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Abstract
Background Cypermethrin (CYP), a synthetic pyrethroid widely used to control plant pests, has been associated with 
various diseases in humans exposed to pesticides, either directly or indirectly. This study aimed to examine the effects 
of CYP on learning and memory functions, as well as anxiety-like behavior.

Methods Forty male Wistar rats (8 weeks old) were randomly assigned to 4 groups: The first group served as the 
control, while the other three groups received different doses of CYP (5, 20, and 80 mg/kg) via gavage once daily 
for one month. Passive avoidance learning (PAL) and memory were assessed using the shuttle box test, cognitive 
memory was evaluated using the novel object recognition (NOR) test, and spatial memory was measured with the 
Morris water maze (MWM) test. The elevated plus-maze (EPM) and open field tests were used to assess locomotor 
activity and anxiety levels.

Results In the PAL test, significant differences were observed in the time spent in the dark compartment (TDC) and 
step-through latency in the retention trial (STLr) in rats receiving 80 mg/kg of CYP. MWM results indicated memory 
impairment in rats treated with 20 and 80 mg/kg of CYP. Additionally, rats treated with the highest dose of CYP 
(80 mg/kg) showed a reduction in the number of entries into the open arms of the EPM compared to the control 
group.

Conclusion This study demonstrates that CYP negatively affects learning and memory retention. Further research is 
needed to explore the precise mechanisms by which this toxin impacts cognitive functions.
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Introduction
Pyrethroids (PYRs) are a class of synthetic insecticides 
derived from Chrysanthemum cinerariifolium [1]. They 
are widely used to control domestic insects, agricultural 
pests, and malaria vectors through indoor spraying, spa-
tial spraying, and mosquito nets impregnated with pesti-
cides [2, 3]. Pyrethroids are axonic excitotoxins that have 
harmful effects on ion channels in the nervous system, 
disrupting the entry and passage of ions across cell mem-
branes [4–6]. The most significant pathological mecha-
nism of PYRs is their ability to alter sodium channel 
activity, leading to neurotoxicity [7].

Key pyrethroids include allethrin, cypermethrin (CYP), 
permethrin, fenvalerate, deltamethrin, and λ-cyhalothrin 
[1]. These compounds typically feature cyclopropane car-
boxylic acid or similar structures attached to aromatic 
alcohols via a central ester (or ether) bond. Modifying the 
structure of pyrethroids can enhance their insecticidal 
effectiveness, but this may also lead to unintended con-
sequences for non-target species [8]. Among synthetic 
pyrethroids, CYP is a highly effective, non-systemic 
insecticide that works through contact and gastrointes-
tinal effects and is commonly used worldwide for pest 
control in agriculture and public health [9]. Oral or intra-
venous exposure to these toxins can cause symptoms 
such as salivation, itching, increased muscle tone, bal-
ance disorders, tremors, seizures, apnea, and, in severe 
cases, death [10].

One example of a pyrethroid structural modi-
fication is the addition of an α-cyano group, as 
seen in CYP, which results in a type II pyrethroid 
[11]. Cypermethrin, or [cyano-(3-phenoxyphenyl)
methyl]3-(2,2-dichloroethenyl)-2,2-dimethylcyclopro-
pane-1-carboxylate, is a synthetic pyrethroid with potent 
insecticidal properties [12]. CYP toxicity can cause vari-
ous disorders in humans, whether through direct or 
indirect contact with the pesticide. Children and farm-
ers are particularly vulnerable [13]. Mammals are gener-
ally more resistant to CYP and other pyrethroids due to 
a high metabolic rate, elevated intracellular temperature, 
and low sensitivity in target sites [14]. Type II pyrethroid 
poisoning, such as from CYP, can cause paralysis, dizzi-
ness, vomiting, and muscle fasciculation when absorbed 
through the skin [15], while oral poisoning leads to sali-
vation, pulmonary edema, seizures, and coma [16].

Extensive exposure to pyrethroids through unclear 
mechanisms has been linked to neurological symptoms, 
including cognitive impairment [17, 18]. There are also 
reports indicating that type II pyrethroids like CYP can 
impair memory [4, 19]. Learning and memory are essen-
tial behavioral traits that reflect an organism’s ability to 
adapt based on experience [20, 21]. Learning involves 
changes in behavior through practice, while memory sus-
tains these behavioral changes over time [22]. Numerous 

studies have shown that CYP, as an emerging neurotoxin, 
can cause psychological and behavioral changes, with 
long-term complications [23]. CYP disrupts nerve func-
tion by inhibiting the deactivation of sodium channels, 
which stabilizes the open configuration of the channel. 
This prolonged axonal depolarization leads to conduc-
tion blocks and neuromuscular transmission failure, 
resulting in flaccid paralysis [24–29]. The present study 
aims to evaluate the effects of CYP on learning and 
memory functions, specifically cognitive memory, spatial 
learning and memory, anxiety-like behavior, and passive 
avoidance learning (PAL) in adult male rats. Our primary 
goal is to provide accurate data on the harmful impacts of 
CYP to limit its widespread use, ultimately contributing 
to a healthier and more sustainable environment for all.

Materials and methods
Animals
This research was conducted on 40 adults male Wistar 
rats (8 weeks old) weighing 250 ± 20 g, which were pur-
chased from the animal lab of Hamadan University of 
Medical Sciences. The rats were accommodated in a ven-
tilated room at 22 ± 2 °C under a 12-h light/dark cycle and 
humidity of 50-55%. 2 or 3 rats were kept in cages, and 
food and water were easily accessible. Rats were housed 
in standard cages measuring 30 cm x 20 cm x 15 cm (L 
x W x H). All animal experiments were approved by the 
Veterinary Ethics Committee of Hamadan University of 
Medical Sciences and conducted in accordance with the 
National Institutes of Health Guide for the Care and Use 
of Laboratory Animals (NIH Publication No. 85 − 23, 
revised 1985). The rats were randomly assigned to four 
groups: a control group receiving corn oil and three 
experimental groups administered CYP at doses of 5, 20, 
and 80  mg/kg, dissolved in 0.2  ml of corn oil. CYP and 
corn oil were administered orally via gavage once a day 
for one month (Fig.  1). After the administration of the 
agents, the animals were tested and acclimated to the lab-
oratory conditions one hour before the start of each test.

Chemicals
Cypermethrin (PESTANAL®) and corn oil (maize oil) 
were prepared from Sigma Aldrich Company (St. Louis, 
USA). CYP was dissolved in 0.2 ml Corn oil [30].

Open field test (locomotor activity)
The standard open field test (OFT) is used to measure 
behavioral reactions, including locomotor and explor-
atory behaviors [31, 32]. The apparatus consists of a 
square Plexiglas box (76 × 76 cm) with opaque walls and 
a floor divided into 25 identical squares, with a height of 
42 cm. A white curtain enclosed the apparatus to elimi-
nate extra-maze cues. Rats were placed in the central 
square to monitor their activities. The apparatus was 
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cleaned with tap water followed by 70% ethanol before 
each subject’s trial and after the last run. On the test-
ing day, all rats were transferred to the experimental 
room and allowed to acclimate for 60 min. Testing began 
immediately after placing each rat in the central region 
of the apparatus. The illumination level was set at 325 lx 
during the test, and the apparatus was located in a par-
tially soundproof room. To assess the impact of CYP 
on locomotion, the total distance traveled (cm) during 
10 min was recorded using the Maze Router homemade 
software.

Assessment of spatial memory via Morris water maze 
(MWM) test
Learning and spatial memory were evaluated via an 
apparatus called MWM specifically designed for this 
task [33]. A black cylindrical pool (diameter: 180 cm and 
height: 60 cm) filled to a depth of 25 cm with tap water 
(24 ± 1 °C), was used to conduct this experiment. A fixed 
round platform (10-cm2) was located in the center of the 
southwest quadrant, 1  cm beneath the water level. The 
experiment consisted of training tests for 4 days and a 
probe test 24 h following the final training session [34].

In each training test, the animal was first put in the 
water in 1 of the 3 quadrants with no platform and could 
swim freely for 90 s. If an animal succeeded in finding the 
platform before the end of the 90s, it was removed from 
the platform after 10s, dried with a thick high-absorb-
ing towel, and put in its cage. However, if the platform 
was not found, the subject was gently positioned on the 
platform and stayed there for 30  s, after which it was 
picked up, dried, and put in its cage. On every training 
day, each animal was trained 4 times and rested 30 min 
between trials. The probe test was conducted to exam-
ine the spatial memory of the subjects. On each trial, the 
time between entrance into the water and escape toward 
the platform (escape latency) was calculated. 2 blocks 
of 4 trials were used to train the animals for the spatial 
learning task with an interval of 5 min. The rats were sub-
jected to 4 consecutive daily training trials at the same 
time each day (10:00–12:00). The trials were recorded by 
smart video tracking software. The escape latency, the 
time elapsed in the target quadrant, mean speed, and 

distance moved were applied to assess the animals’ spa-
tial learning and memory [33, 35, 36].

Passive avoidance learning test
The shuttle box was used for conducting a passive avoid-
ance learning test [36–39]. It was a cuboid container 
(25 × 25 × 50  cm), divided into dark and light compart-
ments (25 × 25 × 25  cm) isolated by a one-way guillotine 
door (10 × 10  cm). The dark compartment’s floor was 
a steel-rod grid (2.5  mm in diameter and 1  cm apart), 
which is connected to an electric shock generator (50-
Hz, 1-mA), and a 100-watt lamp was installed 40  cm 
above the floor to illuminate the light compartment 
[40]. The rats were habituated to the apparatus in 2 tri-
als with 30 min intervals. According to the rats’ natural 
preference for the dark places, for each trial, the rat was 
located in the apparatus’s light chamber, in front of the 
door, and after 10  s, the guillotine door was lifted. Fol-
lowing entrance to the dark chamber, the door was raised 
for 10 min, and then the rat was removed from the dark 
chamber and transferred to its cage. Then, after habitua-
tion trials with 30 min intervals, in the initial acquisition 
trial, after the entrance of the animal to the dark chamber 
from the light compartment spontaneously and placing 
4 paws in the dark chamber from the light chamber, the 
entrance latency to the dark compartment (STLa) was 
measured. The guillotine door moved down, and the rat’s 
foot received an electric shock (0.3  mA, 50-Hz square 
wave, for 3  s). The animal was transferred to its home 
cage after 30 s. After 2 min, the training procedure was 
done again. When the animal stayed in the light compart-
ment for 120 successive seconds, the training phase was 
ended. The number of entrances into the dark compart-
ment was noted.

A retention test was performed 24  h following the 
training to assess the trained animals using the same 
process as that in the training session but without any 
shock in the dark chamber and the animals remained in 
the dark chamber up to 600 s. We recorded the entrance 
latency to the dark chamber or step-through latency in 
the retention trial (STLr) and the time elapsed in the dark 
compartment (TDC) for 10 min [41, 42].

Fig. 1 The experimental timeline. After one week of acclimatization, animals received different doses (5, 20, and 80 mg/kg) of cypermethrin (CYP) by 
gavage daily for one month. The novel object recognition (NOR) and open field (OF) tests were then conducted. To MWM and passive avoidance learning 
(PAL) tests measured spatial (retention and acquisition) and aversive (retention and acquisition) learning and memory after the training trials, respectively. 
The elevated plus-maze (EPM) test assessed the animal’s locomotor activity (in addition to the OF test) and level of anxiety
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Elevated plus-maze (EPM) test
This test was used to assess the rat’s anxiety-related 
behavior and was conducted in a wooden appara-
tus shaped like a plus sign [43, 44]. The apparatus is 
50  cm in height and consists of two enclosed arms 
(50 × 10 × 40  cm) and two open arms (50 × 10  cm). A 
10 × 10 cm central square is located at the junction of the 
opposite arms, where the different arms meet. Each rat 
was placed in the center of the apparatus, facing an open 
arm, and allowed to explore the device for 10 min. During 
this time, all entries into the enclosed or open arms were 
recorded. Further assessments included the time spent in 
the open and enclosed arms, as well as the total distance 
traveled during the 10-minute period. A rat was con-
sidered to have entered an arm when all four paws were 
placed within the arm. Behavioral measures included 
the number of entries into the open and closed arms, the 
time spent in each arm type, and the total distance trav-
eled (TDC) during the test. An entry was defined as all 
four paws of the rat entering an arm. A lower number of 
open arm entries and less time spent in open arms were 
interpreted as anxiety-like behaviors [45, 46]. To control 
for potential confounding effects of reduced locomotor 
activity, TDC was measured as an index of general motor 
activity. This ensured that any observed anxiety-like 
behaviors, such as increased time in closed arms, were 
not influenced by impaired movement.

Novel object recognition (NOR) test
This test was designed to assess memory in rodents 
[47–49]. The subject was exposed to one or more familiar 
objects and one novel object. The Novel Object Recog-
nition (NOR) test consists of three phases: habituation, 
training, and retention. In the first phase, the subject was 
allowed to explore an empty arena (a cubic container 
measuring approximately 40  cm in length, width, and 
height) for 5  min. After this, the subject was removed 
from the arena and returned to its holding cage. In the 
training phase, the subject was placed in the container for 
10 min with two familiar objects (rectangular hard items 
positioned 10 cm from the wall of the box). To avoid forc-
ing the subject to explore the objects, it was positioned 
facing the midsection of the wall opposite the objects. 
After 30 min, in the retention test phase, each animal was 
placed back into the arena for 5 min, during which one 
of the familiar objects was replaced with a novel object. 
The expected behavior was for the subject to explore the 
novel object more than the familiar one. If the subject 
failed to show more interest in the novel object, memory 
impairment was concluded. Throughout each phase, a 
video tracking system recorded the animal’s behavior, 
and the time spent exploring each object was measured. 
The objects used were similar in material and size, but 
differed in shape. To eliminate olfactory cues, both the 

items and the arena were cleaned with 70% alcohol and 
air-dried thoroughly between trials. A camera recorded 
the touching and sniffing of the objects by the animal’s 
nose, which was used to measure exploration time. 
Finally, the discrimination index (DI) was calculated as 
the ratio of the total time spent exploring the new object 
to the total time spent exploring both objects, multiplied 
by 100 [50, 51].

Method of euthanasia
Rats were euthanized at the conclusion of the experiment 
using intraperitoneal (IP) injections of sodium thiopen-
tal. This method of euthanasia is classified as chemical 
euthanasia, involving an overdose of an anesthetic agent. 
The recommended dose of sodium thiopental for IP 
euthanasia in rats typically ranges from 100 to 150 mg/
kg. Following the IP injection, the animal enters a deep, 
irreversible state of anesthesia, leading to respiratory and 
cardiac arrest. Common indicators of death include the 
absence of a heartbeat, lack of spontaneous breathing, 
and unresponsiveness to external stimuli.

The decision to euthanize the animals was made to 
minimize potential distress following prolonged behav-
ioral assessments, which can be stressful and affect ani-
mal welfare. Since no tissue samples were collected for 
histological or molecular analysis in this study, euthana-
sia was performed to avoid any unnecessary prolonged 
suffering.

Data analysis
SPSS 16 was used for data analysis at a significance 
level of 0.05. One-way analysis of variance (ANOVA) 
was applied for multiple comparisons, followed by the 
Tukey’s test for post-hoc analysis. Data are presented as 
mean ± SEM.

Results
Locomotor activity (open-field)
The OFT results demonstrated that CYP administration 
at 80  mg/kg significantly decreased total distance trav-
eled compared to the control group (P < 0.001), indicat-
ing reduced locomotor activity (Fig.  2). This measure 
served as the primary indicator of motor function in this 
test. Lower doses of CYP (5 mg/kg and 20 mg/kg) did not 
show significant changes in total distance traveled rela-
tive to controls.

Effect of cypermethrin on spatial memory (MWM task)
No significant difference was detected in escape time 
between the four groups (data for day four: control: 
12.49 ± 1.47; CYP (5 mg/kg): 12.4 ± 0.9; CYP (20 mg/kg): 
14.1 ± 1.3; CYP (80 mg/kg): 12.4 ± 1.01) (Fig. 3.A). There-
fore, rats in all groups were able to learn the task.
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Significant differences were observed between 
the dosed and control groups, as shown in Fig.  3.B 
(P ≤ 0.0001). Tukey’s test revealed a significant decrease 
in distance traveled on days three (P ≤ 0.001) and four 
(P ≤ 0.001) in the CYP (20 and 80  mg/kg) groups com-
pared to the control group. Figure 3.C shows a significant 
difference in the time spent by rats in the target quadrant 
between the dosed groups. One-way ANOVA results 
indicated that rats treated with CYP (80 and 20 mg/kg) 
spent significantly less time in the target quadrant com-
pared to controls (P ≤ 0.0001 and P ≤ 0.01, respectively). 
Additionally, one-way ANOVA results showed a signifi-
cant decrease in swimming speed for the CYP (80 mg/kg) 
group compared to controls (Fig. 3.D).

Effect of cypermethrin on PAL test
One-way ANOVA results indicated no significant differ-
ences between experimental groups regarding STLa in 
the first acquisition trial (prior to administering an elec-
trical shock) (control: 7 ± 1.03; CYP (5  mg/kg): 7.6 ± 0.7; 
CYP (20  mg/kg): 7.9 ± 0.53; CYP (80  mg/kg): 7.37 ± 0.9) 
(Fig. 4.A). However, a significant difference was observed 
in STLr during the retention test (24  h after training) 

(Fig. 4.B). Specifically, STLr in the groups receiving CYP 
at doses of 20 mg/kg (258.7 ± 25.2; P = 0.015) and 80 mg/
kg (138.75 ± 14.3; P ≤ 0.001) was significantly lower com-
pared to the control group (270.4 ± 10.5). Addition-
ally, significant differences were found in TDC across 
the groups (Fig.  4.C). There was a significant increase 
in TDC in the groups receiving CYP at doses of 20 mg/
kg (238.4 ± 9.1; P = 0.005) and 80  mg/kg (276.14 ± 13.7; 
P < 0.0001) compared to the control group (222.17 ± 10.5).

Effect of cypermethrin in EPM test performance
To account for the potential influence of general motor 
activity on anxiety-related behaviors, we measured total 
distance traveled (TDC) as an index of locomotion. The 
one-way ANOVA results for TDC (Fig. 5.A) showed that 
rats exposed to CYP (20 and 80 mg/kg) exhibited a signif-
icant reduction in TDC compared to the control group. 
This reduction suggests that the observed anxiety-like 
behaviors (i.e., reduced time spent in the open arms and 
fewer open-arm entries) may have been partially influ-
enced by decreased locomotion at higher CYP doses. 
However, the decrease in time spent in the open arms 
(Fig. 5.C) and the number of open-arm entries (Fig. 5.B) 
remained significant even after accounting for TDC, indi-
cating that the anxiety-related behaviors were not solely 
due to impaired motor activity. No significant differ-
ences in the number of entries into the closed arms were 
observed across groups (Fig. 5.D), further supporting the 
notion that the reduced open-arm exploration was due to 
anxiety rather than a general decrease in activity.

Effect of cypermethrin in NOR test
One-way ANOVA results declared no significant differ-
ence in the discrimination index between the experimen-
tal groups (P > 0.05) (Fig. 6).

Discussion
We investigated the effect of CYP on learning and mem-
ory as key aspects of cognitive function. Our findings 
from the NOR, MWM, and PAL tests demonstrated that 
CYP impaired both memory and learning. Specifically, 
CYP disrupted the learning process and memory recall. 
The results of the EPM, MWM, and PAL tests showed 
that exposure to high doses of CYP (20 and 80  mg/kg), 
compared to the low dose (5  mg/kg), caused signifi-
cant differences when compared to the control group. 
Although the present study did not measure biochemi-
cal parameters, existing literature suggests that different 
pathways such as oxidative stress or inflammation could 
potentially explain the observed behavioral effects. These 
associations remain speculative and warrant further 
investigation in future studies.

Spatial learning and memory are commonly used indi-
cators for assessing cognition in animal models. The role 

Fig. 2 Cypermethrin (5, 20, and 80 mg/kg) effects on locomotor activity in 
the open field test. The mean and standard deviation for the total distance 
traveled of at least two independent experiments are presented; n = 10 
rats for each group. ***P ≤ 0.001 than the control group. Significance refers 
to one-way ANOVA
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of the hippocampus in spatial learning and memory has 
been well-documented [52]. A study evaluated the effects 
of CYP administration on both embryonic and adult 
neurogenesis, showing that exposure to CYP not only 
reduced the pool of neural stem cells but also disrupted 
the neuron-astrocyte ratio, leading to neurodegeneration 

in the hippocampus and subsequent cognitive dysfunc-
tions in rats [53]. The impact of CYP and deltamethrin 
on cerebral cortex development, as well as their poten-
tial effects on cell proliferation and differentiation, has 
also been studied in mice. The results indicated that 
prenatal exposure to CYP and deltamethrin impaired 

Fig. 4 Step-through latency in the acquisition trial (STLa) (A) and retention trial (STLr) (B), and time elapsed in the dark compartment (TDC) (C) of the 
passive avoidance learning test. Data are shown as mean ± SD for at least two independent experiments; n = 10 rats for each group. *P ≤ 0.05, **P ≤ 0.01, 
and ****P ≤ 0.0001 compared to the control groups. Significance refers to one-way ANOVA

 

Fig. 3 Escape latency (A), distance traveled (B), time elapsed in the target quadrant (C), and mean swimming speed (D) in the Morris water maze test. 
Data are reported as mean ± SD for at least two independent experiments; n = 10 rats for each group. *P ≤ 0.05, **P ≤ 0.01, and ****P ≤ 0.0001 compared to 
the control group. Significance refers to two-way repeated-measures ANOVA followed by the Tukey post hoc test
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corticogenesis [54]. Furthermore, CYP exposure during 
pregnancy has been shown to cause neurodevelopmental 
issues in children. CYP increases placental malondialde-
hyde (MDA) levels and the expression of genes associ-
ated with oxidative stress, which is significantly modified 
by environmental stress. Thus, the interaction between 
maternal CYP exposure and stress may have a significant 
impact on children’s neurodevelopment [55].

Our study revealed that CYP exposure significantly 
impaired long-term spatial memory, as demonstrated 
by the MWM results, but did not significantly affect 
short-term memory in the NOR test. Several factors may 
explain this discrepancy. First, the differential sensitivity 
of the MWM and NOR tests to CYP-induced cognitive 
impairments could be a key factor. The MWM test pri-
marily evaluates hippocampal-dependent spatial learning 

Fig. 5 The Effects of cypermethrin (5, 20, and 80 mg/kg) on elevated plus maze; the number of entrances into the closed arms (A), total distance moved 
(B), the number of entrances into open arms (C), and the number of entrances into the closed arms (D). Data are shown as mean ± SD for at least two 
independent experiments; n = 10 rats for each group. *P ≤ 0.05, **P ≤ 0.01, ***P ≤ 0.001, and ****P ≤ 0.0001 compared to the control groups. Significance 
refers to one-way ANOVA
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and memory, which are more vulnerable to oxidative 
stress, apoptosis, and neuroinflammation—processes 
previously shown to be exacerbated by CYP exposure 
[53, 54]. In contrast, the NOR test assesses short-term 
recognition memory, which involves both the hippo-
campus and extrahippocampal regions, such as the peri-
rhinal cortex. The damage caused by CYP exposure 
might be insufficient to significantly disrupt the neural 
circuits responsible for short-term memory within the 
study’s timeframe or dose range. Second, methodologi-
cal differences between the tests could contribute to the 
observed variability. The MWM test, with its complex 
spatial learning component and reliance on repeated tri-
als, may be more sensitive to subtle cognitive deficits. On 
the other hand, the NOR test involves a shorter duration 
and simpler task structure, which could reduce its sensi-
tivity to detecting mild cognitive impairments under cer-
tain conditions. Finally, task-specific effects of CYP might 
account for the differences. Long-term memory tasks, 
such as MWM, often require sustained attention, mem-
ory consolidation, and retrieval processes, which may be 
more susceptible to disruptions from neurotoxic agents 
like CYP. In contrast, short-term memory tasks, like 
the NOR test, might not be as heavily affected by these 

disruptions within the same experimental parameters. 
Further studies integrating molecular and histopathologi-
cal analyses could provide deeper insights into the differ-
ential impact of CYP on various cognitive domains.

We also investigated the impact of CYP on locomotor 
activity. Our findings suggest that CYP administration 
resulted in reduced locomotor and rearing frequen-
cies and increased immobility duration. Specifically, our 
results demonstrated that CYP induced a dose-depen-
dent decrease in general motor activity, with the 5 and 
20  mg/kg doses not significantly affecting motor func-
tion. Previous studies have shown that all PYRs affect 
motor function, regardless of species or the route of 
administration, making it one of the most important neu-
robehavioral endpoints for assessing PYR poisoning [56]. 
Most PYRs cause a dose-dependent reduction in gen-
eral motor activity in mammals [56]. Therefore, it can be 
concluded that the effects of CYP on motor function are 
dose-dependent, and the results observed in other stud-
ies are closely aligned with our own [56, 57]. Choreiform 
movements of the limbs and tail, which are characteristic 
of type II acute PYR poisoning in rodents [12, 58, 59] lead 
to impaired movement coordination. In our study, we 
administered CYP at a low dose (5 mg/kg), and impaired 
movement coordination was observed. Similar results 
were reported by Nieradko-Iwanicka et al. [4]. The reduc-
tions in locomotor behavior may confound the effects 
observed in the other learning and memory endpoints. 
All the endpoints intended to evaluate learning and 
memory in our study are closely tied to motor function, 
linking our measurements of learning and memory to the 
animals’ ability to move and explore their environment.

Evidence suggests that CYP affects the central ner-
vous system (CNS) and causes neurological damage. As 
shown in previous studies, even a single exposure to CYP 
can lead to apoptosis in the CNS of affected animals [60]. 
The initial impact of CYP on the CNS is cortical neuron 
apoptosis through the Nrf2/ARE signaling pathway [60–
63]. Histological and immunofluorescence methods have 
indicated the presence of apoptotic cells in the zebraf-
ish retina following nine days of CYP exposure. Histone 
γ-H2AX, a marker of DNA damage, was observed in 
both the outer and inner nuclear layers, and caspase-3, 
an apoptotic marker, was found in the outer nuclear 
layer. These findings suggest that CYP can cause oxida-
tive stress, DNA damage, and apoptosis in retinal cells 
[64]. CYP exposure was also found to decrease superox-
ide dismutase (SOD), glutathione S-transferase (GST), 
glutathione (GSH), catalase (CAT), glutathione reductase 
(GR), glutathione peroxidase (GPx), and total protein 
(TP) levels, while increasing lipid peroxidation (LPO) in 
rat serum [65]. In another study, significant reductions 
in SOD, CAT, and GPx enzyme activities were observed 
following CYP exposure, along with a significant increase 

Fig. 6 The discrimination indices of the novel object recognition test 
between different groups. Data are shown as mean ± SD for at least two 
independent experiments; n = 10 rats for each group
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in MDA levels, a marker of lipid peroxidation [66]. CYP 
exposure also increased apoptosis signals, particularly 
in granulosa cells, and elevated the expression levels of 
Caspase 3, Bax, and Bcl-2. In granulosa KGN cells, CYP 
induced apoptosis, abnormal ROS production, and depo-
larization of the mitochondrial membrane potential com-
pared to the control group [67]. Moreover, CYP induced 
oxidative stress and DNA damage in gill cells, leading to 
alterations in the activities of enzymes involved in main-
taining ROS balance, as well as changes in their corre-
sponding gene expression levels [68].

CYP can activate microglia and induce the release of 
IL-1β and TNF-α, while also upregulating the expression 
of PKC-δ, iNOS, phosphorylated p38, MMP-3, p42/44 
MAPKs, and MMP-9 proteins, contributing to neuro-
degeneration [69]. IL-6 causes ligand-independent acti-
vation of the androgen receptor (AR), and CYP inhibits 
IL-6-mediated ligand-independent AR signaling. This 
provides new insight into CYP’s antagonism of IL-6-as-
sociated ligand-independent AR activation [70]. Admin-
istration of β-CYP decreases glutamate concentration 
in the mouse cerebral cortex, leading to reduced gluta-
mine synthetase activity and increased synaptosomal 
glutamate uptake. This evidence partially explains the 
neurotoxicity of synthetic β-CYP insecticides [71]. Oxi-
dative stress plays a key role in Parkinson’s disease, and 
chronic exposure to moderate doses of CYP can induce 
Parkinsonism. Another study showed that CYP altered 
oxidative stress indicators and impaired the antioxidant 
defense system in peripheral blood, providing insight 
into the nigrostriatal (NST) toxicity associated with 
Parkinsonism [72]. CYP exposure resulted in increased 
nigral dopaminergic neurodegeneration and microg-
lial activation, while decreasing complex I activity and 
mitochondrial membrane potential. Western blot analy-
sis revealed that CYP enhanced the expression of c-Jun 
N-terminal kinase (JNK), caspase-3, tumor suppressor 
protein (p53), p38 MAPK, TNF-α, and heme oxygenase-1 
(HO-1), while reducing Bcl-2 expression. Additionally, 
CYP can induce mitochondrial dysfunction, alter the 
mitochondrial proteome, and lead to oxidative stress and 
apoptosis, contributing to the regulation of NST dopa-
minergic neurodegeneration [73]. The effects of chronic, 
acute, adulthood, and developmental exposures to CYP 
have been studied in experimental animals, providing 
further understanding of the alterations CYP induces in 
the CNS, particularly in relation to NST dopaminergic 
neurodegeneration. Comparisons between CYP-induced 
NST neurodegeneration and models of sporadic and 
chemically induced diseases, including their advantages 
and limitations, have also been explored [74]. CYP may 
also impair the migration of GABAergic progenitors, 
causing various transcriptional changes, both indepen-
dently and in combination with stress [55].

Limitations
One limitation of our study was the over-testing of 
effects, as the rats had no rest days between tasks. 
Another limitation was the lack of molecular studies on 
the rats’ brains, which would have allowed for a more 
precise determination of the molecular basis behind the 
observed behaviors, specifically in hippocampal or non-
hippocampal regions. Therefore, additional experiments 
to investigate some of the potential underlying mecha-
nisms would be highly beneficial. Although we restricted 
the study to one sex to avoid the confounding effects of 
hormonal fluctuations and included only adult speci-
mens, a further limitation was the exclusive inclusion of 
male rats. Future studies could examine whether previ-
ous literature suggests any sex differences in the impact 
of CYP exposure.

Conclusion
In this study, we examined the effects of the CYP toxin 
on learning and memory in an animal model. The 
observed impairments in memory and learning may be 
attributed to the toxin’s stimulatory effects on oxidative 
stress, apoptosis, and inflammation. Our results contrib-
ute valuable insights into the harmful impacts of CYP 
and provide clear evidence for limiting its widespread 
use. Further studies are needed to confirm the long-term 
detrimental effects of CYP on human health.

Acknowledgements
We are grateful to the staff of the Neurophysiology Research Center for 
assisting us. Our research was funded by the Hamadan University of Medical 
Sciences, Hamadan, Iran (Grant No.: 960129692).

Author contributions
A.K. statistical analysis of data, study design and supervision, writing and 
critical revision of the manuscript; M.N., M.S., A.S., and S.A.A. performing 
experiments, drafting the manuscript and data acquisition; A.Z. and S.R. 
administrative, material and technical support and critical revision of the 
manuscript for important intellectual content; N.F. manuscript drafting and 
technical support. All authors read and approved the final manuscript.

Funding
This research was funded by (Grant number: 960129692) the Hamadan 
University of Medical Sciences, Hamadan, Iran.

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate
The Ethics Committee of Hamadan University of Medical Sciences approved 
this research (IR.UMSHA.REC.1396.102).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 23 December 2023 / Accepted: 13 January 2025



Page 10 of 11Nazari et al. BMC Pharmacology and Toxicology           (2025) 26:12 

References
1. Ravula AR, Yenugu S. Pyrethroid based pesticides - chemical and biological 

aspects. Crit Rev Toxicol. 2021:1–24.
2. Kareemi TI, Nirankar JK, Mishra AK, Chand SK, Chand G, Vishwakarma AK et al. 

Population dynamics and insecticide susceptibility of anopheles culicifacies 
in malaria endemic districts of Chhattisgarh, India. Insects. 2021;12(4).

3. Keating J, Yukich JO, Miller JM, Scates S, Hamainza B, Eisele TP, et al. Retrospec-
tive evaluation of the effectiveness of indoor residual spray with pirimiphos-
methyl (actellic) on malaria transmission in Zambia. Malar J. 2021;20(1):173.

4. Nieradko-Iwanicka B, Borzecki A. Effect of cypermethrin on memory, move-
ment activity and coordination in mice after transient incomplete cerebral 
ischemia. Pharmacol Rep. 2008;60(5):699–705.

5. Syed F, Awasthi KK, Chandravanshi LP, Verma R, Rajawat NK, Khanna VK, et 
al. Bifenthrin-induced neurotoxicity in rats: involvement of oxidative stress. 
Toxicol Res (Camb). 2017;7(1):48–58.

6. Gargouri B, Bhatia HS, Bouchard M, Fiebich BL, Fetoui H. Inflammatory and 
oxidative mechanisms potentiate bifenthrin-induced neurological alterations 
and anxiety-like behavior in adult rats. Toxicol Lett. 2018;294:73–86.

7. Silver KS, Du Y, Nomura Y, Oliveira EE, Salgado VL, Zhorov BS, et al. 
Voltage-gated Sodium channels as insecticide targets. Adv Insect Phys. 
2014;46:389–433.

8. Gray AJ. Pyrethroid structure-toxicity relationships in mammals. Neurotoxicol-
ogy. 1985;6(2):127–37.

9. Chrustek A, Hołyńska-Iwan I, Dziembowska I, Bogusiewicz J, Wróblewski M, 
Cwynar A, et al. Current research on the safety of Pyrethroids used as insecti-
cides. Med (Kaunas). 2018;54(4):61.

10. Moniz AC, Bernardi MM, Spinosa HS. Effects of a pyrethroid type II pesticide 
on conditioned behaviors of rats. Vet Hum Toxicol. 1994;36(2):120–4.

11. Zerba EN. Susceptibility and resistance to insecticides of Chagas disease vec-
tors. Med (B Aires). 1999;59(Suppl 2):41–6.

12. Soderlund DM, Clark JM, Sheets LP, Mullin LS, Piccirillo VJ, Sargent D, et al. 
Mechanisms of pyrethroid neurotoxicity: implications for cumulative risk 
assessment. Toxicology. 2002;171(1):3–59.

13. Wendt-Rasch L, Friberg-Jensen U, Woin P, Christoffersen K. Effects of the pyre-
throid insecticide cypermethrin on a freshwater community studied under 
field conditions. II. Direct and indirect effects on the species composition. 
Aquat Toxicol. 2003;63(4):373–89.

14. Antwi FB, Reddy GVP. Toxicological effects of pyrethroids on non-target 
aquatic insects. Environ Toxicol Pharmacol. 2015;40(3):915–23.

15. Chrustek A, Hołyńska-Iwan I, Dziembowska I, Bogusiewicz J, Wróblewski M, 
Cwynar A et al. Current research on the safety of Pyrethroids used as insecti-
cides. Med (Kaunas). 2018;54(4).

16. He F, Wang S, Liu L, Chen S, Zhang Z, Sun J. Clinical manifestations and diag-
nosis of acute pyrethroid poisoning. Arch Toxicol. 1989;63(1):54–8.

17. Müller-Mohnssen H. Chronic sequelae and irreversible injuries following 
acute pyrethroid intoxication. Toxicol Lett. 1999;107(1–3):161–76.

18. Hossain MM, DiCicco-Bloom E, Richardson JR. Hippocampal ER stress 
and learning deficits following repeated pyrethroid exposure. Toxicol Sci. 
2015;143(1):220–8.

19. AC M, BM, SH. Effects of a pyrethroid type-II pesticide on conditioned behav-
iors of rats. Vet Hum Toxicol. 1994:120–4.

20. Lee JL. Memory reconsolidation mediates the strengthening of memories by 
additional learning. Nat Neurosci. 2008;11(11):1264–6.

21. Berman DE, Dudai Y. Memory extinction, learning anew, and learning the 
new: dissociations in the molecular machinery of learning in cortex. Sci (New 
York NY). 2001;291(5512):2417–9.

22. Tyng CM, Amin HU, Saad MN, Malik AS. The influences of emotion on learn-
ing and memory. Front Psychol. 2017;8:1454.

23. Quirós-Alcalá L, Mehta S, Eskenazi B. Pyrethroid pesticide exposure and 
parental report of learning disability and attention deficit/hyperactivity 
disorder in U.S. children: NHANES 1999–2002. Environ Health Perspect. 
2014;122(12):1336–42.

24. Dong K. Insect sodium channels and insecticide resistance. Invert Neurosci. 
2007;7(1):17–30.

25. Soderlund DM. State-dependent modification of Voltage-gated Sodium 
channels by Pyrethroids. Pestic Biochem Physiol. 2010;97(2):78–86.

26. Seabrook GR, Duce IR, Irving SN. Spontaneous and evoked quantal neu-
rotransmitter release at the neuromuscular junction of the larval housefly, 
Musca domestica. Pflugers Arch. 1989;414(1):44–51.

27. Seabrook GR, Duce IR, Irving SN. Effects of the pyrethroid cypermethrin on 
l-glutamate-induced changes in the input conductance of the ventrolateral 
muscles of the larval house fly, Musca domestica. Pestic Biochem Physiol. 
1988;32(3):232–9.

28. Ray DE, Forshaw PJ. Pyrethroid insecticides: poisoning syndromes, synergies, 
and therapy. J Toxicol Clin Toxicol. 2000;38(2):95–101.

29. Soderlund DM. Molecular mechanisms of pyrethroid insecticide neurotoxic-
ity: recent advances. Arch Toxicol. 2012;86(2):165–81.

30. Shukla Y, Taneja P. Mutagenic potential of cypermethrin in mouse dominant 
lethal assay. J Environ Pathol Toxicol Oncol. 2002;21(3).

31. Seibenhener ML, Wooten MC. Use of the Open Field Maze to measure 
locomotor and anxiety-like behavior in mice. J Visualized Experiments: JoVE. 
2015;96:e52434–e.

32. Tatem KS, Quinn JL, Phadke A, Yu Q, Gordish-Dressman H, Nagaraju K. Behav-
ioral and locomotor measurements using an open field activity monitoring 
system for skeletal muscle diseases. J Visualized Exp: JoVE. 2014(91):51785.

33. Bromley-Brits K, Deng Y, Song W. Morris water maze test for learning and 
memory deficits in Alzheimer’s disease model mice. J Vis Exp. 2011(53).

34. Illouz T, Madar R, Louzon Y, Griffioen KJ, Okun E, Brain. Behav Immun. 
2016;52:132–44.

35. Zarrinkalam E, Ranjbar K, Salehi I, Kheiripour N, Komaki A. Resistance training 
and hawthorn extract ameliorate cognitive deficits in streptozotocin-induced 
diabetic rats. Biomed Pharmacother. 2018;97:503–10.

36. Zarrinkalam E, Heidarianpour A, Salehi I, Ranjbar K, Komaki A. Effects of 
endurance, resistance, and concurrent exercise on learning and memory 
after morphine withdrawal in rats. Life Sci. 2016;157:19–24.

37. Komaki A, Karimi SA, Salehi I, Sarihi A, Shahidi S, Zarei M. The treatment com-
bination of vitamins E and C and astaxanthin prevents high-fat diet induced 
memory deficits in rats. Pharmacol Biochem Behav. 2015;131:98–103.

38. Shiri M, Komaki A, Oryan S, Taheri M, Komaki H, Etaee F. Effects of cannabi-
noid and vanilloid receptor agonists and their interaction on learning and 
memory in rats. Can J Physiol Pharmacol. 2017;95(4):382–7.

39. Asadbegi M, Yaghmaei P, Salehi I, Komaki A, Ebrahim-Habibi A. Investigation 
of thymol effect on learning and memory impairment induced by intrahip-
pocampal injection of amyloid beta peptide in high fat diet-fed rats. Metab 
Brain Dis. 2017;32(3):827–39.

40. Barzegar S, Komaki A, Shahidi S, Sarihi A, Mirazi N, Salehi I. Effects of cannabi-
noid and glutamate receptor antagonists and their interactions on learning 
and memory in male rats. Pharmacol Biochem Behav. 2015;131:87–90.

41. Ghavipanjeh GR, Alaei H, Khazaei M, Pourshanazari AA, Hoveida R. Effect of 
acute and chronic hypertension on short- and long-term spatial and avoid-
ance memory in male rats. Pathophysiology. 2010;17(1):39–44.

42. Tamburella A, Micale V, Mazzola C, Salomone S, Drago F. The selective norepi-
nephrine reuptake inhibitor atomoxetine counteracts behavioral impair-
ments in trimethyltin-intoxicated rats. Eur J Pharmacol. 2012;683(1–3):148–54.

43. Rubino T, Guidali C, Vigano D, Realini N, Valenti M, Massi P, et al. CB1 receptor 
stimulation in specific brain areas differently modulate anxiety-related behav-
iour. Neuropharmacology. 2008;54(1):151–60.

44. Zarrindast MR, Aghamohammadi-Sereshki A, Rezayof A, Rostami P. Nicotine-
induced anxiogenic-like behaviours of rats in the elevated plus-maze: pos-
sible role of NMDA receptors of the central amygdala. J Psychopharmacol. 
2012;26(4):555–63.

45. Horii Y, McTaggart I, Kawaguchi M. Testing animal anxiety in rats: effects of 
Open Arm ledges and Closed Arm Wall transparency in elevated plus maze 
test. J Visualized Experiments: JoVE. 2018;136:56428.

46. Komaki A, Hoseini F, Shahidi S, Baharlouei N. Study of the effect of extract 
of Thymus vulgaris on anxiety in male rats. J Traditional Complement Med. 
2016;6(3):257–61.

47. Hansen KF, Sakamoto K, Wayman GA, Impey S, Obrietan K. Transgenic miR132 
alters neuronal spine density and impairs novel object recognition memory. 
PLoS ONE. 2010;5(11):e15497.

48. Ganji A, Salehi I, Nazari M, Taheri M, Komaki A. Effects of Hypericum Scabrum 
extract on learning and memory and oxidant/antioxidant status in rats fed a 
long-term high-fat diet. Metab Brain Dis. 2017;32(4):1255–65.

49. Ahmadi N, Safari S, Mirazi N, Karimi SA, Komaki A. Effects of vanillic acid on 
Aβ1-40-induced oxidative stress and learning and memory deficit in male 
rats. Brain Res Bull. 2021;170:264–73.

50. Hendershott TR, Cronin ME, Langella S, McGuinness PS, Basu AC. Effects 
of environmental enrichment on anxiety-like behavior, sociability, sensory 



Page 11 of 11Nazari et al. BMC Pharmacology and Toxicology           (2025) 26:12 

gating, and spatial learning in male and female C57BL/6J mice. Behav Brain 
Res. 2016;314:215–25.

51. Antunes M, Biala G. The novel object recognition memory: neurobiology, test 
procedure, and its modifications. Cogn Process. 2012;13(2):93–110.

52. Wills TJ, Muessig L, Cacucci F. The development of spatial behaviour and the 
hippocampal neural representation of space. Philos Trans R Soc Lond B Biol 
Sci. 2013;369(1635):20130409.

53. Yadav A, Tandon A, Seth B, Goyal S, Singh SJ, Tiwari SK, et al. Cypermethrin 
impairs hippocampal neurogenesis and cognitive functions by altering 
neural fate decisions in the rat brain. Mol Neurobiol. 2021;58(1):263–80.

54. Guo J, Xu J, Zhang J, An L. Alteration of mice cerebral cortex development 
after prenatal exposure to cypermethrin and deltamethrin. Toxicol Lett. 
2018;287:1–9.

55. Elser BA, Kayali K, Dhakal R, O’Hare B, Wang K, Lehmler H-J, et al. Combined 
maternal exposure to cypermethrin and stress affect embryonic brain and 
placental outcomes in mice. Toxicol Sci. 2020;175(2):182–96.

56. Wolansky MJ, Harrill JA. Neurobehavioral toxicology of pyrethroid insecticides 
in adult animals: a critical review. Neurotoxicol Teratol. 2008;30(2):55–78.

57. Nieradko-Iwanicka B, Borzęcki A. Influence of Fenpropathrin on Memory and 
Movement in mice after transient incomplete cerebral ischemia. J Toxicol 
Environ Health Part A. 2010;73(17–18):1166–72.

58. Ray RK. Pyrethroid insecticides mechanisms of toxicity,systemic poi-
soning syndromes, paresthesia, and therapy. Handb Pesticide Toxicol. 
2001;2nd:1289–303.

59. Ray DE. The contrasting actions of two pyrethroids (deltamethrin and cisme-
thrin) in the rat. Neurobehavioral Toxicol Teratology. 1982;4(6):801–4.

60. Casco VH, Izaguirre MF, Marín L, Vergara MN, Lajmanovich RC, Peltzer P, et 
al. Apoptotic cell death in the central nervous system of Bufo arenarum 
tadpoles induced by cypermethrin. Cell Biol Toxicol. 2006;22(3):199–211.

61. Ray RK. DE: Pyrethroid insecticides: mechanisms of toxicity, systemic poison-
ing syndromes, paresthesia, and therapy. In: Handbook of Pesticide Toxicol-
ogy. Acad Press. 2001:1289–303.

62. Zhou L, Zhou M, Tan H, Xiao M. Cypermethrin-induced cortical neurons 
apoptosis via the Nrf2/ARE signaling pathway. Pestic Biochem Physiol. 
2020;165:104547.

63. Gómez-Giménez B, Llansola M, Cabrera-Pastor A, Hernández-Rabaza V, Agustí 
A, Felipo V. Endosulfan and Cypermethrin Pesticide mixture induces syner-
gistic or antagonistic effects on Developmental exposed rats depending on 
the analyzed behavioral or neurochemical end points. ACS Chem Neurosci. 
2018;9(2):369–80.

64. Paravani EV, Simoniello MF, Poletta GL, Zolessi F, Casco VH. Cypermethrin: 
oxidative stress and genotoxicity in retinal cells of the adult zebrafish. Mutat 
Research/Genetic Toxicol Environ Mutagen. 2018;826:25–32.

65. Sharma P, Huq AU, Singh R. Cypermethrin-induced reproductive toxicity in 
the rat is prevented by resveratrol. J Hum Reproductive Sci. 2014;7(2):99.

66. Özok N. Effects of cypermethrin on antioxidant enzymes and lipid peroxida-
tion of Lake Van fish (Alburnus tarichi). Drug Chem Toxicol. 2020;43(1):51–6.

67. Wang H, He Y, Cheng D, Pu D, Tan R, Gao L, et al. Cypermethrin exposure 
reduces the ovarian reserve by causing mitochondrial dysfunction in granu-
losa cells. Toxicol Appl Pharmcol. 2019;379:114693.

68. Paravani EV, Simoniello MF, Poletta GL, Casco VH. Cypermethrin induction of 
DNA damage and oxidative stress in zebrafish gill cells. Ecotoxicol Environ Saf. 
2019;173:1–7.

69. Mishra S, Rajput C, Singh MP. Cypermethrin induces the activation of Rat 
Primary Microglia and expression of inflammatory proteins. J Mol Neurosci. 
2020:1–9.

70. Wang Q, Xu L-F, Zhou J-L, Zhou X-L, Wang H, Ju Q, et al. Antagonism effects 
of cypermethrin on interleukin-6-induced androgen receptor activation. 
Environ Toxicol Pharmacol. 2015;40(1):172–4.

71. Cao D, Chen N, Zhu C, Zhao Y, Liu L, Yang J, et al. β-cypermethrin-induced 
acute neurotoxicity in the cerebral cortex of mice. Drug Chem Toxicol. 
2015;38(1):44–9.

72. Tripathi P, Singh A, Agrawal S, Prakash O, Singh MP. Cypermethrin alters the 
status of oxidative stress in the peripheral blood: relevance to parkinsonism. J 
Physiol Biochem. 2014;70(4):915–24.

73. Agrawal S, Singh A, Tripathi P, Mishra M, Singh PK, Singh MP. Cypermethrin-
induced nigrostriatal dopaminergic neurodegeneration alters the mitochon-
drial function: a proteomics study. Mol Neurobiol. 2015;51(2):448–65.

74. Kumar Singh A, Nath Tiwari M, Prakash O, Pratap Singh M. A current review of 
cypermethrin-induced neurotoxicity and nigrostriatal dopaminergic neuro-
degeneration. Curr Neuropharmacol. 2012;10(1):64–71.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Effects of cypermethrin exposure on learning and memory functions and anxiety-like behavior in rats
	Abstract
	Introduction
	Materials and methods
	Animals
	Chemicals
	Open field test (locomotor activity)
	Assessment of spatial memory via Morris water maze (MWM) test
	Passive avoidance learning test
	Elevated plus-maze (EPM) test
	Novel object recognition (NOR) test
	Method of euthanasia
	Data analysis

	Results
	Locomotor activity (open-field)
	Effect of cypermethrin on spatial memory (MWM task)
	Effect of cypermethrin on PAL test
	Effect of cypermethrin in EPM test performance
	Effect of cypermethrin in NOR test

	Discussion
	Limitations

	Conclusion
	References


