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AIMS OF RESEARCH
To investigate MPTP-induced deficits and potential benefits of a 

blueberry-enriched diet in MPTP-treated mice as a model of PD.

To assess cellular changes in SN cells, cortical cells, mouse pup 
cultures, and PC12 cells after treatment with neurotoxins.

To evaluate the effects of sea cucumber and berry extracts on viability 
and neurite growth in PC12 cells. 

INTRODUCTION

BLUEBERRIES:
Blueberries contain a wide variety of polyphenols high in antioxidant 
capacity. Antioxidants scavenge free radicals, and may clear 
reactive oxygen species (ROS), thus reducing inflammation and 
neuronal degeneration. It has been previously found that blueberry 
extracts have a beneficial effect by protecting cultured cortical 
neurons and microglia from toxin exposure.3

SEA CUCMBER: 
Chemical and NMR analyses of sea cucumber extracts indicate the 
presence of alkaloids, flavonoids, terpenoids, phenols, steroids, 
saponins (triterpenoids), and glycosides as major constituents, 
which may activate neuroprotective pathways and thus have effects 
on cognitive improvement.4

BLACK CURRANT:
Anthocyanins are the major group of polyphenols in blackcurrants, 
accounting for about 80% of the total amount of quantified 
compounds. It has been found that cells treated with anthocyanin-
rich blackcurrant extracts experience significantly reduced ROS 
production.5
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CONCLUSIONS

In vitro, glutamate and alpha-synuclein caused a loss of SN cells 
in comparison to the control at 24 hours, as indicated by DAPI 
staining. Blueberry extracts provided no protection from cell death, 
as cell numbers in cultures treated with extracts were similar to 
the cultures treated only with glutamate or alpha-synuclein. In the 
results from the second experiment, the cells treated with 
blueberry extract unexpectedly had lower counts compared to 
control. This could potentially indicate an error in the blueberry 
extraction process. These results are not consistent with previous 
findings in which blueberry and sea cucumber extracts provided 
protection from glutamate and alpha-synuclein toxicity in cortical 
neurons and mixed cultures derived from mouse pups.

Figure 5. Average 
time to fall from the 

Rota-Rod apparatus 
at 15 rpm with no 
acceleration. This 

test shows balance, 
coordination, and 

motor planning.
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METHODS – IN VIVO
For the in vivo study, 36 C57BL/6 mice (Charles River) underwent 5 
consecutive days of injections. 

12 mice with normal diet were injected with saline.
12 mice with normal diet were injected with MPTP 15mg/kg.
12 mice with blueberry diet were injected with MPTP 15mg/kg.

Mice were housed individually and 
subjected to a feeding regimen 
involving free access to regular 
chow between 10:00 and 15:00. 
Then after 15:00, 24 mice (control 
group + 1 MPTP group) were given 
a dish with 7g of mash consisting of 
regular rodent chow (Teklad) and 
water. 12 mice (the other MPTP 
group) were given a mash 
containing ground blueberry fruits. 
The amount of blueberry provided 
in the mash was approximately
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For the in vivo studies, there were no significant differences between saline 
injected mice fed a normal diet, MPTP injected mice fed a normal diet, and 
MPTP injected mice fed a blueberry enriched diet in the light/dark box, rotarod, 
or open field behavioral tests. However, all tests had results trending towards 
significance that suggested the expected deficits of MPTP induced PD were 
present and then recovered at least partially by the blueberries towards normal 
levels observed in control mice. In addition, analysis of brain tissue indicated a 
significant loss of dopaminergic neurons in MPTP-treated mice, and no 
significant loss of dopamine neurons in mice on a blueberry-enriched diet.

RESULTS – PC12

PC12 cells were cultured, plated, 
then incubated for 24 hours. They 
were then treated with new media 
containing either 100ng/mL or 
200ng/mL NGF.

Next, for 24 hours, cells were 
treated with either 1mM or 10mM
glutamate.

Alternatively, for 24 hours, this 
process was repeated but with 
6-hydroxydopamine (6-OHDA) 
50uM, 75uM, 100uM, 150uM, 
200uM, and 250uM.

For 24 hours, cells were treated with
100 uM glutamate or
100 ng/mL alpha-synuclein.

Cells were either treated solely with 
the toxins or they were treated with 
the toxins + blueberry extract. 
Blueberry was extracted through 
trituration in a mortar and pestle, 
solvation with 80% acetone and 0.2% 
formic acid, then finally centrifugation 
and filtration. Extract was stored at 
-20°C. After 24 hours of treatment, 
SN cells were fixed and labeled with 
4′,6-diamidino-2-phenylindole (DAPI), 
a fluorescent DNA stain which labels 
the nuclei of cells.

equivalent to an average 70kg human eating a half cup of blueberries 
daily. After 3 weeks, mice were tested on the Open Field, Dark Light 
Box, and Rotarod behavioral tests after the injection regimen. Mice 
were then euthanized, and their brains prepared for western blots

Figure 3. Rota-Rod apparatus.

Figure 2. Photo of SN cells labeled 
with DAPI.

For imaging, cells were treated in some experiments with propidium 
iodide (PI), a fluorescent membrane-impermeable DNA stain, which 
primarily labels apoptotic cells, at a concentration of 100ng/mL.
Alternatively, in certain experiments, cells were fixed and stained with 
DAPI, similarly to previous in vitro experiments. Treatment with either 
stain made it possible to photograph and count the cells remaining in 
the cultures after treatment.

Figure 4. Photo of PC12 cells 
labeled with PI.

Figures 7 & 8. Average % of control of treated cells. No significant 
difference is noted. 

Surprisingly, it was determined that an 
increased concentration of 200ng/mL 
NGF was more effective at inducing 
neurite growth. Based on previous 
literature, 100ng/mL is most typically 
used with good results, however that 
was not the case here. 100ng/mL 
NGF did not induce any neurite 
growth that could be seen, and it was 
not until increasing the concentration 
that the cells started to differentiate.  Figure 9. Neurite outgrowth in PC12 cells.

In earlier experiments, 100ng/mL of PI was determined to 
allow for improved visualization in comparison to 10ng/mL 

PI and was thus used thereafter. 

More expectedly, cells treated with glutamate or 6-OHDA 
appear to display a dose-depended trend in cell death with 
higher concentrations inducing more cell death. Fluorescent 
staining with either PI or DAPI allowed visualization of this. 

Quantification of this data will be reported sometime soon in 
the future, as experiments with PC12 cells are still ongoing. 

Although additional research is needed, there 
is evidence that suggests certain natural 
products may show potential protective 
effects in PD. Our laboratory intends to 
continue our current research with PC12 
cells, including future experiments involving 
treatment with blueberry, sea cucumber, and 
blackcurrant extracts. Additionally, we will be 
assessing antioxidant activity of these natural 
product extracts using spectrophotometry in 
the near future.

Parkinson’s disease (PD) is a progressive neurodegenerative 
disorder that is characterized by debilitating motor dysfunction and 
cognitive symptoms, as well as a loss of dopaminergic neurons in the 
brain due to degeneration of the Nigrostriatal Pathway, which 
predominantly affects dopaminergic neurons in the substantia nigra 
pars compacta (SNpc). Overall, the pathogenesis of PD is largely 
unknown but is believed to involve cellular disruption and 
neuroinflammatory processes, such as oxidative stress, intracellular 
protein aggregation, mitochondrial damage, and apoptosis.1

Certain toxins, such as glutamate and alpha-synuclein are 
implicated in the mechanism of PD and can be utilized in 
experimental models of the disease. Other toxins such as 1-methyl-4-
phenyl-1,2,3,6-tetrahydropyridine (MPTP) and 6-hydroxydopamine 
(6-OHDA) are synthetic and irreversibly induce PD, making them 
important in PD studies. 

PC12 cells, used in more recent experiments in this laboratory, are a 
cell line that respond to nerve growth factor (NGF) by undergoing 
neuronal differentiation to cells which highly resemble sympathetic 
and dopaminergic neurons in phenotype.2 Growth factors have been 
considered as possible treatments for PD and the capacity of PC12 
cells to respond to NGF and other neurotrophic agents can provide 
an opportunity to investigate how growth factors may promote 
neuroprotection. 
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Figure 6. Average 
distance travelled in the 
open field test. This test 
measures total 
locomotion, time in the 
center, and time in 
periphery to indicate 
confidence and 
propensity to move. 

Figure 1. Chemical structures of 6-OHDA (left), MPTP (center), and a basic 
example of a  polyphenol (right).


