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T he goal shared by Parkinson’s disease patients and their
neurologists has not shifted dramatically since British
physician Dr. James Parkinson outlined the disease in
“An Essay on the Shaking Palsy” in 1817: maintain
quality of life and motor function. Current therapy is

largely based on replacing dopamine lost due to deterioration of
the substantia nigra, and is most effective in the early stages of
the disease. However, the development of motor complications
(i.e., motor fluctuations and dyskinesias) inevitably occurs after
long-term use of levodopa.

Since the mid-1970s, monoamine-oxidase type B inhibitors
(MAOBIs) have been used to treat the symptoms of PD, by pre-
sumably lessening oxidative stress and enhancing the effect of
dopamine. Two of these agents, zydis selegiline (Zelapar) and
rasagiline (Azilect)—and another “rescue therapy,” apomorphine
(Apokyn)—have recently been added to help improve “on” time
for PD patients, and clinicans are beginning to develop the
hands-on experience needed to determine exactly how they fit
into the treatment spectrum. 

Zelapar ODT (zydis selegiline)
Selegiline, first introduced in 1979 in Austria, has had a check-
ered history in Parkinson’s disease treatment. Noted to have
mild to modest symptomatic benefit, it was also thought to
possibly slow the progression of the disease, prompting the per-
formance of the DATATOP trial in the 1980s to evaluate this
question. Following the failure to demonstrate a unequivocal
evidence of neuroprotective effect, selegiline gradually settled
into a background role in Parkinson’s disease treatment, usual-
ly being used as an adjunct agent in fluctuators and in the set-
ting of mild, early disease. 

Zelapar is a reformulation of selegiline that dissolves quick-
ly in the mouth, leading to absorption through the buccal
mucosa rather than the gastrointestinal tract and has been
demonstrated to be an adjunct therapy to levodopa. Clinical
trials (the Waters et al. 2004 study in Movement Disorders) have
demonstrated Zelapar’s effectiveness for reducing off time by
up to two hours daily in fluctuating patients. 

In the placebo-controlled study, significant reductions in
daily off-time occurred at four to six weeks in patients taking
1.25mg zydis selegiline and at 10 to 12 weeks with a 2.5mg dose.
The total number of “off” hours was reduced by 2.2 hours at
week 12 from baseline, compared with 0.6 hours in the placebo
group. The average number of dyskinesia-free “on” hours for
treated patients increased by 1.8 hours at week 12. The reduc-
tion in off-time can result in a significant reduction in the num-
ber of doses of levodopa an individual might need. In addition,
the sublingual formulation obviates the need to swallow yet
another set of pills; they just rapidly dissolve under the tongue. 

One improvement the drug creates is what it does not create:
an amphetamine byproduct. The predecessor of zydis selegiline,
selegiline, would metabolize into amphetamine compounds that
could lead to adverse reactions including central nervous system
and cardiovascular effects (sleeplessness, agitation, hallucina-
tions, confusion, elevated blood pressure and rapid heart beat).
Fortunately, these side effects are not very common, since the
amount of the amphetamine metabolite is quite small, but in
sensitive patients, the insomnia can be troublesome. 

While in practical experience, the amphetamine byproduct of
selegiline metabolism did not have meaningful cardiovascular
effects in the clinical setting, the use of Zelapar has negated the
issue by eliminating amphetamine metabolite induced by liver
metabolism. This is done by bypassing metabolism in the liver,
resulting in higher serum levels of selegiline and almost complete
elimination of the amphetamine byproduct. This, however, is
likely the most distinguishing factor about the formulation. The
drug, which is taken once a day, otherwise does not differ from
the orally administered selegiline and there is no evidence that it
needs to be taken more frequently to optimize its effect. 

Dietary restrictions are common for MAOI treatments.
However, because selegiline is selective for MAO-B, special
dietary restrictions (i.e., the need to avoid food and drink rich in
tyramine—air dried, aged and fermented meats, tap beer, red
wine, etc.) for lower doses have been found to be unnecessary.
Thankfully, there is no need for dietary restrictions for Zydis
selegiline, as it is used in PD at a maximum dosage of 2.5mg. 

New agents target the ever-challenging goal of improving 
medication “on time” in Parkinson’s patients. Here’s a look 
at how to make the best use of them in clinical practice.
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Can We Boost The Efficacy
of Dopaminergic Therapy?



Unfortunately, many pharmacists are needlessly worrying
patients by advising them that tyramine restrictions must be
employed, due to lack of knowledge of the drug and the class to
which it belongs. Also, the concern about interaction with
SSRIs, leading to the serotonin syndrome, is clearly delineated in
the FDA mandated labeling, causing inexperienced pharmacists
to further question the use of the drug. Providing patients with
a letter explaining these issues to give to their pharmacist can
help to head off such obstacles.

As it would be anticipated, the use of zydis selegiline—like
the original formulation of selegiline—can increase levodopa’s
side effects, including dyskinesias, hallucinations and confusion.
Its official status from the FDA is for treatment of motor fluctu-
ations and it is a reasonable option in the treatment of very early
PD. Overall, zydis selegiline is minimally to modestly beneficial
in a very select group of patients. Zelapar decreases off-time and
increases on-time with levodopa in ways comparable to other
agents that alter levodopa catabolism. 

Selegiline formulations are useful in early PD, when the
patient is interested in low-intensity therapy and doesn’t need a
DA or levodopa. I also try it with fluctuators with some success.
I also have a group of patients who want to use it because they
subscribe to its potential neuroprotective effect, in spite of the
inconclusive findings on DATATOP, partly because of the 2005
Scandinavian study in Annals of Neurology, which suggest a lower
incidence of dyskinesias later in the disease if selegiline is used
earlier on. 

Azilect (Rasagiline)
As for the second MAO-B inhibitor, rasagiline, our experience is
similar to that with Zelapar. It’s been met with modest enthusi-
asm and it resembles selegiline but is more potent and does not
have the amphetamine byproducts issue. The well-noted
TEMPO, PRESTO and LARGO studies, when taken together,
suggest rasagiline may be of benefit in early and late disease, but
this is more a function of how these trials were designed and
needs elaboration to understand its role in everyday practice.

Efficacy was demonstrated in the PRESTO trial, where rasag-
iline was used as an adjunct therapy with levodopa. The 26-week
placebo-controlled study involved 472 PD patients taking rasag-
iline 1mg/day or 0.5mg/day given with levodopa. It concluded
that this drastically decreased off-time in comparison with place-
bo, and also improving motor function. 

The 18-week, double-blind, placebo- and active-comparator
controlled trial of rasagiline LARGO study sought to assess the
efficacy and safety in treating PD patients with motor fluctua-
tions. The 687 patients were randomized to rasagiline 1.0mg
once daily, entacapone 200mg with every levodopa dose, or
placebo. As with the PRESTO study, the study showed that
when added to levodopa and other PD drugs, once-daily rasagi-

line provides a reduction in off-time with a corresponding
increase in on-time.

The TEMPO study found symptomatic benefits of rasagiline
in a series of phase III trials, in which it was administered alone
or in combination with standard levodopa therapy. The 26-week
TEMPO trial studied rasagiline monotherapy compared with
placebo in 404 patients with early PD (not using levodopa), and
found treatment with rasagiline was extensively more successful
than placebo in regard to change in the Unified Parkinson’s
Disease Rating Scale (UPDRS) score from baseline to endpoint.
After the treatment was continued for 12 months, patients
involved in the two active treatment regimens—1mg and 2mg
rasagiline—of the TEMPO trial showed a smaller decline in
total UPDRS than those in the placebo group, whose switch to
rasagiline was delayed by six months. These studies are certainly
of merit; however, rasagiline’s benefit is most effectively had
when it is used very early in PD treatment. 

Early speculation led many to believe that rasagiline might
generate a neuroprotective effect if given sufficiently early in
the course of the disease. The possibility that MAOBIs could
be neuroprotective has raised the hopes and dreams of the
entire movement disorder community since the studies by
Tetrud and Langston in 1989 and in 1993 by the Parkinson
Study Group. Unfortunately, this “holy grail” of therapy is
exceedingly difficult to document sufficiently well enough to
allow labeling to that effect.

What makes matters difficult with getting neuroprotective
language is that the FDA and various other scientific bodies are
unable to clearly delineate a precise marker for neuroprotection
in any disease, particularly PD. In the Azilect case, the S-enan-
tiomer of rasagiline, which is 1000 times less active on MAO-B,
exhibits neuroprotective properties. Furthermore, the neuropro-
tective activity of rasagiline has been monitored at concentra-
tions below the MAO inhibition threshold as well as in cell sys-
tems that do not include MAO-B. Some could contend that
rasagiline also possesses neuroprotective activity independent of
MAO-B inhibition. The mechanisms where rasagiline has neu-
roprotective effects are multifactorial and include upregulation
of cellular antioxidant activity and antiapoptotic factors. Some
studies show rasagiline to suppress oxidant stress in dopaminer-
gic neurons by increasing the expression of antioxidative
enzymes superoxide dismutase and catalase.

In addition, the survival curves for rasagiline are very reminis-
cent of those seen with selegiline in the DATATOP trial. This
turned out not to be reflective of true neuroprotection, but
instead reflected a very modest symptomatic benefit. For this
reason, there has been tremendous skepticism about this claim
and it is well founded: the data are unable to support neuropro-
tective capabilities at this time.

However, there is a flicker of hope. PD was the first neurode-

Parkinson’s Therapy
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generative disease where a deficient transmitter (dopamine) was
successfully substituted by a systemically administered drug (lev-
odopa). The possibility that we may ultimately develop the first
neuroprotective agent in any neurological setting by some means
for PD is extremely exciting. 

As for choosing whether to prescribe zydis selegiline or rasag-
iline, or it has largely come down to physician (and to a smaller
extent) patient preference. It certainly is worthwhile to develop
familarity with both agents, since head-to-head trials have not
been conducted.

Apokyn (apomorphine)
Movement disorders specialists have been reluctant to routinely
use apomorphine because of its severe side effects of nausea and
the need to inject it. Despite the name, it does not contain mor-
phine and is not addictive. Apomorphine is a very potent, short
half-life dopamine agonist and is clearly effective at relieving the
motor dysfunction of PD, when properly titrated. It can be
injected anywhere subcutaneously, typically in the proximal
limbs and would be usually used no more than three times daily.
Skin irritation has not typically been a problem, except if the
injections have not truly been subcutaneous. 

Is it a “rescue medication” akin to a triptan for use when
patients have intolerable off periods that cannot be alleviated by
manipulation of other medications, such as COMT-I, MAOI-B,
DA and frequency of levodopa dosing. It can also be used as a
test to get some sense of the potential impact of DBS. It works
very well, though the nausea can be very significant. The manu-

facturer claims that the need for anti-emetic treatment diminish-
es over time and that people who take DAs regularly become tol-
erant of this ill effect very quickly. 

The data in the literature supports Apokyn’s labeled use.
Because the clinical practice use of the agent is cumbersome to
initiate, the manufacturer has deployed a team of nurses across
the country to assist practices in implementing the therapy with
patients. The nurses come to the office and supervise the initial
start-up and titration of the drug. They will also followup with
the patient at home and provide complete support and back up
of the physician, sort of like is done with ABCRs in MS. PN
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Parkinson’s Treatment that Sticks with You
Of the 111 distinct routes of drug administration approved by the FDA, perhaps the most convenient will soon be coming to
PD therapy. Rotigotine (Neupro), a non-ergolinic dopamine receptor agonist in a transdermal delivery system (a patch), will like-
ly be available during the summer of 2007. The patch is applied to the skin once a day and provides rotigotine continuously to
the body for 24 hours.

Currently under review by the FDA, Neupro was recently approved by the European Commission for the treatment of all
stages of PD. The drug is indicated for the treatment and signs of early-stage idiopathic PD disease as monotherapy or in com-
bination with levodopa, i.e., over the course of the disease, through to the late stage when the effect of levodopa wears off.

A phase III clinical trial published on the Neurology web site January 3, 2007 found “positive results of its once daily dopamine
agonist, rotigotine, for the treatment of early-stage Parkinson’s disease,” according to the drug’s developer, Schwarz Pharma.
According to a January 7, 2007 study published on the web site of The Annals of Pharmacotherapy, “In clinical trials of patients
with early Parkinson’s disease, rotigotine has decreased combined scores on the motor and activities of daily living sections of the
Unified Parkinson’s Disease Rating Scale up to 85 weeks. In patients with advanced Parkinson's disease, rotigotine reduced mean
off-time when used as an adjuvant to levodopa.” The study concluded that longer trials were necessary to determine whether
transdermal rotigotine will reduce development of dyskinesias and motor fluctuations in PD. Rotigotine’s effect is also being stud-
ied in restless leg syndrome in Phase III trials.

The most commonly reported side effects (>10 percent) that occurred in patients receiving rotigotine were application site
reactions (“which were generally mild to moderate in intensity”), nausea, somnolence, dizziness and headache. A report in the
January 23, 2007 issue of Neurology by Watts et al. gave specifics on the most common side effects: application site reactions (44
percent rotigotine vs. 12 percent placebo), nausea (41 vs. 17 percent), somnolence (33 vs. 20 percent), and dizziness (19 vs. 13
percent); most were mild or moderate in intensity and similar to those seen with other dopamine agonists.
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