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Abstract Curcumin is a molecule found in turmeric root that
has anti-inflammatory, antioxidant, and anti-tumor properties
and has been widely used as both an herbal drug and a food
additive to treat or prevent neurodegenerative diseases. This
study aimed to investigate the effect of curcumin on neurobe-
havioral and neuropathological alterations induced by
acetamiprid on male rats. Three groups of ten male Wistar rats
each were used for the study: the first was a control group
(CTR) that did not consume acetamiprid (ACE); the second
was an experimental group (ACE) that consumed 40 mg/kg
body weight/day of acetamiprid; and the third group (CUR)
received curcumin (100 mg/kg) and acetamiprid (40 mg/kg) in
combination. Neurobehavioral evaluations including inclined
plane performance and forepaw grip time were studied.
Treatment with CUR significantly prevented ACE-treated rats
from impairments in the performance of neurobehavioral tests,
indicating the presence of deficits on sensorimotor and neuro-
muscular responses. In addition, Curcumin administration

protects rats against acetamiprid-induced cerebellum toxicity
such as increase in AChE and BChE activities, decrease on cells
viability, oxidative stress, and an increase of intracellular calci-
um. Taken together, these results demonstrate for the first time
that ACE treatment substantially impairs the survival of primary
neuronal cells through the induction of necrosis concomitantly
with the generation of an oxidative stress. Additionally,
curcumin reduced histopathological changes caused by ACE.
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Introduction

The neonicotinoids (NCs) belong to a new class of insecticides
that are commonly used to protect crops from pest insects and
domestic animals from fleas (Tomizawa et al. 2000). The
neonicotinoids have been reported to act as agonist of nicotinic
acetylcholine receptors (nAChRs), and their high toxicities to
insects have been attributed to its selective binding affinity to
insect nAChRs (Tomizawa et al. 2000). A few reports have been
interested on the study of neonicotinoid-induced toxicity in the
nervous systems of vertebrates, and the majority of them were
conducted principally with neonicotinoids, such as
imidacloprid, thiamethoxam, clothianidin, and acetamiprid.

NCs act as agonists of nAChRs in rat cells and induce
changes on the membrane properties of neurons in the mouse
cochlear nucleus (Casida 2010). Therefore, NC exposure is a
consistent producer of neuronal toxicity, particularly when the
exposure occurs during periods of enhanced neuronal vulner-
ability. In addition, according to some authors, the cerebellum
is one of the brain parts that is particularly sensitive to envi-
ronmental insult, including pesticide exposure (Thomas et al.
1998; Tran et al. 2005).
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In the developing cerebellum, NC exposure leads to the
degeneration of cognitive and behavioral functions and causes
impairment in Purkinje and granule cells and in glia (Baltazar
et al. 2014). Purkinje cells are the dominant elements in-
volved in the processing of cerebellar information, so,
Purkinje cell dysfunction can damage motor coordination,
the main feature of Parkinson’s disease (PD) (Baltazar et al.
2014). In fact, several studies reported that exposition to NC
pesticides can cause PD (Cicchetti et al. 2009). Parkinson’s
disease is a neurodegenerative pathology characterized by a
damage of the dopaminergic neurons present in the substantia
nigra associated with a dopamine loss in the basal ganglia.
Among the early events that are highly involved on the gen-
eration of neurodegeneration are oxidative stress and mito-
chondrial dysfunction (Cicchetti et al. 2009; Jeschke et al.
2011).

The central nervous system and particularly cerebellum are
susceptible to oxidative stress due to its high oxygen con-
sumption rate, elevated levels of polyunsaturated fatty acids,
and relatively low content of antioxidative enzymes (Fahn and
Cohen 1992). Tremendous research efforts have been made to
identify potential neuroprotective agents that can ameliorate
pesticide-induced developmental central nervous system dam-
age, so targeting NC pesticide-induced ROS and oxidative
stress would be a logical preventative approach.

Synthetic drugs or natural products have been more and
more examined for potential use in attenuation of toxicities
induced by environmental toxicants, such as curcumin.
Curcumin, a non-toxic component, is a polyphenol with anti-
oxidant, antimitogen, and anticancer properties and therapeu-
tic potential in neurological disorders (Lonare et al. 2014;
Sahu et al. 2016; Marzouki et al. 2017). Curcumin have the
capacity to cross the blood-brain barrier in many neurological
alterations such as Alzheimer’s and Parkinson’s disease
(Chattopadhyay et al. 2004). Recently, we showed that
curcumin protects mitochondria against nitrosative and oxida-
tive stress both in vitro and in vivo (Bayomi et al. 2015).
Although, these studies represent a large range of actions for
curcumin, the neuroprotective effects of curcumin against
damage in the developing cerebellum have not fully been
explored. Therefore, the present study investigates the recov-
ery effect of curcumin against acetamiprid-induced toxicity in
cerebellum using behavioral studies, as well as biochemical
and histological analysis to arrive at a conclusion.

Material and methods

Animals and chemicals

Adult male Wistar rats weighting 150 ± 20 g (10 weeks old)
were procured from Tunisian Society of Pharmaceutical
Industries and we housed two per clean plastic cage and

allowed them to acclimatize in the laboratory environment.
Animals were maintained in a mass air displacement room
with a 12-h light: 12-h dark cycle at 24 ± 2 °C with a relative
humidity of 50 ± 10%.Balanced food and drinkingwater were
given to the animals ad libitum. Acetamiprid technical 98%
pure was obtained from the Ministry of Agriculture, Tunisia.

This study was carried out in strict accordance with the
recommendations in the Guide for the Care and Use of
Laboratory Animals of the National Institutes of Health.
Animal experiments were carried out under strict compliance
with the Guidelines for Ethical Control and Supervision in the
Care and Use of Animals. All efforts were taken to minimize
suffering.

Experimental design

After a pilot study and determination of optimum ACE dose
(40 mg/kg), the rats were randomly divided into three groups
of ten animals each. One group was orally given equal amount
of vehicle (corn oil) and used as the control; the second group
received a dose of 40 mg/kg of acetamiprid during 21 consec-
utive days. The last group received a dose of 40 mg/kg of
acetamiprid and 100 mg/kg of curcumin. No overt sign of
toxicity or mortality were observed in any group of rats during
the experimental period.

Behavioral analysis

The analysis of the behavior was employed in these studies
included of sensorimotor reflexes and motor strength evalua-
tion. The test was performed by an observer who was blind to
the animal’s treatment status and was carried out in a sound-
proof room with subdued lighting.

Inclined plane (Fig. 1)

Rats were placed on a flat plane in a horizontal position, with
the head facing the side of the board to be raised (Abou-Donia
et al. 2008). Inclined plane performance was measured with a
standard protractor to the nearest 5°. A trial ended when the rat
began to slip backward; therefore, there was no specific trial
duration. The angle at which the rat began to slip downward
was recorded. The results of the two trials were averaged.
Trials were separated by 1 h.

Forepaw grip time (Fig. 2)

The rat’s forepaw strength was assessed by having it grip on a
5-mm-diameter wood dowel that was held horizontally and
raised so that the animal supported its body weight, as
described by Andersen et al. (1991) and Abou-Donia et al.
(2008). Time to release grip was recorded in seconds. All rats
attempted to grip the dowel during this grip strength testing.
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The results of the two trials were averaged. Trials were sepa-
rated by 1 h.

Biochemical studies

After 21 days of treatment, fasted animals were decapitated
without preliminary anesthesia and the cerebellum was re-
moved for the determination of cell viability and biochemical
analysis.

Cholinesterase determination

Plasma acetylcholinesterase (E.C.3.1.1.7) activity was deter-
mined at 25 °C in phosphate buffer Tris (0.1 M; pH7.4) with
0.3 mM DTNB using 1.0 mM ATCh by the Ellman spectro-
photometric method (Ellman et al. 1961). Also, cerebellum
homogenate was used for the estimation of acetylcholinester-
ase (AChE) and butyrylcholinesterase (BChE) activities
(Ellman et al. 1961).

Oxidative stress determination

Lipid peroxidation is detected by the determination of
malondialdehyde (MDA) production with the method pub-
lished by Begue and Aust et al. (1978). Superoxide dismutase
(SOD) was assayed according to Misra and Fridovich (1972).
Catalase (CAT) activity was assayed by the method previously
described by Aebi (1984). Thiol group (SH) level was assayed
according to the method of Hu and Dillard (1994).

Cellular viability determination

Tissue calcium release was measured by spectrophotometer
according to the methods of Stern and Lewis (1957).

MTT assay (3[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetra-
zolium bromide) was used to evaluate cellular viability. The
formazan formation was spectrophotometrically analyzed at
570 nm (Denizot and Lang 1986). Results are indicated as
percentage of reduction viability taken as reference control
rats for which 100% viability was attributed.

Evaluation of cell apoptosis/necrosis rate by flow cytome-
try To quantify the apoptotic/necrotic cells, the staining of
cerebellum cells was performed using the Annexin V-FITC/
PI Apoptosis Detection Kit (BD Pharmingen, Heidelberg,
Germany) according to the manufacturer’s instruction. The
cells were analyzed by flow cytometry (Accuri C6, BD,
USA).

Histopathological studies

Small pieces of cerebellum of each animal of control and
treatment groups were fixed in 10% formal saline solution.
After washing and dehydration in alcohol, paraffin-
embedded sections were cut (5-6 μm thickness) and stained
with hematoxylin (H) and eosin (E) for microscopic examina-
tion at × 400 magnification.

Statistical analysis

All data were normally distributed and presented as the
mean ± standard deviation (mean ± SD). In cases of multiple
comparisons, data were analyzed using a one-way analysis of
variance (one-way ANOVA). A p value of less than 0.05 was
considered statistically significant.

Fig. 1 Schematic representation
and experimental protocol of the
inclined plane. The inclined
plane, which assesses an animal’s
ability to maintain its position on
a board which is raised in 5°
increments and thus can be used
as an index of hind limb strength.
The maximum angle at which a
rat is able to maintain its position
for at least 5 s constitutes the
inclined plane score
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Results

Effects on locomotor activity

The data for inclined plane and grip time of rats exposed to
ACE and CUR are presented in Fig. 3. The inclined plane test
showed a significant increase of angle degree following ACE
treatment (Fig. 3a). Grip time also showed a significant deficit
(Fig. 3b). The simultaneous treatment of CUR with ACE
showed significant improvement in inclined plane test.

Effects on plasmatic AChE activity

Changes in acetylcholinesterase activity following
acetamiprid dosing are shown in Fig. 4. Acetylcholinesterase
activity in the plasma was significantly increased in ACE rats
compared with the control ones.

Curcumin supplementation reversed significantly the
ACHE activity by 124.08% in CUR + ACE-treated group
when compared to ACE-treated group.

Effects on cerebellum BChE and AChE activities

Exposure to acetamiprid induced a significant increase in cer-
ebellum AChE (124.23%) and BChE (143.72%) activities.
The results are presented in Table 1.

CUR rats showed significant decrease in cerebellum BChE
and AChE activities compared to ACE rats (Table 1).

Effects on cerebellum Ca2+ level

Results show a significant increase in cerebellum calcium lev-
el in acetamiprid-treated rats compared with the correspond-
ing control values. CUR seems to have gender-related differ-
ences when calcium level increases significantly tending to
normal values (Table 1).

Effects on cerebellum weight and on oxidative stress

Mean cerebellum weights are shown in Table 2. There was no
significant difference in cerebellum weight between the con-
trol and treated group (1.401 ± 0.04 vs 1.35 ± 0.03 mg).

Table 2 depicts the effect of 40 mg/kg of acetamiprid on
lipid peroxidation (LPO) in the cerebellum of rat. LPO was
measured in terms of malondialdehyde (MDA) produced in
the cerebellum of rat. MDA formed was significantly
(p < 0.05) higher in ACE-treated rats when compared with
control. Concurrent administration of curcumin in the ACE-
treated rats resulted in significant decrease (p < 0.05) in the
MDA level.

Results of total thiol in the cerebellum are presented in
Table 2. Total thiol was significantly decreased (p < 0.05) at
this dose of ACE as compared to control. Co-administration of
curcumin in ACE group caused significant increase (p < 0.01)
in the total thiol content compared to ACE-alone-treated
group.

Acetamiprid treatment significantly increased SOD and
CAT activities in the cerebellum of rat. SOD activity was
significantly restored by co-administration of curcumin in
the ACE rat group, while there was no change in the activity
of catalase in this tissue of rats administered with curcumin
when compared with ACE rats (Table 2).

Effects on cell viability

As an initial approach, neuronal viability following ACE ex-
posure was determined by measuring the reduction of MTT
(Fig. 5). ACE resulted in reduction of viability on 29.05%
compared to control rats (100% viability). On the other hand,
supplementation of curcumin nullified the loss of mitochon-
drial function produced by ACE. Indeed, viability was in-
creased by 130% compared with ACE rats (Fig. 5).

To determine the type of cell death (apoptosis or/and ne-
crosis), we evaluated the apoptotic/necrotic effect of ACE on
rat cerebellum using annexin V-FITC/PI staining (Fig. 6).

Fig. 2 Schematic representation
and experimental protocol of the
forepaw grip test. The forepaw
grip time was used to evaluate the
motor strength of the rats. This
was conducted by having rats
hung down from a 5-mm
diameter wood dowel gripped
with both forepaws. The time
spent by each rat before releasing
their grips was recorded in
seconds
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These results indicate that the increased significant propor-
tion of AV +/PI + cells observed under acetamiprid treatment
results from necrotic membrane disruption. Overall, these data
demonstrate that ACE induces primary necrosis in rat cerebel-
lum (Fig. 6a). Also, results show that necrotic cells in CUR
treatment group were decreased compared to ACE group
(Fig. 6a). These results indicate that CUR can reduce ACE-
induced necrosis in rat cerebellum.

In addition, after treatment with 40 mg/kg of ACE for
21 days, percentage of annexin V-positive cells was 41.11%.
Apoptotic cells increased slightly on ACE groups compared
with the control group (Fig. 6b).To evaluate the role of
curcumin in ACE-induced damage to rat cerebellum,

apoptotic cells exposed to ACE with curcumin (100 mg/kg)
were detected by annexin V-FITC staining. Results showed
that apoptotic cells in CUR treatment group were decreased
but not significantly compared to ACE group (Fig. 6b).

Histopathology

Figure 7 and Table 3 depict the effect of acetamiprid exposure
on the cerebellum ofmale rat. Control group showed a distinct
Purkinje layer with well-defined cells; acetamiprid exposure
(40 mg/kg) produced disturbances in the Purkinje cells and a
significant damage to the Purkinje layer. Consequently, ACE
altered the integrity of the Purkinje cells. However, curcumin
supplementation preserved partially the histopathological
changes.

Discussion

In the present investigation, we employed advanced methods
to uncover the mechanisms of neurotoxicity and apoptotic
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Fig. 3 Effects of curcumin and/or acetamiprid exposure on inclined
plane and grip time on male rats. The inclined plane test showed a
significant effect following acetamiprid treatment (Fig. 3a). Grip time
also showed a significant deficit (Fig. 3b). These results indicate that
male rats treated with acetamiprid have sensorimotor deficits. On the
other hand, curcumin present a recovery effect for behavioral study.

CTR, control group; ACE, treated group with acetamiprid; CUR,
treated group with ACE and supplemented with curcumin. Values are
expressed as mean ± SD (n=10). a Significantly different from the
control group (p < 0.05). b Significantly different from the ACE group
and CUR group(p < 0.05)
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Fig. 4 Effects of curcumin and/or acetamiprid exposure on plasmatic
AChE activity. Plasmatic AChE activity in the male rats treated with
acetamiprid showed a significant increase compared with control group.
Result indicated that co-administration of curcumin (100 mg/kg) and
acetamiprid (40 mg/kg) has a significant effect and decreased AChE
activity in comparison to acetamiprid-treated group. CTR, control
group; ACE, treated group with acetamiprid; CUR, treated group with
ACE and supplemented with curcumin. Values are expressed as
mean ± SD (n=10). a Significantly different from the control group
(p < 0.05). b Significantly different from the ACE group and CUR
group(p < 0.05)

Table 1 Effects of curcumin and/or acetamiprid exposure on
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE)
activities, and calcium levels in the cerebellum of adult rats

CTR ACE CUR

AChE (u/mg protein) 1.91 ± 0.122 2.521 ± 0.122a 1.9 ± 0.107b

BChE (u/mg protein) 0.157 ± 0.004 0.279 ± 0.043a 0.284 ± 0.016b

Ca2+ (mg/dl) 1.35 ± 0.03 1.74 ± 0.03a 1.33 ± 0.06b

Values are expressed as mean ± SD (n = 10)

CTR control group, ACE treated group with acetamiprid, CUR treated
group with ACE and supplemented with curcumin
a Significantly different from the control group (p < 0.05).
b Significantly different from the ACE group (p < 0.05).
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effect of acetamiprid in male rat cerebellum. We assessed the
effect of ACE on oxidative status, cell viability, and histopa-
thology and also evaluated the ameliorative role of curcumin;
hence, the neurodegenerative studies of ACE are limited.

Our results showed that subacute exposure to a dose of
40 mg/kg of ACE produced significant sensorimotor and neu-
romuscular impairments that were reflected in the inclined
plane performance and forepaw grip in rats. Similar to previ-
ous reports by Abou-Donia et al. (2008), they found signifi-
cant impairment in hippocampus and cerebellum after
imidacloprid, a neonicotinoid similar to ACE, exposure in
rat pups. This change was resulting on decrease in hanging
wire grip strength observed in imidacloprid-exposed pups in-
dicating that it affected motor coordination by altering
neurogenesis and brain development. These neurobehavioral
deficits may reflect dysfunction at multiple anatomical areas
in the cerebellum. These effects are mediated by a complex

array of multiple pathways. Indeed, inclined plane perfor-
mance and forepaw grip are an integrated form of behavior
necessitating pertinent levels of consciousness, memory and
sensorimotor, peripheral nervous system, neuromuscular junc-
tion, and muscular functions (Abou-Donia et al. 2008).

Acetamiprid, like other neonicotinoid insecticides, acts as
an agonist at the postsynaptic nicotinic acetylcholine receptor
(nAChR) of insects (Tomizawa and Casida 2005). Herein,
plasmatic and cerebellum AChE activities were significantly
increased in male rats. AChE, an enzyme involved in the
metabolism of acetylcholine (ACh) and a neuromodulator at
the cholinergic synapses also plays a major role in synaptic
plasticity, specifically in the control of locomotor activity
(Lane et al. 2004). Increased AChE activity in this region
may contribute to the neurotoxic effects resulting from de-
creased ACh and less than optimal function of ACh receptors.
Furthermore, studies showed that increased expression of
AChE produces neurodegeneration in vivo and in vitro
(Yang et al. 2002; Day and Greenfield 2003). Like AChE,
butyrylcholinesterase (BChE) inactivates the acetylcholine
(ACh) neurotransmitter and is hence a viable therapeutic tar-
get in Parkinson’s and Alzheimer’s disease characterized by a
cholinergic deficit (Greig et al. 2005; Baltazar et al. 2014).

Ours results showed that ACE exposure increases the level
of Ca2+. This raise may be due to inhibition in the activities of
Na+/K+, Ca2+, and Mg2+ ATPases (Mani and Sadiq 2014).
Inhibition of these enzymes could be due to the interaction of
pesticide with Mg2+ and Na+/K+ ATPases thereby: (i) disturbs
the Na+/K+ pump, (ii) inhibition of Mg2+ATPase activity
might be due to the damage of the mitochondrial membranes,
(iii) inhibition of Ca2+ATPase activity might be due to lipo-
philic nature of acetamiprid and (iiii) degradation products of
lipid peroxidation and target voltage-sensitive sodium
channels.

In fact, in the present study, we showed an increase in lipid
peroxidation (LPO) and in the enzymatic antioxidants activi-
ties in ACE-induced group. Acetamiprid-induced oxidative
stress, leading to the formation of free radicals and causing

Table 2 Effects of curcumin and/or acetamiprid exposure on tissue weight and oxidative status in the cerebellum of adult rats

CTR ACE CUR

Cerebellum weight (g) 1.401 ± 0.04 1.35 ± 0.03 1.37 ± 0.02

MDA (nmoles MDA/mg protein) 0.891 ± 0.03 1111 ± 0.06a 0.898 ± 0.066b

TSH (mM) 0.065 ± 0.004 0.039 ± 0.01a 0.065 ± 0.006b

SOD (nmoles SOD/mg protein) 0.021 ± 0.001 0.033 ± 0.003a 0.02 ± 0.004b

CAT (nmoles CAT/mg protein) 0.47 × 10−3 ± 0.06 × 10−3 0.93 × 103 ± 0.14 × 10−3a 0.98 × 10−3 ± 0.12 × 10−3

Values are expressed as mean ± SD (n = 10)

CTR control group, ACE treated group with acetamiprid, CUR treated group with ACE and supplemented with curcumin
a Significantly different from the control group (p < 0.05)
b Significantly different from the ACE group (p < 0.05)
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Fig. 5 Effects of curcumin and/or acetamiprid exposure on the
percentage of cell viability. Cell viability was evaluated by MTT test. In
fact, acetamiprid decreased the percentage of cell viability in the
cerebellum of male rats. Curcumin, at the dose of 100 mg/kg, had a
neuro-cytological effect. CTR, control group; AC, treated group with
acetamiprid; CUR, treated group with ACE and supplemented with
curcumin. Values are expressed as mean ± SD (n=10). a Significantly
different from the control group (p < 0.05). b Significantly different
from the ACE group and CUR group(p < 0.05)
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lipid peroxidation, leads to molecular mechanism of
neonicotinoid pesticide-induced neurotoxicity (Lonare et al.
2014).

Herein, we investigated the possible role of oxidative stress
in ACE-induced neurotoxicity in order to evaluate its partici-
pation in the cerebellum damage mechanisms responsible for
the neurological impairment. Membrane lipids in the cerebel-
lum contain high levels of polyunsaturated fatty acids and are
therefore particularly sensitive to oxidation. LPO is plausibly
the most extensively investigated process induced by free rad-
ical and hence regarded as excellent indexes of oxidative
stress.

This prompted us to investigate possible ACE-provoked
protein oxidation. Subsequently, we examined the level of
thiol profile in which we have observed that there was a sig-
nificant decrease in the TSH contents in the cerebellum. TSH
includes free amino thiols (− SH) which are natural reservoirs
of the reductive capacity of the cell. It has been widely recog-
nized that − SH plays an integral part in homoeostasis and has
an extensive role in oxidative physiology (Gultekin et al.
2001). TSH buffers free radicals in tissue and provides pro-
tection to the cells from oxidative damage by reducing di-
sulphide groups of cellular molecules or by scavenging free
radicals (Khan et al. 2010). Thus, TSH inhibition could in-
crease the susceptibility of cell membrane towards peroxide
attacks (El-Gendy et al. 2010).

In addition, SOD and CAT are the most important defense
mechanisms against toxic effects of oxygen metabolism.
These antioxidant enzymes can, therefore, alleviate the toxic
effects of ROS (Duzguner and Erdogan 2012). In the present
investigation, the activity of SOD was increased in cerebel-
lum. The superoxide radical is the most well-known oxygen-
derived free radical and can lead to the formation of additional
reactive species. H2O2, because of its non-ionized state, is able

to diffuse through hydrophobic membranes and can form hy-
droxyl radicals that react with organic lipids to act like highly
reactive free radicals (Duzguner and Erdogan 2012). These
can cause cellular damage and cell death. The increased activ-
ity of SOD can also demonstrate the high enzymatic activity to
lead to the formation of superoxide radicals and H2O2, which
in turn can form hydroxyl radical. The high CAT activity in-
duced by ACE may be due to the flux of superoxide radicals.

On the other hand, many studies have shown that ROS
production, responsible for oxidative stress, induces the death
of nervous cells. In this data, cell viability and death were
measured by both MTT assay and annexin V test, as index
of apoptosis and necrosis. In fact, we found that MTT assay
showed higher degree of loss in cell viability on treated rats
compared with CTR group. MTT assay revealed that at
40 mg/kg of ACE, the cell mortality was 31%. Now, the ques-
tion is: does ACE cause death of Purkinje and granule cells in
the cerebellum of adult rats? To answer this query, we ana-
lyzed the cerebellum cell suspension using annexin V test.
Flow cytometry revealed that ACE induced less apoptosis
and more necrosis on rat cerebellum cells. Similarly, Singh
et al. (2012) noted that exposure to ACE produced necrosis
of Purkinje cells with loss of dendrites and granules in the
granular layer of the cerebellum in female rats. The cell death
induced by ACE in cerebellum cells may be mediated through
intrinsic pathway of cell death (Kumi-Diaka et al. 1999).

Further investigations are required to study how cell lesions
induced by neonicotinoid pesticides interfere with cerebellar
connections to other cortical regions during the performance
of motor, behavioral, and cognitive functions. To answer this
question, Curtin et al. (2002) indicated that increased oxida-
tive stress has been shown to have a correlation with increased
cell death. In fact, ROS generation can cause cell death either
by apoptosis or necrosis, two distinct cell death pathways. In
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Fig. 6 Effects of curcumin and/or acetamiprid exposure on the number
of cell death. Figure 6 presents the quantification of acetamiprid-induced
cell death and the effect of curcumin at the dose of 100 mg/kg on the
number of necrotic (Fig. 6a) and apoptotic cells (Fig. 6b). Annexin V-
positive cells were counted in the same area (600 × 900 μm) and then
analyzed statistically. In Fig. 6a, we showed that ACE induces primary
necrosis in rat cerebellum. Also, results show that necrotic cells in CUR

treatment group were decreased compared to ACE group. CTR, control
group; ACE, treated group with acetamiprid; CUR, treated group with
ACE and supplemented with curcumin. Values are expressed as
mean ± SD (n=10). a Significantly different from the control group
(p < 0.05). b Significantly different from the ACE group and CUR
group(p < 0.05)
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this data, ACE induced cell death by necrosis. In physiological
conditions, necrosis occurs usually in response to severe
trauma/injury to the cell and is characterized morphologically
by cytoplasmic and mitochondrial swelling, plasma mem-
brane rupturing, and release of the cellular contents into the
extracellular space.

Our findings concerning the neurotoxicity of ACE were
correlated with histopathological changes observed in

cerebellum’s rats. Under microscopic examination, severe dis-
tortions in cellular architecture were observed in the cerebel-
lum of rats exposed to 40 mg/kg of ACE (Fig. 7), which was
consistent also with the results of flow cytometry. Necrosed
Purkinje cells and loss of granules in the granular layer of the
cerebellum in this data have also provided support to the neu-
robehavioral effects indicating accumulation of ACE and its
metabolites in the cerebellum. Our results corroborate with
findings previously published by Singh et al. (2015). This
can be due to reactive oxygen species which may contribute
to histopathological changes in cerebral cortex of adult rats
submitted to ACE treatment.

As the cerebellum has crucial role to control motor coordi-
nation, balance, muscle tone, motor learning, and cognition
(Oliveira et al. 2014), damage at the cholinergic system in the
cerebellum in ACE-treated rats may be associated with neu-
robehavioral alteration as observed in the present study. Thus,

(A)

(B)

(C)

NA

WM

Fig. 7 Histological architecture of the cerebellum of male rats. The
cerebellum were collected after 21 days of exposure. Microscopic
examination at × 400 magnification was performed after staining with
hematoxylin and eosin. Representative images are shown for the three
following groups of rats control (CTR), acetamiprid (ACE), and
acetamiprid-curcumin (CUR) groups. a Histological architecture of the
cerebellum in CTR group with normal structure of molecular and granule
cell layer and with single intervening Purkinje cells. b Cerebellum of
ACE-treated group rat showing meningeal congestion (arrow) and
degeneration changes in Purkinje cells (broken arrow). c Cerebellum of
ACE plus CUR-treated male rat showing almost normal structure and
perivascular space. NA, necrotic area; WM, white matter

Table 3 Grading of the histopathological changes in the cerebellum of
experimental groups of adult rats

Molecular
layer

Purkinje cells Granular layer White matter

CTR Two types of
cells are
present

Typically
arranged in a
single row at
junction of
molecular
and granular
layers

Contains
numerous
small
granular
cells with
dispersed
irregularly
glomeruli

Consists of
myelinated
nerve fibers
also contains
dendrites and
numerous
neuralgia

ACE Vacuolated
spaces

Degenerative
changes in
Purkinje
cells

Congestion

Highly
vacuolated
cytoplasm
in stellate
and basket
cells

Some cells
showing
degenera-
tive
changes

Shrink
Reduced in size
Showing

cytoplasmic
vacuolation
and faintly
stained
nuclei

Revealed
sever sings
of damage

Lost their
normal
organiza-
tion

Both cell
types
glomeruli
and Golgi II
were deeply
stained

and
representin-
g clear

coagulative
necrosis

Showing
degenerated
nerve fibers

Contained large
vacuoles

CUR Two types of
cells are
present

Typically
arranged in a
single row

Contains
numerous
small
granular

Myelinated
nerve fibers

CTR control group, ACE treated group with acetamiprid, CUR treated
group with ACE and supplemented with curcumin
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our results demonstrate that these alterations may be caused
by both cell death and oxidative stress. In addition, we evalu-
ated the action of the curcumin, a natural product. Indeed,
curcumin co-treatment in ACE-treated rats improved sponta-
neous inclined plane values and prevented cerebellum dam-
age. Ours results corroborate with those of Lonare et al.
(2014); they noticed that curcumin at a dose of 100 mg/kg
restored locomotor activity after subchronic exposure to
imidacloprid in rat. Besides, our results showed amelioration
in AChE and BChE activities after curcumin supplies to the
diet of ACE group. This product probably protected AChE
and BChE activities via their antioxidant properties. Our
hypothesis agrees with the previous findings of Tsakiris
et al. (2000) showing that AChE and BChE activities are
decreased by free radicals and prevented by antioxidants.
Also, CUR treatment modulates the level of Ca2+ near to
control level by its antioxidant, free radical scavenging,
and anti-lipid peroxidation activities. In fact, curcumin co-
exposure with ACE significantly alters the levels of lipid
peroxidation by reducing MDA formation and decreases
the enzymatic antioxidants. Similarly, Lonare et al. (2014)
show that CUR administration resulted in decrease lipid
peroxidation; improvement in enzymatic and non-
enzymatic antioxidants status in brain with exposure of
imidacloprid in rats was observed. The protective effect
of curcumin against ACE-induced oxidative stress could
be both: (i) direct by inhibiting lipid peroxidation and
scavenging free radicals and (ii) indirectly through the
enhancement defensive antioxidant systems to scavenge
free radicals in the cerebellum.

In addition, curcumin provides protection against neurode-
generative diseases through scavenging free radicals, interac-
tion with oxidative cascade and preventing its outcome, oxy-
gen quenching and making it less available for oxidation re-
actions, and inhibiting oxidative enzymes like cytochrome
P450 (Yang et al. 2005; Zhang et al. 2011; Lonare et al.
2014). Also, the presence of phenolic, methoxyl, and
diketonic groups in curcumin structure gives it the possibility
to cross the blood-brain barrier and to report a neuroprotective
potential (Yang et al. 2005). Indeed, experimental and clinical
studies reported that curcumin has been found to be effective
in the treatment of Alzheimer’s and Parkinson’s diseases
(Zhang et al. 2011; Sahu 2016). In other study, the neuropro-
tective effects promoted by curcumin thought the regulation of
important enzymes and molecules involved in inflammation,
such as cyclooxygenase-2 (COX-2), lipoxygenase, nuclear
factor-kappa B (NF-κB), and cytokines (Goel et al. 2008).
Furthermore, some studies have demonstrated that curcumin
is able to modulate intracellular signaling pathways through
the activity of the calcium-dependent protein kinase enzymes
A, B, and C, as well as the inositol 1,4,5-triphosphate receptor,
both of which are important to the neurotransmission (Jaques
et al. 2011).

Conclusion

In summary, the present study findings suggest that exposure
to 40 mg/kg of acetamiprid substantially impairs the survival
of primary neuronal cells. In addition, curcumin at the dose of
100 mg/kg reduced histopathological changes caused by ACE
and may be involved in cholinergic system modulation and
exert an effect on motricity in part through its antioxidant
action and inhibiting the peroxidation of lipids and improving
the activity of antioxidant enzymes. However, we know that
the protective effects of curcumin against primary neuronal
cell death observed during acetamiprid toxicity may be medi-
ated by multiple factors in addition to oxidative stress.
Therefore, further investigations are required to investigate
the potential therapeutic use of curcumin in preventing the
cerebellum from acetamiprid-induced oxidative damage.
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