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Abstract
Developmental exposure to organophosphate insecticide is well known to induce neurobehavioral impairments, at late period. The present study aims to
investigate the effects of subchronic exposure to Dimethoate, on locomotors
skills and anxiety like behavior among wistar rat. Two groups of female’s rats
are used. The intoxicated group receives daily, during five weeks, by intragastric gavage, a dose of Dimethoate dissolved in corn oil (100 mg/kg body
weight). The control group receives only the corn oil. Spontaneous locomotors activity is evaluated using the Open Field test (OF) and anxiety-like behavior is measured using Elevated Plus-Maze (EPM). Dimethoate induced significant impairment of spontaneous locomotors activities, which is reflected
by high decrease of number of squares crossed (SC) in OF. Females exposed
to Dimethoate develop further anxiety-like response, expressed by significant
reductions of the time spent in open arm of Elevated Plus-Maze.

Keywords
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1. Introduction
Organophosphate pesticides (OP) are widely used in agriculture pest control, in
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order to improve quality of human food. However, their general persistence in
crops products and in environment is considered as hazardous for the public
health [1] [2] [3]. The acute effects of people intoxication especially in suicides
attempts, occupational accident case and food contamination are well studied in
epidemiology [4] [5]. The Dimethote insecticide is one of the most used OP in
United States and throughout the world. Dimethote is used in agriculture, veterinary practice and as ectoparasiticide applied against human body lice [6].
In 1985, the WHO indicated that the Dimethoate degrades in another even
more toxic pesticide, the Omethoate; the proportion of Omethoate in the total
residues can affect 50 percent after five weeks.
The acute neurotoxic mechanism of action of Dimethoate is typically cholinergique. It involves an inhibition of the Acetylcholinesterase (AChE) of the
neuronal tissue through its active metabolic shape, the Omethoate which turns
out to be 10 times as toxic as the Dimethoate (WHO, on 2003).
The Omethoate rapidly binds to the hydroxyl group of the active site of AChE,
and Undergoes a double displacement reaction involving the serum hydroxyl
groups And dimethylphosphorylated from AChE. Thus, phosphorylated AChE
is stable and irreversible.
Inhibition of AChE causes an accumulation of acetylcholine released in the
synaptic cleft. As a result, hyperstimulation of the nicotinic and muscarinic receptors is induced. Thus, the passage of nerve information is disrupted [7].
Furthermore, the oxidative stress caused by the peroxydation of lipids and favored by the Dimethoate is considered as a second mechanism of toxicity of this
organophosphate [8] [9] [10].
Although the acute and sub chronic physical effects of Dimethoate exposure
are well documented [11] [12], there are a limited number of studies describing
the neurobehavioral deﬁcits caused by this OP.
The current study aims to investigate the effects of exposure to sub toxic
doses of Dimethoate, on locomotors skills and anxiety like-behavior in Wistar rats.

2. Materials and Methods
2.1. Chemical
Dimethoate was obtained from commercial grade: Dimethoate 50 (active ingredients 500 g by liter). The Dimethoate concentration (50% purity) in commercial
grade was diluted in corn oil.

2.2. Animals and Treatment
The effect of Dimethoate was tested in both male and female’s rats. The results
are statistically sexe-independent, in this article we chose to illustrate the results
of female’s rats.
Sixty Wistar female’s rats, 4 months of age were obtained from a local breeding colony of Faculty of Sciences, Kenitra-Morocco. Rats were kept under stanDOI: 10.4236/jbbs.2017.710034
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dard condition, 12 h light/12 dark cycle, 20˚C ± 2˚C and 50% - 70% humidity).
They had access to commercial diet (ALF SAHEL-Casablanca, Morocco) and tap
water ad libitum. After 2 weeks of acclimation, rats were randomly divided in
two groups of treatment. Then, thirty rats received by intragastric gavage incremental doses of Dimethoate insecticide dissolved in corn oil; 100 mg/kg of body
weight per day and control group (thirty rats) was given corn oil daily. 100
mg/kg was the maximum tolerated dose. The duration of the intoxication test
was five weeks.

2.3. Physical Parameter Measurements
Physical signs of toxicity and body weight were daily recorded during treatment.

2.4. Behavioral Assessment
2.4.1. Open-Field Test (OF)
To assess possible effects of Dimethoate on spontaneous locomotors activity and
the ability to response to a novel environment rats were evaluated in open-field
test during 5 min. Apparatus consisted to top open wooden bow (100 × 100 ×
40) covered by a white consistent plastic. The floor of the arena were divided into 25 squares unit by black lines and lit in the center with halogen lamps of 60 W
installed in the ceiling [13] [14]. The frequencies of line crossing with the four
paws, the time spent in center of open-field and number of rearing in exploratory activity (anxiety level), were recorded by video camera positioned above the
OF.
2.4.2. Elevated Plus-Maze (EPM)
To measure the degree of anxiety-related behavior, we use the elevated
plus-maze. The apparatus is made of wood and consisted to two enclosed arm
(29 × 5 × 15) and two open arms (29 × 2.5 × 15), placed at a right angle crossing
in a common central platform (5 × 5). The central platform is illuminated with
halogen lamps of 60 W offer rat an aversive condition spatial. Each animal is
placed onto platform facing the open arm and the following behaviors are recorded during 5 min. The time spent in each arm and the numbers of entries in
open and close arm are scored from video sequence. The level anxiety of rat is
assessed by the time spent on the open arm divided by total time, and the number of open-arm entries divided by total number of arm entries [15]. The spontaneous locomotor activity is evaluated by the number of total entries in the
arms of the EPM.
2.4.3. Statistical Analysis
All data are expressed as means ± S.E.M (Standard Error of Mean). Repeat
measured and one-way analyses of variance (ANOVA) are used to analyze difference on body weight and behavioral scores respectively between groups. Post
hoc comparisons are made using Tukeys’ HDS test. Statistical significant is assumed at p < 0.05.
DOI: 10.4236/jbbs.2017.710034
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3. Results
3.1. General Physical Observations
Signs of systematic toxicity such as the loss of weight, the decrease of food grip
were recorded. Dimethoate exposure at dosage 100 mg/kg (b.w) induced toxicity
to female’s rats. Repeated measure ANOVA shows a significant difference in
body weight. Tukey post-hoc analysis revealed that body weight loss is significantly important (p < 0.001) Figure 1.

3.2. Open-Field Behavior
3.2.1. The Effect on the Number of Squares Crossed in OF
The Dimethoate significantly altered spontaneous locomotor activity in female’s
rats. The one-way ANOVA showed a significant reduction in the number of
squares crossed by the treated groups p < 0.001, compared to the controls as
shown in Figure 2.

Figure 1. Effect of the Dimethoate on the body weight to female’s rats Number of errors
on average ± standard error averages (SEM). *p < 0.05, ***p < 0.001, comparison between
intoxicated groups and control groups.

Figure 2. Effects of exposure to Dimethoate on spontaneous locomotors activity in female’s rats. The number of total squares crossed expressed on average ± mean standard
error (SEM). ***p < 0.001, comparison between intoxicated groups and controls.
DOI: 10.4236/jbbs.2017.710034
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3.2.2. The Effect on the Number of Elevations in OF
The number of elevations was increased in the control rats in comparison with
the Dimethoate poisoned rats. This difference is highly significant between the
two groups (p < 0.001) Figure 3.
3.2.3. The Effect on the Time Spent in the Center of the OF
The results show a decrease in the time spent in the center of the open field in
intoxicated rats. These results are statistically significant p < 0.01 Figure 4.

Figure 3. Effects of exposure to Dimethoate on the exploratory activity of female’s rats in
the Open Field. The number of elevations expressed as mean ± mean standard error
(SEM). ***p < 0.001, comparison between intoxicated groups and controls.

Figure 4. Effects of exposure to Dimethoate on the anxiety level of female’s rats in the
Open Field. The time spent in center expressed as mean ± mean standard error (SEM).
***p < 0.01, comparison between intoxicated groups and controls.
DOI: 10.4236/jbbs.2017.710034

488

Journal of Behavioral and Brain Science

M. Samih et al.

3.3. Anxiety-Like Behaviors Assessment
3.3.1. The Effect on the Number of Entries in Open Arms Case of Gavage
Figure 5 shows that the number of open arms entries is significantly important
in rats that are poisoned with Dimethoate. Therefore, there is a very significant
difference between the two studied groups p < 0.001.
3.3.2. The Effect on Time Spent in Open Arms
Figure 6 shows that the time spent on open arm is also very important in the
intoxicated females compared to the controls. This difference is very significant
between the two groups, p < 0.001.
3.3.3. The Effect on Total Entries in All Arms
Figure 7 shows a reduction in the total number of entries in intoxicated rats.
This reduction is statistically significant, p < 0.001.

Figure 5. Effect of exposure to Dimethoate on the anxiety level of female’s rats number of
open arms entries is expressed on average ± mean standard error (SEM). ***p < 0.001,
comparison between intoxicated groups and controls.

Figure 6. Effect of exposure to Dimethoate on the anxiety level of female’s rats the time
spent on open arms is expressed as an average ± mean standard error (SEM). ***p <
0.001, comparison between intoxicated groups and controls.
DOI: 10.4236/jbbs.2017.710034
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Figure 7. Effect of exposure to Dimethoate on spontaneous locomotors activity in female’s rats total entries is expressed as an average ± mean standard error (SEM). ***p <
0.001, comparison between intoxicated groups and controls.

4. Discussion
Organophosphorus insecticides (OPs) are widely used to improve agricultural
productivity. However, the persistence of their residues in agricultural products
and in the environment causes serious problems of environmental pollution and
potentials risks on the health [1]. Concerning the effects of OPs on the brain and
Behavior in the animal model, most studies have been conducted on subtoxic
doses of compounds of high toxicity such as chlorpyrifos (CFP), Methyl parathion (MP) [16], [17] and Diazinon (DZN) [18]. Indeed, these studies have focused mainly on the effects of developmental exposure [19]. However, studies of
effects on the nervous system when exposure occurs at the advanced stage of
development (Young subjects, adults, the elderly…) remain rare, but this type of
exposure reflects a certain reality because manipulation of insecticides in agricultural practice is made by older subjects. It is in this context that joins this experimental study on the Dimethoate, an organophosphorus widely used in agriculture. We will discuss our results in relation to those obtained with potentially
dangerous OPs.

4.1. Systemic Effects of Chronic Exposure to Dimethoate
In the present study, cases of systemic toxicity such as convulsion, salivation and
muscle weakness were observed (data not shown). A significant decrease in
weight was also recorded Figure 1. These results are in perfect agreement with
Jallouli’s work on mice intoxicated by Dimethoate [20].
Another study of developmental toxicity to Malathion also demonstrated a
low body weight gain in young rats at stage (GD 6-PND 45) [21]. From a pathophysiological point of view, the low body weight gain in the exposed groups
could be explained by the effect of overexpression of ACh molecules which increases gastric motility and decreases intestinal absorption [22]. Indeed, the parasympathetic nervous system stimulates the processes of digestion, through the
DOI: 10.4236/jbbs.2017.710034
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NT ACh. However, the excess of this NT due to the inhibition of AChE by the
OP could be at the origin of the dysfunction of this process [23].

4.2. Effects of Dimethoate on Locomotors and
Exploratory Activity
In this study, locomotor and exploratory activities were highlighted by two parameters calculated at the OF level; the total tiles traversed and the number of
elevations (EL) carried out by the rat. Locomotor activity was also evaluated at
the EPM level by the overall number of entries in the different regions of the labyrinth. This parameter constitutes an additional index of locomotion of the
animals.
These activities, locomotors and exploratory, are greatly decreased in the intoxicated rats compared to the control rats. Indeed, the reduction in the number
of SC and EL correlates positively with the awakening deficit and with the increase of the emotional response or the alteration of the locomotor activity [24].
Our results are consistent with those of a previous study that showed impaired
motor function in animals exposed to Dimethoate [25].
The mechanism of action leading to these different effects could be due to the
inhibition of acetylcholinesterase (AChE) by Dimethoate. Indeed, previous studies have reported a significant alteration in locomotor activity associated with a
very high inhibition rate of AChE in a species of arthropod, Folsomia candida,
exposed to subtoxic doses of Dimethoate [26]. However, to better understand
the basic process.
It would be preferable to place ourselves in the context of our study (study on
the animal model). The long-term developmental exposure (GD 6-PND 45) to
Malathion induced a very significant inhibition of AChE associated with altered
locomotors activity and high anxiety behavior [21], [27].
Indeed, it has been shown that the OPs pesticides can cause neurobehavioral
alterations during development [28] [29], and also a persistent deficiency in cholinergic synapses [30].
Indeed, it has been shown that during brain development, ACh and cholinergic projections are heavily involved in the process of proliferation, migration,
synaptogenesis and normal neurons cytoarchitectonique organization [31].
Thus, disruption of the cholinergic transmission induced subsequently inhibition of AChE and therefore an impaired development of the motor system and a
motor coordination deficit [32].
It is well known that inhibition of cerebral AChE by OPs leads to an accumulation of acetylcholine in synapses; consequently hyperactivity in the cholinergic
pathways.
During the postnatal period, animals exposed to AChE inhibitors are able to
develop various behavioral disorders such as motor development disorders and
coordination deficit [33] [34]. In addition, in adult rats, inhibition of AChE
could interfere with normal mechanisms at the neuromuscular junction [35]
[36].
DOI: 10.4236/jbbs.2017.710034
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Another study suggested that the action of Dimethoate might be inhibiting the
Na + K + ATPase pump. Indeed, this enzyme is responsible for the active transport of sodium and potassium ions in the nervous system thus maintaining the
ionic gradient necessary for neuronal excitability and for regulating the volume
of the neuronal cell. This enzyme is present in high concentrations in cerebral
cell membranes, and consumes 40% - 50% of the ATP generated in this tissue
[37]. However, inhibition of the activity of this enzyme could induce membrane
depolarization leading to suppression of excitation and neuronal transmission
[38], [39]. This was demonstrated by the work of Acker [40], which reported
that Malathion inhibited Na + K + ATPase activity in the cerebral cortex of adult
rats, an event that is implicated in the neurotoxicity induced by this compound.

4.3. Effects of Dimethoate on Anxiety Behavior
The sub-chronic exposure to Dimethoate is anxiogenic. This result was highlighted at the level of the open field. Indeed, a highly significant alteration of
the exploratory activity and time spent in the center of the open field were recorded. The results show a significant decrease in the time spent in the center of
the open field in intoxicated rats Figure 4.
This altered level of anxiety is confirmed at the level of the EPM; an ethologically validated test for the evaluation of anxiety in the animal model [41]. Our
results show that both the time spent in the open arms and the number of entries
in the open arms are significantly reduced in the treated rats compared to the
control rats Figure 5 and Figure 6.
To our knowledge, no studies had demonstrated the effects of Dimethoate on
the anxiety level of adult rats. However, our results reinforce the idea that exposure to organophosphates with moderate toxicity has an anxiogenic effect.
An earlier study reported that adult female’s rats showed an altered level of
anxiety after being exposed to acute (50, 100, 250 mg/kg ip) and subchronic (25,
50, 100 mg/kg ip) intoxication of Malathion [42].
However, this study is contrary to that of Valvassori, which has not detected
any anxiogenic effect with these doses [43].
It is true that contradictions exist for the interpretation of OPs on the level of
anxiety; this could be related to several factors. It is suggested that the level at
which poisoning occurs, the duration of exposure and the degree of toxicity of
the OPs should be considered. Indeed, a previous study showed that exposure to
malathion during the critical brain period (GD 6-PND45) induced a highly significant alteration in anxiety level in rats of both sexes with more pronounced
effects in female [21]. In addition, short-term exposure (4 days) at a dose of 1
mg/kg CPF resulted in a persistent increase in anxiety in female mice for the
majority of postnatal periods tested (PND 1 - 4, PND 5 - 8 and PND 13 - 16).
However, for this same dose (1 mg/kg CPF), a 15-day exposure period (PND 9 12) had not led to any change in the anxiety. Furthermore, with a slightly higher
dose (3 mg/kg) of CPF, a marked decrease in anxiety level was noted [44].
DOI: 10.4236/jbbs.2017.710034
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In order to understand the mechanisms of action responsible for increasing
the level of anxiety induced by Dimethoate, it is important to understand the affected systems.
That can be possible due to interaction between Dimethoate and estrogenic
activity disruption in brain sexual differentiation. Exact neurochemistry mechanisms remain ubiquitous and unclear [45]. Moreover, immunohistological
study in cerebellum and cerebral cortex of rats exposed can further contributed
to elucidate these disorders.
However, the common effects of organophosphate insecticides on serotoninergic system can be a main explanation of high level of anxiety expressed in
females [18].
As mentioned above, the main mechanism of action of OPs including Dimethoate is the irreversible inhibition of AChE, resulting in hyperstimulation of the
cholinergic system [7], [46], [47]. Indeed, the work of [21], showed an alteration
of the cholinergic system of the hippocampus of intoxicated rats, but it has been
shown that the cholinergic system plays a modulatory role in the control of the
level of anxiety [48], [49].

5. Conclusions
This study revealed that chronic exposure to a subtoxic dose of Dimethoate, is
likely to affect behavioral functions in female’s rats.
Our results showed that subchronic exposure by gavage with Dimethoate induces a significant anxiogenic effect and altered locomotors activity. These effects are probably due to a disruption of the cholinergic system.

References

DOI: 10.4236/jbbs.2017.710034

[1]

Dallegrave, E., Mantese, F.D., Oliveira, R.T., Andrade, A.J.M., Dalsenter, P.R. and
Langeloh, A. (2007) Pre and Post Natal Toxicity of the Commercial Glyphosate
Formulation in Wistar Rats. Archives of Toxicology, 81, 665-673.
https://doi.org/10.1007/s00204-006-0170-5

[2]

Yen, J.H., Lin, K.H. and Wang, Y.S. (2000) Potential of the Insecticides Acephate
and Methamidophos to Contaminate Groundwater. Ecotoxicology and Environmental Safety, 45, 79-86. https://doi.org/10.1006/eesa.1999.1846

[3]

Mesnage, R., et al. (2015) Potential Toxic Effects of Glyphosate and Its Commercial
Formulations below Regulatory Limits. Food and Chemical Toxicology, 84,
133-153. https://doi.org/10.1016/j.fct.2015.08.012

[4]

Baldi, I., Brochard, P., Mohammed-Brahim, B., Rolland, P. and Salamon, R. (1999)
Méthodes d’estimation rétrospective de l’exposition professionnelle aux pesticides.
[Methods of Retrospective Estimation of Occupational Exposure to Pesticides]. Revue d’Epidémiologie et de Santé Publique, 47, 165-174.

[5]

De Jaeger, C., et al. (2012) Exposition chronique aux pesticides, santé et longévité.
Rôle de notre alimentation. [Chronic Exposure to Pesticides, Health and Longevity.
Role of Our Diet]. Médecine & Longévité, 4, 75-92.
https://doi.org/10.1016/j.mlong.2012.05.002

[6]

Maroni, M., Colosio, C., Ferioli, A. and Fait, A. (2000) Biological Monitoring of
Pesticide Exposure: A Review. Toxicology, 7, 1-118.
493

Journal of Behavioral and Brain Science

M. Samih et al.
[7]

Costa, L.G. (2006) Current Issues in Organophosphate Toxicology. Clinica Chimica
Acta, 366, 1-13. https://doi.org/10.1016/j.cca.2005.10.008

[8]

Halliwell, B. and Gutteridge, J.M.C. (2007) Cellular Responses to Oxidative Stress:
Adaptation, Damage, Repair, Senescence and Death. Free Radicals in Biology and
Medicine, 4, 187-267.

[9]

Sharma, P. and Dubey, R.S. (2007) Involvement of Oxidative Stress and Role of Antioxidative Defense System in Growing Rice Seedlings Exposed to Toxic Concentrations of Aluminum. Plant Cell Reports, 26, 2027-2038.
https://doi.org/10.1007/s00299-007-0416-6

[10] Sharma, P., et al. (2014) Organophosphorous Compounds and Oxidative Stress: A
Review. Toxicological & Environmental Chemistry, 96, 681-698.
https://doi.org/10.1080/02772248.2014.972045
[11] Lal, C.S., Kumar, V., Ranjan, A., Das, V.N., Kumar, N., Kishore, K. and Bhattacharya, S.K. (2004) Evaluation of Cholinesterase Level in an Endemic Population
Exposed to Malathion Suspension Formulation as a Vector Control Measure.
Memórias do Instituto Oswaldo Cruz, 99, 219.
https://doi.org/10.1590/S0074-02762004000200018
[12] Lee, P. and Tai, D.Y. (2001) Clinical Features of Patients with Acute Organophosphate Poisoning Requiring Intensive Care. Intensive Care Medicine, 27, 694.
https://doi.org/10.1007/s001340100895
[13] Azzaoui, F.Z., Ahami, A.O.T. and Khadmaoui, A. (2008) Impact of Aluminum
Sub-Chronic Toxicity on Body Weight and Recognition Memory of Wistar Rat. Pakistan Journal of Biological Sciences, 11, 1830-1834.
https://doi.org/10.3923/pjbs.2008.1830.1834
[14] Azzaoui, F.Z., Ahami, A.O.T. and Khadmaoui, A. (2009) Impact of Lead
Sub-Chronic Toxicity on Recognition Memory and Motor Activity of Wistar Rat.
Pakistan Journal of Biological Sciences, 12, 173-177.
https://doi.org/10.3923/pjbs.2009.173.177
[15] Carobrez, A.P. and Bertoglio, L.J. (2005) Ethological and Temporal Analyses of Anxiety like Behavior: Elevated Plus-Maze Model 20 Years on. Neuroscience & Biobehavioral Reviews, 29, 1193-1205.
[16] Aldridge, J.E., Meyer, A., Seidler, F.J. and Slotkin, T.A. (2005) Alterations in Central
Nervous System Serotonergic and Dopaminergic Synaptic Activity in Adulthood
after Prenatal or Neonatal Chlorpyrifos Exposure. Environmental Health Perspectives, 113, 1027-1031. https://doi.org/10.1289/ehp.7968
[17] Johnson, F.O., Chambers, J.E., Nail, C.A., Givaruangsawat, S. and Carr, R.L. (2009)
Developmental Chlorpyrifos and Methyl Parathion Exposure Alters Radial Arm
Maze Performance in Juvenile and Adult Rats. Toxicological Sciences, 109, 132-142.
https://doi.org/10.1093/toxsci/kfp053
[18] Slotkin, T.A., Tate, C.A., Ryde, I.T., Levin, E.D. and Seidler, F.J. (2006) Organophosphate Insecticides Target the Serotonergic System in Developing Rat Brain Regions: Disparate Effects of Diazinon and Parathion at Doses Spanning the Threshold for Cholinesterase Inhibition. Environmental Health Perspectives, 114,
1542-1546. https://doi.org/10.1289/ehp.9337
[19] Rice, D. and Barone, J. (2000) Critical Periods of Vulnerability for the Developing
Nervous System: Evidence from Humans and Animal Models. Environmental
Health Perspectives, 108, 511. https://doi.org/10.1289/ehp.00108s3511
[20] Jallouli, M., Dhouib, I., Dhouib, H., Gharbi, N. and El Fazaa, S. (2015) Effects of
Dimethoate in Male Mice Reproductive Parameters. Regulatory Toxicology and
DOI: 10.4236/jbbs.2017.710034

494

Journal of Behavioral and Brain Science

M. Samih et al.

Pharmacology, 73, 853-858.
[21] Ngo, P., Rigobert, S.P., Azzaoui, F.Z., Ahami, A.O.T., Samih, M., Chigr, F., Najimi,
M., et al. (2013) Developmental Effects of Malathion Exposure on Recognition
Memory and Spatial Learning in Males Wistar Rats.
[22] Jones, A.L. and Karalliedde, L. (2006) Davidson’s Principles and Practice of Medicine.
[23] Eskenazi, B., Bradman, A. and Castorina, R. (1999) Exposures of Children to Organophosphate Pesticides and Their Potential Adverse Health Effects. Environmental
Health Perspectives, 107, 409.
https://doi.org/10.1289/ehp.99107s3409
[24] Prut, L. and Belzung, C. (2003) The Open Field as a Paradigm to Measure the Effects of Drugs on Anxiety-Like Behaviors: A Review. European Journal of Pharmacology, 463, 3-33.
[25] Harrington, V.M., et al. (2012) Dimethoate Accelerates the Extinction of Eyeblink
Conditioning in Mice. Neurotoxicology, 33, 105-110.
[26] Pereira, C.M., Novais, S.C., Soares, A.M.V.M. and Amorim, M.J.B. (2013) Dimethoate Affects Cholinesterases in Folsomia candida and Their Locomotion False
Negative Results of an Avoidance Behaviour Test. Science of the Total Environment, 443, 821-827.
[27] Acker, C.I., Souza, A.C.G., Pinton, S., da Rocha, J.T., Friggi, C.A., Zanella, R. and
Nogueira, C.W. (2011) Repeated Malathion Exposure Induces Behavioral Impairment and Ache Activity Inhibition in Brains of Rat Pups. Ecotoxicology and Environmental Safety, 74, 2310-2315.
[28] Pope, C.N. (1999) Organophosphorus Pesticides: Do They All Have the Same Mechanism of Toxicity? Journal of Toxicology and Environmental Health Part B: Critical Reviews, 2, 161-181. https://doi.org/10.1080/109374099281205
[29] Slotkin, T.A. and Seidler, F.J. (2005) The Alterations in CNS Serotonergic Mechanisms Caused by Neonatal Chlorpyrifos Exposure Are Permanent. Developmental
Brain Research, 158, 115-119.
[30] Slotkin, T.A., Brown, K.K. and Seidler, F.J. (2005) Developmental Exposure of Rats
to Chlorpyrifos Elicits Sex-Selective Hyperlipidemia and Hyperinsulinemia in
Adulthood. Environmental Health Perspectives, 113, 1291.
[31] Hohmann, J.G., et al. (2003) Neuroendocrine Profiles in Galanin-Overexpressing
and Knockout Mice. Neuroendocrinology, 77, 354-366.
https://doi.org/10.1159/000071308
[32] Ramos, Z.R., Fortunato, J.J., Agostinho, F.R., Martins, M.R., Correa, M., Schetinger,
M.R.C., Dal-Pizzol, F. and Quevedo, J. (2006) Influence of Malathion on Acetylcholinesterase Activity in Rats Submitted to a Forced Swimming Test. Neurotoxicity
Research, 9, 285-290. https://doi.org/10.1007/BF03033318
[33] Dam, K., Seidler, F.J. and Slotkin, T.A. (2000) Chlorpyrifos Exposure during a Critical Neonatal Period Elicits Gender-Selective Deficits in the Development of Coordination Skills and Locomotors Activity. Developmental Brain Research, 121,
179-187.
[34] Aldridge, J.E., Seidler, F.J. and Slotkin, T.A. (2004) Developmental Exposure to
Chlorpyrifos Elicits Sex-Selective Alterations of Serotonergic Synaptic Function in
Adulthood: Critical Periods and Regional Selectivity for Effects on the Serotonin
Transporter, Receptor Subtypes, and Cell Signaling. Environmental Health Perspectives, 112, 148.
[35] Payne, J.F., Mathieu, A., Melvin, W. and Fancey, L.L. (1996) Acetylcholinesterase,
an Old Biomarker with a New Future? Field Trials in Association with Two Urban
DOI: 10.4236/jbbs.2017.710034

495

Journal of Behavioral and Brain Science

M. Samih et al.
Rivers and a Paper Mill in Newfoundland. Marine Pollution Bulletin, 32, 225-231.
[36] Pope, C., Karanth, S. and Liu, J. (2005) Pharmacology and Toxicology of Cholinesterase Inhibitors: Uses and Misuses of a Common Mechanism of Action. Environmental Toxicology and Pharmacology, 19, 433-446.
[37] Silver, I.A. and Erecinska, M. (1994) Extracellular Glucose Concentration in Mammalian Brain: Continuous Monitoring of Changes during Increased Neuronal Activity and upon Limitation in Oxygen Supply in Normo-, Hypo-, and Hyperglycemic Animals. Journal of Neuroscience, 14, 5068-5076.
[38] Albrecht, J. and Hilgier, W. (1994) Similarities of the in Vivo and in Vitro Effects of
Mercuric Chloride on 3h Ouabain Binding and Potassium Activation of
Na+/K+-Atpase in Isolated rat Cerebral Microvessels. Toxicology Letters, 70,
331-336.
[39] Balestrino, M., Young, J. and Aitken, P. (1999) Block of (Na+, K+) Atpase with
Ouabain Induces Spreading Depression-Like Depolarization in Hippocampal Slices.
Brain Research, 838, 37-44.
[40] Acker, C.I., Luchese, C., Prigol, M. and Nogueira, C.W. (2009) Antidepressant-Like
Effect of Diphenyl Diselenide on Rats Exposed to Malathion: Involvement of Na+
K+ Atpase Activity. Neuroscience Letters, 455, 168-172.
[41] Dawson, G.R. and Tricklebank, M.D. (1995) Use of the Elevated Plus Maze in the
Search for Novel Anxiolytic Agents. Trends in Pharmacological Sciences, 16, 33-36.
[42] Assini, F.L., Zanette, K.D., Brocardo, P.S., Pandolfo, P., Rodrigues, A.L.S. and Takahashi, R.N. (2005) Behavioral Effects and Che Measures after Acute and Repeated
Administration of Malathion in Rats. Environmental Toxicology and Pharmacology, 20, 443-449.
[43] Valvassori, S., Fortunato, J.J., Gomes, K.M., Réus, G.Z., Martins, M.R., Gavioli, E.C.,
Schetinger, M.R.C., Dal-Pizzol, F. and Quevedo, J. (2007) Acute and Subacute Exposure to Malathion Impairs Aversive But Not Non-Associative Memory in Rats.
Neurotoxicity Research, 12, 71-79. https://doi.org/10.1007/BF03033902
[44] Ricceri, L., Venerosi, A., Capone, F., Cometa, M.F., Lorenzini, P., Fortuna, S. and
Calamandrei, G. (2006) Developmental Neurotoxicity of Organophosphorous Pesticides: Fetal and Neonatal Exposure to Chlorpyrifos Alters Sex-Specific Behaviors
at Adulthood in Mice. Toxicological Sciences, 93, 105-113.
https://doi.org/10.1093/toxsci/kfl032
[45] Chen, H., et al. (2002) Estrogenicity of Organophosphorus and Pyrethroid Pesticides. Journal of Toxicology and Environmental Health Part A, 65, 1419-1435.
https://doi.org/10.1080/00984100290071243
[46] Farag, A.T., Karkour, T.A.-Z. and El Okazy, A. (2006) Developmental Toxicity of
Orally Administered Technical Dimethoate in Rats. Birth Defects Research Part B:
Developmental and Reproductive Toxicology, 77, 40-46.
https://doi.org/10.1002/bdrb.20066
[47] Ecobichon, D.J. and Joy, R.M. (1993) Pesticides and Neurological Diseases. CRC
Press.
[48] Ouagazzal, A., Kenny, P.J. and File, S.E. (1999) Stimulation of Nicotinic Receptors
in the Lateral Septal Nucleus Increases Anxiety. European Journal of Neuroscience,
11, 3957-3962. https://doi.org/10.1046/j.1460-9568.1999.00823.x
[49] Engin, E. and Treit, D. (2007) The Role of Hippocampus in Anxiety: Intracerebral
Infusion Studies. Behavioural Pharmacology, 18, 365-374.

DOI: 10.4236/jbbs.2017.710034

496

Journal of Behavioral and Brain Science

