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Introduction: Methomyl (MET) is a carbamate insecticide, used in agriculture and public 
health to eliminate harmful insects. Besides its advantages in agriculture, it causes neurotoxic 
effects. The aim of this study was to evaluate the effect of MET on Spatial Working Memory 
(SWM), oxidative stress parameters,  and histopathological changes in the hippocampus, as 
well as the possible protective role of Pelargonium graveolens Essential Oil (EO).

Methods: Male Wistar rats were randomized into four groups of six animals: group I as the 
control that received the vehicle; group II received EO (75 mg/kg b.w), group III received 
MET (2 mg/kg b.w); and group IV received both MET and EO. The rats were administered 
the respective doses orally by gavage for 28 days. SWM was assessed using Y-maze on the day 
before the first treatment and day 28 after the last dose. They were sacrificed by decapitation and 
their brains were taken for assessing oxidative stress parameters and histopathological analysis.

Results: MET treatment caused SWM deficits. Furthermore, drastic changes were observed  
in aspartate transaminase, alanine aminotransferase, and alkaline phosphatase activities. 
The level of malondialdehyde significantly increased, whereas antioxidant (glutathione-
S-transferase and catalase) enzyme activities significantly decreased. The CA1 region 
of the hippocampus of rats exposed to MET revealed severe histological alterations. 
However, supplementation with EO improved SWM and partially restored the activities of 
antioxidant systems  and prevented neuronal cell damage.

Conclusion: P. graveolens EO has the potential in mitigating most of the adverse effects in the 
hippocampus and prevents SWM impairment induced by MET toxicity.
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1. Introduction 

esticides have became a vital tool in agri-
culture systems for plant protection against 
pests and diseases during the last century, 
allowing for a noticeable rise in the volume 
of crop production by eradicating unwanted 
insects. Nevertheless, excessive exposure to 

these compounds can lead to neurological and cognitive 
disorders (Doherty, 2006; Manjeet & Charles, 2012; Yan, 
Zhang, Liu, & Yan, 2016). These compounds, while being 
in contact with the human body, induce neurotoxic altera-
tions associated with oxidative stress and histological brain 
damage. Carbamates are commonly used in home gardens 
and on farms as insecticides, fungicides, nematocides, mol-
luscicides, and acaricides. 

Methomyl (MET) is a carbamate insecticide introduced 
by DuPont in 1966 with anticholinesterase activity, which 
has been used to control harmful insects in the agriculture 
and public health programs. However, contamination of the 
environment with MET might pose serious harm to nontar-
get organisms. The human can be exposed to MET pesti-
cides through contact with the skin, ingestion, or inhalation. 
MET was classified as a highly hazardous (class 1B) com-
pound by the World Health Organisation (WHO, 2004). 

Many studies have reported that pesticide is a strong 
toxicant that can cause central nervous system disorders 
(Andersen, Debes,  Wohlfahrt-Veje  Murata, Grandjean, 
2015; Levin et al., 2002). The hippocampus is particular-
ly vulnerable to the risks posed by pesticides resulting in 
behavioral and cognitive dysfunctions, such as memory 
disorders (Chen et al., 2012; Virginia et al., 2011). Sev-
eral studies have shown that exposure to Acetylcholin-
esterase (AChE) inhibitor pesticides, such as carbamate 
and organophosphorus can induce learning and memory 
impairments (Olga, Timofeeva, Roeggeb,  Seidlerc, & 
Slotkinac, 2008; Karczmar, 1998), and also repeated ex-
posure to pesticides, affects hippocampal-dependent spa-
tial learning and memory (Parihar, Hattiangady, Shuai, & 
Shetty, 2013; Nasuti et al., 2014; Terry et al., 2003). 

For many pesticides, histopathological  alterations in 
the brain and induction of oxidative stress are one of 
the major mechanisms of their action (Qing et al., 2010; 
El-Demerdash, 2011). Some studies have suggested that 
oxidative stress can have significant implications in the 
neuropathology induced by pesticide exposure. The 
brain is especially vulnerable to oxidative damage due to 
its high content of lipids and high oxygen consumption, 
which can exacerbate oxidative stress. During recent 
decades, the antioxidants have been shown to be impor-

Highlights 

● Methomyl-induced oxidative stress and histopathology in brain particularly hippocampus associated with impair-
ment in spatial working memory.

● P.graveolens EO protected the hippocampus against the oxidative damage and histopathological changes induced 
by the methomyl.

● P.graveolens EO ameliorated methomyl-induced spatial working memory impairment.

Plain Language Summary 

Exposure to pesticides poses a continuous health hazard. Among potential risk factors, pesticides are suspected of 
having neurotoxic effects. Methomyl is a carbamate pesticide widely used in agriculture. Studies showed considerable 
associations between methomyl exposure and severe damage in the brain, hepatic, kidney, and spleen tissues. The 
aim of this study is to investigate the effect of methomyl in oxidative stress biomarkers, histopathological features of 
the hippocampus and to evaluate spatial memory performance as well as the possible neuroprotective role of Pelar-
gonium graveolens EO. The results of this study showed that exposure to methomyl enhances oxidative stress, lead-
ing to an imbalance between oxidants and antioxidants and histopathological changes in the hippocampus associated 
with spatial working memory deficits. P.graveolens EO cotreatment prevented hippocampus against oxidative damage 
and histopathological changes and ameliorate memory deficits. P.graveolens EO has demonstrated antioxidants, anti-
inflammatory, and antibacterial properties, used as a food aromatizing hydrosol. EO of P. graveolens by virtue of its 
effective antioxidant actions have the ability to protect the hippocampus towards the adverse effects caused by metho-
myl through reduction of oxidative damage and memory improvement.
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tant for the protection against oxidative damage induced by 
pesticide exposure. Antioxidants  are classified as follows: 
exogenous (natural or synthetic), such as vitamin C, poly-
phenols, and carotenoids and  endogens compounds that 
both play an important role in the free radical scavenging 
activity and  elimination of the Reactive Oxygen Species 
(ROS). Herbal essential oils present excellent antioxidant 
activities and are used to cure several diseases (Kang, Na, 
& Kim, 2010; Valiollah, Alireza, & Hadi, 2004). Pelargo-
nium graveolens (P. graveolens) commonly called a rose-
scented geranium is a medicinal herb. This plant has the 
highest antioxidant activity. Geranium  Essential Oil (EO) 
is used to treat different disorders, including inflammation, 
dysentery, heavy menstrual flow hemorrhoids, cancer, and 
reproductive system disease (Boukhris, Bouaziz, Feki, El 
Feki,  Sayadi, 2012; Ben Slima, Ali, & Barkallah, 2013).

To our knowledge, the potential protective effect of P. 
graveolens EO on MET-induced Spatial Working Memory 
(SWM) deficits, oxidative stress, and histological altera-
tions in the CA1 region of the hippocampus has not yet 
been explored. Based on the above information, we hy-
pothesized that P. graveolens EO can reduce hippocampal 
damage induced by MET.

The aims of this study were as follows: (i) evaluating the 
effect of MET exposure on SWM  using the Y-maze; (ii) 
assessing the effect of MET on lipid peroxidation, antioxi-
dant defense system,  and  histopathological changes in 
the CA1 region of the hippocampus; and (iii) investigat-
ing the possible protective role of P. graveolens EO against 
MET insecticide. 

2. Materials & Methods

2.1. Chemicals

MET (S-methyl N-(methylcarbamoyloxy) is a  car-
bamate insecticide with a molecular formula of C5 
H10N2O2S (CAS registry number: 16752-77-5). A 
commercial formulation of the MET (Lannate® 25% 
WP) containing 25% of active ingredient was purchased 
from the local market and used in the experiments. Other 
chemical products used in this study were purchased 
from the Sigma Chemical Co. (St Louis, France).

2.2. Essential oil

The EO of P. graveolens was obtained from  the Labo-
ratory of Ethnobotany and Natural Substances, ENS 
Kouba, Algiers, Algeria. The specimen of P. graveolens 
EO has been kept in our laboratory for future refer-
ence. The ten most important components  of P. graveo-
lens EO  are listed in Table 1 with their retention index 
and percentage composition.

2.3. Animals

Experiments were carried out on  24 adult male Wis-
tar rats (weighing 150-250 g; aged 6 to 10 weeks) 
obtained from the Pasteur Institute of Kouba (Algiers, 
Algeria). The rats were housed in polypropylene cages 
and food and water were available ad libitum through-
out the study. They were maintained under laboratory 
conditions as follows: temperature: 24±2 °C, light cycle 
(12 light/12 dark), relative humidity: 40 – 60%. The 

Table 1.  Chemical composition of Pelargonium graveolens essential oil

N° Compound Retention Index  %

1 β-citronellol 18.08 26.08

2 Geraniol 1.36 9.52

3 Linalool 17.52 9.74

4 Germacrene-D 30.08 2.56

5 γ-cadinene 25.58 1.52

6 Citronellyl formate 17.21 10.63

7 I-menthone 14.29 6.87

8 Rose oxide-trans 13.65 0.54

9 Epizonaren 23.68 0.37

10 α-pinene 7.86 0.51
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animals were used and treated in accordance with the Insti-
tutional Guidelines for Animal Care, and the protocol was 
approved by the Local Ethics Committee.

2.4. Experimental design

After an acclimatization period of two weeks, animals were 
randomly divided into four groups of six each and they treat-
ed as follows: group I received only the vehicle Tween 20 
solution (0.9% NaCl containing 0.1% of Tween 20); group 
II received MET at a dose of 2 mg/kg b.w (equivalent to 1/8 
of DL50 MET; Djeffal et al. (2015)); group III received only 
EO of P. graveolens  at a dose of 75 mg/kg b.w (diluted in a 
1% solution of Tween 20); group IV received MET and EO 
of P. graveolens  after 90 min of MET administration. Rats 
were administered their respective doses orally by gavage, 
every day for 28 consecutive days and adjusted weekly for 
body weight changes. The selective dose of P. graveolens EO 
(75 mg/kg b.w) as described by Boukhris, Bouaziz,  Feki, El 
Feki  and Sayadi (2012).

2.5. Assessing SWM by measuring spontaneous al-
ternation

2.5.1. Apparatus 

It is well known that spontaneous alternation is a measure 
of SWM, short-term memory, general locomotor activity, 
and stereotypic behavior (Swonger & Rech, 1972; Deacon 
& Rawlins, 2006). Spontaneous alternation was assessed us-
ing a Y-maze composed of three equally spaced arms  (120°, 
65 cm long, 15 cm width, and 31cm high). The test is based 
on the ability of animals to enter an arm of the Y-maze not 
entered in the previous choices.  

2.5.2. Experimental procedure

SWM performance was assessed on the day before the first 
treatment (day 1) and day 28 after the last treatment, by re-
cording spontaneous alternation behavior in a Y-maze. Be-
havior was conducted in a large quiet room between 10 a.m. 
and 11 a.m. The rat was placed in the maze and allowed to 
freely explore for  5 min. The series of arm entries, including 
returns into the same arm, were visually recorded. An alter-
nation was defined as entries into all three arms on consecu-
tive occasions. The number of maximum alternations was 
considered as the total number of arm entries minus two, 
and the percentage of alternation was calculated as (actual 
alternations/maximum alternations)×100. The apparatus was 
cleaned with 5% alcohol and allowed to dry between ses-
sions.

2.6. Determination of the enzyme activity and oxida-
tive stress markers

2.6.1. Preparation of the tissue homogenates

The rats were euthanized under ether anesthesia and the 
brain quickly removed and the fresh hippocampus was dis-
sected and homogenized (1/10 [w/v]) in cold physiological 
saline (0.9% [w/v] NaCl) using a Polytron homogenizer (T25 
UtraTurax; IKAWerke, Staufen, Germany). Homogenates 
were then centrifuged at 10,000 x g for 20 min at 4 °C and the 
resultant supernatant was then divided into Eppendorf tubes 
and stored at –20 °C until being used for the determination  
of enzyme activities and oxidative stress markers. Protein 
concentration was estimated by the procedure of Bradford 
(1976), using bovine serum albumin as a standard.

2.6.2. Enzyme assays

The transaminase enzymes, including aspartate aminotrans-
ferase (AST) and alanine aminotransferase (ALT)  activities 
in the hippocampal region were measured spectrophotomet-
rically according to the method by Bergmeyer et al. (1978). 
Alkaline phosphatase  (ALP) activity in the hippocampus 
was measured according to the method by Bowers and Mc-
Comb (1975). AST, ALT, and ALP enzyme activities are ex-
pressed as U/mg protein. The Acetylcholinesterase  (AChE) 
activity in the hippocampus was  estimated by the method of 
Ellman (1959). Briefly, in 1,000 μl of PBS (0.1 M, pH: 7.4), 
we added 50 μl of 5-5´-dithiobis (2-nitrobenzoic acid), 50 μl 
of acetylcholine iodide substrate, and 50 μl of supernatant. 
Absorbance values were measured every 30 s for 3 min at 
room temperature (24 °C). The complex was measured at 
412 nm against the blank solution. The data units were dis-
played in μmol/min/mg protein.

2.6.3. Oxidative stress parameters 

2.6.3.1. Estimation of Lipid Peroxidation (LPO) level

The LPO levels in the hippocampus homogenates are deter-
mined based on the Buege and Aust (1984) method. Briefly, 
0.5 ml of supernatant was mixed with 1 ml of Trichloroacetic 
Acid (TCA) to precipitate proteins, and then was solved and 
centrifuged at 2,500 x g  for 10 min at 4°C. The supernatant 
was mixed with Hydrochloric acid (HCl) (0.6 M) and Thio-
barbituric Acid (TBA) was dissolved in Tris, and the mix-
ture was then heated at 80 °C for 10 min and cooled. The 
absorbance of the TBA-Malondialdehyde (MDA) complex 
was measured at 530 nm and LPO was expressed as TBARS 
(nmol MDA/mg protein).
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2.6.3.2. Determination of the reduced Glutathione 
(GSH) level

Reduced GSH level in the hippocampus was estimated 
by the method of Ellman (1959) modified by Jollow  et al. 
(1974). Briefly, 0.8 ml of the homogenate hippocampus was 
added to 0.3 ml of 0.25% sulfosalicylic acid for deproteiniza-
tion, the mixture was incubated for 1 hour at 4°C, and then 
the tubes were centrifuged at 2000g for 15 min. Next, 0.5 
ml of the supernatant was taken and mixed with 0.025 ml of 
Ellman’s reagent (DTNB 0.01 M) and 1 ml phosphate buffer 
(0.1 M, pH: 7.4). The absorbance was recorded at 412 nm 
after 10 min. Total GSH content was expressed as nmol/mg 
of protein.

2.6.3.3. Evaluation of antioxidant enzyme activities

The Activity of Catalase (CAT): The activity of CAT in 
the hippocampus homogenate was estimated using the meth-
od by Aebi (1984). The enzyme catalyzes the decomposition 
of hydrogen peroxides, and the level of enzyme activity was 
followed by monitoring the absorption at 240 nm. One unit 
of CAT activity is defined as the number of enzymes required 
to decompose 1 mmol of hydrogen peroxide (H2O2) in 1 min. 
The enzyme activity was calculated as μmol H2O2 con-
sumed/min/mg protein.

The activity of Glutathione Peroxidase (GPx): The ac-
tivity of GPx in the hippocampus was determined by the 
method of Flohe and Gunzler (1984). Briefly, the assay mix-
ture consisted of 0.3 ml phosphate buffer (0.1M, pH: 7.4), 0.2 
ml  reduced GSH (2 mM), 1mM of H2O2, 0.1ml of sodium 
azide (10 mM),  and 0.3 ml of hippocampus homogenate. 
The mixture was incubated for 15 min at 37 °C, and the re-
action was finished by the addition of 0.5 ml of 5% TCA. 
Tubes were centrifuged at 2000g for 15 min, and the super-
natant was collected. Totally, 0.2 ml phosphate buffer (0.1M, 
pH: 7.4) and 0.7 ml of 5,5ʹ-dithio-bis-(2-nitrobenzoic acid) 
[DTNB (0.4 mg/mL)] were added to reaction supernatant. 
After mixing, absorbance was measured at 420 nm. GPx ac-
tivity was expressed as nmol GSH/mg protein.

The activity of the Glutathione-S-Transferase (GST): 
The activity of GST was assessed according to the method 
provided by Habig, Pabst and Jakoby (1974) using Chloro-
Dinitro Benzene (CDNB) as the substrate. The absorbance 
was measured spectrophotometrically at 340 nm at the 30s 
of intervals for 3 min. GST activity was expressed as nmol 
CDNB/min/mg protein.

2.7. Histopathology study

The brain was removed from the cranial cavity, immediate-
ly fixed in 10% formal saline solution for 48 h, dehydrated in 
increasing concentrations of alcohol, and embedded in paraf-
fin. The brain was then cut into 5-μm thick coronal slices. 
After staining with cresyl violet (Nissl), sections of Corn 
Ammon 1 (CA1) region of the hippocampus were exam-
ined under light microscopy (Max300: Premiere®) with an 
attached digital camera (MA89: Premiere®, 5.0 megapixels 
with 2592 x 1944 resolution) using Cam2V5.4 software for 
determination of the pathological changes.

2.8. Statistical Analysis

All numerical data are expressed as Mean±Standard Er-
ror of Measurement (SEM). A comparison between the two 
means was carried out using a One-way Analysis of Variance 
(ANOVA). Statistical analysis was done using SPSS (version 
14.0, Chicago, IL). Differences were considered significant 
at P<0.05.  

3. Results

3.1. Effect of the treatment on SWM

Figure 1 shows the percentage of spontaneous alterna-
tion behavior (as an index of SWM) and the total number 
of arm entries on days 1 and 28 after the last treatment. In 
Figure A,  the percentage of spontaneous alternation was 
significantly lower (P<0.01) in MET-treated rats compared 
with the control group on day 28 (Figure 1A). On the other 
hand, the exploration rates were not affected by MET expo-
sure as the total number of arm entries; there was no statis-
tically significant difference in MET-treated rats compared 
with the controls (Figure 1B). Cotreatment of P. graveolens 
EO to the MET-treated group significantly improved SWM 
performance in comparison with the MET group (P<0.05) 
(Figure 1A).

 3.2. Effect of MET treatment on enzyme activities in 
the hippocampus

Exposure to MET caused a significant increase in the en-
zyme activities of AST, ALT, and ALP in the hippocampus 
tissue compared with controls (P<0.001, P<0.01, P<0.01, re-
spectively), indicating the induction of severe neurotoxicity 
(Table 2). However, a significant decrease in AChE activity 
in MET-treated rats was observed compared with the control 
group (P<0.001). A decrease in AChE activity indicated the 
inhibition of its activity by MET pesticide. The coadministra-
tion of P. graveolens EO prevented the activities of the above-
mentioned enzymes in the hippocampus.
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3.3. Effect of MET on markers of oxidative stress 
in hippocampus tissue

3.3.1.  Lipid peroxidation levels

Treatment with MET caused a significant  increase in the 
levels of LPO (Figure 2) evaluated by the estimation of 
Thiobarbituric Acid Reactive Substances (TBARS) levels 
in the hippocampus homogenate compared with the con-
trol group (P<0.001). The co-administration of P. graveo-
lens EO significantly alleviated LPO levels in the hippo-

campus tissue compared with the MET group (P<0.01) 28 
days after  exposure to MET.

3.3.2.  Nonenzymatic antioxidant reduced GSH 
levels

Exposure to MET caused a significant reduction in GSH 
levels in the hippocampus homogenate of the MET-treated 
group in comparison with the control group (P<0.01) (Fig-
ure 2). The coadministration of P. graveolens EO signifi-
cantly modulated GSH levels (P<0.05) in comparison with 
the MET group.

Table 2. The values are out of place in the last row (AChE)

Parameters and Groups Control OE Met Met+OE   

AST (IU/ mg protein) 1.26±1.02 1.29±0.22 3.47±0.31*** 2.35±0.22 # **

ALT (IU /mg protein) 5.34±0.81 5.09±1.05 12.11±0.73** 8.90±0.89 #*

ALP (IU/ mg protein) 1.82±0.92 1.97±0.30 3.96 ±0.47** 2.53±0.34 #

AChE (μmol/ min /mg 
prot) 15.08±1.31 14.22±1.44 6.47±0.83 *** 10.96±0.74 ##

Values are given as Mean±SEM for a group of six animals each. * P<0.05; **P<0.01; and ***P<0.001 for all groups in comparison 
with the control group;  # P<0.05;  ## P<0.01 in terms of MET+EO in comparison with the MET group.

Figure 1. Effects of  MET and MET+Pelargonium graveolens EO on SWM 28 days after treatment 

A: Spontaneous alternation; B: The number of total arm entries; 

Values are given as Mean±SEM for a group of six animals each; ** P<0.01 for all groups in comparison with the control group;  
# P<0.05 in terms of in comparison with the MET+EO MET group;

*,**,***, #,##: Lack of the statistical significance
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3.3.3. Enzymatic antioxidants

As shown in Figure 3, treatment with MET caused a 
significant decrease in CAT and GST activities in com-
parison with control rats (P<0.001 and P<0.001, respec-
tively) associated with a significant increase in GPx 
activity compared with the control groups (P<0.001). 
Cotreatment with P. graveolens EO of the MET-treated 
group significantly modulated the CAT, GST, and GPx ac-
tivities compared with the MET group (P<0.05, P<0.01, 
P<0.01, respectively). The P. graveolens restored the an-
tioxidant enzyme activities in the hippocampus. 

3.5  Histopathological findings

The hippocampal area  was stained with cresyl violet 
(Nissl) to evaluate the  morphology of the CA1 hip-
pocampal neurons. In the present study, control and P. 
graveolens EO rats showed a normal neuronal view and 
cells arranged in alignment with visible cytoplasm and 
a nucleus with prominent nucleoli (Figures 4 and 5). 
However, the neurons in the CA1 hippocampal region 
of  MET-treated rats were extensively affected and ap-
peared shrunken with dark cytoplasm and pyknotic nu-
clei (Figure 6).   The coadministration of   P. graveolens 
EO reduced the histopathological appearance and the 
number of affected cells was less than that in the MET 
group (Figure 7).

4. Discussion

MET is a carbamate insecticide widely  used in agri-
culture to control  a wide range of insects. Besides its 
advantages in agriculture, it is known to cause a serious 
negative impact on the environment and health. This 
study aimed at investigating the neurotoxic effects of 
MET on the hippocampus of adult male Wistar rats 28 
days after treatment with P. graveolens. 

The findings of the present study indicated  that expo-
sure to MET impaired SWM of the rats. We noted a sig-
nificant decrease in the  percentage of correct alternations 
in the MET-treated group compared with the controls. 
The deficits in working memory performance may be 
attributed to alterations in synaptic plasticity in response 
to MET exposure (data not shown). These observations 
of memory deficits were similar to the study published 
by Chen et al. (2014) who reported that exposure to pes-
ticide altered memory  by disturbance plasticity and 
synaptic transmission in the hippocampus. Exposure to 
cholinesterase-inhibiting pesticides negatively affects  
memory and cognition (Chen et al., 2012; Kapil et al., 
2010). Other studies have demonstrated that memory 
disorders after exposure to pesticides is associated with 
morphological changes and oxidative damage in neurons 
of the hippocampus (Gasmi et al., 2017; Brocardo,  Pan-
dolfo, Takahashi,  Rodrigues, & Dafre, 2005). 

Figure 2. Effects of  MET and MET+Pelargonium graveolens EO administration on reduced glutathione (nmol/mg of protein) 
and TBARS (nmol of MDA/mg of protein) levels in the hippocampus 28 days after treatment.

The values are expressed as mean±SEM in each group.  P<0.05, **P<0.01, ***P<0.001 for all groups in comparison with the 
control group and  # P<0.05 and ## P<0.01 in terms of MET+EO in comparison with the MET group.

*,**,***, #,##: Lack of the statistical significance
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In our investigation, the co-administration of P. graveo-
lens EO improved SWM in the MET-treated group. The 
beneficial effects of P. graveolens EO could be attributed 
to the presence of chemical components engineered to 
reduce memory loss and improve cognitive function. 
This result proves that P. graveolens EO  plays an im-
portant role in the amelioration of SWM. Many studies 
have shown that  herbal essential oils can profoundly im-
prove memory performance (Ballard, O’Brien, Reichelt,  
& Perry, 2002; Loizzo, Ben Jemia, Senatore, Bruno, 
Menichini, & Tundis, 2013; Lobo, Patil, Phatak, Chan-
dra, 2010). The rate of decline in  SWM after MET ex-
posure was not accompanied by significant changes in 
the number of total arm entries, reflecting no changes 
in exploratory activity. This result suggests that explor-
atory behavior and general locomotor activity of the ani-
mals were not affected by MET treatment.

Our results showed that  MET exposure caused a signif-
icant  increase in the levels of AST, ALT, and ALP activi-
ties in the hippocampus. These results are in agreement 
with previous studies reporting an increase in the  activi-
ties of  serum AST, ALT, ALP after MET exposure (Kara-
mi-Mohajeri & Abdollahi, 2011; El-Demerdash, Attia, 
& Elmazoudy, 2012; Djeffal, Messarah, Boumendjel, 
Kadeche, & Feki, 2015). These enzymes are vital for the 
animal tissues, their  activities  are   linked to the main-
tenance  of amino acid homeostasis, and disturbance of 
their activities might  be  an  indicator of mitochondrial 
damage and loss of the functional integrity of the cell 
membranes (Dahamna, Belguet,  Bouamra, Guendouz, 
& Harzallah, 2011;  Cattani et al., 2014).  The elevated 
activities of AST, ALT, and ALP represent hippocampal 
damage and were accompanied by neuroinflammation 
and  remarkablecell necrosis (Cattani et al.,  2014).  This 

Figure 3. Effects of  MET and MET+Pelargonium graveolens EO treatment  on CAT, GST, and GPx activities  in the hippocam-
pus tissue after 28 days 

Values are given as Mean±SEM for each group of six animals; **P<0.01; ***P<0.001 for all groups in comparison with the con-
trol group;  #P<0.05; ##P<0.01 in terms of MET+EO in comparison with the MET group; 

*,**,***, #,##: Lack of the statistical significance
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drastic increase in transaminases and ALP levels is in 
accordance with our histopathological findings that re-
vealed severe necrosis in the hippocampus tissue. 

Moreover, the results of our investigation also revealed 
a decrease  in  the AChE activity of the MET-treated 
group compared with the control animals. The inhibition 
of AChE enzyme activity is considered as a significant 
marker of exposure to anticholinesterase insecticides,  
such as carbamate and organophosphorus (Varó, Na-
varro, Amat,  & Guilhermino, 2003). Studies have docu-
mented that carbamate pesticide can reversibly inhibit 
acetylcholinesterase to bind the active sites of the en-
zyme in competition with acetylcholine (Darvesh et al., 
2008). The activity of AChE was inhibited by the free 
radical formation and the disturbed prooxidant/antioxi-

dant balance in the hippocampus tissue, which can be 
one of the reasons for decreased AChE activity (Jaza-
yeri, Amanlou, Ghanadian,  Pasalar, & Amanlou, 2014; 
Tsakiris, Angelogianni, Schulpis, & Stavridis, 2000). 
On the other hand, disturbance in a cholinergic system 
associated with cognitive disorders often affects  learn-
ing and memory (Bushnell, Levin, & Overstreet, 1995; 
Chen et al., 2012). However,  supplementation of P. gra-
veolens EO to MET-treated animals showed a significant 
increase in AChE activity compared with the rats treated 
with MET alone. Our results indicated that P. graveolens 
EO ameliorated the activities of enzymes induced by 
MET insecticide in the hippocampus tissues.

Figure 7. Photomicrograph showing the CA1 hippocam-
pal area in the groups treated with MET and co-treated 
with essential oil of Pelargonium graveolens. Normal 
cells: N, affected cells: A. (Nissl staining ×400).

N
A

Figure 6. Photomicrograph illustrating the CA1 hippo-
campal area in the MET-treated group. Affected cells: A. 
(Nissl staining ×400).

A

Figure 5. Photomicrograph illustrating the CA1 hippocam-
pal area in the group treated with essential oil of Pelargo-
nium graveolens. Normal cells: N. (Nissl staining ×400). 

N

Figure 4. Photomicrograph showing the CA1 hippocampal 
area in the control rats. Normal cells: N. (Nissl staining ×400).

N
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Insecticides are toxic compounds released intention-
ally or accidentally into our environment, including car-
bamates. The exposure to these toxic substances acceler-
ates oxidative stress in different types of animal tissues, 
leading to the production  of free radicals and alteration 
of antioxidant enzymes, which might lead to animal tissues 
disorders (Jain, Banerjee, Ahmed,  Arora, & Mediratta, 
2013;  Mansour, Mossa, & Heikal, 2009).

This study  showed a significant increase in LPO level 
in MET-treated rats, evidenced by a significant increase 
in TBARS content in the hippocampus tissue. Exposure 
to insecticide poisoning generally generates free radicals 
and causes LPO. LPO is mediated through the free radical 
metabolites and affects the antioxidants and cellular re-
dox status in tissues. LPO is known as one of the major 
toxic products generated from lipid peroxides during 
pesticide exposure. The overproduction of LPO can im-
pair cell membrane integrity, which can lead to a decrease 
in membrane fluidity and resistance resulting in subnor-
mal membrane function (Ince et al., 2017). Moreover, our 
study revealed a significant decrease in GSH levels in the 
hippocampus after exposure to MET. GSH is  the most  
important natural antioxidant and plays a crucial role in 
protecting cells, which prevents free radical damage and 
helps detoxification  by removing harmful chemicals. 
MET is principally detoxified by conjugating with GSH 
and metabolized to mercapturic acid that is ultimately ex-
creted in urine (Grzywa et al., 2016). GSH is consumed by 
GSH-related enzymes under oxidative stress  for detoxi-
fying the peroxides produced due to increased LPO (El-
Demerdash, Attia, & Elmazoudy, 2012; Asumi, Tonosaki, 
& Smelling, 2007). 

Furthermore, our results indicated a significant decline 
in the activities of CAT, GPx, and GST in the hippocam-
pus after MET exposure. This disturbance in antioxidant 
enzymes activities may be a consequence of  overproduc-
tion in intracellular ROS and /or the depletion of the anti-
oxidant systems due to the involvement  of GSH and these 
enzymes in the detoxification and scavenging of excess 
ROS induced by MET in the hippocampus. Djeffal et al. 
(2015) reported that the increased oxidative stress and cel-
lular damage induced by MET treatment were evident by 
decreased GPx, CAT, and GST levels in the brain, liver, 
and kidney. The brain  due to its higher levels of oxygen 
consumption is the most susceptible organ to oxidative 
stress resulting in a redox imbalance that can  cause oxida-
tive injury  of the hippocampal neurons (Mehta, Parashar, 
& Udayabanu, 2017). However, the coadministration of P. 
graveolens EO protects hippocampal tissue   by enhancing 
the cellular antioxidant properties and consequently de-
creasing the formation of LPO. Our findings revealed that 

MET induced oxidative stress in the hippocampus that can 
be successfully treated  with the P. graveolens through its 
antioxidant properties. Previous studies have reported that 
P. graveolens prevented animal tissue oxidative damage, 
restored the oxidant/antioxidant balance, and maintained 
a reducing intracellular environment (Ben Slima, Ali, & 
Barkallah, 2013; Boukhris, et al., 2012). 

In the present study, the histopathological examination 
of the CA1 region neurons of the control group showed 
a normal appearance, with neurons having nuclei promi-
nent with visible cytoplasm and clearly delineated. How-
ever, sections of the CA1 region of the MET-treated group 
showed disturbances in the histoarchitecture of the CA1 re-
gion and revealed affected neurons that appeared shrunken 
with dark cytoplasm and pyknotic nuclei. Pesticides with 
multiple mechanisms of action in the animal tissues often 
induce cell death through severe necrosis  (Parihar et al., 
2013,  Nasuti et al., 2014; Tan et al., 2009). In the pres-
ent study, the oxidative damage in the hippocampus after 
treatment with MET might be well correlated with the 
histopathological changes in this tissue. However, coad-
ministration of P. graveolens EO in the MET-treated rats 
showed markedly normal-appearing neurons in the hip-
pocampal CA1 region, except for pyknosis in some neu-
rons. The administration of P. graveolens EO protects the 
cellular architecture of the hippocampus  against oxidative 
damage through the reduction of protein oxidation and  mi-
tochondrial damage induced by MET toxicity. 

In conclusion, exposure to  MET for 28 days induced oxi-
dative stress and histopathological changes in the hippo-
campus tissue, leading to a decline in WSM performance. 
EO of P. graveolens due to its effective antioxidant proper-
ties can protect the hippocampus against the adverse effects 
caused by MET through reduction of oxidative damage 
and memory improvement. 
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