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Summary: We compared the pharmacokinetic and motor 
responses of Sinemet and Atamet (generic carbidopa/ 
levodopa) in patients with Parkinson’s disease. Thirty 
Parkinson’s disease patients (10 previously untreated, 10 
with early disease, and 10 with motor fluctuations/ 
dyskinesia) participated in a single-dose double-blind 
study. Following administration of an equivalent oral 
dose of Sinemet and Atamet on two separate days, we 
compared the peak plasma concentration, time to peak 
plasma concentration, area under the curve, total motor 
score, tapping score, and walking time. The mean time to 

Generic drugs are used in place of brand-name 
drugs for financial savings. The use of some generic 
antiepileptic drugs (AEDs) has resulted in toxicity 
and poor seizure control (1,2) because of a lack of 
biologic equivalence of generic AEDs with brand- 
name products (3,4). Drugs can be equivalent in 
terms of chemical, biologic, or therapeutic param- 
eters (5) .  Federal regulations require that generic 
drugs be only bioequivalent to the original product. 
Bioequivalency studies may be in vitro studies, in 
vivo multiple-dose bioavailability studies, or a com- 
bination of the two (6) .  Food and Drug Administra- 
tion guidelines for in vivo studies recommend that 
they be performed in young, healthy persons who 
are within 10% of their ideal body weight and that 
they have a single-dose, randomized, crossover de- 
sign (7). There is an age-related alteration in the 
disposition of oral levodopa in elderly parkinsonian 
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peak plasma concentration was 49 min with Sinemet and 
47 min with Atamet, the mean peak plasma concentration 
was 1,273 ng/ml with Sinemet and 1,153 ng/ml with At- 
amet, and the mean area under the curve was 2,295 kg/ 
mlih with Sinemet and 2,330 pg/ml/h with Atamet. Simi- 
larly, there was no significant difference between total 
motor score, tapping score, or walking time. In this sin- 
gle-dose study, there were no significant differences in 
pharmacokinetic and motor responses between Sinemet 
and  AtametJ  Key Words: Generic-Carbidopa/ 
levodopa-Pharmacokinetics-Parkinson’s disease. 

patients compared with young, healthy volunteers 
(8). Generic carbidopdlevodopa has not been stud- 
ied in Parkinson’s disease (PD) patients; therefore, 
to assess whether generic carbidopa/levodopa is 
bioequivalent to Sinemet in PD patients we per- 
formed a single-dose, double-blind, randomized, 
crossover study with Sinemet and Atamet, which is 
a generic preparation. 

PATIENTS AND METHODS 

Patients 
Thirty subjects with PD (10 previously untreated, 

10 with early disease, and 10 with motor fluctua- 
tions or dyskinesia) were studied. There were 27 
men and three women. Their mean age was 71.5 
years, and their mean disease duration was 4.6 
years. All patients with early disease had had a di- 
agnosis of PD for <5 years (seven had had PD for 
<2 years) without clinical motor fluctuations. None 
of the patients were on Sinemet controlled release 
(CR). Patients with Hoehn and Yahr stages IV and 
V (9) severe or uncontrolled medical problems (in- 
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cluding hemoglobin/hematocrit of < 12 g/d1/30%), 
dementia (Mini-Mental State score <22 of 30), or 
psychosis and women of childbearing age were also 
excluded from the study. 

Experimental Protocol 
Each patient signed informed consent before en- 

try into the study. Medication and food were with- 
held after midnight the night before each study day. 
The patients received Sinemet on one test day and 
an equivalent dose of Atamet on the other day; the 
order of dosing was randomly assigned. The dosing 
was in the form of Sinemet 25/100 or Atamet 25/100. 
The patient and examiner were blinded to the drug 
given. Each patient received the same dose of levo- 
dopa that they had taken as the first dose on the day 
before entry into the study. Previously untreated 
patients received one tablet of Sinemet 25/100 or 
Atamet 25/100. Similarly, eight early-disease pa- 
tients received one tablet, and two patients received 
IY2 tablets. Four patients with motor fluctuations 
received one tablet, one received 1Y2 tablets, two 
received two tablets, two received 2% tablets, and 
one received 31/2 tablets. All other medications were 
taken at the usual time. A low-protein (6 g) break- 
fast was served 30 min after the first evaluations. 

Pharmacokinetics 
Blood samples (3 ml) were collected from a hep- 

arin lock at 8:OO a.m. and at 30-min intervals for 4% 
h. The initial evaluations and blood sampling was 
done before the patient received the medication. 
The blood was immediately centrifuged, and the 
plasma was stored at - 20°C. L-dopa was extracted 
from the plasma with alumina. The internal stan- 
dard dihydroxybenzalamine was added to each 
sample to correct for loss of L-dopa during the ex- 
traction process. The concentration of L-dopa in the 
sample was determined by high-performance liquid 
chromatography using an electrochemical detector 
(10). The peak plasma concentration (C,,,) and 
time to peak plasma concentration (T,,,) were de- 
termined by inspection of the data. The area under 
the curve (AUC) was determined by using the tra- 
pazoidal rule (1 1) .  

Motor Performance 
The total motor score (TMS), tapping total (TT), 

walking time (WT), and dyskinesia score (12) were 
measured every 30 min for 4!h h. The motor section 
of the Unified Parkinson Disease Rating Scale (UP- 
DRS) was scored and totaled to give the TMS. The 

TT was assessed by having each patient alternately 
tap two counters (mounted on a board 20 cm apart) 
with the index finger of the dominant hand for 60 s. 
Walking time was the time in seconds that it took 
each patient to rise, with arms crossed, out of a 
straight-back chair, walk a total of 12 m, and sit 
down. The dyskinesia score was obtained by adding 
the total score using the dyskinesia rating scale (12). 

Statistical Analysis 
The C,,, and AUC values were compared using 

paired t tests, and T,,, and dyskinesia scores were 
examined with the Wilcoxon matched-pairs signed- 
rank test. The TMS, TT, and WT were analyzed by 
repeated-measures ANOVA. The level of signifi- 
cance was p < 0.05. 

RESULTS 

Pharmacokinetics 
No statistically significant difference was found 

between Sinemet and Atamet for Tmax, C,,,, and 
AUC (Fig. 1) .  The mean T,,, was 49 min with 
Sinemet (range, 30-120) and 47 min with Atamet 
(range, 30-150). The mean C,,, (nanograms/ 
milliliter) was 1,273 with Sinemet (range, 513-2,002) 
and 1,153 with Atamet (range, 506-2,010). The 
mean AUC was 2,295 with Sinemet and 2,330 with 
Atamet. Similarly, there were no significant differ- 
ences when the three PD subgroups (previously un- 
treated, with early disease, or with motor fluctua- 
tions or dyskinesia) were separately analyzed. 

Motor Performance 
The TMS, TT, and WT scores over the 4Y2-h pe- 

riod were found to be similar for both drugs. Sub- 
jective reporting by 26 patients showed no differ- 
ence in motor performance with either drug. No 
obvious change in motor fluctuations was observed. 

Adverse Reactions 
Seven patients in the motor fluctuatorddyskine- 

sia group had dykinesia. There was no significant 
difference between the two medications in the se- 
verity of dyskinesia. Two patients complained of 
nausea, and one had emesis with both drugs. 

Drug Preference 
Twenty-three patients noted no difference in mo- 

tor performance or side effects with either drug and 
hence had no drug preference. The majority of 
these patients elected to switch to Atamet because 
of the lower price of the drug. Four patients pre- 
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FIG. 1. Mean plasma dopa con- 
centration, UPDKS motor score, 
walking speed, and tapping score 
for Sinemet and Atamet (n = 30). 
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ferred Sinemet because of smoother control of 
symptoms or faster onset of action, and three pa- 
tients preferred Atamet for the same reasons. 

DISCUSSION 
Because generic medications are marketed with 

emphasis on cost reduction, they do not undergo 
extensive clinical studies similar to brand-name 
drugs. The present study is an inexpensive method 
to assess the bioequivalence of levodopa in PD pa- 
tients. This study found no statistically significant 
difference pharmacokinetically or clinically be- 
tween Sinemet and Atamet in 30 PD patients. 

There are many factors that can affect levodopa 
absorption, including meals, other medications 
taken concurrently, exercise, meal temperature, 
and meal osmolality (13-20). All these factors in 
combination can affect gastric mobility, which can 
result in inter- and intrasubject variability in levo- 
dopa pharrnacokinetics. All these factors were kept 
constant during our study. Since the two arms of 
the study were performed within a week, we do not 
believe that gastric motility would affect intra- 
subject variability significantly. 

We did not find any significant differences in the 
clinical parameters, namely TT, WT, or TMS. 

However, in a long-term open-label study (21) fol- 
lowing conversion to generic carbidopaflevodopa, 
we found that some patients with marked motor 
fluctuations and dose failures experienced clinical 
worsening with generic carbidopaflevodopa. Nutt et 
al. (22) characterized the clinical decline in fluctu- 
ating PD patients and reported that the response to 
levodopa is gradually lost over a period of 3-4 days 
following discontinuation of levodopa. Similarly, 
Hauser et al. (23) studied 13 patients with mild to 
moderate PD and found that after discontinuation of 
levodopa, the UPDRS score declines by day 7 and 
is maximal at day 14. Hence, a single-dose study 
may not demonstrate the change in clinical status 
that can be observed in long-term studies. 

One of the criticisms of the study could be that 
there were too few women who took part. We en- 
tered the first 30 patients who were willing to take 
part. Since we were not trying to balance the groups 
according to their sex, we did not realize this bias 
toward men until the study was completed. Hence, 
further studies are needed to validate these results 
in women. 

In this study we used Atamet from the same 
batch to minimize the variability seen among 
batches. At the present time, there are three differ- 
ent manufacturers of generic carbidopdlevodopa, 
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and some pharmacies stock generic drugs by differ- 
ent companies at different times. Although Atamet 
was bioequivalent to Sinemet in this single-dose 
study, one needs to be aware of the potential for 
variation among the other generic preparations. 
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