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This study is aimed to elucidate the possible antioxidant and protective effects of
Artemisia campestris essential oil (ACEO) against the deleterious effects of chlorpyrifos
(CPF) in rats. The in vivo study revealed increases in aspartate aminotransferase (AST),
alanine aminotransferase (ALT), lactate dehydrogenase (LDH), and alkaline phosphatase
(ALP) activities and the serum contents of creatinine, urea, uric acid, cholesterol,
triglycerides, low density lipoproteins (LDL), and glucose in rats treated with CPF as
compared to controls. Meanwhile, hepatic and renal activities of superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase (GPx) in liver and kidney decreased
and the content of malondialdehyde (MDA) increased. Some histopathologic features
were noticed in liver and kidney of the CPF group. Interestingly, ACEO alleviated the
biochemical disruptions and reduced these hepato-renal morphologic changes.

Keywords: chlorpyrifos toxicity, kidney injury, liver injury, oxidative stress, Artemisia campestris essential oil

INTRODUCTION

Pesticides are commonly used to control insects, fungal diseases, and weeds to protect the
world’s food supply. They are particularly used in agriculture to protect crops, but also in
many other professional activities (maintenance of green spaces, wood treatment, disinfection of
premises, veterinary uses.) as well as for domestic uses (de Bon et al., 2014). Indeed, humans are
differently exposed to pesticides; either directly in agricultural occupations or indirectly through
the consumption of contaminated food (Badraoui et al., 2007; Negatu et al., 2016; Mzid et al., 2017).
The appearance of these molecules (pesticides), generally more effective against pests than the
inorganic molecules that preceded them (copper sulfate, lime.). Hence, these products have made
interesting progress in the quality and quantity of crops and in the fight against disease vectors
(Donkor et al., 2016). However, their wide diffusion and toxic potential raised several questions
about their risks to human health. Pesticides may enter the body when the product is mixed, applied
or cleaned. Also, pesticides can enter the body via the three major routes of exposure: inhalation,
ingestion, and skin contact through the lungs, the mouth, and the dermal contact, respectively.
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Pesticides pose a real public health problem (Badraoui et al.,
2007, 2020; Mzid et al., 2017; Rahmouni et al., 2019). Indeed, the
effects of low amounts of pesticides, in mixture, for long periods
pose many health problems. Recent studies showed that people
exposed to pesticides are more likely to develop cancer, congenital
malformations, infertility problems, neurological problems or
weakened immune systems than others (Sears et al., 2006;
Badraoui et al., 2007, 2012; Mzid et al., 2017). Chlorpyrifos
(CPF) is one of the most widely used organophosphorus (OP)
in the world for both agriculture and indoor applications
(Sharma and Chadha, 2016). The active substance in CPF
induces a disruption of nervous system function by inhibition
of acetylcholinesterase (AChE), an enzyme that degrades the
acetylcholine (Ach) neurotransmitter in both neuromuscular
junctions and cholinergic synapses (Abolaji et al., 2017b). The
AChE enzyme is common to many animals which confers on
OPs a relative selectivity. For this reason, the activity of CPF
is not limited to insects. For example, OPs are very dangerous
to ecosystems (invertebrates and fish), even at very low doses.
The neurotoxic effects of CPF are related to the cholinergic
function, which in turn induces hyperactivity in the cholinergic
synapses (Albuquerquea et al., 2017). These neurotoxic effects
are not related to CPF itself but to its main metabolite; the
chorpyifos-oxon. The latter is well-known to bind to the enzyme
acetylcholinesterase and blocking/disabling its activity within the
nervous synapses (Abolaji et al., 2017a,b). Also, CPF produces
many other damaging effects, such as embryo- and geno- toxicity,
immunological disruptions, hepatic failure, teratogenicity and
neurobehavioral changes (Burke, 2016). Recently, many studies
demonstrated that oxygen free radicals play an important role
in the pesticides’ toxicity (Asghari et al., 2017; Mzid et al.,
2017; Rahmouni et al., 2019; Badraoui et al., 2020). It has
been reported in an experimental study, that CPF produced
oxidative damage associating accumulation of lipid peroxidation
products in several organs (Tanvir et al., 2016). CPF may
differentially change the activity of the cell antioxidants such
assuperoxide dismutase (SOD), glutathione peroxidase (GPx),
and catalase (CAT). Thus, could result in of oxidative stress
damage in various organ systems. Recent study by Narra et al.
(2017) reported that CPF significantly decreased the activities
of these antioxidant enzymes (SOD, CAT, and GPx). Such
effects of CPF might associate the perturbation of the normal
cellular development and/or differentiation (Dominah et al.,
2017). Repeated exposure to CPF caused significant hepato-
renal toxicity. In fact, several disruptions in profile of both
liver and kidney markers have been reported. Together with
this, essential trace elements and antioxidant enzymes were
found to be adversely affected in CPF intoxicated animals
(Abolaji et al., 2017a).

Several dietary antioxidant compounds have been reported
to have health benefits. The consumption of these products
decreased not only oxidative damage but also pro-inflammatory
biomarkers. It is believed that antioxidants, such as vitamins,
can neutralize the formation of oxygen free radicals or overcome
their chemico-biological results, particularly their excessive
formation which is commonly associated with deleterious effects.
Likewise, non-enzymatic antioxidants including vitamins E and

C, can inhibit oxidative stress development via their important
scavenging potential. It has also been shown that vitamin C
can react with the radicals of vitamin E to regenerate vitamin
E (Badraoui et al., 2009; Rahmouni et al., 2019). Another
sources of antioxidants, the herbalism which is a promising
and ethno-pharmacological practice (Akacha et al., 2020). It
refers to the use of a particular plant or one of its parts, its
extracts and/or oil in the treatment of some pathologies or
discomforts. Artemisia campestris (family: Asteraceae), also called
“Tegoufet” in Tunisia, has been long used as traditional medicine.
It has been widely used as an antivenin, anti-inflammatory, anti-
microbial properties (Akrout et al., 2011), and antispasmodic,
antiseptic and for the restoration of declining mental function
and inflammation of the liver (Dib et al., 2017). The A. campestris
essential oil (ACEO) has been extracted and its phytochemical
composition was previously investigated. Furthermore, it has
been reported that ACEO is a rich source of antioxidants and
bioactive compounds (Saoudi et al., 2017a).

The role of this promising ACEO against CPF-induced
changes in hepatic and renal systems has not been investigated
so far. Hence, the current study was undertaken to assess the
potential antioxidant and protective effects of ACEO. Its effects
on CPF-induced liver and kidney toxicity were also explored in
adult male rats.

MATERIALS AND METHODS

Chemicals
The chlorpyrifos (diethyl 3,5,6,-tricholoro-2-pyridyl
phosphorothionate, formulation EC48%) was bought from
the Sfax company of materials, seeds and agricultural products.
The other chemical products were of analytical grades and
purchased from Sigma R© Chemicals Company.

Plant Material and Extraction of
Essential Oil
A. campestris aerial parts (stem and leaves) were collected
from Kasserine (Central region of Tunisia). Small pieces of
the plant were subjected to 2 h hydro distillation using a
Clevenger-type apparatus. The oil phase was extracted and run
three successive times using diethyl ether, then dried using a
vaccum. The extracted essential oil was then purified and stored
until further use.

Animals
Rats Farming
Male Wistar rats of about 210 g were purchased from the Central
Pharmacy of Tunisia (SIPHAT, Tunisia). The rats were given a
standard diet provided by SICO company (Sfax, Tunisia) and
drinking water ad libitum. The animals were housed under
well-controlled conditions of temperature (22 ± 3◦C), 12 h
light/dark cycles and humidity (40%). All animal experiments
were approved and carried out according to the guidelines
of our institution Ethical Committee for care and use of
laboratory animals.
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FIGURE 1 | The experimental scheme.

Experimental Protocols
After acclimatization, the animals were randomly divided into six
groups (Figure 1) of six rats each. All the treatments were given
in the morning between 9 and 10 am.

Group I: Control rats (C group) received drinkable water,
standard diet, water ad libitum and corn oil was intra-peritoneally
injected (IP) for 2 weeks.

Group II: The rats were treated by 200 mg/kg b.w.
ACEO (ACEO group) by IP during 2 weeks. Both dose and
period were selected according to previous published study
(Radulović et al., 2013).

Group III: Chlorpyrifos (CPF group) was given
per gavage for 2 weeks at a dose of 63 mg/kg b.w.
(Bebe and Panemangalore, 2003).

Group IV: Rats were pre-treated by ACEO during 2 weeks and
then CPF was applied together with ACEO during the second
week (ACEO+ CPF group).

Group V: Vitamin C at the dose of 200 mg/kg b.w. (Petrova
et al., 1992) was IP-injected to rats during 2 weeks (Vit C group).

Group VI: Before CPF exposure, rats received an IP pre-
treatment with vitamin C (200 mg/kg b.w.) during 2 weeks
and then CPF was given along with vitamin C for the second
week. ACEO (dissolved in corn oil) was administered to
the concerned groups. The food intake and the body weight
variations were followed.

Tissues Collection and Preparation
After 2 weeks of treatments, the rats were sacrificed by
decapitation under general anesthesia. Serum samples were
collected from the blood of each rat by centrifuging at 2,700 g
for 15 min. Both kidneys and livers were also collected. For each
rat, kidney and liver specimens were homogenized with a Potter
(glass-teflon) in the presence of 10 mM Tris-HCl, pH 7.4. The
homogenates were centrifuged at 4◦C at 10,000 g for 15 min
using Ultra Turrax (T25, Germany). Aliquots of serum and tissue
supernatants were kept at−30◦C until analyzed.

Serum Markers
Aspartate and alanine aminotransferases (AST and ALT,
respectively), alkaline phosphatase (ALP), lactate dehydrogenase
(LDH), creatinine, urea, glucose, uric acid, cholesterol,
triglycerides, HDL, and LDL were assessed in the collected
serum samples using commercial kits. The kits were purchased
from Biomaghreb (Tunisia) and used according to the
instructions of the company.

Thiobarbituric Acid Reactive Substances
(TBARS) Measurements
Thiobarbituric acid reactive substances (TBARS), as an indicator
of lipid peroxidation, were studied in the liver and kidney tissues
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as described by Buege and Aust (1978). Overall, a mixture
composed of 200 mL of tissue extracts, 250 mL of TCA-BHT
(20%TCA and BHT 1%) and 150 mL of TBS (Tris 50 mM,
NaCl 150 mM, pH 7.4) was vortexed and then centrifuged for
10 min at 1,500 rpm. To 400 mL of the supernatant, 320 mL
of Tris–TBA (Tris 26 mM and TBA 120 mM) and HCl 0.6 N
were added. Later on, the mixture was heated for 10 min at
80◦C then the absorbance was read at 530 nm. The extinction
coefficient of 1.56 × 105 mM−1 cm−1 was used to determine
the level of TBARS.

Antioxidant Enzymes Studies
Colorimetric methods were used to determine the levels of
different enzymatic antioxidants. SOD activity was assessed
using the oxidizing reaction of nitroblue tetrazolium (NBT) as
previously reported by Beyer and Fridovich (1987). CAT activity
was measured using H2O2 as reported by Aebi (1984). GPx
activity was measured using H2O2 as substrate and reduced GSH
as published by Flohe and Günzler (1984).

Histopathological Studies
Liver and kidney tissues were fixed in bouin solution and
possessed for standard histological procedure followed
by hematoxylin-eosin (H&E) staining of 4–5 µm thick
sections. The slides were examined using optic microscope
and several histopathological alterations were recorded. The
histopathological features include: necrosis, vacuole formation,
epithelial degeneration, focal necrosis of renal tubules and
reduction of glomerular space in the kidneys. It includes
sinusoidal dilatation, congestion of central vein, ballooning and
degeneration of hepatocytes in the liver. The following scores
were given: (–) for normal appearance (+, ++, and +++) for
mild, moderate, and severe changes.

Statistical Analysis
Statistical analyses were performed using SPSS (version 17). The
analyses include one-way analysis of variance (ANOVA) and
Tukey’s post-hoc test. All data are expressed as mean ± SEM.
Differences with p < 0.05 were considered statistically significant.

RESULTS

Effects on Food Intake and Body Weight
When compared to controls, both food intake and body weight
gain were significantly lower in CPF-treated rats (Table 1).
However, the adverse effects of CPF were significantly reduced
using ACEO or vitamin C.

Serum Biochemical Parameters
Levels of AST, ALT, ALP, and LDH in the different group of
rats are given in Table 2. Statistical increases of serum AST,
ALT, ALP, and LDH in rats exposed to CPF (8.42, 17.46, 22.9,
and 25.19%, respectively) compared with control rats. Significant
decreases in the levels of serum AST, ALT, ALP and LDH in
ACEO plus CPF (ACEO + CPF) rats (3.59, 9.42, 24.9, and

19.76%, respectively) compared with CPF rats. The levels of
serum AST, ALT, ALP, and LDH were statistically unchanged
in rats treated with ACEO and vitamin C as compared with
controls. Levels of serum creatinine, urea, uric acid, cholesterol,
triglycerides, HDL, LDL and glucose in control and treated rats
are shown in Table 3. Levels of serum creatinine, urea, uric
acid, cholesterol, triglycerides, LDL and glucose were statistically
enhanced (p < 0.05) in rats exposed to CPF and rats exposed
to ACEO plus CPF (ACEO + CPF) as compared with control
rats. However, level of serum HDL was statistically decreased
(p < 0.05) in rats exposed to CPF and rats exposed to ACEO
associated CPF (ACEO + CPF) as compared with control rats.
Significant decreases in the levels of serum creatinine, urea,
uric acid, cholesterol, triglycerides, LDL, and glucose in ACEO
plus CPF (ACEO + CPF) rats (p < 0.05) as compared with
CPF rats. In comparison with control data, the levels of serum
creatinine, urea, uric acid, cholesterol, triglycerides, HDL, LDL,
and glucose were statistically unchanged in rats treated with
ACEO and vitamin C.

Oxidative Damage Analyses
The Table 4 exhibits data concerning liver and kidney oxidative
stress analyses (SOD, CAT, and GPx activities) and lipid
peroxidation. Significant reductions (p < 0.05) in hepatic and
kidney activities of SOD, CAT, and GPx associated an increase
of lipid peroxidation rate have been outlined in CPF group as
compared to control. The treatment of rats with ACEO plus
CPF showed significant increases (p < 0.05) in rat hepatic
and kidney antioxidant enzyme activities (SOD, CAT, and GPx)
and a decrease in lipid peroxidation rate as compared with
CPF rats. Once compared with control rats, no significant
alterations in either antioxidant enzyme activities (SOD, CAT,
and GPx) or lipid peroxidation rate were observed in rats
treated with ACEO, ACEO plus CPF, vitamin C, or vitamin C
plus CPF.

Histopathological Examinations
Figures 2, 3 and Table 5 show histopathological findings
and attributed scores for both liver and kidneys in all the

TABLE 1 | Changes in food intake and body weight gain of control and treated
rats with chlorpyrifos, Artemisia campestris essential oil (ACEO), vitamin C, and
their combination (ACEO + CPF and VitC + CPF).

Parameters and treatments Food intake (g/rat/d) Gain weights (%)

Control 18.39 ± 1.33 35.33 ± 1.32

ACEO 19.25 ± 1.67 37.22 ± 2.24

CPF 13.59 ± 1.39** 19.53 ± 1.64**

ACEO + CPF 17.89 ± 3.22## 34.76 ± 2.66##

VitC 18.65 ± 1.28 36.43 ± 1.62

VitC + CPF 18.14 ± 2.29## 34.22 ± 1.39##

Values are mean ± SEM; n = 6 rats in each group. Statistical significant variations
are compared as follows: CPF, ACEO, ACEO + CPF, VitC, and VitC + CPF
treated groups compared to control group; ** indicates highly significantly different
when p < 0.01, CPF group compared to (ACEO + CPF and VitC + CPF) group:
## indicates highly significantly different when p < 0.01.
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experimental rats. Liver tissue sections revealed sinusoidal
dilatation, congestion, ballooning, necrosis, vacuole formations,
and degeneration of hepatocytes after chlorpyrifos treatment.
Both ACEO and vitamin C restored back the liver histological
alterations, which were induced by CPF. However, the control
and the rats treated with ACEO or vitamin C showed normal
architecture of the hepatic lobule (Figure 2). Renal tissue sections

revealed tubular epithelial degenerations, focal necrosis of renal
tubules, vacuole formations and reduction of glomerular space
after chlorpyrifos treatment. Here again, ACEO and vitamin C
co-administration alleviated renal histological alterations which
were induced by CPF. However, the control rats and the treated
rats with ACEO and vitamin C showed normal architecture of the
renal parenchyma (Figure 3).

TABLE 2 | Changes in the activities of serum enzyme of control and treated rats with chlorpyrifos, Artemisia campestris essential oil (ACEO), vitamin C, and their
combination (ACEO + CPF and VitC + CPF).

Enzyme (U/L) Experimental groups

Control ACEO CPF ACEO + CPF VitC VitC + CPF

AST 261.5 ± 49.32 267.5 ± 8.38 285 ± 15.14* 274.75 ± 27.73# 259 ± 31.4 262.66 ± 14.67#

ALT 52 ± 5.03 55 ± 2.77 63.66 ± 0.66* 57.66 ± 4.8# 56.5 ± 7.5 61.66 ± 2.18

ALP 212.4 ± 45.23 208.33 ± 6 275 ± 14** 206.5 ± 7.5## 213.5 ± 8.5 217 ± 43#

LDH 1847.5 ± 228.69 1802 ± 83.84 2469 ± 104** 1981 ± 152.97# 1779 ± 86 2011.33 ± 102.04#

The biochemical parameters: AST (aspartate aminotransferase), ALT (alanine aminotransferase), ALP (alkaline phosphatase), and LDH (lactate dehydrogenase)
represented in international units per liter (U/L). Values are mean ± SEM; n = 6 rats in each group. Statistical significant variations are compared as follows: CPF,
ACEO, ACEO + CPF, VitC, and VitC + CPF treated groups compared to control group; * indicates significantly different when p < 0.05, ** indicates highly significantly
different when p < 0.01, CPF group compared to (ACEO + CPF and VitC + CPF) group; # indicates significantly different when p < 0.05, ## indicates highly significantly
different when p < 0.01.

TABLE 3 | Means of plasma biochemistry of control and treated rats with chlorpyrifos, Artemisia campestris essential oil (ACEO), vitamin C, and their combination
(ACEO + CPF and VitC + CPF).

Parameter Experimental groups

Control ACEO CPF ACEO + CPF VitC VitC + CPF

Creatinine (µmol/L) 27.3 ± 2.85 29.78 ± 0.57 36.45 ± 1.21** 30.47 ± 0.025# 33.15 ± 0.29 32.09 ± 1.84

Urea (mmol/L) 7.3 ± 0.4 7.73 ± 0.57 8.4 ± 0.5* 7.9 ± 0.1# 7.8 ± 0.5 8.2 ± 0.4

Uric acid (µmol/L) 81.91 ± 3.23 77.06 ± 4.18 91.39 ± 3.08* 82.06 ± 1.05# 81.04 ± 3.45 84.87 ± 2.08#

Cholesterol (mmol/L) 1.36 ± 0.18 1.33 ± 0.27 1.5 ± 0.07* 1.38 ± 0.18# 1.31 ± 0.15 1.35 ± 0.07#

Triglycerides (mmol/L) 1.15 ± 0.26 1.25 ± 0.11 1.8 ± 0.11* 1.31 ± 0.25# 1.23 ± 0.04 1.28 ± 0.04#

HDL (mmol/L) 0.44 ± 0.03 0.43 ± 0.01 0.37 ± 0.01* 0.41 ± 0.01# 0.41 ± 0.08 0.44 ± 0.02#

LDL (mmol/L) 0.53 ± 0.01 0.5 ± 0.14 0.64 ± 0.14* 0.52 ± 0.005# 0.48 ± 0.1 0.5 ± 0.03#

Glucose (mmol/L) 7.3 ± 1.02 7.62 ± 0.25 8.5 ± 1.6* 7.25 ± 0.45# 7.9 ± 1.43 6.57 ± 0.17#

Values are mean ± SEM; n = 6 rats in each group. Statistical significant variations are compared as follows: CPF, ACEO, ACEO + CPF, VitC, and VitC + CPF treated
groups compared to control group; * indicates significantly different when p < 0.05, ** indicates highly significantly different when p < 0.01, CPF group compared to
(ACEO + CPF and VitC + CPF) group; # indicates significantly different when p < 0.05.

TABLE 4 | Effects of chlorpyrifos, Artemisia campestris essential oil (ACEO), vitamin C, and their combination (ACEO + CPF and VitC + CPF) on TBARS levels and the
activities of enzymatic antioxidants in liver and kidney of control (C) and experimental rats.

Treatment and parameters Control ACEO CPF ACEO + CPF VitC VitC + CPF

TBARS (nmol MDA/mg protein) Liver 0.61 ± 0.06 0.61 ± 0.09 1.12 ± 0.1** 0.58 ± 0.06# 0.58 ± 0.09 0.57 ± 0.09#

Kidney 2.88 ± 0.11 3.44 ± 0.66 5.04 ± 1.14** 3.55 ± 0.17## 3.39 ± 0.31 3.67 ± 0.42##

SOD (Units/mg protein Liver 19.73 ± 1.21 14.31 ± 3.95 11.8 ± 1.14** 17.56 ± 2.29## 13.99 ± 1.75 15.44 ± 1.42##

Kidney 21.48 ± 4.28 23.95 ± 3.3 18.03 ± 3.31* 20.32 ± 3.2# 25.98 ± 3.15 16.43 ± 2.48#

CAT (µmol H2O2/min/mg protein) Liver 198.8 ± 10.03 177.59 ± 6.33 142.97 ± 7.34** 185.37 ± 8.8## 183.6 ± 4.7 197.61 ± 5.22##

Kidney 100.62 ± 11.04 86.31 ± 8.6 74.87 ± 6.34** 97.23 ± 6.61## 98.25 ± 9.46 92.17 ± 7.56##

GPx (µmol GSH/min/mg protein) Liver 2.32 ± 0.27 2.53 ± 0.23 1.4 ± 0.48* 2.08 ± 0.48## 2.48 ± 0.3 2.06 ± 0.13##

Kidney 8.35 ± 0.72 7.75 ± 0.37 4.32 ± 0.4** 6.61 ± 1.04## 7.90 ± 1.31 6.79 ± 1.2

Values are mean ± SEM; n = 6 rats in each group. Statistical significant variations are compared as follows: CPF, ACEO, ACEO + CPF, VitC, and VitC + CPF treated
groups compared to control group; * indicates significantly different when p < 0.05, ** indicates highly significantly different when p < 0.01, CPF group compared to
(ACEO + CPF and VitC + CPF) group; # indicates significantly different when p < 0.05, ## indicates highly significantly different when p < 0.01.
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FIGURE 2 | Histopathological observation of rat hepatic tissue of control, ACEO, chlorpyrifos, and vitamin C stained with hematoxylin and eosin viewed at original
magnification (×400). (A) Control liver showing normal architecture; (B) ACEO alone administered rats showing normal architecture in liver tissue; (C) CPF liver
sections showed abnormal cellular morphology accompanied by sinusoidal dilatation, congestion, ballooning, necrosis, vacuole formations, and degeneration of
hepatocytes after chlorpyrifos treatment; (D) ACEO + CPF co-treated rats indicating protected hepatic tissue; (E) VitC alone treated rats showed normal architecture
in liver tissue; and (F) VitC + CPF showed that vitamin C co-administration restored liver tissue alteration induced by chlorpyrifos.

DISCUSSION

In the current study, rats exposed to CPF exhibited increases
of serum AST, ALT, ALP, and LDH activities, which could be a
consequence of hepatic tissues injury. The increase of these liver
biomarkers within the serum is usually indicating damage in both
liver morphology and function (Paradies et al., 2014; Rahmouni
et al., 2019; Badraoui et al., 2020). Moreover, the elevation of
serum transaminases (AST and ALT) following CPF treatment
disturbed not only the synthesis of energetic macromolecules,
which are needed for several vital and metabolic functions but
also the detoxification processes (Ali et al., 2016). Our results are
in agreement of the studies of Uzun and Kalender (2013), which

demonstrated that CPF induced hepatotoxic and hematologic
changes in rats. So far, these enzymatic increases could be
associated with liver dysfunction as well as severe alteration in
the permeability of the liver membrane.

Serum creatinine, uric acid, and urea indicators of kidney
function increased significantly in rats after CPF treatment
which may indicate degradation of both purines and pyrimidines
and impaired kidney function. Many reports investigated an
increase of creatinine, urea and uric acid in serum of rats
exposed to toxic compounds including pesticides (Badraoui et al.,
2007, 2012; Hakim et al., 2008; Amri et al., 2017; Meligi and
Hassan, 2017; Kasteel et al., 2020). Levels of serum cholesterol,
triglycerides, LDL, and glucose were statistically enhanced in
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FIGURE 3 | Histopathological observation of renal tissue of control, ACEO, chlorpyrifos, and vitamin C stained with hematoxylin and eosin viewed at original
magnification (×400). (A) Control kidney showing normal architecture; (B) ACEO alone administered rats showing normal architecture in renal tissue; (C) CPF kidney
sections revealed tubular epithelial degenerations, focal necrosis of renal tubules, vacuole formations and reduction of glomerular space after chlorpyrifos treatment;
(D) ACEO + CPF showed that ACEO co-administration restored renal tissue alteration induced by chlorpyrifos; (E) VitC alone treated rats showed normal
architecture in kidney tissue; and (F) VitC + CPF showed that vitamin C co-administration restored renal tissue damage induced by chlorpyrifos.

rats exposed to CPF. Our results corroborates with the studies
of El-Demerdash and Nasr (2014), which demonstrated that
diazinon disrupted several biochemical parameters including
lipid profile. In fact, it is believed that lipids (particularly the
unsaturated fatty acids which belong to the main components
of the cell membranes) belong to the most sensitive molecules
to oxidizing stress. Many reports showed significant changes in
lipids profile in both blood and tissues of experimental animals
exposed to pests (García-García et al., 2016; Rahmouni et al.,
2019; Badraoui et al., 2020). On the other hand, this enhancement
of serum cholesterol in rats treated with CPF may be due to
liver damage that can be attributed to the effect of CPF on the

permeability of liver cell membrane. Our study showed that all
the serum hepatic, and renal lipid profile markers, and the blood
glucose were restored to normal levels in the CPF + ACEO and
CPF+ VitC groups. This may be due to the antioxidant activities
(Saoudi et al., 2017b) of the bioactive components of ACEO.
Recent reports were performed on the antioxidant activities of
essential oil of A. campestris and its effects on many biological
studies (antioxidant, vasorelaxant, antiplatelet, anticancer, anti-
acetylcholinesterase,. . .). In the current study, the perturbations
of the biochemical parameters (hepatic markers, kidney markers,
lipid profile, and blood glucose) were associated with an oxidative
damage in rats’ livers and kidneys after treatment with CPF.
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TABLE 5 | The severity of the reaction in liver and kidney tissue of control and treated rats with chlorpyrifos, Artemisia campestris essential oil (ACEO), vitamin C, and
their combination (ACEO + CPF and VitC + CPF).

Histopathological alterations Experimental groups

Control ACEO CPF ACEO + CPF VitC VitC + CPF

Liver

Sinusoidal dilatation – – ++ – – –

Congestion of central vein – – + + – +

Ballooning degeneration of hepatocytes – – ++ + – –

Necrosis – – + – – –

Vacuole formations – – ++ – – +

Kidneys

Epithelial degenerations – – ++ + – –

Focal necrosis of renal tubules – – ++ – – +

Vacuole formations – – + + – +

Reduction of glomerular space – – + – – –

+++ Severe; ++ moderate; + mild; – nil.

Our results revealed that CPF treatment caused oxidative stress
in the liver and kidney of rats, which was associated with the
generation of lipid peroxidation (LPO). The overproduction
of LPO disturbed the integrity of cellular membranes and
implicated in the pathogenesis of liver and kidney injuries
(Badraoui et al., 2007; Joshi et al., 2017; Saoudi et al., 2018).
For this reason, it has been used as an indicator of pesticides
induced oxidative stress (Badraoui et al., 2007; Hemalatha et al.,
2016; Mzid et al., 2017). The present results demonstrated that the
administration of CPF caused statistically increases in the level
of liver and kidney LPO and decreases in antioxidant activities
such as SOD, CAT, and GPx. These findings are consistent
with previous studies, which indicated that CPF and other pests
caused oxidative damage confirmed by a decrease in the levels
of antioxidant enzymes (SOD, CAT, and GPx), and increase in
the level of LPO (Mansour and Gamet-Payrastre, 2016; Amri
et al., 2017; Saoudi et al., 2017a). The increase of LPO and
decreases in SOD, CAT, and GPx activities observed in hepatic
and kidneys tissues following CPF exposure could probably be
explained by an excessive production of ROS, which could be
related to hepatocyte and kidney enzymes leakage (Narra et al.,
2017). The present results are in accordance with those of Mosbah
et al. (2016) who demonstrated a significant increase in LPO level
and decreases of SOD, CAT, and GPx activities in plasma and
testis after treatment of male rats with CPF. In fact, CPF can
be responsible for increasing the production of reactive oxygen
species (ROS) in cells, which lead to increased lipid peroxidation
levels and oxidative damage (Kasteel et al., 2020). The decrease
in antioxidant enzyme activities in liver and kidney tissues was
due to cellular injury and death of healthy cells that are able to
respond to the oxidative insult. On the other hand, it may be
due to the insufficient detoxification capacity of CPF and damage
caused by ROS (Amri et al., 2017; Kutluyer et al., 2017; Mzid et al.,
2017). SOD, CAT, and GPx activities, as antioxidant enzymes,
play an important role in the protection against the deleterious
effects of LPO by scavenging superoxide anions and hydroxyl
ions. ACEO was also reported to combat effects of many toxins,
including pesticides and heavy metals (Badraoui et al., 2012;

Houicher et al., 2016; Saoudi et al., 2017a). In our experiment,
pre-administration of ACEO or vitamin C against CPF resulted
in an increase in the activities of SOD, catalase and GPx in
the liver and kidney tissues of rats. Preventive treatment with
ACEO also restored the MDA level suggesting decrease in lipid
peroxidation. These properties could be attributed to the high
levels of antioxidants such as phyocyanin, carotenoids, vitamins,
minerals, lipids, proteins and carbohydrates, which have been
reported in A. campestris (Dib et al., 2017). Therefore, ACEO
could be used to prevent hepatic and renal diseases especially
those induced by oxidative damage (Saoudi et al., 2017a). The
changes in oxidative stress, liver, and kidney biomarkers in rats
exposed to the CPF corroborated the histopathological lesions
observed in this study. In fact, the liver histological observations
revealed sinusoidal dilatation, congestion, ballooning, necrosis,
vacuole formations, and degeneration of hepatocytes after CPF
treatment. The present findings are in consequence with the
results of previous investigations after exposure to different
types of insecticides (Badraoui et al., 2007; Singh et al., 2017;
Rahmouni et al., 2019). The kidney histological examinations
revealed tubular epithelial degenerations, focal necrosis of
renal tubules, vacuole formations, and reduction of glomerular
space after CPF treatment. Histological observations of the
kidneys of CPF treated rats were comparable with other studies
conducted on deltamethrin treated rats (Saoudi et al., 2017a).
The observations in the previous mentioned studies are in
corroboration and support our results. The marked changes in
the overall histoarchitecture of the liver and kidney in response
to CPF could be attributed to the toxic effects of the insecticide
through the excessive generation of ROS, causing damage to
various membrane components of the hepatic and renal tissues.

ACEO co-administration ameliorates the histological
alterations induced by CPF, suggesting an efficient
antiradical/antioxidant of ACEO. Moreover, our results are
in accordance with earlier studies that postulated the beneficial
role of ACEO on the histopathological and biochemical
changes in rats (Saoudi et al., 2017a). We can conclude that
CPF induced liver and kidney oxidative damage in male rats.

Frontiers in Physiology | www.frontiersin.org 8 February 2021 | Volume 12 | Article 618582

https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles


fphys-12-618582 February 18, 2021 Time: 19:6 # 9

Saoudi et al. Antioxidant Effects of A. campestris Essential Oil

The administration of essential oil of A. campestris provided
significant protection against chlorpyrifos-induced oxidative
stress, biochemical disruptions and histopathological alterations.
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