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Controlled release levodopa treatment of motor
fluctuations in Parkinson's disease
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SUMMARY A controlled release preparation of levodopa-carbidopa, CR III, given every 4 hours to
17 Parkinsonian patients for up to 10 months reduced plasma drug variations and improved motor
response fluctuations compared with standard levodopa-carbidopa given every 2 hours. The results
support the value of pharmaceutical approaches to the stabilisation of circulating levodopa levels in
the treatment of Parkinson's disease.

Levodopa remains the single most effective, currently
available antiParkinsonian agent. Nevertheless, dis-
abling fluctuations in motor performance develop in
many patients receiving long term treatment with this
drug. ' 2 These mainly consist of dose related wearing-
off responses or the rapid, unpredictable shifts char-
acteristic of the on-off phenomena. Previous studies
have indicated that the acute maintenance of steady
plasma levodopa levels, by means of intravenous drug
infusions, tends to stabilise motor responses,3 5

especially in patients with wearing-off phenomena.6 7
More recent investigations suggest these beneficial
effects may be sustained in ambulatory patients dur-
ing several weeks of round-the-clock infusion.78 The
foregoing observations have stimulated the search for
a controlled release levodopa preparation that might
provide a practical approach to the long-term mainte-
nance of stable plasma drug levels. Those tested in the
past have proven unsatisfactory, largely owing to
their poor bioavailability and erratic release pat-
terns.9 '0 Improved formulations have recently been
developed including CR III (Merck, Sharp and
Dohme) in which levodopa (200 mg) and carbidopa
(50 mg) are embedded in a non-fragmentable, poly-
mer matrix." Favourable initial results with this
compound7 prompted the present study of the long
term efficacy and safety of CR III in patients with
wearing-off or on-off phenomena.
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Methods

Seventeen patients with the diagnosis of idiopathic Parkin-
son's disease (12 men, 5 women; ages 29 to 72 years, mean 57
+ 11 years) with symptoms of 2 to 21 years duration (mean
13 + 7 years) consented to participate in this study. Parkin-
sonian severity (unmedicated state) ranged from mild to
severe: one patient was at Hoehn and Yahr 2 stage II, seven
at stage III, two at stage IV, and seven at stage V. All study
subjects had received standard levodopa-carbidopa (Sine-
met; Merck, Sharp and Dohme) treatment (I to 16 years,
mean 10 ± 5 years). Seven were considered to have wearing-
offresponses with relatively predictable oscillations in motor
performance related to their every 2 hour standard
levodopa-carbidopa schedule, while 10 were diagnosed as
having on-off phenomena, as defined by the presence of
abrupt, erratic motor fluctuations not controllable by alter-
ations in the timing or dosage of medication. Throughout
this clinical trial two patients remained on a fixed dose of a
standard anticholinergic preparation, while three continued
to receive constant doses of bromocriptine or pergolide.
The study was conducted in four phases, all but the last

carried out while patients were admitted to the Clinical Cen-
ter at the National Institutes of Health: phase 1-Sinemet
given every 2 hours; phase 2-CR III given every 6 hours for
1 week; phase 3-CR III given every 4 hours for I month;
phase 4-CR III plus Sinemet (usually 50mg levodopa and
12-5 mg carbidopa) given every 4 hours for 3 to 10 months.
In addition, some patients also received intravenous
infusions of levodopa around-the-clock in combination with
orally administered carbidopa (50mg every 3 hours) for at
least 3 days. All orally administered medications were given
during waking hours at optimal therapeutic dose levels. Diet
was controlled by restricting protein and caloric intake to
the minimum daily requirement on physician rating and
blood drawing days, and giving the meals at least 45 minutes
before or after the time of drug administration. Not all
patients participated in every study phase.
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Motor responses were evaluated indel

neurologists. Overall Parkinsonian and
were each scored on a scale of 0 (absent)
20 minutes for 9 hours at the end of I
Simultaneous physicians' and patients' ra
lected. During phase 4, patients' ratings v
30-60 minutes for 9 hours for at least 4 (

malised to the average of the investigato
Plasma levodopa levels were measures

collected from fully ambulatory patients
venous catheters. Samples were obtai
patients for 6 hours after identical single
met or CR III; and every 20 minutes
physicians' ratings) for 9 hours at the enc
3 as well as during the intravenous
levodopa. Blood specimens were imme
and the plasma separated and stored at -
by high pressure liquid chromatogra
chemical detection. 3 The relative
levodopa was determined by measuring
plasma level curves shown in fig 1.

All patients were monitored periodical
subsequently bimonthly) for evidence
changes in vital signs, or in standard h
blood chemistry values.
Mean + SEM values are reported unle

Statistical comparison of the data e
matched paired t tests. Variance (comput
SD values) was used as a measure of th
plasma levodopa levels and motor pe
Interrater reliability, assessed by the int
coefficient, was 74%.

Results

Plasma levodopa levels following tI
tration of a single dose of Sineme
differed substantially (fig 1). While 11

B O 1 2 3
Hours

Fig 1 Comparison ofplasma levodopa le
equal doses ofstandard levodopa-carbidop
controlled release levodopa-carbidopa (CJ
SEM values arefor 5 Parkinsonian patien
period (B) and after the administration oj
(200mg oflevodopa plus 50mg ofcarbidc

pendently by three levels were attained with either preparation in about
dyskinesia severity 40 minutes, peak values were 9 times higher with Sine-
to 5 (severe) every met than with the same dose of CR III. With Sinemet,
phases 1, 2 and 3- plasma levodopa levels declined with a half-life of

ttnregsobwtealsoevcol- approximately 180 minutes, while with CR III they
days and then nor- remained essentially constant over the next 4 hours
brs' ratings. (fig 1). During the 6 hour period of this comparison,
d in blood samples the bioavailability of levodopa, administered as CR
through indwelling III, averaged about 36% of that administered as Sine-
ined from fasting met. Similarly, an optimal antiParkinsonian
oral doses of Sine- response, occurring at equivalent plasma levodopa
(simultaneous with levels, required the daily ingestion of 220% more

administrati'on of levodopa-carbidopa when given as CR III every 6
liately centrifuged, hours than when given as Sinemet every 2 hours
-70°C until assayed (table 1).
.phy with electro- Plasma levodopa variance was significantly less
bioavailability of with CR III given every 4 hours than with Sinemet
the area under the given every 2 hours (fig 2). This decline averaged 28%

and was not accompanied by any significant
lly (initially weekly difference in mean levodopa levels. The intravenous
of drug-associated administration of levodopa, compared with oral Sine-
aematological and met, reduced plasma levodopa variability by 86%

ss otherwise noted. (fig 2). CR III was thus only about 30% as effective as
-mployed 2-tailed, intravenously administered levodopa in decreasing
ted as the square of plasma levodopa fluctuations. Individually, nine of 10
[e variability of the patients converted from Sinemet to CR III mani-
erformance scores. fested reductions in plasma levodopa variance rang-
traclass correlation ing from 6 to 95%; variance increased in the single

remaining patient.
The antiParkinsonian response to CR III given

every 6 hours did not differ consistently in degree or
he oral adminis- variability from that obtained with Sinemet given
t or of CR III every 2 hours. When CR III was administered every 4
iaximum plasma hours, however, both Parkinsonian severity and vari-

ance improved significantly (table 2), while dyskinesia
results showed no consistent change. For the individ-

dopa ual patient, Parkinsonian variance decreased in seven,
,R-III increased in two, and remained essentially unchanged

in one. In response to the relatively poor acceptability
of CR III alone, especially in patients with on-off phe-
nomena (table 3), a small supplement of Sinemet was
added to the CR III regimen. With this combined
therapy, Parkinsonian variance deteriorated, while
Parkinsonian severity remained essentially
unchanged (table 2). Patients' acceptability assess-
ments suggested improvement in those who mani-

'~<;> fested on-off phenomena (table 3).
Patients reported the following benefits when com-

4 6
paring CR III with Sinemet: convenience of less fre-

45 6 quent dosing (10 of 10 patients), diminished early
morning dystonia'4 (3 of 3) and decrease in interdose

!vels in response to paresthesias"5 (1 of 1). Improved sleep was reported
ia (Sinemet) or in all patients studied, although the bed-time

Its at a basele levodopa dose had to be decreased by 50% to prevent
reithers ormulation nocturnal dyskinesias (477 + 40mg compared with
opa) at time 0. 240 + 54 mg; p < 0-003). Reported disadvantages of

195

P
rotected by copyright.

 on M
ay 22, 2023 by guest.

http://jnnp.bm
j.com

/
J N

eurol N
eurosurg P

sychiatry: first published as 10.1136/jnnp.50.2.194 on 1 F
ebruary 1987. D

ow
nloaded from

 

http://jnnp.bmj.com/


Juncos, Fabbrini, Mouradian, Serrati, Kask, Chase

Table I Dose comparison ofstandard levodopa-carbidopa (Sinemet) with controlled release levodopa-carbidopa (CR III)

Levodopa dose Plasma levodopa level
(mg/kg/day) (pg/mi) Parkinsonian score Dyskinesia score

Sinemet 21 ± 3-3 6-3 + 1-4 15 + 0-15 075 ± 0-13
CR III 46 + 6.5* 4-9 + 1-8 1 5 ± 0-36 0-97 + 0 35

p < 0-001 for difference from dose given as Sinemet.
Values are the means + SEM of 27 determinations obtained over a 9 hour period on each of seven Parkinsonian patients stabilised at optimal
therapeutic dose levels of Sinemet (every 2 hours) and CR III (every 6 hours). Parkinsonian and dyskinesia scores are on a scale of 0 (absent) to
5 (severe).

L Level (pg /ml)
Variance

I

I)
Oral Oral

Sinemet CR-Ill
ntrave
levodi

Fig 2 Comparison ofcontrolled release levodopa-carbidopa
(CR III) with standard levodopa-carbidopa (Sinemet) and
intravenously adninistered levodopa on plasma levodopa
levels and variance. Mean + SEM values arefrom 10
patients on optimal therapeutic dose levels oforal Sinemet
(every 2 hours), 10 patients on CR III (every 4 hours), and
II patients on intravenous levodopa (24 hours per dayfor at
least 3 days in combination with oral carbidopa). *p < 0 05
for percent difference in variancefrom oral Sinemet or
intravenous levodopa.

Table 2 Comparison ofantiparkinsonian response to
standard levodopa-carbidopa (Sinemet) with controlled
release levodopa-carbidopa (CR III) alone or with
supplemented Sinemet

Score Variance

Sinemet 1-5 ± 012 12 + 0-43
CR III alone 10.+ 0-19 0 47 + 0-12
Percent change 33%* -60%*
CR III + Sinemet 1-0 + 0-13 1I1 + 0-29
Percent change -33%* -1%

*p < 0-05 based on percent change from Sinemet.
Mean + SEM values are based on 18 to 27 determinations for 9-10
patients over a 9 hour period during treatment with Sinemet every
2 hours, or with CR III either alone or with Sinemet every 4 hours. A
negative percent change indicates improvement.

Table 3 Patient assessment ofantiparkinsonian efficacy of
controlled release levodopa-carbidopa (CR III) alone and in
combination with Sinemet compared with Sinemet alone

Improved Unchanged Worsened

CR III alone:
Wearing-off 4 1 0
On-off 0 1 8

CR III + Sinemet
Wearing-off 4 0 0
On-off 4 1 1

Values are the number of patients reporting, arranged by type of
motor fluctuations occurring with Sinemet. Ratings were made after
I month of treatment with CR III alone (every 4 hours) and then
after at least 2 months of treatment with CR III supplemented with
Sinemet every 4 hours.

~ CR III included; lack of an obvious antiParkinsonian
E"surge" and difficulties with optimal dose titration.

nous Safety data obtained during both the acute and
opa chronic phases of this study revealed no toxic effects

of CR III.

Discussion

The present results indicate that CR III functions as a
controlled release levodopa preparation in Parkin-
sonian patients. Considering average data from the
entire patient group, CR III appears to produce rela-
tively stable plasma levodopa levels for at least 4
hours. Nevertheless, analysis of individual patient
data revealed considerable residual variability in cir-
culating drug levels. Overall the drug is only about
one-third as effective as intravenously administered
levodopa in reducing the fluctuations in plasma
levodopa which attend the oral administration of
Sinemet. Moreover, the bioavailability of CR III is
relatively limited, averaging about one-third that of
Sinemet. An oral intake more than twice that of the
standard drug is thus necessary to achieve compar-
able blood levels and antiParkinsonian efficacy. Vari-
ations in plasma levodopa with CR III probably can
not be attributed to dietary influences, since these
were minimised during days when circulating drug
levels were measured. Gastrointestinal factors are
more likely to have been contributory, since abnor-
malities in this system are common in Parkinsonian
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Controlled release levodopa treatment ofmotor fluctuations in Parkinson's disease

patients.' 16 The nonfragmentable matrix used in the
formulation of CR III may also have been partly
responsible for the plasma levodopa variations noted
in the present study.
CR III given every 4 hours significantly reduced the

motor fluctuations observed during treatment with
Sinemet given every 2 hours. Although these vari-
ations improved in a majority of patients, the degree
of benefit was often small and inconsistent from dose
to dose. The objective findings revealed a statistically
significant improvement only in Parkinsonian scores
and variance values; our failure to document a statis-
tically significant reduction in dyskinesia variance
presumably reflects the large intra- and interpatient
variability, small number of study subjects, and the
modest overall drug effect. Since stabilisation of
plasma levodopa levels through its intravenous
administration diminishes the motor fluctuations in
most Parkinsonian patients,38 the relatively modest
reductions in plasma levodopa variance achieved with
CR III may have contributed to the minor clinical
improvement observed in most patients admitted to
this study. Furthermore, the limited efficacy ofCR III
probably also reflected the advanced stages of illness
of many study subjects.
Some patients, especially those with on-off phe-

nomena, did not perceive sufficient improvement in
response stability with CR III to offset the loss of the
antiParkinsonian surge typically associated with Sine-
met. In an attempt to correct this deficiency, a small
supplement of Sinemet was added to each patient's
CR III regimen. As a result, Parkinsonian
fluctuations increased, while CR III acceptance by
patients with on-off phenomena improved. This
apparent paradox may be attributable to the brief
elevation in circulating drug levels produced by
levodopa supplementation, thus increasing plasma
levodopa variance and providing a brisk anti-
Parkinsonian effect to those patients whose motor
responses did not completely stabilise on CR III.

In terms of patient acceptability, CR III had
several advantages over Sinemet. These benefits
included the convenience of less frequent dosing,
diminished early morning dystonia, and improved
sleep. A major disadvantage of CR III, especially in
patients with on-off phenomena, was the perceived
lack of a reliable antiParkinsonian surge following
drug ingestion. Attempts to increase the dose or
shorten the interdose interval failed to improve anti-
Parkinsonian efficacy and often resulted in prolonged
periods of severe dyskinesia or akinesia.
CR III appears to be a modest, yet definite, step

forward in the formulation of drugs for the relief of
Parkinsonian symptoms. More importantly, obser-
vations with this drug support the concept that phar-
maceutical attempts to stabilise plasma levodopa

fluctuations will tend to smooth the motor response
fluctuations which complicate standard levodopa
therapy. Levodopa toxicity, as well as disease
progression, may contribute significantly to the pres-
ence of these response fluctuations by several mech-
anisms.' 17 It is tempting to speculate that the con-
tinuing oscillations in circulating plasma and
presumably brain levels of levodopa attending the
administration of standard oral preparations may
have pathogenetic significance. This possibility is sup-
ported by reports that bromocriptine, with a plasma
half life more than twice that of levodopa, is less
prone to produce motor response fluctuations.'8
Studies of the prophylactic value of sustained release
preparations in less incapacitated patients may thus
be of interest. In the meantime, the present results
should stimulate further attempts to develop con-
trolled release formulations with improved bio-
availability and more stable release patterns.
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