
Movemvnr Disorder3 
Vol. 12, No. 5 ,  1997, pp. 677-681 
0 1997 Movement Disorder Society 

Comparison of Standard Carbidopa-Levodopa and 
Sustained-Release Carbidopa-Levodopa in Parkinson’s Disease: 

Pharmacokinetic and Quality-of-Life Measures 

Rajesh Pahwa, Kelly Lyons, Desni McGuire, *Paul Silverstein, “Felix Zwiebel, *Mary Robischon, and 
William C. Koller 

Department of Neurology, University of Kansas Medical Center, Kansas City, Kansas; and “Parkinson’s Disease Clinic, 
Methodist Hospital, St. Louis Park, Minnesow, U.S.A. 

Summary: We compared clinical, pharmacokinetic, and qual- 
ity-of-life measures in patients with Parkinson’s disease (PD) 
who were on standard carbidopa-levodopa (Std-L) and after 
conversion to sustained-release carbidopa-levodopa 50/200 (L- 
CR). A total of 20 PD patients with motor fluctuations partici- 
pated in the study and 18 completed it. There were 10 women 
and eight men, with a mean age of 67.5 years and a mean 
disease duration of 9.9 years. A11 patients underwent 10-h phar- 
macokinetic and clinical evaluations while on Std-L and again 
while on L-CR. The patients maintained diaries for 2 days 
before the 10-h evaluations and completed a sickness impact 
profile (SIP) while on Std-L and again while on L-CR. The 
total daily levodopa intake was significantly greater with L-CR 
because of the reduced bioavailability of the L-CR. The mean 
daily levodopa dosage was 569 mg for Std-L compared with 

751 mg for L-CR. The patients performed better in walking 
time, Unified Parkinson’s Disease Rating Scale (motor score), 
and tapping total with L-CR, although the improvement was 
not statistically significant. There was no significant difference 
in dyskinesias between the two preparations. The plasma levo- 
dopa levels and the areas under the curve were significantly 
greater with L-CR. “On” time as measured by patient diaries 
was significantly greater for L-CR. There was no significant 
difference in the total SIP scores for patients on the two prepa- 
rations, but patients had significantly better home management 
and mobility while on L-CR. In conclusion, L-CR resulted in 
more “on” time with greater plasma levodopa levels, which 
resulted in better home management and mobilitd Key Words: 
Carbidopa-Levodopa-Parkinson’s disease-Sustained re- 
lease-Pharmacokinetic-Quality of life. 

Long-term treatment of patients with Parkinson’s dis- 
ease (PD) with levodopa therapy is complicated by the 
development of motor fluctuations (1). Continuous intra- 
venous infusion of levodopa has been shown to improve 
the fluctuations in motor performance (1,2). This has led 
to the development of oral formulations of sustained- 
release levodopa with carbidopa (L-CR) (3-5). L-CR 
therapy has been shown to decrease the number of daily 
“off” periods and the frequency of dose administration 
and to increase the mean interdose interval (6-9). We 
compared the pharmacokinetic profile and the quality of 
life of PD patients on standard carbidopa-levodopa (Std- 
L) and on L-CR (50/200). 
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PATIENTS AND METHODS 

Patients 
A total of 20 PD patients with motor fluctuations (pe- 

riods of day when the medication was not working and 
they had parkinsonian symptoms) while on Std-L were 
recruited from the Parkinson’s Disease Clinics at the 
University of Kansas and Methodist Hospital. A total of 
18 patients (10 women and eight men) completed the 
study. The mean age of the patients was 67.5 years, with 
a mean duration of disease of 9.9 years. None of the 
patients had ever taken L-CR. Patients with Hoehn and 
Yahr stages TV and V, severe or uncontrolled medical 
problems (including hemoglobinfhematocrit levels of 
< 12 g/d1/30%), cognitive impairment (Mini-Mental Sta- 
tus Examination score of <22/30), or psychosis, and 
women of childbearing potential, were excluded from the 
study. 
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Experimental Protocol 
Each patient signed informed consent before entry into 

the study. After a screening visit, the each patient kept a 
diary for 2 days before the pharmacokinetic study day. 
This diary documented the time that the patient was 
asleep, in the “on” state, and in the “off” state, and 
when dyskinesias occurred. Each patient also completed 
the sickness impact profile (SIP) (9,lO). On the night 
before the pharmacokinetic study day, medication and 
food were withheld after midnight. Baseline evaluations, 
which were done at 7:OO a.m. before the patients re- 
ceived their antiparkinsonian medications, included a 
Unified Parkinson’s Disease Rating Scale (UPDRS) 
(1 l) ,  walking time (WT), tapping total (TT), and dyski- 
nesia score. A blood sample was collected for plasma 
L-dopa concentrations. 

WT was the time in seconds that each patient took to 
rise with arms crossed, out of a straight-back chair, walk 
a total of 12 m, and sit down. TT was assessed by having 
each patient alternately tap two counters (mounted 20 cm 
apart on a board) with an index finger for 60 s. The 
dyskinesia score was the sum of scores obtained by as- 
signing each body part-namely, head, right arm and leg, 
left arm and leg, and trunk-a score of 0 4  (0 = normal 
movement, 1 = intermittent movement, 2 = generalized 
mild but continuous movement, 3 = generalized mod- 
erate movement, and 4 = incapacitating movement). 

The patients received a low-protein breakfast 30 min 
after the first dose of the day and received the remaining 
antiparkinsonian medications at the usual time. A total of 
14 patients were on Std-L 25/100, two were on Std-L 
251250, and the remaining two were taking a combina- 
tion of the two preparations. 

Pharmacokinetics 
Blood samples (3 ml), which were collected from the 

heparin lock at 1-h intervals for 10 h, were immediately 
centrifuged and the plasma was stored at -20°C. L-dopa 
was extracted from the plasma with alumina. The inter- 
nal standard dihydroxybenzalamine was added to each 
sample to correct for loss of L-dopa during the extraction 
process. The concentration of L-dopa in the sample was 
determined by high-performance liquid chromatography 
using an electrochemical detector (12). The peak plasma 
concentration (C,,) and the time to peak plasma con- 
centration (Tma,) were determined. Area under the curve 
(AUC) was determined by using the trapezoidal rule 
(13). 

Motor Performance 
The total motor score (TMS), TT, WT, and the dys- 

kinesia scale were measured every hour for 10 h. The 
motor section of the UPDRS (part 111) was scored and 

totaled to give the TMS. The dyskinesia score was the 
sum of the scores for each body part. 

On the following day, the patients discontinued Std-L 
and started L-CR. L-CR was started using the same mil- 
ligram dosage of levodopa per day. The number of doses 
was decreased to half. Dose was adjusted after a week. If 
the patient complained that the medication was wearing 
off 1 h before the next dose of L-CR, the previous dose 
of L-CR was increased by a half-tablet. If the wearing off 
occurred >1 h before the next dose, the interdose interval 
was decreased. If the patient complained of a slow 
“kick-in” (long latency for onset of action with the first 
dose of the day) with L-CR, a dose of Std-L was added. 
Further adjustments were made, if needed. Once the pa- 
tient had been on a stable L-CR dosage for at least 2 
weeks, evaluations that were performed when the patient 
was on Std-L were repeated. Seven of the patients 
needed Std-L as the first dose of the day. 

Statistical Analysis 
AUC and SIP were compared by paired t tests, and 

T,,, and dyskinesia scores were examined with the Wil- 
coxon matched-pairs signed-rank test. TMS, TT, and WT 
were analyzed by repeated-measures analysis of vari- 
ance. The level of significance was p < 0.05. 

RESULTS 
The pharmacokinetic evaluations were multiple-dose 

studies in which the dosage was titrated to optimize clini- 
cal performance. The mean amount of levodopa admin- 
istered during the Std-L evaluations was 439 mg and for 
L-CR was 610 mg (p < 0.001). Similarly, the mean 
amount of levodopa during the 24-h time period for 
Std-L was 569 mg and for L-CR was 751 mg. The mean 
number of doses on Std-L per day was 4.2 and on L-CR 
was 3.8. Nine patients had dyskinesias on Std-L, and 10 
had dyskinesias on L-CR. A total of 11 patients required 
adjustments of their L-CR dosages between assessments. 
Repeat assessments were performed 2-1 4 weeks later. 

Pharmacokinetics 
T,,, was greater with Std-L as compared with L-CR. 

The 10-h area under the curve (AUC,-,,) was greater for 
L-CR as compared with Std-L (p < 0.001) (Table I). The 

TABLE 1. Pharmacokinetic data 
~~ ~ 

Std-L L-CR P 
Mean levodopa (mg/lO h) 439 610 0.001 
AUC,_,, (ng-Mml) 6,945 10,592 0.003 

AUC,-,,, 10-h area under the curve; Std-L, standard carbidopa- 
levodopa; L-CR, sustained-release carbidopa-levodopa. 
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amount of levodopa administered in the form of L-CR 
was 39% greater than that administered in the form of 
Std-L. 

Motor Performance 
The WT, TT, and TMS were better with L-CR, but 

they were not significantly different than with Std-L 
(Fig. 1). Subscores on resting tremor and gait were not 
significantly different between the two preparations. 
There was no significant difference between the dyski- 
nesias scores. 

Using patient diaries, “on” time was significantly 
greater with L-CR as compared with Std-L (Table 2). 
However, there was no difference in the dyskinesias. 

Sickness Impact Profile 
There was an improvement with L-CR in physical 

dimension (ambulation, mobility, body care, and move- 
ment), communication, sleep and rest, home manage- 
ment, and recreation and pastimes. However, only home 
management and mobility scores were statistically sig- 
nificant. There was no significant difference in total SIP 
scores between Std-L and L-CR (Table 3). 

DISCUSSION 
Our study confirms that patients on L-CR require 

fewer doses of levodopa per day, with a decrease in 
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TABLE 2. Data from diaries 
~~ 

Std-L L-CR P 

Awake time “on” 58% 71% 0.029 
Time “on” with dyskinesias 15% 13% NS 

Std-L, standard carbidoya-levodopa; L-CR, sustained-release car- 
bidopa-levodopa; NS, not significant. 

“off” time. Levodopa levels in multiple dosing regimes 
of L-CR as compared with Std-L resulted in more sus- 
tained levodopa levels, with reduced variability in 
plasma levodopa concentrations. Although multiple stud- 
ies have compared the efficacy of Std-L and L-CR, this 
study compared pharmacokinetic evaluations of the two 
preparations. The SIP has not been reported with other 
L-CR studies. 

There was a 39% increase in the levodopa requirement 
with L-CR as compared with Std-L. Other studies have 
also reported that the total levodopa dosage in the form 
of L-CR is 15-35% greater than with Std-L (14-14). 
This is most likely because of the reduced bioavailability 
of L-CR as compared with Std-L. Even though the pa- 
tients had approximately the same amount of bioavail- 
able levodopa in the form of L-CR, they had significantly 
higher AUCs. 

Cedarbaum et al. (17) also compared the pharmacoki- 
netic profile between L-CR and Std-L (25/100) in pa- 
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TABLE 3. Sickness impact profile scores for  standard 
carbidopdlevodopa (Std-L) and sustained-release 

carbidopdevodopa (L-CR): meun values and 
standard errors 

Std-L L C R  P 

Total score 
Phy~ical dimension 

Ambulation 
Mobility 
Body care and movement 

Psychosocial dimension 
Social interaction 
Communication 
Alertness behavior 
Emotional behavior 

Other scales 
Sleep and rest 
Eating 
Home management 
Recreation and pastimes 
Work 

14.2 f 2.3 
12.6 t 2.5 
16.6 f 3. I 
10.9 f 3.3 
11.6 r 2.5 
14.7 t 2.7 
9.9 k 2.3 

25.9 * 5.0 
18.6 f 5.0 
9.2 k 2.8 

20.0 f 4.6 
2.2 f 0.8 

27.5 k 5.9 
22.8 f 4.0 
7.0 t 4.1 

11.2 f 2.2 0.1 
8.6 f 1.9 0.08 

13.3 f 3.2 0.31 
5.0 k 1.6 0.05 
7.8 k 1.9 0.09 

13.9 f 3.4 0.59 
10.3 f 2.8 0.86 
20.9 f 5.3 0.15 
17.7 f 5.6 0.80 
10.0 f 3.1 0.67 

14.3 k 3.2 0.12 
2.0 * 1.0 0.77 

15.6 f 3.4 0.03 
19.0 f 4.4 0.37 
7.0f3.2 0.99 

tients with advanced PD. During treatment with L-CR, 
the patients reported an increase in interdose interval and 
a reduction in the number of doses, and an increase in 
total “on” time. Mean plasma levodopa levels and the 
8-h AUCs were significantly greater during L-CR treat- 
ment. The variability in plasma levodopa levels was sig- 
nificantly reduced with L-CR. Although our results are 
similar to their findings, there are several differences. 
Cedarbaum et a]. (17) reported that the initial levodopa 
C,,, was slightly greater with L-CR administration. In 
our study, the initial C,,, was greater with Std-L. Pa- 
tients in the study by Cedarbaum et al. received a greater 
dose of levodopa in the form of L-CR as the first dose for 
a faster “kick-in.’’ In our study, we used Std-L in these 
patients and hence would not have used a similar high 
dose of L-CR. Similarly, the AUC was much greater in 
the study by Cedarbaum et al. (17). However, their pa- 
tients received greater total levodopa during the 8-h time. 

The plasma levodopa levels and control of symptoms 
were smoother with L-CR as compared with Std-L. This 
is related to the pharmacokinetics of L-CR and the frac- 
tional absorption of the drug (18). Similarly, the patients 
started with better TMS, WT, and TT on L-CR days, 
most likely because of the long duration response of 
L-CR, which caused the patients to have better motor 
control in the morning as compared with Std-L. 

The SIP is a quality-of-life questionnaire with a be- 
havior-based, self-reporting measure of sickness-related 
dysfunction with previously established reliability and 
validity (9,10). The SIP is composed of 12 categories of 
dysfunction: ambulation, mobility, body care and move- 
ment, social interaction, communication, alertness be- 
havior, emotional behavior, sleep and rest, eating, home 

management, recreation and pastimes, and work. The 
scores are based on a scale of 0-100, with higher scores 
indicating greater degree of dysfunction. When Long- 
streth et al. (19) studied the utility of the SIP in PD 
patients, the patients had the greatest dysfunction in the 
mobility, communication, and home management cat- 
egories. In our study, patients on L-CR reported signifi- 
cant improvement in mobility and home management. 
Although the communication scores improved, they did 
not reach statistical significance. As levodopa would be 
unlikely to improve psychosocial dimensions, the SIP 
scores suggest that the quality of life is improved with 
L-CR. There have been reports of other quality-of-life 
questionnaires improving after Std-L is replaced by 
L-CR (20). 

Although titration of Std-L might also have resulted in 
increased “on” time and improved SIP scores, it would 
have required an increased amount of levodopa and also 
an increase in the total number of doses per day. 

The patients underwent pharmacokinetic measure- 
ments in the clinic in an artificial environment. Although 
the patients were encouraged to remain physically active 
between their measurements, a majority of them stayed 
in the clinic area, which resulted in increased stress for 
some patients. One patient who had rare wearing off 
before his follow-up evaluations on L-CR would not turn 
“on” all day, and his measurements had to be repeated. 
Other patients described more fluctuations during the 
day of the evaluations. However, as the same factors 
were present on both of the pharmacokinetic days, we do 
not believe that the stress factors would have signifi- 
cantly changed the results. 
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