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Abstract

Parkinson’s disease (PD) is the most common neuro-
degenerative movement disorder, affecting about 1% of
the population above the age of 65. PD is characterized
by a selective degeneration of the dopaminergic
neurons of the substantia nigra pars compacta. This
results in a marked loss of striatal dopamine and the
development of the characteristic features of the
disease, /.e., bradykinesia, rest tremor, rigidity, gait
abnormalities and postural instability. Other types of
neurons/neurotransmitters are also involved in PD,
including cholinergic, serotonergic, glutamatergic,
adenosine, and GABAergic neurotransmission which
might have relevance to the motor, non-motor, neuro-
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psychiatric and cognitive disturbances that occur in
the course of the disease. The treatment of PD relies
on replacement therapy with levodopa (L-dopa), the
precursor of dopamine, in combination with a peripheral
decarboxylase inhibitor (carbidopa or benserazide). The
effect of L-dopa, however, declines over time together
with the development of motor complications especially
dyskinesia in a significant proportion of patients within
5 years of therapy. Other drugs include dopamine-
receptor-agonists, catechol-O-methyltransferase
inhibitors, monoamine oxidase type B (MAO-B) inhibitors,
anticholinergics and adjuvant therapy with the antiviral
drug and the N-methyl-D-aspartate glutamate receptor
antagonist amantadine. Although, these medications
can result in substantial improvements in parkinsonian
symptoms, especially during the early stages of the
disease, they are often not successful in advanced
disease. Moreover, dopaminergic cell death continues
over time, emphasizing the need for neuroprotective or
neuroregenerative therapies. In recent years, research
has focused on non-dopaminergic approach such
as the use of Az receptor antagonists: istradefylline
and preladenant or the calcium channel antagonist
isradipine. Safinamide is a selective and reversible
inhibitor of MAO-B, a glutamate receptor inhibitor as well
as sodium and calcium channel blocker. Minocycline and
pioglitazone are other agents which have been shown to
prevent dopaminergic nigral cell loss in animal models of
PD. There is also an evidence to suggest a benefit from
iron chelation therapy with deferiprone and from the use
of antioxidants or mitochondrial function enhancers such
as creatine, alpha-lipoic acid, |-carnitine, and coenzyme
Q10.

Key words: Parkinson disease; Levodopa; Dopaminergic
drugs; Neuroprotective agents; Non-dopaminergic
drugs; Mitochondrial enhancers
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Core tip: Parkinson’s disease (PD) is a neurodegenerative
disorder for which currently there is no cure. The advent
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of many therapies such as levodopa (L-dopa), dopamine-
receptor-agonists, monoamine oxidase type B inhibitors,
and catechol-O-methyltransferase inhibitors helped
much to ease the life and to improve health-related
quality of life of PD patients. Among these drugs, L-dopa
remains the most effective agent for treatment of motor
symptoms in PD. These agents provide symptomatic
relief for motor symptoms but there is no evidence that
these could alter the natural course of the disease and
prevent the progressive dopaminergic neuronal loss.
There is, however, encouraging data that suggest a
benefit from iron chelation therapy with deferiprone and
from the use of antioxidants or mitochondrial function
enhancers in preventing or delaying the progression of
PD.
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INTRODUCTION

Idiopathic Parkinson’s disease (PD) is a progressive
neurodegenerative disease characterized by bradykinesia,
tremor, rigidity and impaired postural reflexes. It is the
2" most common neurodegenerative disorder after
Alzheimer’s disease. It is estimated to affect approximately
1% of the population over 65 years of age!™?, The
main neuropathology in PD is the progressive loss of
nigrostriatal dopaminergic neurons and consequent
striatal dopamine depletion™. When there is a loss of
about 60%-70% of neurons of the substantia nigra pars
compacta (SNc) and the striatal dopamine content is
reduced by 70%-80%, symptoms start to appear'*..
The definitive diagnosis of PD is based on post-mortem
histopathological findings of degeneration and loss of
pigmented neurons of the SNc and the presence of
intracytoplasmic eosinophilic inclusions bodies (Lewy
bodies) and dystrophic neurites (Lewy neurites) present
in the remaining dopaminergic neurons of the substantia
nigra. The major compound of Lewy bodies is aggregated
forms of the normally presynaptically located protein
a-synuclein®®. Abnormal signaling in PD is not confined to
nigrostriatal dopaminergic pathwaysrestricted. Other types
of neurons/neurotransmitters including cholinergic,
serotonergic, glutamatergic, adenosine, and GABAergic
neurotransmission are also involved in PD. Alterations
in these neurotransmitter systems contributes to the
development motor, non-motor, neuropsychiatric and
cognitive disturbances that occur in the course of the
disease and are possible targets for drug therapy "%
PD is essentially a sporadic disorder, commonly
referred to as idiopathic PD, while a minority of cases is
familial (approximately 5%)". These rare familial forms
of PD are usually of early onset in contrast to the late-
onset idiopathic PD. The past few years have witnessed

Baishidenge ~ WJP | www.wjgnet.com

118

the identification of distinct genetic loci responsible for rare
Mendelian forms of PD and both autosomal dominant and
recessive patterns of inheritance have been described.
The rare genetic forms have helped in understanding the
molecular mechanisms involved in PD including protein
misfolding and aggregation, mitochondrial defects, and
oxidative stress™. The cause of idiopathic PD is not yet
fully understood, but there is accumulating evidence to
support a role for environmental toxin(s) and a genetic
background**?!, PD can also be caused by drugs
especially neuroleptic agents and dopamine-blocking
drugs, toxins (manganese, carbon dioxide), head trauma,
tumours of basal ganglia. This is termed secondary
parkinsonism™>**),

CURRENT PHARMACOLOGIC THERAPY
FOR PARKINSON DISEASE

Classic drugs

Levodopa: The main neurochemical deficit in
PD is the progressive loss of dopamine producing
neurons in the SNc and subsequent striatal dopamine
depletion'*®!. This deficit can be partially compensated
for by the administration of levodopa (L-dopa) (L-3,4-
dihydroxyphenylalanine), the precursor of dopamine
(Figure 1). Following oral ingestion, L-dopa is actively
transported from the upper small intestine into
the circulation by a mechanism specific for large,
neutral L-amino acids!'”), L-dopa is subject to high
presystemic metabolism to dopamine in the gut by
the enzyme L-amino acid decarboxylase, with only
approximately 30% of an L-dopa dose reaching the
systemic circulation™, The small fraction of the drug
that reaches the brain after active transport across the
blood brain barrier is rapidly converted to dopamine
by aromatic L-amino acid decarboxylase. In order
to inhibit conversion of L-dopa to dopamine outside
the central nervous system, thus limiting systemic
side effects, it is combined with a peripherally acting
decarboxylase inhibitor (carbidopa or benserazide)!”’.
The combined administration of L-dopa with either
carbidopa (L-dopa/carbidopa at the dose ratio of 10/1
and 4/1) or benserazide (L-dopa/benserazide 4/1),
have nearly tripled L-dopa oral bioavailability, markedly
reducing both the required L-dopa therapeutic dose
and severity of dopamine-mediated gastrointestinal
and cardiovascular side-effects'*®. Ever since its
introduction in 1960s, L-dopa has remained the most
effective treatment in controlling the symptoms of
PD and is considered the gold standard regarding
the symptomatic treatment of patients with PD™?,
Compared with other available dopaminergic therapies,
dopamine replacement with L-dopa is associated
with the greatest improvement in motor function, as
assessed by reduced scores in the Unified PD Rating
Scale (UPDRS). L-dopa is the preferred therapy in
patients above 65 years of age, while those below
65 are better treated with dopamine agonists™®.

March 9, 2015 | Volume 4 | Issuel |



Abdel-Salam OME. Drug therapy for Parkinson’s disease

3-0O-methyldopa DOPAC
DA receptor agonists
Entacapone or selegill i o
tolcapone —>/ COMT elegiline or rasagiline MAQ-B Postsynaptic neuron
A
L-dopa > L-dopa Dopamine ‘—>‘ Dopamine ‘*» DA-receptor
Dopa=—— |
Q
8 decarboxylase
< \j CcoMT
. 2
Carbidopa — 5] Tolcapone ——
Q
o
g Surviving DA neuron 3-methoxytyramine
a
Dopamine
Homovanilic acid

Blood-brain barrier

Figure 1 Site of action of antiparkinsonian drugs. DA: Dopamine; DOPAC: Dihydroxyphenylacetic acid; MAO-B: Monoamine oxidase-B; L-dopa: Levodopa;

COMT: Catechol-O-methyltransferase.

When used as an initial monotherapy, L-dopa delayed
the need for supplementary treatment and was well
tolerated compared with dopamine agonists; 50% of
the patients starting L-dopa received supplementary
therapy with-in 3.6 years compared with 2.3 years in
case of dopamine agonist monotherapy™-.

However, as the disease progresses, long-term use
of L-dopa leads to the development of motor response
complications, particularly “wearing-off”, “on-off”,
dyskinesias and dystonias. These L-dopa-associated
motor problems result in marked disability and
decreased quality of life. End-of-dose or wearing-of
phenomenon is the reappearance of motor symptoms
before the next scheduled dose of L-dopa. Wearing-
of usually emerges within 1-3 years of initiation of
levodopa treatment'?®?*!, Patients may also report a
“delayed-on” that is unusual delay between a given
dose of levodopa and the start of its effects. The
phenomenon of “no-on” is the failure of a given dose of
levodopa to elicit any response. These manifestations
are related to variations in gastrointestinal transport
and absorption of levodopa. On-off motor oscillations
on the other hand are characterized by sudden and
unpredictable shifts between functioning “on” and non-
functioning “off” states!®,

Under physiological conditions, stimulation of
dopamine receptors occurs in a continuous fashion.
This contrasts with the effect of L-dopa which because
of its short half-life of 90 min, results fluctuations in
plasma levodopa levels and in pulsatile, rather than
continuous stimulation of striatal dopamine receptors.
It is thought that the ability of striatal neurons to take
up L-dopa and store dopamine for continuous release
is lost in advanced disease because of the diminished
number of available neurons. It is suggested that this
non-physiological pulsatile stimulation of dopamine
receptors, might trigger a dysregulation of many neuro-
transmitter systems within the basal ganglia and is the
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cause for the motor fluctuations and dyskinesiast?>2>*"1,

Reducing “off” time can be achieved by increasing the
dosage of L-dopa. Increase in L-dopa dosage, however,
can be associated with hyperkinetic movements or
dyskinesias. The latter are involuntary movements other
than tremor and most commonly consists of chorea
which represent a peak-dose effect when L-dopa brain
concentration is highest and is caused by excessive levels
of dopamine (“peak-dose dyskinesia”)*®!. Dyskinesia
can be alleviated through reducing the dose of L-dopa,
but only at the expense of worsening parkinsonism and
an increase in the number of “off” episodes®®*?!, The
risk of developing dyskinesia or wearing-off was found
to be closely linked to L-dopa dose. Young age at onset,
higher L-dopa dose, low body weight, female gender,
and more severe UPDRS Part II were among factors
predictive of dyskinesia'®®!. The approach to manage
wearing-off and dyskinesia involves the addition of drugs
which would permit more continuous dopaminergic
stimulation, such as dopamine agonists, catechol-O-
methyl transferase inhibitors, and monoamine oxidase
type B (MAO-B) inhibitors, controlled-release formulation
of L-dopa, transdermal delivery (rotigotine), infusion
therapies (intravenous L-dopa, subcutaneous application
of apomorphine and lisuride, duodenal infusion of
L-dopa)®****% (Figure 2).

One therapeutic modality involves the use of
L-dopa-carbidopa intestinal gel delivered continuously
through an intrajejunal percutaneous gastrostomy tube.
This form of therapy has been proved successful in
controlling motor symptoms in advanced disease with
fluctuating symptoms unresponsive to conventional
oral treatment®*?, This treatment reduced “off” time
and increased “on” time without troublesome dyskinesia
at week 12 compared to baseline!. Improved motor
complications and improvement in quality of life,
autonomy and clinical global status have been reported
after long-term treatment (over 7 years) with L-dopa/
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Figure 2 Drugs used to treat Parkinson’s disease. L-dopa: Levodopa; PD: Parkinson’s disease; MAO-B: Monoamine oxidase type B; COMT: Catechol-O-

methyltransferase.

carbidopa intestinal gel®. It has also been shown that in
advanced PD patients, continuous intrajejunal L-dopa-
carbidopa intestinal gel infusion maintained stable
plasma L-dopa levels with minimal degree of fluctuation
in L-dopa, 3-OMD, and carbidopa plasma concentrations
during 2-16 h of infusion, thereby, providing continuous
dopaminergic stimulation®. In a randomized, double-
blind trial in adults aged = 30 years with advanced PD
and motor complications, the intestinal gel was more
effective in decreasing “off” time and in increasing “on”
time without troublesome dyskinesia when compared
with immediate-release oral L-dopa-carbidopa™*. L-dopa-
carbidopa intestinal gel is not without complications.
The technique involves an invasive procedure with
attendant surgical and postsurgical complications.
There are also problems related to the pump and
tube, e.g., dislocation and kinking of the intestinal
tube, abdominal pain. Other complications are vitamin
deficiency and polyneuropathies®®****), Subacute axonal
neuropathy and refractory seizures and a complex
partial status epilepticus®™” likely to be due to vitamin
B6 and/or vitamin B12 deficiency have been described
under L-dopa-carbidopa intestinal gel infusion. Studies
reported increased prevalence of neuropathy in chronic
L-dopa treated patients and that cumulative levodopa
exposure was significantly and positively associated
with the severity of peripheral neuropathy. The cause
of neuropathy is not clear but elevated plasma
homocysteine level methylmalonic acid and reduced
vitamin B12 levels that occurs under high doses of
orally administered or continuously infused levodopa/
carbidopa might be involved™*?, Monitoring vitamin
B12/B6 status before and after starting L-dopa-carbidopa
intestinal gel infusion and careful observation for signs
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of peripheral neuropathy have been advised™ .

Dopamine-receptor-agonists: These agents exert
their antiparkinsonian effects by acting directly on
dopamine receptors, thereby, mimicking the endogenous
neurotransmitter. Several dopamine agonists are
available for the treatment of PD. These include the
ergot derivatives bromocriptine, cabergoline, alpha-
dihydroergocryptine, lisuride, pergolide, the non-ergot
agonists pramipexole, ropinirole, rotigotine, piribedil as
well as apomorphine™*!. The non-ergot group of drugs is
currently the most frequently prescribed oral dopamine
receptor agonists. These agents are indicated both as
an initial monotherapy in early PD to delay the need
for L-dopa and in combination with L-dopa in advanced
disease, enabling patients to take lower doses of L-dopa,
thereby reducing the frequency of L-dopa induced motor
complications™?, The addition of dopamine agonists
allows around a 20%-30% reduction in the dose of
L-dopa™!l. When used as an initial monotherapy, these
agents are effective in controlling motor symptoms.
Overtime, however, dopamine receptor agonists lose
efficacy and after 3 years of treatment with agonist
monotherapy, the number of patients remaining decreases
to less than 50%. These patients will then require the
addition of L-dopa, so as to achieve better control of
their motor symptoms!*’, The rate of discontinuation
of dopamine receptor agonists also appears to higher
compared with L-dopa monotherapy (20% vs 1% over
four years) (due to impulse control disorders, somnolence
and light-headedness)™".

The use of dopamine receptor agonists might have
several benefits. First, their use early in the disease is
likely to delay or reduce the incidence of dyskinesia,
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Table 1 Currently available dopaminergic receptor agonists

Drug D-receptor specificity

Dose range Side effects

Ergot derivatives
Bromocryptine D2 receptor agonist with partial
dopamine D1 antagonist activity

D2 receptor agonist (also has a weak

dopamine D1 antagonistic, serotonin

5-HT1A agonistic, and 5-HT2B
receptor antagonist properties)
D1 and D2 receptor agonist

Lisuride

Cabergoline

Non-ergot derivatives
Piribedil D2/D3 receptor agonist with alpha(2)
antagonist properties

Rotigotine transdermal patch D1, D2, and D3 receptor agonist

Ropinirole (immediate and D2/D3 receptor agonist
extended release)
Pramipexole (immediate D2/D3 receptor agonist

and extended release)

approved as monotherapy in early

(Extended release pramipexole is

7.5-15 mg/d orally Risk of developing valvular regurgitation
(cumulative and dose-dependent)
Dry mouth, nausea, weakness, postural

hypotension, and headache

0.2-3 mg/d orally

0.5-4 mg/d orally Risk of developing moderate to severe

valvular regurgitation
150-300 mg/d orally
2-16 mg patch/d Patch site reactions, nausea, vomiting, dry
mouth, somnolence , peripheral edema,
and dyskinesia
4-24 mg/d orally Nausea, dyspepsia, dizziness, back pain,
headache, uncontrollable sleep attacks,
orthostatic hypotension, leg oedema
0.25-4.5/d orally Somnolence, cognitive adverse events,
fatigue, nausea, constipation, and
peripheral oedema

PD, as well as an adjunct therapy to
levodopa in advanced PD

Apomorphine D1 and D2 receptor agonist (also
stimulates serotonin and a-adrenergic

receptors)

20 mg continuously daily via a

4 mg subcutaneously

Local inflammation and granuloma at the
subcutaneously infusion site
pump system Intravascular thrombotic complications
secondary to apomorphine crystal

accumulation after iv administration

iv: Intravenous.

dystonia, and motor fluctuations resulting from long-
term L-dopa therapy, possibly due to better continued
rather than pulsatile stimulation of postsynaptic
dopamine receptors™**1, One recent study showed
that an initial treatment with dopamine agonists
resulted in 87% lower risk for dyskinesia compared
with treatment with L-dopa'*®!. Second, dopamine-
receptor-agonists are not metabolized to active
chemicals, do not produce toxic metabolites or lead
to the cytotoxic free radical formation that might be
associated with metabolism of dopamine!**’, Third,
there is also evidence that dopamine-receptor-agonists
might slow the progression of disease. Clinical imaging
studies targeting dopamine function with by [**’I]3-CIT
or ['®F]Dopa imaging suggested that the rate of loss
of [**’I]3-CIT or [*®F]Dopa uptake in early PD patients
treated with dopamine agonists is slower as compared
with L-dopa!®. Table 1 lists the currently available
dopaminergic receptor agonists and their side effects.

Ergot derivatives

Bromocryptine: This is the earliest dopamine
agonist in use which was introduced in the 1970s as
adjunct therapy to L-dopa for PD patients with motor
complications™.. It is structurally related to dopamine
and activates postsynaptic dopamine D2 receptors with
partial dopamine D1 antagonist activity™®. Compared
with low-dose L-dopa, dyskinesia and dystonia were
delayed by early use of bromocriptine, but end-of-dose
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failure appeared at a similar time once L-dopa was
added. The rate of disease progression, however, was
similar whether treatment was initiated with L-dopa
or bromocryptine®®'!. There was no evidence of a long-
term benefit or clinically relevant disease-modifying
effect on initiating treatment with bromocryptine. The
initially reduced frequency in motor complications was
not sustained and motor disability or mortality was not
reduced over the long term. Moreover, disability scores
and physical functioning were better in the L-dopa
than in the bromocriptine treatment group®®. Patients
on bromocriptine have the risk of developing valvular
regurgitation which occurs in a cumulative dose-
dependent manner®™,

Lisuride: The drug exerts its activity primarily at
postsynaptic dopamine D2 receptor sites. It has also
a weak dopamine D1 antagonistic and serotonin
5-HT1A agonistic effects™ as well as 5-HT2B receptor
antagonist properties®. Lisuride is short-acting with a
plasma half-life of 1-3 h. In contrast to bromocriptine,
cabergoline, and pergolide, the drug is not associated
with fibrotic cardiac valvulopathy™* . Transdermal
delivery using lisuride patches has been shown to
improve the motor changing rate in advanced PD
patients with unpredictable on-off phenomena®®!.

Cabergoline: Cabergoline has selective affinity for
D2-like dopamine receptors. It has a long plasma
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half-life of 65 h*!. In early PD, initiating therapy with
cabergoline improved motor disability and delayed the
development of motor complications compared with
L-dopa-treated patients™”’, A reduction in daytime
sleepiness by 70% was reported following a fast
switch-over from the currently used dopamine agonist
to a single equivalent dose of cabergoline, administered
at bedtime®®. In patients with motor fluctuations and
dyskinesia, cabergoline improved “off” or “on” hours,
or both™, improved “on” with dyskinesia’, mean
dystonia intensity, time spent in severe “off’ condition,
severity of “off” periods and allowed the reduction of
L-dopa requirements'®. Side effects of cabergoline
include gastric upset, orthostatic hypotension, and
ankle edema™. There were also reports of constrictive
pericarditis, cardiac valvular regurgitation and
pleuropulmonary disease (pleural effusion/pulmonary
fibrosis)*"®31, The ability of cabergoline (and
bromocriptine) to cause fibrotic cardiac valvulopathies
and consequent valvular regurgitation appears to be
mediated through stimulation of valvular 5-HT(2B)
serotonin receptors that might mediate mitogenesis
and, in turn, the proliferation of fibroblasts!®*®,
Lisuride and non-ergot dopamine agonists are devoid
of 5-HT(2B) agonistic activity and hence might not
induce heart valve fibrosis®***,

Non-ergolinic dopamine receptor agonists

Piribedil: Piribedil [1-(3,4-methylenedioxybenzyl)]-
4-[(2-pyrimidinyl)]piperazine is a D2/D3 receptor
agonist with alpha(2) antagonist properties. This
last property of piribedil might favorably influence
motor function, cognition, mood and the integrity of
dopaminergic neurons®®, In early PD, the administration
of piribedil (150-300 mg/d) improved UPDRS Il over
a 7-mo period; the proportion of responders (UPDRS
II improvement > 30%) was significantly higher
for piribedil (42%) than for placebo (14%)*". In PD
patients insufficiently controlled by L-dopa alone, early
combination of piribedil (150 mg) or bromocriptine
(25 mg) with L-dopa resulted in similar long-term
improvement of motor symptoms (UPDRS 1II) over 12
mo. Piribedil-treated patients, however, required less
L-dopa dose increase than those on bromocriptine®. In
PD patients with motor fluctuations, piribedil improved
motor UPDRS scores, and activities of daily living,
increased the duration of effect of L-dopa and permitted
the mean daily L-dopa dose to be decreased by 17%".
Piribedil can also be given as a short single infusion of
at 2 to 16 mg to improve motor symptoms, including
akinesia in PD patients with fluctuations”®. The new
sublingual formulation of piribedil at a single dose of 60
mg was superior to placebo in improving UPDRS III and
aborting “off” in patients with advanced PD"". In PD
presenting with apathy following subthalamic nucleus
stimulation, piribedil improved apathy by 46.6% as
well as depression'’?. Side effects of piribedil include
hallucinations, dyskinesias, dizziness'®”!, gastrointestinal
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complaints’®” and sleep attacks'?.

Rotigotine: This dopamine D1, D2, and D3 receptor
agonist is administered through a silicone-based
transdermal patch designed for once-daily application.
Steady-state plasma levels of rotigotine can be reached
between 8 and 12 h, and a stable drug release is
maintained throughout the 24-h patch application™.
Rotigotine patch thus allows constant delivery of
the drug and possible continuous dopaminergic
stimulation. Rotigotine improved motor scores, and
the activities of daily living”*, The drug is indicated
both as monotherapy for the treatment of early PD,
and as adjunctive therapy to L-dopa in advanced PD
with motor fluctuations, significantly reducing “off”
time’®””, In patients with early-stage PD, rotigotine
was generally well tolerated for up to approximately
6 years'’®, The majority of patients experiencing
dyskinesia reported first appearance after starting
L-dopa'®. Most common adverse events reported were
application site reactions, nausea, vomiting, dry mouth,
somnolence, peripheral edema, and dyskinesia”>”".
Rotigotine transdermal patch was shown to be of similar
efficacy to oral pramipexole in patients with fluctuating
PD over 6 mo of treatment. The absolute change in
“off” time from baseline compared with placebo was
-1.58 h for rotigotine and -1.94 h for pramipexole and
responder rates were 67% for pramipexole, 59.7% for
rotigotine!”®,

Ropinirole: Immediate- and extended-release once-
daily formulations of ropinirole are available. Ropinirole
prolonged-release formulations has also been shown
to delay the onset of dyskinesia in early PD, compared
with increasing doses of L-dopa. This was achieved
without significant change in UPDR Scale activities of
daily living or motor scores”. In advanced PD patients
not optimally controlled with L-dopa and who suffered
troublesome nocturnal disturbance, the extended-
release formulation provided 24-h symptom control
and improved nocturnal symptoms. In these patients,
the drug resulted in reduction in awakenings and in an
increase in awake time “on”/"on” without troublesome
dyskinesia during night-time and early morning™®®.
In moderate-to-advanced PD, symptom control
could be achieved 2 wk after treatment initiation®*..
Patients on pramipexole could be switched overnight
to extended release ropinirole without serious adverse
events®. Ropinirole most commonly causes nausea
and sleepiness, less commonly uncontrollable sleep
attacks, vertigo, dyspepsia, orthostatic hypotension, leg
oedema, back pain, and headache™®" . Gastrointestinal
complaints and sleep/fatigue were significantly higher
for ropinirole than for pramipexole™®®.

Pramipexole: Pramipexole shows high affinity for

the D2 subfamily of dopamine receptors. The drug
is effective as a symptomatic treatment in early PD,
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reducing UPDRS by 4-5 points relative to placebo™.

When used as a monotherapy in early idiopathic PD,
pramipexole was of comparable clinical efficacy to
rasagiline®®, It alleviated L-dopa dyskinesia when used
as an “add on” therapy or in place of ergot dopamine
agonist®, Switching patients with PD from ergot
dopamine agonist, e.g., cabergoline to pramipexole,
appeared to be well tolerated and effective, but
adjustment of pramipexole dose is required in some
patients to reduce side effects®*°!l, Significant
improvement in the UPDRS was evident after 2 wk of
initiating therapy with pramipexole and maintained up
to 12 wk of treatment®'. Pramipexole was associated
with significantly low rates of fatigue® and improved
depressive symptoms® in PD patients. There appear,
however, to be no significant difference between
early and delayed pramipexole initiation on UPDRS
total score or striatal dopamine-transporter binding in
patients with early PD™",

Extended release pramipexole is approved as
monotherapy in early PD, as well as an adjunct therapy
to L-dopa in advanced PD. It has the advantage
over the immediate release formulation of improved
compliance because of once-daily dosing regimen and
steadier plasma levels over 24 h®, In patients with
early PD not receiving L-dopa or dopamine receptor
agonists, once-daily extended-release pramipexole
was of similar efficacy to the immediate release
preparation (taken 3 times daily) in controlling motor
symptoms, and in safety and tolerability™®®”). In those
with motor fluctuations on L-dopa therapy, the addition
of either the extended-release and immediate-release
preparations was of similar efficacy in improving
UPDRS score and off-time compared with placebo,
with similar tolerability, and safety™®. In advanced PD,
switching to one daily pramipexole formulation from
thrice daily immediate-release tablet formulation was
also effective in controlling motor symptoms™.

Somnolence, fatigue, nausea, constipation, and
peripheral oedema are common side effects of
pramipexole® %, The drug administered in a single
oral dose to healthy young subjects, reduced mean
sleep latency and increased total duration of sleep.
These effects were not observed with L-dopa and
bromocryptine™™. In early PD, pramipexole monotherapy
resulted in higher incidence of cognitive adverse events
compared with ropinirole®™. Other dopamine-receptor-
agonists, e.g., rotigotine and cabergoline did not affect
cognitive function in patients with early-mild disease.
It has been suggested that their combined stimulation
of both dopamine (D1 and D2) receptor families might
account for preserving cognitive functions compared
with pure D2 family stimulation that occurs with
pramipexole!®*,

Apomorphine: This synthetic morphine derivative exerts
antiparkinsonian effects by non-selective stimulation of
dopamine receptors. The drug also stimulates serotonin
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and o-adrenergic receptors. It is currently used in patients
with advanced PD for the treatment of persistent and
disabling motor fluctuations unresponsive to conventional
therapy with L-dopa or dopamine receptor agonists, with
or without deep brain stimulation!®. In late stage PD,
apomorphine administered via subcutaneous, intravenous
routes or by inhalation, has been shown to result in long
term symptomatic improvement, effectively abort “off”
episodes and significantly decrease L-dopa equivalent
dose! %1, Non-motor symptoms as hyperhidrosis,
nocturia, urgency of micturition, and fatigue improved
as well™®!, Switching patients with refractory motor
fluctuations from subcutaneous to intravenous therapy
with apomorphine resulted in 59% decrease in their
additional oral anti-parkinsonian medication. Dyskinesias
also significantly decreased and “off” time was virtually
eliminated™®. Continuous subcutaneous apomorphine
infusion proved of symptomatic benefit in those with
untreatable motor fluctuations but in whom subthalamic
nucleus deep brain stimulation was contraindicated
(because of L-dopa-resistant axial motor symptoms
and/or cognitive decline). Daily “off” time decreased
while “on” time improved together with a significant
reduction in mean oral L-dopa equivalent dose''?”’.
In PD patients undergoing deep brain stimulation,
subcutaneous apomorphine reduced the risk of neurologic
and respiratory deterioration caused by perioperative
withdrawal of dopaminergic medication'%,

Apomorphine causes severe nausea and vomiting.
It has been suggested that the activation of human
sensory transient receptor potential A1 channels by
apomorphine, might contribute to adverse side effects
such as nausea and painful injections*!. The most
common side effect to subcutaneous apomorphine is
local inflammation at the infusion site™****”), Moreover,
intravascular thrombotic complications, secondary
to apomorphine crystal accumulation, necessitating
cardiothoracic surgery, complicate intravenous therapy
with apomorphine!'®*.

Monoamine oxidase inhibitors

Selegiline and rasagiline: Both MAO-A and MAO-B
contribute to dopamine metabolism. MAO-A is the
main enzyme responsible for the metabolism of the
monoamines, noradrenaline, serotonin and dopamine.
MAO-B is more specific to dopamine metabolism™.
MAO-B inhibitors are clinically being used to treat PD
by blocking the degradation of dopamine and thereby
providing a symptomatic relief in these patients.
Selegiline (Deprenyl/Eldepryl) and rasagiline (Azilect)
are irreversible selective inhibitors of the enzyme
MAO-B. Selegiline, the R-optical enantiomer of deprenyl
(phenyl-isopropyl-methyl-propargylamine) was
approved by the Food and Drug Administration (FDA) in
1996. Selegiline is a propargyl amphetamine derivative
that undergoes extensive first-pass metabolism to
L-methamphetamine, L-amphetamine, and desmethyl-
deprenyl. Rasagiline [N-propargyl-1-(R)-aminoindan]
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is a novel, highly potent irreversible MAO-B inhibitor,
recently introduced in the treatment of PD. Rasagiline
has received FDA approval in 2006. Rasagiline’s major
metabolite is aminoindan, which has no amphetamine
like properties’'****) and thus is not likely to cause
sleep disturbances compared with selegiline. In patients
treated with selective MAO-B inhibitors, the risk of
serotonin toxicity due to a concomitant serotonergic
agent or hypertensive crisis due to dietary tyramine
or sympathomimetic amines appears to be minimal
and should not preclude the use of MAO-B inhibitors in
treating PD"?. There is evidence, however, that daily
treatment with MAO-B inhibitor may also influence
MAO-A activity. Thus in plasma samples from patients
with MAO-B inhibitor therapy, there was 70% reduction
of MAO-A activity compared with patients without
MAO-B inhibitor treatment or healthy controls™*,
Selegiline and rasagiline are effective as initial
monotherapy in early PD and as adjunctive therapy
in advanced PD™>**”], MAO-B inhibitors provide mild
symptomatic benefit, compared with L-dopa and
dopamine agonists. These drugs are indicated for the
treatment of akinesia and motor fluctuations associated
with L-dopa therapy. Both agents are safe and well
tolerated at the recommended daily doses. They might
delay the need start L-dopa therapy, reduce disability
and reduce the rate of motor fluctuations compared with
initial L-dopa therapy™®*'****1, Rasagiline inhibits MAO-B
more potently than selegiline and has the advantage
of once-daily dosing and favorable tolerability!¢*?%,
Rasagiline was effective both as monotherapy in early
PD and as adjunctive treatment in advanced PD and
motor fluctuations. As monotherapy, however, rasagiline
provided modest yet clinically meaningful benefit on
motor symptoms (compared to other drugs)™*?*??,
Early in the disease, rasagiline monotherapy at 1 mg/
d improved symptoms. In advanced PD, rasagiline
adjunct therapy (0.5 or 1 mg/d) to L-dopa significantly
reduced the total daily “off” time'***). Rasagiline (1
mg/d), in L-dopa-treated PD patients with motor
fluctuations produced a significant improvement
over placebo in UPDRS motor “off” score. Rasagiline
significantly improved bradykinesia and showed trends
for improvements in facial expression, speech, and
axial impairment during OFF time!**, Rasagiline has a
rapid beneficial effect on PD symptoms from the first
week of therapy. Objective and subjective measures
of symptom severity improved at 1 wk (change
from baseline in bradykinesia scores and physicians’
and patients’ global impression). The magnitude of
benefit was similar in patients treated with once-
daily rasagiline either as monotherapy (1.0 mg) or as
adjunct therapy (0.5 mg)™\. Rasagiline might also
possess antidepressant effect. In patients with newly
diagnosed PD with comorbid untreated depression,
rasagiline monotherapy 1 or 2 mg/d for 8 wk, improved
the activity of daily living and motor function as well as
symptoms of depression. The latter effect was observed
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at the higher dose of 2 mg/d and appeared not to be
related to the motor improvement™*®. Motor behavior,
motor complications, mood and sleep improved
when patients on selegiline were switched to 1 mg
rasagiline"””. Rasagiline monotherapy in early untreated
disease also demonstrated better adverse events profile
in the incidence of gastrointestinal symptoms and sleep
disorders and less incidence of dropout rates compared
with pramipexole®®.

The use of selegiline and rasagiline in the early
stage of the disease might also improve long-term
outcome. L-dopa-treated patients who received
selegiline within 5 years from the onset of the disease
exhibited significantly lower UPDRS motor scores over
7 years compared with those who received selegiline 9
to 11 years after the onset of the disease!'’”). One study
suggested that selegiline use (= 3 years) in early PD
patients who were of younger age, shorter PD duration,
lower UPDRS motor scores was associated with a
slower progression of PD**®, Early-start treatment
with rasagiline at a dose of 1 mg/d (though not 2
mg/d) caused a smaller increase in rate of worsening
in the UPDRS score between weeks 12 and 36, less
worsening in the score between baseline and week 72
compared with the placebo group. The study suggested
a disease-modifying effect for rasagiline™®. In the
ADAGIO study, Rascol et al"*”, assessed the ability of
rasagiline to modify need for additional antiparkinsonian
therapy and changes in non-motor and motor changes
in patients with untreated early PD. Patients received
rasagiline 1 mg/d or 2 mg/d for 72 wk (early-start
groups) or placebo for 36 wk followed by rasagiline 1
mg/d or 2 mg/d for 36 wk (delayed-start groups). The
findings of the study suggested that rasagiline delayed
the need for symptomatic antiparkinsonian drugs.

Recent interest in selegiline and rasagiline has
focused on their possible neuroprotective effects that
have been delineated in preclinical models of PD!****%3,

Catechol-O-methyltransferase inhibitors

In the presence of aromatic amino acid decarboxylase
inhibitors, L-dopa metabolism is predominantly shifted
to the formation of 3-O-methyldopa by the enzyme
catechol-O-methyltransferase (COMT), which has
the highest activity in the liver and kidney™®. The
reversible COMT inhibitors tolcapone and entacapone,
are being used as an adjunct to L-dopa for the
symptomatic treatment of PD patients with motor
fluctuations. These agents extend the elimination half-
life of L-dopa by inhibiting the peripheral breakdown
of L-dopa, thereby increasing L-dopa bioavailability,
which will decrease “of” time and increase “on”
time in fluctuating PD patients and allow the dosage
of L-dopa/carbidopa to be reduced. Moreover, by
stabilizing plasma L-dopa concentrations, tolcapone
and entacapone permit a more continuous stimulation
of dopamine receptors which in theory would reduce
the risk of motor complications!****,
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Entacapone

When used as an adjunct to concomitant treatment
with L-dopa and a dopa decarboxylase inhibitor (DDCI),
entacapone showed benefits in the quality of life and
activities of daily living and was efficacious in increasing
“on” time and decreasing “of” time in PD patients with
wearing-off fluctuations!***%, Moreover, compared
with L-dopa/carbidopa or L-dopa/benserazide,
treatment with L-dopa/carbidopa/entacapone resulted
in significantly greater improvements in non-motor
domains such as depression, personal relationships,
and communication™*), In randomized, open-label
study, entacapone was as effective as cabergoline in
conjunction with L-dopa in decreasing the daily “off"-
time and in improving the quality of life (a decrease
of approximately 20% was detected in UPDRS II and
I motor scores, with no differences between the
groups). The effect of entacapone, however, was more
quickly apparent compared with that of cabergoline!***’,
In patients receiving L-dopa and a DDCI, the addition
of entacapone improved UPDRS Il motor scores
during the first 6 mo of combined therapy, increased
daily “on” time and the response duration to a single
morning dose of L-dopa. The mean daily dose of L-dopa
did not increase over the 5-year follow-up period,
suggesting the long-term efficacy of L-dopa/DDCI and
entacapone!**?,

Studies suggested that early rather than delayed
addition of entacapone to L-dopa/DDCI in PD patients
with wearing-off provides a modest clinical benefit
over L-dopa/DDCI that is maintained for up to 5
years, with an improvement in UPDR motor scale!**?.,
In patients with early PD, compared with L-dopa/
carbidopa (Sinemet), L-dopa/carbidopa/entacapone
(Stalevo) resulted in significantly greater improvement
in activities of daily living and subject-reported
clinical global impression without increasing motor
complications!*". Studies also suggested that switching
from L-dopa/DDCI and entacapone and L-dopa/DDCI
provides a significant benefit in PD patients with
wearing-offl***), Comparing immediate and delayed
switch to L-dopa/carbidopa/entacapone was in
favor of immediate switch in terms of greater motor
improvement and quality of life*®’,

The most common adverse effect of adding
entacapone is the increase in dyskinesia™****" which
would necessitate reducing the dose of L-dopa. In one
study, patients with PD and with mild-to-moderate
wearing-off without or with mild dyskinesias were
randomly assigned to either receiving the same L-dopa-
carbidopa dosage or 15%-25% less total L-dopa-
carbidopa amount. The findings showed that either
regimen resulted in increase in daily “on” time and a
reduction in the daily time spent in “off” 4 wk after the
change™”.. In a randomized, open-label trial in patients
with wearing-off with conventional L-dopa/DDCI
therapy, adjunct therapy with entacapone or increasing
dose frequency of L-dopa without an increased total
daily dose (dose fractionation) reduced the mean “off”
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time, and the rate of motor complications!*®!,

On the other hand, entacapone did not improve
motor scores on the UPDR Scale when used as an
adjunct to L-dopa in PD patients who do not experience
motor fluctuations™*. Moreover, initiating L-dopa therapy
with L-dopa/carbidopa/entacapone was associated
with a shorter time to onset and increased frequency
of dyskinesia compared to L-dopa/carbidopa®°..
Entacapone was also non-efficacious in the prevention/
delay of motor complications (reviewed by Fox et aff**').
In another study, entacapone (200 mg with each L-dopa
dose) was ineffective in reducing the severity of motor
symptoms in the “off” state in L-dopa-treated PD patients
with motor fluctuations***, Dyskinesia is the most
common adverse event of entacapone™>***, Entacapone
was not associated with an increased risk of acute
myocardial infarction, stroke, or death in elderly patients
with PD"*4,

Tolcapone

Tolcapone is a longer acting and more potent COMT
inhibitor compared with entacapone!**!, The agent
is used in patients with severe motor fluctuations
inadequately controlled with entacapone™*?. In patients
with advanced PD who were switched to tolcapone
because of persisting “off” periods despite treatment
with entacapone, there were significant reductions
in mean daily off-time duration and L-dopa dose at
follow up™®. The daytime sleepiness, global clinical
impression of change, activities of daily living, and
quality of life were also significantly improved after
adjunctive tolcapone treatment to L-dopa/carbidopa
in fluctuating PD patients™**®\. A randomized, open-
label, trial of 150 patients on a stable regimen of L-dopa/
DDCI in combination with bromocriptine, lisuride, or
pergolide, conducted to assess the efficacy of switching
from a dopamine agonist to tolcapone, found the drug
to be effective in decreasing daily “off” time, increasing
“on” time (as well as other efficacy variables, e.g.,
UPDR scale II, I, and IVb and investigator’s global
assessment scores)!*,

The most common adverse event with tolcapone is
dyskinesia which might require decreasing the dose of
L-dopa. Elevations of the serum liver enzymes aspartate
aminotransferase and alanine aminotransferase have
been reported in patients on tolcapone treatment.
Therapy with tolcapone thus requires monitoring for
of liver function every 2 to 4 wk for 6 mo for hepa-
totoxicity!***®* ¢!, Severe liver injury due to tolcapone,
however, appears to be a rare event*®®. In addition,
studies on the safety and efficacy of the long-term
use of tolcapone concluded that significant liver
transaminase elevations were rare and these returned
to normal in most patients™®>*®*, Tolcapone causes
severe diarrhea more often than entacapone!*.

Nebicapone
Nebicapone is a new COMT inhibitor which has been
found efficacious for the treatment of motor fluctuations
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in PD patients!*®". In randomized, double-blind, placebo-
controlled study, nebicapone 75 mg and 150 mg showed
greater effect in increasing “on” time and decreasing
“off” time compared with entacapone 200 mg. The drug
produced more sustained COMT inhibition compared
with entacapone 200 mg. Nebicapone 150 mg increased
L-dopa area under the plasma concentration time
curve by 48.4% compared to a value of 33.3% after
entacapone 200 mg''®*!, Nebicapone has the risk of
increasing liver transaminases!*®".

N-methyl-D-aspartate glutamate receptor antagonism
Amantadine: Amantadine is an antiviral drug which was
found to exert beneficial antiparkinsonian effects!®®.
As an alternative to L-dopa in early PD, amantadine is
associated with improvement in functional disability,
and in a subset of PD patients, there is a robust
symptomatic improvement™®!, The main current
indication of amantadine is, however, as an adjunctive
treatment for L-dopa-induced dyskinesia in late-
stage PD. Amantadine, is an N-methyl-D-aspartate
glutamate receptor antagonist. Increased glutamate
transmission contributes to the motor symptoms in
PD, and also to the progression of neurodegeneration
through excitotoxic mechanisms"®. Amantadine might
also improve apathy and fatigue in PD patients!®.
The drug is well absorbed and widely distributed, little
drug being present in the circulation, and is primarily
eliminated through the kidneys both by glomerular
filtration and tubular secretion. The dose of amantadine,
therefore, requires adjustment in in patients with renal
dysfunction!”’”. In patients with PD on amantadine
therapy, plasma amantadine concentration increased
according to increasing renal dysfunction™”*.

Dyskinesia can improve with amantadine and in
a multi-center, double-blind, randomized, placebo-
controlled trial, dyskinesia rating scale improved in 64%
patients treated with amantadine compared to 16% on
placebo'’?. In a randomized placebo-controlled study
of 32 patients who have been on stable amantadine
therapy for L-dopa-induced dyskinesia over at least
one year, dyskinesia duration and intensity (assessed
by UPDRS [V items) significantly increased at three-
week follow-up after being switched to placebo!”.
Wash-out of amantadine in dyskinetic patients with PD
significantly worsened L-dopa induced dyskinesia (with
greater worsening of abnormal involuntary movement
scale score)™*,

Amantadine is also effective in the treatment of
freezing of gait in patients with advanced PD. In one
study, freezing of gait improved by treatment with
amantadine in 11 patients with advanced PD. The effect,
however, decreased in a proportion (approximately
36%) of patients after 4 mo!'’*. In a randomized,
double-blind, placebo-controlled, multicenter trial
of 42 subjects with freezing of gait, 5 d intravenous
amantadine attenuated freezing severity and improved
patients’ mobility™’®. Intravenous administration
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of amantadine has also been effective in improving
parkinsonian symptoms after surgery™”®. In PD patients
with subthalamic nucleus deep brain stimulation and
incomplete axial benefit, gait scores significantly
improved with amantadine treatment. Patients also
reported subjective improvement in speech, gait or
balance!’”. Side effects of amantadine includes blurred
vision, visual hallucinations, peripheral edema (Malkani
et al'’¥, 2012), reversible corneal edema after long
term use’®, auditory hallucinations!’®). Myoclonus,
hallucination, or delirium might develop when the
plasma concentration of amantadine exceeds 3000
ng/mL""Y, Cardiac arrest, ventricular tachycardia and
prolonged QTc interval have been reported following
amantadine!'® 84,

Studies have shown that amantadine might possess
neuroprotective properties. The dug protected rat midbrain
cultures from either MPP(+) or lipopolysaccharide.
Amantadine possibly exerts its neuroprotective effects
through the inhibition of the release of microglial pro-
inflammatory factors, and/or an increase in expression
of neurotrophic factors such as glial cell line-derived
neurotrophic factor released from astroglia™®.

Anticholinergic drugs

The anticholinergic drugs were the first agents to
be used in the pharmacological management of
PD™, Nowadays, however, they have limited place
in the treatment of the disease. These drugs are also
prescribed to ameliorate extrapyramidal symptoms
caused by antipsychotic medications!®”, but this also
appears to be declining owing to an increase in the
use of atypical anti-psychotic agents®!. When used
as monotherapy in early disease or as an adjunct to
other antiparkinsonian drugs, anticholinergics are
more effective than placebo in control of symptoms.
Because of the high risk of cognitive, neuropsychiatric
and autonomic adverse events, these agents are best
avoided in the elderly!®88,

The current place of anticholinergic agents in
treatment of PD is limited to early cases and in younger
patients (i.e., 60 years of age) with troublesome
resting tremor because of the evidence that these
agents are better than levodopa for tremort®,
Studies, however, have shown that dopaminergic
agents are as effective as anticholinergics in reducing
tremor in idiopathic PD. Single-dose challenges with
biperiden or apomorphine significantly reduced the
amplitude of resting, postural, and action tremor.
UPDRS scores for rigidity and akinesia, however, were
only reduced by apomorphine™”, Moreover, the effect
of biperiden on the amplitude of the resting tremor
was weaker than that of L-dopa had a good effect on
the amplitude of the resting tremort*,

Anticholinergic drugs are of little value in the
treatment of rigidity, akinesia, gait dysfunction, or
impaired postural reflexes™™®, It has been shown
however that trihexyphenidyl might be of benefit in
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patients whose axial symptoms worsened after deep
brain stimulation of the subthalamic nucleus. In this
study UPDRS 1I and Il decreased in response to the
anticholinergic agent!**”. Studies also suggested that
the use of anticholinergic drugs early in the disease
progression might be of potential benefit in delaying
the need for L-dopa treatment!'®*). Side effects due to
anticholinergic agent include dry mouth, blurred vision,
tachycardia, urinary retention, constipation, impaired
sweating, and central nervous system effects, e.g.,
memory impairment, confusion, and hallucinations,
especially in older individuals™®**°!,

NEWER DRUGS

Adenosine Azx receptor antagonism

Istradefylline: Istradefylline (KW-6002) is a selective
adenosine A2A receptor antagonist which exhibit
antiparkinsonian activity without worsening L-dopa
induced dyskinesia. Istradefylline is not yet an FDA-
approved drug. Istradefylline has been licensed as
an anti-parkinsonian drug this year in Japan'®?.
Istradefylline exhibits high affinity for A2A receptors,
but lower affinities for the other subtypes of adenosine
receptors (Al, A2B, and A3) in humans, marmosets,
dogs, rats, and mice. The agent does not influence
other neurotransmitter receptors, inhibit monoamine
oxidases, or catechol-O-methy! transferase!***!. Unlike
L-dopa, the chronic administration of istradefylline
(and also of other A2A receptor antagonists: SCH
412348, vipadenant and caffeine) to rats did not result
in dyskinetic activity or worsen dyskinesias when co-
administered with L-dopa*”\. In non-human primates
with haloperidol-induced extrapyramidal symptoms
(EPS) and catalepsy, A2A receptor antagonists, SCH
412348 and KW-6002 and the A1/A2A receptor
antagonist, caffeine significantly increased the time to
the onset of EPS. Moreover, SCH 412348 and caffeine
significantly reduced haloperidol-induced catalepsy!**®..
In 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine
(MPTP)-treated marmosets with L-dopa dyskinesia,
single dose acute oral administration of istradefylline
enhanced and prolonged the anti-parkinsonian effects
of a sub-optimal dose of L-dopa, while its chronic
administration did not worsen dyskinesia™®”’.

When evaluated as monotherapy in patients with
early PD, istradefylline 40 mg/d for 12-wk was safe
and well tolerated, but failed to significantly improve
motor symptoms!™®®, In PD patients on L-dopa therapy
with motor complications, istradefylline 10, 20 or
40 mg/d, administered as adjunctive treatment to
L-dopa for 12 wk in a double-blind study did not affect
“off” time duration, though at 40 mg/d it significantly
improved the motor score!®. Other studies, however,
showed that istradefylline 20, 40 or 60 mg/d, given
once daily for 12 wk to L-dopa-treated patients with
motor complications was well tolerated and reduced
daily “off” time®*?*", The most common adverse
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event was dyskinesia'®®?%, Other side effects reported
with istradefylline were lightheadedness, tremor,
constipation, weight decrease!®, nausea, dizziness,
and hallucinations®®®”.,

Preladenant: Preladenant (SCH 420814) is an orally
bioavailable selective adenosine Aza receptor antagonist
in phase I development for PD treatment. In MPTP-
treated primates, preladenant improved motor ability
without causing any dopaminergic-mediated dyskinetic
or motor complications. The drug also delayed the
onset of EPS symptoms evoked by an acute haloperidol
challenge in primates with previous chronic haloperidol
treatment®®®®, Two randomized, double-blind, placebo-
controlled, ascending-dose studies, showed that the
drug was generally well tolerated up to 200 mg/d. Peak
plasma concentrations were reached in approximately
1 h and then declined rapidly. Preladenant caused
transient mild increases in blood pressure within a
few hours of administration). In patients with PD
and motor fluctuations who were receiving L-dopa,
preladenant at 5 and 10 mg given twice daily for 12 wk
reduced the mean daily “off” time relative to baseline.
The most common adverse events in the L-dopa/
preladenant group vs placebo were worsening of PD
(11% vs 9%), somnolence (10% vs 6%), dyskinesia
(9% vs 13%), nausea (9% vs 11%), constipation (8%
vs 2%), and insomnia (8% vs 9%) ®*®\. In another
study, preladenant treatment (5 mg twice a day) for 36
wk as a L-dopa adjunct in subjects with fluctuating PD,
provided sustained “off” time reductions (1.4-1.9 h/d)
and “on” time increases (1.2-1.5 h/d) relative to the
baseline. The main side effects were dyskinesia (33%)
and constipation (19%)®*,

Safinamide: Safinamide is a novel anti-parkinsonian
drug currently in phase 3 clinical trials, as add-on
therapy to L-dopa or a dopamine agonist in early and
advanced stage PD. It is an oral alpha-aminoamide
derivative, with dopaminergic and non-dopaminergic
mechanisms of action involving inhibition of dopamine
and noradrenaline reuptake, a selective and reversible
inhibition of MAO-B, blockage of voltage-dependent
sodium channels, modulation of calcium channels
as well as an inhibitor of glutamate release!*'***,
Safinamide is administered once daily at doses of 50
and 100 mg™''.. In an open pilot study, safinamide
(100, 150, and 200 mg once a day) improved motor
performance when added to a stable dose of dopamine
agonist and also decreased motor fluctuations in those
treated with L-dopa®*®. Two randomized double-blind
studies suggested that safinamide 100 mg/d may be
effective as an “add-on” treatment to a dopaminergic
agonist in early PDP***"*1_ In 24-wk, double-blind
study, safinamide 100 mg added to a dopamine
agonist improved motor symptoms (UPDRS motor
total score)?*. Safinamide 100 mg/d for 12-mo
resulted a lower rate of intervention (increase in
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dopamine agonist dose; addition of another dopamine
agonist, L-dopa or other PD treatment) and a delay
in median time to intervention of 9 d compared with
placebo®®. In both studies, there was no benefit from
safinamide 200 mg. A more recent study showed that
oral safinamide 50 or 100 mg/d added to L-dopa in
patients with PD and motor fluctuations for 24 wk,
increased time with no or non-troublesome dyskinesia,
decreased “off” time, and improved UPDRS motor
scores as well as clinical global impression-change*®.
In MPTP- lesioned dyskinetic macaque monkey made
dyskinetic by treatment with L-dopa, pre-treatment
with safinamide (3, 10, 20 and 30 mg/kg) dose-
dependently reduced dyskinesia scores and prolonged
the duration of the antiparkinsonian effect of L-dopa.
Moreover, combined amantadine (5 mg/kg) and
safinamide (20 mg/kg) exerted additional beneficial
effects on L-dopa-induced dyskinesia™"".

Safinamide, also appear to exert neuroprotective
effects by blocking the voltage-dependent Na* and Ca**
channels and the Ca®"-mediated glutamate release
processes. Safinamide provided significant protection
against neurological deficit and axonal degeneration
in experimental autoimmune encephalomyelitis,
possibly via reduction in the activation of microglia/
macrophages, resulting in suppressed microglial
superoxide production %,

Monoamine oxidase inhibition

Zonisamide: Zonisamide (1,2-benzisoxazole-3-
methanesulfonamide) is a new antiepileptic drug for
treating refractory epilepsy. It is licensed in Europe and
the United States for the adjunctive treatment of partial
seizures (with or without secondary generalization) in
adults. It is also licensed in Europe as monotherapy
for adults with newly diagnosed partial epilepsy™*®!.
The drug inhibits voltage-gated Na* channel, T-type
voltage-sensitive Ca®* channel, Ca**-induced Ca**
releasing system, and neuronal depolarization-induced
glutamate release; and enhance the release of inhibitory
neurotransmitters. The drug has been found by chance to
exert beneficial anti-parkinsonian effects. Early studies on
patients with PD demonstrated lessening of symptoms,
especially wearing-off when using zonisamide (50-200
mg/d) as an “add-on” treatment™®®. When used as an
adjunctive therapy in patients with insufficient response
to L-dopa treatment, zonisamide (25, or 50 mg/d)
resulted in significant motor improvement and reduced
the duration of “off” time compared with placebo.
Dyskinesia was not increased in zonisamide-treated
groups™!, In two 12-wk, randomized, double-blind
trials in PD patients inadequately controlled with L-dopa,
zonisamide (25 mg once daily) significantly improved
motor function (UPDRS Part III total score), compared
with placebo™?, The drug appears to be generally well
tolerated at doses of 25-50 mg/d**"**?, Zonisamide
also led to marked reduction in the severity of impulsive
behaviors and global impulsiveness in PD patients with
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impulse control disorders who did not improve following
a reduction of either L-dopa or dopamine agonists***.

In experimental models of PD, zonisamide displayed
antiparkinsonian and neuroprotective effects!****®],
Several mechanisms have been proposed including (1)
increased expression of astrocyte-mediated neurotrophic
and anti-oxidative factors, e.g., astrocyte-derived
neurotrophic factor, vascular endothelial growth factor,
copper/zinc superoxide dismutase, and manganese
superoxide dismutase™’’; (2) upregulating levels
of manganese superoxide dismutase®®!; (3) anti-
apoptotic effect!***?**1: (4) antioxidant effect®’***';
(5) increased S100p-positive and glial fibrillary acidic
protein-positive astrocytes and dopamine turnover®*®!;
(6) potent and reversible inhibition of MAO-B
activity®*; (7) delta (1) receptor mediated inhibition
of the indirect pathway™®*®; (8) dopamine release!**";
and (9) prevention of dopamine quinone formation®*%,
Table 2 summarizes the findings of randomized double
blind studies on novel antiparkinsonian drugs.

Mitochondrial enhancement therapy

Coenzyme Q10: Coenzyme Q10 (CoQ10) or ubiquinone
is a lipid-soluble molecule present in all membranes
throughout the cell. It acts as an electron carrier in the
mitochondrial electron transport chain, located within the
inner mitochondrial membrane (transfers an electron
between complexes I /11 and III). CoQ10 also functions
as an antioxidant, thereby protecting cellular membranes
and macromolecules (e.g., proteins, lipids, DNA). CoQ10
also regenerates the pool of tocopherol®*?*!, In brains
from PD patients postmortem, CoQ10 decreased in
the cortex'”. In a study involving 33 patients with PD,
Jiménez-Jiménez et al”*” found no difference in serum
levels of CoQ10 between patients with PD and controls.
In contrast, CoQ10/cholesterol ratio inversely correlated
with duration of the disease, total UPDRS score and
motor examination of the UPDRS. Treatment with L-dopa
or dopamine agonists had no significant effect on CoQ10/
cholesterol ratio. Other studies, however, have shown
elevation in oxidized form of CoQ10 in plasma™® or
decreased CoQ10 in peripheral blood lymphocytes from
patients with PD™*. Moreover, increased percentage of
oxidized to total CoQ10 was detected in the cerebrospinal
fluid (CSF) of patients with PD. The concentration of
8-0OHdG in the CSF also increased and correlated with
concentrations of oxidized to total CoQ10, thereby linking
both mitochondrial oxidative damage and oxidative DNA
damage in the disease process®®*.

In primate model of PD induced by the nigrostriatal
toxin MPTP, dopamine cell loss was prevented by
treatment with coenzyme Q™*Y, In the MPTP rat
model of PD, both CoQ10, reduced CoQ10 (ubiquinol)
exerted neuroprotective effects against MPTP induced
dopamine depletion, loss of tyrosine hydroxylase
neurons and the development of alpha-synuclein
inclusions in SNc*?, Orally administered CoQ10 also
halted the progression of nigrostriatal degeneration
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Table 2 Results of randomized, double-blind, placebo-controlled trials involving new antiparkinsonian drugs

Drug Study objective Outcomes Adverse events Ref.
Istradefylline  Evaluated the efficacy and safety of istradefylline, 20 and 40 | daily change in "off" time vs 1 dyskinesia [203]
mg once daily as adjunctive to L-dopa in patients with motor placebo
complications (12 wk)
Istradefylline  Evaluated the efficacy and safety of istradefylline, 10, 20 and 40 No effect on "off" time duration - [199]
mg once daily as adjunctive to L-dopa in patients with motor Improved motor scores at 40 mg
complications (12 wk)
Istradefylline  Evaluated the efficacy of istradefylline at an oral dose of 20 and 40 | "off" time vs placebo 1 dyskinesia [204]
mg once daily for 12 wk in PD patients with motor complications
on levodopa therapy
Istradefylline  Evaluated the safety and efficacy of istradefylline 40 mg, as No significant effect in improving - [198]
monotherapy in patients with PD motor symptoms
Istradefylline  To evaluate efficacy, safety, and tolerability of istradefylline 20 mg | "off" time Dyskinesia, [201]
once daily vs placebo as an adjunct to levodopa in PD subjects with lightheadedness,
motor fluctuations tremor, constipation,
and weight decrease
Istradefylline  To evaluate safety and efficacy of istradefylline 20 or 60 mg/din | "off" time without an increase in ~ Dyskinesia, nausea, [200]
L-dopa-treated PD subjects with motor complications “on” time dizziness, and
hallucinations
Istradefylline  To evaluate safety and efficacy of istradefylline 40 mg/d in L-dopa- | "off" time without increased - [202]
treated PD subjects with prominent wearing-off motor fluctuations troublesome dyskinesia
Istradefylline  To evaluate safety and efficacy of istradefylline 20 or 40 mg/din | "off" time Severity of dyskinesia [205]
patients with L-dopa-motor fluctuations and peak-dose dyskinesias was unchanged,
but "on" time with
dyskinesia increased
Preladenant To evaluate efficacy of using preladenant 5 mg twice a day as a | "off" time Dyskinesia and [209]
levodopa adjunct in subjects with fluctuating PD 1 "on" time constipation
throughout the 36-wk treatment
relative to the baseline
Preladenant To evaluate safety of single and multiple rising preladenant doses  Preladenant was generally well Transient mild [207]
compared with placebo tolerated up to the maximum dose increases in blood
tested (200 mg/d) pressure within
a few hours after
preladenant
administration
Preladenant To evaluate efficacy and safety of 1, 2, 5, or 10 mg oral preladenant 5 and 10 mg preladenant Worsening of PD, [208]
twice daily in patients with PD and motor fluctuations on L-dopa | "off" time dyskinesia, nausea,
constipation, and
insomnia
Safinamide To evaluate efficacy and safety of safinamide 50 or 100 mg/d, 1 total on time with no or - [216]
as add-on to L-dopa in the treatment of PD patients with motor nontroublesome dyskinesia,
fluctuations | decreased off time, without
worsening dyskinesia
Safinamide To evaluate efficacy of safinamide 100 or 200 mg/d as add-on Safinamide 100 mg/d may be - [215]
treatment to single dopaminergic receptor agonist single in early ~  effective as add-on treatment
PD
Safinamide To evaluate efficacy and safety of once-daily 100 or 200 mg Safinamide 100 mg/d improved - [214]
safinamide in patients with early PD receiving a stable dose of a motor symptoms (UPDRS part Il
single dopaminergic receptor agonist total score)
Zonisamide To evaluate the efficacy, safety and tolerability of daily doses of 25, Zonisamide 25 and 50 mg/d - [221]
50, and 100 mg of zonisamide as an adjunctive treatment in PD improved motor symptoms (UPDRS
part III total score)
Zonisamide 50 and 100 mg | "off"
time without 1 dyskinesia
Isradipine To establish a tolerable and efficacious dosage of isradipine The tolerability of 5, 10, or 20 mg of Peripheral oedema [295]
controlled-release in subjects with early PD not requiring isradipine was dose dependent and dizziness
dopaminergic therapy No difference in change in UPDRS
among dosages
Isradipine To evaluate safety and tolerability of isradipine controlled release  Tolerability of isradipine CR 5,10, Leg oedema and [294]

in patients with early PD

15, or 20 mg was dose dependent
Isradipine had no significant effect
on blood pressure or PD motor
disability

dizziness

L-dopa: Levodopa; PD: Parkinson’s disease; UPDRS: Unified Parkinson’s disease rating scale; CR: Controlled release.
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induced in rats by paraquat®®**! and in the MPTP mouse
model of PDP*,

In patients with PD without motor fluctuations and
on stable antiparkinsonian treatment, nanoparticular
CoQ10 (100 mg 3 times a day) for 3 mo failed to
demonstrate clinical benefit. The formulation used
was associated with CoQ10 plasma levels similar to
1200 mg/d of standard formulations**, In another
randomized, double-blind, placebo-controlled trial,
treatment of PD patients with CoQ10 (300-1200 mg/d)
increased plasma level in a dose-dependent manner.
CoQ10 was well-tolerated and at 1200 mg/d there
were significant slowing the progression of PD as
measured by the total UPDRS score ***!, Improvements
in the total UPDRS were also observed following 2
wk treatment with CoQ10 in 16 subjects with early
idiopathic PD. Moreover, Fz-isoprostanes in plasma were
significantly reduced in the 400-1200 mg/d dose range
(but increased at 2400 mg/d dosage). Symptomatic
benefit from CoQ10 appeared to depend on initial
plasma ubiquinol and Fz-isoprostanes®®’). More recent
phase Il randomized, placebo-controlled, double-blind
clinical trial, however, reported no evidence of clinical
benefit (total UPDRS) from treatment with 1200 mg/d
or 2400 mg/d in patients who received a diagnosis of
PD within 5 years!*****,

Creatine: Creatine is a naturally occurring amino acid
consumed in meat and fish. It is also synthesized in
liver, kidneys, and pancreas from glycine, arginine
and methionine. The highest concentration of creatine
is found in skeletal muscles (95% of body stores)
with most of the remaining stores found in the
heart, brain and testes. After its synthesis, creatine
is released into the blood stream, from where it is
taken up by cells against a concentration gradient via
the creatine transporter. The active form of creatine
is phosphorylcreatine (PCr). Creatine kinase is the
enzyme catalyzing the reaction of the phosphorylation
of creatine to PCr through the transfer of the y-phosphate
group of adenosine triphosphate to the guanidino group
of creatine to yield adenosine diphosphate and high-
energy PCr. In brain, the active form of creatine or
phosphocreatine serves as an energy reserve being a
donor of high energy phosphate molecules to adenosine
diphosphate to form adenosine triphosphate (ATP).
One key function of phosphocreatine is to increase ATP
levels in tissue so as to stabilize neuronal membranes.
Creatine and phosphocreatine are involved in the
shuttle of ATP from the mitochondria, site of synthesis
to the site of use in the cytosol®***, Creatine is widely
used as a nutritional supplement and ergogenic aid for
athletes'".,

In PD patients analysis of whole brain metabolite
changes using proton magnetic resonance spectroscopy,
indicated higher creatine values, which might reflect
greater neuronal energy expenditure early in the disease
process that is compensatory®®*. Other researchers

Roishidenge ~ WJP | www.wjgnet.com

130

detected significantly decreased creatine (as well as
N-acetylaspartate, choline, myo-inositol, glutathione
and dopamine concentrations) in patients with PD. This
decrease in creatine levels possibly reflected impaired
energy metabolism due to mitochondrial dysfunction'*®.
In the MPTP model of PD in mice, creatine protected
against striatal dopamine depletions and loss of
substantia nigra tyrosine hydroxylase immunoreactive
neurons®®>’,

Creatine supplementation has been proposed as
an adjunct to medication for the treatment of brain-
related disorders associated with bioenergetic deficits
like PD®**®), Creatine intake seems to be safe in healthy
individuals and in patients with PD. in healthy males
undergoing aerobic training, creatine supplementation
(approximately 10 g/d) over 3 mo does not provoke
renal dysfunction. Serum creatinine serum and urinary
sodium and potassium were unchanged, while cystatin
C levels decreased over time, suggesting an increase
in glomerular filtration rate®®®. In patients with PD,
creatine 10 g/d was well tolerated™®® and creatine
(4 g/d) for 2 years was well tolerated, apart from
gastrointestinal complaints. Despite increased serum
creatinine levels, other markers of tubular or glomerular
renal function, especially cystatin C, remained normal,
indicating unaltered kidney function®®"). In patients with
PD, a 2-year placebo-controlled randomized clinical
trial showed that creatinine improved patient mood
and led to a smaller dose increase of dopaminergic
therapy. Creatinine, however, had no effect on overall
UPDR scale scores or dopamine transporter SPECT**?,
Creatine supplementation (20 g/d for the first 5 d
and 5 g/d thereafter) has been shown to enhance the
benefits of resistance training in patients with PD™***,

L-Carnitine: Carnitine (3-hydroxy-4-N-trimethy-
lammoniobutanoate) is a quaternary amine synthesized
in the body from lysine and methionine mainly in
liver, kidney, and muscle. Dietary carnitine from
meat and dairy products provides 75% of body
carnitines. Carnitine or acylcarnitines including acetyl-
L-carnitine are important in the oxidation of fatty acids
in mitochondria. Acetyl-L-carnitine is a constituent of
the inner mitochondrial membrane®®, In humans,
plasma acetyl-L-carnitine and L-carnitine short chain
esters increases following oral treatment with acetyl-
L-carnitine. CSF concentrations also increases,
suggesting that the agent easily crosses the blood-brain
barrier®®, The administration of acetyl L-carnitine in
elderly subjects (2 g twice-a-day ) improves physical
and mental fatigue as well as functional status and
cognitive functions'®®, Preclinical studies have shown
that L-carnitine and its acetyl ester, acetyl-L-carnitine
exert neuroprotective effects. Acetyl-L-carnitine act
to preserve mitochondrial respiratory chain complex
activity in face of inflammatory cytokine insult™®”},
prevent age-related oxidative mitochondrial decay™®
and maintain mitochondrial respiration and enzyme
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activities (NADH dehydrogenase, cytochrome C oxidase
and pyruvate dehydrogenase) following contusion spinal
cord injury®®®), The neuroprotective effects of acetyl-
L-carnitine involves induction of heme oxygenase-1,
up-regulation of heat shock protein 60, increased
expression of the redox-sensitive transcription factor
Nrf21”!, reduction of carbonyl formation and decreased
mtDNA deletion?). Acetyl-L-carnitine has been
reported to protect against MPTP-induced toxicity in the
nonhuman primate™*,

N-acetyl cysteine: The brain in PD is exposed to
inappropriately high levels of oxygen and nitrogen-
derived free radicals. Post-mortem studies of PD brains
have detected increased lipid peroxidation products*’?
and increased protein carbonyls indicative of protein
oxidation®”! as well as reduced glutathione levels®’*,
One of the most important intracellular redox buffers
and free radical scavengers in brain is glutathione, a
tripeptide thiol that consists of glutamate, cysteine
and glycine. It exists mainly in a reduced form (GSH)
and the ratio of GSH to the oxidized form (GSSG)
determines the oxidative status of the cell!?”>?7%,
Therefore a decrease in glutathione bioavailability would
have serious consequences on the ability of cells to
withstand oxidative burden. Glutathione concentrations
can be increased by N-acetyl cysteine, the N-acetyl
derivative of the amino acid L-cysteine, which is rapidly
hydrolyzed intracellularly to cysteine, the rate limiting
substrate for glutathione synthesis””*’®,

There is accumulating evidence to suggest the
usefulness of supplementation with N-acetylcysteine
in neurodegenerative disorders including PD!*"7"??,
In transgenic mice overexpressing wild-type human
alpha-synuclein, N-acetylcysteine attenuated the
loss of dopaminergic terminals at 1 year and also
significantly decreased the levels of human alpha-
synuclein®?, Mice lacking the excitatory amino acid
transporter EAAC1 have impaired neuronal cysteine
uptake and consequent reduced neuronal glutathione
content. These mice exhibited age-dependent loss of
dopaminergic neurons in the SNPc, nitrosative stress
and neuroinflammation, which were alleviated by
N-acetylcysteine treatment®®", In rats in which GSH
was depleted by treatment with 2-cyclohexene-1-one,
treatment with 1.6 g/kg of N-acetylcysteine rescued
the depleted levels of GSH in the brain and restored
cognitive deficits™®,

In a recent clinical study, single N-acetylcysteine
infusion (150 mg/kg) was able to increase blood GSH
redox ratios and increase brain GSH concentrations
(measured using 7-T magnetic resonance spectroscopy)
in those with PD and Gaucher disease and healthy
controls®®®,

Alpha lipoic acid: Lipoic acid (thioctic acid, 1,2-dithiolane
-3-pentanoic acid) functions as a cofactor in multienzyme
complexes that catalyze the oxidative decarboxylation
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of pyruvate, a-ketoglutarate, and branched-chain a-keto
acids. Lipoic acid and its reduced form dihydrolipoic
acid are also potent antioxidants capable of scavenging
a number of reactive oxygen and nitrogen species.
Lipoic acid is rapidly absorbed in the gut and passed to
various tissues for catabolism®®*. Alpha lipoic acid is
likely to be of benefit in several brain pathologies and
neurodegenerative disorders. Chronic treatment with
alpha lipoic acid (and also N-acetylcysteine) was found
to improve cognition In SAMP8 mice that overexpress
amyloid precursor protein®®®), In rat brain glial cultures,
alpha-lipoic acid decreased viral double-stranded RNA-
stimulated inflammatory signaling by down-regulating
interleukin-1p (IL-1B), IL-6, tumor necrosis factor-a
(TNF-a), inducible nitric oxide synthase transcripts. It
also prevented cultured glial cytotoxicity™. Alpha lipoic
acid has been shown to protect dopaminergic neurons in
vitro against apoptosis induced by the nigrostriatal toxin
1-methyl-4-phenylpyridinium (MPP+). This effect of was
associated with decreased intercellular levels of reactive
oxygen species and the mitochondrial transmembrane
permeability™”’. It also protected dopaminergic neurons
in the animal model of PD induced by stereotaxic
injection of 6-hydroxydopamine in rat striatum!*®®, It
has been suggested that a combination of mitochondrial
antioxidants/nutrients could improve mitochondrial
function and/or attenuate oxidative damage implicated in
PD™®, The authors found that the combined treatment
with alpha-lipoic acid and acetyl-L-carnitine was more
effective than either agent alone in protecting SK-N-MC
human neuroblastoma cells against rotenone-induced
mitochondrial dysfunction and oxidative damage.

Neuroprotective agents
Isradipine: Isradipine is a dihydropyridine calcium
channel antagonist, with high affinity for Cav1.3 L-type
channels. L-type Ca®" channels with a pore-forming
Cav1.3 subunit underlie autonomous pacemaking in
adult dopaminergic neurons in the SNPc. This poses
a sustained stress on mitochondrial ATP generating
oxidative phosphorylation, accelerating cellular aging and
death, and rendering dopaminergic more susceptible
to the effect of nigrostriatal toxins™®. Antagonism of
these channels with isradipine has been shown to exert
neuroprotective effects in animal models of PD™°'2%,
Isradipine afforded neuroprotection against the
nigrostriatal toxin 6-OHDA injected intrastriatally, sparing
dopaminergic fibers and cell bodies*. In human
neuroblastoma SH-SY5Y cells, isradipine antagonized
many effects of rotenone including production of reactive
oxygen species, G1/G0 cell cycle arrest, and activation
of p53/p21 signaling proteins as well as the decreased
expression of the signaling proteins for cell proliferation
and survival, Cyclin-dependent kinase 2, cyclin D1, and
Akt®?, Isradipine also reduced L-dopa-induced rotational
behavior and abnormal involuntary movements in
animal model of L-dopa-induced dyskinesia®*!.
Isradipine studies are thus being conducted in
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humans to establish the dosage, safety and tolerability
of the drug. In these studies, controlled release
isradipine 10 mg daily was tolerated by 73% and 87%
of patients with early PD, respectively. Peripheral edema
and dizziness were most common adverse events
encountered®®****, Isradipine displayed no significant
effect on blood pressure or PD motor disability™®.,

Pioglitazone: Pioglitazone is a peroxisome proliferator-
activated receptor-gamma agonist of the thiazolidinedione
class. The administration of this antidiabetic agent has
been shown to protect dopaminergic neurons preclinical
rodent models of PD*****), The drug also exhibited
neuroprotective properties in the non-human primate
model of MPTP-induced PD. Significant improvements
in clinical rating score was associated with preservation
of nigrostriatal dopaminergic markers, e.g., cell counts
of tyrosine hydroxylase immunoreactive- and vesicular
monoamine transporter-2immunoreactive-nigral
neurons®®”, Several mechanisms have been postulated
to account for pioglitazone-induced neuroprotection. This
included attenuation of toxin-induced glial activation and
consequent suppression of pro-inflammatory cytokine
(TNF-a, IL-1B, interferon-gamma) release™*°3%,
Pioglitazone also attenuated oxidative stress’%,
interfered with phosphorylation of jun N-terminal
kinase and nuclear factor kappa-B, and suppressed
cyclooxygenase 2 expression and the subsequent
prostaglandin E(2) synthesis®*® and showed dose-
dependent modulation of CD68-ir inflammatory cells™®.
Other researchers provided data that pioglitazone is
effective in the MPTP mouse model through inhibition
of MAO-B*, It has been shown that pioglitazone is
a specific and reversible inhibitor of human MAO B.
Other members of the glitazone class, rosiglitazone and
troglitazone are weaker inhibitors of both MAO-A and
MAO-B™%,

Minocycline: Minocycline is a second-generation,
semi-synthetic tetracycline that received much interest
for its dopaminergic neuroprotective effects observed
in experimental models of PD. Minocycline inhibits
microglial activation®®*, exerts antioxidant and anti-
inflammatory effects’®*, and prevents apoptotic
cell death, possibly due to attenuating endoplasmic
reticulum stress and mitochondrial dysfunction®°®,
Ongoing clinical trials for evaluating the effect of
minocycline on disease progression, however, failed to
demonstrate clinical benefit for minocycline. An 18-mo
phase 1II trial of minocycline 200 mg/d in subjects with
early PD, found no effect for the drug in slowing down
the progression of disability. Symptomatic treatment of
PD symptoms was required in 62% of minocycline, and
60% of placebo-treated subjects™”’. In a randomized,
double-blind in patients with Multiple-System-Atrophy
Parkinson-type, the progression rate over 48 wk of
minocycline 200 mg/d (the change in motor function)
did not differ from that of placebo. A significant
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deterioration in motor scores occurred in both groups.
Positron emission tomography-data in two patients
in the minocycline group, however, suggested that
minocycline might interfere with microglial activation™*®.

Non-steroidal anti-inflammatory drugs
Neuroinflammation is a major contributing factor in the
pathogenesis of PDP®.. In vitro, several non-steroidal
anti-inflammatory drugs (NSAIDs) including ibuprofen,
aspirin, acetaminophen, meclofenamic acid sodium
salt, sulindac sulfide, ketoprofen (but not naproxen and
indomethacin) inhibited the formation and stabilization of
alpha-synuclein fibrils™?. In this context, it is to be noted
that the use of NSAIDs is frequent among PD patients.
The chronic prescription of analgesic drugs was more
prevalent in PD patients than in the general population
and similar to that in osteoarthritis patients™". Several
studies have assessed the potential for NSAIDs in
lessening the progression of PD. The results of these
studies were, however, inconclusive. In one study, the
regular use of non-aspirin NSAIDs was associated with
a lower risk of PD compared with non-regular users. A
lower risk of PD (though of no statistical significance) was
also observed among men and women who took 2 or
more tablets of aspirin per day®®*?. In their study, Wahner
et al’™ found that regular use of aspirin (= 2 pills/wk
for at least 1 mo) was associated with a decreased risk
of PD; an effect seen only in women. Regular non-aspirin
NSAID usage was even associated with a stronger
protective effect, particularly those who reported 2 or
more years of use. Other researchers provided data
that ibuprofen users had a significantly lower PD risk
than non-users with this effect of the drug being a dose-
dependent one. The same studies found no effect for
aspirin, other NSAIDs or acetaminophen in reducing the
risk for PDP**], Hernan et al'®, however, found that
non-aspirin NSAID use was associated with a higher risk
in women and a lower risk in men. Other researchers,
found no evidence that NSAID use reduces the risk of
PDPY321 " although one study suggested that long-term
use of NSAIDs was associated with a slightly lower PD
risk2,

Deferiprone

Studies in humans suggest the accumulation of iron in
the substantia nigra of PD patients. Consequently excess
iron has been implicated in the pathogenesis of PDP?3%,
One approach to halt nigrostriatal degeneration in PD
might therefore involve the reduction of iron-mediated
oxidative stress through the use of iron chelators. In a
clinical trial in early PD patients, one such iron chelator
that is deferiprone slightly improved motor signs at 6
mo and decreased motor handicap progression and
iron overload at one year®™®. In a randomized clinical
study on 23 patients with early stage PD (< 5 years
from diagnosis), deferiprone for 6 mo elicited a non-
significant small improvement in the motor UPRDS
scores compared to placebo. Magnetic resonance
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imaging indicated significantly reduced iron content in
the dentate nucleus and caudate nucleus though not

in substantia nigra following deferiprone therapy

[327]

In these two studies, deferiprone was well tolerated.

Side effects were neutropenia or agranulocytosi

gl326,327).

In one study, treatment with deferiprone for 4 years
in 6 patients with neurodegeneration with brain iron
accumulation was associated with stabilization in motor
symptoms in 5/6 patients™*®,
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