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Abstract

Active compounds in coffee have been reported to possess therapeutic effects in treating Parkinson’s disease
(PD). PD is a neurological degenerative disorder affecting millions of people around the world and to this day,
there is no known cure or effective method to prevent or delay the disease progress. The most effective drug
being used to treat symptoms of PD is L-3,4-dihydroxyphenyalanine (L-DOPA). However, chronic use of L-DOPA
diminishes its effectiveness as well as inducing dyskinesia. Current studies have shown that coffee consumption
enhances the effects of L-DOPA and has a preventative role in both the onset and progression of PD. Coffee also
has been reported to increase the plasma levels of granulocyte colony-stimulating factors (G-CSF), a protein that
also possesses neuroprotective functions. G-CSF may be used in combination treatments with L-DOPA and coffee
to synergize their function for treating PD. The underlying processes are not fully understood as to how coffee
interacts with both L-DOPA and G-CSF in PD models. This review attempts to provide a possible mechanism for
these interactions. Understanding the metabolic interactions between coffee, L-DOPA, and G-CSF may shed light

on new therapeutic treatments to treat PD.
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Parkinson’s Disease

Cases of PD have been documented as far back as the seventeenth
and eighteenth century. It was not until the early nineteenth century
that the English doctor James Parkinson, whom the disease is named
after, published the first, detailed essay on the degenerative disorder [1].
Those afflicted by PD exhibit motor symptoms that include tremors,
shakes, and increasing difficulties in movement [2]. PD patients also
experience degeneration of neuronal cells in the substantia nigra region
of the brain. The degeneration results in the loss of dopaminergic
terminals that extend into the striatum. The diminished concentration
of dopamine (DA) is suggested to be the cause of the motor symptoms
of PD [3].

There currently are no cures for PD. Studies have found a variety of
drugs that are able to manage the symptoms of the disease. However,
these drugs do not stop the progression of PD and have undesirable
side effects [4,5]. The treatments are palliative and fail to address the
underlying causes. Other studies have found variable successes through
surgical means in partially reversing the effects of PD in animal models
[6-8]. However, these procedures are invasive and an assessment of
these procedures is needed to determine their safety in clinical trials
and as a means of treating PD in humans.

Coffee and PD

Multiple studies on the effects of coffee in PD onset have found
a preventative correlation, where coffee consumption delays and
prevents the onset of PD [9]. The mechanism as to how coffee
accomplishes this has yet to be fully understood. However, dopamine
receptors and neurotropic factors like G-CSF may all be involved in
the benefits. Combining coffee with other compounds like L-DOPA
and G-CSF may provide more efficient means in treating and
preventing PD. It is critical to understand the mechanisms to which
coffee interacts with these compounds and in the human body to
improve the efficacy of current PD treatments while also proposing
new combination treatments. Therefore, we will summarize published
information about all factors associated to PD, and propose a possible
a treatment in this review.

Coffee

Coffee is one of the most consumed beverages around the world.
There are over 1000 compounds found in coffee [10]. There is substantial
evidence that compounds in coffee, in particular caffeine, play a
preventative role in PD development. At the molecular level, caffeine
has been reported to antagonize and block adenosine A2A receptors
in the striatum. The blockade of receptors increases and improves
motor functions in models of PD [11,12]. In rat and mice PD models,
caffeine has shown to counteract the symptoms and amplify the effects
of L-DOPA treatments [13,14]. These studies highlight the effectiveness
of coffee as an A2A antagonist in potential symptomatic treatments for
PD. Caffeine has also been reported to exhibit neuroprotective properties
and prevent the deterioration of dopaminergic cells in animal PD models
[13,15]. Clinical trials have also found an inverse relationship between
coffee consumption and the onset of PD. Increasing consumption of
coffee has been correlated with a lower risk of PD development [16-19].
Coffee consumption also had a positive correlation with an increase of
G-CSF plasma levels. However, when only caffeine was tested, minimal
changes in plasma G-CSF levels were observed [20]. The results suggest
that a compound(s) in coffee other than caffeine is responsible for the
significant changes in plasma G-CSF levels. Further research is necessary
to identify these unknown compounds.

Coffee and PD treatment

Coffee consumption is correlated with the prevention and treatment
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of PD. By drinking the beverage daily, this method may provide a basis
for treating PD. Studies show that increasing the amount of coffee
from less than one cup to several cups a day significantly decreases the
chances of developing PD [21-23]. A possible strategy is to drink at
least a cup of coffee daily as a person ages to prevent the onset of PD. It
is not recommended to drink a substantial amount of coffee, especially
at a young age as this can lead to addictive behaviors. Consumption
in moderation is key to balancing the benefits and side effects for any
treatment.

PD and Dopamine Receptors

Dopamine receptors

DA is the primary neurotransmitter that binds to DA receptors
found on neurons in the central nervous system. The receptors play
a part in many neurological processes. There are five subtypes of DA
receptors: D, D, D,,D,, and D, [24]. Dysfunction and the loss of the D,
and D, DA receptors are associated with the onset of Parkinson’s disease
[25]. These two receptors have opposite roles, where D, receptors
activate adenylate cyclase whereas D, receptors inhibit it [26]. In PD,
these receptors deteriorate and or malfunction and DA production and
binding is inhibited, producing the characteristic motor symptoms of
PD. Treatments include a variety of drugs that depress PD symptoms
and replenish decreased levels of DA as well as delaying the onset of
side effects from other medications [27,28].

Dopamine agonist treatments

One method in treating the symptoms of PD uses DA agonists.
These compounds work by entering the body and behaving similar to
DA and activate signaling pathways. In a typical presynaptic neuron, DA
release results in the signaling of the postsynaptic neurons via D, and
D, DA receptors. In PD cases, this action is blocked or inhibited from
denervation of DA generating cells [29]. When used solely in treating
early PD, DA agonists reduce symptoms of the disease by stimulating
these DA-deficient neurons. This method is not the most efficient, but
does postpone the use of L-DOPA, a more effective form of treatment
that has also been linked to causing motor fluctuations [30-32].

Coffee and Dopamine
L-DOPA treatments

L-DOPA was the first drug used in treating PD in 1967 [33,34].
Since, L-DOPA has remained the most effective drug for treating PD
[28,35]. Unlike DA, L-DOPA is able to cross the blood brain barrier
(BBB) and enter the central nervous system (CNS). After entering the
CNS, L-DOPA is converted into DA via the enzyme aromatic L-amino
acid decarboxylase [36]. Chronic use of L-DOPA results in decreased
production of naturally occurring L-DOPA in the body and becomes
less effective in treating PD symptoms [35,37]. Despite being the most
effective method in treating PD, L-DOPA is complicated by inducing
an involuntary muscle-movement disorder, dyskinesia, from chronic
use due to the induction of neurotoxicity [38,39]. L-DOPA has been
hypothesized to over stimulate D, and D, receptors, leading to a cascade
of events that eventually manifests into dyskinesia. Over accumulation
of DA converted from L-DOPA in the areas of the brain as well as
outside of it also have been suggested to induce dyskinesia [28,40].
Aside from these long-term side effects, acute treatment of L-DOPA
can also induce systemic side effects including vomiting, nausea, and
confusion [41]. New treatments are therefore necessary in treating
those afflicted by PD.

L-DOPA treatments with coffee

Combining the therapeutic effects of coffee with L-DOPA provides
a method of treatment for PD. L-DOPA treatment in patients over
time becomes less effective and induces numerous side effects, one
being dyskinesia. Coffee has been shown to increase the effectiveness
of L-DOPA and a combination treatment would require less L-DOPA
administration for the same desired effect. This combination treatment
provides the benefit of delaying or preventing the development
of L-DOPA induced-dyskinesia. Further studies are necessary to
determine the safe and optimal concentrations of L-DOPA and coffee
and how often they should be consumed.

Coffee and G-CSF in PD Treatment
G-CSF in current treatments

G-CSE, a neurotrophic factor, is a glycoprotein involved in
stimulating bone marrow to release stem cells into the bloodstream
[42]. G-CSF has been used to treat a variety of diseases including
certain cancers [43,44] and neuronal structure defects [45]. G-CSF
works through binding to its receptor and transposes its signals into
the cell and activates signal pathways to neuron death. Receptors for
G-CSF are expressed in the neurons of the brain and spinal cord. G-CSF
has been found to promote the growth of nervous tissue, increase
neuroplasticity, and prevent apoptosis [42,46]. Neurogenesis allows for
new synapsis and neuron growth to combat the loss of nerve cells as
a result of PD. Preventing apoptosis extends the longevity of cell life.
Longer cell life, in particular immune and blood cells, provides for a
stronger immune system and maintenance of resources that could also
contribute in fighting and preventing the onset of PD.

G-CSF is normally produced in the human body. Chemical
stimulants such as coffee or chemokines and sulfated polysaccharides
have shown to increase the levels of the G-CSF in the blood [47-50].
Increasing the concentration of G-CSF may increase its effectiveness
in treating PD. Animal models of Parkinson’s disease have shown that
injections of recombinant human G-CSF stimulated the formation of
new neuron synapses and even allowed mice injected with recombinant
G-CSF to outperform those without injected G-CSF on cognitive tests
[51,52]. Further research is necessary before clinical trials begin.
However, these studies are promising and may eventually lead to
clinical use of G-CSF in treating PD.

G-CSF treatments with coffee

Coffee has shown to not only enhance the effects of L-DOPA but
also increase plasma G-CSF levels [20]. In this scheme, lower levels of
L-DOPA can manage the symptoms of PD while G-CSF promotes the
growth and development of nervous tissue that was loss from PD. Other
compounds such as chemokines or injections of recombinant human
G-CSF may be used to increase G-CSF levels [47-50]. The elevation in
G-CSF can potentially halt and reverse the effects of PD and provide
another possibility for treatment.

Treatment Mechanisms of Coffee in PD

Based on many studies, coffee has shown to be a possible therapeutic
agent in treating PD. A mechanism is proposed in the following diagram
and we aim to discuss the effect coffee has on the neurons affected by
PD.

Active compounds in coffee are able to penetrate the BBB and reach
deteriorating neurons in the brain (Figure 1I). The coffee compounds,
in particular caffeine, have neuroprotective qualities that stimulate
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Figure 1: Proposed mechanism for treating PD with coffee. Coffee molecules interact with neurons and stimulate immune cells to produce G-CSF (I). The G-CSF
molecules and coffee molecules bind to receptors on the cell membrane of the neurons and begin a signal transduction (l1l) that prevents apoptotic behavior and
encourages neurogenesis (IV). In another scheme, G-CSF molecules bind to receptors in the bone marrow and mobilize stem cells into the blood stream and to the
brain (V) where growth of new nervous tissue takes place and tissue loss is slowed or halted.
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the growth of the dopaminergic neurons. Caffeine may behave as an
allosteric or competitive inhibitor on an enzyme that participates in
converting L-DOPA to DA or in the following downstream signaling
cascade when paired with L-DOPA. Further studies are needed to
confirm and understand the molecular docking of these molecules and
the enzymes responsible in this metabolic pathway. A possible candidate
may be in the class of cytochrome P450 (P450, CYP) enzymes. Prior
studies have confirmed that caffeine is metabolized by isoforms of CYP
[53,54]. L-DOPA is converted to DA via a different enzyme, however,
it has been reported that P450 mediates the formation from other
precursors [55]. Caffeine acting as an inhibitor provides a possible
explanation as to how it enhances the effects of L-DOPA in treating PD.
In L-DOPA treatments, the drug’s effectiveness decreases from negative
feedback. Too much of the drug attenuates the remaining neurons’
responses to DA in PD patients. The addition of coffee slows down
the amount of L-DOPA into DA that could lead to overstimulation of
dopaminergic receptors and prevent the attenuation from occurring.
This process suggests an extended half-life of L-DOPA. L-DOPA has
a half-life of 60-90 minutes [56]. Through inhibition, caffeine extends
the time L-DOPA is present in the body before it is converted to DA.
This too prevents impairment of normal neural responses form an
accumulation of DA converted from L-DOPA.

The coffee compounds also have been shown to stimulate the
production of G-CSF via immune cells (Figure 1II). G-CSF binds to
receptors on the cell membrane of the neurons and a transmission of
molecular signals from the neuron’s exterior is relayed to the nucleus
(Figure 11III). Coffee molecules also may follow such a pathway. Signal
transduction from either or both of the molecules target the nucleus

and relay chemical signals that prevent apoptosis and extend the cells
longevity (Figure 1IV). The mechanism may also apply to cells other
than neurons, in particular those of the immune system. A recent study
reported that the nervous system and immune system are connected
with newly found lymphatic vessels in the brain [57]. Altered immunity
has been suggested as a significant catalyst in a variety of neurological
disorders like PD. Counteracting apoptosis extends the cell life of the
immune system and provides a stronger defense towards PD.

G-CSF proteins can also bind to precursor cells in the bone marrow
(Figure 1II). The interaction promotes the mobilization of stem cells
in the bone marrow into the bloodstream (Figure 1V). The stem cells
travel to the CNS and reach affected neurons in PD patients. In the
brain, the stem cells can differentiate into neurons and replace those
that are lost from PD.

Conclusion

So for coffee drinkers, there is a benefit to consuming the beverage.
When used with L-DOPA, coffee has the potential to amplify the drug’s
ability in treating the symptoms of PD. When paired with an increase
in G-CSF levels, the combination treatment lay the groundwork for
the possibility of not only relieving symptoms of PD, but as well as
reversing the effects of the neurological disorder. It is important to note
that further studies are needed to determine long-term effects of the
combination treatment and what concentrations of coffee are optimal
in treating PD. The history of mankind has used coffee for the several
hundred years. Many of the compounds of coffee have been isolated
and studied since. However, it is still necessary to continue research on
coffee to find more effective ways to use it.
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