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bstract

The kinetic H-point standard addition method (HPSAM) was applied to the simultaneous determination of levodopa and carbidopa. The method
as based on the difference in the rate of oxidation of these compounds with Cu(II)–neocuproine system and formation of Cu(I)–neocuproine

omplex at pH 5.5. The absorbance of the Cu(I)–neocuproine complex was monitored at 453 nm. Experimental conditions such as pH, reagent

oncentrations, ionic strength and temperature were optimized. Simultaneous determination of levodopa and carbidopa was performed in the range
f 0.8–4 and 0.2–1.5 �g ml−1, respectively. The proposed method was applied to the simultaneous determination of levodopa and carbidopa in
harmaceutical samples, and satisfactory results were obtained.

2007 Published by Elsevier B.V.
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. Introduction

Levodopa (l-dopa), [(−)-3-(3,4-dihydroxyphenyl)-l-ala-
ine] and carbidopa [(−)-l-2-(3,4-dihydroxybenzyl)-2-hydra-
inopropionic acid] are catecholamines with an alkylamine
hain attached to a benzene ring bearing two hydroxyl groups.
evodopa, the medication of choice for the treatment of Parkin-
on’s disease, is principally metabolized by an enzymatic
eaction (dopa-decarboxylase) to dopamine compensating for
he deficiency of dopamine in the brain [1]. Parkinson’s disease
s a progressive neurological disorder that occurs when the brain
ails to produce enough dopamine. This condition causes tremor,
uscle stiffness or rigidity, slowness of movement (bradyki-

esia) and loss of balance. Dopamine cannot be administered
irectly because it cannot penetrate the blood–brain barrier.
herefore, levodopa, which can be orally administered, is used

o provide a source of dopamine, and is used in the treatment
f Parkinson’s disease to provide symptomatic relief to most

atients at the initial stages of the disease.

However, elevated levels of dopamine also cause adverse
eactions such as nausea, vomiting and cardiac arrhythmias [2].

∗ Corresponding author. Tel.: +98 711 6305881; fax: +98 711 2286008.
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arbidopa has been used as an inhibitor of the decarboxylase
ctivity. By administering levodopa combined with carbidopa,
he concentration of dopamine is controlled at an appropriate
evel effectively and with generally reduced side effects.

In order to achieve better curative effect and lower toxi-
ity, it is very important to control the content of levodopa
nd carbidopa in pharmaceutical tablets. Various methods like
pectrophotometry [3–5], gas chromatography (GC) [6], high
erformance liquid chromatography (HPLC) [7], chemilumi-
escence [8,9], amperometric and voltammetric determination
10–12], potentiometry [13], radio-immunoassay [14] and flow
njection analysis (FIA) [15–17] have been described in litera-
ure for the determination of levodopa or carbidopa in various
iological samples and pharmaceutical preparations.

Their simultaneous determination in pharmaceutical prepara-
ions and biological fluids has been traditionally achieved using
igh performance liquid chromatography (HPLC) [18–20]. In
ecent years, capillary electrophoresis (CE) has been alterna-
ively used, and several separation methodologies have been
eveloped in order to resolve both compounds and their enan-
iomers [21–23]. A method utilizing NMR spectroscopy has also

een developed [24]. However, simultaneous spectrophotomet-
ic determination of levodopa and carbidopa has rarely been
eported. The only few methods reported recently [25,26] lacks
igh sensitivity and thus there is a need for a simple, accurate and

mailto:safavi@chem.susc.ac.ir
dx.doi.org/10.1016/j.jpba.2007.02.020
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ensitive method for simultaneous determination of levodopa
nd carbidopa.

The modification of the standard addition method is called
H-point standard addition method (HPSAM)” [27,28] and is
sed where the error resulting from the presence of a direct
nterference in the presence of an analyte is transformed into a
ystematic error. This error can then be evaluated and eliminated.
his method also permits both proportional and constant errors
roduced by the matrix of the sample to be corrected. In 1991,
ampı́ns-Falco and coworkers [29] established the application
f HPSAM to kinetic data for simultaneous determination of
inary mixtures or the calculation of analyte concentration com-
letely free from bias error. The greatest advantage of HPSAM
s that, it can remove errors resulting from the presence of an
nterfering and blank reagent. So, HPSAM can determine the
wo components simultaneously [30–41]. If another version of
PSAM involving the use of the absorbance increment as ana-

ytical signal is employed using �At1–t2, the resulting graph will
llow the analyte concentration, CX, to be calculated with no
ystematic, constant, or proportional error thanks to the intrin-
ic features of the HPSAM and the nature of standard addition
ethod.
This work describes a simple, inexpensive and accurate

ethod for the simultaneous kinetic determination of lev-
dopa and carbidopa. The formation of a charge-transfer
omplex between Cu(I) and neocuproine (Nc) (2,9-dimethyl-
,10-phenantheroline) [42] is the basis of the existing
pectrophotometric method for the indirect determination of
evodopa and carbidopa.

The proposed method is based on the difference between
he rate of the reactions of levodopa and carbidopa with Cu(II)
n the presence of neocuproine in a buffered medium. The
bsorbance of the complex formed, i.e. [Cu(Nc)2]+, was mon-
tored at the maximum wavelength of 453 nm as a function
f time. Difference in kinetic behavior of levodopa and car-
idopa accompanied with mathematical treatment of data, using
PSAM permits simultaneous analysis of the two compounds.
lso, for the determination of levodopa in the presence of car-
idopa, the absorbance increment as an analytical signal can
e employed in another version of HPSAM to allow the ana-
yte concentration, Clevodopa to be calculated with no systematic,
onstant or proportional error due to the intrinsic features of the
PSAM.

. Experimental

.1. Chemicals

An ethanolic stock solution of neocuproine (Nc)
3.0 × 10−2 M) was prepared by dissolving 0.1562 g of
c (Merck) in ethanol and diluting to 25 ml with the same

olvent. Copper stock solution, 0.1 M, was prepared by dis-
olving 0.6040 g of Cu(NO3)2·3H2O in water and diluting to

5 ml. Hydrochloric and acetic acid solutions (1.0 M) were
repared by dilution of their concentrated solutions (Fluka).
aOH stock solution (1.0 M) was prepared by dissolving 4.0 g
f NaOH (Merck) in water and diluting to 100 ml with distilled

n

i
[

nd Biomedical Analysis 44 (2007) 313–318

ater. Acetic-acetate buffer (pH 5.5, 1.0 M) was prepared
y using acetic acid (1.0 M) and sodium hydroxide (1.0 M)
olution and adjusting the pH with a pH-meter to 5.5. A stock
olution of levodopa (1500 �g ml−1, Fluka) was prepared daily
y dissolving 15.0 mg of levodopa in a minimum amount
f a weak acidic solution and diluting to 10 ml with water.
arbidopa stock solution (300 �g ml−1, Fluka) was prepared
aily by dissolving 3.0 mg of carbidopa in water and diluting
o 10 ml. All chemicals used were of analytical reagent grade.
riply distilled water was used throughout.

.2. Instruments

The absorbance measurements as a function of time, were
ade using a Shimadzu 1601 PC UV–Vis spectrophotometer

ttached to a Pentium 200 MHz computer. Measurements of pH
ere made with a Metrohm 780 pH-meter using a combined
lass electrode.

.3. Procedure

The solution containing Cu(II) and neocuproine reagents was
repared in 100 ml flask by the addition of 20 ml of stock Nc
olution, 6 ml of stock Cu(II) solution, 20 ml of buffer solution
pH 5.5, 1.0 M) and diluting with water to the mark. For each
easurement, 3 ml of the reagent solution was transferred to

he spectrophotometric cell and the absorbance of this solution
as zeroed at 453 nm before injecting the analyte(s). Then, an

ppropriate amount of levodopa and/or carbidopa in the concen-
ration ranges of 0.80–4.00 and 0.20–1.50 �g ml−1, respectively,
as injected into the cell using a 100-�l syringe and stirred
anually for few seconds. The variation of the absorbance

ersus time was recorded immediately. The absorbance was
easured at 453 nm with 1 s time intervals for each sam-

le. Simultaneous determination of levodopa and carbidopa
ith HPSAM was performed by measuring the absorbances

t 12 and 100 s after initiation of the reaction for each
ample.

For the analysis of real samples, eight commercially available
ablets (SINEMET® PLUS RETARD) containing levodopa and
arbidopa were weighted and ground and the solution was pre-
ared by dissolving a certain amount of grounded tablets in the
eak acidic solutions and filtering the solution. Three milliliters
f the prepared solution containing levodopa and carbidopa was
nalyzed (n = 3) by the proposed method.

. Results and discussion

.1. Principle of the method

The Cu(II)–Nc system allows the spectrophotometric deter-
ination of a reducing agent, Ared, provided that the redox

eaction:
Cu2+ + 2nNc+Ared → n[Cu(Nc)2]+ + AOX

s complete with the formation of an equivalent amount of
Cu(Nc)2]+ with respect to the n-electron reductant, Ared.
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Fig. 2. Effect of pH of Cu(II)–Nc solution on the reaction rates of (a) levodopa
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ig. 1. Absorbance changes of Cu(II)–Nc system vs. time in the reaction with
1) carbidopa (1.5 �g ml−1), (2) levodopa (2.0 �g ml−1) and (3) a mixture of
arbidopa (1.5 �g ml−1) and levodopa (2.0 �g ml−1) recorded at 453 nm.

opper(II) is a strong oxidizing agent only when its reduction
roduct, Cu(I), is stabilized by a strong complex-forming
igand, e.g. Nc. The standard potential of the Cu(II)–Cu(I)
ouple (0.17 V) is shifted to more positive values by preferential
omplexation of Cu(I). The stronger the reductant, the more
uantitative will be the reduction of Cu(II) with the subsequent
ormation of [Cu(Nc)2]+ [42].

The reduction of Cu(II) to Cu(I) by levodopa and carbidopa
s taken place in the presence of Nc. Subsequent complex for-

ation between the resulted Cu(I) and Nc produces [Cu(Nc)2]+

hat has a maximum absorbance at 453 nm. Difference in kinetic
ehavior of the two analytes accompanied with mathematical
reatment of data using HPSAM permits simultaneous analysis
f the two compounds. As it is illustrated in Fig. 1, the reac-
ion rate of carbidopa with Cu(II)–Nc system was very low and
he difference in the absorbance was very small. However, the
eaction rate of levodopa is faster.

.2. Effect of operational parameters

Selectivity is one of the most important requirements of any
nalytical method. Employing suitable experimental conditions
uch as pH, concentration of Nc and Cu(II) and using desirable
athematical algorithms can improve selectivity. The kinetic

ehavior of most chemical species in chemical reactions can be
ontrolled by changing the microenvironment of reaction.

.2.1. Effect of pH
The effect of pH on the reaction rates of levodopa and car-

idopa over the pH range of 3.0–6.5 was examined. Increase in
H up to 5.5, caused an increase in the reaction rates for levodopa
Fig. 2(a)). However, over the examined range of pH, no signif-
cant change in the reaction rate of carbidopa with Cu(II)–Nc
ystem was observed (Fig. 2(b)). So, pH 5.5 was chosen as the
ptimum pH value for simultaneous determination of levodopa
nd carbidopa and was used in further studies.
.2.2. Effects of Cu(II) and neocuproine concentrations
The effect of Cu(II) concentration, at constant concentration

f Nc (6.0 × 10−3 M), was studied. The increase of Cu(II) con-

w
o
s
a

2.0 �g ml−1) and (b) carbidopa (2.0 �g ml−1) systems. Experimental condi-
ions: temperature 25.0 ◦C, 6.0 × 10−3 M Cu(II) and 6.0 × 10−3 M Nc. �A was
alculated as the difference in the absorbances at 40 and 250 s.

entration up to 6.0 × 10−3 M caused an increase in the reaction
ate of levodopa with Cu(II)–Nc system. However, Cu(II) con-
entrations above 6.0 × 10−3 M decreased the reaction rate of
evodopa. The increase of Cu(II) concentration caused no sig-
ificant change in the reaction rate of carbidopa with Cu(II)–Nc
ystem. The oxidizing power of Cu(II) in a solution contain-
ng Nc is dependent on the ease of formation of [Cu(Nc)2]+.
t high concentrations of Nc with respect to Cu(II), the reaction

ate of levodopa with Cu(II)–Nc system is decreased. This might
e due to the fact that high concentrations of Nc would result
n a positive interference from Cu(II) which could have arisen
rom incomplete conversion of Cu(I) into the Cu(I)–Nc com-
lex via mixed ligand complex formation. On the other hand,
large excess of Cu(II) with respect to Nc can also exhibit an

ffinity for Nc, thereby preventing the preferential quantitative
ormation of [Cu(Nc)2]+. Thus, large excess of Cu(II) competes
ith Cu(I) for complex formation with Nc [42]. The experimen-

al results showed that 1:1 ratio of Nc and Cu(II) was the best
atio for further work. Among the 1:1 ratios of Cu(II) and Nc
ith different equal concentrations, the concentration ratio of
.0 × 10−3 M:6.0 × 10−3 M was the best because this concen-
ration provides higher sensitivity and reasonable time interval
or analysis of levodopa.

.2.3. Effect of surfactants
Micelles change the effective microenvironment around dis-

olved solutes and as a consequence their physicochemical
roperties, such as rate constant, spectral profile, etc., can be
ffected. The fact that micelles can accelerate reactions has been
ncreasingly exploited in the last few years to improve the fea-
ures of both catalytic [43–45] and non-catalytic [46] kinetics

ethods [47]. Micelles can alter reaction kinetics through their
ate, control pathways, change reaction mechanisms and/or the
bserved rate constant ratio of two or more species interacting

ith a common reagent. Because micelles can affect the kinetics
f reactions; the effects of addition of different surfactants on the
ystem was studied under optimum conditions. Cetyltrimethyl
mmonium bromide (CTAB) as a cationic surfactant, sodium
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odecyl sulfate (SDS) as an anionic surfactant and Triton X-100
s a nonionic surfactant were selected at concentrations above
heir critical micelle concentrations (cmc). However, none of
hese had a significant effect on the reaction rates of levodopa
nd carbidopa with Cu(II)–Nc system.

.2.4. Effect of ionic strength
The influence of ionic strength on the reaction rates of lev-

dopa and carbidopa was studied by the addition of KNO3 up
o 0.5 M. Increase in the ionic strength (i.e. increase in KNO3
oncentration) caused no significant change in the reaction rates
f levodopa and carbidopa with Cu(II)–Nc system.

.2.5. Effect of temperature
The effect of temperature on the reaction rates of levodopa

nd carbidopa was studied in the range of 10–60 ◦C. Increase
n the temperature caused an increase in the reaction rates of
evodopa and carbidopa with Cu(II)–Nc system. Increasing tem-
erature higher than 25.0 ◦C, causes the reaction rate of levodopa
o become very fast and this limits the time range of analy-
is (Fig. 3(a)). The reaction rate of carbidopa also increased
bove 25.0 ◦C, which is not suitable for application in HPSAM
Fig. 3(b)). Moreover, for simplicity and better control of tem-
erature, 25.0 ◦C was chosen as the optimum temperature. This
emperature was used in further studies.

.3. Selection of appropriate times for applying H-point
tandard addition method (HPSAM)

The reaction of carbidopa with Cu(II)–Nc system under the
ptimized conditions was very slow. Thus, the changes in the
bsorbance between 1 and 200 s were very small. However,
he reaction of levodopa with Cu(II)–Nc system under similar
onditions was nearly complete within 200 s.

For selection of suitable time pairs, some time pairs such
s 12–100, 12–95, 70–150, 80–120, and 12–80 s were exam-

ned and the corresponding H-point plots were plotted. The
ime pair that gave the greatest slope increment, lower error,
nd shortest analysis time, was selected. For this reason, the
ime pair of 12–100 s was employed. The absorbances cor-

ig. 3. Effect of temperature (10–60 ◦C) on the reaction rates of (a) levodopa
2.0 �g ml−1) and (b) carbidopa (2.0 �g ml−1) systems. Experimental condi-
ions: 6.0 × 10−3 M Cu(II), 6.0 × 10−3 M Nc, pH 5.5. �A was calculated as the
ifference in the absorbances at 12 and 100 s.
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ig. 4. Plots of H-point standard addition method. (a) Fixed carbidopa con-
entration (0.8 �g ml−1) and different concentrations of levodopa; and (b) fixed
evodopa concentration (1.0 �g ml−1) and different concentrations of carbidopa.

esponding to levodopa at the two selected times of 12 and
00 s were selected to calculate levodopa concentrations in the
ange of 0.8–4.0 �g ml−1 in the presence of carbidopa. The con-
entrations of carbidopa in the range of 0.2–1.5 �g ml−1 were
alculated in each sample by obtaining the ordinate values of
he H-point (AH). The calibration graph for carbidopa was plot-
ed using ordinate values of H-points (AH) versus corresponding
arbidopa concentrations.

.4. Data analysis using H-point standard addition method

At H-point, CH is independent of the concentration of inter-
erent and AH is also independent of the analyte concentration.
s shown in Fig. 4, the value of CH is independent of the con-

entration of carbidopa, and the value of AH is independent of
he concentration of levodopa.

Under optimum conditions, several synthetic mixed samples
ith different concentrations of levodopa and carbidopa were

nalyzed using the proposed method. The accuracy and precision
f the results were all satisfactory.

As shown in Table 1, for four replicate experiments, the
btained levodopa and carbidopa concentrations are in good
greement with the added concentrations. The accuracy and
recision of the results were all satisfactory.
Application of the absorbance increment version of HPSAM,
.e. the �At1–t2 versus Cadded variant, yields the concentration
f levodopa directly from the intercept on Y-axis. Fig. 5 shows
he results.
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Table 1
Results of four replicate experiments for the analysis of levodopa and carbidopa mixtures

A–C equation R2 Sample (�g ml−1) Found (�g ml−1)

Levodopa Carbidopa Levodopa Carbidopa

A100 = 0.2152Ci + 0.5681 0.9968 2.00 0.60 2.04 0.59
A12 = 0.0997Ci + 0.3327 0.9991
A100 = 0.2234Ci + 0.5962 0.9998 2.00 0.60 2.06 0.58
A12 = 0.1001Ci + 0.3427 0.9999
A100 = 0.2089Ci + 0.5645 0.9996 2.00 0.60 2.06 0.61
A12 = 0.0993Ci + 0.3383 0.9993
A100 = 0.2164Ci + 0.5745 0.9994 2.00 0.60 2.05 0.59
A12 = 0.0992Ci + 0.3337 0.9993

Mean 2.05 0.59
Standard deviation 0.01 0.013

Ci = concentration of analyte (levodopa).

Table 2
Results for levodopa and carbidopa quantification in pharmaceutical samples (three replicates)

Sample Nominal (�g ml−1) Founda (�g ml−1) Recovery (%)

Levodopa Carbidopa Levodopa Carbidopa Levodopa Carbidopa

1 2.00 0.50 1.96 0.51 98.0 102.0
2
3

l

3

i
e
(
s
c
A
d
t
t

F
s

t
t
(
e
S
a
g
I

3
i

2.80 0.70 2.79
3.20 0.80 3.18

a Mean value (n = 3).

Detection limits were obtained as 0.15 and 0.03 �g ml−1, for
evodopa and carbidopa, respectively.

.5. Interference studies

Some substances that were supposed to be present
n pharmaceuticals were tested for their possible interfer-
nces. Absorbance changes of a solution containing levodopa
2.0 �g ml−1) and carbidopa (1.0 �g ml−1) were analyzed for
even times and then, the effect of interfering species at different
oncentrations on the absorbance of this solution were studied.

species was considered as interference when its presence pro-

uced a variation in the absorbance change of the sample (in
he period of 200 s) greater than two times the standard devia-
ion of the sample. The following excipients did not interfere in

ig. 5. �A vs. added levodopa concentrations at different time intervals for a
ynthetic mixture with 1.5 �g ml−1 levodopa and 0.8 �g ml−1 carbidopa.

l
(
1
s
c
p

4

s
m
o
b
i
s
d
h

0.72 99.6 102.9
0.82 99.4 102.5

he maximum tested concentrations (�g ml−1) shown in paren-
heses: sucrose (1000), glucose (500), starch (1000), saccharin
1000), and riboflavin (65). Caffeine did not show any interfering
ffect up to 50 �g ml−1 but interfered above this concentration.
ome other compounds with significant redox properties (e.g.
scorbic acid) may interfere in the proposed procedure. But our
oal was the determination of levodopa and carbidopa in tablets.
n these tablets the other redox compounds are absent.

.6. Prediction of levodopa and carbidopa concentrations
n real samples

The proposed method was applied to the determination of
evodopa and carbidopa in a commercially available tablet
SINEMET® PLUS RETARD) containing 25 mg carbidopa and
00 mg levodopa. The quantitative results of this analysis are
ummarized in Table 2. As it is shown, levodopa and carbidopa
an be determined with satisfactory accuracy and precision in
harmaceutical preparations.

. Conclusion

An accurate and simple method was proposed for the
imultaneous determination of levodopa and carbidopa in phar-
aceuticals. The results showed the successful applicability

f the proposed method for their simultaneous quantification
ecause of good selectivity, accuracy, and precision. The method

s more sensitive than previously reported methods based on
imultaneous spectrophotometric methods [25,26]. It can also
etermine lower concentrations of carbidopa in the presence of
igher amounts of levodopa, and thus can be successfully applied
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o the analysis of tablets which usually contain higher amounts
f levodopa with respect to carbidopa. The obtained detection
imits for levodopa and carbidopa were 0.15 and 0.03 �g ml−1,
espectively.
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