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Two spectrophotometric methods are described for the simultaneous determination of binary mixtures of
carbidopa and levodopa in pharmaceutical formulations, without prior separation steps, using the mean center-
ing of ratio spectra and H-point standard addition methods (HPSAM). The methods are based on the difference
in the absorption spectra for the products of the reaction of carbidopa and levodopa with 4-aminobenzoic acid
in the presence of periodate ion at pH 4.0. The methods allow rapid and accurate determination of carbidopa
and levodopa. The results showed that the methods were capable to simultaneous determination of 0.30—
10.00 gg ml~! and 0.50—10.00 tg ml~" each of carbidopa and levodopa. The proposed methods were successfully
applied to the simultaneous determination of carbidopa and levodopa in pharmaceutical samples.
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Catecholamine drugs are aromatic vic-diols in which ei-
ther their 3- or 4-position is unsubstituted or these positions
are not sterically blocked. They can be oxidized chemically
or electrochemically to o-quinones that are quite reactive and
can be attacked by a variety of nucleophiles."

Several methods have been reported for simultaneous de-
termination of derivatives of catecholamines. Michotte et
al.? determined levodopa, carbidopa and 3-o-methyldopa si-
multaneously in plasma by HPLC with electrochemical de-
tection. Sagar and Smyth® reported simultaneous determina-
tion of levodopa, carbidopa and their metabolites by electro-
chemical detectors combined with HPLC. Coello et al®
studied simultaneous kinetic-spectrophotometric determina-
tion of levodopa and benserazide by bi- and three-way partial
least squares calibration that permit the quantification of both
analytes with a precision of 0.7% for levodopa and 1.5% for
benserazide. Uslu and Ozkhan® determined the binary mix-
tures of levodopa and benserazide by derivative spectropho-
tometry. Recently we reported a spectrophotometric method
for simultaneous determination of levodopa and carbidopa in
pharmaceutical preparations by derivative spectrophotometry
in basic media.”

The simultaneous determination of two or more com-
pounds in the same sample without previous chemical sepa-
ration has been developed from several mathematical proce-
dures. In 1988, Bosch-Reig and Campins-Falco” presented
H-point standard addition method. The H-point standard ad-
dition method (HPSAM) was based on the principle of dual
wavelength spectrophotometry and the standard addition
method. They studied its principle and applications.®'? The
greatest advantage of HPSAM is that it can remove errors re-
sulting from the presence of an interfering and blank reagent.
So HPSAM can be used for simultaneous determination of
two components in the solution.'®

Recently, Afkhami and Bahram'? presented a new spec-
trophotometric method for the analysis of binary and ternary
mixtures, without prior separation steps which called “mean
centering of ratio spectra” method.

In this paper, we applied two methods, H-point standard
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addition method and mean centering of ratio spectra for si-
multaneous determination of binary mixtures of levodopa
and carbidopa without any preliminary separation steps. The
methods are based on the difference in the reactions of car-
bidopa and levodopa with 4-aminobenzoic acid in the pres-
ence of periodate ion.

Theoretical Background

Requirements for Applying HPSAM Consider an unknown sample
containing an analyte X and an interferent Y. The determination of the con-
centration of X by HPSAM under these conditions requires the selection of
two wavelengths A, and A,, at which the interferent species, Y, has the same
absorbance.” Then known amounts of X are successively added to the mix-
ture, and the resulting absorbances are measured at the two wavelengths and
expressed by the following equations:

A =bytb+M;,C
Agy=AyTA' +M;,C

M
@

Where 4;,, and 4,,, are the analytical signals measured at 1, and 4,, re-
spectively. b, and A4, (bs#A,) are the original analytical signal of X at 4,
and 4, respectively. b and 4" are the analytical signals of Y at 4;,, and
A3z, Tespectively. M;; and M, are the slopes of the standard addition cali-
bration lines at A, and A,, respectively, and C; is the added X concentration.
The two straight lines obtained intersect at the so-called H-point (—Cy, Ay).
If the component Y is the known interferent, and the analytical signal corre-
sponding to Y, b (at A, or 1,), does not change with the additions of analyte,
X, hence, 4, is only related to the signal of the interferent Y at the two se-
lected wavelengths. To evaluate the interferent concentration from the ordi-
nate value of the H-point (4), a calibration graph or the absorbance value
of an interferent standard is needed. If the component Y is the unknown in-
terferent, the Y analytical signals remain equal with the addition of analyte
X. According to the above discussion, at the H-point, C}; is independent on
the concentration of interferent and so 4y, is also independent of the analyte
concentration.'?

Requirements for Applying Mean Centering of Ratio Spectra Con-
sider a mixture of two compounds X and Y. If there is no interaction among
the compounds and Beer’s low is obeyed for each compound, it can be writ-
ten:

A= 0y Cy+ 0, Cy 3

here, A,, is the vector of the absorbance of the mixture, oty and o are the
molar absorptivity vectors of X and Y and Cy and C,, are the concentrations
of X and Y, respectively.

If Eq. 3 is divided by o, corresponding to the spectrum of a standard so-
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lution of Y in binary mixture, the first ratio spectrum is obtained in the form
of Eq. 4 (for possibility of dividing operation, the zero values of ¢, should
not be used in the divisor):

A ayC

B= m _ XvX + CY (4)
Oy Oy

If the Eq. 4 is mean centered (MC), since the mean centering of a constant

(Cy) is zero, Eq. 5 would be obtained:

aC} ©)

MC(B)=MC [
Oy

Equation 5 is the mathematical foundation of multi-component analysis that
permits the determination of concentration of each of the active compounds
in the solution (X in this equation) without interfering from the other com-
pounds of the binary system (Y in these equations). As Eq. 5 shows, there is
a linear relation between the amount of MC(B) and the concentration of X in
the solution. A calibration curve could be constructed by plotting MC(B)
against concentration of X in the standard solutions of X or in the standard
binary mixtures. For more sensitivity the amount of MC(B) corresponding to
maximum or minimum wavelength should be measured. Calibration graphs
for Y could also be constructed as described for X.'*!

Experimental

Apparatus A Perkin-Elmer Lambda 45 UV-Vis spectrometer was used
for recording and storage of UV-Visible absorbance spectra using quartz
cells and slit width of 0.5 nm. A Metrohm model 713 pH-meter with a com-
bined glass electrode was used for pH measurements. All calculations in the
computing process were done in Matlab 6.5 and Microsoft Excel for Win-
dows.

Reagents Distilled water and analytical-reagent grade chemicals were
used. Standard solutions of carbidopa and levodopa were prepared by dis-
solving appropriate amounts of carbidopa and levodopa (both from Aldrich)
in pH 4.0 acetate buffer solution. A 1000 mg1~" carbidopa and levodopa so-
lutions were prepared by dissolving 0.1000 g carbidopa or levodopa in pH
4.0 acetate buffer solution and diluting to the mark in a 100-ml volumetric
flask. A 0.01moll~" 4-aminobenzoic acid solution and 0.01 mol1~" perio-
date solution were prepared (Merck). Acetic acid-acetate (1 moll™') buffer
solution of pH 4.0 was prepared from acetic acid-sodium acetate (both from
Merck).

H-Point Standard Addition Method An aliquot of the solution con-
taining 5.00—100.00 ug of levodopa and 3.00—100.00 ug of carbidopa,
0.4ml of 1.0X1072mol 1! of 4-aminobenzoic acid solution, 1 ml of pH 4.0
buffer solution and 0.3ml of 1.0X10 *moll™" periodate solution were
added into a 10 ml volumetric flask and made up to the mark with water. The
solution was then allowed to stand for 15min at room temperature. After
that, a portion of the solution was transferred into a quartz cell to measure it
absorbance at 394 and 498 nm. Synthetic samples containing different con-
centration ratios of carbidopa and levodopa were prepared and standard ad-
dition of carbidopa were performed. Simultaneous determination of car-
bidopa and levodopa with HPSAM was performed by measuring the ab-
sorbance of the solutions at 394 and 498 nm. The concentration ranges of
carbidopa and levodopa for construction of HPSAM calibration graphs were
0.30—10.00 and 0.50—10.00 ug ml ™', respectively.

Mean Centering of Ratio Spectra For preparation of all standard and
prediction mixtures, an aliquot of the solution containing 3.00—100.00 ug
carbidopa and 5.00—100.00 ug levodopa, 0.4 ml 4-aminobenzoic acid solu-
tion, 1 ml pH 4.0 buffer solution and 0.3 ml periodate solution were added
into a 10 ml volumetric flask and made up to the mark with water. The solu-
tion was then allowed to stand for 15 min. After that, a portion of the solu-
tion was transferred into a quartz cell to record its absorbance from 350—
700 nm against water blank.

A calibration graph for carbidopa is obtained by recording and storing the
spectra of standard solutions containing different concentrations of car-
bidopa. The stored spectra of the solution of carbidopa are divided by stan-
dard spectrum of levodopa according to Eq. 3. Then mean centering of these
vectors with respect to wavelength are obtained according to Eq. 4. The min-
imum or maximum of these vectors with respect to wavelength is used for
the construction of calibration graph for carbidopa. For the prediction of
concentration of carbidopa in synthetic binary mixtures and real samples the
same procedure was used except that the spectra of the mixture were used
instead of the spectra of standard solution of carbidopa. For samples with
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unknown matrices standard addition can be used for removing matrix effect.
The construction of calibration curves for other active compound and also
its prediction step was performed as described for carbidopa.

Results and Discussion

The electrochemical oxidation behavior of some cate-
cholamines in the presence of 4-aminobenzoic acid showed
1,4 [Michael] addition of 4-aminobenzoic acid on correspon-
ding o-benzoquinone of catecholamines at pH 4.0.'%

Figure 1 shows the absorption spectra for levodopa, car-
bidopa and their mixture in the presence of priodate and 4-
aminobenzoic acid at pH 4.0. As it is seen, levodopa in the
presence of 4-aminobenzoic acid and periodate shows an ab-
sorption band at 450 nm, and carbidopa shows an absorption
band at 370 nm.

Periodate oxidizes levodopa and carbidopa to their corre-
sponding quinones. In the presence of 4-aminobenzoic acid
the produced o-benzoquinone is converted to the final prod-
uct by a 1,4 [Michael] addition reaction'” (Chart 1).

To take full advantages of the procedures, the reagent con-
centrations must be optimized. The parameters were opti-
mized by setting all parameters constant and optimizing one
each time. The effect of periodate concentration was studied
in the range (0.1—4.0)X 10" *mol1~". The absorbance of the
solution at 450 nm increased by increasing periodate concen-
tration up to 2.0X10 *moll”" and remained constant at
higher concentrations. Therefore, 3.0X10 *mol1~" of perio-
date was selected as optimum concentration. The effect of
the 4-aminobenzoic acid concentration was studied in the
range of (0.5—5.0)}X10 *mol1~". The results show that the
absorbance increased at 450 nm by increasing 4-aminoben-
zoic acid concentration up to 3.0X10 *mol1~! solution and
remained constant at higher concentrations. Therefore

Absorbance

0.0 . .

350.0 450.0 550.0 650.0

Wavelength /nm
Fig. 1. Absorption Spectra for the Reaction of 5.00 ugml ™' of Levodopa
(a), 5.00 ugml™! Carbidopa (b) and Their Mixture (5.00 ugml™!' Each of

Them) (c) with 4X10 *mol1~" 4-Aminobenzoic Acid and 3X10 *mol1™"
Periodate Solution at pH 4.0
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4.0X10"*mol 1! of 4-aminobenzoic acid was selected.

HPSAM In this special system, carbidopa and levodopa
were considered as the analyte and interferent, respectively.
Figure 2 shows the two straight lines obtained from Eqgs. 1
and 2, which indicates —Cy and 4y,.

Wavelength Selection To select the appropriate wave-
length pair for HPSAM, the following principles were ap-
plied. At the selected wavelengths the analyte signal must be
linear to its concentration, and the interferent signal must re-
main unchanged when changing the analyte concentration.
The analytical signal obtained from a mixture containing the
analyte and the interferent should be equal to the sum of the
individual signals of the two components. In addition, the
difference in the slopes of the two straight lines measured at
the two selected wavelengths (4, and 1,) must be as large as
possible in order to obtain good accuracy and sensitivity.'?
In this case there were several pairs of wavelengths. The best
wavelength pair was 394 and 498 nm (A, and A,) and there-
fore these wavelengths were chosen. Standard solutions of
carbidopa and levodopa were initially tested to validate the
applicability of the chosen wavelengths. Figure 3 shows the
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Fig. 2. Plot Absorbance of HPSAM for Simultaneous Determination of
5.00 ug ml~! Carbidopa and 5.00 ug ml™! of Levodopa in (a) 498 nm and (b)
394 nm

Conditions: 4-aminobenzoic acid 4X 10™*mol 1™'; periodate 310~ *mol 1™!. pH 4.0.
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H-point standard addition plots for several synthetic test so-
lutions.

Analytical Characteristics Under the optimum condi-
tions described above, simultaneous determination of lev-
odopa and carbidopa, was performed applying HPSAM. To
check the reproducibility of the method, four replicate meas-
urements of levodopa and carbidopa were performed. The
concentration of the interfering component (levodopa) was
calculated in each test solution by means of the calibration
method using standard solutions and the ordinate value of H-
point (4,). The concentration of carbidopa was directly ob-
tained (—Cp).

In order to ensure the accuracy of the method, several syn-
thetic mixtures with different concentration ratios of lev-
odopa and carbidopa were analyzed with the proposed
method. The results are given in Table 1. As the amounts of
obtained recoveries show, the accuracy of the method is satis-
factory. The relative standard deviation for four replicate
measurements of a mixture of 5.00 ggml~' of levodopa and
5.00 ugml~' carbidopa was 4.45%, 2.89%, respectively.

Limit of detection was calculated as LOD=3S,, where
Scy 1s the standard deviation (S.D.) of several (n=5) repli-
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Fig. 3. Plots of HPSAM for Simultaneous Determination of Carbidopa
and Levodopa in Different Concentrations, Levodopa=1.00 ugml™', Car-
bidopa =1.00 ugml™' (®), Levodopa=3.00 ugml~', Carbidopa=1.00 ug
ml~! (@) and Levodopa=5.00 ugml ™', Carbidopa=1.00 ugml~" (O)
Conditions: 4-aminobenzoic acid 4X10™*mol 1™!; periodate, 3X 10~ *mol 1"". pH 4.0.

Table 1. Results Obtained for Resolving of the Mixture of Carbidopa and Levodopa by HPSAM
Taken (ugml™") Found” (ugml™)
A-C equation r

Carbidopa Levodopa Carbidopa Levodopa
A35,=0.0329C+0.0466 0.998 1.00 1.00 0.94 ( 94.0) 0.96 ( 96.0)
A,493=0.0048C+0.0202 0.996
A3,=0.0252C+0.2089 0.996 5.00 5.00 4.98 ( 99.6) 5.21(104.2)
A493=0.0037C+0.1018 0.996
A3,=0.0202C+0.1557 0.996 1.00 10.00 0.98 ( 98.0) 10.08 (100.8)
A493=0.0057C+0.1413 0.998
A34,=0.0306C+0.173 0.999 5.00 1.00 5.13 (102.6) 0.97 ( 97.0)
A493=0.0055C+0.044 0.992
A5,=0.0321C+0.081 0.999 0.50 5.00 0.49 ( 98.0) 4.81 ( 96.0)
A493=0.0048C+0.0676 0.998
A30,=0.0249C+0.1128 0.996 2.00 4.00 2.09 (104.5) 4.24 (106.0)
Ay95=0.0041C+0.0693 0.961
A35,=0.0303C+0.2044 0.992 6.00 1.00 6.12 (102.0) 1.09 (109.0)
A495=0.0052C+0.0506 0.988
A3,=0.0241C+0.1272 0.994 5.00 0.50 4.81( 96.2) 0.54 (108.0)
A493=0.0016C+0.0188 0.964
A35,=0.0264C+0.0514 0.997 0.30 3.00 0.33 (110.0) 3.04 (101.3)
A493=0.005C+0.0442 0.986
A34,=0.027C+0.2972 0.997 8.00 6.00 8.19 (102.3) 5.62 ( 93.6)
A493=0.0048C+0.1153 0.905

a) Values of recovery are given in parentheses.
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cate measurements of zero concentration of analyte with
HPSAM.'® The corresponding value obtained for levodopa
was 0.21 ggml~" and for carbidopa was 0.10 ugml~'. Rela-
tive error for the determination of each 5.00 ugml™' of lev-
odopa and carbidopa was 3.78% and 2.54% for levodopa and
carbidopa, respectively. Levodopa and carbidopa can be de-
termined in the range 0.50—10.00 and 0.30—10.00 g ml™'
with satisfactory accuracy and precision.

Mean Centering of Ratio Spectra The absorption spec-
tra of the standard solutions of carbidopa with different con-
centrations were recorded in the wavelength range 350—
550 nm with 1nm intervals (Fig. 4a) and divided by the nor-
malized spectrum of the levodopa and the ratio profiles were
obtained (Fig. 4b). Mean centering (MC) of the ratio profiles
was obtained in the wavelength range 390—420 nm (Fig. 4c¢).
The concentration of carbidopa was determined by measur-
ing the amplitude at 390 nm corresponding to a maximum
wavelength shown in Fig. 4c. For the prediction of concentra-
tion of carbidopa in synthetic binary mixtures and real sam-
ples the same procedure was used except that the spectra of
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Fig. 4. The Absorption Spectra for the Standard Solutions of the Car-
bidopa with Different Concentrations (0.30—10.00 ugml™") (a), the Ratio
Spectra Obtained by Dividing the Normalized Spectra of the Levodopa (b)
and the Mean Centering of Ratio Spectra (c)

Conditions: 4-aminobenzoic acid 4X10 *moll™"; periodate, 3X10 *mol1~!. pH
4.0.
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the mixture were used instead of the spectra of standard solu-
tion of carbidopa.

The absorption spectra of the standard solutions of lev-
odopa with different concentrations were recorded in the
wavelength range 350—550 nm with 1 nm intervals (Fig. 5a)
and divided by the normalized spectrum of the carbidopa and
the ratio profiles were obtained (Fig. 5b). Mean centering
(MC) of the ratio profiles was obtained in the wavelength
range of 410—440nm (Fig. 5c). The concentration of lev-
odopa was determined by measuring the amplitude at 410 nm
corresponding to a maximum wavelength shown in Fig. Sc.
For the prediction of concentration of levodopa in synthetic
binary mixtures and real samples the same procedure was
used except that the spectra of the mixtures were used in-
stead of the spectra of standard solution of levodopa.

Analytical Characteristics In the proposed method
mean centering of ratio spectra, Beer’s law was obeyed in the
concentration range 0.30—10.00 ugml~' for carbidopa, and
0.50—10.00 ugml~' for levodopa. Table 2 shows the linear
regression parameters for calibration data for simultaneous
determination of carbidopa and levodopa in their binary mix-
tures. Limit of detection of the method for determination of
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Fig. 5. The Absorption Spectra of the Standard Solutions of the Levodopa
with Different Concentrations (0.50—10.00 ugml™") (a), the Ratio Spectra
Obtained by Dividing the Normalized Spectra of the Carbidopa (b) and the
Mean Centering of Ratio Spectra (c)

Conditions: 4-aminobenzoic acid 4X10 *moll™"; periodate, 3X10 *mol1~!. pH
4.0.

Table 2. Analytical Characteristics for Analysis of Levodopa and Carbidopa in Binary Mixtures by Mean Centering of Ratio Spectra Method

Analyte Wavelength (nm) Calibration equation® (RH? Linear range (ugml~')  LOD (ugml™")
Carbidopa 390 y=0.2312x—0.0098 0.9992 0.30—10.00 0.08
Levodopa 410 »=0.0934x+0.0092 0.9991 0.50—10.00 0.17

a) x is the concentration of drug in ugml™', b) squared correlation coefficient, ) limit of detection.
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Table 3. The Effect of Wavelength Range on the Analytical Parameter

Wavelength ~ Correlation
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Table 4. Results for Analysis of Levodopa and Carbidopa in Binary Mix-
tures in Different Concentration Ratios by Mean Centering of Ratio Spectra
Method

Analyte range coefficient (n?llzpe’ ) Intercept
(nm) (n=10) & Taken (ugml™") Found (ugml™") Recovery (%)
Carbidopa 390—490 0.9984 0.4053 —0.0161 Carbidopa Levodopa Carbidopa Levodopa Carbidopa Levodopa
390—450 0.9986 0.3327 —0.0147
410—450 0.9929 0.1118 —0.0025 1.00 1.00 1.07 0.96 107 96
450—490 0.9966 0.0259 —0.0025 5.00 5.00 5.02 4.73 100.4 94.6
390—420 0.9992 0.2312 —0.0098 1.00 10.00 1.07 9.45 94.5 95.3
Levodopa 390—420 0.9986 0.0930 0.0090 5.00 1.00 4.96 0.97 98 97.0
380—410 0.9982 0.0821 0.0089 0.50 5.00 0.51 5.01 102 100.2
410—470 0.9987 0.1827 0.0198 2.00 4.00 2.00 3.84 96 96.0
410—440 0.9991 0.0934 0.0092 6.00 1.00 6.01 1.05 100.1 105
420—450 0.9985 0.0896 0.0117 5.00 0.50 4.98 0.49 99.6 98.0
0.30 3.00 0.31 2.88 103.3 96.0
8.00 6.00 8.12 5.93 101.5 98.8
carbidopa and levodopa are also shown in Table 2. Meanrecovery 102 97.7
To check the reproducibility of the method five replicate  R.S.E (%)” single 1.22 4.00
R.S.E, (%) total 3.06

resolving of carbidopa and levodopa mixtures were per-
formed. The relative standard deviation (RSD) for five repli-
cate determinations of 5.00 ugml~' each of carbidopa and
levodopa was 2.26 and 2.92%, respectively. The mean recov-
eries for simultaneous determination of these species in bi-
nary mixtures were 101.6 and 99.4% for carbidopa and lev-
odopa, respectively.

The effect of wavelength range on the analytical parame-
ters such as slope, intercept and correlation coefficient of the
calibration graph was also tested (Table 3). It was observed
that changing the wavelength range had significant effect on
the analytical parameters. Therefore, selection of the wave-
length range was performed for carbidopa and levodopa sep-
arately. The best wavelength range for levodopa and car-
bidopa by the proposed method was obtained 410—440 nm
and 390—420 nm, respectively.

The effect of divisor concentration on the analytical pa-
rameters such as detection limit, slope, intercept and correla-
tion coefficient of the calibration graphs was also tested. It
was observed that changing the concentration of divisors in
their linear calibration range had no significant effect on the
analytical parameters. Therefore, a normalized spectrum of
each of the carbidopa and levodopa was used as divisor pro-
file in the proposed method.

In order to obtain the accuracy and precision of the
method, several synthetic mixtures with different concentra-
tion ratios of carbidopa and levodopa were analyzed using
the proposed method. The results are given in Table 4. The
prediction error of a single component in the mixtures was
calculated as the relative standard error (R.S.E) of the predic-

tion concentration'®:

e
R.S.E. (%)=[»"‘//J X100 (6)

PR

where N is the number of samples, C; the concentration of
the component in the jth mixture and C, the estimated con-
centration. The total prediction error of N samples is calcu-

lated as follows:
A 1/2
2}M12y1(cff_cif)2J %100

DRI

R.S.E, (%)= [ )

a) Calculated from Eq. 6.  b) Calculated from Eq. 7.

where C; is the concentration of the component in the jth
samples and C; is its estimation. Table 4 also shows the rea-
sonable single and total relative errors for such system.

Interference Study To study the selectivity of the pro-
posed methods, the effect of various species on the determi-
nation of a mixture of 5.00 ugml™' each of levodopa and
carbidopa by both the methods was tested under the optimum
conditions. The tolerance limit was defined as the concentra-
tion of added ion causing less than a =5% relative error. lons
Na*, K*, A", CI", NOj, SO; ", HPO;", ascorbic acid,
glycine, lactose, glucose, fructose did not interfere up to
5000 ugml~'. Zn**, Mg?* and PO; " interfered at 2500, 250
and 100 ugml™!, respectively. Pb’>* and Cu?" interfered at
50 ugml .

Application The proposed methods were successfully
applied to the simultaneous determination of mixtures of car-
bidopa-levodopa in the LevodopaC tablets and after addition
in tap water samples. The results are shown in Table 5. The
good agreement between these results and known values in-
dicate the successful applicability of the proposed methods
for simultaneous determination of carbidopa and levodopa in
mixture sample.

Conclusion

The proposed methods, HPSAM and mean centering of
ratio spectra, are very suitable for simultaneous determina-
tion of levodopa and carbidopa and can be applied to the
analysis of pharmaceutical samples. The results show that ac-
curacy, precision, reproducibility, sensitivity and linear range
are nearly the same for both the methods. A comparison be-
tween the results obtained by the methods indicate that the
detection limit and RSD% obtained by mean centering of
ratio spectra method are lower than those obtained by
HPSAM. These methods are very simple, rapid, accurate and
cheap. Standard addition can be used in the proposed meth-
ods and matrix effects can be removed easily. Therefore,
these methods can be used for resolving binary mixtures in
the complex samples with unknown matrices.
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Table 5. Determination of Levodopa and Carbidopa Mixtures in Tap Water Samples and Tablet by the Mean Centering of Ratio Spectra Method and
HPSAM

Found
Spiked or present
Sample in sample (ugml™") Mean centering of ratio spectra (ugml™") HPSAM (ugml™")
Carbidopa Levodopa Carbidopa Levodopa Carbidopa Levodopa
Tap water 5.00 1.00 4.82+0.02 1.06%0.10 4.84+0.24 1.09%0.01
1.00 10.00 1.04%0.07 10.35%+0.04 0.84+0.01 10.75+0.06
Tablet 1.00 10.00 0.97%0.05 10.13+0.11 1.10£0.04 9.78%+1.01
1.50 5.00 1.42+0.03 5.06%0.05 1.41%+0.03 4.91+0.54
a) Mean*S.D. (n=3).
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