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Abstract

Background: Parkinson's disease (PD) is characterized by motor dysfunctions, including tremors, rigidity, and brady-
kinesia. Medications for PD alleviate motor symptoms rather than targeting disease pathogenesis. Recently discovered
features of artemisinin suggested that it might be used to treat neurodegenerative diseases.
Objective: To explore the possible neuroprotective effect of artemisinin in different doses in a rotenone-induced model

of PD.
Materials and methods: A total of 25 mice were randomly divided into five groups: group 1, negative control; group 2,

positive control; and groups 3, 4, and 5, artemisinin treated (30, 40, and 50 mg/kg, respectively). For PD induction,
rotenone (3 mg/kg/day) was administered intraperitoneally for 42 days (6 weeks). Behavioral assessment (open field and
parallel rod tests) was performed twice: after 3 weeks of induction and at the end of the study (after 6 weeks). After
scarification, an immunohistochemical analysis of tyrosine hydroxylase in the substantia nigra pars compacta was
conducted.
Results: Artemisinin administration at a dose of 50 mg/kg produced more pronounced significant protective effects

compared with other diseased and treated groups as guided by behavioral assessment tests and immunostaining
analysis.
Conclusions: Artemisinin showed a promising protective effect in the rotenone-induced PD model. Further research

studies are needed to validate this effect.
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1. Introduction

P arkinson's disease (PD) is considered the sec-
ond most prevalent neurodegenerative disease

after Alzheimer's disease (AD). Approximately
1e3% of people older than 60 years are affected
(Tysnes and Storstein, 2017). It is characterized by a
substantial loss of dopamine (DA) neurons in the
substantia nigra pars compacta (SNpc). It presents
primarily as motor impairments, including tremors,

rigidity, and bradykinesia. The pathogenesis of PD
is multifactorial with several implicated mecha-
nisms such as apoptosis, neuroinflammation, and
oxidative stress (Cheng et al., 2021). At present, PD
is mainly treated with drugs that primarily attenuate
motor manifestations, such as cholinergic antago-
nists, DA agonists, and L-dopa. These medications
aim to raise the DA levels in the striatum to alleviate
the associated motor impairment of PD. However,
they do not offer a long-term solution, because they
all become less effective as DA neuron damage
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worsens (Wang et al., 2020). Prolonged use of these
medications has numerous hazardous adverse ef-
fects (Ahmad et al., 2022). Consequently, recog-
nizing effective, cheap, and nontoxic agents that can
attenuate loss of DA neurons would make signifi-
cant progress in the management of PD.
Among the numerous models for PD, the use of a

rotenone-induced PD model received great atten-
tion for two reasons: (a) it replicates most of the
motor deficits and the histopathological features of
PD, such as LB, and (b) rotenone and other pesti-
cides are potent mitochondrial respiration inhibitors
that are associated with a high incidence of sporadic
PD among the population of the rural areas (Xiong
et al., 2013). Rotenone is a naturally occurring toxin
that readily crosses the BBB as it is a lipophilic
compound (Thirugnanam & Santhakumar, 2022).
Rotenone can induce substantia nigra DA neuron
loss and aggregation of a-synuclein, which are
considered hallmarks of PD neuropathology (Innos
and Hickey, 2021). Thus, a rotenone PD model was
chosen to reproduce behavioral, biochemical, and
pathological features of PD in this study.
Artemisinin is a well-known antimalarial drug

that has saved millions of lives worldwide. No major
adverse effects were reported following the long-
term use of artemisinin (Lu et al., 2019). Recently
observed neuroprotective properties of artemisinin
have not yet been fully investigated. Artemisinin
was found to greatly enhance cognitive performance
and neuronal functions in AD transgenic mice.
These effects were mediated by decreasing oxidative
stress, the release of pro-inflammatory mediators,
and apoptosis-related proteins (Zhao et al., 2020).
Artemisinin has shown neurotrophic and neuro-
protective effects in pheochromocytoma (PC12) cells
(Zeng et al., 2017; Zheng et al., 2016). In an in vitro
model of PD, artemisinin protected dopaminergic
neurons against 1-methyl-4-phenyliodine iodide-
induced damage by the antiapoptotic and antioxi-
dant activities and inhibition of autophagy (Yan
et al., 2021). All these properties of artemisinin and
their obvious association with the pathogenic
mechanisms of PD led us to question its potential
use as a neuroprotective agent in different doses in a
rotenone-induced model of PD.

2. Material and methods

2.1. Drugs and chemicals

Rotenone was obtained from Abcam, Cambridge,
UK (code: ab143145), in the form of raw material
powder and dissolved in 0.5% carboxymethylcel-
lulose solution. Artemisinin (purity�98%) was

obtained from Nanjing Fuxing Biological Technol-
ogy Co. Ltd, Jiangsu, China (cat. no.RL04438), in
the form of powder and dissolved in 0.5%
carboxymethylcellulose solution.

2.2. Sample size

We calculated the sample size using the resource
equation method (Arifin and Zahiruddin, 2017):

n¼DF=kþ 1:

where DF ¼ the error degrees of freedom, k ¼ the
number of mice groups, and n ¼ the number of mice
per group.
The maximum allowed DF is 20, and k is 5. Thus,

n ¼ 20/5 þ 1 ¼ 5 mice per group.

2.3. Animals

A total of 25 male C57BL/6 mice (20e25 g) were
purchased from Mansoura Experimental Research
Center (MERC). Mice were maintained for 1 week
under standard laboratory conditions to acclimate
before starting the experiment, at room temper-
ature, under a controlled 12 h light/dark cycle.
Mice had unrestricted access to food and water
all over the days of the experiment. The local
animal ethics committee approved this experi-
ment design.

2.4. Experimental design

Mice were randomly divided into five groups
(n ¼ 5 per group):
Group 1 was the negative control group, which

received 0.5% carboxymethylcellulose, via intra-
peritoneal injection daily for 42 days.
Group 2 was the rotenone-induced PD group

(positive control group), which received rotenone
(3 mg/kg/day), dissolved in 0.5% carboxymethyl-
cellulose, injected intraperitoneally for 42 days
(Salama et al., 2017).
Group 3 was rotenone-induced PD group treated

with artemisinin (30 mg/kg/day) via intraperitoneal
injection once daily for 42 days, 1 h before rotenone.
Group 4 was rotenone-induced PD group treated

with artemisinin (40 mg/kg/day) as previously
described (Shi et al., 2013).
Group 5 was rotenone-induced PD group treated

with artemisinin (50 mg/kg/day) as previously
described.
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2.5. Assessment

2.5.1. Behavioral tests
Mice were behaviorally assessed after 3 and 6

weeks.

2.5.2. Open field test
This test assessed locomotor activity. The open

field was conducted with the use of a square
wooden box (40 cm � 40 cm) and a wall (35 cm high)
divided into 16 subsquares. Before assessment, mice
were trained for the open-field test, and after that,
they were observed for 5 min. The following pa-
rameters were objectively evaluated using the ANY
MAZE video tracking system (Stoelting Co., Wood
Dale, Illinois, USA): distance traveled by the mice,
average speed, total immobility time, and total
number of immobility episodes were recorded.

2.5.3. Parallel rod test
Motor coordination and balance were evaluated

for mice using a parallel rod floor apparatus
(20 � 20 � 30 cm clear acrylic box with a removable
top). Mice were adapted to the parallel rod test
before assessment and then observed for 5 min. The
number of foot slip errors was calculated for all
mice.

2.5.4. Immunohistochemistry
At the end of the experiment, mice were killed.

Dissected brains were washed with ice-cold saline.
Each brain hemisphere was paraffin-embedded
after being preserved with 4% paraformaldehyde in
0.1 M phosphate buffer overnight. All paraffinized
tissues were removed at the level of the substantia
nigra, dissected to a thickness of 4 mm, and then
allowed to air dry for an entire night at room tem-
perature. The sections were then deparaffinized,
rehydrated, and available for tyrosine hydroxylase
(TH) immunohistochemical staining. Brain sections
were incubated with a rabbit polyclonal anti-TH
antibody (diluted 1: 100; cat. no. YPA2228;
Chongqing Biospes Co., China) overnight at 4 �C. A
biotinylated secondary antibody (diluted 1: 10 000;
Sigma-Aldrich, Saint Louis, Missouri, USA) was
used, followed by the avidinebiotineperoxidase
complex at room temperature for 10 min. Following
the addition of diaminobenzidine, the labeling was
identified. Photographing was done by using an
Olympus microscope. The histological examination
was blindly done for counting the TH-immuno-
positive cells. VideoTest Morphology software
(VideoTesT, Ltd., St.Petersburg, Russia) was used
for image analysis with a specific built-in routine for
particle analysis and counting.

2.6. Statistical analysis

Results were statistically analyzed using SPSS,
version 26 (International Business Machines co.,
New York, USA). The ShapiroeWilk test was used
to evaluate normality. Results were reported as
mean ± SD. Analysis of variance test was performed
followed by a post-hoc Tukey test for comparison
between groups. Paired t test was done to compare
between results at 3 and 6 weeks. The P value is
considered significant when it equals 0.05 or less.

3. Results

3.1. Behavioral tests

3.1.1. Open field test
After 3 weeks: after 3 weeks, the rotenone-induced

PD group exhibited a significant decrease in the
total distance traveled (1.72 ± 0.05) as compared
with the control group (3.74 ± 0.06) (P < 0.001).
Administration of artemisinin at both doses of 30
and 40 mg/kg produced a nonsignificant improve-
ment in the total distance traveled (1.73 ± 0.05 and
1.75 ± 0.04, respectively) in comparison with the
rotenone-induced PD model (P > 0.05). However,
the artemisinin-treated group at a dose of 50 mg/kg
produced a significant improvement in the total
distance traveled (2.14 ± 0.1) in comparison with the
rotenone-induced PD model and other artemisinin-
treated groups (P < 0.001) (Fig. 1a).
The rotenone-induced PD group exhibited a sig-

nificant decrease in the average speed (0.046 ± 0.011)
as compared with the control group (0.11 ± 0.01)
(P < 0.001). Administration of artemisinin at both
doses of 30 and 40 mg/kg produced a nonsignificant
improvement in the average speed (0.05 ± 0.007 and
0.054 ± 0.011, respectively) in comparison with the
rotenone-induced PD model (P > 0.05). The arte-
misinin-treated group at a dose of 50 mg/kg pro-
duced a significant improvement in the average
speed (0.068 ± 0.008) compared with the rotenone-
induced PD model (P < 0.05) and a nonsignificant
improvement in the average speed in comparison
with other artemisinin-treated groups (P > 0.05)
(Fig. 1b).
On the contrary, the rotenone-induced PD group

exhibited a significant increase in the total immo-
bility time (25.56 ± 1.28) as compared with the
control group (5.79 ± 0.23) (P < 0.001). Administra-
tion of artemisinin at a dose of 30 mg/kg produced a
nonsignificant decrease in the total immobility time
(24.68 ± 0.76) in comparison with the rotenone-
induced PD model (P > 0.05). Administration of
artemisinin at a dose of 40 mg/kg produced a
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significant decrease in the total immobility time
(23.78 ± 1.11) in comparison with the rotenone-
induced PD model (P < 0.05). The artemisinin-
treated group at a dose of 50 mg/kg produced a
significant decrease in the total immobility time
(18.52 ± 0.84) in comparison with the rotenone-
induced PD model and other artemisinin-treated
groups (P < 0.001) (Fig. 1c).

The rotenone-induced PD group exhibited a sig-
nificant increase in the total number of immobility
episodes (12.2 ± 0.84) as compared with the control
group (4.2 ± 0.84) (P < 0.001). Administration of
artemisinin at doses of 30 and 40 mg/kg produced a
nonsignificant decrease in the total number of
immobility episodes (11.8 ± 0.84 and 11.2 ± 0.84,
respectively) in comparison with the rotenone-

Fig. 1. Effect of different doses of artemisinin on locomotion in open field test after 3 weeks and at the end of the experiment: analysis by ANOVA
followed by Tukey post-hoc test (P � 0.05, n ¼ 5 mice). A paired t test to compare two time points for the same group: a: versus control, b: versus
rotenone-induced PD group, c: versus artemisinin (30 mg/kg) group, d: versus artemisinin (30 mg/kg) group, *: versus the same group after 3 weeks.
ANOVA, analysis of variance; PD, Parkinson's disease.
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induced PD model (P > 0.05). The artemisinin-
treated group at a dose of 50 mg/kg produced a
significant decrease in the total number of immo-
bility episodes (10.2 ± 0.84) in comparison with the
rotenone-induced PD model (P < 0.01) and artemi-
sinin-treated group at a dose of 30 mg/kg (P < 0.05)
(Fig. 1d).
After 6 weeks: after 6 weeks, the rotenone-induced

PD group exhibited a significant decrease in the
total distance traveled (1.55 ± 0.06) as compared
with the control group (3.71 ± 0.13) (P < 0.001).
Administration of artemisinin at different doses (30,
40, and 50 mg/kg) produced a significant improve-
ment in the total distance traveled (1.74 ± 0.05,
1.76 ± 0.09, and 2.21 ± 0.08, respectively) in com-
parison with the rotenone-induced PD model
(P < 0.05, 0.01, and 0.001, respectively). The artemi-
sinin-treated group at a dose of 50 mg/kg produced
a significant improvement in the total distance
traveled in comparison with other artemisinin-
treated groups (P < 0.001) (Fig. 1a).
The rotenone-induced PD group exhibited a sig-

nificant decrease in the average speed (0.038 ± 0.008)
as compared with the control group (0.122 ± 0.013)
(P < 0.001). Administration of artemisinin at both
doses of 30 and 40 mg/kg produced a nonsignificant
improvement in the average speed (0.052 ± 0.008 and
0.056 ± 0.011, respectively) in comparison with the
rotenone-induced PD model (P > 0.05). The artemisi-
nin-treated group at a dose of 50 mg/kg produced a
significant improvement in the average speed
(0.074 ± 0.011) in comparison with the rotenone-
induced PDmodel (P< 0.001) and artemisinin-treated
group at a dose of 30 mg/kg (P < 0.05) (Fig. 1b).
On the contrary, the rotenone-induced PD group

exhibited a significant increase in the total immo-
bility time (28.22 ± 0.6) as compared with the control
group (5.95 ± 0.25) (P < 0.001). Artemisinin-treated
groups at doses of 30 and 40 mg/kg produced a
significant decrease in the total immobility time
(24.5 ± 0.92 and 23.17 ± 1.03, respectively) in com-
parison with the rotenone-induced PD model
(P < 0.001). The artemisinin-treated group at a dose
of 50 mg/kg produced a significant decrease in the
total immobility time (17.98 ± 0.65) in comparison
with the rotenone-induced PD model and other
artemisinin-treated groups (P < 0.001) (Fig. 1c).
The rotenone-induced PD group exhibited a

significant increase in the total number of immo-
bility episodes (13.2 ± 0.84) as compared with the
control group (3.8 ± 0.84) (P < 0.001). Administra-
tion of artemisinin at both doses of 30 and 40 mg/kg
produced a significant decrease in the total number
of immobility episodes (11.2 ± 0.84 and 10.8 ± 0.84,
respectively) in comparison with the rotenone-

induced PD model (P < 0.05 and 0.01, respectively).
The artemisinin-treated group at a dose of 50 mg/
kg produced a significant decrease in the total
number of immobility episodes (10 ± 1) in com-
parison with the rotenone-induced PD model
(P < 0.001) and a nonsignificant decrease in com-
parison with other artemisinin-treated groups
(P > 0.05) (Fig. 1d).

3.1.2. Parallel rod test
After 3 weeks: after 3 weeks, the rotenone-induced

PD group exhibited a significant increase in the total
number of foot slip errors (15.4 ± 1.14) as compared
with the control group (4.2 ± 0.84) (P < 0.001).
Administration of artemisinin at both doses of 30
and 40 mg/kg produced a nonsignificant decrease in
the total number of foot slip errors (15.2 ± 0.84 and
15 ± 1, respectively) in comparison with the rote-
none-induced PD model (P > 0.05). The artemisinin-
treated group at a dose of 50 mg/kg produced a
significant decrease in the total number of foot slip
errors (13.2 ± 0.84) in comparison with the rotenone-
induced PD model and other artemisinin-treated
groups (P < 0.05) (Fig. 2).
After 6 weeks: after 6 weeks, the rotenone-induced

PD group exhibited a significant increase in the
total number of foot slip errors (16.2 ± 0.84) as
compared with the control group (3.8 ± 0.84)
(P < 0.001). Administration of artemisinin at both
doses of 30 and 40 mg/kg produced a nonsignifi-
cant decrease in the total number of foot slip errors
(15 ± 1 and 14.8 ± 0.84, respectively) in comparison
with the rotenone-induced PD model (P > 0.05).
The artemisinin-treated group at a dose of 50 mg/
kg produced a significant decrease in the total
number of foot slip errors (12.8 ± 0.84) in compar-
ison with the rotenone-induced PD model
(P < 0.001) and artemisinin-treated groups at both
doses of 30 and 40 mg/kg (P < 0.01 and 0.05,
respectively) (Fig. 2).
According to the results of behavioral tests, the

rotenone-induced PD group exhibited a significant
decrease in the total distance traveled and the
average speed after 6 weeks in comparison with
those after 3 weeks (P < 0.05). In addition, the
rotenone-induced PD group exhibited a significant
increase in the total immobility time, the total
number of immobile episodes, and foot slip errors
after 6 weeks in comparison with those after 3
weeks (P < 0.05). Artemisinin-treated groups at
different doses showed nonsignificant differences
in all assessed parameters after 6 weeks for each
group in comparison with those after 3 weeks
(P > 0.05).
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3.2. Immunohistochemistry

The rotenone-induced PD group showed a signif-
icantly lower percentage of TH-positive neurons in
comparison with the control group (expressed as
100%) (P < 0.001). However, the administration of
artemisinin at a dose of 30 mg/kg produced a
nonsignificant higher percentage of TH-positive
neurons in comparison with the rotenone-induced
PD group (P> 0.05). The artemisinin-treated group at
a dose of 40 mg/kg showed a significantly higher
percentage of TH-positive neurons in comparison
with the rotenone-induced PD group (P < 0.05).
However, the artemisinin-treated group at a dose of
50mg/kg showed a significantly higher percentage of
TH-positive neurons compared with the rotenone-
induced PDgroup (P< 0.001) and artemisinin-treated
groups at both doses of 30 and 40 mg/kg (P < 0.001
and 0.05, respectively) (Table 1 and Fig. 3).

4. Discussion

The present study aimed to investigate the
possible neuroprotective effect of artemisinin in
different doses in a rotenone-induced model of PD.
The neuroprotective effect was investigated using
behavioral tests and immunohistochemistry. We
studied the effect of artemisinin at two time points:
after 3 weeks and at the end of the study. Artemi-
sinin could protect the brains of mice against rote-
none neurotoxicity.

In the present study, rotenone was used to induce
a PD model in mice. To investigate how medications
affect PD prevention or treatment, numerous animal
models are used. Genetic and neurotoxic models are
the two primary groups that currently exist for PD
animal models. There are numerous neurotoxin-
based models of PD that display a large loss of
nigrostriatal DA neurons, including paraquat, rote-
none, 6-hydroxydopamine, and 1-methyl-4-phenyl-
1, 2, 3, 6-tetrahydropyridine (Zeng et al., 2018).
Among the numerous models for PD, a rotenone

PD model was chosen to reproduce behavioral and
pathological features of PD in this study for three
reasons: (a) it replicates most of the clinical features
of PD, such as its chronic progressive nature (Sal-
ama et al., 2017); (b) rotenone and other pesticides
are potent mitochondrial respiration inhibitors and
associated with the higher incidence of sporadic PD
among the population of the rural areas (Xiong
et al., 2013); and (c) rotenone can induce substantia
nigra DA neuron loss, which is one of the hallmarks
of PD neuropathology (Innos and Hickey, 2021). In
the current study, intraperitoneal injection of rote-
none (3 mg/kg/day) for 42 days led to a deficit in the
motor activity of mice. Additionally, rotenone
administration induced DA cell degeneration in the
SNpc.
Behavioral tests play an important role in the

research of symptom-relieving medications as they
can be translated into clinical performance in pa-
tients. In the present study, the rotenone-induced

Fig. 2. Effect of different doses of artemisinin on motor coordination in parallel rod test after 3 weeks and at the end of the experiment: analysis by
ANOVA followed by Tukey post-hoc test (P � 0.05, n ¼ 5 mice). A paired t test to compare two time points for the same group: a: versus control, b:
versus rotenone-induced PD group, c: versus artemisinin (30 mg/kg) group, d: versus artemisinin (30 mg/kg) group, *: versus the same group after 3
weeks. ANOVA, analysis of variance; PD, Parkinson's disease.
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PD group showed a significantly lower speed and
shorter distance traveled but longer immobility
duration and more number of immobility episodes
as compared with the control mice. Teema et al.
(2016) reported that the rotenone group showed
lower ambulation but longer immobility duration.
Furthermore, the rotenone-induced PD group
showed a higher number of foot slip errors in the
parallel rod test compared with the control mice. In

agreement, Salama et al. (2017) reported a signifi-
cantly higher number of foot slips in the rotenone
group (an average of six slips) in comparison with
the control group (an average of one).
In the current study, behavioral tests were made

at two time points to assess the progression of the
PD model. The rotenone-induced PD group showed
deterioration in all evaluated behavioral parameters
in either open field or parallel rod tests after 6 weeks

Fig. 3. Sections from the substantia nigra pars compacta neurons immunohistochemically stained for tyrosine hydroxylase (TH): showing the effect of
different doses of artemisinin on the percentage of TH þ ve neurons; as artemisinin at a dose of 30 mg/kg (38.04 ± 6.08), artemisinin at a dose of
40 mg/kg (45.11 ± 9.13), and artemisinin at a dose of 50 mg/kg (63.59 ± 11.46).

Table 1. Effect of different doses of artemisinin on the percentage of tyrosine hydroxylase-positive neurons after immunostaining of the substantia
nigra pars compacta.

Mice groups Rotenone Artemisinin
(30 mg/kg)

Artemisinin
(40 mg/kg)

Artemisinin
(50 mg/kg)

Percentage of TH þ ve neurons
(% of control)

27.72 ± 7.78 38.04 ± 6.08 45.11 ± 9.13b 63.59 ± 11.46bcd

Results were represented as mean ± SD.
Analysis by analysis of variance followed by Tukey post-hoc test (P � 0.05, n ¼ 5 mice). The values were reported as a percentage
compared with the control group (expressed as 100%). Superscript letters expressed significance as b: versus rotenone-induced
Parkinson's disease group, c: versus artemisinin (30 mg/kg) group, d: versus artemisinin (30 mg/kg) group.
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compared with those after 3 weeks. Salama et al.
(2012) reported that locomotor disturbances induced
by rotenone were potentiated with time progress.
In the present study, the artemisinin-treated

group at a dose of 50 mg/kg showed significant
protective effects on motor performance all over the
study compared with the rotenone-induced PD
group. Artemisinin-treated groups at both doses of
30 and 40 mg/kg showed significant protective ef-
fects on certain behavioral parameters (the total
distance traveled, the total immobility time, and the
number of immobile episodes), and nonsignificant
improvement was observed during the assessment
of the average speed of mice and the total number of
foot slip errors compared with the rotenone-
induced PD group.
According to Wang et al. (2022), it was observed

that artemisinin improved neurological impair-
ments in mice that had intracerebral hemorrhage
after behavioral evaluation. This result may be due
to the reduction of oxidative stress and neuro-
inflammation. In the AD mouse model, artemisinin
greatly enhanced cognitive performance and
neurological functions (Zhao et al., 2020).
In the current study, the percent of TH þ ve cells

in SNpc of the rotenone-induced PD group was
significantly lower in comparison with the control
group. According to Teema et al. (2016), rotenone
administration led to a significant loss of TH-posi-
tive DA neurons in the SNpc. In some cellular and
animal experimental models, rotenone was found to
cause apoptotic cell death. According to Ahmadi
et al. (2003), the administration of rotenone to pri-
mary DA neuronal cell culture enhanced the num-
ber of apoptotic TH-immunopositive neurons,
which was associated with the upregulation of cas-
pase-3 immunoreactivity. Chronic rotenone intoxi-
cation caused apoptotic cell death in the striata of
rats, which may be attributed to increasing mito-
chondrial ROS (Lin et al., 2012).
The selective loss of DA neurons in the nigros-

triatal pathway is the main cause of the develop-
ment of PD clinical motor features and one of the
pathological hallmarks of PD. The TH enzyme,
which is generated in the DA neurons of the SNpc,
is known to be the rate-limiting enzyme that cata-
lyzes the initial step of DA synthesis. DA is retained
in synaptic vesicles and released in the striatum in
response to stimuli to perform its physiological
activity (Habib et al., 2022). Histopathological
assessment is used to study the improvement of
pathology after medical therapy (Salama et al.,
2017).
In the present study, administration of artemisinin

at doses of 40 and 50 mg/kg prevented the rotenone-

induced loss of DA neurons, whereas the artemisi-
nin-treated group at a dose of 30 mg/kg exhibited
nonsignificant protection against the rotenone-
induced loss of DA neurons. According to Zhao
et al. (2020), artemisinin can protect neuronal cells
in-vivo and in-vitro AD models by activating the
ERK/CREB pathway and inhibiting the apoptotic
pathway, at least in part. In agreement, Yan et al.
(2021) reported that artemisinin had a protective
effect against oxidative stress-induced apoptosis in
DA neurons by decreasing oxidative damage and
autophagy. After 24-h treatment with both MPPþ
and artemisinin, the viability of neuroblastoma cell
line (SH-SY5Y) nerve cells was assessed, and it was
observed that artemisinin greatly increased the
survival of MPP þ -treated nerve cells. This result
was associated with its antioxidant effect, which was
determined by measuring the levels of MDA, GSH,
SOD, and ROS. It was also discovered that artemi-
sinin decreased the expression of cleaved caspase-3,
and thus, it slowed down the rate of cell apoptosis
caused by MPPþ.
Moreover, Peng et al. (2022) showed that artemisi-

nin had a protective effect on PC12 cells against ox-
ygen-glucose deprivation/reperfusion injury.
Artemisinin was able to increase cell viability and
decrease ROS production and cell apoptosis. Arte-
misinin attenuated PC12 cell apoptosis by activating
the ERK1/2/CREB/BCL-2 pathway. Lin et al. (2018)
found that the antiapoptotic effect of artemisininmay
be attributed to the activation of the Akt signaling
pathway. Furthermore, this effect was inhibited by
MK2206, a highly selective Akt inhibitor, confirming
that Akt pathway stimulation contributed to the
neuroprotective action of artemisinin.

5. Conclusion

Artemisinin showed protective effects against
rotenone-induced neurotoxicity in a dose-depen-
dent manner, denoting its possible neuroprotective
effect in patients with PD. Our study showed that
artemisinin administration at a dose of 50 mg/kg
was the most effective to mitigate changes induced
by rotenone as guided by behavioral assessment
and immunohistochemistry.
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