g., proteins) in cells of a tissue section
by exploiting the principle of antibodies binding specifically to
antigens in biological tissues by Ramos-Vara.4 IHC takes its
name from the roots ‘‘immuno,’’ in reference to antibodies
used in the procedure, and ‘‘histo,’’ meaning tissue (compared
to immunocytochemistry). Immunohistochemistry has
emerged as a powerful investigative tool that can provide
supplemental information to the routine morphological
assessment of tissues. The use of immunohistochemistry to
study cellular markers that define specific phenotypes has
provided important diagnostic, prognostic, and predictive
information relative to disease status and biology.

IHC staining was carried out to demonstrate the localiza-
tion of various specific antigens in the cerebellum of
experimental and control groups. In the present study, we
used two immunohistochemistry markers, namely glial
fibrillary acidic protein (GFAP) and neurofilament polypeptide
(NFP) for cerebellum of chick embryos. Formalin-fixed paraffin
embedded tissue sections of cerebellum were used for IHC.
The cerebellum sections were incubated with primary and
secondary antibodies using standard Immunohistochemistry
technique.5

3. Results

In the present study, histological section of cerebellum of
chick embryos shows degenerative changes in neurons in
Fig. 1 – Photomicrographs of histological Hematoxylin and Eosin
experimental group 1 (B), experimental group 2 (C), experimental
E 400T.
experimental group 1 (arrow in Fig. 1(B)), shrinkage of many
neurons due to degeneration and patchy clustering in
experimental group 2 (arrow in Fig. 1(C)), and perineuronal
edema with degenerative changes in Purkinge cells in
experimental group 3 (arrow in Fig. 1(D)) in comparison to
control normal (Fig. 1(A)) stained with Hematoxylin and Eosin
in 400�.

GFAP: It is one of the 5 major types of cytoplasmic
filaments. It is present in normal, reactive, and neoplastic
astrocytes, developing reactive and neoplastic ependymal
cells and neoplastic oligodendrocytes. GFAP is also expressed
in peripheral nerve sheath tumors and in mixed tumors of
salivary and sweat glands. In the present study, we found that
expression of GFAP immunohistochemistry marker was
immunoreactive in glial cells. The experimental group 1
shows patchy clustering and mild degenerative changes in
neurons (arrow in Fig. 2(B)). The experimental groups 2 and 3
show reactive and neoplastic astrocytes and degenerative
changes in neurons with focal pyknosis and karyolysis (arrow
in Fig. 2(C) and (D) respectively). The expression of GFAP in
comparison with experimental group to control group was
normal (Fig. 2(A)). We did not find any evidence of inflamma-
tion or granuloma or malignancy in the present study.

NFP: Neurofilaments represent intermediate filaments of
neurons and their processes. They are expressed in tumors of
neuronal origin of differentiation like neuroblastoma, medul-
loblastoma, and retinoblastoma. Positivity is also seen in
Merkel cell tumor of skin, endocrine tumors of pancreas,
carcinoid tumors, parathyroid tumors, and neoplasms of
endocrine nature. In the present study, we observe that
expression of NFP immunohistochemistry marker of cerebel-
lum was immunoreactive in neuropil and neurons. The
experimental group 1 shows patchy clustering aggregation
in neurons (arrow in Fig. 3(B)). The experimental groups 2 and 3
show degenerative changes in neurons with focal markers
pyknosis and karyolysis (arrow in Fig. 3(C) and (D) respective-
ly). The expression of NFP in comparison to control group was
normal (Fig. 3(A)).
 stained section of cerebellum of chick embryos in
 group 3 (D) and comparison with control group (A) in H and



Fig. 2 – Photomicrographs showing expression of glial fibrillary acidic protein (GFAP) in cerebellum (CEREB) of chick embryos
in experimental group 1 (B), experimental group 2 (C) and experimental group 3 (D) in comparison to control (A) in 400T.
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In the mortality induced by exposure of imidacloprid
in chick embryos, we found dead embryos in experimental
groups: 15 (30%) in group 1, 19 (38%) in group 2, and 23
(46%) in group 3. In control groups, we observed dead
embryos as follows: 2 (4%) in group 1, 5 (10%) in group 2,
and 4 (8%) in group 3, which are shown in Table 1. The
mortality rate was 6.5% in control group and 34.5% in
experimental group; this difference was statistically signifi-
cant (p < 0.001).

4. Discussion

The use of pesticides has created a type of chemical
environment which is proving harmful to the living systems.
Fig. 3 – Photomicrographs showing expression of neurofilament
experimental group 1 (B), experimental group 2 (C), and experim
400T.
As a consequence of this, the environmental monitoring and
their impact assessment have become the priority areas of
research. The neonicotinoids, the newest major class of
insecticides, have outstanding potency and systemic action
for crop protection against piercing-sucking pests. 6 Neonico-
tinoids preferentially bind to the insect nicotinic acetylcholine
receptor over the mammalian nicotinic acetylcholine receptor.
Imidacloprid is a neurotoxin that is selectively toxic to insects
relative to vertebrates and most non-insect invertebrates.
Imidacloprid is a neonicotinoid insecticide which produces
neurotoxicity through binding or partial binding to specific
areas of the nicotinic acetylcholine receptor. Acetylcholine is
an important neurotransmitter in both insects and mammals;
it is released at the nerve synapse in response to a membrane
depolarization which is the hallmark of nerve transmission. In
 polypeptide (NF) in cerebellum (CEREB) of chick embryos in
ental group 3 (D) in comparison to control normal (A) in



Table 1 – The mortality in chick embryos after exposure to varying concentrations of neonicotinoid insecticide imidacloprid
in comparison to controls.

Groups Dose Total number of
fertile eggs used

Total number of
dead chick embryos (%)

p-Value

Group 1
Test 5.0 ml imidacloprid 50 15 (30%) <0.001b

Control 5.0 ml normal saline 50 2 (4%)
Group 2
Test 10 ml imidacloprid 50 19 (38%) <0.001b

Control 10 ml normal saline 50 5 (10%)
Group 3
Test 20 ml imidacloprid 50 23 (46%) <0.001b

Control 20 ml normal saline 50 4 (8%)

NS, non significant and 95% Conf. interval (CI).
a Significant.
b Highly significant.
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mammals, the primary effects following acute high-dose oral
exposure to imidacloprid are mortality, transient cholinergic
effects (dizziness, apathy, locomotor effects, labored breath-
ing), and transient growth retardation. Histopathology, the
microscopic study of diseased tissue, is an important tool of
anatomical pathology.

In terrestrial and aquatic animals, insecticides produce
toxic effects on different tissues. For understanding the
pathological conditions of the animal, histological studies
pave a way, to have a clear understanding as to how these
insecticides cause injury to the tissues. It is essential to have
an insight in to the histological analysis of the tissues.
Histopathological changes with different pesticides have
been reported earlier.7–12 But the literature on histopathology
of imidacloprid on rat is scanty. Hence, attention has been
given in the present investigation. There are detailed
studies of developmental immunotoxicity of imidacloprid
in Wister rats.13 GFAP plays an important role in the long-
term maintenance of brain cytoarchitecture,14 proper func-
tioning of the blood–brain barrier,15 and modulation of
neuronal functions.16 GFAP is expressed primarily by astro-
cytes, and these cells are known to play a critical role in
neuromodulation, neuroprotection, and axon guidance con-
trol during development, as well as in homeostasis preser-
vation and blood–brain barrier maintenance.17 Previous
studies showed an increase in GFAP immunostaining in
the CA1 subfield of the hippocampus and the granular cell
layer as well as in cerebellar white matter in offspring
following maternal treatment with nicotine.18,19 Thus, it
appears that maternal exposure to nicotine or neonicotinoid
insecticides, such as imidacloprid, produces widespread
gliosis in the offspring brain. The degeneration of neurons
and Purkinge cells of cerebellum represents ischemic
changes resulting from injury of blood vessels.20

The perivascular and perineuronal edema and degenera-
tion with sub-meningeal hemorrhage which agreed with
these authors.21,22 The edematous changes in the brain
with hemorrhage might be due to the vascular damages
induced by OTA which are considered to be typical for later
stages of this nephropathy.23 Neurodegeneration with
neuronal death, glial proliferation, and neurotransmitter
changes has been shown in mouse administered with
methamphetamine.24 Previously, Latuszynska et al. reported
some histopathological changes in various areas of the brain
as well as increased density of the cytoplasm in neurocytes
as a result of dermal application of chloropyrifos and
cypermethrin in rats.25 It has also been clearly observed
that vascular damage is focal and neuronal tissue in the
vicinity of such damage presents patchy degeneration; such
changes and their resultant as a reduction in blood supply to
the nervous tissue which results in several types of
alteration including generalized hypertension and capillary
damage.

5. Conclusion

In light of the present study, it can be concluded that the
neonicotinoid insecticide imidacloprid is a potential terato-
genic compound; the present results and literature review
confirm imidacloprid's possible involvement into neurode-
generation and definite environmental toxicity, so its use
should be restricted by law and therefore its use should be
limited.

The present study results show that experimental group
had comparatively more cases of patchy clustering and
degenerative changes in neurons with focal pyknosis and
karyolysis and neoplastic astrocytes. GFAP was immunoreac-
tive in glial cells and NFP was immunoreactive in neuropil and
neurons. Comparatively higher doses proved more toxic and
also caused many histological and Immunohistochemical
changes on chick embryos in comparison to control group.
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