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Abstract
Background and aims: Chlorpyrifos is a worldwide used organophosphorus Keypords
pesticide. In addition to controlling the cholinesterase enzyme, this toxicant Chlorpyrifos
also plays a significant role in the oxidative stress and augmented oxidants. Ok simess
Whereas, extracted rosemary is an antioxidant, and plays a protective role

. . . . . . Rosemary

against free radicals. Therefore, the object of this study was to investigate the
reduction of liver damage caused by chlorpyrifos through the effect of the Liver toxicity
rosemary extract on the oxidative stress of this pesticide. Antioxidant

Methods: In this study, 30 male wistar rats, weighing 200-220 g were used.
The animals (Rats)were randomly divided into five groups, each group
containing six rats for further comparison; Group I: served as control, Group
IT: the chlorpyrifos exposure group (13.5 mg / kg single dose), Group III:
the group exposed to the rosemary extract (100 mg / kg), Group IV: the
exposure group with the toxicant (13.5 mg / kg dose) and rosemary (100 mg /
kg concentration), Group V: simultaneous exposure of toxicant and rosemary
(200 mg / kg oral dose). After 30 days, the Rats were weighed, killed and the
liver tissue was histologically examined and the changes in MDA and GPx Accepted : 2020/12/24
were reviewed.

Received: 2020/05/14

Results: The results of statistical tests showed that, compared to the control
group, the chlorpyrifos significantly damaged the liver tissue and altered the
activity of the glutathione peroxidase and malondialdehyde. The simultaneous
exposure to CPF and rosemary extract can significantly make modifications
to the GPx and MDA levels and mitigate the CPF damage.

Conclusion: According to the results, the rosemary extract can reduce the
oxidative stress caused by the chlorpyrifos and this plant can be used to treat
poisoning caused by this toxic pesticide.
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EXTENDED ABSTRACT

Introduction

Chlorpyrifos is a commonly  used
organophosphorus pesticide, used for household
pests and control flies. The chlorpyrifos is toxic to
human, and the exposure has been linked to the
inhibition of acetylcholinesterase (AChE), leading
to the perturbation of the cholinergic synapses and
consequent signs of neurotoxicity. The chlorpyrifos
induces the chronic toxicity and acute adverse
effects including, immunological perturbations,
teratogenicity and hepatic dysfunction. This
toxicant has a significant role on oxidative stress and
augmented oxidants. Many studies confirmed that
exposure to Chlorpyrifos, in different animal models,
alters tissue contents of the malondialdehyde and
glutathione peroxidase. Rosemary is a perennial herb
generally used for remedial purposes such as, diabetes,
hypercholesterolemia and renal disorders. It also has
neuroprotective effects and antithrombotic activities.
It has been revealed that, the Rosemary plant contains
numerous biologically active substances including,
carnosic acid, carnosol or rosmanol; flavonoids such
as genkwanin, homoplantaginin or cirsimaritin.
However, literature shows that there are no studies
contributed to the protective effects of Rosemary
leaves against the Chlorpyrifos hepatotoxicity.
Therefore, the objective of the present study was
conducted to surveing the level of malondialdehyde
and glutathione peroxidase activity in the liver tissue,
to check the oxidative stress and lipid peroxidation
resulting from Chlorpyrifos. This was examined
by recording the histopathological alterations and
measuring the level changes of malondialdehyde and
glutathione peroxidase in the liver tissue.

Methods

In this study, the dried and powdered plant
leaves were obtained from the local herbal shop
at Tehran, Iran. 50 g of grinded rosemary leaves
were suspended in 200 ml of 70% ethanol to obtain
the extract. And Commercial grade chlorpyrifos
(diethyl 3,5,6-trichloro-2-pyridyl phosphorothioate,
formulation EC40.8%) purchased from an
agriculturalist were used, after that 30 male Wistar
Rats, weighing 200-220 g were selected. Rats were
acclimatized in the laboratory conditions for seven
days before the initiation of the study. The animals
(rats) were randomly divided into five groups, each
group containing six rats for further comparison;
After the period of acclimation, the rats were
randomly assigned into five experimental groups (I-
V). In the control group, the distilled water was given
by intraperitoneal (i.p). In the groups IV and V, the
experimental rats were pre-treated with rosemary once
a day for seven consecutive days (100 mg/kg; by oral
gavage). After the seven days pre-treatment, rats were
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treated with rosemary in different concentrations, 100
and 200 mg/kg for the groups, IV and V, respectively,
and before the administration of Chlorpyrifos only
at a dose of 13.5 mg/kg (corresponding to 1/10 LD50
value: 135 mg/Kg). At the end of the experiment,
24 hours after the last exposure, all the rats were
weighed and anesthetized; afterwards, the rats were
killed. The serum was separated by centrifuging at
4000 rpm for 20 min to be used for the assessment
of malondialdehyde and glutathione peroxidase
levels. The rats’ liver tissues were dissected out and
rinsed in normal saline solution. One part of the
liver was homogenized in 4 volumes of phosphate-
buffered saline (PBS), centrifuged. The supernatants
were stored at -70 0C until they were used for the
biochemical studies. Also, a small slice of the liver
tissue was fixed in 10% neutral formalin solution
for histopathological examination purposes. Lipid
peroxidation in the liver was estimated on the basis
of their Malondialdehyde content according to the
manufacturer protocol (ZellBio, Germany). This assay
kit uses the Malondialdehyde with the thiobarbituric
acid adduct formed by the reaction of Malondialdehyde
and thiobarbituric acid (MDA-TBA) under high
temperature. Malondialdehyde was measured in an
acidic media and heat (90-1000C) colorimetrically
at 535 nm. The values of Malondialdehyde were
expressed as pM. The determination of glutathione
peroxidase’s activity in the liver homogenates, was
measured using the ZellBio kits (ZellBio GmbH, Ulm,
Germany). This assay kit was used to quantitative
assay glutathione peroxidase activity on the basis of
the colorimetric assay at 412 nm. For histological
examination, the liver tissue was separated and washed
with saline and then fixed in 10% formalin. The tissues
were then dehydrated and paraffin-embedded in
ethanol. The paraffin-embedded samples were spiked
with a five uM sample with a microtome (model
4055 Iran) and stained with the hematoxylin-eosin
stain. The stained sections were examined by light
microscopy and were photographed afterwards. At the
level of tissue sections, the pathological indices were
scored on a single scale. Data were expressed using
the mean and standard deviation. All the statistical
analyses were performed using the SPSS 22 Version
22 software. Statistical significances were determined
using the one-way ANOVA followed by the Tukey
test for the comparison of the control and rosemary-
treated group data. The value of P<0.05 was taken as a
minimum level of significance.

Results

The present study revealed that the body weights
of the rosemary-treated and control groups increased
progressively throughout the investigations and
recorded a net body weight gain of 23.82 and 26.13%,
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Fig. 1. The line chart shows the growth patterns of the control, chlorpyrifos-treated, rosemary-treated, co-exposure
to CPF and ROS (100 mg/kg), and co-exposure to CPF and ROS (200 mg/kg) animals. The rosemary-treated
group and control group have a much higher net body weight gain throughout, compared to the slower weight

gain in the chlorpyrifos-treated animals.
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Fig. 2. Representative histological images of liver slices (H&E). Normal histoarchitecture representative
histological images of the liver slice A: Control rat showing a normal renal architecture. B: CPF-treated rats
showing necrosis (red arrow), widening of the sinusoidal spaces (blue arrow) and edema of the central vein (black
arrow) C: rats treated with ROS (100 mg/kg) revealed a normal renal architecture D: CPF (13.5 mg/kg) + ROS
(100 mg/kg) showed a partial central vein hyperemia (black arrow), inflammation in cells (red arrow) and nucleus
cell swelling (green arrow). E: CPF (13.5 mg/kg) + ROS (200 mg/kg) showed normal.

respectively. However, the net body weight gain of
the rats intoxicated with separate administration of
the chlorpyrifos was markedly less as compared to
the control. Furthermore, co-exposure of the rats
to chlorpyrifos and rosemary, increased the body
weight gain of the treated rats in group IV and V
compared to the control (Fig. 1). The results of the

‘ﬂ

statistical tests showed that, Chlorpyrifos significantly
altered the activity of the glutathione peroxidase and
Malondialdehyde compared to the control group. The
simultaneous exposure to chlorpyrifos and rosemary
extract can significantly make modifications to the
glutathione peroxidase and malondialdehyde levels
as well, and mitigate the Chlorpyrifos damage. After
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30 days, the sections of the liver from all the groups
were processed for histopathological assessment.
Fig. 2 depicts a representative histopathology of
hematoxylin-eosin-stained of the liver tissues from the
experimental groups based on the histopathological
results, the liver of the control and rosemary-treated
groups, revealed a normal histoarchitecture. On the
contrary, liver tissues of the chlorpyrifos-treated rats
showed necrosis, widening of the sinusoidal spaces
and the edema of the central vein was also observed.
Whereas, co-exposure in the group which received
the chlorpyrifos and rosemary with a concentration of
100 mg/kg, resulted in a marked improvement in the
structure of the hepatocytes as compared to the treated
with the pesticide only. In group V, co-administration
of rosemary with a concentration of 200 mg/kg and
chlorpyrifos, the results were similar to the control

group.

Conclusion

In toxicological investigations, body weight is an
important criterion for the assessment of toxicity.
Generally, a considerable decrease or increase in body
weight, may be considered as a sign of toxicity. During
the course of the current study, in comparison to their
initial weights a significant increase in the body weights
of control animals was observed at the end of the
study. However, the weight gain of the rats intoxicated
with chlorpyrifos was much lower compared to the
control group. These results are in line with many
other studies. This weight loss can be explained by a
metabolic imbalance or reduced dietary intake of the
rats. Rosemary treatment in the concentration of 100
and 200 mg/kg on the chlorpyrifos-treated rats also
resulted in significant net body weight gain. However,
this weight gain was somewhat lesser, when compared
to the control group. Similar protective effects of the
rosemary in improving the body weight gain of the
animals, have been reported in other studies as well.
According to the results, it was shown that rosemary
has a positive effect on the antioxidant systems. In the
current study, it was found that the administration
of rosemary, dose-dependently reduced the harmful

effects of chlorpyrifos toxicity. These effects were
observed in the improvement of the liver functions.
The positive effects of the rosemary administration on
lipid peroxidation is observed at 100 and 200 mg/kg,
but at 200 mg/kg dosages, the rosemary seems to have
amore prominent effect on reducing the oxidant effect
and supporting the antioxidant system. Furthermore,
rosemary could alleviate the induced oxidative stress
by preserving the activity of glutathione peroxidase.
The glutathione peroxidase enzyme levels increased
predominantly in the groups in which 100 mg/kg
and 200 mg/kg (co-exposure with Chlorpyrifos) of
rosemary were administered, however at 200 mg/kg
dosages, rosemary seems to have a more prominent
effect. Compatible with our present result, it was
previously demonstrated that rosemary is a strong
scavenger of radicles and reactive oxygen species
and therefore, the cellular content of the reduced
glutathione peroxidase and antioxidant enzymes are
elevated. The co-treatment of rosemary in 100 mg/
kg dosage improved histological alterations induced
by chlorpyrifos in the liver tissue. In the group of
chlorpyrifos and rosemary with a concentration of 200
mg/kg, a normal liver architecture was observed. In
conclusion, the data from this study provides further
insight, that the chlorpyrifos significantly increased
MDA levels, but decreased GPx enzyme activity in
liver treated rats at the same time. Protective effects
afforded by rosemary in animals treated with the
chlorpyrifos. The data suggest that, the rosemary
treatment in chlorpyrifos-treated animals afforded
protection, according to its antioxidant properties and
thus maintaining the structural as well as functional
disturbances in the liver. Further studies are needed
to determine the exact mechanism of the rosemary
extract on the body of the animal and human
specimens. One of the strengths of this study is, the
use of commercial poison, which is currently being
used in the market and agriculture. From this point
of view, the results of the study can be generalized to
the workplace, but it should be kept in mind that the
extract was used purely in the study, and some other
measures should be considered for the workplace use.
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