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Abstract

Simultaneous analyses and dissolution tests of levodopa—benserazide tablets were carried out by continuous wavelet transform (CWT) and
classic derivative spectrophotometry (DS) without using any chemical separation step. The developed two spectrophotometric resolutions are
based on the transformation of the original UV spectra. The original absorption spectra of levodopa and benserazide in the concentration range of
1-80 pg/mL and 5-240 pg/mL in USP simulated gastric juice were registered in the spectral range of 250-310 nm, respectively. Various wavelet
families and different spectrophotometric derivative orders were tested to find the optimal signal processing for obtaining desirable calibration
graphs and reliable determinations of the investigated drugs. Under the optimized conditions of the methods, symlets wavelet family using a =128
with sixth order (SYM6—-CWT) and the first derivative transform with AA =10 nm were identified as optimal signal processing methods for the
determinations and dissolution tests. The calibration functions for each drug were obtained by measuring the values of the CWT and derivative
amplitudes. The validation of the developed methods was confirmed by analyzing various synthetic mixtures of the investigated drugs. Mean
recovery values were found between 99.1% and 104.7% for DS and 100% and 102.9% for CWT, respectively for determination of BEN and LEV
in synthetic mixtures. Each developed approaches were successfully applied to the simultaneous determination and dissolution test of levodopa
and benserazide in their commercial tablets and a good agreement was observed.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

Antiparkinsonian drug levedopa (LEV), a dopamine pre-
cursor, is often combined with an amino acid decarboxylase
inhibitor such as carbidopa (as in Sinemet) or benserazide (BEN)
(as in Madopar). The proportion of LEV and BEN in commer-
cial dosage forms is 4:1. The chemical structures of these two
drugs are shown in Fig. 1.
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Simultaneous determination of LEV and BEN in their mix-
tures were performed by several analytical methods, e.g., HPLC
[1], spectrophotometry [2], multivariate calibration [3], capil-
lary electrophoresis [4], kinetic spectrophotometric technique
[5], partial least squares calibration [6]. The official methods
for the simultaneous determination of LEV and BEN with its
impurity (R,S)-2-amino-3-hydroxipropanohydrazide were used
in British Pharmacopoeia [7,8].

Simultaneous dissolution tests on some drugs in combined
pharmaceutical formulations have been achieved by various
spectrophotometric analytical methods [9-12].

Recently, continuous wavelet transform (CWT) method plays
an important role in signal processing technique for the overlap-
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Fig. 1. Molecular structures of LEV (I) and BEN (II) drugs.

ping peak resolution and for the significant peak identification.
The wavelet transform and its applications in analytical chem-
istry and its neighborhood branches have been reported for the
simultaneous determination of drugs in multicomponent phar-
maceutical preparations [13—19].

In this study, two new graphical approaches, CWT and
derivative spectrophotometry (DS) were developed for the
simultaneous determination and dissolution tests of LEV and
BEN intablets. The effect of the oxidation of BEN in the aqueous
solution at higher than pH 3—4, during the analysis procedure
was eliminated by the simultaneous use of dark and red light
environment, the preparation of the test solutions having SGJ
at pH 1.2, the usage of deaired SGJ and the argon gas passed
through.

The developed analytical approaches were tested by analyz-
ing several synthetic mixtures consisting of LEV and BEN and
by considering the standard addition technique. The comparative
analysis of the results delivered by the above-investigated ana-
lytical approaches show a good agreement between the obtained
results.

2. Materials and methods
2.1. Apparatus and software

The absorption spectra were recorded by using a Shimadzu
UV-160 double beam UV-vis spectrophotometer having a fixed
slit width (2 nm) connected to a computer loaded with Shimadzu
UVPC software and a LEXMARK-E320 printer. The spectrum
was recorded in the wavelength range of 250-310 nm against
a blank simulated gastric juice [SGJ (USP XXVIII)]. Aymes 6
model was used as a dissolution test apparatus.

The data treatment was performed in a Pentium 4, 2.8 GHz
(512MB RAM) computer using MATLAB 7.0 software (Math
Works, Natick, MA, USA) and calculations and calibrations
were done using Microsoft EXCEL.

2.2. Reagents

Hydrochloric acid (Merck), sodium chloride (Merck) and
Madopar® 125 Tablets (Roche Ind. Pharm., Istanbul, Turkey)
containing 100 mg of LEV and 25 mg of BEN were used in this
study. LEV and BEN were kindly obtained from Roche.

2.3. Preparation of SGJ and light-protected area

SGJ was deaired by heating to 65 °C and then vacuum was
applied. After cooling, the media argon gas was passed through.

All the test solvents (SGJ), solutions and test place were pro-
tected from light and all of the test procedures were carried out
in red light and the whole laboratory was lighted with a 15W
red light bulb.

2.4. Standard solution

Stock solutions of 25 mg/100 mL LEV and BEN for each
compound were prepared in SGJ. Two standard series solu-
tions containing 1-80 pg/mL LEV and 5-240 pg/mL BEN were
obtained by using the stock solutions for the registration of the
absorption spectra. A validation set of 20 mixture solutions
containing two drugs was prepared by using the same stock
solutions.

2.5. Commercial tablets analysis

Twenty tablets were accurately weighed and powdered in a
mortar. A sample containing LEV and BEN equivalent to a tablet
content was dissolved in 1000 mL SGJ. The content of the flask
was mechanically shaken for a period of 30 min and filtered
with 0.20 wm disposable membrane filter (Sartorious, minisart,
¢ =0.20 pm) with the help of a syringe. After that the developed
methods were applied to the final solution (n =10).

2.6. Dissolution test of tablet

Dissolution test was carried out by USP paddle method with
50rpm in SGJ at 37 °C. The sample was taken by means of a
syringe with membrane filter (0.20 wm) and diluted with suffi-
cient quantity of dissolution medium. The final solution (rn=6)
was analyzed by the analytical methods presented in this study.
Before the sample was taken, the membrane filter was saturated
with the active ingredients in order to avoid possible adsorption
onto the membrane filter at the beginning of the test by discharg-
ing the sample into the vessel three times—the fourth sample was
being used. After dissolution media (SGJ) was deaired, argon
gas passed through for 1 min at the beginning of the test and then
argon gas passed through the dissolution medium for 1 min for
a time interval of 15 min during the solution test.

2.7. Wavelet method

This approach was successfully applied to the spectropho-
tometric multicomponent analysis of relevant compounds in
samples.

Let us choose a mother wavelet [20,21] by ¥(A). By using
scaling and shifting on it, a set of functions denoted by ¥, (1)



is obtained as follows

1 A—b
Ya,b(r) = ﬁdf (a) a#0, abeR, @)

where a denotes the variable scale parameter, used to control
the scaling and b is the translation parameter controlling the

translation and R is the domain of real numbers.

Therefore, CWT of a given signal denoted by f(1) is defined

by the following formula:

CWT {f():a, b) = / FO) Uy A=(F0). Yap) @)

The superscript ‘*’ denotes the complex conjugate and
< f, 1//a,;,> is the inner product of function f{l) onto the

wavelet function ¥, ;(1). In this study we used the wavelet
family sym6.

3. Results and discussion

3.1. Method development

The developed methods are based on the continuous wavelet
and derivative transforms of the absorption spectra obtained
from investigated BEN and LEV drugs. As it is depicted in
Fig. 2a, the absorption spectra of both drugs strongly overlap in
the spectral region of 250-310 nm. Due to their mutual interfer-
ence, the simultaneous determination of LEV and BEN in the
same samples is not possible by using the classical analytical
methodologies. On the other hand, the simultaneous dissolution
tests of the subjected two drugs is also not possible due to the
above-presented reasons.

To solve the above-mentioned problems, CWT and DS
approaches were developed and successfully applied to the
simultaneous analysis and dissolution tests of tablets containing
both LEV and BEN.

Amino acid decarboxylase inhibitor BEN is very sensitive to
oxidation in aqueous solution, especially above pH 3—-4. BEN
can be easily oxidized in the presence of oxygen dissolved in
water and light can accelerate this reaction. Using low pH aque-
ous solution (SGJ), deairation and then argon gas pass through

and lighting the laboratory with red bulb, are found to be enough
to avoid the oxidation during tests.

3.2. CWT method

Absorption spectra of BEN and LEV in the linear concen-
tration range of 5.0-240 pwg/mL and 1-80 pg/mL, respectively
were recorded in the spectral range of 250-310nm and are
illustrated in Fig. 2a. CWT sym6 (a=128) was applied on the
absorption spectra and the graphs of CWT are presented in
Fig. 2b. Calibration functions of BEN and LEV were obtained by
measuring the CWT signals at 273 and 282.9 nm, respectively.

Linear regression analysis and its statistical results are shown
in Table 1. Validation of the method was carried out by analyz-
ing the synthetic mixtures of both drugs and a good agreement

was reported. Recovery results and their statistical results were
shown in Table 2.
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Fig. 2. (a) Absorption spectra, (b) CWT spectra and (c) first derivative spectra

of BEN (—) and LEV (---) in the concentration range of 5-240 pg/mL and
1-80 pg/mL, respectively, in gastric juice (USP XXVIII).
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Table 1
Linear regression analysis and its statistical results
CWT? DS*?
BENP LEVP BENP LEV®
273.0°¢ 282.9¢ 275.0° 266.8¢
Range 5-240 1-80 5-240 1-80
(ng/mL)
m 1.89x 1073 1.34x 1072 1.81x 10~ 6.51 x 1074
n 281x107% —130x1073 —6.68x 107> —8.51x107°
r 0.9997 0.9999 0.9995 0.9999
LOD 0.25 0.64 0.83 0.28
(ng/mL)
LOQ 0.84 2.12 2.77 0.92
(ng/mL)

r, correlation coefficient of the regression function; m, slope of the regression
function; n, intercept of the regression function; r(S.E.), standard error of the
correlation coefficient; m(S.E.), standard error of the slope; n(S.E.), standard
error of the intercept; LOD, limit of detection; LOQ, limit of quantitation.

4 Method

b Drug

¢ A (nm)

3.3. DS method

In the classical derivative method, the absorption spectra of
LEV and BEN in the linear concentration range of 1-80 wg/mL
and 5-240 pg/mL, respectively, were plotted in the wavelength
range of 250-310 nm (as it can be seen in Fig. 2a). First deriva-
tive of the absorption spectra of two drugs and their samples

Table 2
Recovery data obtained by application of the developed methods to the synthetic
mixtures

Added (pg/mL) Recovery (%)
CWT DS
BEN LEV BEN LEV BEN LEV
15.0 1.0 101.5 96.2 100.4 94.0
15.0 5.0 100.1 100.6 100.1 95.7
15.0 10.0 99.6 102.4 100.4 94.0
15.0 20.0 104.8 101.2 104.1 99.9
15.0 30.0 98.3 100.7 101.1 99.9
15.0 40.0 103.5 100.5 101.1 100.3
15.0 50.0 104.7 100.5 101.1 99.9
15.0 60.0 103.8 101.2 104.8 100.1
15.0 70.0 97.8 100.5 104.8 98.0
15.0 80.0 103.2 99.7 104.8 97.6
5.0 60.0 100.8 100.7 105.9 99.5
10.0 60.0 102.5 101.5 102.1 101.6
15.0 60.0 104.9 100.6 115.1 101.4
20.0 60.0 108.5 100.4 108.4 101.1
30.0 60.0 106.3 99.7 107.2 100.4
40.0 60.0 106.8 100.4 106.6 99.9
60.0 60.0 99.7 101.5 105.0 100.4
120.0 60.0 102.9 100.8 107.6 100.4
180.0 60.0 103.1 97.6 105.4 99.3
240.0 60.0 104.2 97.1 107.6 98.3
Mean 102.9 100.2 104.7 99.1
S.D. 2.85 1.53 3.66 2.21
R.S.D. 2.77 1.53 3.50 223

were calculated by using the interval of AA=10nm as shown
in Fig. 2c. Linear regression functions for LEV and BEN com-
pounds were obtained by measuring the dA/dA values at 275.0
and 266.8 nm corresponding to the zero-crossing points, respec-
tively. Linear regression analysis and its statistical results were
presented in Table 1. As it can be seen from this table, satisfac-
tory results were obtained. Regression functions obtained were
applied to the simultaneous quantitative evaluation of LEV and
BEN in their samples.

To check the effect of excipients on the quantitative analysis,
the standard addition technique was applied. The recoveries and
relative standard deviations of standard addition technique were
reported as 99.6% with 2.37% for BEN and 99.5% with 1.80%
for LEV by using CWT and 97.6% with 3.11% for BEN and
99.6% with 2.39% for LEV by using DS. The above-mentioned
results were obtained by using five replicates for five different
concentration levels. No interference of excipients was observed
during analysis.

The CWT and DS methods were applied to the commercial
sample containing BEN and LEV and the obtained results were
presented in Table 3. A good coincidence was observed for the
assay results with the declared amount of the components on the
label.

3.4. Method validation

A good linearity for BEN and LEV in the range of
5-240 wg/mL and 1-80 wg/mL, respectively was observed
according to the correlation coefficients (r) as presented in
Table 1.

Precision of the developed CWT and DS approaches was
evaluated by analyzing 20 solutions consisting of BEN-LEV
mixtures by dilution of the stock solution.

R.S.D. was calculated by using the following formula

S.D. x 100

% RSD. =—7—— 3
b ¥ 3

where, S.D. represents the standard deviation and X denotes
the average of the percentage main recovery. The percentage
recoveries and R.S.D. values corresponding to the precision were
presented in Table 2.

The limit of detection (signal-to-noise ratio of 3:1) and the
limit of quantitation (signal-to-noise ratio of 10:1) were calcu-
lated by using the data obtained from six replicates for standard

Table 3
Determination results of BEN and LEV drugs by the developed methods
mg/tablet
No. CWT DS

BEN LEV BEN LEV
Mean 253 96.7 25.9 96.7
S.D. 0.64 1.93 0.95 1.90
R.S.D. 2.52 1.99 3.68 1.97
SE 0.20 0.61 0.30 0.60
CL (p=0.05) 0.14 0.41 0.20 0.41

S.D., standard deviation. R.S.D., relative standard deviation.

CL, confidence limit.
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Fig. 3. Dissolution profiles of BEN and LEV for six combined commercial
tablets obtained by CWT (I) and S (II) methods.

solutions of BEN at 15 wg/mL and LEV at 60 pg/mL. The inter-
cept and slope values of calibration function and their values are
shown in Table 1.

To investigate the effect of tablet excipients on the analy-
sis, the standard addition technique was applied to the samples
obtained by mixing pure components and their commercial
forms and their recovery results were presented in the above sec-
tion. According to the obtained results, no effect of the excipients
on the analysis was observed.

3.5. Tablet analysis

The quantitative analysis of BEN and LEV drugs in commer-
cial tablets were carried out by CWT and DS approaches. The
assay results of pharmaceutical tablet formulation are shown in
Table 3. It was observed that the determination results are very
close to each other; therefore a good agreement was reported.

3.6. Dissolution test

Dissolution data and dissolution profiles of the commercial
tablets consisting of LEV and BEN by CWT and DS approaches
were shown in Fig. 3(I) and (II), respectively. Approximately
65% of both drugs were dissolved within the first 10 min. The

dissolution percentage and the confidential limit (p = 0.05) were
found tobe as 99.9 and 1.08 for LEV by CWT and 98.76 and 2.53
for LEV by DS at the 45th min. The numerical results for BEN
at the 60th min are 95.0 for the dissolution percentage and 1.93
for confidential limit using CWT and 96.0 for the dissolution
percentage and 2.25 for the confidential limit using DS approach,
respectively.

4. Conclusions

Although the absorption spectra of BEN and LEV overlap in
the same spectral range 250—-340 nm, the simultaneous analysis
and dissolution test of BEN-LEV tablets were successfully per-
formed by the proposed CWT and DS approaches. Both CWT
and DS methods are simple, sensitive, easy to apply and very
cheap for routine analysis, quality control of LEV and BEN as
well as the determination of drug-dissolution profiles. In this
study, the CWT and DS methods were successfully applied to
obtain the simultaneous dissolution profiles of BEN and LEV in
tablets without any prior separation procedure. Results showed
that these two new approaches can be applied to the routine
quality control of the multicomponent dosage forms containing
BEN and LEV.

References

[1] W.W. Hea, X.W. Zhoua, J.Q. Lua, J. Chromatogr. A 1131 (2006) 289-292.
[2] J. Karpinska, J. Smyk, E. Woyniec, Spectrochim. Acta Part A 62 (2005)
213-220.
[3] M. Blanco, J. Coello, H. Iturriaga, S. Maspoch, N. Villegas, Anal. Lett. 33
(13) (2000) 2701-2718.
[4] J. Wang, Y. Zhou, J. Liang, P.G. He, P.Y.Z. Fang, Chromatographia 615 (6)
(2005) 265-270.
[5] M. Pistonesi, M.E. Centurion, B.S.F. Band, P.C. Damiani, A.C. Olivieri, J.
Pharm. Biomed. Anal. 363 (2004) 541-547.
[6] J. Coello, S. Maspoch, N. Villegas, Talanta 53 (2000) 627-637.
[7] British Pharmacopoeia, Co-beneldopa capsules, Stationery Office, London,
UK, 2004, pp. 2303-2305.
[8] British Pharmacopoeia, Co-beneldopa capsules, Stationery Office, London,
UK, 2004, pp. 2305-2306.
[9] E. Ding, C. Serin, F. Tugcu-Demirdz, F. Doganay, Int. J. Pharm. 250 (2003)
339-350.
[10] PM. Castellano, S.E. Vignaduzzo, R.M. Maggio, T.S. Kaufman, Anal.
Bioanal. Chem. 382 (2005) 1711-1714.
[11] C.K. Markopoulou, E.T. Malliou, J.E. Koundourellis, J. Pharm. Biomed.
Anal. 37 (3) (2005) 249-258.
[12] M.C.F. Ferraro, P.M. Castellano, T.S. Kaufman, Anal. Biomed. Chem. 377
(2003) 1159-1164.
[13] E. Ding, D. Baleanu, J. Pharm. Biomed. Anal. 30 (3) (2002) 715-723.
[14] E. Ding, D. Baleanu, Spectrochim. Acta, Part A 63 (3) (2006) 631-638.
[15] E.Ding, D. Baleanu, A. Tas, Rev. Chim. (Bucharest) 57 (6) (2006) 626—631.
[16] E. Ding, D. Baleanu, J. AOAC Int. 87 (2004) 360-365.
[17] E. Ding, D. Baleanu, J. AOAC Int. 87 (2004) 834—841.
[18] E. Ding, A. Ozdemir, D. Baleanu, Talanta 65 (1) (2005) 36-47.
[19] E. Ding, D. Baleanu, Farmaco 57 (2002) 33-37.
[20] B. Walczak, Wavelets in Chemistry, Elsevier Press, Amsterdam, The Neter-
lands, 2000.
[21] L. Daubechies, Ten Lectures on Wavelets, Society for Industrial and Applied
Mathematics, Philadelphia, 1992.



	Continuous wavelet and derivative transforms for the simultaneous quantitative analysis and dissolution test of levodopa-benserazide tablets
	Introduction
	Materials and methods
	Apparatus and software
	Reagents
	Preparation of SGJ and light-protected area
	Standard solution
	Commercial tablets analysis
	Dissolution test of tablet
	Wavelet method

	Results and discussion
	Method development
	CWT method
	DS method
	Method validation
	Tablet analysis
	Dissolution test

	Conclusions
	References


