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ABSTRACT

Three different methods are described for the simultaneous determination of amoxicillin trihydrate (AMX) and potassium
klavulanate (KLV) in synthetic mixtures and pharmaceutical tablets. The first method depends on the first-derivative ultraviolet
spectrophotometry with zero-crossing measurement. The second method is based on mass spectrometry utilizing electropspray
ionization. For the electrospray studies in negative and positive ion modes, aspirin (ASP) and clindamycin (CLN) were used,
respectively as internal standards for quantification. The calibration function was established in the same concentration ranges as
in the first derivative method. A reversed-phase high performance liquid chromatographic (RP-HPLC) method involving ultravi-
olet detection (A = 220 nm) was developed for the analysis of AMX and KLV. Chromatography was carried out on a C-18 column

with mobile phase comprising of phosphate buffer-acetonitrile (40:60, v/v).

The proposed methods have been validated with

regard to the selectivity, detection limit, recovery, accuracy and precision. For both drugs, methods were found to be selective,
linear (R = 0.99), accurate (recovery = 100-105%) and precise (<3% RSD) in the range of 21-49 pg/mL for AMX and 3-7 pg/mL
for KLV. The limit-of-detection and limit-of-quantification of the method were determined for three methods.
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INTRODUCTION

Analysis of multi-mixtures without separation is
of big importance in pharmaceutical, food, forensic and
other areas. Numerical methods called chemometric
methods(""® are well known and widely used for the
analysis of multi-component mixture without a prior
separation. It is necessary to understand several abstract
theories to employ the numerical methods and most of
the chemists do not wish to go into the details of those
methods. For easy and fast data manipulation, graphi-
cal methods, namely derivative methods'”"'?), can be
used for the overlapped spectra of mixtures. Although
graphical methods provide no separation step for the
mixtures, they need additional mathematical calcula-
tion, like derivation of each spectrum. Recently in
pharmaceutical area, mass spectrometry became to
be used often especially for the drug quantification
purposes>"18). Mass spectrometry, especially combined
with HPLC provides better quantitation. Using HPLC
as a hyphenated technique front, mass spectrometry,
requires mostly electrospray ionization source as the
ionization technique. This provides very soft ioniza-
tion with minimal fragmentation, which depends on the
applied voltage in the ion source. Separation step is not
required for mass spectrometric methods. Depending
on the ionization method, there exists several ways to
quantitate the subjected compounds in the mixtures. For
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example electron impact may cause a lot of fragmenta-
tion and thus makes calculations harder. However, with
the relative abundance of fragments of ions, it is possible
to quantitate the compounds in the gas phase. By softer
ionization methods namely electrospray, it is possible to
get better quantitation for a single compound or mixtures
using an internal standard without any separation. Chro-
matographic methods especially HPLC, are used in the
pharmaceutical field for the qualitative or quantitative
studies. HPLC provides very satisfactory results as
long as a very robust method was developed. The disad-
vantage of this method is high cost, extra work, time-
consumption and sometimes it is incapable of separating
components in the mixtures.

In this report, three methods have been developed
for the quantitative resolution of AMX and KLV in the
synthetic binary mixture or tablet formulations. The
challenging ration in the tablets makes it really hard to
quantitate these components in the pharmaceutical prep-
arations by spectrophotometric methods. The proposed
methods solve this problem and eliminate any nega-
tive effects such as overlapping spectra or separation of
compounds. The spectrophotometry and chromatogra-
phy are well known methods, but electrospray ionization
mass spectrometric (ESI-MS) method is not completely
realized in the quantitative pharmaceutical studies. The
main purpose of this study is to develop spectrophtomet-
ric and ESI-MS methods, compare the results, discuss
their advantage and shortcomings and validate both
results by HPLC method.
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MATERIALS AND METHODS
1. Instrumentation and Mobile Phase

The absorption measurements were carried out on a
Shimadzu UV-240 double beam UV-VIS spectrophotome-
ter with a fixed slit width (1 nm) and Shimadzu UVPC soft-
ware. Data processing, regressions and statistical analysis
were performed by using the UVPC and EXCEL softwares.

ESI-MS measurements were performed on a Finni-
gan LCQ ion trap MS (San Jose, CA, USA) with an asso-
ciated Xcalibur (v. 1.2) data system. The standard Finni-
gan electrospray interface was operated in the negative
and positive ion modes. Operating conditions for the
mass measurements were: capillary temperature, 200°C;
capillary voltage, (+) 20.0 V; ion spray voltage, (£) 4.5
kV; sheath gas flow rate, 20 arbitrary units.

Chromatography was performed on a Waters 1100
series HPLC system (Agilent Technologies, Inc., CA,
USA) equipped with a quaternary pump, an autosam-
pler, a thermostatted column compartment, and a multi-
wavelength diode array detector. Data were acquired
and processed using HP Chem Station for LC software
from Hawlet-Packard. The column used was a Waters
Symmetry® C18 Column (5 pm, 4.6 x 150 mm). The
flow rate was maintained at 0.8 mL/min and the injec-
tion volume was 20 uL. The mobile phase was prepared
daily and filtered through a 0.45 um membrane filter.

II. Commercial Tablet Formulation

For the method development, a commercial tablet
formulation (Croxilex®-BID 1,000 mg coated tablets
from I. E. Ulagay, Turkey, Batch no. 401006) contain-
ing 875 mg of AMX, 125 mg of KLV was used. All the
proposed methods were applied to this pharmaceutical
preparation.

AMX, KLV, ASP and CLN were kindly donated by
Turkish Pharmaceutical Industrial Firms.

111. Standard Solutions

Stock solutions of AMX (35 mg/100 mL), KLV
(25 mg/100 mL), and ASP (30 mg/100 mL) and CLN
(30 mg/100 mL) were prepared in water. For each set
of experiment, fresh solutions were used to avoid the
instability problem. A standard series of the solutions
containing 21-49 pg/mL of AMX and 3-7 pg/mL of KLV
were prepared from the stock solutions. For three meth-
ods, same stock solutions were used. For ESI-MS stud-
ies 30 pg/mL of IS was included in each solution. All
the calibration equations were obtained by three differ-
ent assays and the average was taken as the final results.

IV. Tablet Analysis

For the preparation of tablet solution, 10 tablets were
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weighted and powdered in a mortar. From the average
of those 10 tablets, one tablet amount was weighted and
dissolved in 100-mL water in a 100-mL calibrated volu-
metric flask. The solutions were then filtered through 0.45
um disposable membrane filter. The final solution was
diluted to the working concentration for the experiments.

RESULTS AND DISCUSSION

Absorption spectra of both AMX and KLV in water
are shown in Figure 1. The absorption spectrum of
compounds reflects the dramatic concentration differ-
ence between two active ingredients and indicates some
limitations for the spectrophotometric resolution of over-
lapped spectra of both compounds. This mixture is a
perfect model to demonstrate the advantage of methods
for the quantitation of both active ingredients of tablets.

First derivative method using zero crossing
point7"1? provides the resolution of active compounds
in a mixture. Zero crossing method has some disadvan-
tages for resolving overlapped spectra of components in
a mixture. There are risk of small drifts of the working
wavelengths and circumstance that the working wave-
lengths generally do not fall in correspondence of peaks
of the derivative spectrum. This could be even more
dangerous when the slope of the spectrum is very high
with consequent loss of accuracy and precision, and the
working wavelength is in the proximity of the base of the
spectrum, which causes poor sensitivity!?).

Corresponding first derivative spectra of AMX
and KLV for the calibration step are shown in Figure 2.
While AMX provides satisfactory signal intensity for the
appropriate calibration, KLV does not show enough clar-
ity for a better calibration. First derivative also increases
the noise level of spectrum and makes it harder to read
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Figure 1. Absorption spectra of AMX (---) and KLV (—) in water.

al to a5 represents concentration of AMX from 21 to 49 pg/mL. bl
to b5 represents concentration of KLV from 3 to 7 pg/mL.



120

0.02

-0.02

-0.04

First derivative

-0.06

-0.08

L 1 L 1 L ! 1 L

0 210 220 230 240 250 260 270 280 290 300

Wavelength (nm)

Figure 2. First derivative spectra of AMX (---) and KLV (—) in
water. al to a5 represents concentration of AMX from 21 to 49 pg/
mL. bl to b5 represents concentration of KLV from 3 to 7 pg/mL.

the signal intensity at certain zero crossing points.

In derivative spectra, one of the main parameter that
affects the signal to noise (S/N) ratio and peak shape is
the AL value. This parameter needs to be optimized to
give a well resolved large peak, i.e. to give good selectiv-
ity and high sensitivity in the determination. At higher
AM, the S/N ratio becomes better, so that the fluctuation
in a derivative spectrum decreases. However, if AL is too
large, the spectral intensity of second derivative deterio-
rates. Various AA were tested and AL = 5 nm was chosen
as the optimum in order to give an adequate S/N ratio.

Derivative spectrophotometry consists of calculat-
ing and plotting the mathematical derivatives of a spec-
trum. Thus, it offers a convenient solution to a number
of analytical problems, such as resolution of multicompo-
nent systems, reduced sample turbidity and enhancement
of spectral details. The theoretical aspects of derivative
spectrophotometry can be found elsewhere’"'2. The
significant resolution enhancement of derivative UV
spectrophotometry has been applied advantageously to
the determination of drugs.

It is well known that higher orders of derivative
yield sharper peak amplitudes, but also yield lower
derivative absorbance units of the bandwidth for a given
curve!!”. The best selection for the derivative order is
achieved where a greater reduction of the broad interfer-
ing exist. First derivative method was selected in our
case because of low absorbance of KLV.

Negative ion ESI-MS spectra of subjected compounds
with existence of internal standard are shown in Figure 3.
Spectra were taken without any prior separation step. All
the peaks in the spectra were determined and their peak
heights were used for the quantitative purpose.

Acquisition parameters were determined by direct
injection of a 5 puL/min solution of mixture of three
compounds into the mass spectrometry. Variable mass
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Figure 3. Negative ion ESI-MS spectra of tablet formulation of
AMX 35 pg/mL, KLV 5 pg/mL and IS 30 pg/mL in water. MS
conditions: negative ESI mode; heated capillary temperature, 200°C;
capillary voltage, -4.5 kV; sheath gas flow rate, 20 arbitrary units.

spectrometric conditions, such as ESI probe temperature,
capillary voltage and cone voltage, were investigated. ESI
probe temperature was set at the minimal acceptable value
(200°C). Capillary voltage was kept at -4.5 kV for the
detection of AMX and KLV in the presence of IS. In the
case of AMX, the deprotonated species, [AMX-H] ", at m/z
363.9 was given after ionization in the electrospray source.
The negative ion ESI spectrum of KLV has a deprotonated
peak [KLV-H] ", at m/z 197.9. The deprotonated molecular
ion [M-H] of IS at m/z 178.9 was recorded for quantita-
tive purpose. In this study, negative ion ESI-MS spectra
of tablet solution of these two compounds were shown to
demonstrate that there is no interference from the tablet
excipients. The peak at 728.9 amu corresponds to the dimer
of AMX, [2AMX-H'] in solutiuon and its peak intensity
increases as the concentration increases. This situation also
gives another alternative to quantitate AMX in solution.

We also tried to develop another ESI-MS method by
running the instrument in positive ion mode. Basically
KLV by itself generated a lot of potassium and sodium
complexes in positive ion mode. In the presence of other
potassium grabber compounds like AMX those potassium
complexes disappeared in KLV ESI-MS spectra profile.

In the positive ion mode, the potassium complex of
AMX can be utilized to quantitate the amount of KLV.
Because all the potassium was fromKLV thus the peak
intensity of [AMX+ K] can be used for quantitation. The
spectrum of positive ion mode of tablet content is shown
is shown in Figure 4. KLV spectrum of positive ion
ESI-MS in water is shown in the insert. In positive ion
mode CLN was chosen as an internal standard, because
it does not form any potassium or sodium complexes and
makes the quantitation possible in positive ion mode.
Although CLN produces very good positive ion signals,
it does not give any negative ion spectra. So we used
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Figure 4. Positive ion ESI-MS spectra of tablet formulation of
AMX 35 pg/mL, KLV 5 pg/mL and IS 15 pg/mL in water. The
inset shows the positive ion spectra of KLV in water. MS conditions:
positive ESI mode; heated capillary temperature, 200°C; capillary
voltage, 4.5 kV; sheath gas flow rate, 20 arbitrary units.

ASP instead for the negative ion studies. The spectra
also explained why the negative ion mode was chosen
as the main method for the quantitative ESI-MS studies.
The reason is that KLV peak lacks in positive ion spectra
and the negative ion mode basically provides simple MS
spectra for quantitative purpose.

In Figure 5, chromatograms of both compounds were
shown. There is not any interfering peak in the chromato-
gram. The retention time of AMX and KLV was 2.2 and 4.5
min, respectively. The chromatographic running time of 6
min was appropriate for routine sample analysis. No inter-
nal standard was used in this chromatographic study. For
the normalization of each chromatographic run, the peak
area of AMX with the highest concentration was used.

1. First Derivative Method

First derivative of the spectra were calculated with
the interval AA of 5 nm and resulting spectra were shown
in Figure 2. For the best calibration, various AA values
were tried and AL = 5 was found most suitable for the
calculations. After derivation of the absorption spectra
of compounds, zero crossing points were determined to
establish two different calibration equations. For each
compound, a graph was plotted by concentration versus
absorbance and yields a straight line that can be used for
the calculation of concentration calculation in synthetic
mixtures or tablets. The same method can be applied to
determine the concentration of other compound. The
amounts of AMX and KLV in the binary mixture were
found to be proportional to the signals and statistical
parameters of their calibration equations are summarized
in Table 1.
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Figure 5. HPLC chromatogram of AMX and KLV in water.
Chromatogram was taken at the highest concentrations (7 pg/mL for
KLV and 49 pg/mL for AMX) of both drug.

II. ESI-MS Method

Negative and positive ion ESI-MS spectra of two
drugs and IS are shown in Figures 3 and 4, respectively.
In negative ion spectrum, ASP was used as an internal
standard and it is possible to see all the compounds and
additional peaks. AMX also gives protonated dimer
form in the solution, so we included all the related peaks
for same compounds by adding up their intensities for
the best calibration. In positive ion ESI-MS CLN was
used as an internal standard and additional peaks were
produced, so we follow the same procedure for calcula-
tions. Basically, various peaks were produced depending
on heated capillary temperature, capillary voltage, skim-
mer voltages and other parameters in ESI source. The
source conditions were optimized to suppress the adduct
formation and fragmentation of compounds. Calibration
standards of the AMX, KLV and IS were used to carry
the calibration procedure. Ratios of the peak area signal
of AMX or KLV to that of the IS were calculated. Linear
relationships between the ratios of the peak area of the
analytes to that of the IS and the corresponding concen-
trations were observed and illustrated by the equations in
Table 1. In all the cases, back-calculated concentrations
in the calibration curves were within 5% of the nominal
values and the linear model satisfactorily describes the
relationship between concentration and response.

II. HPLC Method

The given chromatogram in Figure 5 corresponds to
the concentration of 49 pg/mL for AMX and 7 pg/mL for
KLV. The detector responses were measured in terms
of peak area. Chromatographic separation was carried
out at the ambient temperature on a Waters Symmetry™
C18 Column and the mobile phase consisted of 0.1 M
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Table 1. Statistical results of calibration graphs obtained by three different methods

Method Drug A (uv) Regression equation ra SE (m)° SE (n)® SE (r)¢
e AMX 284.4 A= -2.91E-04C&,\x-1.20E-05 0.9997 6.15E-06 2.24E-04 1.36E-04
KLV 230.4 A= 8.88E-04Cyy - 1.76E-02 0.9991 2.12E-06 2.21E-04 1.34E-04
) AMX - A=3.56E-02Capx - 2.95E-01 0.9957 1.40E-03 4.91E-02 2.99E-02
ESI-MS negative
KLV - A=7.67E-02Cgy - 2.72E-01 0.9919 4.00E-03 4.15E-02 2.52E-02
o AMX - A= 6.67E-02Cx\x - 2.03E-01 0.9965 2.30E-03 8.29E-02 5.04E-02
ESI-MS positive
KLV - A= 1.95E-01Cxyy - 8.81E-01 0.9981 4.90E-03 5.11E-02 3.11E-02
HPLC AMX 220 A=2.46E-02Cxpx - 1.93E-01 0.9991 5.91E-04 2.15E-02 1.31E-02
KLV 220 A=2.06E-02Cyyy - 6.40E-03 0.9973 8.75E-04 9.10E-03 5.50E-03

ar: regression coefficient.

®SE (m): standard deviation of slope.

°SE (n): standard deviation of intercept.

4SE (v): standard deviation of linear regression.

°D: first derivative.

fA: amplitudes at selected wavelength for AMX and KLV.
£C: concentration (ug/mL).

phosphate buffer (pH = 8) and acetonitrile (v/v, 60:40).
No internal standard was used during the studies. For
the calibrations, all the peaks were normalized using the
total peak area of compounds versus the peak area of
individual drug in each chromatogram.

All the experimental and instrumental parameters
were optimized to obtain the best S/N ratio for the subject-
ed methods. The signal intensity of the compounds is
important for the derivative calculations due to the inten-
sity decrease after the derivation process. For ESI-MS
case, signal intensity will not be a problem due to the low
detection limit of mass spectrometry. In this method, the
important factors for a robust method are the preparation
of solutions and ESI source parameters.

IV. Method Validation

Five-point calibration curves were constructed
for both drugs over the concentration range of 21-49
pg/mL for AMX and of 3-7 pg/mL for KLV. This
concentration range was selected based on the antici-
pated drug concentration in absorption studies and
used for spectrophotometric method development. In
ESI-MS and HPLC studies, the plot of normalized peak
arcas of drugs versus concentrations was found to be
linear within this concentration range. The similarity
observed between the regression equations of individual
pure drug and mixture solutions suggested no interfer-
ences in the estimation of one drug in the presence of
the other. The regression equations are calculated from
the calibration graphs, along with the standard devia-
tions of the slope and the intercept. The linearity of
calibration graphs and conformity of the absorption
measurements to Beer’s law were proved by the high
values of the correlation coefficients (r) of the regres-
sion equations. In Table 1, all the obtained calibration

equations and error values are shown.

The accuracy and selectivity of the proposed meth-
ods were verified by means of recovery assays for AMX
and KLV in pure form and for the synthetic mixtures
of both drugs and the excipients present in the tablets.
Synthetic mixtures were prepared by diluting the stock
solutions used for calibration. The percent recoveries of
methods were found to be around 100 + 5% (Table 2).

The interference of excipients in the pharmaceuti-
cal tablet was examined in detail by three methods.
Standard addition technique was applied to commercial
tablets containing these two compounds. In the standard
addition method, standard deviations, standard errors
and relative standard deviations for the proposed meth-
ods for six replicate were calculated as shown in Table 3.
A good precision and accuracy was observed for these
methods. Consequently the excipients in tablets do not
interfere with the analysis of two compounds. Those
results also indicate that there is not much suppression
effect from the excipients of tablets.

The detection limits (LOD) and the quantification
limits (LOQ) were calculated from the calibration data
and shown in Table 4. LOD and LOQ determine the
sensitivity of the method. LOD is the lowest concentra-
tion of the analyte detected by the method; whereas, LOQ
is the minimum quantifiable concentration. The LOD was
found to be at the levels of 0.87 and 0.47 pg/mL for AMX
and KLV respectively. The LOQ were found to be 2.01
and 0.99 pg/mL for AMX and KLV, respectively. The
selectivity of the method was determined by testing phar-
maceutical preparation. Both the detection, and the quan-
tification limits were in the acceptable range. Detailed
information about LOD and LOQ for AMX and KLV for
four methods is shown in Table 4.

The proposed methods were evaluated in the assay
of commercial tablets. Six replicate determinations were
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Table 2. Recoveries obtained for the determination of AMX and KLV in different synthetic mixtures by proposed calibration techniques

Added Found % Recovery
D jve  poue ML D wgtve  positve PPLC
AMX KLV AMX KLV AMX KLV AMX KLV AMX KLV AMX KLV AMX KLV AMX KLV AMX KLV
49 5 47.66 476 49.84 490 4921 5.17 4849 485 973 952 101.7 979 1045 102.8 99.0 969
42 5 42.19 474 4263 5.09 4222 506 41.61 485 1005 948 101.5 101.8 101.0 107.4 99.1 97.0
35 5 3498 5.17 3572 5.05 3543 505 34.67 479 999 1034 102.1 101.0 1022 977 99.1 958
28 5 28.17 5.00 27.59 5.03 27.60 5.01 28.00 4.81 100.6 100.0 98.5 100.6 97.9 100.6 100.0 96.1
21 5 20.83 4.84 2086 5.15 21.23 498 2099 488 99.2 96.7 99.3 1029 100.1 106.4 999 976
35 7 34.64 6.69 3575 693 3557 7.16 3480 6.74 99.0 955 102.1 99.0 103.1 103.7 99.4  96.2
35 6 3518 592 3577 6.01 3585 589 3516 590 1005 98.7 1022 100.1 101.7 1014 1005 983
35 5 3477 4.85 3556 5.00 3536 5.13 3485 479 993 969 101.6 100.0 1023 103.2 99.6  95.7
35 4 3489 4.23 3522 4.12 3543 4.09 34.68 400 99.7 105.6 100.6 103.0 1009 975 99.1 999
35 3 3535 295 3522 3.11 3529 3.09 3441 3.03 101.0 98.1 100.6 103.5 99.6 105.5 98.3 100.9
49 4 4825 4.18 49.65 4.00 49.28 4.15 4795 392 985 1044 101.3 999 102.8 957 979 978
42 5 4348 523 4291 5.09 4249 5.04 4181 4.80 103.5 104.6 102.2 101.8 98.7 973 99.5 959
28 6 27.64 617 2758 6.11 2781 5.89 2821 596 98.7 102.8 98.5 101.8 99.8  99.0 100.7 99.2
21 7 20.79 6.83 2099 7.00 21.09 7.15 21.09 6.87 99.0 975 99.9 100.0 100.9 102.6 1004 98.1
Mean 99.8 99.6 1009 101.0 101.1 101.5 99.5 975
SD? 146 3.84 1.33  1.61 1.81  3.66 080 1.62
RSDP 1.47 3.85 .32 1.59 1.79  3.60 081 1.66
SD: standard deviation.
PRSD: relative standard deviation.
Table 3. Results of standard addition method applied to commercial tablet preparation by the proposed calibration techniques
D ESI-MS  negative ESI-MS  positive HPLC
AMX KLV AMX KLV AMX KLV AMX KLV
Mean 349 4.83 34.85 491 35.21 5.04 34.65 4.83
SD 1.22 0.13 0.92 0.06 1.52 1.59 0.09 0.11
RSD 3.5 1.31 2.63 0.64 1.51 1.58 0.27 1.16
SE 0.71 0.07 0.53 0.04 0.62 0.65 0.05 0.06
CL (0.05) 2.81 0.29 2.11 0.14 1.22 1.27 0.22 0.26

made. As shown in Table 4 appropriate results were
obtained for the recovery of both drugs and the data were in
good agreement with the label claim. To validate the deriv-
ative spectrophotometric method, the data were compared
with those obtained by the HPLC method. Results of the
two commercial tablets are also given in Table 4.

One way ANOVA (analysis of variance) was applied
to the results of tablet for three methods. Test results
were tabulated in Table 4. The calculated F values were
lower than the tabulated F-value indicating that there is
not much difference between the methods.

All the methods presented in this paper, enable the
quantification of mixtures of AMX and KLV with good
accuracy and precision. The results show that the appli-
cation of ESI-MS method brings considerable advantage

for the quantification of drugs with low absorbance.
The advantage of the method basically comes from its
simplicity. It is also a fast and economical method. It
has, however, some limitation, e.g. ion suppressions,
complex formations and availability of proper internal
standards for quantitation.

The results displayed give full evidence for the
usefulness, reliability and repeatability of the methods,
which have been also validated to be precise, sensitive
and accurate. It is obvious that HPLC provide better
results than other two, but it generally needs extra time
and cost for the method development and sometimes it
may fail to resolve those components in a mixture. The
other two methods did not cost the elaboration of treat-
ment procedures. Hence they are generally fast and
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Table 4. Results obtained in the pharmaceutical dosage forms by the proposed calibration methods

D ESI-MS negative ESI-MS positive HPLC

AMX KLV AMX KLV AMX KLV AMX KLV
Mean 35.05 4.81 34.7 4.96 352 5.05 342 4.82
SD 0.99 0.07 0.77 0.13 1.99 0.63 0.08 0.11
RSD 2.82 0.73 221 1.28 1.98 0.62 0.22 1.19
SE* 0.57 0.04 0.44 0.07 0.81 0.26 0.04 0.07
CL® (0.05) 2.26 0.16 1.76 0.29 1.59 0.5 0.17 0.26
ANOVA 0.5344 0.9217 0.5344 0.9217 0.5344 0.9217 0.5344 0.9217
Fiheoretical 3.6823 3.6823 3.6823 3.6823 3.6823 3.6823 3.6823 3.6823
LOD 0.8752 0.6258 0.7713 0.3255 0.6534 0.5674 0.7821 0.475
LOQ 2.0056 1.5095 1.8939 0.995 1.9546 1.2342 2.0772 1.1389

Lable claim (mg): 875 mg AMX, 125 mg KLV per tablet. The mean values show 25 times diluted concentration values.

Results obtained are average of 6 replicate for each method.
SE: standard error.
bCL: confidential limit.

economical in comparison to the time-consuming chro-
matographic techniques.

CONCLUSIONS

The purpose of this work was to compare the
proposed spectrophotometric and ESI-MS methods. It
is shown that ESI-MS method can be used for the phar-
maceutical field by giving more selection for the calibra-
tions and the results has been validated with the HPLC
results. Although the relative absorption of AMX and
KLV is quite different in UV spectrum, we have shown
that the first derivative method can be used for quantita-
tion. ESI-MS provides better and distinct peaks without
being affected by the dramatic concentration difference
between two active compounds. It is also shown that
these two compounds can be easily quantitated by both
ESI-MS and the first derivative methods without any
separation and excipient effect. The developed HPLC
method also provides the tablet analysis and dissolution
studies in acceptable range.

REFERENCES

1. Kramer, R. 1998. Chemometric Techniques for Quanti-
tative Analysis. p. 51. Marcel Dekker Inc. New York, U.
S.A.

. Patrick, W. C., Beebe, K. R. and Kowalski, B. R. 1987.
Multicomponent analysis using an array of piezoelectric
crystal sensors. Anal. Chem. 59: 1529-1534.

. Adams, M. J. 1995. Chemometrics in Analytical Spec-
troscopy. p. 187. The Royal Society of Chemistry,
Thomas Graham House, Science Park, Cambridge.

. Martens, H. and Naes, T. 1991. Multiseriate Calibration.
Wiley. Chichester, U. K.

10.

11.

12.

13.

14.

. Haaland, D. M. and Thomas, E. V. 1988. Partial least-

squares methods for spectral analyses. 2. Application
to simulated and glass spectral data. Anal. Chem. 60:
1202-1208.

. Cowe, 1. A., McNicol, J. W. and Cuthbertson, D. C.,

1998. Principal component analysis: a chemometric
approach to the analysis of near infrared spectra. Anal.
Proc. 27: 61-63.

. Strojek, J. W., Yates, D. and Kuwana, T. 1975. Deriva-

tive spectrophotometry. Application to trace sulfur
dioxide analysis. Anal. Chem. 47: 1050-1054.

. Green, G. L. and O’Haver, T. C. 1974. Derivative lumi-

nescence spectrometry. Anal. Chem. 46: 2191-2196.

. Berzas Nevado, J. J., Cabanillas, C. G. and Salinas, F.

1992. Spectrophotometric resolution of ternary mixtures
of salicylaldehyde, 3 -hydroxybenzaldehyde and 4-
hydroxybenzaldehyde by the derivative ratio spectrum-
zero crossing method. Talanta 39: 547-553.

O’Haver, T. C. and Green, G. L.1976. Numerical error
analysis of derivative spectrometry for the quantitative
analysis of mixtures. Anal. Chem. 48: 312-318.
O’Haver, T. C., Fell, A. F., Smith, G., Gans, P.,
Sneddon, J., Bezur, L., Michel, R. G., Ottaway, J. M.,
Miller, J. N., Ahmad, T. A. and Brian, P. 1982. Deriva-
tive spectroscopy and its applications in analysis. Anal.
Proc. 19: 22-46.

Morelli, B. 1988. First and second derivative spectro-
photometric assay of mixtures of cefuroxime and ceph-
alexin. J. Pharm. Biomed. Anal. 6: 199.

Needham, S. R., Cole, M. J. and Fouda, H. G. 1998.
Direct plasma injection for high-performance liquid
chromatographic-mass spectrometric quantitation of the
anxiolytic agent. J. Chromatogr. Biomed. Appl. 718: 87-
94.

Chowdhury, S. K., Laudicina, D., Blumenkrantz, N.,
Wirth, M. and Alton, K. B. 1999. An LC/MS/MS
method for the quantitation of MTIC (5-(3-N-methyl-



Journal of Food and Drug Analysis, Vol. 15, No. 2, 2007

15.

16.

triazen-1-yl)-imidazole-4-carboxamide), a bioconver-
sion product of temozolomide, in rat and dog plasma. J.
Pharm. Biomed. Anal. 19: 659-668.

Keski-Hynnild, H., Raanaa, K., Forsberg, M., Ménnisto,
P., Taskinen, J. and Kostiainen, R. 2001. Quantitation
of entacapone glucuronide in rat plasma by on-line
coupled restricted access media column and liquid chro-
matography-tandem mass spectrometry. J. Chromatogr.
B Biomed Sci. Appl. 759: 227-236.

Ding, L., Li, L., Tao, P., Yang, J. and Zhang, Z. 2002.
Quantitation of tamsulosin in human plasma by liquid
chromatography-electrospray ionization mass spectrom-
etry. J. Chromatogr. B 767: 75-81.

17.

18.

19.

125

Han, X. 2002. Characterization and direct quantitation
of ceramide molecular species from lipid extracts of
biological samples by electrospray ionization tandem
mass spectrometry. Anal. Biochem. 302: 199-212.

Koch, D. E., Isaza, R., Carpenter, J. W. and Hunter, R.
P. 2004. Simultaneous extraction and quantitation of
fentanyl and norfentanyl from primate plasma with LC/
MS detection. J. Pharm. Biomed. Anal. 34: 577-584.
Strojek, J. W., Yates, D. and Kuwana, T. 1975. Deriva-
tive spectrophotometry. Application to trace sulfur
dioxide analysis. Anal. Chem. 47: 1050-1054.



