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high-performance liquid chromatography–
electrospray ionization–MS/MS method for the
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A sensitive and fast high-performance liquid chromatography–electrospray ionization–MS/MS method for the simultaneous
quantitation of levodopa and carbidopa in human plasma was developed and validated. A simple protein precipitation step
with perchloric acid was used for the cleanup of plasma, and methyldopa was added as an internal standard. The analyses
were carried out using an ACE C18 column (50 � 4.6mm i.d.; 5mm particle size) and a mobile phase consisting of 0.2% formic
acid and acetonitrile (90:10). The triple-quadrupole mass spectrometer equipped with an electrospray source in positive mode
was set up in the selective reaction monitoring mode to detect the ion transitions m/z 198.1 ! m/z 107.0, m/z 227.2 !
m/z 181.0, and m/z 212.1 ! m/z 139.2 for levodopa, carbidopa, and methyldopa, respectively. The method was validated
and proved to be linear, accurate, and precise over the range 50–5000ng/mL for levodopa and 3–600ng/mL for carbidopa.
The proposed method was successfully applied in a pharmacokinetic study with a levodopa/carbidopa tablet formulation in
healthy volunteers. Copyright © 2011 John Wiley & Sons, Ltd.
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INTRODUCTION

Parkinson's disease is a progressive, neurodegenerative disorder
primarily affecting dopaminergic neuronal systems, with impaired
motor function as consequence. [1] Current Parkinson's disease
therapy is largely based on a dopamine replacement strategy,
and the oldest, most efficacious and best tolerated drug for do-
paminergic substitution therapy is levodopa (Fig. 1). [2,3] However,
long-term therapy is often associated with the development of
motor complications because of both the disease progression
and the short half-life of levodopa, which result in the deep
troughs of plasma levodopa levels and the subsequent fluctua-
tions of clinical response. [4] Levodopa administration was im-
proved by the addition of the dopa decarboxylase inhibitors,
such as carbidopa (Fig. 1), which reduces the peripheral degrada-
tion of levodopa to dopamine. [2] The concomitant administration
of levodopa and carbidopa enhances the clinical benefit of levo-
dopa by decreasing its peripheral metabolism, thus providing
more drug for delivery to the brain and conversion into dopa-
mine. By reducing daily levodopa dosage requirements, the addi-
tion of carbidopa also reduces the side effects associated with
levodopa administration. [5,6]

The conventional oral dosage forms of levodopa and carbi-
dopa may produce the fluctuations of drug plasma levels that
J. Mass. Spectrom. 2011, 46, 943–948
either exceed safe therapeutic levels or quickly fall below the
minimum effective level.[7] Thus, the determination of levodopa
and carbidopa in biological fluids has an essential role in the
diagnostics and control of Parkinson's diseases.

The simultaneous quantitation of levodopa and carbidopa in
biological matrix are commonly carried out by using high-perfor-
mance liquid chromatography with electrochemical detection
(HPLC–EC). [8–13] Li et al. [14] have also used HPLC coupled to
diode array detector (DAD) combined with second-order calibra-
tion for the detection of levodopa and carbidopa in the human
plasma samples. Jiang et al. [15] described an HPLC–MS/MS
method for the quantitation of levodopa in rat plasma.

In this paper, an HPLC–electrospray ionization (ESI)–MS/MS
method for the simultaneous quantitation of levodopa and
Copyright © 2011 John Wiley & Sons, Ltd.
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Figure 1. Chemical structures of levodopa (LEV), carbidopa (CAR), and methyldopa (MET) as the IS.

I. C. César et al.

9
4
4

carbidopa in human plasma was developed and validated. The
method was applied to a pharmacokinetic study in healthy
volunteers who received the fixed-dose combination tablets con-
taining levodopa (250mg) and carbidopa (25mg).
EXPERIMENTAL

Chemicals and reagents

Levodopa and carbidopa reference standards were purchased
from the United States Pharmacopoeia (Rockville, MD). Methyl-
dopa (internal standard [IS]) reference standard was purchased
from Brazilian Pharmacopoeia (Rio de Janeiro, RJ, Brazil). Ultra-
pure water was obtained from a Millipore system (Bedford, MA).
Acetonitrile and methanol (HPLC grade) was purchased from
Tedia (Fairfield, OH), and formic acid, perchloric acid, hydrochloric
acid, and sodium metabisulfite (analytical grade) were obtained
from J.T.Baker (Phillipsburg, NJ).

Instrumentation and analytical conditions

The HPLC–ESI–MS/MS analyses were carried out on an Agilent
1200 system (Santa Clara, CA), composed of a quaternary pump,
an autosampler, a column oven, and an API 5000 triple quadru-
pole mass spectrometer (MDS-SCIEX, Concord, Ontario, Canada),
equipped with an electrospray ion source. Analyst Version 1.4.2
software was used for data acquisition and analysis. Liquid chro-
matography separation was performed on an ACE C18 column
(50 � 4.6mm i.d.; 5mm particle size) from ACT (Aberdeen,
Scotland), at 18�C. The mobile phase consisted of 0.2% formic
acid and acetonitrile (90:10), at a flow rate of 0.2mL/min. The
run time was 6.0min, and the injection volume was 10 mL.
Mass spectrometric detection was performed using electro-

spray ion source in positive ionization mode. The turbo-gas tem-
perature was 700�C, with an ion spray voltage of 5500 V and a
declustering potential of 76 for levodopa and carbidopa and 71
for methyldopa. Nitrogen was used as nebulizer gas. Curtain
gas setting was 12, and collision gas setting was 10. The collision
energies were optimized at 35 V for levodopa, 17 V for carbidopa,
and 21 V for methyldopa. Selected reaction monitoring (SRM) was
used for data acquisition. The SRM fragmentation transitions
were m/z 198.1 ! m/z 107.0, m/z 227.2 ! m/z 181.0, and
m/z 212.1!m/z 139.2 for levodopa, carbidopa, and methyldopa,
respectively. The scan dwell time was set at 0.5 s for carbidopa
and 0.25 for levodopa and methyldopa.

Preparation of standard solutions

The stock solution of levodopa, carbidopa, and methyldopa was
prepared by dissolving the accurately weighed reference sub-
stance in methanol and water (7:3). The working solution of
methyldopa (IS) was prepared by diluting the stock solution with
Copyright © 2011 Johnwileyonlinelibrary.com/journal/jms
methanol and water (1:1) to a final concentration of 2000 ng/mL.
All stock solutions were prepared immediately before the use.

Preparation of calibration and quality control samples

Blank plasma was obtained from healthy volunteers, using ethy-
lenediaminetetraacetic acid as anticoagulant. An aliquot of
0.2mL of 10% sodium metabisulfite was added to each 5mL of
blood before centrifugation, aiming to make the blank matrix
similar to that obtained from the volunteers in the pharmacoki-
netic study. Six calibrations samples were prepared by spiking
the appropriate amounts of the stock solutions of levodopa and
carbidopa in this blank plasma. The volume of the stock solutions
added did not exceed 1% of the total plasma volume. Serial dilu-
tions were performed to obtain the concentrations of the calibra-
tion samples in plasma: 50, 100, 500, 1000, 1600, and 5000 ng/mL
for levodopa and 3, 50, 100, 200, 400, and 600ng/mL for carbidopa.
QC samples in plasma were prepared in a similar way, at low,
middle, and high concentrations: 150, 2000, and 4000ng/mL for
levodopa and 9, 250, and 450ng/mL for carbidopa.

Sample preparation

A 50-mL aliquot of the IS solution (2000 ng/mL of methyldopa)
and a 50-mL aliquot of 2M of perchloric acid were added to 250
mL of plasma sample. The sample was vortex mixed for 20 s and
centrifuged at 14000 rpm for 10min at 5�C. Then, the superna-
tant was transferred to a vial, and a 10-mL aliquot was injected
into the chromatographic system.

Method validation

The validation process was carried out according to Guidance for
Industry–Bioanalytical Method Validation, recommended by the
US Food and Drug Administration. [16]

Selectivity was checked by assaying six different plasma blanks
(four normal, one lipemic, and one hemolyzed sample). These sam-
ples were compared with those containing levodopa and carbidopa
at the lower limit of quantification (LLOQ) or methyldopa at
2000 ng/ml. In addition, plasma samples spiked with caffeine
(1 mg/mL), chlorpheniramine (50 ng/mL), metamizole (5 mg/mL),
and acetaminophen (20 mg/mL) were also evaluated to ensure
no interference in the method.

Linearity was studied by analyzing duplicate calibration stan-
dards at six concentration levels in three consecutive days. The
curves were constructed by plotting the peak area ratio of
levodopa or carbidopa to the IS versus the concentration. The cal-
ibration curve model was determined by the least squares analy-
sis. The calibration model was accepted if the residuals were
within �20% at the LLOQ and within �15% at all other calibra-
tion levels and at least two-third of the calibration standards
met this criterion, including the highest and the lowest
J. Mass. Spectrom. 2011, 46, 943–948Wiley & Sons, Ltd.
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Figure 2. Fragmentation spectra of (A) levodopa, (B) carbidopa, and (C) methyldopa (IS) obtained by electrospray ionization in positive ion mode.

Quantitation of levodopa and carbidopa in plasma
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concentrations. Regarding the sensitivity of the assay, the LLOQ
was set at the lowest concentration at which precision and accu-
racy were within �20%, using the analyses of six replicates.
Precision is defined as the coefficient of variation and accuracy

as relative deviation expressed as the percentage error of the cal-
culated value as compared with target-added concentrations. Ac-
curacy and precision were calculated for all three QC levels (150,
2000, and 4000 ng/mL for levodopa and 9, 250, and 450 ng/mL
for carbidopa). Intrarun accuracy and precision were determined
by analysis on the same day of six different samples at each QC
level. The interrun accuracy and precision were determined on
three different days.
The extraction recoveries were analyzed at each of the three

QC levels, in six replicates, by comparing the areas of plasma
samples with those of direct injected standards at the same con-
centration. The recovery of IS was determined in a similar way at
the working concentration (2000 ng/mL of methyldopa).
The peak areas of levodopa, carbidopa, and IS from the spike-

after-extraction samples were compared with those of the stan-
dard solutions in the mobile phase at the same concentrations
to evaluate the matrix effect of the method. This experiment
was carried out with blank plasma samples from six different
donors, at low and high QC concentrations of levodopa and car-
bidopa and working concentrations of methyldopa (2000 ng/mL).
The stability study of levodopa and carbidopa in human

plasma included the evaluation of short-term temperature stabil-
ity (4 h at 23�C), three complete freeze–thaw cycles (�70 to
23�C), and postpreparative stability in the autosampler (36 h at
18�C). The evaluation of stability was performed at low and high
QC levels (150 and 4000ng/mL for levodopa and 9 and 450ng/mL
for carbidopa) in six replicates. Stability was assumed when 85% to
115% of the nominal concentrations were found in the stored
stability samples compared with a freshly prepared set of calibra-
tion curves and QC samples.
Application to a pharmacokinetic study

The proposedmethodwas applied for the quantitation of levodopa
and carbidopa in plasma samples from a pharmacokinetic study of
a tablet formulation containing levodopa (250mg) and carbidopa
(25mg). Fifty-six subjects (28 men and 28 women) with normal
A)

B)

LEV CAR

LEV CAR

Figure 3. SRM chromatograms of (A) blank plasma sample and (B) voluntee

Copyright © 2011 Johnwileyonlinelibrary.com/journal/jms
biochemical parameters participated in the study. The protocol
was approved by the Ethics Committee of Universidade Estadual
de Campinas. The volunteers received a single oral dose of the tab-
let formulation (SinemetW, Merck Sharp & Dohme Ltd.) under fast-
ing conditions. Blood samples (10mL) were collected into amber
tubes, using ethylenediaminetetraacetic acid as anticoagulant at
0, 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2, 2.25, 2.5, 2.75, 3, 3.5, 4, 5, 6, 7,
8, 10, 12, and 24h after drug administration. Immediately after
the withdrawal, 0.2mL of 10% sodium metabisulfite was added
to each 5mL of blood, aiming to avoid the oxidation of levodopa
and carbidopa in the samples. Plasma samples were obtained by
centrifugation and frozen at�70�C until analyses. Pharmacokinetic
parameters including maximum concentration (Cmax), area under
the concentration time curve from zero to the time of last sam-
pling (AUC0–t), and area under the concentration time curve from
zero to infinity (AUC0–1) were calculated.
RESULTS AND DISCUSSION

Conditions for HPLC–ESI–MS/MS

To develop a method with high sensitivity and selectivity, it was
necessary to use liquid chromatography with tandem mass spec-
trometry for the quantitation of levodopa and carbidopa in hu-
man plasma. The MS spectra of levodopa, carbidopa, and
methyldopa were recorded in positive ion mode. [M+H]+ was
the predominant ion in the Q1 spectrum for both analytes and
IS and was used as the precursor ion to obtain product ion spectra.
The most sensitive and selective mass transitions were m/z 198.1
! m/z 107.0, m/z 227.2 ! m/z 181.0, and m/z 212.1 ! m/z
139.2 for levodopa, carbidopa, and methyldopa, respectively,
obtained after the optimization of collision energy. Figure 2 illus-
trates the fragmentation spectra of each compound.

The HPLC conditions were optimized so that the retention time
was kept at 6.0min to assure high throughput. Different mobile
phases containing typical modifiers and buffers (formic acid
and ammonium acetate) and organic solvents (acetonitrile and
methanol) were evaluated for sensitivity. The best results were
achieved with a mobile phase consisting of 0.2% formic acid
and acetonitrile (90:10). The percentage of formic acid was opti-
mized to provide adequate peak shape and to improve the signal
IS

IS

r plasma collected 45min after the oral administration.

J. Mass. Spectrom. 2011, 46, 943–948Wiley & Sons, Ltd.



Table 2. Interrun precision and accuracy for levodopa and carbidopa
by HPLC–MS/MS.

Analyte Nominal
concentration

(ng/mL)

Measured
concentration
(mean� SD)

Precision
(%)

Accuracy
(%)

Levodopa 50 50.2� 4.5 8.9 100

Quantitation of levodopa and carbidopa in plasma
intensities in positive electrospray ionization. The flow rate was
0.2mL/min, aiming to improve the separation between the ana-
lytes and the matrix components that lead to ion suppression.
In addition, lower flow rates resulted in higher sensitivity by pro-
ducing smaller droplets in the ion spray source. The retention
times of levodopa, carbidopa, and methyldopa were 3.9, 4.9,
and 4.5min, respectively (Fig. 3).
150 133� 6.9 5.2 88.5

2000 2070� 84 4.1 104

4000 4370� 95 2.2 109

Carbidopa 3 3.08� 0.42 14 103

9 8.48� 0.57 6.7 94.2

250 259� 13 4.9 104

450 465� 12 2.6 103
Sample extraction

Protein precipitation was the method of choice for the sample
preparation because of its low experimental cost and efficiency.
In addition, liquid–liquid extraction provided low recovery rates
and significant matrix effect for both levodopa and carbidopa, us-
ing different organic solvents. Various precipitant agents were
evaluated (methanol, acetonitrile, acetone, and trichloroacetic
acid) and precipitation of the samples with perchloric acid pro-
vided high extraction efficiency and clean extracts.

Methyldopa was adopted as the IS because of its similarity of
ionization and chromatographic behavior to those of the analytes
and the minimal endogenous interferences in the mass spectro-
metric detection.

The previously reported HPLC methods using electrochemical
or ultraviolet detection present long run time and high solvent
consumption, whereas the developed method using tandem
mass spectrometry presents the advantage of short run time
and high selectivity. In addition, because the method involved
only a simple and rapid protein precipitation step, it may be cer-
tainly applied to high-throughput analysis.
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Method validation

The selectivity study showed that there are no significant interfer-
ences from endogenous compounds at the retention time of the
analytes (Fig. 3). The plasma samples spiked with caffeine, chlor-
pheniramine, metamizole, or acetaminophen did not interfere at
the ion transitions selected for the analytes quantitation.

The calibration curves showed good linearity over the studied con-
centration range (50–5000ng/mL for levodopa and 3–600ng/mL for
carbidopa), with correlation coefficients higher than 0.99 for both ana-
lytes in all calibration curves. All back-calculated standard concentra-
tions were within �15% deviation from the nominal value, except at
the LLOQ, for which the maximum acceptable deviation was set at
�20%. The residuals had no tendency of variationwith concentration.
The obtained LLOQwere 50 and 3ng/mL for levodopa and carbidopa,
respectively.
Table 1. Intrarun precision, accuracy and recovery for levodopa and
carbidopa by HPLC–MS/MS

Analyte Nominal
concentration

(ng/mL)

Measured
concentration
(mean� SD)

Precision
(%)

Accuracy
(%)

Recovery
(%)

Levodopa 50 48.6� 5.9 12 97.2

150 131� 10 7.9 87.2 87.8

2000 2160� 73 3.4 108 82.1

4000 4370� 110 2.5 109 89.4

Carbidopa 3 3.09� 0.44 14 102

9 8.65� 0.47 5.4 96.1 89.4

250 269� 13 4.7 107 81.7

450 474� 8.6 1.8 105 88.4

J. Mass. Spectrom. 2011, 46, 943–948 Copyright © 2011 John
The intra- and interrun precision and accuracy data are sum-
marized in Tables 1 and 2. According to these results, the assay
is accurate and precise for both levodopa and carbidopa in the
studied concentration range. The mean recovery rates of levo-
dopa and carbidopa (n= 18), determined at three concentrations,
were 86.4% and 86.5%, respectively. The mean recovery of the IS
was shown to be 87.1% (n= 18).

No significant ion suppression or enhancement was observed
for any of the analytes because the observed variation in the
mean peak areas did not exceed the range 85%–115%.

The results of stability study showed that no significant degra-
dation of target compounds occurred under the tested condi-
tions, at low and high concentrations. In case of storage at room
temperature, the analytes proved to be stable in plasma samples
for at least 4 h. In the postpreparative stability study, levodopa
and carbidopa were stable for 36 h after sample preparation at
18�C. In addition, the analytes were found to be stable in human
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Figure 4. Plasma concentration–time curve of carbidopa (CAR) and levo-
dopa (LEV) after the oral administration of tablet formulation (levodopa
250mg+ carbidopa 25mg) in 50 healthy volunteers.
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plasma after three complete freeze–thaw cycles on consecutive
days because the mean changes in analyte content were within
�15% of initial concentration.

Application to a pharmacokinetic study

The proposed method was successfully applied to a pharmacoki-
netic study in which plasma concentrations of levodopa and
carbidopa were determined for 24 h after oral administration of
a tablet formulation containing levodopa (250mg) and carbidopa
(25mg) in healthy volunteers. It confirms that the method was
suitable for pharmacokinetic studies of levodopa and carbi-
dopa in human plasma. The main pharmacokinetic parameters
of the drug were calculated, using WinNonLin 5.1 software
(Pharsight Corporation, Mountain View, CA, USA). Themean plasma
concentration–time curves are shown in Fig. 4.
The results showed that the mean Cmax values of levodopa and

carbidopa were 2707 and 119 ng/mL at a time (Tmax) of 1.91 and
2.9 h, respectively. The mean values of AUC0–t obtained were
5715 and 546 ng�h/mL for levodopa and carbidopa, respectively.
The mean values of AUC0–1 were 5877 and 560 ng�h/mL for levo-
dopa and carbidopa, respectively. The extrapolated area of
plasma concentration versus time was not higher than 20% of
AUC0–1 for both analytes, demonstrating the suitability of the
method and experimental design. The obtained pharmacokinetic
profile is in agreement with previous works regarding the simul-
taneous oral administration of levodopa and carbidopa in human
subjects. [8,12]

CONCLUSION

A sensitive and selective HPLC–ESI–MS/MS method was devel-
oped and validated for the simultaneous quantitation of levodopa
and carbidopa in human plasma. The satisfactory precision, accu-
racy, and dynamic range made the method suitable for pharma-
cokinetic and bioequivalence studies of fixed dose combinations
of levodopa and carbidopa in pharmaceutical formulations. In ad-
dition, the simple sample pretreatment procedure made the
method easy and fast to perform.
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