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Parkinson'’s disease is a neurodegenerative disorder manifested by a combination of motor
and non-motor symptoms. Levodopa, a dopamine precursor, is the most efficacious drug
available to control the symptoms of Parkinson’s disease. Almost all other medications with
symptomatic benefit for Parkinson’s disease show their effect by facilitating the
dopaminergic system, including dopamine agonists, catechol-O-methyltransferase
inhibitors and monoamine oxidase-B inhibitors. Selegiline (Eldepryl®), selegiline orally
disintegrating tablet (Zelapar®) and rasagiline (Azilect®) are monoamine oxidase-B
inhibitors currently available in the USA. The novel monoamine oxidase-B inhibitor,
rasagiline, is different from the first-generation monoamine oxidase-B inhibitor, selegiline,
with a unique chemical structure and metabolite profile. A once-daily dose of rasagiline
provides symptomatic therapy in patients with Parkinson’s disease, and is safe and well
tolerated in elderly patients as monotherapy or adjunct therapy. Rasagiline is distinguished
from other agents currently used in Parkinson’s disease by its potential neuroprotective
effect. This effect has been demonstrated in various in vitro and in vivo studies. In addition,
results of a controlled, randomized, delayed-start study of rasagiline in early Parkinson’s
disease showed slower progression of the disease with rasagiline compared with placebo,
suggesting a neuroprotective effect of this agent. A second large, randomized,
double-blind, placebo-controlled, delayed-start study is currently underway to verify
previous results and confirm the potential disease-modifying activity of rasagiline.

Parkinson’s disease (PD) is a neurodegenerative
disorder manifested by a combination of motor
and non-motor symptoms. It involves multiple
neurotransmitter systems, including dopamin-
ergic, cholinergic, noradrenergic, serotoniner-
gic, GABAergic and glutamatergic systems,
which demonstrates the complexity of this dis-
ease. The clinical criteria of PD include a triad of
resting tremor, rigidity and bradykinesia. Pos-
tural instability usually occurs later in the course
of the disease. There is no laboratory or radiolog-
ical tool that specifically confirms a diagnosis of
PD. The diagnosis is made by clinical judgment
of an expert neurologist.

PD affects approximately 1 million people in
the USA. The number of new cases per year in
the USA is approximately 20 per 100,000 [1.2].
With improvements in the diagnosis of PD and
increased life expectancy, the incidence and
prevalence of the disease is expected to grow [3].

Despite the overall indolent course of PD, it
may advance more rapidly during the preclinical
stage and early years [4], which is why physicians
are moving towards earlier treatment of the dis-
ease. There are several risk factors associated with
a more rapid disease course, including older age of
onset, associated comorbidities, presentation with
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rigidity and bradykinesia and decreased dopamine
responsiveness [4-8]. There is no medication cur-
rently available to definitively stop or slow the
progression of the disease. Symptomatic treat-
ment is the only therapeutic approach to control
clinical features of PD, while the underlying
disease process may remain active.

Symptomatic therapy for PD dates back to the
nineteenth  century when anticholinergics
became a target for pharmacotherapy [9). Cen-
trally acting anticholinergic drugs such as tri-
hexyphenidyl and benztropine are useful for
treating resting tremor, but are of less value in
treating akinesia [3]. Anticholinergic drugs are
typically reserved for younger patients, in whom
tremor is the dominant clinical feature. Elderly or
cognitively impaired PD patients are particularly
sensitive to anticholinergics, as these drugs can
impair executive function. As it became evident
that the pathogenesis of the disease is correlated
to dopamine deficiency secondary to neurode-
generation in the substantia nigra pars compacta
(10}, the main therapeutic strategy has been to
replete this neurotransmitter. This therapeutic
goal can be achieved by prescribing a precursor of
dopamine, levodopa (t-dopa). This remains the
gold standard and most effective symptomatic
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therapy for this disorder. L-dopa is converted to
dopamine via the enzyme dopa decarboxylase
and is eventually metabolized by monoamine oxi-
dase (MAO) to dihydroxyphenylacetic acid and
by catechol-O-methyltransferase (COMT) to
3-methoxytyramine. Both dihydroxyphenylacetic
acid and 3-methoxytyramine can be further
metabolized to homovanillic acid [11]. L-dopa is
co-administered with an aromatic amino acid
decarboxylase inhibitor, such as carbidopa or
benserazide, to prevent peripheral conversion of
L-dopa to dopamine. Adding an aromatic amino
acid decarboxylase inhibitor minimizes the
peripheral side effects of dopamine, including
nausea and orthostasis, and leaves more L-dopa
available for transporting to the brain [23,12]. A
controlled-release formulation of L-dopa/carbi-
dopa is also available in the USA. Chronic L-dopa
administration is associated with significant
motor complications, including  dyskinesia
(e.g., involuntary choreoathetoid movements)
and motor fluctuations (e.g., wearing off,
‘on—off” phenomena) that can limit its utility 3.

In the early 1970s, ergot-derived dopamine ago-
nists (DAs) were first used to treat PD. DAs work
by directly stimulating the postsynaptic dopamine
receptors. While not as clinically effective as
L-dopa, they improve symptoms of PD signifi-
cantly, but cause fewer motor complications than
L-dopa [3]. Dopamine agonists available now in the
USA are apomorphine, bromocriptine, prami-
pexole, ropinirole and rotigotine. Non-ergot-
derived DAs (pramipexole, ropinirole, rotigotine
and apomorphine) act predominantly on D2 and
D3 receptors and cause fewer side effects. The
older ergot-derived DAs (e.g., bromocriptine)
bind to D1 and D2 receptors and are partial ago-
nists. Apomorphine is the only injectable formula-
tion of medication readily available for patients
with PD.

Another group of medications developed in
1990s are the COMT inhibitors. These medica-
tions inhibit the peripheral and/or central
metabolism of L-dopa and extend the plasma
half-life of L-dopa without increasing peak
plasma concentration (C,,,) or time to maximal
concentration (T,.). Similar to aromatic amino
acid decarboxylase inhibitors, these drugs do not
have antiparkinsonian symptomatic effects when
given alone, and are administered adjunctively
with L-dopa. Co-administration of these agents
with L-dopa and carbidopa increases the half-life
of L-dopa from 1.3 to 2.4 h (13]. Tolcapone and
entacapone are two COMT inhibitors currently
available in the USA.

Therapy (2008) 5(2)

Amantadine has been used for the sympto-
matic therapy of PD for more than 25 years. It is
an antiviral agent and an antagonist of NMDA
receptors, but shows its symptomatic effect in
PD most likely by increasing dopamine release
and inhibiting its cellular reuptake (3.

Another group of medications currently availa-
ble for symptomatic therapy in PD are MAO-B
inhibitors. MAO, which catabolizes dopamine,
became a target for pharmacotherapy during the
mid-twentieth century. MAO-B inhibitors selec-
tively inhibit the enzyme MAO-B and increase
striatal dopamine levels [12,14. Owing to their
selectivity for MAO-B, they cause fewer drug
interactions and are associated with a lower risk of
serotonin syndrome and hypertensive crisis than
the nonselective MAO inhibitors. In controlled
clinical trials of early PD, MAO-B inhibitors have
been shown to delay the development of disability
that requires the addition of L-dopa and have dem-
onstrated the potential to slow the decline of
dopaminergic neuronal function [15]. In advanced
stages of PD, MAO-B inhibitors prolong the
symptomatic effect of L-dopa and allow reduction
in L-dopa dose [16]. Selegiline was the first selective,
irreversible MAO-B inhibitor, developed in 1962
and marketed in 1981 [17). In addition to sympto-
matic benefit in PD, some evidence in animal
models suggests possible neuroprotective effects
with selegiline. Selegiline is metabolized to des-
methylselegiline, levo-methamphetamine and
levo-amphetamine; the latter two metabolites may
explain some of its side effects, such as insomnia,
euphoria, hallucinations and orthostatic hypoten-
sion [12,14]. There is also concern regarding
amphetamine and methamphetamine metabolites
and their potential long-term detrimental effect on
neurons. Desmethylselegiline is most likely associ-
ated with the neuroprotective effects of selegiline
seen in multiple 77 vitro and in vivo models (17).

A second-generation MAO-B inhibitor, rasa-
giline, was developed in 1987 and was approved
by the European Medicines Agency (EMEA) and
the Israeli Ministry of Health in 2005, and by the
US FDA and Health Canada in 2006. The
approved indications in these world markets are as
monotherapy in early PD and as adjunctive ther-
apy to L-dopa in patients with moderate to
advanced PD. Several multinational Phase III
double-blind, randomized, placebo-controlled,
parallel-group studies showed safety, tolerability
and efficacy of rasagiline in PD patients. Rasag-
iline is different from selegiline with regard to its
unique chemical structure. Moreover, it is not a
metabolized amphetamine derivative and, there-
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fore, is not associated with the cardiovascular and
nervous system side effects seen with selegiline.
Rasagiline shows five-times more potent MAO-B
inhibition than selegiline in animal models and
cell cultures [18]. Whereas the selegiline metabo-
lite, L-methamphetamine, has been shown to
abolish the neuroprotective effect of the parent
compound iz vitro [19,20], both rasagiline and its
main metabolite, aminoindan, have shown neuro-
protective effects in various 2 vivo and in vitro
models [19.21,22]. Rasagiline is dosed once daily and
is safe and well tolerated in young and elderly
patients [23,24]. It has a side-effect profile similar to
placebo in early PD.

Chemistry
Rasagiline mesylate was developed in 1987 by
Teva Pharmaceutical Industries Ltd (Petah Tikua,
Israel) as a second-generation MAO-B inhibitor
with an improved metabolite profile compared
with selegiline (Figure 1). The chemical name of
rasagiline is N-propargyl-1(R)-aminoindan. It is
the R-isomer of the chiral parent compound
AGN 1135, a nonamphetamine, secondary cyclic
benzylamine propargylamine pharmacophore [25).
The relative molecular mass/weight is 267.34.
Rasagiline is freely soluble in water or ethanol. Its
melting range is 155-159°C, with specific optical
rotation of 18.5-23°. Rasagiline contains a prop-
argylamine structure, which may be responsible
for its potential neuroprotective and antiapop-
totic effects independent of MAO inhibition [22).
Its neuroprotective effect has been shown in
numerous zz vitro and in vivo studies [19,21,22].
The propargyl chain is an essential part of the
molecule and binds covalently to form an irrevers-
ible bond with the flavin adenine dinucleotide
moiety of the MAO enzyme. Structure—activity
studies showed that maintaining a distance of no
more than two carbon units between the aromatic
ring and the N-propargyl terminal of the rasagiline
pharmacophore is essential for conferring specifi-
city for MAO-B ps]. The assay of rasagiline
mesylate is determined by high-performance lig-
uid chromatography for release and stability test-
ing. Each tablet of rasagiline mesylate contains
manitol USP/Ph.Eur., starch NF/Ph.Eur., pre-
gelatinized starch NF/Ph.Eur., colloidal silicon
dioxide NF/Ph.Eur., stearic acid NF/Ph.Eur. and
talc USP/Ph.Eur.

Pharmacokinetics & pharmacodynamics
Preclinical pharmacology & toxicology
The high potency and selectivity of rasagiline in
brain and peripheral tissues was shown in various
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invitro and in vivo studies. The results of the
in vitro studies are reproducible with 77 vivo mod-
els, indicating that rasagiline
blood-brain barrier after oral or parenteral use. In
a series of experiments, rasagiline selectivity for
MAO-B inhibition (following repeated adminis-
tration) is reflected in the high ED50 ratios
(MAO-A):(MAO-B) ranging from 30 to 93 [26-2s].
The main metabolite of rasagiline, 1-R-aminoin-
dan (TVP-136), did not inhibit brain MAO-B
in vitro and ex vivo [27]. Repeated administration of
rasagiline causes more MAQ inhibition than acute
treatment, due to the cumulative effect of irreversi-

crosses  the

ble inhibition. Rasagiline was significantly more
potent than selegiline 7z vivo in animal models. In
the rat, a daily dose of rasagiline mesylate
(0.05 mg/kg/day), which is a tenth of that of an
equipotent dose of selegiline, was needed to inhibit
over 90% of brain MAO-B activity with minor
MAO-A inhibition [28]. [z vitro and in vive animal
experiments demonstrated that the corresponding
salts of the (§)-enantiomer of rasagiline exhibited
very weak MAO inhibitory activity. In contrast to
rasagiline, they had little or no selectivity for
MAO-B compared with MAO-A [18,26,27.29].

As noted, 7 vitro and in vivo studies indicate
that the primary pharmacodynamic action of rasa-
giline is selective inhibition of MAO-B. In the
I-methyl 4-phenyl 1,2,3,6-tetrahydropyridine
(MPTP) animal models of PD, rasagiline blocks
MPTP-induced neurotoxicity (30,31]. Microdialysis
in rats treated with rasagiline showed elevation in
extracellular striatal dopamine levels [321. The
mechanism of chronic administration of rasagiline
and its cumulative effect seems more complex than
the mechanism observed after one dose of rasag-
iline and may involve its neuroprotective activity.

Studies on several types of neuronal cultures
showed neuroprotective and neurotrophic effects
of rasagiline [21,33]. The neuroprotective effect of
rasagiline appears to be independent of its MAO
inhibitory action, since some neuroprotective
effects of rasagiline have been seen at low doses
in cell lines and primary neurones that express
only the MAO-A isoenzyme [20,34-38]. Moreover,
the (S)-enantiomer of rasagiline, which lacks
MAO-inhibitory activity, has also shown protec-
tive effects in vitro and in vivo [35,39-41]. It has
been proposed that rasagiline protects neurons
also by antiapoptotic effects (371. This anti-
apoptotic effect of rasagiline is implemented by
two different mechanisms; one is via interactions
with the mitochondrial apoptotic cascade, and
can also regulate the expression of anti-apoptotic
and antioxidative proteins (37,42].
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Figure 1. Chemistry of rasagiline and selegiline.
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MAO-B is localized in the mitochondrial mem-
branes of different structures, such as cerebral neu-
rons, intestine and liver. Rasagiline specifically
inhibits MAO type B, which is the main form of
MAQO in the brain, and reduces metabolic degra-
dation of dopamine [25]. It is metabolized to its
main metabolite, 1-[R]-aminoindan, but unlike
selegiline does not yield amphetamine or metham-
phetamine metabolites [25. Whether these metab-
olites of selegiline actually have toxic effects in PD
patients remains a matter of debate [43,44].

In patients with PD, oral administration of

rasagiline 1 mg/day results in near-complete
inhibition (>90%) of MAO-B activity after the

206 Therapy (2008) 5(2)

third daily dose [45]. Since there is a pressor effect
with co-administration of MAO-A inhibitors
and tyramine, the effect of tyramine interaction
with rasagiline was assessed in several clinical
studies. No significant potentiation of tyramine
pressor response with co-ingestion of large
amounts of tyramine was reported [46,47].

Clinical pharmacokinetics

The pharmacokinetics of rasagiline are linear
with a dosage of 0.5-10 mg (48]. In a double-
blind study in PD patients, the terminal half-life
of rasagiline was reported to be approximately
1.34 h 45], but secondary to its irreversible effect
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on MAO-B inhibition, there is no correlation
between its clinical and pharmacological effect,
and the symptomatic benefit of rasagiline may
last beyond several half-lives. By studying posi-
tron emission tomography (PET) in patients
with PD treated with MAQO-B inhibitors, the
recovery half-life of brain MAO-B was measured
to be approximately 40 days [49].

Rasagiline is rapidly absorbed by the gastro-
intestinal tract, reaches C_, within 1h and
readily crosses the blood-brain barrier [45,50,51].
The pharmacokinetics of rasagiline were studied
in a randomized, double-blind, placebo-control-
led, three-way, single-dose study and a rand-
omized, double-blind,  placebo-controlled,
repeated dose study by Thebault ezal. (48], At
doses of 0.5 and 10 mg, rasagiline exhibits con-
sistent dose linearity and proportionality for
C,.. and area under the concentration—time
curve (AUC) values 48]. The T of rasagiline is
not affected by food, although a high-fat meal
reduces C,,, and AUC by approximately 60 and
20%, respectively [25]. Therefore, rasagiline can
be administered with or without food. The mean
volume of distribution of rasagiline in patients
with PD ranges from 182 to 243 |, and plasma
protein binding ranges from 60 to 70% [25).

Rasagiline undergoes hepatic biotransforma-
tion and is dependent on CYP [25]. CYP1A2 is
the major isoenzyme involved in its metabolism.
Elimination of rasagiline primarily occurs in
urine (62%) after glucuronide conjugation and
only less than 1% is excreted unchanged. Rasa-
giline should not be used in patients with mod-
erate to severe hepatic failure, since plasma
concentration of rasagiline is increased signifi-
cantly. For patients with renal insufficiency, dose
adjustments have not been recommended.

Clinical efficacy

Phase Il studies

In a 10-week, PhaseII, double-blind, rand-
omized, placebo-controlled study, the safety, tol-
erability and efficacy of rasagiline monotherapy
was assessed in 56 patients with early PD not
receiving L-dopa (52]. Patients (mean age of
61.5 years; 68% male; 91% Caucasian) were
randomly assigned to rasagiline 1 mg (n = 15),
2 mg (n=14) or 4 mg once-daily (n=14), or
placebo (n=14). A 3-week dose-escalation
period was followed by a 7-week maintenance
phase. At week 10, the mean improvement from
baseline in total Unified Parkinson’s Disease Rat-
ing Scale (UPDRS) score were 9.9, 17.1, 17.8
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and 2.8% in the rasagiline 1, 2 and 4 mg/day
and placebo groups, respectively. Additionally,
28% of patients receiving rasagiline experienced
an improvement in total UPDRS score of greater
than 30% compared with none of the patients
receiving placebo (p < 0.05). The frequency and
types of adverse events reported by rasagiline-
treated and placebo-treated patients were similar.

In a 12-week, Phase II, double-blind, rand-
omized, placebo-controlled study, the safety, tol-
erability and clinical effect of rasagiline as
adjunct therapy to L-dopa was assessed in
patients with PD [45). A total of 70 patients with
PD (mean age: 57.4 years; mean disease dura-
tion: 5.7 years; 32 patients had motor fluctua-
tions) received either placebo (n=13) or
rasagiline 0.5 mg/day (n=21), 1 mg/day
(n = 18), or 2 mg/day (n = 18). With all doses of
rasagiline, a beneficial clinical effect, expressed as
a decrease in total UPDRS score, was observed
in fluctuating patients (23.0 vs 8.5% in the pla-
cebo group). The treatment effect was still evi-
dent 6 weeks after drug discontinuation (in all
doses). Adverse events were no different than
those of patients taking placebo. The study dem-
onstrated that rasagiline has a good safety profile
and a beneficial clinical effect in fluctuating
patients with PD when given as an add-on to
chronic L-dopa therapy.

Phase Ill studies

Three pivotal Phase IlI, double-blind, rand-
omized, placebo-controlled studies took place in
the USA, Canada and/or Europe, Israel and
Argentina to evaluate the safety, tolerability and
efficacy of rasagiline in patients with PD. In the
Rasagiline (TVP-1012) in Early Monotherapy
for Parkinson’s Disease Outpatients (TEMPO)
study, the safety and efficacy of rasagiline was
evaluated in a multicenter, 26-week, parallel-
group, randomized, double-blind, placebo-con-
trolled clinical trial 53]. A total of 404 patients
with early PD not requiring dopaminergic ther-
apy were enrolled in the USA and Canada. All
patients were evaluated at academically based
movement disorder clinics. Subjects were rand-
omized to receive rasagiline at a dosage of 1 or
2 mg once-daily, or matching placebo. In all,
328 participants completed 6 months without
additional dopaminergic therapy. There were no
significant differences in adverse events between
the two groups of active treatment versus the pla-
cebo group. The symptomatic benefit of rasag-
iline was demonstrated in this study over a
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6-month period by showing significant difference
in the total UPDRS between the two treatment
groups and placebo. This 26-week controlled
study indicated that rasagiline was an effective
therapy for patients with early PD. The 52-week
delayed-start  phase and potential neuro-
protective/disease-modifying  results of the
TEMPO study are discussed below (54]. This is
the first study to demonstrate an improvement in
quality of life by an antiparkinsonian drug in
early PD, as demonstrated by significant differ-
ences in Parkinsons Disease Quality of Life
Questionnaire (PDQUALIF) scores with rasag-
iline compared with placebo [55].

The Parkinson’s Rasagiline: Efficacy and
Safety in the Treatment of OFF (PRESTO)
study was a Phase III multicenter trial conducted
in the USA and Canada. This was a 26-week
randomized, placebo-controlled study to investi-
gate the efficacy, safety and tolerability of rasag-
iline compared with placebo in L-dopa-treated
PD patients with motor fluctuations [56]. A total
of 472 patients with idiopathic PD who were
optimally treated with 1L-dopa and experiencing
motor fluctuations were enrolled. Patients were
randomized to receive once-daily rasagiline 1 or
0.5 mg or matching placebo. The L-dopa dosage
could decrease during the first 6 weeks based on
the investigator’s assessment, but the dosage was
held constant for the rest of the study. Eligible
patients had to have at least 2.5 h of ‘off” time
per day after receiving optimized dosing of
L-dopa. The main outcome measure of this study
was change from baseline in total daily off time
measured by patients using home diaries. The
PRESTO study showed that rasagiline treatment
improved motor fluctuations,  including
decreased off time and improvement in PD
symptoms, in L-dopa-treated patients.

Another Phase III pivotal study, conducted
in Europe, Argentina and Israel, also investi-
gated the efficacy and safety of rasagiline in
L-dopa-treated PD patients with motor fluctua-
tions [57]. The Lasting effect in Adjunct therapy
with Rasagiline Given Once daily (LARGO)
was a randomized, double-blind, parallel-group
trial, with an active comparator treatment arm,
conducted over 18-weeks at 74 hospitals and
academic centers. A total of 687 PD patients
were randomly assigned to oral rasagiline 1 mg,
entacapone (the active comparator) or placebo.
The primary measure of this study was the
mean change in total daily off time as measured
by patient diaries. The result of this study
showed that rasagiline is a safe treatment that
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reduces mean daily off time and improves
motor function in PD to a similar extent as
entacapone.

In conclusion, the results of all Phase II-III
studies demonstrated rasagiline as an effective
and safe treatment to relieve PD symptoms in
early, moderate and advanced disease.

Clinical safety & tolerability

The safety of rasagiline was confirmed in the three
large clinical studies (TEMPO, PRESTO and
LARGO) in PD patients. In the TEMPO study,
no adverse events were reported to be significantly
more frequent in patients originally assigned to
rasagiline compared with those originally assigned
to placebo. This was true over the entire
12 months of this trial (first 6 months double-
blind, placebo-controlled and second 6 months
blinded active-treatment phase) [5354]. Rates of
dopaminergic and psychiatric adverse events that
are relatively frequent with other PD therapies
(e.g., hallucinations, somnolence, confusion and
edema) were similar across all treatment groups.
The most commonly observed adverse effects
during the active-treatment phase were infection,
headache, dizziness and accidental injury. No
adverse events were reported more frequently
during the second 6 months of the trial.

In PRESTO, patients were monitored for safety
and tolerability at baseline and at follow-up visits
at 3, 6, 10, 14, 20 and 26 weeks [56]. Safety was
assessed by the frequency and severity of reported
adverse events, alterations in vital signs, laboratory
findings and electrocardiograms (ECGs). Tolera-
bility was measured based on the number of
patients in each group who discontinued the trial.
A total of 87% of patients receiving placebo, 91%
of patients receiving rasagiline 0.5 mg/day and
95% of patients receiving rasagiline 1 mg/day
showed some adverse effects. Gastrointestinal side
effects, imbalance and dyskinesia were reported
more often in patients with either dose of rasa-
giline compared with placebo. Gastrointestinal
side effects appeared to be dose-related. Interest-
ingly, it was significantly less common for patients
on 0.5 mg rasagiline to suffer from depression
compared with the placebo group (p = 0.04). Dys-
kinesias were reported as an adverse event in 10%
of patients receiving placebo and 18% of patients
receiving either dosage of rasagiline. The most fre-
quent adverse effects (all three groups combined)
were related to accidental injury, arthritis, stroke,
melanoma, urinary tract infection and worsening
of PD, with no significant differences among the

three treatment groups.
future science group
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In the LARGO study, patients were moni-
tored for safety and tolerability at baseline and at
weeks 3, 10 and 18 [57]. Safety was assessed by
the frequency and severity of reported side
effects, change in neurological examination, vital
signs, laboratory parameters and ECGs. Tolera-
bility was assessed based on rates of patients who
discontinued early. There were no significant dif-
ferences among patients treated with rasagiline,
placebo or entacapone in dopaminergic adverse
events. Postural hypotension, the most common
cardiovascular-related  dopaminergic  adverse
event, was reported in 2% of patients receiving
rasagiline and entacapone. A total of 10% of
patients receiving rasagiline discontinued before
the study end, a smaller proportion than in the
entacapone (13%) and placebo (15%) groups.

Rasagiline was equally tolerated in older and
younger patients, with no evidence of increased
hallucinations, daytime somnolence, nausea or
leg edema.

No laboratory or ECG abnormalities have
been attributed to rasagiline in Phase III clini-
cal trials; therefore, there is no need to monitor
any laboratory parameters in patients receiving
rasagiline.

These Phase III clinical trials were performed
with no dietary tyramine restriction. No serious
tyramine reactions (hypertensive crisis) occurred
during any of the Phase III studies. Two tyramine
challenge studies in patients with PD receiving
rasagiline have been reported [46,47]. Patients were
challenged with oral tyramine HCl 75 mg in the
TEMPO study, which evaluated rasagiline mono-
therapy in patents with early PD. In the
PRESTO study, which evaluated rasagiline as
adjunct therapy to L-dopa, patients were chal-
lenged with oral tyramine HCl 50 mg. In both
studies, tyramine concentrations were far higher
than would be achievable with a high-tyramine-
content meal. In both studies, patients were fol-
lowed up and monitored for changes in blood
pressure and heart rate, and for ECG alterations.
No dlinically important tyramine interaction was
observed in either study, despite challenge with
tyramine concentrations far exceeding those likely
with normal dietary consumption.

Conclusion & future perspective

Rasagiline has been available in the European
Union and Israel since 2005, and in Canada and
the USA since 20006, for the symptomatic ther-
apy of patients with PD. Rasagiline open-label
trials (TEMPO and PRESTO extension studies)

have been ongoing for up to 8.5 years in many
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academic centers in the USA and Canada. The
following are important clinical factors that
should be considered when using rasagiline in
clinical practice.

Rasagiline as a potential

disease-modifying agent

To date, a large number of molecules (e.g., coen-
zyme QI10, creatine, pramipexole, rasagiline,
ropinirole and selegiline) have been suggested as
potential neuroprotective agents in PD based on
preclinical animal models/research studies [s8].
However, none of these agents have been defini-
tively proven to be a disease-modifying agent in
PD. Based on preclinical i vitro and in vivo
studies, rasagiline is an agent that has shown
potential for a neuroprotective effect [59]. Rasag-
iline has been shown to induce elevated gene
expression of the neurotrophins, glial-cell-line-
derived neurotrophic factor and brain-derived
neurotrophic Glial-cell-line-
derived neurotrophic factor and brain-derived
neurotrophic factor may protect dopaminergic

factor in vitro.

neurons [60,61. When rasagiline was given to
mice post-MTPT-induced parkinsonism, neuro-
rescue and restoration of nigrostriatal dopamine
neurons were observed [62].

Preliminary clinical support for this effect of
rasagiline can be seen in the delayed-start dou-
ble-blind, placebo-controlled TEMPO study
(54. The patients in this trial who received rasag-
iline 1 or 2 mg/day in the first 6 months of the
trial had significantly better total UPDRS scores
at 12 months than patients with a delayed-start
on rasagiline who received placebo for the first
6 months and rasagiline 2 mg/day for the next
6 months. Thus, the delayed-start group did not
achieve the same level of improvement as the
early-start group (patients who received rasag-
iline during the first 6 months of the trial). The
fact that the differences in UPDRS remained
almost constant by the end of the 12-month
study suggests the possibility that rasagiline may
provide more than a therapeutic or symptomatic
benefit to patients with PD and provides evi-
dence for possible disease modification or neuro-
protection. To confirm these data and replicate
the results of this delayed-start study, another
larger trial with a delayed-start protocol, the
ADAGIO study, is currently underway, with
completion expected in 2008.

Rasagiline & dietary tyramine

Tyramine is found in certain foods and can actasa
sympathomimetic amine. It has a pressor effect
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that increases blood pressure by displacing
norepinephrine from presynaptic storage vesicles if
not properly metabolized after ingestion.
Tyramine is metabolized by MAO-A in the gastro-
intestinal tract. Inhibiting MAO-A can increase a
sympathomimetic reaction causing vasoconstric-
tion, tachycardia, headache, hypertension,
mydriasis and flushing. Tyramine content in foods
varies, and ingesting large amounts of tyramine
10 min to 5 h prior to taking nonselective MAO
inhibitors (mixed MAO-A and -B inhibitors) may
lead to hypertensive crisis. This interaction of
tyramine and MAO-A inhibitors is called the
‘cheese effect’, because aged cheeses are in the food
group that is high in tyramine. Other foods that
are high in tyramine include aged or smoked
meats, sauerkraut, beer on tap and soy products.
The rasagiline FDA labeling/package insert sug-
gests that those taking rasagiline avoid foods that
are high in tyramine. Rasagiline selectively inhibits
MAO-B in preclinical models. At therapeutic
doses of rasagiline, MAO-A should remain active
in the gastrointestinal tract and, therefore, no
‘cheese effect’ is expected with simultaneous usage
of rasagiline and foods rich in tyramine. All the
pivotal PhaseIIl trials with rasagiline in PD
(i.e., TEMPO, PRESTO and LARGO) were per-
formed without dietary tyramine restriction and
no cheese effect was reported. Additionally, rasag-
iline—tyramine interaction studies have been per-
formed in PD patients and no serious interactions
were observed. In spite of the US labeling to avoid
foods high in tyramine when taking rasagiline, no
tyramine restrictions are being enforced in Canada
and European Union countries, and no tyramine
interaction has been confirmed to date.

Coadministration of rasagiline

& antidepressants

Commonly used classes of antidepressants, such
as selective serotonin-reuptake inhibitors and
mixed serotonin/norepinephrine-reuptake inhibi-
tors, can enhance serotonin and norepinephrine
levels in the CNS. Thus, concerns exist regarding
patients receiving MAO-B inhibitors and the
above antidepressants and being at risk of devel-
oping serotonin toxicity. Since rasagiline selec-
tively inhibits MAO-B, the risk appears to be
lower than with the coadministration of anti-
depressants and nonselective MAO inhibitors. In
clinical trials with rasagiline, no incidence of sero-
tonin toxicity was associated with the use of rasag-
iline 0.5 or 1 mg with antidepressants [63].
Antidepressant doses used in these studies were
those generally seen in clinical practice for elderly
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patients and those with Parkinson’s disease. Rasag-
iline is not contraindicated with antidepressants
(except mirtazapine), but the product insert labe-
ling recommends not using these medications
together. In reviewing rasagiline clinical trials,
some patients received concomitant anti-
depressants such as citalopram, escitalopram,
fluoxetine, fluvoxamine, paroxetine, venlafaxine,
amitriptyline, clomipramine, doxepin, nortriptyl-
ine, bupropion, mianserin, mirtazapine, nefazo-
done and trazodone. Some of the above
medications were taken for just a few days (range:
1-3061 days); therefore, the data are not suffi-
cient to exclude with certainty the possibility of
serotonin toxicity for all of these agents.

Rasagiline behavioral effect

Antidepressant effects have been reported with
oral selegiline in depressed patients with PD [64.
A high-dose selegiline transdermal system was
approved in 2006 by the FDA for treatment of
depression in adults. Further studies are warranted
to assess the effect of rasagiline more specifically
on depressive symptoms in patients with PD.

Rasagiline dosage: 0.5, 1 or 2 mg?

The TEMPO study in patients with early PD
compared the efficacy of rasagiline 1 and 2 mg ver-
sus placebo [53]. At the end of the 6-month study,
rasagiline 1 and 2 mg provided more benefits, as
measured by total UPDRS scores, UPDRS motor
subscale scores and PDQUALIF scores, compared
with placebo, with little difference between the
two rasagiline dose groups. Since there was no
added benefit seen with the 2 mg/day dose versus
the 1 mg/day dose, the recommended once-daily
dosing for rasagiline in early PD is 1 mg once-
daily, with no need to titrate up the dose.

In the PRESTO trial in patients with moderate-
to-severe PD, at the end of the first 6 months of
the study, patients treated with rasagiline showed
23 and 29% decreases in daily off time with 0.5
and 1 mg/day, respectively, compared with a 15%
reduction in the placebo group [56]. UPDRS activ-
ities of daily living subscale scores during off time
also showed more changes from the baseline with
1 mg/day. Although PRESTO was a fixed-dose
trial, the recommendation for dosing with rasag-
iline in advanced PD as an adjunctive agent is to
start with 0.5 mg dosed once-daily and to consider
increasing to the maximum 1-mg daily dose if still
needed to treat symptoms of wearing off. For
patients who develop increasing dyskinesia upon
rasagiline initiation, we suggest attempting to
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decrease the L-dopa dose.



In conclusion, MAO-B inhibitors are a valu-
able therapeutic option for patients with early
or advanced PD. Features that differentiate ras-
agiline from selegiline include lack of ampheta-
MAO-B

inhibition, greater neuroprotective activity in

mine metabolites, more potent
experimental systems and more robust clinical
data (Table 1). The favorable safety and tolerabil-
ity profile of rasagiline, particularly in elderly
patients, and its once-daily formulation, should
also be considered as clinically significant fea-

tures, especially with regards to improved drug
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adherence and improved outcomes in patients

with PD.
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Table 1. Pharmacology, efficacy and safety of rasagiline and selegiline.

Rasagiline
Pharmacology

Irreversible MAO-B inhibitor. Precise mechanisms of action are
unknown, but one mechanism is thought to be related to
MAO-B inhibitory activity, which increases striatal dopamine
levels. Rasagiline undergoes almost complete transformation
in the liver before excretion. Rasagiline metabolism proceeds
through two main pathways: N-dealkylation and/or
hydroxylation to yield 1-aminoindan, 3-hydroxy-N-propargyl-
1-aminoindan and 3-hydroxy-1-aminoindan.

Efficacy

Initial monotherapy in early PD

The TEMPO study showed rasagiline once-daily was effective as
measured by UPDRS scores vs placebo in patients treated in the
initial 52-week multicenter, randomized, delayed-start study.
Adjunctive therapy to L.-dopa

The PRESTO and LARGO studies demonstrated the significant
benefits of rasagiline as once-daily adjunctive therapy for
reducing off time in patients with PD experiencing motor
fluctuations despite optimal treatment with L.-dopa and other
dopaminergic medications.

Safety

Most common adverse effects (>5%) when
administered as 1 mg/day monotherapy

Headache (14%), arthralgia (7 %), dyspepsia (7 %),
depression (5%), flu syndrome (5%)

Most common adverse effects when used as 1 mg/day
adjunctive therapy

Dyskinesia (18%), accidental injury (12%), nausea (12%),
headache (11%), falls (11%), constipation (9%), weight loss
(9%, postural hypotension (9%), arthralgia (8%), vomiting
(7%), dry mouth (6%), rash (6%), somnolence (6%),
abdominal pain (5%), anorexia (5%), diarrhea (5%),
ecchymosis (5%), dyspepsia (5%) and paresthesia (5%)

Selegiline

Mechanisms for the beneficial actions of selegiline adjunct therapy
are not completely understood, but MAO-B inhibition is likely of
primary importance. Selegiline is metabolized to --methamphetamine
and desmethylselegiline, and L-amphetamine, which are further
metabolized to hydroxy metabolites. ODT selegiline produces a
smaller fraction of the administered dose recoverable as metabolites
than the conventional oral formulation of selegiline.

Not indicated for use as monotherapy.

Adjunctive therapy

Studies show modest decreases in symptoms, duration of

wearing off’ and motor fluctuations, .-dopa dose and disability.
Other studies have shown minimal or no benefit from adjunctive
selegiline treatment.

Adjunctive therapy with ODT selegiline: results of one trial showed
addition of ODT selegiline titrated to 2.5 mg/day to optimized
-dopa therapy significantly reduced total daily off time. Results of a
second identical trial indicated no significant benefit of ODT
selegiline treatment vs placebo in decreasing daily off time.

Most common (>3%) adverse effects with conventional
selegiline monotherapy

Nausea (10%), dizziness (7 %), abdominal pain (4%),

confusion (3%), hallucinations (3%), dry mouth (3%)

Most common (>5%) adverse events of ODT selegiline as
adjunctive therapy at 1.25/2.5 mg/day

Nausea (11%), dizziness (11%), pain (8%), rhinitis (7%), headache
(7%), insomnia (7 %), dyskinesia (6%), skin disorders (6%), back
pain (5%), dyspepsia (5%) and stomatitis (5%)

LARGO: Lasting effect in Adjunct therapy with Rasagiline Given Once daily; MAO: Monoamine oxidase; ODT: Orally disintegrating tablet;
PD: Parkinson’s disease; PRESTO: Parkinson’s Rasagiline: Efficacy and Safety in the Treatment of OFF; TEMPO: Rasagiline (TVP-1012) in Early
Monotherapy for Parkinson’s disease Outpatients; UPDRS: Unified Parkinson’s Disease Rating Scale.

Adapted from [23].
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Executive summary

Rasagiline is an irreversible and selective inhibitor of monoamine oxidase type B.

Unlike selegiline, which is metabolized to amphetamine derivatives, rasagiline is biotransformed to aminoindan, a
non-amphetamine compound. Based on safety and tolerability data, rasagiline appears well tolerated with infrequent
cardiovascular or psychiatric side effects.

Rasagiline demonstrates efficacy as monotherapy in patients in early Parkinson’s disease (PD) and is associated with improved
quality of life.

In patient with early PD (not yet requiring dopaminergic therapy), initiation of rasagiline earlier rather than later during the course
of PD results in better measurable outcomes.

Rasagiline is effective at reducing ‘off’ time when used as an adjunct to levodopa in patients with moderate-to-advanced disease

and experiencing motor fluctuations.

associated with rasagiline.

In the pivotal clinical trials, patients were not required to restrict tyramine at any time during rasagiline therapy, and tyramine
restriction is not required in Canada, Israel or European countries in which rasagiline is marketed.

Preliminary clinical data indicate that rasagiline can be administered safely with antidepressants, such as selective
serotonin-reuptake inhibitors and tricyclic agents.

Long-term clinical trials are required to further elucidate the presence of any neuroprotective or disease-modifying effect

Bibliography 8.  Goetz CG, Tanner CM, Stebbins GT etal:  16. Shoulson I, Oakes D, Fahn S et 4l.: Impact

Papers of special note have been highlighted as Risk factors for progression in Parkinson’s of sustained deprenyl (selegiline) in

of interest (*) or of considerable interest () disease. Neurology 38, 1841-1844 (1988). levodopa-treated Parkinson’s disease:

to readers. 9. Hubble JP: Novel drugs for Parkinson’s a randomized placebo-controlled extension

1. Rajput AH, Offord KP, Beard CM et al.: disease. Med. Clin. North Am. 83, 525-536 of the deprenyl and tocopherol antioxidative
Epidemiology of parkinsonism: incidence, (1999). therapy of parkinsonism trial. Ann. Neurol.
classification, and mortality. Ann. Neurol. 10.  Scherman D, Desnos C, Darchen F et al.: 51, 604-612 (2002).
16, 278-282 (1984). Striatal dopamine deficiency in Parkinson’s 17.  Foley B, Gerlach M, Youdim MBH ez 4/.:

2. Barbosa ER, Limongi JC, Cummings JL: disease: role of aging. Ann. Neurol. 26, MAO-B inhibitors: multiple roles in the
Parkinson’s disease. Psychiatr. Clin. North 551-557 (1989). therapy of neurodegenerative disorders?
Am. 20, 769-790 (1997). 11.  Hurtig HI: What is Parkinson’s disease? Parkinsonism Relat. Disord. 6, 25-47 (2000).

3. Olanow CW, Watts RL, Koller WC: Neuropathology, neurochemistry and 18.  Finberg JB, Lamensdorf I, Commissiong JW
An algorithm (decision tree) for the pathophysiology. In: Parkinson’s Disease and et al.: Pharmacology and neuroprotective
management of Parkinson’s disease (2001), Movement Disorders. Diagnosis and properties of rasagiline. J. Neural Trans.
treatment guidelines. Neurology Treatment Guidelines for the Practicing 48(Suppl.), 95-101 (1996).
56(11 Suppl. 5), S1-S88 (2001). Physician. Adler C, Ahlskog E (Eds). 19. Abu-Raya S, Tabakman R, Blaugrund E

4. Poewe WH, Wenning GK: The natural Humana Press, NJ, USA, 57-70 (2000). et al.: Neuroprotective and neurotoxic
history of Parkinson’s disease. Neurology 12.  Bhatia K, Brooks DJ, Burn DJ ez al.: effects of monoamine oxidase-B inhibitors
47(6 Suppl. 3), S146-S152 (1996). Guidelines for the management of and derived metabolites under ischemia in

5. Parkinson Study Group: Effects of Parkinson’s disease. The Parkinson’s Disecase PC12 cells. Eur. J. Pharmacol. 434, 109-116
tocopherol and deprenyl on the progression Consensus Working Group. Hosp. Med. 59, (2002).
of disability in early Parkinson’s disease. 469-480 (1998). 20. Bar Am O, Amit T, Youdim MBH:
N. Engl. ]. Med. 328, 176-183 (1993). 13.  Myllyla VV, Sotaniemi KA, Suominen K Contrasting neuroprotective and neurotoxic

6. Dewey RB Jr: Clinical features of et al.: Effect of entacapone, a COMT actions of respective metabolites of anti-
Parkinson’s disease. In: Parkinson’s Disease inhibitor, on the pharmacokinetics of Parkinson drugs rasagiline and selegiline.
and Movement Disorders. Diagnosis and levodopa and on cardiovascular response in Neurosci. Lett. 355, 169172 (2004).
Treatment Guidelines for the Practicing patients with Parkinson’s disease. Eur. /. 21. Goggi ], Theofilopoulos S, Riaz SS ez al.:
Physician. Adler CH, Ahlskog JE (Eds). Clin. Pharmacol. 45, 419-423 (1993). The neuronal survival effects of rasagiline
Humana Press, NJ, USA, 71-84 (2000). 14.  Ben-Shlomo Y, Sieradzan K: Idiopathic and deprenyl on fetal human and rat ventral

7. Morrish PK, Rakshi JS, Bailey DL ez al.: Parkinson’s disease: epidemiology, diagnosis mesencephalic neurones in culture.
Measuring the rate of progression and and management. Br. J. Gen. Pract. 45, Neuroreport 11, 3937-3941 (2000).
estimating the preclinical period of 261-268 (1995). 22. Maruyama W, Naoi M: Neuroprotection by
Parkinson’s disease with [18F]dopa PET. 15.  Parkinson Study Group: Effect of deprenyl (-)-deprenyl and related compounds. Mech.

J. Neurol. Neurosurg. Psychiatry 64, 314-319

on the progression of disability in early

Ageing Dev. 111, 189-200 (1999).

(1998). Parkinson’s disease. N. Engl. J. Med. 321,
1364-1371 (1989).
212 Therapy (2008) 5(2) future science group



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

fsg

Chen JJ, Fernandez HH: Community and 33.

long-term care management of Parkinson’s
disease in the elderly. Focus on monoamine

oxidase type B inhibitors. Drug Aging 24(8),

663-680 (2007). 34.

Goetz CG, Schwid SR, Eberly SW ez al.:
Safety of rasagiline in elderly patients with
Parkinson’s disease. Neurology 66(9),
1427-1429 (2006).

ChenJJ, Swope DM: Clinical pharmacology
of rasagiline: a novel, second generation
propargylamine for the treatment of
Parkinson’s disease. /. Clin. Pharmacol. 45,

878-894 (2005). 35.

Comprehensive review detailing the
pharmacology of rasagiline including
preclinical neuroprotection data and

clinical implications.

Finberg JPM, Youdim MBH: Modification 36.

of blood pressure and nictitating membrane
response to sympathetic amines by selective
monoamine oxidase inhibitors, type A and
type B in the cat. Br. J. Pharmacol. 85,
541-546 (1985).

Sterling J, Veinberg A, Lerner D ez al.: 37.

(R)(+)-N-propargyl-1-aminoindan
(rasagiline) and derivatives: highly selective
and potent inhibitors of monoamine
oxidase B. /. Neural. Transm. Suppl. 52,
301-305 (1998).

Youdim MB, Gross A, Finberg JP: Rasagiline

[N-propargyl-1R(+)-aminoindan], a selective 38.

and potent inhibitor of mitochondrial
monoamine oxidase B. Br. /. Pharmacol. 132,
500-506 (2001).

Finberg JPM, Tenne M, Youdim MBH:

Tyramine antagonistic properties of AGN 39.

1135, an irreversible inhibitor of
monoamine oxidase type B. Br. /.
Pharmacol. 73, 65-74 (1981).
Heikkila RE, Duvoisin RC, Finberg JP

et al.: Prevention of MPTP-induced 40.

neurotoxicity by AGN-1133 and
AGN-1135, selective inhibitors of

monoamine oxidase-B. Eur. J. Pharmacol.

116, 313-317 (1985). 41.

Kupsch A, Sautter J, Gotz ME ez al.:
Monoamine oxidase-inhibition and
MPTP-induced neurotoxicity in the

non-human primate: comparison of

rasagiline (TVP 1012) with selegiline. 42.

J. Neural. Transm. 108, 985-1009 (2001).
Finberg JPM, Youdim MBH:
Pharmacological properties of the anti-

parkinson drug rasagiline; modification of

endogenous brain amines, reserpine reversal, 43.

serotonergic and dopaminergic behaviors.
Neuropharmacologyogy 43, 1110-1118
(2002).

future science group

Rasagiline - DRUG EVALUATION

Finberg JPM, Takeshima T, Johnston JM
et al.: Increased survival of dopaminergic

neurons by rasagiline, a monoamine oxidase

B inhibitor. Neuroreport 9, 703-707 (1998).

Maruyama W, Akao Y, Youdim MBH,
Davis BA, Naoi M: Transfection-enforced
Bcl-2 overexpression and an anti-Parkinson
drug, rasagiline, prevent nuclear
accumulation of glyceraldehyde-3-
phosphate dehydrogenase induced by an
endogenous dopaminergic neurotoxin,
N-methyl(R)salsolinol. /. Neurochem. 78,
727-735 (2001).

Maruyama W, Youdim MBH, Naoi M:
Antiapoptotic properties of rasagiline,
N-propargylamine-1(R)-aminoindan, and
its optical (8)-isomer TV1022. Ann. NY
Acad. Sci. 939, 320-329 (2001).
Maruyama W, Takahashi T, Youdim M,
Naoi M: The anti-Parkinson drug, rasagiline,
prevents apoptotic DNA damage induced by
peroxynitrite in human dopaminergic
neuroblastoma SH-SY5Y cells. /. Neural.
Transm. 109, 467481 (2002).

Akao Y, Maruyama W, Shimizu S et a/.:
Mitochondrial permeability transition
mediates apoptosis induced by
N-methyl(R)salsolinol, an endogenous
neurotoxin, and is inhibited by Bcl-2 and
rasagiline, N-propargyl-1(R)-aminoindan.
J. Neurochem. 82, 913-923 (2002).
Koussilieri E, O’Callaghan JE, Chen TS

et al.: Selegiline enhances survival and
neurite outgrowth of MPP(+)-treated
dopaminergic neurons. Eur. J. Pharmacol.
269, R3-R4 (1994).

Eliash S, Speiser Z, Cohen S: Rasagiline and
its (S) enantiomer increase survival and
prevent stroke in salt-loaded stroke-prone
spontaneously hypertensive rats. /. Neural.
Transm. 108, 909-923 (2001).
Bonneh-Barkay D, Ziv N, Finberg JP:
Characterization of the neuroprotective
activity of rasagiline in cerebellar granule.
Neuropharmacology 48(3), 406-416 (2005).
Huang W, Chen Y, Shohami E, Weinstock M:
Neuroprotective effect of rasagiline, a selective
monoamine oxidase-B inhibitor, against
closed head injury in the mouse. Euz /.
Pharmacol. 366, 127-135 (1999).
Maruyama W, Akao Y, Carrillo MC et al.:
Neuroprotection by propargylamines in
Parkinson’s disease: suppression of apoptosis
and induction of prosurvival genes.
Neurotoxicol. Teratol. 24, 675-682 (2002).
Churchyard A, Mathias CJ,
Boonkongchuen P, Lees AJ: Autonomic
effects of selegiline: possible cardiovascular
toxicity in Parkinson’s disease. /. Newurol.

Neurosurg. Psychiatry 63, 228-234 (1997).

www.futuremedicine.com

44,

45.

46.

47.

48.

49.

50.

51.

52.

Lees AJ: Comparison of therapeutic effects
and mortality data of levodopa and levodopa
combined with selegiline in patients with
carly, mild Parkinson’s disease. Parkinson’s
Disease Research Group of the United
Kingdom. BMJ 311, 1602-1607 (1995).
Rabey JM, Sagi I, Huberman M et al.:
Rasagiline mesylate, a new MAO-B inhibitor
for the treatment of Parkinson’s disease: a
double-blind study as adjunctive therapy to
levodopa. Clin. Neuropharmacol. 23, 324-330
(2000).

Guillaume JJ, Thebault JJ, Cohen S:
Assessment of the potential for
pharmacodynamic interaction between
rasagiline and oral tyramine in healthy
subjects. Mov. Disord. 21(Suppl. 15), S594
(2006).

deMarcaida JA, Schwid SR, White WB

et al.: Effects of tyramine administration in
Parkinson’s disease patients treated with
selective MAO-B inhibitor rasagiline. Mov.
Disord. 21, 1716-1721 (2006).

Describes the results of placebo-controlled
assessements on the the safety of rasagiline
(0.5-2 mg) administered concomitantly
with pharmaceutical grade tyramine
hydrochloride (50-75 mg) in patients with
Parkinson’s disease (PD). The data
demonstrated that rasagiline 0.5-2 mg daily
is not associated with clinically significant
tyramine reactions and can be used as
monotherapy or adjunct to levodopa in

PD patients without specific dietary
tyramine restriction.

Thebault JJ, Guillaume M, Levy R:
Tolerability, safety, pharmacodynamics, and
pharmacokinetics of rasagiline: a potent,
selective, and irreversible monoamine
oxidase type B inhibitor. Pharmacotherapy
24, 1295-1305 (2004).

Fowler JS, Volkow ND, Logan ] et al.:

Slow recovery of human brain MAO B after
L-deprenyl (selegiline) withdrawal. Synapse
18, 86-93 (1994).

Gotz ME, Breithaupt W, Sautter | et al.:
Chronic TVP-1012 (rasagiline) dose activity
response of monamine oxidases A and B in
the brain of the common marmoset.

J. Newral. Transm. Suppl. 52, 271-8 (1998).
Finberg JP, Lamensdorf I, Weinstock M,
Schwartz M, Youdim MB: Pharmacology of
rasagiline (/V-propargyl-1R-aminoindan).
Adv. Neurol. 80, 495-499 (1999).

Stern MB, Marek KL, Friedman J ez al.:
Double-blind, randomized, controlled trial
of rasagiline as monotherapy in early
Parkinson’s disease patients. Mov. Disord. 19,
916-923 (2004).

213



DRUG EVALUATION - Dashtipour, Chen & Lew

53.

54.

55.

56.

57.

214

Parkinson Study Group: A controlled trial of
rasagiline in early Parkinson disease: the
TEMPO Study. Arch. Neurol. 59,
1937-1943 (2002).

Parkinson Study Group: A controlled,
randomized, delayed-start study of rasagiline
in early Parkinson disease. Arch. Neurol. 61,
561-566 (2004).

Reports the results of the TEMPO
12-month delayed-start study that
demonstrates that delayed initiation of
rasagilne monotherapy in patients with PD
(not yet requiring dopaminergic therapy) is
associated with less favorable outcomes as
compared with early initiation. The results
suggest that patients with early PD gain
more benefit if rasagiline is initiated early
rather than later.

Biglan KM, Schwid S, Eberly S ez al.:
Rasagiline improves quality of life in
patients with early Parkinson’s disease. Mov.
Disord. 21(5), 61623 (2006).

Parkinson Study Group: A randomized
placebo-controlled trial of rasagiline in
levodopa-treated patients with Parkinson
disease and motor fluctuations. The
PRESTO Study. Arch. Neurol. 62, 241-248
(2005).

Rascol O, Brooks DJ, Melamed E et al.:
Rasagiline as an adjunct to levodopa in
patients with Parkinson’s disease and motor
fluctuations (LARGO, Lasting effect in
Adjunct therapy with Rasagiline Given

58.

59.

60.

6l.

Once daily, study), a randomized, double-
blind, parallel-group trial. Lancer 365,
947-954 (2005).

Describes the results of the LARGO study

demonstrating that addition of once-daily ~ 62.

rasagiline to levodopa-treated patients
(who are experiencing considerable ‘off’
times) results in a reduction of ‘off’ time
and is well tolerated. This study included
an entacapone comparator group and,

although not designed as a direct head-to-

head comparison study to entacapone, the 63.

reduction in ‘off” time and tolerability of
rasagiline was equivalent to that observed
in the entacapone group.

Ravina BM, Fagan SC, Hart RG ez al.: oo
Neuroprotective agents for clinical trials in
Parkinson’s disease: a systematic assessment.
Neurology 60, 1234-1240 (2003).

Youdim MBH, Maruyama W, Naoi M:
Neuropharmacological, neuroprotective,
and amyloid precursor processing properties
of selective MAO-B inhibitor
antiparkinsonian drug, rasagiline. Drugs
Today 41, 369-391 (2005).

Weinreb O, Bar-Am O, Amit T, Chillag-
Talmor O, Youdim MB: Neuroprotection

via prosurvival protein kinase C isoforms 64.

associated with Bcl-2 family members.
FASEB J. 18(12), 1471-1473 (2004).
Maruyama W, Nitta A, Shamoto—Nagai M
et al.: N-propargyl-1(R)-aminoindan,

rasagiline, increases glial cell line-derived

Therapy (2008) 5(2)

neurotrophic factor (GDNF) in
neuroblastoma SH-SY5Y cells through
activation of NF-kB transcription factor.
Neurochem. Int. 44, 393-400 (2004).

Sagi Y, Mandel S, Amit T, Youdim MBH:
Activation of tyrosine kinase receptor
signaling pathway by rasagiline facilitates
neurorescue and restoration of nigrostriatal
dopamine neurons in post-MPTP-induced
parkinsonism. Neurobiol. Dis. 25, 35-44
(2007).

Panisset M, Schwid S, Ondo W ez al.: Safety
of concomitant therapy with rasagiline and
antidepressants in Parkinson’s disease. Mov.
Disord. 223(Suppl. 16), S104-S105 (2007).
Retrospective study that assessed the safety
of combining antidepressant therapy with
rasagiline therapy in 316 patients with PD.
Confusion, dyspnea and sleep disorder
occurred more frequently in patients taking
rasagiline plus antidepressant than in
patients taking rasagiline alone; these are
all known side effects of antidepressants
and symptoms of depressive disorders.
Termination rates were similar with and
without antidepressants, and no apparent
cases of serotonin toxicity were identified.
Steur EN, Ballering LA: Moclobemide and
selegiline in the treatment of depression in
Parkinson’s disease. /. Neurol. Neurosurg.

Psychiatry 63, 547 (1997).

future science group



