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ABSTRACT

Quercetin, one of the most abundant polyphenolic flavonoids, displays
many health-promoting biological effects in many diseases. Quercetin-
loaded phytosome nanoparticles (QLP) may improve antioxidant
properties and decrease behavioral signs of Parkinson's due to its
antioxidant properties. This study was conducted to assess the
therapeutic effects of QLP for the treatment of Parkinson's in a rat
model. A group of rats (n=10) did not receive Rotenone and was
considered a healthy control (Cont). Another group was administered
with Rotenone and did not receive any treatment and was considered
to control the disease (Rotn). Other groups were administrated with
Rotenone and treated with 50 mg/kg of and 100 mg/kg of body weight
of QLP (QLP50 and QLP100). Behavioral responses of immobility time,
retention latency and climbing and the activities of superoxide
dismutase (SOD) and glutathione peroxidase (GPx) and also the
expression of brain-derived neurotrophic factor (BDNF) were
investigated 21 days after induction of disease. The results showed that
induction of Parkinson increased immobility time (P=0.0001) and
decreased retention latency (P=0.0001), climbing (P=0.0001), SOD
(P=0.0001), GPx (P=0.0001) and BDNEF (P=0.0001) compared with
healthy controls. The results also showed the treatment with QLP,
especially at a higher dose of 100 mg/kg, decreased immobility time
(P=0.0001) and increased retention latency (P<0.05), climbing (P<0.05),
SOD (P<0.05), GPx (P<0.05), and BDNF (P<0.05), compared with those
in Rotn group. In conclusion, QLP decreased the negative effects of
Parkinson's by modulation antioxidant enzymes and the concentration
of BDNF.
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1. Introduction
Parkinson's disease (PD) is a chronic and progressive neurodegenerative disorder characterized by the

progressive death of dopaminergic neurons in the substantia nigra pars compacta (SNc). PD is a
multifactorial disorder, with several different factors being suggested to play a synergistic
pathophysiological role, including oxidative stress, autophagy, underlying pro-inflammatory events and
neurotransmitters abnormalities [1]. Parkinson's disease is the second most common neurodegenerative
disease with a global prevalence of more than 6 million individuals. This number corresponds to a 2.5-fold
increase in prevalence over the past generation, making Parkinson's disease one of the leading causes of
neurological disability [2]. The clinical hallmark of Parkinson's disease is a motor syndrome characterized
by bradykinesia, rest tremor, and rigidity as well as changes in posture and gait. The motor disturbances
cause progressive disability with impairment in activities of daily living and reduced quality of life. [3].
Although Parkinson's disease is defined as a movement disorder, it is associated with a variety of non-
motor symptoms (NMS) in virtually all patients, including hyposmia, constipation, urinary dysfunction,
orthostatic hypotension, memory loss, depression, pain, autoimmune, cognitive, tremor, behavioral and
sleep disturbances [4]. Numerous factors can have effects on the pathogenesis of Parkinson's. It is
commonly known with signs such as the progressive degeneration of dopaminergic neurons [5].
Dopaminergic neurons are prone to oxidative damage owing to their dopamine's inherent metabolism, that
are oxidized and produce reactive oxygen species that result in cellular oxidative stress [6]. The role of
oxidative stress in the pathogenesis of disorder has been known [7]. A growing body of evidence suggests
that BDNF is involved in the pathophysiology not only of mood disorders but also of other
neuropsychiatric and neurodegenerative disorders. Brain-derived neurotrophic factor (BDNF) belongs to
neurotrophins (NTs) a family of proteins that support the function of the central nervous system (CNS).
Brain-derived neurotrophic factor (BDNF) has a major role in the progression of the nervous system via
influencing cell differentiation, neuronal development, growth and survival, neurogenesis,
synaptogenesis, and synaptic plasticity [8]. Previously reported that Brain-derived neurotrophic factor
(BDNF) promotes neuroprotection and neurodegeneration. In animal models of Parkinson's disease (PD),
BDNF enhances the survival of dopaminergic neurons, improves dopaminergic neurotransmission and
motor performance [9]. Current research focuses on the evidence that increasing BDNF level due to gene
modulation or physical exercise has a neuroprotective effect and could be considered as adjunctive therapy
in PD. Antioxidant response element impact on Parkinson's disease, there are required to supplement and
the treatment with antioxidants. One of the important component Quercetin is a polyphenolic flavonoid
that is significantly present in some plant sources such as onions, cherries, tea and red wine [10]. Studies
have also shown that Quercetin prevents from some diseases such as osteoporosis, cancer, tumors, lung
and cardiovascular diseases due to its antioxidant properties [11]. It exhibits a strong antioxidant activity
due to its high solubility and bioavailability that forms a complex or a combination for forming some novel
preparations used for human health care [12, 13]. However, it has limitations for bioavailability. For
improving bioavailability, Quercetin is commonly loaded into phytosome nanoparticles with the help of
the thin film hydration method [14]. Our hypothesis was quercetin-loaded phytosome nanoparticles (QLP)
may improve antioxidant properties and decrease behavioral signs of Parkinson's due to its antioxidant
properties. This study was conducted to assess the therapeutic effects of QLP for the treatment of
Parkinson's in a rat model by assessing antioxidant responses, antioxidant properties and the expression
of BDNF.
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2. Materials and Methods

2.1. The induction of Parkinson and grouping

The used protocols for animals were in agreement with recommendations presented by Ethical Committee
of International Center for Neuroscience Research (GE-ICNR-2021-10049). To induce disease, the rats were
anaesthetized with the help of administration of ketamine and xylazine and then administrated with
Rotenone as recommended by others [15]. A group of rats (n=10) did not receive Rotenone and considered
as control (Cont). Another group was administrated with Rotenone and did not receive any treatment and
considered as control with disease (Rotn). Other groups were administrated with Rotenone and treated
with 50 mg/kg of and 100 mg/kg of body weight of QLP (QLP50 and QLP100). QLP was prepared as
reported by others with the help of thin film hydration method using molar ratio of Quercetin,
phosphatidyl choline and cholesterol (1:2:0.2) [14]. A recovery period of 5h was considered after the
administration. For decreasing damages, the animals were individually kept in cages and treated for 4 days.
All the administrations were performed by intragastric route, twice/week and for 3 weeks. Quercetin was
prepared from Sigma-Aldrich (GmbH, Germany) Company and Phosphatidyl choline was prepared from
Lipoid Company (Ludwigshafen, Germany).

2.2. Behavioral tests

The forced swim test (FST) evaluates active behavior consisting of ascending guided forepaw movements
along the side of the swim compartment in rodents, as well as climbing behavior, and is the most common
test used to assess a depressive-like phenotype. Rats were put in the cylinder filled with water (water
temperature 25 °C) and video was captured for 6 min and then analyzed offline. At the end of the
examination, the animals were removed from the container, dried with towels, and kept warm under a
lamp in their home cages. The forced swimming test (FST) was conducted as a behavioral test as reported
by others [16] with the help of a glass cylinder 20 cm x 90 cm (diameter x height) filled with water to a
height of 75 cm. Hippocampal-dependent memory deficit was considered as another test and conducted
as reported by others [17] with the help of an apparatus (25 x 25 x 25 cm).

2.3. The assessment of antioxidants and the expression of BDNF in the brain

After 3 weeks, the animals (n=5) in each group were sacrificed with the help of cervical decapitation; the
striatum and substantia nigra were separated and placed on ice. The tissue homogenates were centrifuged
at 10,000 x g for 15 min. Protein concentration was assessed based on previous protocols [18]. Tissue lipid
peroxides was also assessed by others [19]. Superoxide dismutase (SOD) activity was assessed based on
previous protocols [20]. Glutathione peroxidase (GPx) activity was investigated based on other reports [21].
An aliquot of samples was used for the investigation of the expression of genes of brain-derived
neurotrophic factor (BDNF). RNA was extracted, and cDNA was amplified. The amplification of amplified
PCR product was performed on 1.5% agarose gel and the ladder marker of 100 bp (100-1000 bp) as the
standard. Primers were as follows; BDNF; forward (5-TTTGATGAGACCGGGTTCC-3") and reverse (5'-
AGGATGGTCATCACTCTTCTCA-3'), and p-actin forward (5'- TCCGTAAAGACCTCTATGCCA-3') and
reverse (5'- CAGCTCAGTAACAGTCCGCC-3").

2.4. Statistical analysis

The data were analyzed for normality and because the data were normal, a one-way ANOVA in SPSS
software (Version 23) was used and P<0.05 was considered as significant. Graphs were illustrated by Graph
Pad Prism Software (version 6.07). The data were reported as mean + SD.
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Figure 1 depicts the effects of QLP on behavioral responses in rats with Parkinson's. The results showed
that induction of Parkinson's increased immobility time (P=0.0001) and decreased retention latency
(P=0.0001) and climbing (P=0.0001) compared with healthy controls (Cont). It means that Parkinson's could
have effects on behavioral responses. The results also showed the treatment with QLP, especially in a
higher dose of 100 mg/kg, decreased immobility time (P<0.05) and, increased retention latency (P<0.05) and
climbing (P<0.05). It means the protective effects of QLP, especially in higher concentrations.
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Figure 1. The effects of QLP on behavioral responses in rats with Parkinson's. Control healthy (Cont), Control
Parkinson (Rotn) and the patient rats treated with 50 mg/kg of and 100 mg/kg of body weight of QLP (QLP50 and
QLP100). (A) Immobility is significantly higher in Rotn QIP treatment prevented (B) Retention latency lower in Rotn
(C) Climbing significantly increased in QIP as compared to other groups. Data are represented as mean + SEM; *p <
0.05; **p < 0.01, **p < 0.001; two-way ANOVA analysis.
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Figure 2. The effects of QLP on antioxidant parameters in rats with Parkinson's. Control healthy (Cont), Control
Parkinson (Rotn) and the patient rats treated with 50 mg/kg of and 100 mg/kg of body weight of QLP (QLP50 and
QLP100). Superscripts *, ** and *** show significant differences between other groups. Data are represented as mean +
SEM; *p < 0.05; **p < 0.01, **p < 0.001; two-way ANOVA analysis.
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Figure 2 illustrates the results for the effects of QLP on antioxidant parameters in rats with Parkinson's. The
induction of Parkinson decreased the concentrations of GPx (P=0.0001) and SOD (P=0.0001) compared with
healthy controls (Cont). It means that Parkinson's could have effects on antioxidant enzymes. The results
also showed the treatment with QLP, especially in a higher dose of 100 mg/kg, increased the concentrations
of GPx (P=0.0001) and SOD (P=0.0001) Compared with those in the Rotn group. It means the protective role
of QLP in the antioxidant system. Figure 3 shows the results for the effects of QLP on the expression of
BDNF in rats with Parkinson's. The induction of Parkinson's decreased the expression of BDNF (P=0.0001)
compared with healthy controls (Cont). This means that Parkinson's could have adverse effects on the
expression of BDNF. The results also showed the treatment with QLP, especially at a higher dose of 100
mg/kg, increased the expression of BDNF (P=0.0001) Compared with those in the Rotn group. It means the
protective role of QLP on the expression of BDNF.
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Figure 3. The effects of QLP on the expression of BDNF in rats with Parkinson's. Control healthy (Cont), Control
Parkinson (Rotn) and the patient rats treated with 50 mg/kg of and 100 mg/kg of body weight of QLP (QLP50 and
QLP100). Superscripts ¥, ** and *** show significant differences between other groups. Data are represented as mean +
SEM; *p < 0.05; **p < 0.01, **p < 0.001; two-way ANOVA analysis.

4. Discussion

Parkinson's disease (PD) is a chronic neurodegenerative disease characterized by the death of
dopaminergic neurons in the substantia nigra pars compacta., oxidative stress and perturbed protein
homeostasis increase manifestations in older adults [22]. PD is characterized by the gradual loss of
dopaminergic neurons in the SN within the midbrain, which is usually accompanied by the accumulation
of Lewy bodies in neuronal cell bodies and Lewy neurites in neuronal processes, and a-synuclein is an
important protein component of Lewy bodies [17]. The results showed that Parkinson's had negative effects
on behavioral responses. The FST has been used for assessing the behavioral responses in animal models
[16]. Several studies have reported the negative effects of Parkinson's on behavioral responses in terms of
FST [16, 23, 24]. The mechanism of Parkinson's behavioral responses could be attributed to its effects on
serotonin because the disorder reduces serotonin levels and increases the sensitivity of patients to
depression [16]. The results showed the treatment with QLP improved behavioral responses. The results
are in agreement with other studies on the effects of Quercetin on behavioral responses [25, 26]. There are
studies linking the relationship between antioxidants and behavioral responses [27, 28]. Our findings
showed QLP a natural flavonoid, has multiple pharmacological activities. However, it has not been
established whether QLP can protect against dopaminergic neuron death by inhibiting ferroptosis. In this
study, we the effects were also explored using PD mouse models. as an antioxidant in a system based on
findings for SOD and GPx. Seemingly, QLP prevents the oxidation of serotonin and tryptophan in the brain
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site and improves behavioral responses. Our findings showed negative effects of the disorder on latency
time, which is in agreement with other studies [17]. Brain-derived neurotrophic factor (BDNF) is a member
of the neurotrophic factor family and promotes neuroprotection and neuroregeneration. Changed levels of
BDNF in the circulation and central nervous system (CNS) have been shown to be associated with the
pathogenesis of neurodegenerative diseases, including PD [21]. Brain-derived neurotrophic factor (BDNF)
and its receptors are widely distributed throughout the central nervous system, which can promote the
survival and growth of neurons and protect neurons. Other possible mechanisms for the effects of the
disorder on behavioral responses could be attributed to the concentration of BDNF. It was reported a close
relation between the expression of BDNF and locomotor activities [15] was approved in the current study.
Parkinson's disease reduced the activities of antioxidant response element BDNF, which could be attributed
to the effects of rotenone on the antioxidant system. Rotenone works as an inhibitor for mitochondrial
complex I activity in the brain region [29] that increases oxidants and reduces antioxidants [30, 31]. In this
study, both enzymes were antioxidants and may scavenge free radicals in the brain region. The results for
the effects of disease on the antioxidant system are in agreement with other studies [15, 32, 33]. QLP is an
antioxidant and inhibits oxidation [12, 13]. In sum, QLP works as an antioxidant and inhibits the depletion
of other antioxidants. Higher concentrations of QLP may supply higher antioxidants in the brain, which
results in higher concentrations of GPx and SOD. Our research findings confirmed that Parkinson's
decreases the expression of BDNF, which is related to the previous studies [9, 15, 34]. BDNF helps to
increase the survival of dopaminergic neurons and dopaminergic neurotransmission and improves motor
performance [9]. QLP increased the expression of BDNF which is in agreement with other studies [35, 36].
The mechanism of QLP in the increase of BDNF is not still elucidated. Other studies reported that plant
derivations induce phosphorylation of cAMP and increase the expression of BDNF [37].

5. Conclusions

In conclusion, Parkinson had hallmark impacts on behavioral responses of immobility time, retention
latency and climbing and the activities of SOD and GPx and also the expression of BDNF. However, the
treatment with QLP decreased the negative effects of Parkinson's on behavioral responses, antioxidant
responses and concentrations of BDNF. In sum, QLP can be used for the prevention and treatment of
Parkinson's after confirmation by clinical studies on humans. This study provides an important reference
for explaining the potential mechanisms underlying PD pathogenesis and developing new therapeutic
targets.
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