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ABSTRACT

The dose-dependent pharmacokinetics of levodopa (L-dopa) was studied in rabbits by intramuscular administration.  Three 
different doses of L-dopa/carbidopa (2/0.5, 5/1.25, and 10/2.5 mg/kg) were administered to six male rabbits via an intramuscular 
(IM) route, and one dose of L-dopa/carbidopa (2/0.5 mg/kg) was administered via an intravenous (IV) route with a washout period 
of 1-week between different doses. Plasma samples were collected after each treatment and the concentrations of L-dopa and 3-
O-methyldopa (an L-dopa metabolite, 3-OMD) were measured by a sensitive high-performance liquid chromatographic (HPLC) 
method.  Subsequently, these measurements were used to determine the pharmacokinetic behavior of L-dopa and 3-OMD.  The 
results indicated that the absorption of L-dopa was fast with the time to the peak within 30 min, but the formation of 3-OMD was 
slow with the time to the peak of 120-180 min after IM administration.  The IM bioavailability of L-dopa was in the range of 0.70-
1.21, and the relative ratios of the formation of 3-OMD at different doses of L-dopa were in the range of 0.79-1.24.  No statistically 
significant difference could be observed for IM bioavailability of L-dopa or for the relative ratios of the formation of 3-OMD in 
this dose range.  The elimination half-lives of L-dopa and 3-OMD also exhibited no significant differences for each dose after IM 
administration.  In addition, both the area under the curve (AUC) and maximum plasma concentration (Cmax) values of L-dopa and 
3-OMD increased proportionally over the dose range of 2/0.5-10/2.5 mg/kg for L-dopa/carbidopa, suggesting that L-dopa and 3-
OMD obeyed dose-independent pharmacokinetics.
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INTRODUCTION

The administration of dopamine precursors, levodo-
pa (L-dopa) in particular, has been the golden standard 
for the treatment of idiopathic Parkinson’s disease (IPD) 
since the demonstration of dopamine deficiency in the 
basal ganglia of IPD patients.  L-Dopa can be converted 
to dopamine (Figure 1).  However, L-dopa is degraded 
to dopamine by peripheral decarboxylase, which does 
not pass the blood-brain barrier.  Thus, a decarboxylase 
inhibitor needs to be coadministered.  A fixed combina-
tion formulation containing L-dopa and dopa decarbox-
ylase inhibitor in a ratio of 4 to 1 was usually used for 
the treatment of PD patients and also as a dopamine 
replacement agent.  It is particularly effective for the most 
disabling features of the disease, namely bradykinesia and 
rigidity(1-2).  Unfortunately, in some patients who initially 
respond well to L-dopa, the control of motor symptoms 
gradually diminishes through the course of treatment(3). 

Few study has been carried to investigate interac-
tions of L-dopa with polyphenol compounds except for 
nitecapone(4), tolcapone(5-6), and entacapone(7-9), which 
are catechol-O-methyltransferase (COMT) inhibitors and 
may increase the systemic exposure to L-dopa.  There is 
increasing evidence indicating the role of coffee and tea 
drinking modulating the risk of PD(10-12).  In particular, 
green tea polyphenols with many biological effects may 
benefit patients with PD(10,12).  This implies that the poly-
phenols in tea and coffee might play a role as a COMT 
inhibitor of L-dopa metabolism.  Although we do not 
fully understand those specific components of tea which 
have benefits in treating PD, food-drug interactions 
possibly need to be considered.  In general, pharmaco-
kinetics plays roles in drug-drug and drug-food interac-
tions.  Therefore, it is important to understand the phar-
macokinetic phenomena of L-dopa.  To avoid impacts 
of gastrointestinal absorption on drug-drug interactions 
study, IV- and IM-routes of administration are better 
choices.  However, the pharmacokinetics of L-dopa by 
IV or IM administration is rarely described in literatures. 
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On the other hand, the water solubility of L-dopa is poor, 
but can be boosted after being titrated with HCl.  For the 
sakes of safety and tolerance, L-dopa via IM administra-
tion is better than via IV administration.  Therefore, this 
study was aimed to investigate the pharmacokinetics of 
L-dopa at different doses with IM administration using 
rabbit as the animal model and subsequently to determine 
the optimal dose for advanced studies on the interactions 
of L-dopa with other compounds.

MATERIALS AND METHODS

I. Chemicals and Reagents

L-Dopa, carbidopa (an aromatic L-amino acid decar-
boxylase inhibitor), and 3-O-methyldopa (an L-dopa 
metabolite, 3-OMD) were obtained from Sigma Chemi-
cal (St Louis, MO, USA).  HPLC grade of acetonitrile 
(CH3CN), trifluoroacetic acid (TFA), and phosphoric 
acid (85%) were purchased from E. Merck (Darmstadt, 
Germany).  All other chemicals were of analytical grade 
and used without further purification.

II. Preparation of an L-Dopa/Carbidopa Solution

L-Dopa/carbidopa solutions were prepared in 0.1 N 

HCl to obtain 10/2.5, 5/1.25, and 2/0.5 mg/kg solutions for 
IM administration and 2/0.5 mg/kg for IV administration.

III. Apparatus and Chromatographic Conditions 

Plasma L-dopa and 3-OMD concentration were 
simultaneously determined by HPLC with fluorescence 
detector.  Rondelli I method was employed with modifica-
tions(13).  The HPLC system was equipped with a Shimad-
zu LC-10ADVP Pump, an SIL-HTA/HTC autosampler, an 
SPD-10AVP/10AVVP UV detector, and a CLASS-VP Ver. 
6.1 system manager as the data processor (Shimadzu, 
Kyoto, Japan).  Separation was effected on a Biosil ODS 
column (150 mm × 4.6 mm I.D., 5 µm, Biotic Chemical 
Co., Ltd., Taipei, Taiwan).  The mobile phase consisted of 
30% CH3CN and 0.5% phosphoric acid (pH 5.0) at a flow 
rate of 1.2 mL/min.  The fluorescence detector was set 
at 280 nm for excitation and 315 nm for emission.  Typi-
cal chromatograms are shown in Figure 2.  The standard 
curves show linearity over the concentration ranges of 
0.025−1.5 µg/mL for L-dopa and 0.05−2.5 µg/mL for 3-
OMD.  The within run and between run precision were 
2.5−12.6% and 5.2−9.8%, respectively, for L-dopa, and 
were 1.0−11.2% and 3.9−8.6%, respectively, for 3-OMD. 
In addition, the within run and between run accuracy 
were -6.2−7.2% and -2.2−3.5%, respectively, for L-dopa, 
and were -6.2−0.0% and -3.9−-1.9%, respectively, for 

Figure 1. Metabolism of levodopa (L-dopa).
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3-OMD.  Samples with concentration over the standard 
curve range were diluted before assay.  The 2- and 5 times 
dilution integrity test showed within run and between 
run precision were 3.1−8.3% and 6.6−8.6%, respectively, 
for L-dopa, and were 2.9−7.8% and 4.4−6.9%, respective-
ly, for 3-OMD. In addition, the 2- and 5 times dilution 
integrity test also showed the within run and between run 
accuracy were -2.4−13.2% and 2.5−7.0%, respectively, 
for L-dopa, and were -6.2−2.2% and -4.8−0.9%, respec-
tively, for 3-OMD.  The extraction recoveries were 94.6 
and 101.0% for L-dopa and 3-OMD, respectively.  The 
inter-assay coefficient of variation (CV) and relative error 
(RE) were less than 10.4 and 12.4% for L-dopa, and 7.3 
and 6.9% for 3-OMD.

IV. Sample Preparation 

Two hundred microliters of plasma in a clean culture 
tube was added 200 µL of 10% (v/v) TFA solution.  After 
vortex-mixing for 1 min, samples were centrifuged for 5 
min at 1,945 ×g.  Finally, an aliquot (10 µL) of superna-
tant was injected into the HPLC system.

V. Animal Study 

Six male New Zealand white rabbits weighing 
2.1−3.1 kg were used in the pharmacokinetic studies. 
The rabbits were starved overnight before dosing.  The 
experiments were conducted by single IV administra-
tion of 2/0.5 mg/kg of L-dopa/carbidopa.  Subsequently, 
three different doses of L-dopa/carbidopa (2/0.5, 5/1.25, 
or 10/2.5 mg/kg) were administered via an IM injection 
in the thigh muscle.  A minimum 1-week was allowed 
for washout between each treatment.  Blood samples (1.0 
mL) were collected at 0 (before drug administration), 5, 
10, 15, 20, 30, 45, 60, 75, 90, 120, 150, 180, 240, 360, 480, 
600, and 1440 min from the marginal vein of the ear after 

each treatment, and were immediately placed in ice bath. 
Plasma was separated by centrifugation at 1,945 ×g for 
5 min, acidified by adding 20 µL of 20% v/v phosphoric 
acid, and stored at -80°C until analyzed.

VI. Pharmacokinetic Analysis 

All pharmacokinetic parameters were calculat-
ed using the pharmacokinetic software WinNonlinTM 
(version 5.2, Pharsight Corp., Mountain View, CA, USA) 
by the non-compartmental method.  The maximum 
plasma concentration (Cmax) and the time to reach Cmax 
(tmax) were directly obtained from the plasma concen-
tration-time curves.  The elimination rate constant (Ke) 
was determined by simple linear regression based on 
the terminal log-linear part of the plasma concentra-
tion-versus-time profile.  The apparent elimination half-
life (t1/2) was calculated as 0.693/Ke. Summations of the 
area under the plasma concentration-time curve from 0 to 
the last quantifiable concentration (AUC0-t) were calcu-
lated by the linear trapezoidal method.  The summation 
of area under the plasma concentration-time curve from 
0 to infinity (AUC0-∞) were calculated by extrapolating 
AUC0-t to infinity using the last quantifiable concentra-
tion (Cn) divided by Ke.  The IM bioavailability (BA) of 
L-dopa, the relative formation ratio (RFR) of 3-OMD, 
and the metabolic ratio (MR) were calculated as follows: 
(1) �BA (L-dopa) = ([AUC0-∞]IM, L-dopa/DoseIM, L-dopa)/

([AUC0-∞]IV, L-dopa/DoseIV, L-dopa), 
(2) �RFR (3-OMD) = ([AUC0-∞]IM, 3-OMD/DoseIM, L-dopa)/

([AUC0-∞]IV, 3-OMD/DoseIV, L-dopa), and 
(3) �MR = ([AUC0-∞]3-OMD)/([AUC0-∞]L-dopa), respectively.

VII. Statistical Analysis 

Pharmacokinetic parameters are reported as the 
mean ± S.D.. Statistical analysis of pharmacokinetic 

Figure 2. Typical chromatograms of (A) authentic compound, (B) drug-free plasma, (C) L-dopa and 3-OMD after 5 min by intravenous 
administration. 1. L-dopa; 2. 3-OMD.
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parameters estimated at various doses was performed 
by the two-way analysis of variance with p < 0.05 as the 
minimal level of significance.

RESULTS AND DISCUSSION

I. Pharmacokinetic Parameters of L-Dopa Obtained from 
Rabbit Plasma after IV and IM Administration 

The plasma concentration-time profiles for L-dopa 
are shown in Figure 2, and pharmacokinetic parameters 
are summarized in Table 1.  After IM administration, 
the absorption of L-dopa was fast with tmax occurring 
within 15-30 min.  The observed Cmax values of L-dopa 
were 1.32 ± 1.07, 2.81 ± 2.03, and 8.04 ± 4.84 µg/mL, 
respectively, after IM administration of 2/0.5, 5/1.25, and 
10/2.5 mg/kg of L-dopa/carbidopa.  A linear relationship 
existed between the dose and Cmax.  The half-lives of L-
dopa for the doses of 2/0.5, 5/1.25, and 10/2.5 mg/kg of L-
dopa/carbidopa by IM administration were 470.3 ± 522.1, 
1016 ± 910, and 1071 ± 1492 min, respectively.  After IV 

administration of L-dopa/carbidopa at a dose of 2/0.5 
mg/kg, the half-life was 566.4 ± 265.6 min.  Half-lives 
obtained after IM administration of L-dopa/carbidopa at 
doses of 5/1.25 and 10/2.5 mg/kg were longer than those 
obtained from doses of 2/0.5 mg/kg by IV or IM admin-
istration.  However, they did not exhibit any statistical-
ly significant differences.  After IV administration at a 
dose of 2/0.5 mg/kg, the AUC0-t and AUC0-∞ values of 
L-dopa were 184.0 ± 197.8 and 249.7 ± 261.2 µg/min/mL, 
respectively.  In addition, for IM administered doses of 
L-dopa/carbidopa of 2/0.5, 5/1.25, and 10/2.5 mg/kg, the 
AUC0-t and AUC0-∞ values of L-dopa were 129.0 ± 159.3 
and 188.9 ± 274.1; 399.9 ± 276.0 and 610.5 ± 581.2; and 
748.6 ± 369.9 and 1070.0 ± 913.4 µg/min/mL, respec-
tively.  A linear relationship also existed between the 
dose and AUC0-∞ at this dose range after IM adminis-
tration.  The IM calculated bioavailabilities were 0.70 ± 
0.40, 1.21 ± 0.67, and 1.03 ± 0.45, respectively, for doses 
of L-dopa/carbidopa of 2/0.5, 5/1.25, and 10/2.5 mg/kg, 
and no statistically significant differences were observed 
among the three doses after IM administration.  On the 
other hand, as shown in Table 1, neither the dose-normal-

Table 1. Pharmacokinetic parameters for levodopa (L-dopa) and 3-O-methyldopa (3-OMD) after intravenous and intramuscular administration 
of L-dopa/carbidopa at doses of 2/0.5, 5/1.25, and 10/2.5 mg/kg, respectively, to six rabbits. Values are expressed as the mean ± S.D. (n = 6)

L-dopa/carbidopa dose (mg/kg)

Intravenous administration Intramuscular administration

2/0.5 2/0.5 5/1.25 10/2.5

Parameter L-dopa 3-OMD L-dopa 3-OMD L-dopa 3-OMD L-dopa 3-OMD

AUC0-t 
(µg/min/mL) 184.0 ± 197.8 382.2 ± 193.5 129.0 ± 159.3 251.5 ± 198.2 399.9 ± 276.0 1151.4 ± 807.3 748.6 ± 369.9 2157.9 ± 1071.1

AUC0-∞ 
(µg/min/mL) 249.7 ± 261.2 459.1 ± 203.4 188.9 ± 274.1 337.1 ± 200.1 610.5 ± 581.2 1383.5 ± 1008.2 1070.0 ± 913.4 2379.1 ± 1296.0

Cmax 
(µg/mL) 0.85 ± 0.29 1.32 ± 1.07 0.47 ± 0.26 2.81 ± 2.03 1.61 ± 0.80 8.04 ± 4.84 3.31 ± 1.27

tmax 
(min) 45.0 ± 9.5 19.2 ± 8.6 112.5 ± 26.4 27.5 ± 11.3 175.0 ± 35.1 15.8 ± 4.9 130.0 ± 31.0

t1/2 
(min) 566.4 ± 265.6 503.7 ± 206.6 470.3 ± 522.1 466.2 ± 172.1 1016 ± 910 469.3 ± 115.5 1071 ± 1492 377.6 ± 97.4

BA 0.70 ± 0.40 1.21 ± 0.67 1.03 ± 0.45

RFR 0.79 ± 0.33 1.24 ± 0.55 1.06 ± 0.35

MR 2.74 ± 1.59 3.18 ± 1.67 2.47 ± 0.72 2.67 ± 1.21

Normalized

AUC0-∞ 
(µg/min/mL) 124.9 ± 130.6 229.6 ± 101.7 94.5 ± 110.3 168.6 ± 193.1 122.1 ± 116.2 276.7 ± 201.6 107.0 ± 91.4 237.9 ± 129.6

Cmax 
(µg/mL) 2.50 ± 1.99 0.43 ± 0.15 0.66 ± 0.71 0.23 ± 0.26 0.56 ± 0.40 0.32 ± 0.16 0.80 ± 0.48 0.33 ± 0.13

a AUC0-t, the area under the plasma concentration-time curve from 0 to the last quantifiable concentration; AUC0-∞, the plasma 
concentration-time curve from 0 to infinity; Cmax, maximum plasma concentration; tmax, the time to reach Cmax; t1/2, half-life; BA, 
bioavailability; RFR, relative formation ratio; MR, metabolic ratio.
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izing AUC0-∞ nor Cmax showed any statistically signifi-
cant differences among these doses after IM administra-
tion.  The pharmacokinetic parameters of bioavailability, 
elimination half-life, dose-normalized AUC0-∞, and Cmax 
did not show statistically significant differences for each 
dose after IM administration, indicating that L-dopa 
exhibited dose-independent pharmacokinetics following 
IM administration over the dose range of 2/0.5−10/2.5 
mg/kg of L-dopa/carbidopa.

II. Pharmacokinetic Parameters of 3-OMD Obtained from 
Rabbit Plasma after IV and IM Administration 

The plasma concentration-time profiles for 3-OMD 
are shown in Figure 3, and the pharmacokinetic param-
eters are summarized in Table 1.  The tmax values were 
113−175 min after IM administration; however, tmax was 
about 45 min for IV administration.  This indicated that 
the formation of 3-OMD was slower after IM administra-
tion of L-dopa/carbidopa, in comparison to IV adminis-
tration.  The observed Cmax values of 3-OMD were 0.47 
± 0.26, 1.61 ± 0.80, and 3.31 ± 1.27 µg/mL, respectively, 
after IM administration of 2/0.5, 5/1.25, and 10/2.5 mg/
kg of L-dopa/carbidopa.  A linear relationship existed 
between the dose and Cmax.  After IV administration, 
the observed Cmax of 3-OMD was 0.85 ± 0.29 µg/mL, 
which was greater than that of the same dose of 2/0.5 
mg/kg after IM administration.  Obviously, the observed 
tmax of 3-OMD was much shorter after IV administra-
tion, and subsequently a higher Cmax value was obtained.  
The half-lives of 3-OMD at doses of L-dopa/carbidopa 
of 2/0.5, 5/1.25, and 10/2.5 mg/kg by IM administra-
tion were 466.2 ± 172.1, 469.3 ± 115.5, and 377.6 ± 97.4 
min, respectively.  After IV administration at a dose of 
2/0.5 mg/kg, the half-life was 503.7 ± 206.6 min.  The 
results indicated the half-lives of 3-OMD of no statisti-
cally significant differences among these doses after IM 
administration or between IV and IM administration 
routes.  After IV administration at a dose of 2/0.5 mg/kg 
of L-dopa/carbidopa, the AUC0-t and AUC0-∞ values of 3-
OMD were 382.2 ± 193.5 and 459.1 ± 203.4 µg/min/mL, 
respectively.  In addition, for doses of 2/0.5, 5/1.25, and 
10/2.5 mg/kg after IM administration, the AUC0-t and 
AUC0-∞ values of 3-OMD were 251.5 ± 198.2 and 337.1 
± 200.1, 1151.4 ± 807.3 and 1383.5 ± 1008.2, and 2157.9 
± 1071.1 and 2379.1 ± 1296.0 µg/min/mL, respectively.  
A linear relationship was found between the dose and 
AUC0-∞ in this dose range after IM administration.  The 
relative ratios of the formation of 3-OMD were 0.79 ± 
0.33, 1.24 ± 0.55, and 1.06 ± 0.35, respectively, for the 
IM administration of 2/0.5, 5/1.25, and 10/2.5 mg/kg of 
L-dopa/carbidopa, and no statistically significant differ-
ences were observed among these doses.  It seems that 
the relative ratio for the formation of 3-OMD was simi-
lar to the bioavailability of L-dopa at each dose.  There-
fore, we inferred that L-dopa was metabolized to 3-OMD 
and a constant ratio existed at the range of 2/0.5 to 10/2.5 

mg/kg.  On the other hand, as shown in Table 1, neither 
the dose-normalizing AUC0-∞ nor Cmax values exhibited 
statistically significant differences among these doses 
after IM administration. Pharmacokinetic parameters 
of bioavailability, elimination half-life, dose-normal-
ized AUC0-∞, and Cmax showed no statistically signifi-
cant differences for each dose after IM administration, 
indicating that 3-OMD also exhibited dose-independent 
pharmacokinetics following IM administration over the 
dose range of 2/0.5−10/2.5 mg/kg of L-dopa/carbidopa.

Many reports generally agreed that 3-OMD is an 
important negative determinant of the clinical response 
to L-dopa(14-18).  Increased 3-OMD concentrations in 
circulation or a high ratio of 3-OMD/L-dopa in plasma 
have been correlated with the poor response of Parkinso-

Figure 3. Plasma concentration-time profiles for levodopa after the 
intravenous (IV) administration of L-dopa/carbidopa at a dose of 
2/0.5 mg/kg (♦) and intramuscular (IM) administration of doses of 
2/0.5 (■), 5/1.25 (▲), and 10/2.5 (×) mg/kg, respectively, to six rabbits. 
Data are shown as the mean ± S.D.

0 200 400 600 800 1000 1200 1400

Time (min)

L-
D

op
a

C
on

ce
nt

ra
tio

n
(m

cg
/m

L)

10.00

1.00

0.10

0.01

Figure 4. Plasma concentration-time profiles for 3-O-methyldopa 
(3-OMD) after the intravenous (IV) administration of L-dopa/
carbidopa at a dose of 2/0.5 mg/kg (♦) and intramuscular (IM) 
administration of doses of 2/0.5 (■), 5/1.25 (▲), and 10/2.5 (×) mg/kg, 
respectively, to six rabbits. Data are shown as the mean ± S.D.
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nian patients to L-dopa therapy.  Furthermore, a previous 
report showed measurements of COMT activity in eryth-
rocytes from several animal species and also demonstrat-
ed that the value of COMT activity in the rabbit was clos-
est to the human value(19).  As shown in Table 1, AUC0-∞ 
values of 3-OMD were greater than those of L-dopa.  The 
AUC ratios of 3-OMD/L-dopa were 3.18 ± 1.67, 2.47 ± 
0.72, and 2.67 ± 1.21 for doses of 2/0.5, 5/1.25, and 10/2.5 
mg/kg of L-dopa/carbidopa, respectively, after IM admin-
istration.  Following IV administration, the AUC ratio of 
3-OMD/L-dopa was 2.74 ± 1.59.  As the data show, AUC 
ratios of 3-OMD/L-dopa were similar among these doses 
after IM administration and were also similar between 
the IM and IV administration routes, indicating that AUC 
ratios of 3-OMD/L-dopa were dose-independent.  In addi-
tion, good linear relationships also existed for AUC0-∞ as 
well as Cmax between L-dopa and 3-OMD over the dose 
range after IM administration.  Therefore, at the doses 
of 2/0.5, 5/1.25, and 10/2.5 mg/kg of L-dopa/carbidopa, 
L-dopa, 3-OMD, and the AUC ratios of 3-OMD/L-dopa 
could be used as indicators to evaluate interactions 
between L-dopa and other compounds in the rabbit.

CONCLUSIONS

The present study demonstrates that the pharmaco-
kinetic parameters of L-dopa and 3-OMD were indepen-
dent of dose over the dose range of 2/0.5−10/2.5 mg/kg of  
L-dopa/carbidopa after IM administration in rabbits. 
Within this dose range, the IM bioavailability was about 
0.70-1.21 and the relative formation ratio of 3-OMD was 
about 0.79-1.24.  In addition, AUC ratios of 3-OMD/ 
L-dopa after IM administration were 2.47-3.18.  To evalu-
ate interactions between L-dopa and other compounds in 
rabbits, doses of L-dopa/carbidopa of 2/0.5−10/2.5 mg/kg 
are suitable.  L-Dopa, 3-OMD, and the AUC ratios of 3-
OMD/L-dopa can be used as indicators to evaluate interac-
tions between L-dopa and other compounds in the rabbit.
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