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ABSTRACT
This work describes a very simple, novel and selective spectrophotmetric method for simultaneous determination of sulfamethoxazole and trimethoprim in
pharmaceutical preparation and synthetics samples using direct orthogonal signal correction-partial least squares (DOSC-PLS). The all factors affecting on the
sensitivity were optimized and the linear dynamic range for determining of these drugs was found. The PLS modeling was used for the multivariate calibration
of the spectrophotometric data and DOSC was used for preprocessing of data matrices and the prediction results of model. The experimental calibration matrix
was designed by measuring the absorbance over the range 200–400 nm for 32 samples of 2.0–15.0 and 0.4-6.0 μg mL-1 of sulfamethoxazole and trimethoprim,
respectively. The root mean square error of prediction for sulfamethoxazole and trimethoprim using DOSC-PLS and PLS were 0.02212, 0.02363 and 0.17014,
0.01660,μg mL-1 respectively. Application of the method to synthetic samples of standard solutions and in pharmaceutical formulation was performed and
satisfactory results were obtained.
Keywords: Sulfamethoxazole, Trimethoprim, Spectrophotometric, PLS, DOSC-PLS.

INTRODUCTION
Sulfonamides are highly effective chemotherapeutic drugs well known
as antibacterial agents widely used in medicine and veterinary practices.
Many pharmaceutical products are now available which contain sulfonamides
combinations with another drug that its function is increasing the antibiotic
effectively. Some of these commercial formulations include: sulfaquinoxaline and
prymethamine, sulfadiazine and trimethoprim (TMP), sulfamethoxazole (SMX)
and TMP, sulphamethoxypyridazine (SMP) and TMP, etc. Sulfamethoxazole
(SMX) or 5-methyl-3-sulfanylamidoisoxazole is a chemotherapeutics agent
widely used as antibacterial drug. Its individual determination has been
carried out by spectrophotometry1,2 and by fluorimetry3,4. HPLC has also
been proposed for determination of SMX and its main metabolites in human
plasma and urine5. The pharmaceuticals containing sulphonamides consist
only of one drug or one sulphonamide associated with another drug, which
increases the power of the sulphonamide. So, SMX is usually combined with
trimethoprim (TMP) in a fixed proportion 5:1, respectively, this association
being called cotrimoxazol. TMP or 2, 4-diamino-5-(3, 4, 5-trimethoxybenzyl)
- pyrimidine is also a bacteriostatic drug. Its determination in pharmaceutical
preparations has been usually carried out by spectrophotometric methods6,7 and
sometimes by electro analytical methods8,9. Liquid chromatography10,12 and gas
chromatography13 have also been proposed for its individual determination
or together with its major metabolites of oxidation in different matrices. The
simultaneous determination of both analytes has been usually carried out by
spectrophotometric methods with multi component analysis based on the use
of second derivative and diode-array detection14, first derivative and spectra
ratio15, bivariate calibration spectrophotometrics16, high-performance liquid
chromatography (HPLC)17. However, these methods are generally complex in
nature and need expensive instruments and ultra pure solvents. In other hand,
analysis of the clinical samples demands simple and fast analytical methods
and therefore, finding an alternative analytical procedure or technique is
crucial. Spectrophotometry combined with chemometrics methods will be a
simple analytical method for quantitative analysis 18,19. Chemometrics is a field
of science that studied the application of statistical and mathematical methods
in chemistry. One of the chemometrics methods is multivariate calibration
technique. Multivariate calibration is a collection of powerful mathematical
tools that can be applied to resolve complexity in chemical analysis. It is useful
in spectral analyses because the simultaneous inclusion of multiple spectral
intensities can greatly improve the precision and applicability of quantitative
spectral analysis of multicomponent mixtures that can not be resolved by
conventional spectrometry. In recent years multivariate calibration has become
an important tool in resolution of mixtures of components in many different
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fields including biomedical20,21 environmental22,23 and drug analysis24,25. This
paper describes an analytical methodology for simultaneous determination of
Sulfamethoxazole and Trimethoprim using spectrophotometric method with
preprocessing by direct orthogonal signal correction (DOSC). Data collected
from complicated samples or an uncomplicated process contains variation from
many sources and of several types. Preprocessing methods can be applied in
such situations to enhance the relevant information to make resulting models
simpler and easier to interpret. Orthogonal signal correction (OSC) filters was
developed to remove strong structured (i.e. systematic) variation in X that is not
correlated to Y. That is, they remove structured Y-orthogonal variation from X,
in such a way that the filter can be applied to future data. The OSC filters need
information about Y. If no Y exists, it may be possible to create it by adding
dummy variables (1/0). In a similar fashion, the OSC methods can also be used
to remove X-orthogonal variation in Y. Wold et al 26 published the original
work on OSC. Two different approaches are used to construct OSC filters, they
have divided to the indirect (original approach) and the direct approach based
on the way they estimate the OSC component. Since the indirect approaches
had some problems concerning the orthogonality towards Y, non-optimal
amount of variance removed from X, a new direct OSC algorithm (DOSC) was
utilized (27). This method is developed using only simple least squares steps.
DOSC determines the OSC components in a more straightforward way and
they are guaranteed to be orthogonal to Y. No ‘internal’ regression model is
needed, so there are no associated overfit problems. The direct OSC approach
also offers the possibility of creating specific OSC filters. The aim of this work
is to offer direct orthogonal signal correction method to resolve the mixture of
sulfamethoxazole and trimethoprim in synthetic and real samples.
Theory
Westerhuis et al.27 introduced direct orthogonal signal correction. The
DOSC algorithm calculates directions in X that are orthogonal to Y and
account for the largest variance of X. These directions are obtained by only
using least squares steps.
The first step of DOSC is to decompose Y in two orthogonal parts. In this
way, Y decomposes in to Ŷ, the projection of Y onto X, and F, the residual part
that is unrelated to X (orthogonal to X):
1. Y = PX Y + AX Y = Ŷ + F
Next, X is decomposed into two orthogonal parts, one part that has the
same range as Ŷ and another part that is orthogonal to it.
2. X = PŶ X + AŶ X
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3. AŶ X = X - PŶ X
Therefore, the columns of AŶ X span a subspace of X that is orthogonal
both to Ŷ and to Y = Ŷ + F, since F is also orthogonal to X.
With having this orthogonal subspace AŶ X, principle component analysis
(PCA) is applied to it in order to find the principle component T corresponding
to the largest singular value. If more DOSC components are necessary, more
principal components can be obtained in this step. T is a basis for the onedimensional subspace that accounts for maximum variance of AŶ X. This then
is the sought for one-dimensional subspace of X that is orthogonal to Y and
accounts for the maximum possible variance of X. The direction T can be
expressed as linear combination of X:
4. T = XW
where W is weight matrix for determination of DOSC components and
equal to X+ T, where X+ is Moore–Penrose generalized inverse of original
matrix X. The large-variance zero-correlation part of X that we do not use in
subsequent regression modeling is removed from the data:
5. XDOSC = X − TPT
where P is loading and can be expressed as:
6. P = XTT(TTT)−1
Having weights W and loading P, one can directly correct new spectral
data Xnew as follows:
7. Xnew,DOSC = Xnew − Xnew WPT
Now Xnew,DOSC can be used in calibration model instead of Xnew to predict
Ynew27.

EXPERIMENTAL
Reagents
All chemicals were reagent grade chemicals. Sulfonamides standard
solutions were prepared in ethanol, with sulfamethoxazole (98%w/w),
trimethoprim (95%w/w). These standards were obtained from Fluka. Extra
pure ethanol (Eth,OH, Fluka) was used as received. Stock standard solutions
of sulfamethoxazole and trimethoprim, 1000 μg mL-1 , were prepared by
dissolving appropriate amount of solutes in ethanol. Working solutions of
lower concentrations were prepared by proper dilution with ethanol from the
stock standard solutions.
Procedures
General procedure
An experimental design was used to maximize statistically the information
content in the spectra 28. A training set of 26 samples was taken (Table 1). The
concentrations of sulfamethoxazole and trimethoprim were varied between
2.0-15.0 and 0.4-6.0 µg mL-1, respectively. Samples were prepared in 10 ml
volumetric flasks by adding between 2.0-15.0 (µg/ml) sulfamethoxazole and
0.4-6.0 µg mL-1 trimethoprim, 1.0ml of ethanol, 2.5 ml of ammonium buffer
solution (pH 10.0) and adjusted to the final volume with deionized water. The
absorption spectra were recorded between 200 and 400 nm against blank of
ethanol. The spectra region between 200 and 400 nm, which implies working
with 200 experimental points per as spectra (as the spectra are digitized each
1.0 nm), was selected for analysis, because this is the zone with the maximum
spectral information from the mixture components of interest.

Table 1. Concentration data of the different mixtures used in the calibration set for the determination of sulfamethoxazole and trimethoprim (µg mL-1)
Mixture
M1
M2
M3
M4
M5
M6
M7
M8
M9

Sulfamethoxazole
2.0
4.0
5.0
5.0
5.0
6.0
6.0
8.0
8.0

Trimethoprim
0.5
1.0
1.0
1.6
2.0
1.2
2.0
0.4
2.0

Mixture
M10
M11
M12
M13
M14
M15
M16
M17
M18

Sulfamethoxazole
8.0
9.0
10.0
10.0
12.0
12.0
12.0
14.0
14.0

Real sample
For the analysis, 10 tablets of the pharmaceutical Co-trimoxazole were
weighted and ground to fine powder. Then a proportion of powder equivalent
to one average tablet weighted and dissolved in ethanol. The solution was
filtered and diluted to an appropriate volume with ethanol. Absorbance spectra
were recorded.
Linear calibration range
Individual calibration curves were constructed with several points as
absorbance versus sulfamethoxazole and trimethoprim concentrations.
For constructing the individual calibration lines, the absorbencies were
measured at 269 and 236 nm against a blank for sulfamethoxazole and
trimethoprim, respectively. The linear regression equation for the calibration
graph for sulfamethoxazole for the concentration range of 2.0-15.0 µg mL1
was A=0.1995C sulfamethoxazole +0.0165 (r2=0.9984) and for trimethoprim for
the concentration range 0.4-6.0 µg mL-1 was A=0.2945C trimethoprim +0.1096
(r2=0.9980). The detection limits (LOD) for the proposed methods were
calculated using the following equation 29

where s is the standard deviation of replicate determination values
under the same conditions as for the sample analysis in the absence of the
analyte and k is the sensitivity, namely the slope of the calibration graph.
The limits of detection were 0.03and 0.07 µg mL-1 for sulfamethoxazole and
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Trimethoprim
6.0
2.0
2.5
4.0
2.0
3.0
4.0
3.0
5.0

Mixture
M19
M20
M21
M22
M23
M24
M25
M26

Sulfamethoxazole
15.0
15.0
3.0
4.0
6.0
8.0
8.0
9.0

Trimethoprim
3.0
5.0
1.0
2.0
1.5
4.0
5.0
3.0

trimethoprim, respectively, and these were calculated according to calibration
line characteristics.
Apparatus and software
UV-vis spectrophotometer BIO-TEK-KONTRON (UVIKON922)
equipped with 1.00 cm path length quartz cells was used for acquisition of
spectral data. A Metrohm 692 pH-meter furnished with a combined glasssaturated calomel electrode was calibrated with at least two buffer solutions at
pH 3.00 and 9.00. The DOSC algorithm was written in MATLAB 6.530, using
the corresponding toolbox. All programs were run on a personal computer
(Pentium IV) with Windows XP operational system. PLS calculus were carried
out in the ‘PLS Toolbox’, version 2.0 (Eigenvectors Company).

RESULTS AND DISCUSSION
Optimum experimental conditions were studied previously for the mixture
determination of the analytes31. The effect of pH on the absorption spectra
of SMX and TMP were studied previously at the corresponding maximum
absorption wavelength and a value of pH 10.0 were selected based on sensitivity
and stability of the analytes16. The absorption spectra of SMX and TMP are
shown in Figure 1. As this figure shows, there is a clear overlapping of the two
spectra. This prevents the simultaneous determination of the sulfamethoxazole
and trimethoprim by direct UV-vis absorbance measurements. To overcome
this problem a suitable and simple technique, which proposed as a powerful
technique for solving these problems and presents a good recovery, is DOSCPLS. It is worth mentioning that for calibration set and prediction set two
DOSC components were used for filtering. Evaluation of the prediction errors
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for the validation set reveals that the DOSC treated data give significantly lower RMSEP values than original data. Also, the DOSC-filtered data give much simpler
calibration models with fewer components than the ones based on original data. The results imply that the DOSC method indeed removes information from UV-vis
data that is not necessary for fitting of the Y-variables.

Figure 1. Absorption spectra of (a) trimethoprim, (b) sulfamethoxazole and (c) mixtures of sulfamethoxazole and trimethoprim (Concentration of each
components is 6.0 µg mL-1).
Calibration and validation
According to Section 3.2.3, the calibration matrix was designed. In Table 1, the compositions of the two mixtures used in the calibration matrices are
summarized. For prediction set, six mixtures were prepared (see Table 2). To ensure that the prediction are in the subspace of training set, the score plot of first
three principal components was sketched and all the samples are spanned with the training set scores .
Table 2. Composition of synthetic mixtures and predicted values for determination of sulfamethoxazole and trimethoprim (µg mL-1).
Added

Determined (PLS)

Recovery (%)

Determined (DOSC-PLS)

Recovery (%)

Sulfamethoxazole

Trimethoprim

Sulfamethoxazole

Trimethoprim

Sulfamethoxazole

Trimethoprim

Sulfamethoxazole

Trimethoprim

Sulfamethoxazole

Trimethoprim

6.0
8.0
3.0
4.0
8.0
9.0

1.5
5.0
1.0
2.0
4.0
3.0

5.94
7.86
2.77
3.91
8.27
9.13

1.53
4.67
1.15
1.88
4.15
3.02

99.05
98.30
92.37
97.91
103.4
101.4

101.5
93.45
114.7
94.18
103.7
100.6

5.99
8.00
2.98
3.97
7.97
9.02

1.50
4.98
1.01
2.02
4.03
2.97

99.96
100.0
99.27
99.35
99.60
100.3

100.0
99.71
101.5
101.3
100.8
98.95

Selection of the optimum number of factors in PLS model.
The optimum number of factors (latent variables) to be included in the
calibration model was determined by computing the prediction error sum of
squares (PRESS) for cross- validated models using a high number of factors
(half the number of total standard +1), which is defined as follows:

PRESS values whose F-ratio probability drops below 0.75 was selected as
the optimum. In Figure 2, the PRESS obtained by optimizing the calibration
matrix of the absorbance data with PLS model is shown. It should be noted
that the PLS model was run twice. In the first run, the original spectral data
matrix was used without any pre-processing. Results showed that the PRESS
values are minimum in the number of factors of 4, 3 for sulfamethoxazole and
trimethoprim, respectively. In the second run (DOSC–PLS), firstly the original
spectral data (calibration and prediction sets) were corrected with DOSC using
2 number of factor. Then the DOSC corrected spectral data was directly used
for calibration and prediction. The obtained results show that the PRESS values
are minimum in the number of factor of 3 for both of them.

Where yi is the reference concentration for the ith sample and yi represents
the estimated concentration. The cross-validation method employed was to
eliminate only one sample at a time and then PLS calibrate the remaining
standard spectra. By using this calibration the concentration of the sample, left
out was predicted. This process was repeated until each standard had been left
out once. One reasonable choice for the optimum number of factors would
be that number which yielded the minimum PRESS. Since there are a finite
number of samples in the training set, in many cases the minimum PRESS
value causes over fitting for unknown samples that were not included in the
model. A solution to this problem has been suggested by Haaland and et al
32
in which the PRESS values for all previous factors are compared to the
PRESS value at the minimum. The F-Statistical test can be used to determine
the significance of PRESS values greater than the minimum. The maximum
number of factors used to calculate the optimum PRESS was selected as 14
and the optimum number of factors obtained by the application of PLS models
is summarized in Table 3. In all instances, the number of factors for the first

Determination of sulfamethoxazole and trimethoprim in synthetic
mixtures
The determination of the sulfamethoxazole and trimethoprim in mixtures
by spectrophotometric using multivariate calibration involved constructing
model using calibration set. According to Section 3.2.3, the calibration matrix
designed. In Table 1, the compositions of the two mixtures used in the calibration
matrices are summarized. The predictive ability of method was determined
using six two-component sulfamethoxazole and trimethoprim mixtures (their
compositions are given in Table 2). The results obtained by applying DOSCPLS algorithm to six synthetic samples are listed in Table 2. Table2 also
shows the recovery for prediction series of sulfamethoxazole and trimethoprim
mixtures. As can be seen, the recovery was also quite acceptable. The root
mean square error of prediction and relative standard error of prediction results
are summarized in Table3. The plots of the predicted concentration versus
actual values are shown in Figure 3 for sulfamethoxazole and trimethoprim
(line equations and R2 values are also shown).
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Table 3. Statistical parameters of the optimized matrix using the PLS and
DOSC-PLS.
Component

NPC a PRESS RMSEP

Sulfamethoxazole
Trimethoprim

b

RSEP (%) MAE(%)

3

0.1239

0.0221193 0.329735

5.654398

3

0.0986

0.0236333 0.765090

5.876034

Sulfamethoxazole c 4

0.2207

0.170137

2.536255

15.9138

Trimethoprim

0.1935

0.0166038 5.375223

14.7328

b

c

3

Number of principal component
Using DOSC-PLS
c
Using PLS
a

b

Figure 2. Plots of PRESS versus number of factors by PLS and DOSC–
PLS.
Statistical parameters
Four general statistical parameters were selected to evaluate the prediction
ability of the constructed model. These parameters are correlation coefficient
(R2), root mean square error of prediction (RMSEP), relative standard error
of prediction (RSEP) and mean absolute error (MAE). These parameters are
calculated as follows:
						
(1)
						

Figure 3. Plots of predicted concentration versus actual concentration
for sulfamethoxazole and trimethoprim by PLS and DOSC–PLS (µgmL−1).
Determination of sulfamethoxazole and trimethoprim in real samples

(2)
						

(3)

Where ypred is the predicted concentration in the sample, yobs is the observed
value of the concentration in the sample and n is the number of samples in the
validation set. The values for RMSEP, RSEP, MAE and R2 are given in Table
3.
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In order to test the applicability and matrix interferences of the proposed
method to the analysis of real samples, the method was applied in a variety of
situations. For this purpose, diverse spiked samples and reference materials
were analyzed. Table 4 shows the results obtained for real matrix samples.
Therefore, the DOSC–PLS model is able to predict the concentrations of each
sulfamethoxazole and trimethoprim in the real matrix sample.
Study of foreign species
In this study, other foreign species were added to the sample solution
(containing both analytes) and their effects on the absorbance signals were
investigated. Results are given in Table 5. The study was carried out with 200
and 40 µg ml-1 of SMX and TMP, respectively. Potential interfering species
tested were among those usually accompanying the analytes in pharmaceutical
preparations. The effect of each species was considered as an interference
when caused a relative error in the signal of ±3% in comparison with the signal
obtained for each analyte in absence of the species, respectively. Some of the
tested species did not cause interference even at the highest tested level because
they are not sorbed on the solid sensing supports (e.g. lactose and saccharose).
There is an evident difference between the tolerance values to the presence
of foreign species in the determination of both compounds, as in all the cases
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the tolerance level is much lower for the determination of SMX than for TMP. It can be due to the weak retention of SMX on the solid support and so, to its
determination practically in the interstitial solution between the beads of it. While TMP is strongly retained on the resin and so separated from the matrix (so
increasing the selectivity of its determination), SMX is determined practically in homogeneous solution in the presence of other species that are not retained on the
solid support owing to its neutral or anionic character at the working pH value.
Table 4. DOSC-PLS results applied on the real matrix samples.
Sample

Sulfamethoxazole
Prediction (µg mL-1)

Recovery (%)

S.D.a

9.60
5.70
11.0

9.62
5.49
10.9

100.21
96.316
99.091

0.05
0.04
0.07

1
2
3
a

Trimethoprim

Actual (µg mL-1)

Actual (µg mL-1) Prediction (µg mL-1) Recovery (%)
1.92
2.32
3.75

1.94
2.20
3.62

101.04
94.827
96.533

S.D.a
0.04
0.04
0.09

Relative standard of deviation (n=3)

Table 5. Study of interferences [SMX] =200 µgml-1; [TMP] =40 µgml-1

a

Foreign species

Tolerance level (µgml-1 interfering species)/( µgml-1SMX)

Tolerance level (µgml-1 interfering species)/( µgml-1TMP)

Saccharose

3

>120a

Saccharin

0.05

2.5

Lactose

10

>120a

Benzoic acid

0.04

>30a

Sodium citrate

0.05

>35a

Maximum ratio tested.

CONCLUSION
The simultaneous determination of sulfamethoxazole and trimethoprim
mixtures by using spectrophotometric method is a difficult problem in analytical
chemistry, due to spectral interferences, In order to overcome drawback,
PLS and DOSC–PLS multivariate calibration approaches were applied and
compared. Analysis of the results for secondary mixtures showed that the use
of PLS leads to significantly less-accurate prediction. The predicted values are
obtained by the application of DOSC–PLS model for absorbance data show the
high prediction ability of the DOSC–PLS method. The good agreement clearly
demonstrates the utility of this procedure for the simultaneous determination of
sulfamethoxazole and trimethoprim in synthetic mixtures and pharmaceutical
preparation.
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