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ABSTRACT 
 

Aim: This study investigated the neurobehavioral and micro structural anti-anxiety potential of 
flaxseed oil following rotenone-induced Parkinson’ disease [PD] in mice 
Study Design: Fifty-six adult male and female mice (Mus musculus) weighing between 23.9-26.3 
grams were used for this study. The mice were randomly placed into four groups of fourteen mice 
each: A (Control; mice pellets), B (Rotenone 3 mg/kg, IP), C (Rotenone + Flaxseed oil 0.3 ml orally), 
and D (0.3 ml Flaxseed + Rotenone).  
Place and Duration of the Study: Department of Anatomy, Olabisi Onabanjo University. Between 
May and September, 2016. 
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Methodology: The brains were excised, weighed and appropriate sections taken and processed 
histology and labelled with H&E, silver and Nissl stains and immuno-cytochemically with GFAP. 
Results: The results showed significant (P<0.005) increase in anxiety related activities and 
neuronal structural derangement, and degeneration of astrocytes in the rotenone-induced 
Parkinson’s mice, which were counter/ameliorated by flaxseed oil treatments.  
Conclusion: In conclusion, flaxseed oil acts as a neuro-protective agent against the insult of 
rotenone model of Parkinson’s disease, thus it should be further evaluated as a potential therapeutic 
candidate in the management/treatment of Parkinson's disease. 
 

 
Keywords: Parkinson’s disease; flaxseed oil; hippocampus; anxiety; rotenone. 
 

1. INTRODUCTION 
 
Parkinson’s disease [PD] is a chronic 
neurodegenerative disorder affecting over four 
million people worldwide [1]. It is classically 
characterized by the emergence of motor 
symptoms such as rigidity, tremor, postural 
unbalance, and bradykinesia/akinesia [2,3]. 
However, PD also involves non motor symptoms 
(NMS) [4,3] that appear in the early, often 
premotor, phase of the disease [5-7] and 
significantly contribute to the impairment of the 
quality of life of 50%–60% of PD patients [8]. 
 
Anxiety affects quality of life in those living with 
Parkinson’s disease (PD) more so than overall 
cognitive status, motor deficits, apathy, and 
depression [9-11]. Although anxiety and 
depression are often related and coexist in PD 
patients [12], recent research suggests that 
anxiety rather than depression is the most 
prominent and prevalent mood disorder in PD 
[13,14]. Yet, our current understanding of anxiety 
and its impact on cognition in PD, as well as its 
neural basis and best treatment practices, 
remains meagre and lags far behind that of 
depression[15]. 
 
Two previous studies demonstrated that 
hippocampal atrophy is evident in PD with or 
without dementia [16,17]. Similar findings are 
observed in dementia with Lewy bodies (DLB), 
where diffuse Lewy bodies and, in many cases, 
the pathologic features of AD co-occur [18-20]. 
These changes overlap with those seen in PD 
with dementia (PDD) [21,22]. 
 
A growing body of evidence suggests that 
nutrition may play an important role in PD. 
Epidemiological and biochemical studies have 
recently identified promising components in 
certain food groups that may elicit 
neuroprotection in PD [23,24]. However, 
inclusion or exclusion of other food groups may 
trigger or exacerbate neurodegeneration. 

Flaxseed oil comes from the seeds of the flax 
plant (Linum usitatissimum, L.). Flaxseed oil 
contains both omega-3 and omega-6 fatty acids, 
which are needed for health. Flaxseed oil 
contains the essential fatty acid alpha-linolenic 
acid (ALA), which the body converts into 
eicosapentaenoic acid (EPA), and 
docosahexaenoic acid (DHA), which is the 
omega-3 fatty acids found in fish oil. Some 
researchers think flaxseed oil might have some 
of the same benefits as fish oil. But the body is 
not very efficient at converting ALA into EPA and 
DHA. The benefits of ALA, EPA, and DHA are 
not necessarily the same [25]. 
 
Omega 3 and omega 6 fatty acids are essential 
fatty acids, that is, they cannot be synthesised 
and are essential components of the human diet 
for health. Omega 3s are found in large amounts 
in fish and seafood, particularly in oily fish, and in 
some plants, notably flaxseeds and purslane. 
While both omega 3 and 6 fatty acids have 
positive structural properties when incorporated 
into bodily cell membranes, in simple terms, 
omega 3s are essentially anti-inflammatory 
[26,27]. 
 
In this study, we investigated the relevance of 
flaxseed oil, as a potential neuro-therapeutic 
candidate targeting hippocampal neurones and 
astrocytes in line with the growing body of 
evidence that suggests nutrition may play an 
important role in PD. 
 

2. MATERIALS AND METHODS 
 
2.1 Experimental Animals 
 
Fifty-six adult male and female mice (Mus 
musculus) weighing between 23.9-26.3 g were 
used for this study. The animals were housed in 
clean plastic cages, well ventilated environment 
with temperature ranging between 24-28ºC in 12 
hours light and 12 hours dark cycle. The animals 
were given standard mice pellets and water ad 
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libitum, and were allowed to acclimatize for two 
weeks before commencing the experimental 
protocols. Rotenone was bought from Abcam, 
while flaxseed oil was purchased from Organo 
Shoppe, Lagos, Nigeria. The institutional 
committee on Animal Care and Use in Research, 
Education and Testing (ACURET) approval was 
obtained and the animal experiments were 
conducted according to the NIH Guide on 
Laboratory Animals for Biomedical Research 
(NIH, 1978) and ethical guidelines for 
investigation of experimental pain in conscious 
animals [28]. 
 

2.2 Experimental Design 
 
Following the two weeks of acclimatization, the 
animals were randomly divided into four (4) 
groups of fourteen (14) animals each made up of 
equal number of male and female mice as 
follows: 
 
 Group A: (Control Group) Mice were given 

dry food pellet and clean water ad libitum. 
 Group B: (Negative Control Group) Mice 

were given 3 mg/kg/day of Rotenone per 
body weight subcutaneously for 5 
consecutive days 

 Group C: (Post-treated) Mice were given 3 
mg/kg/day of Rotenone per body weight 
subcutaneously for 5 consecutive days 
followed by a fourteen (14) days oral 
treatment with (0.3 mil/mouse) flax seed 
oil. 

 Group D: (Pre-treated) Mice were given 
(0.3mil/mouse) flax seed oil for fourteen 
(14) days consecutively followed by five (5) 
days administration of 3 mg/kg/day of 
Rotenone subcutaneously. 

 

2.3 Elevated Plus Maze (EPM) 
 
2.3.1 Introduction 
 

This assay essentially determines a preference 
between a comparatively safe and comfortable 
environment (the closed arms) and a risky 
environment (elevated open spaces). This is 
often discussed in terms of avoidance or fear, but 
this is not strictly accurate (see the refs below).  
This is technically a preference test – one portion 
of the arm is avoided only in comparison to the 
other portion. The general principle is that the 
more “anxious” the subjects are, the less likely 
they will be to explore an uncomfortable, risky, or 
threatening environment.  Thus, previous stress, 
presence of a predator odor, previous handling, 

manipulation of stress hormones and peptides all 
effect behavior in the EPM.  Unfortunately, not all 
these factors produce the same effects in each 
strain, sex, age species etc [29].  
 
2.3.2 Procedures 
 
Anxiety-related behavior is measured as 
preference for the closed arms. The percentage 
of open arm entries also indicates anxiety levels, 
especially in mice, which tend to be more 
impulsive and spend less time per entry in any 
arm.  Controls include total arm entries, which is 
generally considered to indicate non-specific 
locomotor activity. The testing session consists 
of putting the animal in the apparatus and 
recording the following behaviors: Total time 
spent in the open arm, total time spent in the 
closed arm, total number of open arm entries, 
closed arm entries. The maze was cleaned with 
70% ethanol after every trial and with 10% 
bleach at the end of every day [30].  
 
2.3.3 Experimental design 
 
The animals were tested in random order in a 
matched block design such that equal numbers 
of animals in each treatment group are 
represented in each testing block.  The 
experimenter was blinded to the condition of the 
animals.  
 
2.3.4 Scoring the EPM 
 
An entry was defined when all 4 paws crossed 
the line into that arm. Time in the center was also 
be recorded.   
 

2.4 Tissue Sample Preparation 
 
At the end of the experimental period the mice 
were euthanized by administering 10 g/kg body 
weight of Pentobarbital. The mice brains were 
carefully dissected out, weighed and fixed in 10% 
formol-saline for routine histological and 
immunocytochemical procedures. 
 
2.4.1 Haematoxylin and eosin routine staining   
 
Tissue sections were rinsed in distilled water for 
5 minutes, then stained in haematoxylin for 15 
minutes, rinsed in running tap water and 
differentiated in 0.3% acetic acid and rinsed in 
tap water before staining with eosin for 2 
minutes. Sections were then dehydrated in 70% 
for 1 minute, 95% alcohol for 1 minute, 100% 
alcohol for 1 minute (2 changes) respectively and 
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then taken to the oven overnight. Sections were 
subsequently cleared in xylene and then placed 
DPX mountant and cover slipped for light 
microscopy [31].  
 
2.4.2 Bielschowsky's silver staining protocol 
 
Deparaffinized sections to distilled water and 
washed three times, the slides were pre-warmed 
(40ºC) and stained in 10% silver nitrate solution 
for 15 minutes, the slides were then placed in 
distilled water and washed for 3 times; added to 
the silver nitrate solution, was concentrated 
ammonium hydroxide drop by drop until the 
precipitate formed was JUST clear. The slides 
were placed back in this ammonium silver 
solution and stained in 40ºC oven for 30 minutes 
or until sections become dark brown, slides were 
placed directly in developer working solution for 
about 1 minute, after this slides were dipped for 1 
minute in 1% ammonium hydroxide solution to 
stop the silver reaction. Slides were then washed 
in distilled water in 3 changes. Slides were then 
placed in 5% sodium thiosulfate solution for 5 
minutes, followed by yet another 3 changes of 
washing in distilled water. The sections were 
dehydrated and cleared through 95% ethyl 
alcohol, absolute alcohol and xylene and 
mounted with resinous medium [32].  
 
2.4.3 Methods: Cresyl fast violet for nissl 

substance 
 
Tissue sections were de-waxed in xylene (2 or 3 
changes of 3 min each), dehydrated in alcohol 
(100% x2), 3 min each, followed by staining in 
0.1% Cresyl Violet for 15 min.The slides were 
quickly rinsed in tap water to remove excess 
stain, then washed in 70% ethanol, followed by 
dehydration through 2x3min changes of absolute 
ethanol and finally cleared in xylene x2 and 
mounted in DPX [33]. 
 

2.5 Immunohistochemical Protocol   
 
The paraffin embedded tissue was cut at 5 
microns thick and allowed to heat on hot plate for 
1 hour, then sections were taken to water, that is, 
through xylene, alcohols and finally water 
respectively. Antigen retrieval method was 
performed using citric acid solution pH 6.0 in a 
pressure cooker for 15 minutes. Sections were 
equilibrated by gently displacing hot citric acid 
with running tap water for 3 minutes. Blocking of 
peroxidises in tissue sections was done using 
peroxidise block for 15 minutes and then washed 
for 2 minutes with phosphate buffered saline 

(PBS) with tween 20. Blocking of protein was 
then performed with Novocastra® protein block 
for 15 minutes. Tissue section was then washed 
for 2 minutes with PBS, then incubated with 
primary antibody e.g., Neurofilaments 1 in 100 
dilution for 45 minutes, washed in PBS for 3 
minutes and later added Secondary antibody for 
15 minutes. Tissue section was then washed 
twice with PBS. Polymer was thereafter added 
and allowed for 15 minutes, washed twice with 
PBS and then added the diaminobenzidine 
(DAB) chromogen diluted 1 in 100 with the DAB 
substrate for 15 minutes, and then washed with 
water and counterstained for 2 minutes in 
Haematoxylin. Again the tissue section was 
washed, dehydrated, cleared and mounted in 
DPX mountant [34].  
 

2.6 Photomicrography 
 

Photomicrographs were taken using Omax led 
digital Microscope. 
 

2.7 Statistical Analysis 
 

Data were analysed using analysis of variance 
(ANOVA) by comparing values for different 
treatment groups with the values for individual 
controls. Results were expressed as mean ± 
SEM. The significant differences among values 
were analysed using Graph Pad version 7 at P-
value = 0.05. 
 

3. RESULTS AND DISCUSSION 
 

Non-motor symptoms (NMS) in PD are common 
and often precede motor deficits. In the last 
years, affective symptoms of PD, such as anxiety 
and depression, or impaired sensory functions, 
such as olfactory disturbance attracted   
increased attention not only because they   
reduce the quality of life but also they may serve 
as early disease indicators [35]. This study 
compares anxiety in PD mice model with 
hippocampal structural integrity which is the    
seat of working memory. The findings showed 
that the mean number of entry and the time 
spent in the close arm of the elevated plus     
maze significantly increased in the PD mice 
[Figs. 1 & 2], while the number of entry and     
time spent in the open arm were decreased       
in the PD mice [Figs 3 & 4]; In elevated           
plus maze, anxiety-related behavior is measured 
as preference for the closed arms and dislike      
or avoidance of the open arms, hence our    
results showed that PD is positively associated 
with anxiety as shown by the significance 
preference for closed arm at the expense of      



the open arm. Although the neurobiology 
of anxiety in PD remains unknown, 
many researchers have postulated that 
anxiety disorders are related to neurochemical 
changes that occur during 
premotor stages of PD-related 
[36,37] such as nigrostriatal dopamine 
depletion, as well as cell loss
serotonergic and noradrenergic
nuclei (i.e., raphe nuclei and locus 
coeruleus, resp., which provide massive
to cortico-limbic regions).Overtime, chronic 
dysregulation of adrenocortical and 
catecholamine functions can lead to hippoc
damage as well as dysfunctional prefrontal 
neural circuitries [38, 39], which play a key role in 
memory and attention [40]. While both post and 
pre-treatment with flaxseed oil ameliorates and 
counters the heightened anxiety caused by 
rotenone induced PD in the experimen
respectively [Figs. 1 and 2]. Our present study 
reported that intake omega 3 in the form of 
flaxseed oil significantly protected against H
induced oxidative injury, suggesting that omega 
3 might be an effective supplement 
prevention of neurodegenerative diseases which 
are associated with oxidative stress. DHA has 
been reported to scavenge the intracellular 
radical productions induced by hydrogen 
peroxide (H2O2), superoxide anion (O
hydroxyl radical (•OH) [41]. Many previous 
studies reported that DHA treatment could 
significantly reduce ROS production, which is a 
possible mechanism underlying DHA’s protective 
effects [42]. 
 
 

Fig. 1. shows the mean number of close arm entry ± SE of Male and Female mice in control, 
rotenone, post-treated and pre-treated groups. The results of the two way ANOVA showed: 1. 
Significant interaction (F (3, 16) =12.22, P<0.0001; 2. Non

=1.33, P<0.2652); 3. Significant main effect of treatment (F 
showed that PD increased anxiety

while flaxseed oil appea
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the open arm. Although the neurobiology            
of anxiety in PD remains unknown,                

have postulated that        
anxiety disorders are related to neurochemical 

 the early          
 degeneration 

37] such as nigrostriatal dopamine     
depletion, as well as cell loss within     

noradrenergic brainstem     
nuclei (i.e., raphe nuclei and locus         

massive inputs    
regions).Overtime, chronic 

dysregulation of adrenocortical and 
catecholamine functions can lead to hippocampal 
damage as well as dysfunctional prefrontal 

[38, 39], which play a key role in 
memory and attention [40]. While both post and 

treatment with flaxseed oil ameliorates and 
counters the heightened anxiety caused by 

PD in the experimental mice 
Our present study 

reported that intake omega 3 in the form of 
flaxseed oil significantly protected against H2O2-
induced oxidative injury, suggesting that omega 
3 might be an effective supplement for the 
prevention of neurodegenerative diseases which 
are associated with oxidative stress. DHA has 
been reported to scavenge the intracellular 
radical productions induced by hydrogen 

), superoxide anion (O2•−), and 
1]. Many previous 

studies reported that DHA treatment could 
significantly reduce ROS production, which is a 
possible mechanism underlying DHA’s protective 

We further investigated the role of flaxseed oil on 
the CA3 region of hippocampus of r
model of PD mice. Our results showed that 
rotenone induced neuronal degenerations in the 
mice model of PD [see Plates 1, B; Plate 2, B 
and Plate 3, B].One earlier study in PD using the 
same subfield segmentation technique found 
volume loss in CA2–3, CA4-DG, subiculum, and 
the whole hippocampus, and this correlated with 
verbal learning [43]. 
 
It has been shown in Parkinson's disease that 
mitochondrial function is disrupted, causing cells 
to become malnourished and die [44,
mechanism behind mitochondrial dysfunction in 
Parkinson's disease is hypothesized to be the 
PINK1 and Parkin complex which has been
shown to drive autophagy of the mitochondria, 
also known as mitophagy [44-46]. PINK1 is a 
protein that is normally transported into the 
mitochondria, but can also accumulate on the 
surface of impaired mitochondria. Accumulated 
PINK1 then recruits Parkin which initiates the 
breakdown of dysfunctional mitochondria, a 
mechanism that acts as a "quality control" [44]. In 
Parkinson's disease, the genes coding PINK1 
and Parkin are thought to be mutated, therefore 
preventing the breakdown of impaired 
mitochondria, causing abnormal function and 
morphology of mitochondria and eventually cell 
death [44,45]. Mitochondrial DNA (mtDNA) 
mutations have also been shown to accumulate 
with age [47] indicating that susceptibility to this 
mechanism of neuronal death increases with 
age. 
 

 

shows the mean number of close arm entry ± SE of Male and Female mice in control, 
treated groups. The results of the two way ANOVA showed: 1. 
=12.22, P<0.0001; 2. Non-significant main effect of sex (F 

=1.33, P<0.2652); 3. Significant main effect of treatment (F (3, 16) =20.67, P<0.0001). The results 
showed that PD increased anxiety-like behaviors by increased preference for closed arms 

while flaxseed oil appears to ameliorate such behaviors 
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shows the mean number of close arm entry ± SE of Male and Female mice in control, 
treated groups. The results of the two way ANOVA showed: 1. 

t of sex (F (1, 16) 
=20.67, P<0.0001). The results 

like behaviors by increased preference for closed arms 



Fig. 2. Shows the mean time spent in close arm ± SE of Male and Female mice in control, 
rotenone, post-treated and pre-treated groups. The results of the two way ANOVA showed: 1. 
Non-significant interaction (F (3, 16)

=28.46, P<0.0001); 3. Significant main effect of treatment (F 
just like in Fig. 1 above showed that PD increased anxiety

preference for closed arms whil

 

Fig. 3. shows the mean number of open arm entry ± SE of Male and Female mice in control, 
rotenone, post-treated and pre-treated groups. The results of the two way ANOVA showed: 1. 
Non-significant interaction (F (3, 16)

16) =1.33, P=0.2652); 3. Significant main effect of treatment (F 
showed that PD increased anxiety

flaxseed oil appea

Another mitochondrial-related mechanism for cell 
death in Parkinson's disease is the generation of 
Reactive Oxygen Species (ROS) [47,
are highly reactive molecules that contain oxygen 
and can disrupt functions within the mitochondria 
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the mean time spent in close arm ± SE of Male and Female mice in control, 
treated groups. The results of the two way ANOVA showed: 1. 

(3, 16) =1.489, P=0.2553); 2. Significant main effect of sex (F 
=28.46, P<0.0001); 3. Significant main effect of treatment (F (3, 16) =38.50, P<0.0001).The results 

just like in Fig. 1 above showed that PD increased anxiety-like behaviors by increased 
preference for closed arms while flaxseed oil appears to ameliorate such behaviors

 

shows the mean number of open arm entry ± SE of Male and Female mice in control, 
treated groups. The results of the two way ANOVA showed: 1. 

(3, 16) =0.64, P<0.5991); 2. Non-significant main effect of sex (F 
=1.33, P=0.2652); 3. Significant main effect of treatment (F (3, 16) =6.42, P=0.0046). The results 
showed that PD increased anxiety-like behaviors by increased dislike for the open while 

flaxseed oil appears to ameliorate such behaviors 
 

related mechanism for cell 
death in Parkinson's disease is the generation of 

(ROS) [47,48]. ROS 
are highly reactive molecules that contain oxygen 
and can disrupt functions within the mitochondria 

and the rest of the cell. With increasing age, 
mitochondria lose their ability to remove ROS yet 
still maintain their production of ROS, causing an 
increase in net production of ROS 
cell death [47,48]. 
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shows the mean number of open arm entry ± SE of Male and Female mice in control, 
treated groups. The results of the two way ANOVA showed: 1. 

fect of sex (F (1, 

=6.42, P=0.0046). The results 
like behaviors by increased dislike for the open while 

and the rest of the cell. With increasing age, 
ochondria lose their ability to remove ROS yet 

still maintain their production of ROS, causing an 
 and eventually 



Fig. 4. Shows the mean time spent in open arm ± SE of Male and Female mice in control, 
rotenone, post-treated and pre-treated groups. The results of the two way ANOVA showed: 1. 

Significant interaction (F (3, 16) =7.98, P<0.0018); 2. Non
=4.069, P=0.0608); 3. Significant main effect of treatment (F 
just like in Fig. 3 above showed that PD increased anxiety

for the open while flaxseed oil appears to ameliorat

Plate 1. Showing the photomicrographs of mice Cornu Armonis 3 (CA3) region of the 
hippocampus stained with H&E X1000: (a) CA3 region of the hippocampus of control group 

showing normal neuronal nuclei (red arrows); (b). CA3 region of the hippocampus of Rotenone 
treated mice showing degenerated neurons (yellow arrow); (c)CA3region of the hippocampus 
of Rotenone exposed mice and post
(red arrows) and degenerating neurons (yellow arrow); (d) CA3 region of the hippocampus of 
Rotenone exposed mice and pre

arrow) and degenerating neurons (yellow arrow)
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the mean time spent in open arm ± SE of Male and Female mice in control, 

treated groups. The results of the two way ANOVA showed: 1. 
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=4.069, P=0.0608); 3. Significant main effect of treatment (F (3, 16) =6.42, P=0.0046).The results 
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Showing the photomicrographs of mice Cornu Armonis 3 (CA3) region of the 

E X1000: (a) CA3 region of the hippocampus of control group 
showing normal neuronal nuclei (red arrows); (b). CA3 region of the hippocampus of Rotenone 
treated mice showing degenerated neurons (yellow arrow); (c)CA3region of the hippocampus 

osed mice and post-treated with flaxseed oil showing some normal neurons 
(red arrows) and degenerating neurons (yellow arrow); (d) CA3 region of the hippocampus of 
Rotenone exposed mice and pre-treated with flaxseed oil showing some normal neurons (red 

ow) and degenerating neurons (yellow arrow) 
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Plate 2. Showing the photomicrographs of mice Cornu Armonis 3 (CA3) region of the 
hippocampus stained with Nissl X1000: (a) CA3 region of the hippocampus of control group 

showing some nissl substance around the normal neuronal nuclei (red double-arrows); (b)CA3 
region of the hippocampus of Rotenone treated mice showing degenerated chromotolytic 

neurons (red double-arrow); (c)CA3 region of the hippocampus of Rotenone exposed mice and 
post-treated with flaxseed oil showing some nissl substance around normal neuronal nuclei 
(red double-arrows); (d) CA3 region of the hippocampus of Rotenone exposed mice and pre-

treated with flaxseed oil showing degenerated chromotolytic neurons (red double-arrow). 
 

 
 

Plate 3. Showing the photomicrographs of mice Cornu Armonis 3 (CA3) region of the 
hippocampus stained with Silver X1000: (a) CA3 region of the hippocampus of control group 

showing normal neuronal nuclei (blue arrows); (b). CA3 region of the hippocampus of 
Rotenone treated mice showing degenerated neurons (black arrows); (c)CA3 region of the 
hippocampus of Rotenone exposed mice and post-treated with flaxseed oil showing some 

normal neurons (blue arrows); (d) CA3 region of the hippocampus of Rotenone exposed mice 
and pre-treated with flaxseed oil showing degenerated neurons (black arrows) 
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Plate 4. Showing the photomicrographs of mice Cornu Armonis 3 (CA3) region of the 
hippocampus stained with GFAP X1000: (a) CA3 region of the hippocampus of control group 

showing normal astrocytes (red arrows); (b). CA3 region of the hippocampus of Rotenone 
treated mice showing clumped astrocytic processes (green arrows); (c)CA3 region of the 

hippocampus of Rotenone exposed mice and post-treated with flaxseed oil showing some 
normal astrocytes (blue arrows); (d) CA3 region of the hippocampus of Rotenone exposed 

mice and pre-treated with flaxseed oil showing few apparently normal astrocytes (red arrow 
and some clumped astrocytic processes (green arrows). 

 
Finally we looked at the role of astrocytes in 
rotenone induced Parkinson’s disease and on 
the intervention with flaxseed oil. Our finding 
showed complete loss of astrocytes in the 
rotenone group [Plate 3, B]; During brain damage 
(including diseases, brain injury and oxidative 
stress), these astrocytic functions become 
transiently or permanently impaired, and the 
subsequent impact on neuronal cells may lead to 
pathological conditions and neurodegenerative 
diseases [49,50]. Neurons are more susceptible 
to injury than astrocytes, as they have limited 
antioxidant capacity, and rely heavily on their 
metabolic coupling with astrocytes to combat 
oxidative stress [49]. However, severe brain 
damage also results in astrocyte dysfunction, 
leading to increased neuronal death [51]. Our 
results also revealed that intake of flaxseed oil 
was able to preserve some astrocytes [Plate 3, C 
& D]. A large amount of evidence, in cellular and 
animal models under neurotoxic stimuli, has 
suggested that DHA can prevent inflammation by 
modulating glial cell activity [52-55]. DHA 
modulation of astrocytes also demonstrates fine 
tuning of neuronal activity through inhibition of 

pro-inflammatory mediators and an important 
regulation of astrocytic activity.  
 

4. CONCLUSION 
 
In conclusion, flaxseed oil acts as a neuro-
protective agent against the insult of rotenone 
model of Parkinson’s disease, thus it should be 
further evaluated as a potential therapeutic 
candidate in the management/treatment of 
Parkinson's disease. 
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