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Development of an HPLC method for the 
Simultaneous Determination of Levodopa 
and Carbidopa in Pharmaceutical Dosage 
Forms
Farmasötik Dozaj Formlarında Levodopa ve Karbidopa’nın 
Eşzamanlı Tayini için bir HPLC yönteminin geliştirilmesi

Research Article

ABSTRACT
Multicomponent analysis has presented a great challenge in pharmaceutical qual-
ity control analysis. Thus, in the present work a selective, accurate and precise 
liquid chromatographic method (HPLC) has been developed for the simultaneous 
determination of levodopa and carbidopa in bulk and tablet form. Best resolu-
tion was achieved on a C18 column (250 mm×4.6 mm, 5 µm particle size) using 
a mixture of phosphate buffer pH 2.8 and acetonitrile (95: 5 v/v) as the mobile 
phase pumped at a flow rate of 1.0 mL/min. The constructed calibration curves 
were linear in the concentration range (25˗250 μg/mL and 2.5 – 25.0 μg/ml for 
levodopa and carbidopa, respectively) with correlation coefficients close to 1.0. 
The accuracy and the precision of the developed method were very good (RSD ˂ 
2%). The validation of the proposed method was confirmed through the statisti-
cal comparison of the obtained data with those of the official USP method. The 
developed method proved to be accurate and valid for the simultaneous analysis 
of levodopa and carbidopa.

Keywords: Chromatography; HPLC; Levodopa; Carbidopa; Official method, 
Validation

ÖZET
Çok bileşenli analiz, farmasötik kalite kontrol analizinde büyük bir zorluk teşkil 
etmiştir. Bu nedenle, mevcut çalışmada, levodopa ve karbidopa’nın toplu ve 
tablet biçiminde eşzamanlı tayini için seçici, doğru ve kesin bir sıvı kroma-
tografik yöntem (HPLC) geliştirilmiştir. En iyi çözünürlük, mobil faz 1 akış 
hızında pompalanırken fosfat tamponu pH 2.8 ve asetonitril (95: 5 v/v) karışımı 
kullanılarak bir C18 kolonunda (5 um partikül boyutu, 250 mm x 4.6 mm ID) 
elde edildi. ml/dak. Oluşturulan kalibrasyon eğrileri, 1.0’a yakın korelasyon 
katsayıları ile konsantrasyon aralığında (sırasıyla levodopa ve karbidopa için 25-
250 μg/ml ve 2.5 – 25.0 μg/mL) doğrusaldı. Geliştirilen yöntemin doğruluğu ve 
kesinliği çok iyiydi (RSD ˂ %2). Önerilen yöntemin geçerliliği, elde edilen ver-
ilerin resmi USP yöntemininkilerle istatistiksel olarak karşılaştırılması yoluyla 
doğrulandı. Geliştirilen yöntemin levodopa ve karbidopanın eş zamanlı analizi 
için doğru ve geçerli olduğu kanıtlanmıştır.

Anahtar Kelimeler: Kromatografi; HPLC; Levodopa; Karbidopa; Resmi 
yöntem, Doğrulama
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1. Introduction

Levodopa, a naturally occurring amino acid, is the 
direct precursor to the neurotransmitter dopamine 
(Figures 1a). Levodopa’s effects are mostly those of 
dopamine. Unlike dopamine, levodopa quickly pen-
etrates the CNS and is used to treat diseases linked 
with dopamine depletion in the brain, such as Parkin-
son’s disease. 

Carbidopa (Figures 1b), is a peripheral dopa-decar-
boxylase inhibitor with little or no pharmacological 
activity when given alone in usual doses. It inhibits 
the peripheral decarboxylation of levodopa to dopa-
mine, unlike levodopa, it does not cross the blood-
brain barrier, and effective brain concentrations of 
dopamine are produced with lower doses of levo-
dopa. The combination of levodopa and carbidopa 
is used in the treatment of Parkinson’s disease [1]. 
Levodopa and carbidopa tablets are available in dose 
ratio of 1:4 or 1:10 carbidopa to levodopa.

Both the British Pharmacoepia (BP) and United 
States Pharmacoepia (USP) [2, 3] use reversed phase 
high performance liquid chromatographic method 
for the determination of the two drugs combination. 
Literature search revealed that various spectrophoto-
metric and chromatographic methods also have been 
used for the analysis of the two drugs in combination 
[4-13].

In this study, we are reporting a simple and accurate 
high performance method using a relatively cheap 

mobile phase constituents for the simultaneous de-
termination of levodopa and carbidopa with opti-
mum resolution between the two analytes within a 
reasonable analysis time.

2. Materials and Methods

2.1. Instruments and apparatus 

Experiments were performed on a Shimadzu Promi-
nence HPLC system consisted of: degasser (Model 
DGU-20A5), pump (Model LC-20AD), Rheodyne 
manual injector fitted with 20 µl loop, variable 
wavelength UV–VIS detector (ModelSPD-20A). 
Chromatographic separations were carried out on an 
Intersustain® (250 mm×4.6 mm, 15 µm particle size) 
from GL Sciences Inc., Japan. A Shimadzu UV-1800 
240V spectrophotometer.  

2.2. Standard and samples

Levodopa (99.3%) and Carbidopa (100.2%) were 
kindly provided by National Medicines Quality 
Control Laboratory (NMQCL) - Sudan. Levocar® 
tablets (25/250 mg) and Credanil® tablets (25/250 
mg) were purchased from the local market. 

2.3. Chemicals and reagents

Chemicals

Sodium dihydrogen phosphate dehydrate, phosphor-
ic acid (analytical grade), acetonitrile and sodium 
1-decanesulfonate (SDS; HPLC grade) were pur-
chased from Scharlau, Spain.

Diluent

Phosphoric acid (0.1M) was used as the diluent 
throughout the experimental work.

Phosphate buffer pH 2.8 

Eleven grams of sodium dihydrogen phosphate were 
dissolved in 900 mLof distilled water, the pH was 
adjusted to 2.8 using phosphoric acid and the volume 
was made to one litre with distilled water.

2.4. Preparation of standards and solutions

Levodopa Standard stock solution

An accurately weighed about 125 mg of the working 
standard were transferred into a 100 mL volumetric 

(a)

(b)

Figure 1. Chemical structure of (a) levodopa and (b) 
carbidopa
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flask, 70 mL of the diluent were added and the solu-
tion was sonicated for 5 minutes. The volume was 
then completed to the mark with the same diluent 
(Solution A; 1.25 mg/mL).

Carbidopa standard stock solution 

An accurately weighed about 125 mg carbidopa of 
the working standard were transferred into a 100 mL 
volumetric flask, 70 mL of the diluent was added and 
the solution was sonicated for 5 minutes. The vol-
ume was then completed to the mark with the same 
diluent (Solution B; 0.125 mg/mL).

Linearity standard solution

A five points calibration solution was prepared by 
transferring aliquot volumes (2-20 mL) from each 
stock standard solution (Solution A and B) into five 
separate 100 ml volumetric flasks; the volumes of 
the flasks were then made to mark with the diluent. 

Assay standard solution

This solution was prepared by transferring 10 mL 
each of solution A and B into a 100 mL volumetric 
flask and making the volume to mark with the dilu-
ents.

Sample preparation

An amount of powdered tablets equivalent to 25 
mg carbidopa and 250 mg levodopa was accurately 
weighed and transferred into 100 mL volumetric 
flask, 70 ml of the diluent were added and solution 
was sonicated for 15 minutes with occasional swirl-
ing. The volume was then completed to the mark 
with diluent and filtered through 0.45µ nylon filter 
(Solution C). 5 mL of solution C were diluted to 100 
mL using the diluents.

2.5. Procedure

Determination of detection wavelength

Two milliliters of solution A and B were transferred 
to two separate 100 ml volumetric flasks and diluted 
to mark with the diluent. The solutions were then 
scanned in a UV spectrophotometer in the range 190-
400 nm to determine the suitable detection wave-
length of each analyte.

Method development and optimization

Mobile phases containing different proportions of 
acetonitrile: phosphate buffer pH 2.8 pumped at 1 
mL/minute flow rate were tried. Standard mixture 

containing 0.25 mg/ml levodopa and 0.025 mg/ml 
carbidopa was injected every time.

2.6. Method validation

Linearity, precision, accuracy and robustness were 
investigated as method validation parameters. The 
compound peaks were identified by their retention 
times and compared with the standards. Quantifi-
cation was performed with five point external cali-
bration curves. Precision was determined as repeat-
ability (three samples) and intermediate precision 
(three samples on a different day). Accuracy was 
determined by sample spiking and robustness was 
determined by intentionally varying the method pa-
rameters within small range.

Linearity

Triplicate 20 µL injections were made from each lin-
earity standard solution were made. The calibration 
curve of each analyte was obtained by plotting its 
average peak area against its corresponding concen-
tration. The regression analysis data (slope, intercept 
and correlation coefficient) were calculated, further 
the limit of detection (LOD) and limit of quantitation 
(LOQ) were calculated from the regression analysis 
data according to the following formulae [14]:

LOD = 3.3 σ/S    and     LOQ = 10 σ/S

Where σ = the standard deviation of the response, S = 
the slope of the calibration curve

Accuracy

To assess the accuracy of the method, recovery stud-
ies were carried out by spiking the sample with stand-
ard equivalent to 20%, 100%, and 200% of the nomi-
nal sample concentration (𝑛 = 3). The recovery% was 
then calculated using the following equation [15]: 

% 𝑟𝑒𝑐𝑜𝑣𝑒𝑟𝑦= (∁s − ∁𝑢)/∁𝐴 × 100

Where 

∁s =concentration of spiked samples. 
∁𝑢 = concentration of unspiked samples. 
∁𝐴 = concentration of analyte added to the test sample
Precision

The method’s within the day precision was deter-
mined by analyzing three sample solutions contain-
ing different concentrations of the analytes in the 
range of (20 -200%) of the nominal sample concen-
tration; prepared by proper dilution from Solution 
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C. Each sample was injected three times; the mean, 
standard deviation (SD) and the relative standard de-
viation (RSD) were calculated. To determine the be-
tween the days precision the procedure was repeated 
by a different analyst on a different day using a dif-
ferent instrument.

Robustness

Robustness was investigated by varying the follow-
ing method critical parameters:  pH (± 0.1), organic 
solvent ratio (± 1.0%), flow rate (± 0.1 mL/min), col-
umn supplier (different brand) and detection wave-
length (± 5 nm).

3. Results and Discussion

Due to their structural similarity the two analytes 
showed very similar absorption features in the ultra-
violet region (Figures 2a and 2b). The wavelength 
away from the stray light region and giving reasona-
ble response for both analytes (280 nm) was selected 
as the chromatographic detection wavelength.

3.1. Method development and optimization

The official USP method for the determination of 
levodopa and carbidopa combination in tablets uses 
a mobile phase consisting of pH 2.8 buffer and a 
small amount of sodium-1- decane sulfonate; (polar-
ity index = 10.20), although the mobile phase flow 
rate was 2 mL/min still the elution of carbidopa was 
very much delayed (11.7 minutes for levodopa) lead-
ing to unnecessarily long analysis time. Additionally, 
various methods have been reported for the simul-
taneous determination of levodopa and carbidopa in 
pharmaceutical dosage forms. However, the present 
method was found to be superior on these methods in 
terms of simplicity, environmental friendly and cost-
effectiveness. Therefore, a simple comparison has 
been conducted and summarized in Table 1 in order 
to support our findings and discuss the drawbacks of 
some reported methods.

Thus, the main objective of this study was to devel-
op a simpler and cost-effective method in order to 
overcome the disadvantages of the previous meth-
ods, and to avoid using the ion-pairing reagent for 
its cost and deleterious effect on the column. Since 
the two molecules are zwitterionic and possess very 
similar chemical structure it is possible affect separa-
tion by suppressing the ionization of one functional 
group; mainly the carboxylic function by using mo-
bile phase of acidic pH namely 2.8 and exploiting 
the ionization of the amino functions to derive the 
separation of the two analytes. Different volume ra-
tios of acetonitrile and the phosphate buffer pH 2.8 
were tried at a flow rate of 1 ml/min. The use of 30% 
acetonitrile in the mobile phase (polarity index = 
8.88) resulted in completely overlapping peaks, with 
the reduction of acetontrile to 10% (polarity index = 
9.76) the two peaks were almost separated; however 
carbidopa peak was broad and not symmetrical. Ta-
ble 2 summarizes the results of the preliminary trials 
carried out to optimize the chromatographic condi-
tions which gave satisfactory resolution of the two 
drugs when the proportion of acetonitrile in the mo-
bile phase was 5% (polarity index = 9.98) as shown 
in Fig. 3.

3.2. Method validation

Linearity

The constructed calibration curves were linear over 
the concentration range 25-250 μg/mL and 2.5-25.0 
μg/mL for levodopa and carbidopa, respectively with 

(a)

(b)

Figure 2. UV spectrum of (a) levodopa and (b) Car-
bidopa
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Table 1. Comparison to the reported methods 
Parameter Column Detector Linear range 

(μg/mL)
Mobile phase Retention 

time
Drawbacks

Method

Kumar et al [4] C18 UV detector at 
282 nm

Levodopa 
(60-140), 
Carbidopa 
(6-14)

Phosphate 
buffer (pH 2.8), 
and methanol 
(20:80 v/v)

Levodopa 3.2, 
Carbidopa 4.3

not environmental 
friendly mobile 
phase 

Sravanthi et al [5] C18 UV detector at 
220 nm

Levodopa 
(20-100), 
Carbidopa 
(10-50)

0.05%(v/v) 
o-phosphoric 
acid: acetonitrile 
(96:4%v/v)

Levodopa 4.2, 
Carbidopa 7.4

Mobile phase is 
an acidic solution, 
which is harmful to 
the column.

Raut et al [7] C18 fluorescence 
detector at 
an excitation 
wavelength of 
280 nm and 
an emission 
wavelength of 
310 nm

0.055 – 0.5 for 
both

 10mM 
potassium 
dihydrogen 
phosphate buffer, 
(pH 4.0) and 
methanol (90:10 
v/v)

- Complicated with 
a sophisticated 
detector

Nadendla and 
Abhinandana [8]

Phenomenex 
ODS

PDA detector 5-160 µg/ml Acetonitrile 
and 0.1% ortho 
phosphoric acid 
(50:50 v/v)

- High acid 
percentage in the 
mobile phase and 
complicated

Proposed method C18 UV detector at 
280 nm

Levodopa 
(25-250), 
Carbidopa 
(2.5-25)

Phosphate 
buffer pH 2.8 
and acetonitrile 
(95: 5 v/v)

Levodopa 4.0, 
Carbidopa 6.2

-

Table 2. Results of optimization trials of the system 

System T0 Levodopa Carbidopa Resolution

RT T. plate T.F. K1 RT T.plate T.F. K2

ACN: Buffer
(70:30%)

Overlapped

ACN: Buffer
(30:70)

Overlapped

ACN: Buffer
(5:95%)

2.4 3.8 2966.8 1.01 0.58 6.3 10645.6 1.15 1.6 4.4

0.24g/l SDS in
ACN: Buffer (5:95%)

2.4 3.8 3021.4 1.03 0.58 6.2 10622.4 1.15 1.6 4.3

Figure 3. Typical chromatogram for drugs mixture using 5: 95 v/v acetonitrile: buffer solution (25:2.5µg/ml 
levodopa: carbidopa)

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 min
0

100

200

300

mV
Detector A:280nm 
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correlation coefficients close to 1.0 for both analytes, 
indicating the proportionality of their responses with 
the concentration. Table 3 summarizes the regression 
analysis data and the analytes LOD and LOQ.

Accuracy

The obtained high percentage recoveries (minimum 
97.5% and maximum 100.4%) indicate the accuracy 
of the developed method and freedom from interfer-
ence. The recovery data at three levels (20, 100 & 
200 %) is presented in Table 4.

Precision

The method repeatability precision (within the day) 
was proved by the low RSD% values; 0.12 ˗ 1.14% 
and 0.12˗ 0.44% for levodopa and carbidopa, respec-
tively. Further the intermediate precision (between 
the days) performed with a different analyst on a 
different day using a different instrument resulted in 
RSD% values of 0.14 and 0.71 % for levodopa and 
carbidopa, respectively.

Robustness

Robustness was assessed by intentionally varying 
the studied parameters within small range. The ob-
tained results showed that the developed method can 
withstand small deliberate changes without affecting 
the method’s system suitability parameters.

3.3. Method application 

The developed method was applied for the deter-
mination of content uniformity. Good assay results 
were obtained for levodopa and carbidopa (99.7 ± 
0.2 and 99.9 ± 0.2; n=3, respectively).

The validity of the method was also assessed by com-
paring the statistical results obtained with those of 
the official USP liquid chromatography method. As 
the calculated t- values were less than tabulated ones 
(n =4, P=0.05), the result of the developed method 
can be considered as accurate and precise as the of-
ficial liquid chromatographic method (Table 5).

4. Conclusions

The developed method proved to be selective, accu-
rate and precise for the analysis of levodopa and car-
bidopa in bulk and tablets form. The wide linearity 
range of the developed method allows the analysis 
of the marketed products of the two drugs having 
different dose ratios using one standard preparation. 
The method can also be used for the routine analysis 
of the drugs either in single or combination forms.

List of Abbreviations

HPLC: High performance liquid chromatography
BP: British Pharmacopeia 
USP: United States Pharmacopeia 
SDS: Sodium 1-decanesulfonate
ICH: International Conference of on Harmonization 
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Table 3. Regression analysis data for levodopa and carbi-
dopa

Parameter Levodopa Carbidopa

Retention time (minutes) 3.9 6.2

Concentration range (μg/ml) 25-250 2.5-25.0

Slope± SE (*106) 15.3 ± 0.1 11.50±0.3

Intercept± SE (*103) 51.4±15.3 -3.2 ±1.9

Correlation coefficient (r2) 0.9998 0.9994

Limit of detection (μg/ml) 3.8 0.9

Limit of quantitation (μg/ml) 11.4 2.9

Table 4. Percentage recovery at three levels 

Analyte
Percentage recovery mean ± SD; n = 3

20 % 100 % 200 %

Levodopa 100.4 ± 0.4 99.1 ± 0.1 98.6 ± 0.4

Carbidopa 97.5 ± 0.2 97.9 ± 0.1 99.8 ± 0.9

Table 5. Results of the proposed method compared to the 
official method

% content 
± SD

t - calculated
(t - tabulated)

Developed 
method

Carbidopa 99.90± 0.19 0.85
(2.78)Levodopa 99.70± 0.15

USP method
Carbidopa 98.00±0.17

Levodopa 99.10±0.10
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