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Abstract: The present study aimed at evaluating the protective and therapeutic efficacy of omega-3 against motor
impairment and brain biochemical disturbances in rotenone-induced mice model of Parkinson's disease (PD). Sixty animals
were divided into six groups (10 each): mice of the 1% group were used as controls, they were injected subcutaneously (sc)
with the vehicle (50 pl dimethylsulfoxide (DEMSO) + 950 pul sunflower oil /kg body weight) every other day for 30 days; the
2" group, mice model of Parkinson’s disease (PD), were injected (sc) with rotenone (3 mg/kg dissolved in vehicle every other
day for 30 days). the 3™ group, mice were given rotenone for 30 days followed by a stopping (recovery) period of other 30
days to validate the persistency of the PD model; the 4™ group (protection group), mice received orally Omega-3 oil (300
mg/kg) daily an hour before every rotenone injection for 30 days; the 5™ and 6™ groups (therapeutic groups), mice were treated
orally with Omega-3 oil daily for 7 and 15 days respectively after the induction of PD mice model. Data obtained revealed an
impairment of the motor activity in mice of PD model as indicated from the decreased time of the forelimb hanging test. This
was associated with a state of oxidative stress in the brain of PD model as indicated from the increase in lipid peroxidation
(increased malondialdehyed, MDA, level) and nitric oxide (NO), and the decrease in reduced glutathione (GSH). A significant
decrease in the levels of dopamine, norepinephrine, serotonin, AChE activity and a significant increase in TNF-a level was
recorded in the PD model. The present findings show that both the protection by or oral treatment with omega-3 for 15 days
could ameliorate the rotenone- induced oxidative stress and inflammation in brain of PD mice model. In addition, omega-3
either as protection or treatment daily for 15 days was effective in restoring the decrease in dopamine and norepinephrine
induced in the brain of PD mice model. In conclusion, the present study demonstrates that omega-3 supplementation
potentially reverses the motor, and neurochemical alternations induced by rotenone in mice model of PD.
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1. Introduction

Parkinson's disease (PD) is the second most common
neurodegenerative disorder after Alzheimer's disease, with a
male —to —female ratio of about 3:2 in most studies [1, 2].
Parkinson's disease is characterized by a loss of
dopaminergic neurons in the substantianigra in the midbrain
and also the presence of Lewy bodies, which are intracellular
inclusions enriched in the protein a-synuclein [3]. The most

common motor symptoms of PD include bradykinesia, rest
tremor, rigidity, and postural and gait impairment [4]. Various
risk factors have been found for sporadic PD, including
exposure to pesticides and other toxins, positive family
history, and oophorectomy, but age remains the most
important one documented so far [1, 5, 6].

Parkinson’s disease is a multifactorial disease characterized
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by self-perpetuating cascades involving a myriad of deleterious
events at various stages including mitochondrial dysfunction,
short-term and long-term oxidative and nitrosative stress,
energy crisis, excitotoxicity, neuroinflammation and protein
aggregation [7]. These events work together to promote cell
death. Oxidative stress and mitochondrial dysfunction are
responsible for the pathological features of PD, such as
neuronal death and apoptosis [8, 9].

On the other hand, PD is now considered a multisystem
degenerative process, affecting not only the nigrostriatal
dopaminergic system, responsible for the majority of the motor
symptoms, but also other neurotransmitter systems, like
cholinergic, serotonergic, and noradrenergic systems associated
with several non motor symptoms such as sleep disturbances,
fatigue, anxiety, depression, cognitive impairment, dementia,
olfactory dysfunction, pain, sweating and constipation [10].

It is well known that the symptoms of PD worsen with
time. The medications of PD provide the patients with a
relief period from symptoms. These medications include
levodopa [11], dopamine agonists [12], and catechol-O-
methyl transferase (COMT) inhibitors that are added to
levodopa treatment to overcome motor complications and to
prolong the bioavailability of levodopa [13]. The
anticholinergic drugs used in the treatment of PD are
potentially helpful in delaying the need for levodopa
treatment. In addition, they may allow for a reduction in the
dose of levodopa required in more advanced cases, thus
further extending the use of levodopa [14]. Although these
medications could relief the symptoms of PD, many side
effects have been reported including oxidative stress and the
degeneration of residual dopamine neurons in patients with
PD [15, 16, 17], confusion, hallucinations, depression,
psychosis, dyskinesia, and mental changes [18]

It is clear that there is no exact cure for PD and many side
effects have been reported due to the use of these
medications. Therefore, there is a persistent need for new,
safer and effective agents for the treatment of PD. Omega-3
polyunsaturated fatty acids (Omega-3 PUFAs), including
eicosapentaecnoic acid (EPA) and docosahexaenoic acid
(DHA) are dietary fats with an array of health benefits [19].
DHA is a key component of all cell membranes and is found
in abundance in the brain and retina [20]. EPA and DHA are
the precursors of several metabolites that are potent lipid
mediators, considered by many investigators to be beneficial
in the prevention or treatment of several diseases [21]. These
fatty acids are predominantly found in fish and fish oils [22].

Omega-3 PUFAs have a crucial role for optimal brain
function by enabling fluidity in neuronal membranes and
regulation of neurotransmitters [23]. DHA supplementation
has been found to ameliorate memory and cognitive
impairment in healthy older adults with age related cognitive
decline without side effects [24]. It has been found that
omega-3 supplementation may enhance resistance to free
radical attack and reduce lipid peroxidation and may be an
effective dietary supplement in the management of various
diseases in which oxidant / antioxidant balance is disturbed
as in aged brain tissue [25].

Bousquet et al. (2008) [26] found that omega-3 PUFAs had
a partially protective effect against 1-methyl-4-phenyl-1, 2, 3,
6-tetrahydropyridine (MPTP)-induced reduction in dopamine
production, storage, and/or release. It has been found that
when rats are fed a diet deficient in omega-3 PUFAs, they
displayed inadequate storage of newly synthesized dopamine
[27]. Daily omega-3 PUFAs supplementation reversed the 5-
HT stress —induced effects but without impact on the
physical state or behavior of the animals. This suggests that
omega-3 PUFAs can improve resistance to stress [28].

Li et al. (2014)[29] found that marine derived omega-3
PUFAs supplementation had a significant lowering effect on
the levels of C-reactive protein (CRP), interleukin 6 (IL-6)
and tumor necrosis factor-alpha (TNF-a) particularly in non
obese subjects.

Although several approved drugs may alleviate PD
symptoms, long term use of these drugs is often associated
with aggravating side effects, and none of these drugs can slow
down, prevent or even reverse the progress of PD. Therefore,
the aim of the present study is to evaluate the protective and
therapeutic effect of omega-3 against mice model of PD
induced by rotenone. This is carried out by investigating the
effect of omega-3 on the motor and neurochemical changes
induced in the brain of mice PD model.

2. Materials and Methods
2.1. Animals

Forty eight Swiss male albino mice (weighing 30-40 g.)
were used in the present study. The animals were obtained
from Animal House Colony of National Research Centre,
Giza, Egypt. On arrival, animals were housed ten per cage in
stainless steel cages with ad libitum access to standard
laboratory diet and tap water in a temperature-controlled (20-
25°C) and artificially illuminated (12 hrs. dark / light cycle)
room free of any chemical contamination. All animals
received human care in compliance with the guidelines of the
Animals Care and Use Committee of the National Research
Centre, Egypt, on July 2009 with registration number 09/093.

2.2. Drugs and Chemicals

Rotenone was purchased from Sigma Chemical Co. (St.
Louis MO, USA). It was dissolved first in dimethylsulfoxide
(1.5 mg/50ul) and then the volume was completed with
sunflower oil to have a final concentration of 1.5 mg/ml.
Omega-3 oil was purchased from Arab Co. for Gelatin and
Pharmaceutical Products, Egypt.

2.3. Experimental Design

Animals were divided into 6 groups, mice of the 1¥ group
were used as control, they received orally the vehicle (50 pl
dimethylsulfoxide (DEMSO) + 950 ul sunflower oil’kg body
weight) every other day for 30 days; the 2™ group, mice model
of Parkinson’s disease (PD), were treated with subcutaneous (sc)
injection of rotenone (3 mg/kg body weight. dissolved in
dimethylsulfoxide + sunflower oil every other day for 30 days);
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the 3" group, mice were injected s ¢ with rotenone for 30 days
followed by a recovery period for other 30 days to investigate
whether the mice model of PD could recover to normal or not
after stopping rotenone injection; the 4™ group (protection
group) mice received orally Omega-3 oil daily (300 mg/kg) an
hour before every rotenone injection for 30 days; the 5™ and 6"
groups (therapeutic groups), mice were treated orally with
Omega-3 oil daily for 7 and 15 days respectively after the
induction of mice model of PD.

2.4. Motor Activity (Hanging Wire Test)

This test was used as a measure of muscular strength and
motor neuron integrity. Mice used their forelimbs to suspend
their body weight on a wire stretched between two posts 60
cm and 20 cm above a foam pillow. The time (in seconds)
until the rat fell was recorded [30].

2.5. Preparation of Brain Samples

Following motor testing, animals were sacrificed by sudden
decapitation after being fasted for 12 hours. The brain of each
animal was quickly disected out and rapidly transferred to an
ice-cold Petri dish. Each brain was divided into two right and
left halves. The right half was used to measure oxidative stress
parameters [Malondialdehyde (MDA), Nitric oxide (NO),
reduced glutathione (GSH)], acetylcholineesterase (AchE)
activity and tumor necrosis factor-alpha (TNF-a) level. The
left half was used for the analysis of other neurotransmitter
including dopamin (DA), norepinephrine (NE) and serotonin
(5-hydroxytryptamine; 5-HT). Each brain area was weighed
and frozen at -80°C until analyzed.

The right half of each mouse brain was homogenized in
phosphate buffer (pH 7.4). This homogenate was centrifuged
at 5000 rpm and 4°C for 10 minutes; the supernatant was
stored at -80°C until analysis. This supernatant was used for
the determination of oxidative stress parameters, AchE
activity and TNF-a level.

2.6. Neurochemical Analysis

2.6.1. Determination of Lipid Peroxidation

MDA, a measure of lipid peroxidation, was estimated
according to the method of Ruiz-Larrea et al. (1994) [31].
Malondialdehyde  was  determined by  measuring
thiobarbituric acid reactive species (TBARS). One molecule
of MDA reacts with two molecules of thiobarbituric acid in
acidic medium at a temperature of 95°C for 20 minutes to
form TBARS. The absorbance of the resultant pink product
was measured at 532 nm.

2.6.2. Determination of NO

NO was determined colorimetrically in the brain tissue
according to the method described by Montgomery and
Dymock (1961) [32]. This is based on the measurement of
endogenous nitrite concentration as an indicator of NO
production. It depends on the addition of Griess reagent
which converts nitrite into a deep purple azo compound
whose absorbance is read at 540 nm.

2.6.3. Determination of GSH

Ellman's method [33] was used to measure GSH level. The
procedure is based on the reduction of Ellman’s reagent by —SH
groups of GSH to form 2-nitro-s-mercaptobenzoic acid whose
intense yellow color is measured spectrophotometrically at 412
nm.

2.6.4. Determination of TNF-a

Estimation of brain TNF-a level expressed in pg/g tissue
was carried out using rat TNF-a ELISA Kit supplied by
Koma Biotech INC, Seoul (Korea).

2.6.5. Neurotransmitter Analysis

The procedure used for the determination of AchE activity
in the midbrain and striatum was a modification of the method
of Ellman et al. (1961) [34] as described by Gorun et al. (1978)
[35]. The principle of the method depends on the hydrolysis of
acetylthiocholine iodide by acetycholinesterase to produce
thiocholine. Thiocholine is allowed to react with the -SH
reagent 5,5’-dithiobis-(2-nitrobenzoic acid) (DTNB), which is
reduced to thionitrobenzoic acid, a yellow colored anion
whose absorption is read spectrophotometrically at 412 nm.

The left half of each mouse was homogenized in an ice-
cold solution of acidified n-butanol. The homogenates were
centrifuged at 2000 r. p. m. for 5 minutes. These supernatants
were used for the estimation of DA, NE and 5-HT according
to the fluorometric method described by Ciarlone (1978)
[36]. The fluorescence was  measured  using
spectrofluorometer (model Jasco-FP-6500, Japan) with a
source of xenon arc lamp 150W (excitation slit band width of
excitation monochromator: 5 nm., emission slit band width of
emission monochromator: 5 nm.).

2.7. Statistical Analysis

The data presented in the study were statistically evaluated
as a mean value for each group and its corresponding
standard error. Statistical significance between the groups
under investigation was tested by one-way analysis of
variance (ANOVA) using Statistical Package for Social
Sciences (SPSS) program, version 14 followed by post hoc
test using Duncan to compare significance between groups.
Difference was considered significant at P-value <0.05.

3. Results
3.1. Motor Activity

Data demonstrated in figure (1) revealed that rotenone
injection (3 mg/kg every other day) for 30 days resulted in a
significant decrease in the hanging time of mice below the
control value. The daily oral protection with omega-3 (300
mg/kg) against rotenone induce model of PD restored the
hanging time of mice to control —like value. Moreover, when
the mice model of PD were treated daily with omega-3 for 7
and 15 days, the decrease in forelimb hanging time induced
by rotenone returned to non-significant change as compared
to control value.
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Figure 1. Effects of omega-3 protection or treatment on the motor activity (fore limp hanging time) in mice of rotenone induced PD model as compared to the
vehicle (control))* P< 0.05 and rotenone * P< 0.05 groups respectively.

3.2. Neurochemical Results

3.2.1. Oxidative Stress Parameters
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Figure 2. Effects of omega-3 protection or treatment on the level of MDA in mice brain of rotenone-induced PD model as compared to the vehicle (control)*
P< 0.05 and rotenone * P< (.05 groups respectively.
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Figure 3. Effects of omega-3 protection or treatment on the level of NO in mice brain of rotenone-induced PD model as compared to the vehicle (control)* P<
0.05 and rotenone * P< (.05 groups respectively.
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Figure 4. Effects of omega-3 protection or treatment on the level of GSH in mice brain of rotenone induced PD model as compared to the vehicle (control) *

P< 0.05 and rotenone * P< 0.05 groups respectively.

Data illustrated in figures (2 and 3) show that rotenone-
induced mice model of PD was accompanied by significant
increases in brain levels of lipid peroxidation (MDA) by
82.29% and NO by 60.82% respectively and a significant
decrease in the level of GSH by 35.30% Figure (4) as all
compared to their levels in control mice. The protection and
daily treatment with Omega-3 for 7 days failed to restore the
increased levels of lipid peroxidation and nitric oxide
induced in the brain of PD mice model, however, GSH value

showed non significant change. Daily treatment of PD mice
model with omega-3, for 15 days restored brain levels of
both MDA and GSH toward the control values, whereas, NO
showed elevated level (figures 2, 3 and 4) respectively.

Data demonstrated in figure (5) showed a significant
increase in TNF-a by 33.6% in the brain of mice model of
PD as compared to the control value. This increase was
reduced to control like value when the mice model of PD
were protected or treated daily for 15 days with omega-3.
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Figure 5. Effects of omega-3 protection or treatment on the level of TNF-a in mice brain of rotenone induced PD model as compared to the vehicle (control) *

P< 0.05 and rotenone * P< 0.05 groups respectively.

3.2.2. Neurotransmitters

Figure (6) shows a significant decrease jn brain AchE
activity by -21.28% below the control value. Both the
protection and treatment with omega-3 for 7 days reversed
the decrease in the AchE activity to a significant increase.
However, treatment of mice model of PD with omega-3 was
extended to 15 days AchE activity was restored to control
like value.

In mice model of PD significant decreases in the brain
levels of DA (figure 7), NE (figure 8) and 5-HT (Figure 9)

were observed recording -14.68%, -15.49% and -58.71%,
respectively, as compared to control values. The protection
with omega-3 prevented the decrease in dopamine and
norepinephrine induced in mice model of PD but failed to
restore the decrease in serotonin. Similarly the daily
treatment of mice model of PD with omega-3 for 7 and 15
days restored the brain levels of DA and NE to non
significantly changed as compared to control animals.
However, omega-3 treatment was unable to prevent the
decrease in 5-HT induced in mice model of PD.
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Figure 6. Effects of omega-3 protection or treatment on the level of AchE activity in mice brain of rotenone induced PD model as compared to the vehicle
(control) * P< 0.05 and rotenone * P< 0.05 groups respectively.
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Figure 7. Effects of omega-3 protection or treatment on the level of DA in mice brain of rotenone induced PD model as compared to the vehicle (control). *
P< 0.05 and rotenone * P< 0.05 groups respectively.
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Figure 8. Effects of omega-3 protection or treatment on the level of NE in mice brain of rotenone-induced PD model as compared to the vehicle (control) * P<
0.05 and rotenone * P< 0.05 groups respectively.
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Figure 9. Effects of omega-3 protection or treatment on the level of 5-HT in
P< 0.05 and rotenone * P< 0.05 groups respectively.

4. Discussion

In the present study, a significant increase in the levels of
MDA (a marker of lipid peroxidation) and NO together with
the significant decrease in reduced glutathione GSH after the
daily s. c. injection of rotenone (3 mg/kg every other day)
indicate the development of oxidative stress in the brain
tissue of rotenone-treated mice.

Rotenone is a potent dopaminergic neurotoxicant owing to
its highly lipophilicity, its easy crossing of the blood-brain
barrier and its accumulation in subcellular organelles
including the mitochondria [37]. It has the ability
tobindspecifically to complex I, disrupting mitochondrial
respiration and increasing reactive oxygen species (ROS)
production [38]. ROS in turn could attack lipid rich
membranes of the brain causing an increase in lipid
peroxidation [39]. Thus, the present significant increase in
the level of lipid peroxidation in the brain tissue could be
attributed to the attack of cell membranes of the brain by the
free radicals evolved by rotenone.

In addition, the significant increase in the level of NO in
the brain tissue recorded in the present study could be
mediated by the activation of neuronal nitric oxide synthase
(nNOS). Supporting our findings is the study of He et al.
(2003) [40] who found that chronic rotenone administration
leads to increased activity of NOS in the cerebral tissues.
Nitric oxide may inhibit key enzymes of energy metabolism,
damage DNA, deplete intracellular glutathione and react with
ROS, especially superoxide (O°) to form peroxynitrite
(ONOO-), a potent oxidant and nitrating agent which has a
potent damaging activity [41]. Moreover, the potent
oxidant ONOO™~ may directly oxidize DA [42]
causingdopaminergic damage [43]. This could explain the
reduced level of dopamine induced by rotenone.

The present recorded reduction of GSH could be attributed
to its exhaustion in scavenging the rapidly generating free
radicals. Reduced glutathione (GSH) has crucial metabolic
importance and its decreased levels might play an important
role in inducing oxidative stress in brain [44].

mice brain of rotenone induced PD model as compared to the vehicle (control)*

TNF-0. a potent pro-inflammatory cytokine has a
promoting role in neuroinflammation-mediated progressive
degeneration of dopaminergic neurons in PD [45, 46]. Thus,
the increase in brain TNF-o induced by rotenone in the
present study could mediate the neuronal inflammation and
consequently the dopaminergic damage. Zaitone et al. (2012)
[47] observed that rotenone activates the release of TNF-a
from microglia.

Accordingly, it could be concluded that the oxidative and
nitrosative stress together with the neuroinflammation
induced by rotenone in the brain tissue could underlie
dopaminergic neurons neurodegeneration and consequently
the reduced level of DA.

The present findings indicate that rotenone induced a
significant decrease in cerebral AchE activity. According to
the DA-Ach balance hypothesis, DA could inhibit
acetylcholine releasein the striatum [48]. Therefore, the
depletion of dopamine in the striatum could result in
dopaminergic/cholinergic imbalance [49] leading
toanincrease the level of Ach. This continuous stimulation
without inhibition could underlie the characteristic symptoms
of tremor, rigidity and muscle fatigue that develop leading to
postural instability [50]. AchE is the enzyme responsible for
the degradation of acetylcholine. Accordingly, the present
decreased activity of AchE could arise from its consumption
in the degradation of the abnormal increased Ach content
generated during the development of PD.

In agreement with the present findings, Swathi and
Rajendra (2014) [51] found that the i. p. injection of rotenone
induced a significant decrease in brain DA, NE and 5-HT
levels.

The removal of monoamines from the synaptic cleft takes
place by a specific vesicular monoamine transporter
(VMAT2) [52] which is responsible for repacking
monoamine neurotransmitters including DA, NE and 5-HT
into their vesicles [53]. This protects them from degradation
by monoamine oxidase enzyme (MAQO). Watabe and Nakaki
(2008) [54] found that rotenone inhibited the activity of
VMAT2. In addition, it has been reported that chronic
rotenone administration significantly increased the activity of



Clinical Neurology and Neuroscience 2018; 2(1): 12-22 19

MAO enzyme [51]. Therefore the present decrease in the
cerebral level of DA, NE and 5-HT may arise from the
inhibition of VMAT2 and the increased MAO activity
induced by rotenone.

In the present study, the forelimb hanging test was used to
assess the disturbance of locomotor activity that represents
the main symptom in PD. The present data indicate that the s.
c. injection of rotenone (model group) caused a significant
decrease in the time of the forelimb hanging test. This
finding ensure the establishment of the rat model of PD and
reflect a serious model disability. The motor effects are
closely linked to the degree of neuronal dysfunction [55].
Therefore, the decrease in DA level may explain the deficit
in motor activity induced by rotenone.

The present data revealed that the use of omega-3 either as
a protection or a therapy against the mouse model of PD
prevented the decrease in GSH level induced by rotenone in
the brain tissue, however, it failed to prevent the increased
NO level. In addition, only the daily treatment of mouse
model of PD with omega-3 for 15 days restored the lipid
peroxidation to control-like value.

It has been suggested that DHA, one of omega-3
components, is required for the organization and function of
membrane proteins [56]. This may be particularly important
in mitochondria, where electron transfer is tightly coupled
between the complexes of the embedded electron transport
chain. Therefore, accumulation of omega-3 PUFAs within
mitochondrial membranes may affect mitochondrial
bioenergetics, a suggestion supported by the recent
observation that the unsaturation index of mitochondrial
membranes in rodents is positively associated with rates of
palmitate oxidation [57]. Therefore, omega-3 improves the
efficiency of mitochondria either through the greater content
of the electron transport complexes, or through the enhanced
kinetics of existing proteins [58]. Consequently, omega-3
could prevent the reported inhibition of complex-I induced
by rotenone in the mitochondria. This effect may prevent the
leakage of single oxygen to the cytoplasm and the formation
of free radicals.

In addition, DHA has been found to increase the activities
of the antioxidant enzymes glutathione peroxidase and
glutathione reductase [59]. Thus, the recorded amelioration
in brain GSH levels, in the present study, could be attributed
to the stimulatory effect of DHA on the activity of
glutathione reductase. This may explain the restoration of
GSH level during the protection and therapeutic application.

Production of NO via constitutive nitric oxide synthase has
been linked to homeostasis, for instance, the regulation of
arterial blood pressure, whereas NO produced after inducible
nitric oxide synthase induction appears to be involved in
pathophysiological phenomena [60].

The present results recorded a significant increase in NO
levels when the mice model of PD was protected or treated
with omega-3. In the brain, NO is mainly synthesized in
synaptic terminals by a neuronal NOS isoform, acting as a
neuromodulator [61, 62]. In the rat medial preoptic area, NO
increased the release of both dopamine and serotonin [63].

Therefore, the present increase in the brain nitric oxide level
as a result of omega-3 protection or treatment could play a
role in the recovery of dopamine level.

Several studies reported that EPA or fish oil inhibited
endotoxin-induced TNF-a production [64, 65]. In addition, it
has been reported that omega-3 PUFAs induce their anti-
inflammatory effects via reduction of the transcription factor
nuclear factor-xB activation which is a potent inducer of
proinflammatory cytokine-like TNF-a [66]. Therefore, the
ability of omega-3 to restore the elevated level of TNF-a
induced by rotenone could be mediated by inhibiting its
production.

Our results showed that both protection and daily
treatment (for 7 days) of mouse model of PD with omega-3
reversed the decrease in AchE activity into an increase,
however, the enzyme activity returned to control like value
after 15 days of daily treatment with omega-3. This may
represent the mechanism by which omega-3 acts to attenuate
the increase in the cholinergic activity. The control-like value
of AchEactivity that has been recorded after 15 days
indicates the restoration of cholinergic activity to its normal
value. This effect was associated with the recovery in
dopamine level and therefore, it may attenuate tremors and
dyskinesia associated with PD [67].

Omega-3 PUFAs influence dopaminergic, noradrenergic,
serotonergic and GABAergic neurotransmission in particular
areas of the brain [68]. Dietary supplementation with omega-
3 fatty acids increases dopamine levels and D2 receptor
binding, and lowers monoamine oxidase B (MAO-B) activity
in prefrontal cortex and D2 receptor binding in striatum [69].
Thus, the recovery in dopamine level that was observed after
the protection or daily treatment of mice model of PD with
omega-3 could be attributed to its inhibitory effect on MAO.
This effect could also explain the restoration of NE level.

It is clear from the present results that daily omega-3
therapy for 15 days was effective in preventing the depletion
of brain NE level induced in the brain of mouse model of PD,
as it restored the changes in NE to control-like value.
Unfortunately, the reduced level in cerebral SHT was still
evident when the mice model of PD was protected or treated
with omega-3. However, the percentage of decrease was
reduced from -58.7% in the parkinsonian mice to -30.2% and
-34.8% when the mice model was protected or treated with
omega-3 for 7 days and 15 days, respectively. These results
indicate a slight improvement that may need more time to be
effective.

The present results show that the changes induced by
omega-3 in the mice model of PD were associated with
noticeable improvement in the motor activity as indicated
from the recovered hanging time. This could be attributed to
the recovery of DA levels and consequently DA/Ach
balance.

5. Conclusion

In light of data obtained in the current study. It could be
concluded that oral supplementation of omega-3
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polyunsaturated fatty acids (omega-3 PUFAs) may constitute
neuroprotective and therapeutic strategies for Parkinson's
disease (PD). These beneficial effects of omega-3 could be
attributed partially to its antioxidant and anti- inflammatory
potential.
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