


I
t only took one percent. A percentage so
small it seems unlikely to affect anyone’s
bottom line. Michael Jordan’s place as the
best basketball player of all time wouldn’t be
more securely cemented had he shot .487

from the field as opposed to his final .497 clip, nor
would Ty Cobb be more revered as a hitting legend
if he could have just bumped up his career average
from .366 to .376. But the one percent of orally-
administered levodopa that actually got to the brain
was enough to set in motion the events that cata-
pulted the drug from a lab in Vienna to one of the
most remarkable symptomatic therapies in neurolo-
gy, nearly unrivaled in its longevity. 

However, it’s been 40 years since the revolution-
ary studies published in 1967 by Cotzias et al. that
led to widespread acceptance of oral doses of lev-
odopa as treatment for Parkinson’s disease.
Improvements have certainly been made in the past
four decades—including administering a decar-
boxylase inhibitor and a COMT inhibitor to
increase levodopa’s bioavailability—but how much
longer will a decades-old prescription continue to
be the workhorse drug in such an afflictive disease?

History 101
“I don’t believe the individuals that helped establish
levodopa therapy had any idea that the agent will
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It’s been four decades since a landmark study shot levodopa
to the forefront of Parkinson’s therapy. But how much longer
can a 40-year-old drug remain the gold standard? 

By Zac Haughn, Associate Editor



remain the primary cornerstone of Parkinson’s thera-
py nearly 40 years later,” says Stephen Gollomp,
MD, and Chief of Neurology at Lankenau Hospital
and Clinical Professor of Neurology at Thomas
Jefferson University. “They probably would have
been disappointed that we have not advanced fur-
ther.”

But as strong as the consensus is for using lev-
odopa, the perception over what the originators’ feel-
ings would be today might be as strongly split. “I
think they would be gratified to know what they dis-
covered is still giving patients relief,” says Diane
Murphy, PhD, Program Director for the
Neurodegenerative Group at the National Institutes
of Health. “If you look at Alzheimer’s disease, imag-
ine if there was something that could help an
Alzheimer’s patient even though they weren’t being
cured, something that could help them be function-

al a little bit longer.
So for Parkinson’s,
we’re at least lucky
we have that.”

L e vo d o p a’s
deve lopment
history wasn’t
unlike that of
most drugs.
The pieces
were fit
together

over the
years, slowly

revealing more
and more of the

puzzle. What sets it apart is that
even 40 years after the Cotzias et al.

study, there’s no end in sight to levodopa
use. “For the foreseeable future, levodopa will remain
the gold standard for Parkinson’s treatment,” Dr.
Gollomp says. “Ultimately, everyone with PD will
need its therapeutic impact, as it is the most [effec-
tive] agent for treatment of the disease.” He also
added the originators of levodopa were actually hop-
ing that levodopa itself would serve to reverse the cel-
lular loss and depigmentation associated with the
pathological hallmarks of Parkinson’s disease.

Described in the early 20th century, the foremost
pathological features of PD comprise a preferential
degeneration of the pigmented neurons of the SNc
coupled with intracellular protein aggregates called

Lewy bodies. However, it wasn’t until the 1960s when
Hornykiewicz et al. identified the characteristic biochemical
abnormality in PD as striatal dopamine deficiency. This proved
to be a milestone achievement and helped establish that
dopamine is a neurotransmitter engaged in the normal regula-
tion of movement. It also supplied the underlying principle for
dopamine replacement therapy tactics in PD.

Coupled with the work of Carlsson et al., it was demon-
strated that the dopamine predecessor levodopa reversed akine-
sia in the reserpine model of PD in rodents, which led to study-
ing PD patients through clinical trials. “Levodopa’s longevity as
a therapeutic tool is truly remarkable,” says Dr. Gollomp. “The
closest any other neurological treatment comes to this would
probably be the antiepileptic drugs phenytoin and phenobarbi-
tal.”

What makes levodopa’s profile even more impressive is how
it has maintained its staying power without the luxury of big
pharmaceutical money and backing. Today, the steady flow of
advertising helps keep drugs relevant and in the public eye, and
even if a drug isn’t tremendously effective, commercials and
print ads help prevent drugs from fading away. “Levodopa has
few spokespersons because it has been off-patent for years,”
says Eric J. Ahlskog, MD, PhD. “There are no revenue streams
to support marketing or defending it against naysayers.”

While not exactly a naysayer, dopamine agonists were
championed as the challenger that could knock off levodopa
from the top spot. Created as a response to the side effects of
levodopa by acting directly at the receptor level, dopamine ago-
nists sought to reduce the incidence of response fluctuations
(the on/off phenomena) and dyskinesias. They have certainly
strengthened PD therapy tremendously but are less effective
when used as monotherapy and cause potentially more onerous
side effects than levodopa.

Despite a deficiency in corporate revenue to champion lev-
odopa, progression of treatment options has been able to be
furthered by the work of its advocates. When celebrities like
Muhammad Ali and Michael J. Fox have highly visible symp-
toms, public education grows, and it can encourage more peo-
ple to come forward with their disease, says Dr. Murphy. “I
think potentially there was an increase in the interest in getting
better drugs out there because there appeared to be a stronger
market for it,” she says. That’s one reason why pharmaceutical
companies go after these [diseases]—they perceive there’s a
strong market.”

Caution: Toxic?
It’s not to say levodopa hasn’t been through tumultuous times.
Questions about toxicity followed the drug for decades and
raised doubts about its status as the gold standard. “Based upon
the most recent data, most authorities would consider the issue
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of levodopa toxicity in the clinical setting to be a settled mat-
ter of no consequence relative to decision-making in clinical
treatment,” says Dr. Gollomp. “Obviously, there are dissenters
from this opinion, but the general consensus is that levodopa
in the clinical setting is not neurotoxin.”

The notion of toxicity came to light when it was found the
drug was toxic to cultured dopaminergic neurons, leading
some to believe it might have the same effect on SNc dopamine
neurons in PD and might quicken the rate of degeneration of
nigral neurons. But there has been
little, if any, evidence to suggest
the same is true in in vivo models. 

If levodopa were in fact toxic to
the human substantia nigra,
Olanow and Agid conclude we
could expect: 

• “Disproportionately shorter
life expectancy in PD patients
receiving larger cumulative doses
compared with those on smaller
doses;

• Efficacy measurements in PD
patients during ‘drug holidays’
(where the therapeutic effects of
levodopa do not mask the drug's
symptomatic effects) would reveal
clinical evidence of accelerated
progression compared with the
expected natural course of ill-
ness.”1

The idea that this wonder drug
might actually be toxic was a scary
one to consider—if levodopa were
found to be toxic, what could pos-
sibly replace it? While most physi-
cians wrote off concerns about
toxicity, nagging doubts remained
for some, who often delayed levodopa therapy until advanced
stages of the disease. This has risks itself; delaying a workhorse
medication to increase dopamine levels is risky business when
already approximately 50 to 60 percent of dopamine neuron
degeneration occurs before symptoms clinically appear.

It wasn’t until the landmark ELLDOPA study in 2005 that
the possibility of toxicity was thoroughly researched. But while
the study seemed to close the door on one controversy, it
opened another, if only partially, concluding that levodopa
might be neuroprotective. During remarks at the 55th Annual
Meeting of the American Academy of Neurology, Stanley
Fahn, MD, noted that after the washout out of the study’s
patients was complete, all active treatment groups went back to

baseline, “but most of the worsening occurred after one week.”
The three treatment groups never recorded UPDRS scores
worse than the placebo group, “so there was no evidence of any
hastening of the disease, at least after a two-week washout of
the drug,” he added. “If it was worsened, it should have been
greater than placebo; if it was neuroprotective, it should have
been better than placebo—and it was.”

There is, however, strong resistance to accepting the idea of
neuroprotection clinically. “Though intriguing, the ELL-

DOPA study did not scientifically
demonstrate that levodopa is neu-
roprotective,” Dr. Gollomp says.
“If nothing else, the study was not
powered or designed to establish
this fact.” “The possible ‘neuro-
protective’ effect associated with
levodopa in that trial was quite
possibly a pharmacodynamic
effect,” adds Dr. Ahlskog.

Still, neuroprotection remains
an elusive goal—how does one go
on a preemptive strike against a
disease when there’s so much that
hasn’t been figured out after the
disease has hit. “People who are at
risk for stroke can take an aspirin
every day to decrease their chances
of getting a stroke,” Dr. Murphy
says. “So the idea would be if there
are populations developing
Parkinson’s or at risk for
Parkinson’s, could they take some-
thing everyday that would hold
off the progression of this disease?
That’s the theory of neuroprotec-
tion—what is the aspirin of
Parkinson’s?”

Like most aspects of the disease, this part presents no short-
age of challenges. It’s not just the challenge of finding the right
drug; it’s also the challenge of being able to identify people who
are at risk for the disease much earlier so physicians can treat
them before too much damage is done. “It’s a much bigger
challenge but I think people feel like we can do this and if we
have the right type of tools and design the right type of trials
we’ll be able to find drugs that can have neuroprotection,” Dr.
Murphy adds.

Back to the Drawing Board
If levodopa is to retain its current primary, its future success
may have to come from its ability to adapt. The most effective
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pharmacotherapy has been orally administered, but
its short half-life (approximately 60-90 minutes) cou-
pled with erratic gastric emptying and intestinal
absorption makes dopaminergic stimulation pul-
satile.

A gel formulation of levodopa/carbidopa has been
created for enteral (duodenal or jejunal) infusion via
a portable pump and studied by Nyholm in the
October 2006 issue of Expert Review of Neuro-
therapeutics. “The infusion provides smooth plasma
levodopa levels, more continuous dopaminergic stim-
ulation and effective treatment of motor complica-
tions,” says Dr. Nyholm in the study.2

A similar conclusion was offered by Samanta and
Hauser in the April 2007 edition of Expert Opinion
on Pharmacotherapy. They noted, “the development
of a micronized levodopa (20mg/ml) and carbidopa
(5mg/ml) suspension utilizing a methylcellulose gel
provides the high levodopa concentration and physi-
cal and chemical stability necessary for long-term
enteral therapy.”3 Clinical evidence reveals that a sig-
nificant reduction of dyskinesias and motor fluctua-
tion can be accomplished and maintained by
intradoudenal administration of this suspension, they
conclude. 

But the ability to adapt may also need to be a
characteristic of the person prescribing it as well. In
the past, the “drug holidays” method was an attempt
to negate one of levodopa’s biggest problems, the
“wearing off ” effect, aiming to resensitize dopamine
receptors in the striatum. This created serious com-
plications like neuroleptical malignant-like syn-
drome, which ultimately discouraged its use.
However, intravenous administration of another
antiparkinsonian medication—amantadine—during
“drug holidays” might offer a solution to the prob-
lem. 

A study by Koziorowski and Friedman in the
March 16th 2007 issue of Movement Disorders stud-
ied 12 patients with PD who were suffering from
complication of the therapy. After administering the
patients with daily doses of levodopa (700 and
2000mg) as a monotherapy, researchers discontinued
the drug for three days and began administering
amantadine sulfate intravenously.4 Once the “drug
holiday” ended, levodopa treatment was resumed
with the previously administered dose. The follow up
of these patients, performed with the Unified
Parkinson’s Disease Rating Scale two days after and
monthly for six months, showed a significant

improvement in the motor condition and complication of
therapy. The improvement was experienced for four months.
The authors concluded, “levodopa ‘drug holidays’ with aman-
tadine infusion is a valuable option in the therapy of advanced
stages of PD.”

An effort to find neuroprotection is happening in the form
of a phase III clinical trial of creatine for PD, called the NET-
PD trials.5 The NIH’s National Institutes of Neurological
Disorders and Stroke is conducting the trial, which began
March 22nd, to learn if the nutritional supplement can slow
the disease’s progression by enrolling 1720 people with early-
stage PD in the double-blind, placebo-controlled study. Ac-
cording to NINDS, studies have suggested creatine can
improve the function of mitochondria, which produces ener-
gy inside of cells. It may also act as an antioxidant that pre-
vents damage from compounds that are harmful to cells in the
brain. In a mouse model of PD, creatine is able to prevent loss
of the cells that are typically affected, also according to
NINDS. “I think in general, people feel good when they’re
taking the drug, particularly if they’re exercising if they have
Parkinson’s or not,” Dr. Murphy says.

However, the possibility for any breakthroughs with crea-
tine in PD treatment, at least for the moment, seems limited.
“The preliminary study that was done didn’t show the effica-
cy of creatine, it showed that patients didn’t decline while tak-
ing it,” Dr. Murphy says. “The very preliminary study showed
that it was worth taking to a large-scale trial. The pilots…
weren’t about establishing efficacy of the drug.” Dr. Gollomp
nearly echoed Dr. Murphy’s sentiments. “If you actually look
at the data from the NET-PD futility trials, which have been
conducted over the past few years, you would be under-
whelmed by the efficacy of creatine,” he says. “Nonetheless, it
is not unreasonable for us to go forward with a large study
with creatine in the hopes that the agent may demonstrate
some marginal neuroprotective benefit.”

For now, levodopa’s place in PD therapy is almost exactly
where it was 40 years ago. “This is obviously very speculative,
but I am firmly convinced that levodopa is here to stay as part
of the armamentarium for the treatment of Parkinson’s dis-
ease,” Dr. Gollomp says. “However, I clearly anticipate that
other agents will help further prolong the effectiveness of the
agent and help mitigate some of the side effects.” PN
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