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Abstract

Background: Echium amoenum (E. amoenum), as one of the most popular plants in Iran, is traditionally used to treat different types
of disorders.
Objectives: This experimental study aimed to evaluate the modulatory effects of E. amoenum on permethrin (PMN)-induced oxida-
tive stress in rats and to determine the cytoprotective effect of E. amoenum on PMN in SK-Hep-1 cells.
Methods: Twenty-four male Wistar rats were randomly divided into four equal groups, including the control (normal saline), orally
treated PMN (125 mg/kg of PMN), E. amoenum (100 mg/kg), and E. amoenum + PMN groups for 28 days. The levels of alanine amino-
transferase (ALT), alkaline phosphatase (ALP), aspartate aminotransferase (AST), lipid peroxidation (LPO), catalase (CAT), and glu-
tathione peroxidase (GPx), as well as the expression of catalase (CAT) and glutathione peroxidase (GPx), were measured in the liver
of all rats. Also, the cytoprotective effect of E. amoenum against PMN was evaluated in the treated SK-Hep-1 cells.
Results: The results indicated that LPO increased significantly in the PMN-treated group, as evidenced by the high concentration of
malondialdehyde (MDA) in the liver. Alterations of the antioxidant system were also confirmed by the significant decline in CAT and
GPx activities (2.9 ± 0.14 and 0.5 ± 0.03, respectively; P < 0.05) and the significant downregulation of CAT (0.4 ± 0.02 folds) and
GPx (0.3 ± 0.01 folds) mRNA expression in the liver (P < 0.05). PMN also stimulated significant changes in hepatic biomarkers and
induced pathological changes in the liver. On the other hand, administration of E. amoenum significantly reduced abnormalities
in biochemical markers, LPO, antioxidant enzymes, gene expression, and pathological complications induced by PMN (P < 0.05). E.
amoenum also exhibited cytoprotective effects against cytotoxicity induced by PMN in SK-Hep-1 cells.
Conclusions: The present results demonstrated that E. amoenum has significant antioxidant, gene-regulating, and cytoprotective
effects.
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1. Background

Oxidative stress can be caused by the excess produc-
tion of reactive oxygen species (ROS) and reactive nitro-
gen species (RNS). The concentrations of ROS and RNS can
be controlled through production and elimination. On
the other hand, imbalance between ROS production and
antioxidant level can result in oxidative stress. Also, ac-
cumulation of ROS and RNS leads to oxidative damage
in various molecules, such as proteins, lipids, and nu-
cleic acids. It is known that oxidative stress plays a major
role in many important pathophysiological processes (1-3).
Pyrethroids are the most popular insecticides, used glob-
ally as pest controllers (4). Permethrin (PMN) is the most
popular pyrethroid with a wide spectrum of insecticidal

activities in agriculture and vector control interventions
in public health. It can also control a wide range of veteri-
nary parasites, including flies, ticks, mites, lice, fleas, and
mosquitoes (2-4). Recently, the fatal attributes of pesticides
have encouraged researchers to study the effects of such
agents on oxidative stress and antioxidant defense mech-
anisms in mammals (3). It is confirmed that pyrethroids
can induce toxicity due to the induction of oxidative stress
in humans and animals. Previous studies suggest that PMN
can induce apoptosis, as well as protein and DNA damage.
It has been also shown that oxidative stress may be by far
the most essential mechanism of PMN toxicity (5). There-
fore, there is a possibility of exposure to PMN in humans
and animals.

Today, it is clear that some herbal products can re-
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duce the toxic effects of various toxicants, such as pesti-
cides in mammals (6, 7). These valuable plants exert their
protective effects by scavenging free radicals and regulat-
ing the antioxidant defense system (7). Some medicinal
plants are recognized as sources of natural antioxidants
in the biological system. Echium amoenum (E. amoenum) is
one of these important medicinal plants in traditional Ira-
nian medicine. All parts of this plant, including the stems,
leaves, and flowers, have pharmaceutical properties, ex-
cept the roots (8, 9). E. amoenum is widely used as a seda-
tive and mood-enhancing agent. It is also applied against
cough, sore throat, and pneumonia (10).

The neuroprotective effects of E. amoenum, including
anti-ischemic (11), analgesic (8), and anxiolytic effects (12,
13), have been shown in animal models. The bluish-purple
flowers of E. amoenum are sources of phenolic compounds,
such as rosmarinic acid, cyanidin, and delphinidin (11).
Cyanidin-3-glucoside, as the most important anthocyanin
in this plant, exhibits protective effects against brain dam-
age and apoptosis, caused by cerebral ischemia (14). To the
best of our knowledge, there is no study regarding the ef-
fects of E. amoenum on oxidative stress, gene expression,
and antioxidant enzymes contributing to oxidative stress
in subacute PMN poisoning in animal models.

2. Objectives

In the present study, we aimed to evaluate the effects
of E. amoenum on preventing or ameliorating oxidative
stress induced by PMN in rats by measuring hepatic cata-
lase (CAT) and glutathione peroxidase (GPx) activities and
determining the expression of oxidative stress genes, in-
cluding CAT and GPx in the rat liver. We also analyzed liver
damage by measuring hepatic markers, such as alanine
aminotransferase (ALT), alkaline phosphatase (ALP), and
aspartate aminotransferase (AST). To confirm liver dam-
age, pathological and cytotoxicity assessments were car-
ried out in SK-Hep-1 cells.

3. Methods

3.1. Animals andMaterials

PMN, a pale yellow liquid (CAS No. 52645-53-1; purity ≥
95%), was purchased from Shanghai Bosman Industrial Co.,
Ltd. (China). Twenty-four adult male Wistar rats were ob-
tained from Razi Vaccine and Serum Research Institute of
Iran. All rats were housed in separate cages and allowed
to adapt to the laboratory environment before the exper-
iment. Following seven days of adaptation, the rats were
randomly divided into four groups. They were kept un-
der hygienic and standard conditions (temperature, 22 ±

2°C; humidity, 55± 5%) in a 12:12 h light/dark cycle, with ac-
cess to standard laboratory food and water. The animals
were maintained according to the guidelines of the Animal
Care Committee of Tehran University and the National In-
stitutes of Health (NIH) Guide for Care and Use of Labora-
tory Animals (NIH publication 86 - 23, revised in 1985).

3.2. E. amoenum Extract Preparation

The petals of E. amoenum were collected from a farm
near Qazvin, a city in west of Iran, and the plant samples
were identified by a botanist. Extraction was carried out,
based on the maceration protocol (15). The plant powder
was mixed in double distilled water and ethanol 70% (1:5)
for 72 hours. Next, the hydroethanolic extract was filtered,
and the filtrate was concentrated via evaporation under
vacuum at 40°C. Finally, the extract from the dried flowers
of E. amoenum was kept at -20°C until further experiments.

3.3. Groups and Treatments

PMN and E. amoenum were separately suspended in a
sterile saline solution container. Twenty-four rats, weigh-
ing 200 - 220 g, were randomly divided into four groups
of six rats each. The first group (control group) received
normal saline (1 mL/kg) for 28 days. The second group was
orally administered a single dose of PMN (125 mg/kg, 1/10
LD50) by gavage for 28 days (16). The third group received
a single dose of E. amoenum extract (100 mg/kg) orally by
gavage for 28 days. Finally, the fourth group received a
single dose of E. amoenum extract (100 mg/kg) and a sin-
gle dose of PMN (125 mg/kg), which were mixed and ad-
ministered orally by gavage for 28 days. The concentra-
tion of E. amoenum extract was selected based on previ-
ous studies (17, 18). All animals were observed twice for
mortality on a daily basis (for 28 days), and clinical signs,
including changes in the skin, fur, eyes, mucous mem-
branes, secretions and excretions, and autonomic activity
(e.g., lacrimation, piloerection, pupil size, and unusual res-
piratory patterns), were investigated. Also, changes in the
gait, posture, response to handling, stereotypies (e.g., ex-
cessive grooming and repetitive circling), and bizarre be-
haviors (e.g., self-mutilation and walking backwards) were
recorded for 28 days (19). At the end of the experimental
period, the rats were anesthetized by intraperitoneal injec-
tion of ketamine (30 - 50 mg/kg) and xylazine (3 - 5 mg/kg)
for blood withdrawal from the heart. Finally, the rats were
sacrificed by cervical dislocation. The liver specimens were
quickly excised and washed with cold saline.

3.4. Tissue Preparation

About 500 mg of the liver sample was homogenized in
2 mL of a phosphate-buffered saline (PBS) solution. Then,
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homogenates were prepared with a homogenizer under
ice-cold conditions and centrifuged at 3000 rpm for 15
minutes at 4°C. Next, the produced supernatant was used
for measuring the malondialdehyde (MDA) concentration,
CAT activity, and GPx activity.

3.5. Analysis of Oxidative Stress and Antioxidant Parameters

The MDA concentration in the liver was assessed, ac-
cording to a standard method for lipid peroxidation (LPO)
analysis (20). Also, GPx and CAT activities were measured,
using the methods proposed by Valentine and Aebi, respec-
tively (21, 22).

3.6. Serum Clinical Chemistry Parameters

Blood samples were collected in test tubes, containing
EDTA. They were kept for 30 minutes and centrifuged at
3000 rpm for 20 minutes. Next, the serum samples were
separated, and the serum concentrations of ALT, AST, and
ALP were measured, using an autoanalyzer (BT3000, Italy)
and commercial Biosystems kits (Spain), according to the
manufacturer’s instructions.

3.7. Histopathological Studies

The liver was isolated and immersed in 10% buffered
formalin at room temperature and sectioned transversely
into 3 - 4 µm slices. The samples were dehydrated in
a graded series of alcohol and xylene and embedded
in paraffin. Finally, the sectioned tissues were stained
with hematoxylin and eosin (23), and evaluated for mor-
phological and histological changes by light microscopy
(Labomed LX-400, USA).

3.8. Total RNA Isolation and cDNA Synthesis

The liver tissue samples were homogenized in phos-
phate buffer (pH 7.0) at 4°C with a homogenizer, and then,
50 mg of the homogenate was used from each rat to ex-
tract total RNA, using the TRI reagentTM solution (Sigma-
Aldrich, USA), according to the standard kit protocol. The
concentration and purity of RNA were characterized using
a NanoDrop ND-1000 spectrophotometer (Thermo Fisher
Scientific, Newington, NH, USA). Also, cDNA was synthe-
sized from 1µg of total RNA, using a cDNA reverse transcrip-
tion kit (Roche, Basel, Switzerland), according to the man-
ufacturer’s instructions.

3.9. Quantitative Polymerase Chain Reaction (qPCR) for Evalu-
ating Catalase and GPx mRNA Transcription

Real-time PCR amplification was performed, using Re-
vertAid Reverse Transcriptase (Stratagene Mx3000P sys-
tem, Agilent Technologies, CA, USA) to measure mRNA tran-
scription of target genes (GPx and CAT) in the liver. The

sequences of primers were designed, using the GenBank
database (Table 1). The PCR reactions were performed un-
der the following conditions: at 95°C for 10 minutes (poly-
merase activation), followed by 40 cycles of 95°C for 15
seconds (denaturation) and 60°C for one minute (anneal-
ing/extension). The results were normalized relative to ß-
actin gene expression and reported as fold changes. The
relative mRNA expression was calculated, using the Livak
method (24).

Table 1. The Primers Sequences for Real Time PCR (CAT and GPx Genes)

Gene Name Primer Sequence

GPx

Forward 5’-GTCCACCGTGTATGCCTTCTCC-3’

Reverse 5’-TCTCCTGATGTCCGAACTGATTGC-3’

CAT

Forward 5’-GAACGAGGAGGAGAGGAAAC-3’

Reverse 5’-TGAAATTCTTGACCGCTTTC-3’

β-actin

Forward 5’-GGTCGGTGTGAACGGATTTGG-3’

Reverse 5’-ATGTAGGCCATGAGGTCCACC-3’

3.10. Cell Culture

The SK-Hep-1 cells were purchased from the Cell Bank of
Pasteur Institute (Iran). The cell line was cultured in a min-
imal essential medium (α-MEM medium), supplemented
with fetal bovine serum (10%, v/v) and antibiotics (peni-
cillin and streptomycin 1%) at 37°C in a 5% CO2 atmosphere
with 95% humidity. The cells were seeded in a flask and
examined microscopically. The cell count was monitored
with a hemocytometer (Germany).

3.11. Cytotoxic Evaluation

Cell viability was evaluated using the MTT assay. In this
colorimetric assay, mitochondrial dehydrogenases con-
vert MTT into formazan crystals in living cells. For cyto-
toxicity analysis, exponentially growing SK-Hep-1 cells were
collected and cultured (1 × 104 cells/well) in a 96-well mi-
crotiter plate and then incubated for 24 hours in a 5% CO2

atmosphere before treatment. The cells were treated with
agents when their confluency reached up to 70%. A range
of PMN and E. amoenum concentrations (10, 100, and 1000
µM) were used to evaluate toxicity, with 0.1% DMSO as the
solvent control. Also, the rats were exposed to a range of
PMN and E. amoenum concentrations (10, 100, and 1000
µM) simultaneously to evaluate toxicity. After treatment
for 24 hours, 100 µL of MTT solution (5 mg/mL) was added
to each well and incubated at 37°C for three hours. Next,
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the supernatants were removed, and 100 mL of DMSO was
added to each well to solubilize the formed formazan crys-
tals. Absorbance was read at 570 nm, using a plate spec-
trophotometer (BioTek, USA).

3.12. Statistical Analysis
Data are presented as mean ± SEM. The mean values

of all parameters were compared between the groups, us-
ing one-way ANOVA, followed by Tukey’s post-hoc test. Data
were analyzed in SPSS version 19, and P < 0.05 was consid-
ered statistically significant.

4. Results

4.1. Clinical Signs and BodyWeight
There was no mortality in any of the experimental

groups. PMN induced clinical signs, including anorexia,
depression, mild muscular tremors, head shaking, and
mild ataxia in the PMN group. On the other hand, no clin-
ical sign was observed in the E. amoenum group. Also, ad-
ministration of E. amoenum plus PMN reduced the sever-
ity of clinical symptoms mediated by PMN. The mean body
weight significantly reduced after the administration of
PMN in the second group, compared to the control group.
However, there were no significant changes in the mean
body weight of the E. amoenum group, compared to the
control group. However, administration of E. amoenum
plus PMN decreased the body weight, compared to the
PMN-treated rats (Table 2).

Table 2. Effect of PMN, E. amoenum, and PMN Plus E. amoenum on the Body Weight of
Ratsa b

Groups Body Weight (g) in the
First Day

Body Weight (g) in the
Last Day

Control 202 ± 20 357 ± 33

PMN 219 ± 22 284 ± 27*

E. amoenum 210 ± 21 361 ± 24

PMN + E. amoenum 209 ± 20 310 ± 22**

aValues were given as means ± SEM for six animals in each group.
bSignificantly different from control group (*P<0.05); significantly different
from PMN group (**P < 0.05)

4.2. Analysis of Biochemical Markers
There was a significant increase in the mean AST, ALT,

and ALP levels (197.6 ± 21.5, 96 ± 8.7, and 679 ± 61.8, re-
spectively) in the PMN group, compared to the control
group (P < 0.05). However, regarding the biochemical pa-
rameters, no significant changes were induced in the E.
amoenum group, compared to the control group. Also, co-
administration of E. amoenum plus PMN reduced the AST,
ALT, and ALP concentrations (151.3 ± 12.7, 68 ± 6.5, and 531
± 42.8, respectively) (P < 0.05) (Figure 1).
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Figure 1. Effect of PMN, E. amoenum and PMN plus E. amoenum on the ALT, AST, and
ALP blood concentrations in rats; Values were given as means± SEM for six animals
in each group. Significantly different from control group (*P < 0.05); significantly
different from PMN group (**P < 0.05)

4.3. Analysis of MDA as an LPO Index

A significant increase was observed in the MDA level
(98 ± 7.5) following PMN exposure in the PMN group (P
< 0.05). On the other hand, simultaneous oral adminis-
tration of E. amoenum plus PMN significantly reduced the
MDA level (72.8 ± 7.5) in the liver tissue, compared to the
PMN group (P < 0.05). On the other hand, there were no
significant changes in the MDA level of the E. amoenum
group, compared to the control group (Figure 2).
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Figure 2. Effect of PMN, E. amoenum, and PMN plus E. amoenum on MDA levels of the
liver in rats after 4 weeks; values were given as means± SEM for six animals in each
group. Significantly different from control group (*P < 0.05); significantly different
from PMN group (**P < 0.05)

4.4. Antioxidant Enzyme Activities in the Liver

Exposure to PMN induced significant adverse effects on
the liver redox status, as evidenced by a significant reduc-
tion in CAT (2.9±0.14) and GPx (0.5±0.03) activities, com-
pared to the controls (P < 0.05). Moreover, E. amoenum sup-
plementation with PMN significantly increased the activi-
ties of CAT (6.1 ± 0.4) and GPx (0.98 ± 0.06) to a near nor-
mal status in the liver (P < 0.05). Also, E. amoenum treat-
ment did not exert any adverse effects on these antioxidant
enzymes (Figure 3).
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Figure 3. Effect of PMN, E. amoenum, and PMN plus E. amoenum on CAT (A) and GPx
(B) activity of the liver in rats after 4 weeks; Values were given as means ± SEM for
six animals in each group. Significantly different from control group (*P < 0.05);
significantly different from PMN group (**P < 0.05)

4.5. Histopathology

PMN administration for four weeks induced some
pathological complications, such as mononuclear cell in-
filtration (lymphocytes) and congestion in the sinusoids,
central vein, and portal vein in the livers of treated rats. On
the other hand, administration of E. amoenum plus PMN
could reduce pathological abnormalities, and the liver tis-
sue appeared almost normal. Also, E. amoenum did not
induce any pathological abnormalities in the treated ani-
mals (Figure 4).

4.6. Expression of GPx and CAT Genes in the Liver

The results of the present study demonstrated that
PMN significantly reduced the expression of GPx and CAT
(0.3 ± 0.01 and 0.4 ± 0.02 folds, respectively), compared
to the control group (0.9 ± 0.05 and 1 ± 0.1 folds, respec-
tively) (P < 0.05). The expression levels of CAT (0.7 ± 0.08
folds) and GPx (0.5 ± 0.06 folds) were significantly higher
in the animals treated with a combination of E. amoenum
and PMN, compared to the PMN group (P < 0.05). Also, ex-
pression of these genes in E. amoenum-treated rats did not
change, compared to the control group (Figure 5).

4.7. Cytotoxic Activity

The SK-Hep-1 cells were treated with a range of PMN
concentrations (10, 100, and 1000 µM) and E. amoenum for
24 hours. PMN significantly reduced the viability of SK-
Hep-1 cells (68± 4%) in a dose-dependent manner, starting
at 100µM (P < 0.05). The survival rate of these cells was the
lowest (34 ± 2%) at the highest dose (1000 µM). PMN did
not induce any significant cytotoxic effects at a concentra-
tion of 10µM for 24 hours (Figure 6). Similarly, E. amoenum
did not induce any significant cytotoxic effects at any of the
concentrations (Figure 6). In the E. amoenum + PMN group,
E. amoenum significantly reduced the cytotoxic effects me-
diated by PMN (P < 0.05) (Figure 6).

5. Discussion

In the present study, the protective effect of E. amoenum
extract on PMN-induced oxidative stress was evaluated in
rats. Antioxidant enzymes protect the cells against the
toxic effects of ROS through oxidation/reduction processes
(25). Our findings revealed that PMN reduced the activi-
ties of CAT and GPx in the liver of treated animals. Antiox-
idant enzyme changes induced by PMN have been shown
to cause dose-, time-, tissue-, gender-, and enantioselective-
dependent effects (5). In agreement with our results, Gab-
bianelli et al. reported that GPx and CAT activities de-
creased following the treatment of rats with PMN (300
mg/kg) for 22 days (26). The reduction in the intracellu-
lar concentration of CAT, glutathione S-transferase (GST),
glutathione (GSH), and GPx is an indicator of PMN-induced
oxidative stress. Consequently, inadequate antioxidant de-
fense or overproduction of free radicals may cause oxida-
tive stress. Our results are compatible with the results of
some studies, indicating that PMN reduced the concentra-
tions of GSH, CAT, and GPx in rats (27, 28). In agreement
with our findings, previous studies have shown that cyper-
methrin treatment reduced the GSH content in the liver
(29). In the present study, important genes associated with
oxidative stress (GPx and CAT) were evaluated. Our results
revealed the downregulation of GPx and CAT mRNA ex-
pression in rats following PMN exposure. Also, we found
that simultaneous treatment with E. amoenum and PMN
could ameliorate the downregulation of mRNA transcrip-
tion. However, we could not find any reports regarding
the mRNA transcription of antioxidant enzymes following
PMN treatment. In this regard, Badgujar et al. reported
that mRNA transcription of GPx and CAT reduced follow-
ing fipronil treatment in the rat liver, which is similar to
our results (30).

Oxidative stress leads to significant LPO in the cell
membrane lipids, where LPO can be evaluated by exami-
nation of changes in MDA and thiobarbituric acid reactive
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Figure 4. Photomicrographs of the hepatic sections stained with H&E. (A) normal liver (control group), (B) mononuclear cell infiltrates, congestion in sinusoids, central vein
and portal vein; (second group), (C) normal liver (third group), (D) mild congestion in central vein with normal hepatocytes (forth group). CV: central vein, arrow: congestion
in central vein, circle: mononuclear cell infiltrates, rectangle: congestion in portal vein, squares: mild congestion in central vein. H&E, x 20.
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Figure 5. The mRNA expression of CAT (A) and GPx (B) in the liver of Wistar rats after
28 days oral exposure with PMN, E. amoenum and E. amoenum plus PMN. Values were
given as means ± SEM for six animals in each group. Significantly different from
control group (*P < 0.05); significantly different from PMN group (**P < 0.05)

substances (TBARS). The results of the present study indi-
cated that PMN administration increased the level of MDA
in the liver of treated rats. Overall, increased MDA concen-
tration in the liver is an indicator of LPO, induced by this
pesticide (26). Gabbianelli et al. reported that when rats
were treated with 34.05 mg/kg of PMN, LPO significantly in-
creased (31). Also, treatment with various concentrations
of PMN in rats caused an increase in MDA after 45 and 60
days (32). In the present study, we found the potential ame-
liorating effects of E. amoenum on CAT and GPx activities,
which were reduced in the liver of treated animals by PMN.
To the best of our knowledge, no study has examined the
protective effects of this plant on changes of these antioxi-
dant enzymes. In a previous study, Ranjbar et al. reported
that administration of 7 mg/kg of E. amoenum extract for
two weeks in humans increased the total antioxidant ca-
pacity (TAC) and thiol group molecules, while reducing
LPO (33). Also, several studies reported that E. amoenum
contains various antioxidants, including flavonoids, tan-
nins, coumarins, xanthenes, and more recently, procyani-
dins and procyanidins (34, 35). Moreover, Velioglu et al.
found a significant correlation between the phenolic con-
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Figure 6. The effect of different doses of PMN (A),E. amoenum (B), andE. amoenumplus PMN (C) on viability of SK-Hep-1 cell lines. Values were given as means±SEM. Significantly
different from control group (*P < 0.05); significantly different from PMN group (**P < 0.05)

tent and antioxidant activity (36), whereas another study
found no significant relationship (37).

In another study, Rabiei and Setorki showed that pre-
treatment of scopolamine-exposed rats with E. amoenum
extract (50, 75, and 100 mg/kg, IP) daily for 21 days in-
creased TAC and reduced MDA in the brain. They found that
E. amoenum has protective effects against scopolamine-
induced learning and memory impairments (17). In the
present study, the levels of ALT, AST, and ALP significantly
increased following the oral administration of PMN in rats.
Overall, AST and ALT, in combination with other markers,
are essential in the diagnosis of liver disorders. The signif-
icant increase of serum ALP level is usually attributed to
liver damage (38). Our results are compatible with a previ-
ous report, indicating that deltamethrin could induce liver
and kidney failure. The findings of these studies reported
the increase of biomarkers, including ALT, AST, and lactate
dehydrogenase (LDH) following deltamethrin treatment
(25 mg/kg body weight) in rats (35). In the present study,
E. amoenum ameliorated PMN-induced changes in hepatic
parameters. Some studies reported that several species
of E. amoenum contained pyrrolizidine alkaloids. In this
regard, Mehrabani et al. reported that the total alkaloid
content of one E. amoenum species was 0.01% in Iran (39).

Based on our findings, this dose of E. amoenum did not in-
duce any hepatic damage in rats. It was also quite efficient
in reducing hepatic damage. Moreover, PMN administra-
tion caused some pathological complications, including
mononuclear cell infiltration and congestion in the sinu-
soids, central vein, and portal vein in the liver. There is
a significant correlation between pathological complica-
tions and biochemical changes in the liver, which can in-
dicate PMN hepatotoxicity.

In the present study, PMN reduced the viability of SK-
Hep-1 cells in a dose-dependent manner. The survival rate
of these cells was the lowest (34%) at the highest dose of
PMN (1000 µM). E. amoenum did not induce any signifi-
cant cytotoxic effects at any of the concentrations. Also,
E. amoenum could significantly ameliorate the cytotoxic ef-
fects, related to PMN. We can suggest that the antioxidant
components of E. amoenum have protective effects against
the oxidant activity of PMN in SK-Hep-1 cells. In this regard,
Safaeian et al. demonstrated that pretreatment of human
umbilical vein endothelial cells (HUVECs) with E. amoenum
extract at concentrations of 100 - 1000 µg/mL decreased
cell death induced by H2O2 in a dose-dependent manner
(11). In another study, the free radical scavenging activity
of E. amoenum was evaluated. The results showed that E.
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amoenum had the highest activity in the hot water extract,
while the lowest activity was observed in the acetonic ex-
tract (40).

In conclusion, the present results demonstrated that
E. amoenum has an ameliorating effect on PMN-induced
LPO, oxidative stress, biochemical changes, gene expres-
sion, and pathological abnormalities in rats and cytotox-
icity in SK-Hep-1 cells. The mechanism of this ameliorat-
ing effect may be associated with the free radical scaveng-
ing and antioxidant activities. Therefore, E. amoenum can
be considered a potential new pharmacological option for
ameliorating oxidative stress-induced damages in individ-
uals exposed to pesticides, such as PMN. Meanwhile, fur-
ther studies are needed to characterize the mechanisms of
the protective effects of E. amoenum.
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