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Summary: Putative neuroprotective agents for Parkinson’s
disease can be assessed in untreated patients using progression
of clinical disability as an index of disease progression. To
avoid the confound associated with symptomatic therapy, pro-
gression of the underlying disease can be assessed by evaluat-
ing the progression of clinical disability from an untreated
baseline to a final visit following wash-out of symptomatic
medication. In this type of analysis it is critical to use a wash-
out of sufficient duration to ensure elimination of symptomatic
effects. To assess the time course of resolution of symptomatic
effects, we evaluated 31 patients at days 1, 8, and 15 following

discontinuation of levodopa/carbidopa and bromocriptine.
Mean total Unified Parkinson’s Disease Rating Scale scores
(± standard error) increased (worsened) by 7.4 ± 1.5 from
day 1 to day 15 (p <0.0001), 4.5 ± 1.2 from day 1 to day 8
(p 4 0.0009), and 2.9 ± 1.0 from day 8 to day 15 (p4 0.01).
We conclude that a wash-out of at least 2 weeks is required
to eliminate the symptomatic effects of levodopa/carbidopa
and bromocriptine in patients with early Parkinson’s disease.
Key Words: Wash-out—Long-duration response—Parkin-
son’s disease—Levodopa/carbidopa—Bromocriptine—
Neuroprotection.

The assessment of potential neuroprotective therapies
requires methods to evaluate disease progression. In Par-
kinson’s disease (PD), one approach is to use surrogate
markers of dopamine neuron survival such as positron
emission tomography (PET) or single photon emission
tomography (SPECT). Another approach is to evaluate
the progression of clinical disability in patients who are
otherwise untreated. The magnitude of clinical change
over a defined period of time can be assessed using a
standardized scale such as the Unified Parkinson’s Dis-
ease Rating Scale (UPDRS).1 Alternatively, the time to
reach a predetermined level of functional disability or
clinically defined end point can be used.2 However, these
strategies are not viable for patients who are receiving

symptomatic therapy. This limits the stage of disease and
the amount of time over which a potential neuroprotec-
tive agent can be studied clinically. In addition, if the
experimental intervention itself provides symptomatic
benefit, this will confound the evaluation of a neuropro-
tective effect as occurred in the DATATOP study.2

Assessment of disease progression in patients treated
with symptomatic medications is problematic because
symptomatic effects can mask clinical evidence of dis-
ease progression and confound detection of a putative
neuroprotective effect. One way to eliminate confound-
ing symptomatic effects is to assess change in clinical
status from an initial baseline visit when patients are
untreated to a final visit performed following adequate
wash-out of symptomatic medication. To use this strat-
egy, it is critically important to know the time course of
resolution of symptomatic effects following withdrawal
of antiparkinsonian drugs. If the wash-out is too short,
symptomatic effects may persist and confound evalua-
tion of a neuroprotective effect. If the wash-out is too
long, patient discomfort will be unnecessarily prolonged.
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There is currently little information available on the
time course of resolution of symptomatic effects of most
Parkinson’s disease medications following their with-
drawal. To determine the time course of wash-out of
symptomatic effects of levodopa/carbidopa and bromo-
criptine, we performed serial evaluations of PD function
for 2 weeks following their discontinuation as part of a
larger study.3

METHODS

Patients participating in a prospective, double-blind
trial designed to determine the effects of selegiline, levo-
dopa, and bromocriptine on the progression of signs and
symptoms of early PD3 were invited to undergo a 2-week
wash-out of levodopa/carbidopa and bromocriptine. At
the time of entry into the original study, all patients were
Hoehn & Yahr stage I–III, had at least two of three
cardinal features of PD (bradykinesia, rigidity, and rest-
ing tremor), and were untreated. Patients with a diagno-
sis of atypical parkinsonism, a history of exposure to
neuroleptic medications, previous neurosurgical proce-
dures, or clinically significant medical or laboratory ab-
normalities were excluded. Patients were randomized to
treatment with 10 mg selegiline per day or placebo
and additionally randomized to symptomatic treatment
with levodopa/carbidopa or bromocriptine. Levodopa/
carbidopa and bromocriptine doses were adjusted as
deemed clinically appropriate by an unblinded treating
neurologist. Patients assigned to bromocriptine therapy
could receive supplemental levodopa/carbidopa if an
adequate clinical response was not achieved with bro-
mocriptine at a dose of 20 mg per day. Patients were

withdrawn from selegiline after 12 months and from
levodopa/carbidopa and bromocriptine at 14 months. The
results of this study have been presented separately.3

Thirty-one patients in this study consented to undergo
UPDRS evaluations the morning after discontinuation of
levodopa/carbidopa and bromocriptine (day 1) and at
days 3, 5, 8, 11, and 15. All study evaluations were
performed by a blinded investigator. All patients signed
informed consents approved by the Institutional Review
Boards of the participating sites (University of South
Florida and the University of Kansas).

Changes in UPDRS scores among days 1, 8, and 15
were evaluated using a Wilcoxon signed rank test. Dif-
ferences in change in UPDRS scores across groups were
evaluated using a Mann-Whitney U test.

RESULTS

Thirty-one patients were evaluated at days 1, 8, and 15
after discontinuation of levodopa/carbidopa and bromo-
criptine. Twenty of these patients underwent evaluations
at days 1, 3, 5, 8, 11, and 15. Mean age (± standard error)
was 69.2 ± 1.5 years and mean disease duration was
4.0 ± 0.6 years. Fifteen patients had been assigned to
levodopa/carbidopa therapy and were taking a mean
levodopa dose of 411.7 ± 25.5 mg per day. Sixteen
patients had been assigned to bromocriptine therapy
and were taking a mean of 23.8 ± 2.8 mg per day. Five
of the patients assigned to bromocriptine were also re-
ceiving levodopa/carbidopa at a mean dose of 320.0 ±
20.0 mg per day. Seven patients in the levodopa group
and eight patients in the bromocriptine group had been
assigned to selegiline, which had been withdrawn 2
months earlier. None of the patients exhibited motor
fluctuations or dyskinesia.

During the course of the wash-out, none of the patients
had complications other than worsening of parkinsonian
symptoms. There were no serious medical complica-
tions such as aspiration pneumonia or neuroleptic malig-
nant syndrome, and no patient required admission to the
hospital.

Mean motor and total (activities of daily living [ADL]
+ motor) UPDRS scores significantly increased (wors-
ened) during both the first and second weeks following
discontinuation of levodopa/carbidopa and bromocrip-
tine (Fig. 1). Deterioration in motor and total UPDRS
scores was more pronounced during the first week and
motor scores increased more than ADL scores. Mean
total UPDRS scores in all patients (n4 31) increased 7.4
± 1.5 from day 1 to day 15 (p <0.0001), 4.5 ± 1.2 from
day 1 to day 8 (p4 0.0009), and 2.9 ± 1.0 from day 8
to day 15 (p4 0.01). For patients receiving levodopa/
carbidopa (n4 15), mean total UPDRS scores increased

FIG. 1. Mean (± standard error) ADL, motor, and total (ADL + motor)
UPDRS scores 1, 8, and 15 days after discontinuation of levodopa/
carbidopa and bromocriptine (n4 31). Mean motor and total scores
increased significantly (p <0.05) during both the first and second wash-
out weeks. ADL scores increased significantly (p <0.05) over 2 weeks.
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5.7 ± 1.5 from day 1 to day 15 (p4 0.007), 3.9 ± 1.3
from day 1 to day 8 (p4 0.01), and 1.8 ± 0.9 from day
8 to day 15 (p4 0.08) (Fig. 2). For patients receiving
bromocriptine but not levodopa/carbidopa (n4 11),
mean total UPDRS scores increased 7.6 ± 2.8 from day
1 to day 15 (p4 0.02), 5.4 ± 2.7 from day 1 to day 8
(p 4 0.07), and 2.3 ± 1.8 from day 8 to day 15 (p4 0.2).
Significant differences in loss of symptomatic effects
were not identified comparing selegiline and selegiline
placebo groups or levodopa/carbidopa and bromocriptine
groups (Tables 1 and 2).

Twenty patients were assessed at days 1, 3, 5, 8, 11,
and 15. Ten had been assigned to levodopa/carbidopa
therapy and 10 had been assigned to bromocriptine. Four
of the patients assigned to bromocriptine were also tak-
ing levodopa/carbidopa at the time of medication with-
drawal. Following drug discontinuation, mean total
UPDRS scores increased (worsened) at each evaluation
(Fig. 3).

DISCUSSION
Mean total and motor UPDRS scores increased (wors-

ened) significantly during both the first and second
weeks after withdrawal of levodopa/carbidopa and bro-

mocriptine. This indicates that a 1-week wash-out of
these medications is not sufficient to completely elimi-
nate their symptomatic effects. Whether scores would
increase further during a third wash-out week is not
known. Flattening of the wash-out curves suggests that
much of the loss of symptomatic effect has occurred by
day 15. It is important to note that our results are based
on evaluations of patients with early PD, and it is not
known if they are applicable to patients in later stages of
the disease.

Two components of the time course of clinical re-
sponse to levodopa have been identified. The short-
duration response (SDR) lasts minutes to hours and is
recognized clinically as the “on” response following
levodopa intake in patients experiencing motor fluctua-
tions. The amplitude of the short-duration response in-
creases with progressing disease,4 and its duration is pri-
marily determined by the peripheral pharmacokinetics of
levodopa.5 The plasma elimination half-life of levodopa
when administered with carbidopa is approximately 2.25
hours,6 and the duration of the SDR during the first year
of levodopa therapy is approximately 4 hours.7 In con-
trast, the long-duration response (LDR) lasts from days

TABLE 1. Mean change (standard error) in total UPDRS
scores from days 1 to 15, 1 to 8, and 8 to 15 in selegiline (n

= 15) and selegiline placebo (n = 16) groups

Days Selegiline Placebo p value

1–15 5.8 (1.3) 8.9 (2.6) 0.74
1–8 3.1 (1.2) 5.8 (2.1) 0.41
8–15 2.7 (1.7) 3.1 (0.9) 0.92

UPDRS, Unified Parkinson’s Disease Rating Scale.

TABLE 2. Mean change (standard error) in total UPDRS
scores from days 1 to 15, 1 to 8, and 8 to 15 in levodopa (n
= 15) and bromocriptine (without levodopa) (n = 11) groups

Days Levodopa Bromocriptine p value

1–15 5.7 (1.5) 7.6 (2.8) 0.98
1–8 3.9 (1.3) 5.4 (2.7) 0.78
8–15 1.8 (0.9) 2.3 (1.8) 0.83

UPDRS, Unified Parkinson’s Disease Rating Scale.

FIG. 2. Mean (± standard error) total UPDRS scores for patients re-
ceiving levodopa/carbidopa (n4 15) and bromocriptine but not levo-
dopa/carbidopa (n4 11) 1, 8, and 15 days after medication with-
drawal. No significant differences between groups were identified.

FIG. 3. Mean (± standard error) total UPDRS scores for patients
evaluated 1, 3, 5, 8, 11, and 15 days after discontinuation of levodopa/
carbidopa and bromocriptine (n4 20). Mean scores increased at each
evaluation.
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to weeks. It is evident clinically as a gradual improve-
ment when levodopa is begun8–10and as a gradual wors-
ening following cessation of therapy.7,10–13The LDR is
the largest component of symptomatic improvement dur-
ing the first year of chronic levodopa therapy.7

Nutt et al.7 found that after 1 year of treatment, a
72-hour withdrawal of levodopa was insufficient to al-
low resolution of symptomatic benefit, as patients had
not returned to baseline. Ogasahara et al.12 evaluated the
decline of symptomatic response during a 7-day levodo-
pa drug holiday in six patients with a stable response and
six patients with motor fluctuations. Patients with fluc-
tuations approached maximal disability over 3–4 days,
whereas stable responders experienced a progressive de-
cline over the 7-day observation period. Barbato et al.10

found that on stopping chronic levodopa/carbidopa CR
treatment, it took 6.8 ± 3.0 days for early disease patients
to deteriorate back to baseline disability. Our group of
stable responders experienced a progressive worsening
of symptoms over 2 weeks.

The pharmacologic basis of the LDR is not known.
Ogasahara et al.12 found that after discontinuation of
levodopa, dopamine turnover rate in stable responders
fell from the second to the seventh day, but in fluctuators
the dopamine turnover rate on the second day had al-
ready fallen to levels as low as those on the seventh day.
This suggests that the LDR may reflect the storage ca-
pabilities of remaining dopaminergic neurons. Consistent
with these observations, it has been hypothesized that the
SDR is the result of the nonphysiological synthesis of
dopamine from exogenous levodopa in sites other than
dopaminergic nerve terminals, and that the LDR results
from the synthesis of dopamine from exogenous levodo-
pa in remaining dopaminergic nerve terminals that retain
the capacity to store and release dopamine in a relatively
physiological manner.14 However, more recently it was
found that the magnitude of the SDR and LDR signifi-
cantly correlated with each other and not disease sever-
ity,7 suggesting the possibility of a common postsynaptic
step in two different effector pathways. A slowly evolv-
ing postsynaptic pharmacodynamic change has been
postulated.10

Short- and long-duration responses have not been
identified with bromocriptine therapy but its long half-
life makes evaluation of such responses difficult.
Tritium-labeled bromocriptine has a terminal serum half-
life of approximately 48 hours.15 Both clinicopharmaco-
kinetic studies and clinical experience indicate that bro-
mocriptine is relatively free from associated motor fluc-
tuations.16,17 This suggests that a SDR response to
bromocriptine, if distinguishable from a LDR, is small in
magnitude, long in duration, or both. Little information is

available concerning the time course of resolution of
clinical benefit in patients with PD after bromocriptine
discontinuation.

In our study, day 1 total UPDRS scores were worse in
the levodopa group than the bromocriptine group. This
may reflect an overnight loss of the levodopa SDR fol-
lowing medication withdrawal.

Although we did not identify a significant difference
in change in UPDRS scores between selegiline and pla-
cebo groups, there was a trend for greater worsening in
the placebo group over 8 and 15 days. This is potentially
consistent with less severe disease as a consequence of a
neuroprotective effect in those patients who had been
receiving selegiline. It is also possible that selegiline was
still exerting a symptomatic effect 2 months after its
discontinuation.

An important limitation of this study is that patients
and evaluators were aware that a medication wash-out
was underway. This could potentially lead to a negative
placebo effect and make clinical deterioration appear
worse than it really was or alter the observed time course
of symptomatic worsening. To minimize this bias, a
double-blind study could be undertaken using a stag-
gered wash-out.

We anticipate the increasing use of protocols that
evaluate clinical status following wash-out of symptom-
atic medications as an index of underlying PD. In studies
of putative neuroprotective agents, it is critical that the
effects of symptomatic agents be largely, if not wholly,
eliminated for the end point evaluation to be valid. Our
study demonstrates that with regard to levodopa/
carbidopa and bromocriptine, a wash-out of at least 2
weeks is required to eliminate symptomatic effects.
Whether a longer wash-out is required is not known.
Larger, double-blind, staggered wash-out studies may be
useful to further define the time course of resolution of
symptomatic effects for medications used to treat PD.
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