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Summary: To evaluate the ability of orally administered liquid levodopdcarbidopa (LDI 
CD) to stabilize plasma levodopa levels and reduce motor reponse fluctuations in Par- 
kinson’s disease, five patients received LDlCD hourly, as standard tablets or as an 
aqueous solution on two separate days in a double-blind, placebo-controlled, cross-over 
design. Except for a slightly earlier peak plasma levodopa level, no significant advantage 
of the liquid formulation over tablet therapy was found. However, liquid LD/CD could 
be helpful in quickly resolving “off’ states and by facilitating small dose adjustments 
that are not possible with tablets. Key Words: Parkinson’s disease-Motor fluctuations- 
Clinical trial. 

Long-term levodopa treatment of parkinsonian patients 
generally becomes complicated by the appearance of mo- 
tor response fluctuations (1). Regardless of their patho- 
genetic mechanism (2,3), these phenomena can be mini- 
mized by reducing oscillations in plasma levodopa levels 
that attend standard levodopdcarbidopa dosing (LDICD, 
Sinemet) ( 4 3 .  A number of approaches to achieve stable 
circulating drug concentrations have been tried with vary- 
ing degrees of success or practicality, including the con- 
tinuous infusion of levodopa intravenously (4-4) or duo- 
denally (7-10) and the oral administration of controlled- 
elease levodopa (1 1-13). More recently, frequent 
ingestion of an LD/CD solution was reported to offer an 
advantage over standard tablet therapy in an open trial 
(14). The present controlled study was undertaken to 
evaluate the efficacy of liquid LDlCD in stabilizing 
plasma levodopa levels and reducing motor fluctuations 
compared with standard LD/CD tablets. 

METHODS 

Five patients with Parkinson’s disease complicated by 
motor fluctuations consented to participate in this study. 
Mean (k SEM) age was 60 k 3 years (range 53-72). Par- 
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kinsonian symptoms had been present for 21 t 2 years 
(range 15-29) and severity ranged from stage 111 to 1V 
(mean 3.8) on the Hoehn and Yahr scale. All patients had 
been treated with LD/CD for an average of 19 % 3 years 
(range 1CL29) and at a levodopa dose currently averaging 
940 2 232 mglday (range 50&1,800). Before the study, 
the medication regimen was optimized for each patient. 

The study was conducted on two randomly selected 
days using a double-blind, placebo-controlled, double- 
dummy design. Liquid LD/CD with placebo tablets was 
administered on one day and liquid placebo with LD/CD 
tablets on another. The same dose of liquid or standard 
tablet LDKD (100 mg levodopa in two patients and 50 mg 
in three) was given hourly to all patients from 9 A.M. to 5 
P.M.  LD/CD was discontinued the night before study 
days, whereas all other medications were maintained con- 
stant. A low protein breakfast and lunch were served on 
both test days. 

Liquid LD/CD was prepared by the National Institutes 
of Health Pharmaceutical Development Service by dis- 
solving 10.5 tablets of 251100 mg LD/CD, 2 g ascorbic acid 
and 5 g NaCl in 1 L of water. The solution was filtered 
through a 5-wm filter. Motor function was evaluated using 
a modified Columbia Rating Scale and modified Abnor- 
mal Involuntary Movement Scale (15) whereby rigidity, 
tremor, bradykinesia, and dyskinesias were scored in 
each limb and axially, as was gait, on a scale of 0 (absent 
or normal) to 4 (severe or severely abnormal), yielding a 
maximum score of 64 for parkinsonism and 20 for dyski- 
nesias. Motor ratings were obtained by a single blinded 
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FIG. 1. Mean plasma levodopa levels during liquid versus tablet 
LDlCD therapy over an 8-h period. Data me from five patients 
with equal, hourly doses of either formulation, administered on 
the hour. 

investigator at baseline and every 20 min thereafter for a 
total of 8 h; at the same time, a blood sample was ob- 
tained through a peripheral venous catheter for determi- 
nation of levodopa levels by high-performance liquid 
chromatography with electrochemical detection (16). 

Data are presented as means 5 standard errors of the 
mean (SEM). Variance (square of standard deviation) of 
motor scores and plasma levodopa levels, obtained 
throughout the day, was used as an index of the severity 
of fluctuations in these parameters. Statistical analysis of 
data used two-tailed paired t tests, repeated-measures 
analysis of variance (ANOVA), and simple regression 
analysis. 

RESULTS 
Plasma levodopa concentrations were no different dur- 

ing liquid versus tablet Sinemet therapy (p = 0.8 by re- 
peated measures ANOVA; Fig. 1 and Table 1). Oscilla- 
tions in plasma drug levels, expressed as the variance of 
25 separate measurements, did not differ between the two 
forms of therapy (p = 0.2 by t test). In fact, the variance 
for plasma levodopa levels tended to be larger with liquid 
therapy compared with tablets (Table 1) and a slightly 
greater difference between peak and trough drug levels 
was observed with the liquid preparation (p = 0.1 by 
two-factor, repeated-measures ANOVA). The average 
time for levodopa levels to peak after each hourly dose 
was shorter during liquid than during tablet therapy (30 L 
2 and 39 & 2 min, respectively, p = 0.02 by t test). With 

both forms of therapy, levodopa concentrations tended to 
increase over the course of the day (r = 0.74 for liquid 
and 0.81 for tablet therapy, p < 0.001 by regression anal- 
ysis; Fig. 1). 

Motor evaluations also failed to show significant differ- 
ences between liquid and tablet LDlCD therapy. Compar- 
ison of the means and variances of parkinson and dyski- 
nesia scores between the two study days showed no ad- 
vantage of either formulation (Table 1). Moreover, none 
of the patients were able to tell a difference in their clin- 
ical condition between the two study days and could not 
predict which day they had received liquid or tablet LDI 
CD. Following the first morning dose, all but one patient 
turned “on” within 60 min after receiving liquid LD/CD; 
only one patient turned “on” within 60 min after receiv- 
ing the tablet. No clinically significant adverse effects 
were seen with either formulation. 

DISCUSSION 

Comparison of standard LD/CD tablets with a liquid 
formulation showed no significant advantage of the latter, 
neither with respect to plasma levodopa oscillations nor 
motor response fluctuations. However, faster absorption 
and a tendency toward brisker onset of plasma levodopa 
changes was observed with the liquid preparation com- 
pared with tablets. Previous studies comparing dispers- 
able levodopahenserazide (Madopar Dispersable) with 
regular Madopar capsules also documented a shorter la- 
tency to peak levodopa concentration (17) or to clinical 
effect (18). However, the present findings do not confirm 
those of a recent open trial that suggested that the liquid 
LDICD formulation reduces fluctuations in circulating 
levodopa levels (10). This apparent discrepancy may be 
attributable to differences in study design. The longer 
dosing interval with tablet ( 3 4  h) than with liquid LDICD 
(1 h) and the infrequent measurement of plasma drug lev- 
els in the previous study may have contributed to the 
more favorable outcome of liquid LD/CD (10). 

Hourly administration of either levodopa formulation 
led to a progressive increase in average circulating drug 
levels. This levodopa accumulation during the initial 
hours of treatment, which reflects the 1.5-h half-life of 
this drug (2,6), increases the risk of adverse effects during 
the latter part of the day unless the dose and/or interval 
are adjusted. 

Despite its inability to reduce plasma levodopa and mo- 
tor response fluctuations, liquid LDICD could have some 
useful applications in the therapy of Parkinson’s disease. 
The slightly shorter latency to peak plasma levodopa 

TABLE 1. Comparison between tablet and liquid LDICD 

Mean Variance 

Tablet Liquid Tablet Liquid 

Plasma levodopa level (pg/ml) 3.5 2 0.7 3.8 2 0.8 2.1 2 0.8 4.5 2 2.3 
Parkinson score 15.9 k 3.1 15.9 2 5.1 33.2 -C 21.5 24.5 2 14.3 
Dyskinesia score 2.8 2 0.7 2.5 -t 0.9 5.2 2 1.9 6.1 2 2.5 

Values shown are means ? SEM based on 25 determinations obtained every 20 min over an 8-h 
period for each patient. Plasma levodopa levels were obtained in five patients and motor ratings in 
four. None of the differences between liquid and tablet formulations was significant. 
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level with the liquid formulation could confer an advan- 
tage over tablets in quickly resolving “off” periods (18). 
In addition, the solution allows the administration of in- 
dividually tailored doses, which could prove beneficial 
for advanced patients with steep dose-response relation- 
ships and narrow therapeutic windows. 
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