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ABSTRACT

Parkinson disease has become one of the common life-threatening health problem in the world. But the pathogenesis and related mechanisms are still
unclear. Current therapy of Parkinson’s disease (PD) is not satisfactory, which is the use of combinations of levodopa with other dopaminergic
agonist but it is symptomatic in nature and does not slow down the disease course. Many studies have revealed that statins which are used as an
antihyperlipidemic drug and have the ability to protect the dopaminergic cells from neurodegeneration. They have anti-inflammatory, suppression of
oxidative stress, anticoagulation, angiogenesis actions. So in this review, we are trying to find out the actions of statins on Parkinson disease.

Keywords: Parkinson disease, neuro-inflammation, inflammatory cytokines, Statins, Glial cell

INTRODUCTION

Parkinson disease is a neurodegenerative disease leading to
motor deficits mainly in the form of tremor, rigidity and
akinesia and gait impairment. Adult-onset Parkinson disease,
Young-onset Parkinson’s disease and Juvenile Parkinson’s
disease are some of the different types of PD. Substantia nigra
(SN) and pars compacta are the two important regions involved
in the PD. Substantia nigra plays a key role in the movement
and reward located in the mid brain. The SN is a Latin word
which means “Black substance” pointing the fact that it is
having high levels of neuromelanin in dopaminergic neurons
which is responsible for the black color compared to the
neighboring cells. Pars compacta is a part of SN situated in the
midbrain. These areas will be affected by the loss of
dopaminergic neurons as well as the presence of the Lewy body
proteins. During the normal aging process, some amount of
dopaminergic neurons would be lost from our brain, but this
rate will increase in Parkinson patients. Also, these patients will
be having alpha synuclein proteinaceous inclusions either in the
form of Lewy bodies or Lewy neuritis in their remaining
dopaminergic neurons that indicate the presence of Parkinson
disease. Ubiquitin- proteasome system (UPS) plays a major role
in the Parkinson disease. The inability of the UPS to clear the
excess or misfolded protein from the brain, mutation in the
components of UPS such as parkin and ubiquitin ¢ are some
reasons for PD. Interaction of Environmental toxins and alpha-
synuclein can inhibit the UPS from its action of protein
clearance. The major disease mechanisms include Dysfunction
of the UPS, Oxidative stress response abnormalities, Defects in
mitochondrial functions, Glial cell activation.' Even though
now it is identified as alpha- synuclein has a key role in the
disease progression and useful for the therapeutic targets. None

of the current therapeutic protocols for PD have proved to
obtain a convincing effect on the motor symptoms, but
progressing investigations of new therapeutic strategies are
performed to stop or to slow the development rate of the
disease. Several dopaminergic drugs are able to reduce the loss
of dopaminergic neurons but they are unable to suppress the
disease progression in Parkinson patients. Statins,” 3- Hydroxy-
3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitors
coming under the class of lipid-lowering drugs used for the
treatment of dyslipidemia. Several studies have shown that
Statins has a clear effect on dementia, cognition and
progressive Parkinson disease.’ Other than cholesterol-lowering
action it has been found that Statins have neuroprotection,
immunomodulation, and anti-inflammation. This review mainly
focuses on the therapeutic actions of Statins that would be
helpful for the treatment of PD.

PARKINSON’S DISEASE PATHOGENESIS**

Parkinson’s disease is related to the corresponding death of
different types of neurons. The Substantia nigra and Pars
compacta located in the mesencephalon or midbrain will be
affected by the loss of dopaminergic neurons, as a result, the
amount of dopamine will get reduced in the putamen and
corpus striatum. Followed by the reduction of dopamine level,
neuronal cell death happens in the Substantia nigra that is
responsible for the motor symptoms.

Lewy bodies are the proteins that will aggregates inside the
nerve cells during PD. Lewy bodies and Lewy neuritis both are
made up of proteins and they are not only having
neuroprotective action in diseases like multiple systemic
atrophy, Alzheimer’s’ etc. but also having neurodegenerative
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action by the aggregation of Lewy bodies in the substantia nigra
located in the midbrain. Underlying mechanisms® involved in
the PD is still unclear. Several disease mechanisms include
mitochondrial defects, misfolding of proteins, cell death,
mutated inflammatory cytokines’ consists of TNF alpha
(Tumor necrosis factor), IL-1 alpha (Interleukin), IL- 1 beta,
activated microglia and excitotoxicity.

Glial cell activation

Glial cells positioned all through the brain and spinal cord
which is responsible for the immune competent actions. Glial
cells are the cells having performance in controlling the brain
for infections caused by pathogens as well as immune insults.*
The microglial activation is because of winding up the
inhibitory action exerted by the neurons on the microglial cells.
CD200 is a cell surface transmembrane glycoprotein secreted
by the neurons can bind to the microglia expressing receptor
CD200R present on the microglial cells, this binding maintains
the glial cells in a deactivated state in healthy brains. During the
time of immune insults the expression of CD200 got down-
regulated as a result they fail to bind on the CD200R, the
receptor present on the microglial cells that in turn activate the
microglia.

Activated microglia has shown many protective characters in
the brain. In developing brain they engulf excessively produced
neurons and cell debris. They are able to protect the brain
structures and functions via remodeling from resting ramified
shape to activated amoeboid shape. Activated microglia can
secrete many immune- modulatory molecules include
chemokine, cytokines, neutrophins, reactive oxygen species and
nitric oxide species are able to exchange the signals to the
nearby cells. Cytokines have many actions on brain cells
including the effect on astrocytes and oligodendrocytes, the
release of neurotransmitters, growth hormones. Chemokines are
the chemoattractants, they will attract more microglia to the
place of injury. The reactive oxygen species and nitric oxide
species produced by the microglia are able to kill the nearby
pathogens at the same time these free radicals are able to
destroy the surrounding neurons and resulting neuronal cell
death. So activated microglia is one of the reasons for
neurodegenerative diseases.

Defective mitochondrial functions®

Many studies have shown that the main reason for the
mitochondrial degeneration is the loss of Parkin and PINKI
(PTEN- induced putative kinase 1). Mitochondrial dysfunction
will lead to the dopamine neuron cell death and reduced
dopamine level is responsible for the PD.

Neuroinflammation

The production of inflammatory cytokines like TNF- alpha
(Tumor necrosis factor), IL 1(Interleukin), IL-6 from lipid
polysaccharide (LPS) induced PD patients will be less as
compared to the healthy patients, and it is inversely
proportional to the disease progression. However, some other
cytokines like TNF alpha and some interleukins are seemed to
be increased in postmortem substantia nigra."

Reactive molecular species and oxidative stress’

Statins are able to protect the tissues from oxidative damage by
activating NADPH (nicotinamide adenine dinucleotide
phosphate) complex. The oxygen radical NO (Nitric oxide) is a
potent vasodilator has the main role in the signaling molecule in

the vascular area. Endothelial nitric oxide, immune nitric oxide
and neuronal nitric oxide, are the three enzymes responsible for
the activation of the signaling molecule. Statins can control the
production of inflammatory nitric oxide and protect the tissues
from oxidative damage.

SIMVASTATIN

Statins are the reversible inhibitor of the enzyme HMG CoA
which inhibit the conversion of HMG CoA to mevalonate
which is one of the rate-limiting step in the cholesterol
synthesis.'® Inhibition of the enzyme HMG CoA (3-hydroxyl-3-
methylglutaryl coenzyme A) reductase enzyme will lead to the
reduction in cholesterol and up-regulation of LDL (Low-density
lipoprotein) receptors. Statins will take 4-6 weeks to show a
reduction in the plasma cholesterol level. It can reduce
cholesterol by 20%-30% as well as 35% reduce the chances of
cardiovascular diseases. The liver is the target organ for statins
which is the major site of cholesterol synthesis, as LDL
synthesis lipoprotein production. There are two types of statins
such as type 1 statin include statins having same hydro
naphthalene rings such as simvastatin, pravastatin, and type 2
statins are synthetic statins like atorvastatin, cerivastatin and
rosuvastatin.

Pharmaceutical properties

Simvastatin is originated from fungi. 2, 2 dimethyl butyrate
analogue'' of Pravastatin chemically modified to form
Simvastatin. Simvastatin, pravastatin, and fluvastatin are
structurally related molecules having hydro naphthalene ring in
their structure only difference in some of their molecular sites.
Pravastatin and Simvastatin are orally administered prodrugs
which will get activated after conversion into the reactive
substance. The solubility of statins are quite different according
to their partition coefficient, Simvastatin and Lovastatin are
lipophilic in nature as they are more readily dissolve in octanol
as compared to water. Statins such as simvastatin and lovastatin
are lipophilic in nature and able to cross the blood- brain
barrier. Statins are hepato selective in nature, most of the statins
are undertake from intestinal tract to the liver, which is the
major location for the cholesterol production in our body. The
rest of the drug will bind to the plasma protein, therefore, total
amount of free drug intended for systemic exposure will be less.
Statins are considered to be a safe and effective drug, even
though it is having some noxious effects such as muscle ache,
intestinal discomfort, hepatotoxicity, sleep disturbances etc.
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Fig 1: Structure of simvastatin and lovastatin
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Cellular levels of mechanism of action

Effect on cholesterol level: One of the major effects of statins
is the reduction of cholesterol level. Cholesterol synthesis is the
process consists of 28 steps, starting from acetoacetyl
coenzyme A. Up- regulation of LDL receptor is the after effect
of reduced cholesterol level.'”> As a result LDL cholesterol,
good cholesterol level will increase in the body.'" Statins are
seen to be more effective and able to reduce the risk of
MI(Myocardial infarction). Many reports revealed that short-
term use of statins only reduce the CSF(Cerebrospinal fluid)
cholesterol level but long-term use of statins will reduce the
brain cholesterol."* Statins will inhibit the rate-limiting step in
the cholesterol synthesis and thus reducing the cholesterol level.
Statins bind to the HMG CoA reductase enzyme and inhibit the
conversion of HMG CoA to mevalonate. Statins have higher
affinity to HMG receptor as compared to the HMG CoA
reductase enzyme so activity is desirable."’

Exhaustion of isoprenoid products'®

The other mechanism of statin is executed by the blockade of
nonsterol isoprenoid products involved in the cholesterol
synthesis. The seventh step of cholesterol synthesis is the
formation of farnesyl pyrophosphate (FPP) which is
transformed to squalene in the next step and then the final
product cholesterol. FPP not only used for the cholesterol
formation but also used for the geranyl geranyl pyrophosphate
(GGPP) ' These both FPP and GGPP are important for the
modification of the protein. Hemet A, ubiquinone and dolichol
are formed with the help of FPP as a substrate. Ubiquinone and
heme A having the antioxidant action and dolichol is a free
radical scavenger. In these three statins have action on
ubiquinone level, an antioxidant, which is suppressed by the
statins and hence the side effect.'”

Several in vitro studies shown that statins executed
neuroprotection towards excitotoxicity in neurodegenerative
disease by reducing the cholesterol level, higher cholesterol
level can reverse the condition. So statin depends more on
cholesterol level rather than isoprenoid units.
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Fig 2: Mevalonate pathway

Activation of neuroprotective signaling pathways by statin

Statin has the ability to activate many neuroprotective signaling
pathways. The neuroprotective actions executed by statins are
correlated with the efficiency of blocking the cholesterol
synthesis.

In vivo experiments done by the group of Chopp explained that
statins are capable of initiating or enhancing the neurogenesis
and synaptogenesis after brain damage. Statins gaining this
neuroprotective action by the release of neurotrophic factors.
Simvastatin has released brain-derived neurotrophic factors
(BDNF) in the treatment of traumatic brain injury.

Several in vitro and in vivo studies explained that statins
stimulate neuroprotective protein kinase B (PKB)'® and render
the neuroprotection. Lovastatin pretreatment protects the
excitotoxic damage of the neurons in labs. Lovastatin is able to
enhance the expression of TNF receptor 2 via activating the
PKB hence neuroprotection > How statins can activate the
neuroprotection is still unknown. In the case of simvastatin,
showed less Rho- associated kinase (ROCK)' activity as
compared to placebo. Small GTP ases (Guanosine
triphosphate), Rho®® needs non- sterol isoprenoid unit for their
action, since simvastatin is inhibiting this isoprenoid units they
deactivate the action of Rho. It is found that the inactivation of
Rho result in the activation of PKB and hence the
neuroprotective actions.'

Statins: systemic action

Since all statins are not lipophilic in nature, they cannot cross
blood-brain barrier. So they have some peripheral actions like
reduction of oxidative stress, enhanced vascular function and
peripheral anti-inflammatory actions.'?

Reduction of oxidative stress

Clinical studies and in vivo studies revealed that statins can
protect the tissue from oxidative damage. They are able to
reduce lipid peroxidation by activating NADPH complex.
Statins can reduce the concentration of reactive oxygen
species.’

Enhanced vascular function

Signaling molecule in the vascular function is known as nitric
oxide (NO).*' It is a potent vasodilator. The enzymes which
produce nitric oxide are an endothelial nitric oxide (eNOS),
neuronal nitric oxide synthase (nNOS) and inflammatory nitric
oxide synthase (iNOS). The overproduction of these enzymes
of nitric oxide after an ischemic insult will result in the
oxidative damage®

Statins will increase the production®of starting endothelial
nitric oxide species and reduce the overproduction by
controlling the expression of inflammatory nitric oxide
species.*

Coagulation is the process involving a number of proteases.
Coagulation® involves both intrinsic pathway and extrinsic
pathway. In both prothrombin is converted into thrombin is
responsible for the conversion of fibrinogen to fibrin leading to
the formation of the clot. Statins increase the amount of plasmin
by increase the conversion of plasminogen to plasmin which
breaks the clot.

Anti-inflammatory reactions
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Statins have action on immune response system®® Studies have
shown that statins reduce the immune response and tissue
infiltration.” The first mechanism is expressed by the hindrance
of antigen presentation. Statins decrease the amount of
cytokine-induced inflammatory mediators and later the
expression of MHC (Major histocompatibility complex) class 2
molecules.”’ T cell is also reduced by statins. It can change T
cell phenotype into Th2 phenotype which is an anti-
inflammatory phenotype.*®

Pharmacokinetics

Simvastatin is an inactive prodrug which is converted into an
active acid metabolite by the cytochrome p450 system through
hydroxylation. Bioavailability” is less than 5% is because the
HMG CoA reductase inhibition and the activation of the drug is
done by presysytemically. Compared to other statin drug
simvastatin has a highest hepatic extraction. The half-life of
simvastatin is found to be 1.9 hr. is dosed once daily in the
evening.*

ROLE OF STATINS IN PD

Current therapeutic strategies for PD are symptomatic in nature
and are not capable to slow or reverse the natural course of the
disease. But new therapeutic protocols are carried out to slow
down the disease progression. Many studies have revealed that
statins have neuroprotective action on neurodegenerative

diseases’'*? via decreasing the alpha-synuclein aggregation,

neuroprotective actions through reducing cholesterol level,
inhibition of inflammatory responses, suppression of
thrombotic effect, inhibition of intracellular adherence molecule
1(ICAM-1), devaluation of serum levels of Apo lipoprotein E.'

Many animal studies have shown that statins inhibit
aggregation of alpha- synuclein, one of the major reason for
PD. As per epidemiological studies, long-term statin users
supposed to have a low incidence of Parkinson disease.>* The
other major mechanism of statins is by inhibiting the
inflammatory responses. In experimental studies, simvastatin
has shown that the activation of brain-derived neutrotrophic
factors (BDNF) and suppression of proinflammatory cytokines,
IL-1beta, TNF alpha, iNOS, and PKB. Also plays a role in
delaying the dopaminergic neurodeganaration. Some other
experiments explained the neuroprotective action of statin
through the suppression of oxidative stress.**

Statin has been known to be a protector of neurons with anti-
inflammatory response, anti-oxidant and anti excitotoxicity.
The different ways of statins to exhibit neuroprotection are an
inflection of inflammatory response, suppression of oxidative
stress, regulation of oxygen radical, anti-coagulation,
angiogenesis. Moreover, statins are able to activate the
signaling pathways such as protein kinase B, TNF receptor 2
expressions and Rho-associated kinase.
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Fig 3: Schematic representation of statin inhibiting Parkinson’s disease
CONCLUSION necessary to explain the main course mechanism underlying

Parkinson disease has become the second most common life-
threatening disease in the world. Nearly all the available
treatments for PD are symptomatic in nature and do not appear
to slow or reverse the natural course of the disease. But reports
have shown that statins have neuroprotective action and they
are able to suppress the progression of disease using different
mechanisms. None of the studies explained clearly about the
dependence of blockade of mevalonate pathway and Parkinson
disease. Anyways Statins neuroprotective action can be useful
in the treatment of PD. However further investigations are

around Statins.
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