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ABSTRACT

Aconvenient and simple high performance liquid chromatography method for simultaneous separation, determination
and identification of levodopa and carbidopa in pharmaceutical formulation has been developed. The analysis was carri-
ed out using Ace C18 (4.6 x 250 mm, 5 um) column, and the separation was performed using a mobile phase consisting of 50
mM KH2PO4 (pH 2.3) pumped at a flow rate of 1.2 mL min?* with UV detection at 280 nm. The method has been successfully
validated on the basis of the International Conference on Harmonization (ICH) acceptance criteria. The method is selective,
since no interferences corresponding to these analytes were found at retention times. Retention times for both drugs were
2.939 min and 5.018 for levodopa and carbidopa, respectively. The method was validated and shown to be linear in the con-
centration range of 25-125 pg mL* and 6.25-31.25 ug mL* for levodopa and carbidopa, respectively. The method exhibited
good linearity (R2 > 0.999) over the assayed concentration range and showed good intra-day and inter-day precision. The
limit of detection (LOD) and limit of quantification (LOQ) were determined based on standard deviation of the intercept and
the slope of the calibration curve. LOD and LOQ values were 0.70 ug mL* and 2.13 pg mL* for levodopa and 1.31 ug mL* and
3.96 ug mL* for carbidopa, respectively. The method’s accuracy was tested by adding known volume of standard solution
(75 percent, 100 percent, and 125 percent concentration of the sample) to the 100 percent concentration pre-analyzed
sample solution. The percentage mean recovery by standard addition experiments of levodopa and carbidopa is 99.75%
and 99.55%, respectively. This method has also been successfully used for the determination of levodopa and carbidopa in
pharmaceutical formulations.
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Farmasétik formilasyonlarda levodopa ve karbidopanin eszamanli olarak ayrilmasi, tanimlanmasi ve belirlenmesi igin
uygun ve basit yiksek performansli sivi kromatografi yontemi gelistirilmistir. Analiz, Ace C18 (5 um, 4.6 x 250 mm) kolonu
kullanilarak gerceklestirildi ve ayirma, UV ile 1.2 mL min™ akig hizinda pompalanan 50 mM KH,PO, (pH 2.3) igeren bir mobil
faz kullanilarak ve 280 nm’de dedekte edilerek gergeklestirildi. Yontem, Uluslararasi Uyum Konferansi (ICH) kabul kriterleri
temelinde valide edilmistir. Allkonma zamanlarinda bu analitlere karsilik gelen higbir girisim bulunmadigindan metod segi-
cidir. Her iki ilag igin alikonma sureleri levodopa ve karbidopa igin sirasiyla 2.939 dakika ve 5.018 idi. Analiz metodu valide
edilmis ve levodopa ve karbidopa igin sirasiyla 25-125 ug mL?! ve 6.25-31.25 ug mL? konsantrasyon araliginda dogrusal
oldugu gosterilmistir. Analiz metodu, analiz edilen konsantrasyon araliginda iyi dogrusallik (R2> 0.999) sergiledi ve gin ici
ve glnler arasi iyi kesinlik gosterdi. Teshis limiti (LOD) ve tayin limiti (LOQ), kalibrasyon egrisinin egiminin ve kaymasinin
standart sapmasina gore belirlenmistir. LOD ve LOQ degerleri levodopa igin sirasiyla 0.70 pg mL?* ve 2.13 pg mL? ve karbi-
dopaigin 1.31 pg mL* ve 3.96 pg mL* idi. Yontemin dogrulugu, 6nceden analiz edilen ylzde 100 konsantrasyona bilinen bir
hacimde standart ¢ozelti (ylizde 75, ylzde 100 ve yiizde 125 konsantrasyon) ilave edilerek test edildi. Standart levodopa ve
karbidopa ilavesiyle ortalama geri kazanim ylzdesi sirasiyla %99.75 ve %99.55’tir. Bu metod, farmasotik formulasyonlarda
levodopa ve karbidopa tayini igin de basarili bir sekilde kullaniimistir.
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INTRODUCTION

uring the last few years, New medicines have be-
Dcome available for treating Parkinson’s disease.
Nevertheless, Since the administration of dopamine
supplementation, levodopa has been considered a gold
standard treatment for motor symptoms [1-3]. Levodo-
pa is a natural precursor of dopamine and is used as a
prodrug, as levodopa may cross the brain-blood barrier,
contrary to dopamine. The physicochemical properties
of Levodopa are given in table 1 [4].

Levodopa is usually associated with enzymatic inhibi-
tors such as carbidopa, benserazide, tolcapone or en-
tacapone due to its extensive metabolization in extra-
cerebral tissues [5]. The physicochemical properties of
carbidopa are given in table 2 [6].

Long-term use of levodopa leads to motor problems
and variations such as the “ wearing-off “ condition
characterized by moments without the benefits of
therapy and moments with its advantages but with
additional dyskinesia. Research has shown that high le-
vodopa doses have also been associated with patient
dyskinesia [7]. It is therefore recommended that doses
of levodopa be modified according to the patient’s in-
dividual needs based on clinical response and adverse

Table 1. Physicochemical properties of levodopa.

event profile [1]. Several analytical methods for the
determination of levodopa and its metabolites in bio-
logical matrices have been identified in the literature
using high-performance liquid chromatography and
various detection techniques such as electrochemical
detection [8-16], tandem mass spectrometry (MS-MS)
[17-22], and fluorescence [23, 24]. Most of the above
methods have a common low sensitivity limitation and
long chromatographic run time.

Therefore, the purpose of this study was to develop
and validate a robust and efficient HPLC method to
determine the amount of levodopa and carbidopa in
drug formulations in a pharmaceutical laboratory for
the routine quality control study. The pharmaceutical
industries use the time-consuming LC method and vari-
ous mobile phases for different dosage forms of drugs.
But with the system being developed, the cost and time
required to adjust mobile phases could be avoided, as
only one mobile phase could be used for all drugs and
their combinations. The method should be applied
from drug release experiments with prototypes and
marketed fixed-dose combinations and to determine
the quantity of samples under compendial testing con-
ditions. Hence the method needs to be robust against
matrix effects caused by formulation excitements.

Physicochemical properties

Structure of molecules

The formula of molecular:

The weight of the molecules
(g mol?):

logP:

pKa:

C,H,,NO,

197.19

0.05

pKa (Strongest Acidic): 1.65
pKa (Strongest Basic): 9.06



Table 2. Physicochemical properties of carbidopa.
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Physicochemical properties

Structure of molecules

The formula of molecular:

The weight of the molecules:

logP:

pKa:

MATERIALS and METHODS

Reagents

All of the chemicals were used without further purifi-
cation in this study. Levodopa and carbidopa standards
were acquired from Sigma-Aldrich (Istanbul, Turkey).
Pharmaceutical tablets were bought from local phar-
macies. Potassium dihydrogen phosphate, orthophos-
phoric acid, and triethylamine have been purchased
from Merck Ltd. Ultrapure water was obtained using a
Milli-Q System with a conductivity lower than 0.05 pS/
cm.

Chromatographic Conditions.

Chromatographic analysis was carried out on column
Ace 5 C18 (5 um, 250 x 4.6 mm). The mobile phase was
0.05 M phosphate buffer (pH 2,3). For buffer solution:
6.80 g. potassium dihydrogen phosphate was accurate-
ly weighed. The volume was completed in liters by dis-
solving in deionized water. 5 mL of triethylamine was
added. The pH of the obtained solution was adjusted to
2.3 by adding orthophosphoric acid. The mobile phase
was filtered through a 0.22 micron membrane filter and
degassed prior to use. Chromatographic analysis was
carried out at a temperature of 30°C using a flow rate
of 1.2 mL min*and a run time of 10 min. The amount of
injection was 20 ulL, and the ultraviolet measurement

226.23

C, H.NO

10 14 274

-0.16,-1.2

pKa (Strongest Acidic): 2.35
pKa (Strongest Basic): 5.66

was 280 nm. The mobile phase has been used as a dilu-
ent and blank preparation.

Standard Solution.

The standards of 100 mg levodopa and 25 mg carbidopa
were accurately weighed and transferred to a 100 mL
volumetric flask, mixed with 50 mL of ultrapure water,
dissolved in an ultrasonic bath, equilibrated to room
temperature, completed with volume ultrapure water
and mixed. This prepared solution was called as stock
standard solution. Standard solutions were prepared
by diluting from stock standard solution with ultrapure
water so that the final levodopa concentration was 25,
50, 75, 100 and 125 mg mL™.

Sample Preparation.

Ten tablets were weighed and crushed in mortar and
ground into a fine powder. Powder samples equal to 50
mg of levodopa and 12.5 mg were placed in a 500 mL
volumetric flask, diluted with 400 mL of deionized wa-
ter and dissolved in an ultrasonic bath for 30 minutes.
Equilibrated at room temperature. The volume was
completed with 500 mL of deionized water. All samples
were filtered through a 0.45 um membrane filter be-
fore injection.
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Figure 1. Calibration curve for levodopa standard solutions.

Figure 2. Calibration curve for carbidopa standard solutions.
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Figure 3. Blank chromatogram.

Figure 4. Chromatogram of levodopa and carbidopa standard solution.
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Figure 5. Chromatogram of pharmaceutical sample.

Validation Procedure

The validation of the new HPLC approach was performed
in compliance with the recommendations for validation
of the International Conference on Harmonization and
the United States Pharmacopoeia [12, 13]. Parameters
analyzed include linearity, accuracy, precision, the limit
of detection (LOD), limit of determination (LOQ), speci-
ficity, the suitability of the system and robustness.

The new HPLC method was primarily designed for mea-
suring high drug loads and the release of drugs. Howev-
er, the method should also be applied in routine testing
as much as possible, for instance for testing pharmaceu-
tical formulations. For the second reason, the method
must ensure that the drug is properly identified within
a broad range of concentrations.

The UV detection was performed at 280 nm. A specific
concentration range was selected for the validation
procedure based on those considerations. Accordingly,
the concentration ranges for the method validation
were 25-125 pug mL? for levodopa and 6.25-31.25 ug
mL? for carbidopa.

The linearity of the analytical method was determined
by preparing and injecting standard solutions in the

range of 25 to 125 mg mL* of levodopa and 6.25 to
31.25 mg mL?! of carbidopa solution. The calibration
curves were formed by drawing the peak areas against
the concentrations of levodopa and carbidopa and the
regression equation slope and intersection point were
calculated. Each solution was injected triplicate. Aver-
ages of the peak areas have been used. Three separate
series of calibration standards have been prepared for
each calibration interval in order to create linearity.

Accuracy, expressed as mean absolute recovery and
percent relative standard deviation (percent RSD), for
each concentration of the specified ranges was as-
sessed in triplicate

The precision of the novel method expressed as repeat-
ability (intraday) and intermediate precision (interday)
was measured by the preparation of six individual
samples of the lowest, medium and highest concentra-
tion of levodopa and carbidopa working range. Interday
precision standards were prepared in the same way
and analyzed on three consecutive days. Repeatability
and intermediate precision were assessed by absolute
recovery and RSD percent of the calculated concentra-
tions.



Table 3. Results of HPLC method validation.

Parameter

Retention time min.
Calibration range ug mL*
Correlation Coefficient (R?)
Accuracy Mean absolute recovery
% RSD
Resolution
Precision

Levodopa: 30 pg mL?*
Carbidopa: 7.50 ug mL*

Levodopa: 60 ug mL?

Absolute recovery Carbidopa: 15 pg mL*

Levodopa: 120 pg mL?
Carbidopa: 30 ug mL*

Levodopa: 30 pg mL?
Carbidopa: 7.50 ug mL*
Repeatability

L : Lt
(% RSD) evodopa: 60 pug m

Carbidopa: 15 ug mL*

Levodopa: 120 pug mL?
Carbidopa: 30 ug mL?

Levodopa: 30 ug mL?
Carbidopa: 7.50 pg mL?

Intermediate precision

. -1
(% RSD) Levodopa: 60 pg mL

Carbidopa: 15 ug mL?

Levodopa: 120 pg mL?
Carbidopa: 30 ug mL*

Detection limit

Quantification limit
Symmetry factor
Retention factor
Plates number

System suitability Peak areas

(% RSD)

Retention times
(% RSD)

Robustness (abs. mean recovery)
a) 1.18 mL min?

Mobile phase flow rate
b) 1.22 mL min*!

a)250C
Column temperature
b)350C
a) 0.045M
Buffer concentration
b) 0.055 M
a) 1.95
pH value
b) 2.05
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Levodopa
2.940
25-125
0.9999/0.9998/0.9999
98.82-100.75%
0.10-0.75%

98.76-100.62%

99.26-100.48%

99.17-100.23%

0.48%

0.34%

0.23%

0.47%
0.58%
0.62%

0.38%
0.43%
0.36%

0.32%
0.18%
0.21%

0.94 ug mL?

1.63 pg mL?*
0.66
2.64
2990

0.155%

0.028%

100.34% (0.12% RSD)
99.88% (0.05% RSD)
99.76% (0.07% RSD)
100.21% (0.18% RSD)
100.86% (0.93% RSD)
99.91% (0.64% RSD)
100.12% (0.71% RSD)
99.75% (0.63% RSD)

Values

Carbidopa
5.018
6.25-31.25
0.9994/0.9996/0.9992
98.55-100.55%
0.05-0.55%

2,94

98.27-100.61%

99.56-100.48%

99.84-100.21%

0.57%

0.42%

0.24%

0.48%
0.62%
0.57%

0.35%
0.43%
0.53%

0.22%
0.18%
0.21%

2.11 ug mL?

2.56 ug mL*
0.72
2.75
5062

0.345%

0.053%

100.12% (0.12% RSD)
99.80% (0.05% RSD)
99.76% (0.06% RSD)
100.21% (0.09% RSD)
100.54% (0.74% RSD)
99.84% (0.54% RSD)
100.12% (0.65% RSD)
99.54% (0.54% RSD)
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The detection limit (LOD) of the drug is a characteris-
tic value for the method’s precision in which the cor-
responding compound is only measurable, whereas the
guantitation limit (LOQ) is the lowest concentration
with acceptable linearity, accuracy, and certainty. LOD
was determined on the basis of a 3:1 signal-to-noise ra-
tio, while LOQ was determined on a 10:1 signal-to-noise
ratio.

The specificity which is an essential part of the valida-
tion of the method has been assessed as follows: First,
a collection of this analyte’s standard stock solution
(levodopa and carbidopa reference material dissolved
in ultrapure water) was prepared. Different concen-
trations of standard solutions were prepared in ultra-
pure water from the stock standard solution. Then, the
impact of excipients used in the manufacture of the
selected marketed dosage forms on the proper assess-
ment of levodopa and carbidopa peaks was screened.
After sample analysis, the chromatograms obtained
were tested for peak area and excipient interference at
retention periods of levodopa and carbidopa.

The suitability of the system was assessed by determin-
ing the tailing factor, retention factor, the number of
theoretical plates and the reproducibility of peak areas
and retention times. Additionally, for this analyte, cali-
bration curves were established and linearity checked.
Various method parameters were tested to assess the
reliability and robustness of the proposed HPLC method.

Several parameters were considered to be critical to
the analysis. The self-imposed parameters limits set for
these parameters have been inspired by other publica-
tions and our own experience. We studied parameters
as follows:

The flow of the mobile phase (£ 0.02 mL min?),
Column temperature (+ 5°C),

Buffer concentration (+ 0.005 M) and

pH value (z 0.05) for mobile phase

It was investigated these parameters by injecting a se-
ries of dilutions with three individual standards for low-
est, medium and highest concentrations of levodopa
and carbidopa in triplicate. The robustness of the sys-
tem has been measured by absolute average recovery,
RSD (precision) and R? of the calibration curves that re-
sulted.

RESULTS and DISCUSSION

Development of the method

The goal of the novel method was to demonstrate rea-
sonable chromatographic performance and to be uni-
versally applicable on standard HPLC devices. In the
early stages of the current method development, chro-
matographic methods with isocratic elution were tested
with the column Ace 5 C18 (5 um, 250 x 4.6 mm). Later,
an end-capped LiChrospher 100 RP-18 (250 x 4.6 mm,
5 um) was used to achieve better selectivity. A precol-
umn had been installed to shield the column from pos-
sible contamination. All of the literature methods cited
include using a column of 250 mm. This contributes to
long run times or the need for higher flow speeds and is
therefore time-consuming and expensive.

Since the goal was to develop a reliable and effective
method, promising literature methods were moved to
a shorter column in the next stage of system creation
and screened for their applicability in levodopa and car-
bidopa detection.

Nevertheless, the findings from these experiments
clearly showed that the transition to a shorter column
with the same or fixed period did not allow for a proper
peak symmetry and number of plates.

After this initial set of screening methods, it was clear
that an isocratic separation of the analyte would be
possible within a reasonable period of time.

Consequently, A phosphate buffer (pH of 2.30) was chosen
as a mobile phase based on these criteria. Furthermore,
the chosen eluents have been designed for solvent pH and
ionic resistance. The mobile phase was 0.05 M phosphate
buffer (pH 2,3). For buffer solution: 6.80 g potassium di-
hydrogen phosphate was accurately weighed. The volume
was completed in liters by dissolving in deionized water. 5
mL of triethylamine was added. The pH of the obtained so-
lution was adjusted to 2.3 by adding orthophosphoric acid.

Appropriate volume for injection and column temperature
were selected and the initial isocratic program was also
modified step by step. Chromatographic analysis was con-
ducted at 30 °C with a flow rate of 1.2 mL mintand a run
time of 10 min. The injection amount was 20 L, and ultra-
violet measurements were at 280 nm. The mobile phase
was used as a blank and diluent preparation.



Linearity

The linear relation between concentrations of analytes
and peak areas is expressed by the determination cor-
relation coefficient (R?). For calibration curve over con-
centration ranges, linearity for levodopa and carbidopa
could be shown, since all R? values were above 0.999.
The calibration curve regression analysis was shown in
table 3 and figure 1, 2.

Accuracy and precision

Table 3 showed the results for precision and accuracy. At
all concentrations, a consistent and high absolute recovery
and low RSD percentage within the acceptance limit of £+ 5
percent of 100 percent drug recovery was demonstrated
for analysis. The percentage of RSD results for repeatabil-
ity and intermediate precision was less than 0.62 percent
and was therefore considered acceptable.

Specificity

The new method’s specificity was evaluated by first ana-
lyzing blank solvents/media, and then samples contain-
ing a single combination of drugs or drugs. The process
showed good separation of the compound in standard so-
lutions by chromatography. (levodopa and carbidopa ref-
erence material dissolved in ultrapure water). No peak in-
terference was observed between the analytes with blank
media, buffer components or excipients of the marketed
dosage formulations. Interference studies were shown by
injection of blank, sample and standard solution. No drug
excipient interactions were observed. There was no peak
at the retention time of levodopa and carbidopa (figures 3
and 4). This indicates that the blank and drug excipients did
not interfere. The retention times were 2.940 min for le-
vodopa and 5.018 min for carbidopa. The chromatogram
of the drug sample is presented in Figure 5.

System suitability

Primary parameters to evaluate system suitability such as
symmetry factor, retention factor or the number of theo-
retical plates were determined for the lowest (30 pg mL?),
medium (60 pg mL*) and highest (120 pug mL?) concentra-
tions for levodopa and were listed in table 3. levodopa and
carbidopa had excellent peak symmetry. In addition, the
peaks of the analytes showed consistently low variability
in peak areas and retention times. In all cases, the calibra-
tion curve coefficient in this study was above 0.999, which
indicates that the method was suitable for samples with
simple or rather complex matrices.
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Robustness

The robustness study data show that the linearity, ab-
solute mean recovery, and precision of the developed
method remain unaffected by small changes in critical
method parameters. The corresponding results have
been shown in table 3. Temperature variations, flow
rate, ionic strength, and pH value did not affect this
analyte’s recovered amount. The absolute mean drug
recovery for all substances was between 99% and 101%
and the level of RSD was less than 1.00%. The resulting
calibration curves showed good linearity, i.e. the de-
termination coefficients were in all cases greater than
0.999.

Conclusions

An RP-HPLC method for an effective analysis of levodo-
pa and carbidopa was developed and validated. There
was no significant difference in the statistical compari-
son of the assay results for levodopa and carbidopa in
tablet dosage forms by the method. The method allows
a fast and robust quantification without any interfe-
rence caused by formulation excipients or ingredients.
The findings of the tablet dose study according to the
analytical method are reliable, reproducible, and are in
good agreement with drug label claims. Therefore this
method can be used successfully in tablet dosage forms
for routine analysis of levodopa and carbidopa.
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