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Abstract The host-guest inclusion complexes of sul-
phamethoxazole (SMTX) and sulphaguanidine (SGN) with
β-cyclodextrin, in aqueous solutions, have been investigated.
A 1:1 stoichiometry of the complexes was established, the as-
sociation constants were calculated by different methods, and
the influence of several chemical variables on the complex-
ation processes were established. According to the results
obtained, a spectrofluorimetric method for the determination
of these sulphonamides has been proposed. The individual
and binary mixtures of both sulphonamides have been deter-
mined in human urine samples, at representative therapeutic
ranges, by application of a first-order multivariate calibra-
tion partial least squares (PLS-1) model. The calibration set
was designed with 9 samples, containing different concentra-
tions of the two sulphonamides, and 8 blank urine samples,
with the aim of modelling the variability of the background.
The concentration ranges for the sulphonamides were up
to 0.5 µg mL−1 for SMTX and 1.0 µg mL−1 for SGN.
Figures of merit as selectivity, analytical sensitivity and limit
of detection (LOD) were also calculated. The proposed pro-
cedure was validated by comparing the obtained results with
a HPLC method, with satisfactory results for the assayed
method.
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Introduction

Sulphonamides belong to the group of antibacterial drugs,
which are used for human and animal therapy, to cure infec-
tious diseases of digestive and respiratory systems, affections
of the skin (in the form of ointments) and for prevention or
therapy of coccidiosis of small domestic animals [1]. Quality
control of sulphonamide formulations and their quick sys-
tematic monitoring in body fluids are important analytical
tasks. A number of articles have been published concerning
the determination of sulphonamides by different analytical
methods.

Sulphamethoxazole (SMTX), chemically N1-(5-methyl-
3-isoxazolyl) sulphanilamide (Scheme 1), is widely used as
an antibacterial, mainly in combination with trimethroprim.
This is a well-recognized preparation, as the combination of a
sulphonamide with an inhibitor of the dihydropholate reduc-
tase, increases the bacteriostatic effect of the sulphonamide,
as is blocking the metabolic pathways of the microorganisms
at two different points. Sulphaguanidine (SGN), chemically
4-Amino-n-(aminoiminomethyl)benzenesulfonamide, is an
antimicrobial agent that is used to treat enteric infections.

Different methods have been described for determining
both sulphonamides, but, in general, they are based on
separation methods using different detection types. Its
determination in urine has been made by micellar liquid
chromatography [2] and by supported liquid membrane with
high pressure liquid chromatography-electrospray mass
spectrometry detection [3].

The fluorescence characteristics of different sulphonami-
des have been studied [4], and proposed for the determina-
tion of several of these compounds. Thus, sulphanilamide
can be determined by reaction with homophthaldehyde
[5]. The analysis of sulphadiazine [6], sulphafurazol and
sulphanilamide [7] has been performed in foods and
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Scheme 1 Chemical structures
of sulphaguanidine (SGN) and
sulphamethoxazole (SMTX).

pharmaceuticals, using the fluorescamine reaction. The re-
action of 9-cloro-acridine with sulphonamides produces a
fluorescence quenching which allows the determination of
sulphonamides [8]. Sulphacetamide, sulphaguanidine and
sulphametazine were determined in milk and pharmaceu-
tical preparations by photochemically-induced fluorimetry
[9]. Fluorescence has also been used as HPLC detection for
determining sulphacetamide and sulphaguanidine in milk
and eggs [10], and, recently, fluorescence after pre-column
derivatization with fluorescamine has been applied as detec-
tion technique [11–15].

On the other hand, it is known that cyclodextrins (CDs)
have the property of forming inclusion complexes with guest
molecules that have suitable characteristics of polarity and
dimension [16–20]. The inclusion complex formation in the
CD systems is favoured by substitution of the high-enthalpy
water molecules located inside the CD cavity, with an ap-
propriate guest molecule of low polarity. An overview of
the non-chromatographic analytical uses of CDs has been
presented by Szente and Szejtli [20]. As the complexation
process implies an interaction producing a protection of the
included especies, the CDs have been used in the pharmaceu-
tical industry to encapsulate drugs that are photosensitives.
There are a few reports dealing with the analytical determi-
nation of sulphonamides by using cyclodextrins; and they
employ, in general, a capillary electrophoresis technique.
In the case of sulphamethoxazole, Okamoto et al. [21] use
dimethyl-β-cyclodextrin as modifier of mobile phase in mi-
cellar electrokinetic chromatography; in another paper [22]
β-cyclodextrin is used in capillary electrophoresis. There
is only one fluorimetric application [23], where Muñoz de
la Peña et al. make fluorescence measurements in pharma-
ceutical preparations of the inclusion complex of SMTX in
β-cyclodextrin. In the case of SGN, there are not described
analytical determinations by using cyclodextrins.

In the last decade, multivariate techniques have been in-
corporated in analytical methodologies. In particular, full-
spectrum multivariate calibration methods offer advantages
of speed of determination as the separation steps can be
avoided, and different multivariate algorithms have been ap-
plied to the analysis of drugs using spectroscopic and voltam-
metric signals [24–26].

Partial least squares (PLS) is a factor analysis based
method first applied to chemical analysis by Wold et al.

[27], and widely used in analysis during the last decade.
By multivariate analysis, it is often possible to reduce in-
terference problems. The most serious limitation of direct
multicomponent analysis is that correct spectral data must
be known for all relevant phenomena affecting the sample
spectra. However, indirect multivariate analysis is based on
statistical analysis of empirical data, which frequently allows
correct prediction even in the presence of unidentified inter-
ferences, provided that a sufficiently heterogeneous sample
set is available for calibration. Because of this, an adequate
design of calibration experiments is required when applying
these methods.

The objectives of this paper are: a) to develop an easy an-
alytical method for determining SGN and SMTX, by using
fluorescence measurements; and which could serves as an al-
ternative to conventional separation methods; b) to apply the
proposed method to a complex biological sample, as urine,
developing the analytical method in aqueous solution, and
then, making possible an easy treatment of real samples; c)
to study the possibility of increasing the fluorescence signal
in aqueous medium by using cyclodextrins and, at the same
time, to increase the selectivity of the proposed method; d)
to evaluate the possibility of application of a chemometric
method based on partial least squares (PLS) calibration, for
the resolution of the sulphonamides mixture, by applying no
prior separation steps. As far as we know, there are no reports
about the simultaneous fluorimetric determination of SMTX
and SGN.

Experimental

Apparatus and reagents

Fluorescence spectral measurements were performed on
a Fluorescence Spectrophotometer Varian Model Cary
Eclipse. The instrument consists of two Czerny-Turner
monochromators (excitation and emission), a Xenon light
source, a range of fixed width selectable slits, selectable fil-
ters, attenuators and two photomultiplier tubes as detectors.
The fluorimeter is connected to a PC microcomputer via an
IEE serial interface. The Cary Eclipse Version 1.0 software
was used for data acquisition, data interpretation and graph-
ical display. All measurements were performed in 10 mm
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quartz cells at 20◦C, by use of a thermostatic cell holder and
a Selecta Model Frigiterm thermostatic bath.

All solvents used were of analytical reagent quality. Sul-
phamethoxazole and sulphaguanidine were purchased from
Sigma. Standard solutions of each compound (5.10−4 M)
were prepared by dilution in deionized water. Stock so-
lutions of α-cyclodextrin (α-CD), β-cyclodextrin (β-CD),
γ -cyclodextrin (γ -CD), (2-hydroxy)-propyl-β cyclodextrin
(HP-β-CD) and heptakis-(2,6–di-O-methyl)-β-cyclodextrin
(DIMEB), of concentration 1.5 10−2 M, were prepared in de-
sionized water. Sodium acetate/acetic acid 1 M (pH = 4.6,
5.0 and 5.5) buffer solutions were prepared from analytical
reagents.

Software

The program MVC1 [28] written in MATLAB 6.0 [29] was
used for PLS-1 calibration. A home-made converter, running
in MATLAB, was used to transform the bidimensional fomat
spectral recorded files, to the two columns ASCII format
accepted by the MVC1 program.

Validation of the proposed method

The proposed fluorimetric method for the determination of
SGN and SMTX in urine was validated by comparison with a
method based on HPLC separation [30], with UV-Vis detec-
tion, slightly modified by us. We have developed a gradient
method for the analysis of these two analytes in urine, which
allowed to separate the first peak (SGN) from the front and
from the other urine components, and decreasing the time of
measurement for the second peak (SMTX).

The chromatographic studies were performed on a
Hewlett-Packard Mod 1100 LC instrument, equipped with
degasser, quaternary pump, manual six-way injection valve,
containing a 20 µL loop, Diode Array spectrophotometer
detector and the CHEMSTATION software package to con-
trol the instrument, data acquisition and data analysis. An
analytical column Nova-Pak C18 (150 × 3.9 mm, Waters
Millipore) was used. The flow-rate was 1.0 mL min−1 and
the injection volume, 20 µL. A wavelength of 260 nm was
selected for monitoring SGN and SMTX.

The mobile phase was formed by a mixture of solvent A
(pH 3.0 aqueous citric-citrate buffer 10 mmol/L) and solvent
B, acetonitrile.The mobile phase composition was 94% A
and 6% of B, during the three first minutes; and 60% A and
40% of B in the four remaining minutes.

Stock solutions containing 100 µg mL−1 of SGN and
SMTX were prepared in water. Working solutions of dif-
ferent concentrations were prepared by dilution of the stock
solutions and each sample was injected three times. Linear
calibration graphs for area and height against the SGN and

SMTX concentration were obtained between 0.1 and 1.0 µg
mL−1.

For the analysis of urine samples, in a 10.0 mL flask,
0.1 mL of urine were spiked with the analytes and, after
5 minutes, completion to the mark was achieved with deion-
ized water. All solutions were filtered through a 0.45 µm filter
(Millisolve Kit, Millipore) before the injections. The resolu-
tions of the two peaks was obtained in a time of 7 minutes.

Characteristics of the sulphonamide:cd inclusion
complexes

Stoichiometry of the inclusion complex

The stoichiometry of the complexes with β-CD was es-
tablished by the methods of Benesi-Hildebrand [31] and
Scathard [32]. The following equilibrium can be consid-
ered:

β − CD + SULPHA � β − CD : SULPHA (1)

In the Benesi-Hildebrand’s method, in the case of a 1:1
complex, the following equation is applicable:

1/(F − F0)= [(1/(F∞−F0)K1[β−CD]0) + (1/(F∞−F0))]

(2)

where [β-CD]0 denotes the initial β-CD concentration, F0

denotes the fluorescence intensity of SULPHA molecules in
the absence of β-CD, F∞ denotes the fluorescence intensity
when all of the SULPHA are essentially complexed with
β-CD, and F is the observed fluorescence at each β-CD
concentration tested.

If the stoichiometry is 1:1, the representation of 1/(F-F0)
versus 1/[β-CD]0 should give a linear plot.

In the Scatchards method, in the case of a 1:1 complex,
the relationship between the observed fluorescence intensity
enhancement (F-F0) and the β-CD concentration is given
by:

(F − Fo)/[β − CD]0 = (F∞ − F0)K1 − (F − F0)K1 (3)

If the assumption of a 1:1 stoichiometry for the complex is
applied, plotting (F-Fo) /[β-CD]0 versus (F-F0) should give
a straight line.

Association constant of the inclusion complex

In the case of Benesi-Hildebrand method, the association
constant may be determined by dividing the intercept by the
slope of the straight line, while in the case of the Scatchard
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method, it is given by the slope of the straight line. However,
non-linear least-squares regression analysis (NLR) [31], an
alternative and more appropriate approach than the graphi-
cal methods, has been used. The initial parameter estimates
needed for this method were obtained from the linear plots,
and the NLR analysis of the data was performed by an
iterative Marquardt-type process, by using the following
equation:

F=F0+[(F∞−F0)K1[β − CD]0/(1 + K1[β − CD]0)] (4)

AM1 calculations

Ground-state geometry optimization of the proposed struc-
tures for the inclusion complexes was performed with the
AM1 method contained in the CHEM 3D package, version
ultra 8.00, on a Pentium PC microcomputer. The molecular
mechanics method was used to obtain the initial structures.
Afterward, the energy was minimized by the AM1 method.

Partial least square theory

Partial least squares is a multivariate calibration model which
involves a two-step procedure: (1) calibration, where the re-
lation between spectra and reference component concentra-
tions is established from a set of standard samples and (2)
prediction, in which the calibration results are employed to
estimate the component concentrations in unknown samples
[33]. In the PLS-1 method, all model parameters are opti-
mized for the determination of each analyte at a time. During
the model training step, the calibration data are decomposed
by an iterative algorithm, which correlates the data with the
calibration concentrations [34]. This provides a set of regres-
sion coefficients to be applied to a new sample. Before cal-
ibration, however, the optimum number of latent variables,
or factors, should be selected in order to avoid overfitting.

This has been performed by applying the cross-validation
method and the Haaland and Thomas statistical criterium
[34]. The estimation of analytical figures of merit, such as
sensitivity (SEN), analytical sensitivity (γ −1) and selectivity
(SEL), usually employed for method comparasion, could be
calculated [35].

Results and discussion

Absorption spectra. Influence of pH

To study the characteristics of the complexes of inclusion
of the sulphonamides, the absorption spectra of both, in the
absence and in the presence of 9 × 10−3 M β-cyclodextrin,
were first recorded (Fig. 1). The figure shows absorption
maxima for the 2 × 10−5 M aqueous solutions of SMTX
and SGN at 266 and 260 nm, showing molar absorptivity
coefficients of 17600 and 17000 M−1 cm−1, respectively.
When recording the absorption spectra in the presence of
β-cyclodextrin, small bathocromic shifts of 4 and 2 nm,
for the SMTX and SGN inclusion complexes, respectively,
are produced, and the absorbance is slightly increasing, giv-
ing rise to molar absorptivity coefficients of 22100 and
20500 M−1 cm−1, respectively. These facts are indicatives of
the processes of inclusion in the presence of the cyclodextrin
for both sulphonamides.

The influence of pH for the sulphonamides, both, in aque-
ous solution and in β-cyclodextrin solution, were also stud-
ied. The results are shown in Figs. 2 and 3, for SGN and
SMTX, respectively. Several authors have reported pK val-
ues for the sulphonamides of interest. For sulfamethoxazole,
values of pK1 of 1.4, corresponding to the primary amine
group on the aromatic ring, [3] and pK2, corresponding to
the nitrogen attached to the sulphur atom of 5.6 [36–38],
have been reported.

For sulphaguanidine, values of pK1 of 2.75 [39, 40], 2.7
[4], and 3.3 [3] have been reported . The pK values reported
in the references are consistent with the results presented
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Fig. 1 Absorption spectra of
aqueous solutions of (A):
SMTX (—) and SMTX:β-CD
(- - -); (B) SGN (—) and
SGN:β-CD (- - -). [SMTX] =
[SGN] = 2.10−5 M,
[β-CD] = 9.10−3 M
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Fig. 2 Influence of pH on the
absorbance of (A) SGN
(λ = 260 nm) and (B)
SGN:β-CD (λ = 262 nm),
[SGN] = 2.10−5 M and
[β-CD] = 9.10−3 M

in Figs. 2 and 3. These figures are also showing that the
inclusion processes of the sulphonamides in the cyclodex-
trin cavity are not affecting the acid-base properties of the
sulphonamides. This fact may be explained taking into ac-
count that the changes in the spectra with pH, are due to the
proton exchange between the monocationic nitrogen atom
of the p-amino benzene group and the neutral molecule, and
this part of the molecule is protruding outside of the cavity.

Fluorimetric study of the inclusion complexes of
sulphamethoxazole and sulphaguanidine with β-CD

Sulphamethoxazole shows a weak fluorescence emission in
aqueous solution while sulphaguanidine shows stronger na-
tive fluorescence. The excitation and emission spectra were
not corrected. In aqueous solution, the excitation spectrum
shows maxima located at 274 and 264 nm, for SMTX and
SGN, respectively, and the emission spectrum shows a max-
imum for both sulphamides at 340 nm (Fig. 4).

Although α-, β-, γ -, HP-β-CDs and DIMEB were investi-
gated, only β-CD, HP-β-CD and DIMEB produced changes
on the fluorescence spectra of SMTX and SGN. β-CD was
selected because produces the higher fluorescence signal and
the smaller blank signal. As may be appreciated, the changes
in the fluorescence signals of these compounds in the pres-

ence of β-CD, compared with the fluorescence in its ab-
sence, are significant, but the wavelengths do not change. It
has been observed that the intensity of fluorescence increases
when increasing the concentration of β-CD. A value of β-CD
concentration of 9.10−3 M was selected for the experiments
in order to guarantee the quantitative complexation of the
complexes.

Study of the influence of pH

A study of the influence of pH in the fluorescence spectra
of both, SMTX:β-CD and SGN:β-CD systems, has been
carried out. The results obtained are presented in Fig. 5.
As can be appreciated, the fluorescence is maximum and
practically constant for pH values between 3.0 and 5.0 for
SMTX, and between 4.5 and 6.5 for SGN, at the excitation
and emission wavelengths chosen. For values of pH higher
than these, the fluorescence decreases.

Influence of the buffer concentration and order of addition
of reagents

Several buffer solutions were studied with the aim of propos-
ing a method for the determination of SMTX and SGN in
presence of β-CD. Sodium acetate/acetic acid buffer (pH
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Fig. 3 Influence of pH on the
absorbance of (A) SMTX
(λ = 266 nm) and (B)
SMTX:β-CD (λ = 270 nm),
[SMTX] = 2.10−5 M and
[β-CD] = 9.10−3 M
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Fig. 4 The excitation and emission spectra were not corrected.
(A) Excitation and emission spectra, in aqueous solution, at pH
5.0, of SGN (—), β-cyclodextrin (...) and SGN: β-cyclodextrin
(- - - -). (B) SMTX (—), β-cyclodextrin (...) and SMTX: β-cyclodextrin

(- - - -). [SGN] = 4.7 × 10−6 M, [SMTX] = 4.0 × 10−6 M, and [β-
CD] = 9 × 10−3 M. Excitation and emission slits of 10 and 5 nm,
respectively, were used for the spectra recording

4.6, 5.0 and 5.5) solutions were tested and a pH 5.0 was
chosen as appropriate. A 0.4 M concentration was chosen as
the optimum, as the dependence of the fluorescence intensity
with the buffer concentration is not appreciable.

The order of addition of the reagents has no influence
on the complexation, and the inclusion process is attained
immediately.

Analytical parameters

Under the optimum operating conditions selected, the cali-
bration graphs, obtained by plotting the fluorescence inten-

sity versus SMTX or SGN concentration, were linear in the
ranges 0.09–0.5 µg mL−1 and 0.07–1.0 µg mL−1, respec-
tively, with Pearsons correlation coefficients of 0.999. Limits
of detection, LOD Clayton [41] of 0.05 and 0.04 µg mL−1, re-
spectively, were established.

Stoichiometry of the inclusion complexes

The straight line obtained when, in accordance with the
Benesi-Hildebrands method, the values of 1/(F-F0) are plot-
ted against 1/[β-CD]0, supports the existence of a 1:1 com-
plex (Figs. 6a and 6b).

2 4 6 8 10
pH

0

100

200

300

400

F
lu

or
es

ce
nc

e 
In

te
ns

it
y

2 4 6 8 10
pH

0

200

400

600

800

F
lu

or
es

ce
nc

e 
In

te
ns

it
y

(B) (A) 

Fig. 5 Influence of pH on the fluorescence intensity of (A) SMTX:
β-CD (λex = 264 nm; λem = 340 nm) and (B) SGN: β-CD com-
plexes (λex = 274 nm; λem = 340 nm). [SGN] = 4.7 × 10−6 M,

[SMTX] = 4.0 × 10−6 M, and [β-CD] = 9 × 10−3 M. Excitation and
emission slits of 10 and 5 nm, respectively, were used for the spectra
recording
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Fig. 6 Benesi-Hildebrand plot for the (a) SMTX:β-CD and (b) SGN:β-CD complexes; Scatchard plot for the (c) SMTX:β-CD and (d) SGN:
β-CD complexes. [SGN] = 4.7 × 10−6 M, [SMTX] = 4.0 × 10−6 M, pH 5.0

Applying the Scatchard’s method, the representation of
(F-F0)/[β-CD]0 versus [F-F0], is also giving a linear plot
(Figs. 6c and 6d), confirming the 1:1 stoichiometry.

Association constant of the inclusion complexes

Once the stoichiometry of the system is known, the associ-
ation constant may also be calculated, by application of the
methods previously described. By the Benesi-Hildebrands
method, the association constant is determined by divid-
ing the intercept by the slope of the straight line obtained
in the double-reciprocal plot. In the case of the Scatchard
method, the association constant is given by the slope of
the straight line. However, the linear transformations used in
these graphical methods do not properly weigh the data [31].
The double-reciprocal plots tend to place more emphasis on
lower concentration values in comparison to higher ones. As
a result, the value of the slope is very dependent upon the
ordinate value corresponding to the point having the smaller
cyclodextrin concentration. Therefore, more adequate esti-
mation can be made by using non-linear least-squares regres-

sion analysis (NLR) [31]. The formation constant calculated
from the linear method may be used, however, as a parame-
ter estimate in the NLR method. With the equation described
in the experimental section, the experimental data can be
directly fitted.

The values calculated for the constants of formation of the
complexes, by means of the non-linear regression methods,
are 361 and 414 M−1, for SGN:β-CD and SMTX: β-CD,
respectively.

Characterizing the inclusion complexes

With the purpose of further characterizing the inclusion com-
plex, semiempirical MO calculations using the AM1 pro-
gram were performed. This program is commonly used to
study geometric and thermodynamic properties of organic
molecules, especially when hydrogen bonding occurs [42].
Several initial modes of inclusion were probed and optimized
by energy minimization. The complex structure leading to
the minimum heat of formation shows the aniline moiety
located inside of the β-CD cavity. This fact is not surprising,
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SMTX:β-CD SGN: :β-CD  

Fig. 7 Side views of the
optimized structures of
SMTX:β-CD and SGN:β-CD,
obtained through AM1
calculations

since the most probable mode of binding in the CD inclu-
sion complexes involves the insertion of the less polar part
of the molecule into the cavity, while the more polar groups
are exposed to the bulk solvent outside the opening of the
cavity. The optimized structure of the complexes, obtained
by energy minimization, is displayed in Fig. 7.

Interference studies

The possibility of other sulphonamides interference was
investigated. For that, the fluorimetric signal of a mix-
ture of SMTX and SGN, at 0.5 ppm, was compared
with the fluorimetric signals of this mixture in the pres-
ence of different concentrations of the others (0.5; 1;
1.5 ppm). The sulphonamides assayed were sulfphathiazole,
sulphadimethoxine, sulphamethazine, sulphamerazine, sul-
phaquinoxaline, sulphadiazine, sulphanilamide and sulphac-
etamide, in ratios of 1:1, 2:1 and 3:1, interference: analyte.

At the studied ratios, only interference from sulphanil-
amide was found. It is interesting to note that some of the
sulphonamides could form inclusion complexes with ß-CD,
but our experimental results show that, under the selected
chemical conditions of pH and ß-CD concentration, only the
competing effect of sulphanilamide is interfering. It is neces-
sary to take into account that the association constants of the
possible inclusion complexes should be different, depending
of the included sulphonamide, and that some of the possible
inclusion complexes formed can be weak enough and show
not interference effect at the assayed maximum 3:1 ratio.

Simultaneous determination of sulphamethoxazole
and sulphaguanidine

With the aim of performing the analysis of the two
sulphonamides, a chemometric approach based in partial
least-squares was evaluated. For training the PLS-1 model,

a calibration set, according with a central composite design
was constructed with 9 calibration samples, containing be-
tween 0 and 0.5 µg mL−1 for SMTX, and between 0 and
1.0 µg mL−1 for SGN. The component ratios were selected
considering the linear calibration ranges (previously estab-
lished from univariate exploratory experiments for each an-
alyte). All calibration samples were prepared in triplicate
and measured in random order. As the emission spectra of
both sulphonamides are practically identical, we decided to
employ the excitation spectra to construct the matrix. The
excitation spectra were registered between 240 and 290 nm,
using 340 nm as the emission wavelength.

Optimization of the PLS model

In order to determine the correct number of loading vectors
to be used for the modelling of the data, a cross-validation
calculation, for all the samples in the training set, was per-
formed to calculate the PRESS (prediction residual error sum
of squares). A number of two factors was optimized for both
analytes. On the other hand, determination coefficients R2

of 0.986 and 0.982 were calculated for SGN and SMTX,
respectively

Figures of merit

The program MVC1 allows obtaining the parameters of qual-
ity after applying the PLS-1 model. In this way, the parame-
ters of sensitivity, analytical sensitivity and selectivity were
obtained for both analytes. These parameters are shown in
Table 1.

The PLS-1 model was applied to several data set of prob-
lems. The samples analyzed are composed by binary mix-
tures of variable amounts of the components randomly se-
lected. Also, individual determination of each component
was performed.
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Table 1 Analytical figures of merit

Figures of merit SMTX SGN

SEN (L mg−1) 236 637
γ −1 (µg. L−1) 4.2 1.6
SEL 0.54 0.40

Simultaneous determination of sulphonamides
in human urine

The proposed chemometric method has been applied to hu-
man urine samples from healthy patients, fortified with the
two sulphonamides of interest. The dilution factor applied to
the urine sample was fixed according to the amounts of these
drugs excreted in the urine, under habitual therapy.

A portion of 0.1 mL of untreated freshly urine was spiked
with the one or both drugs. With the aim of generating the
possible interactions between analytes and the urine matrix,
the samples were maintained at ambient temperature during
10 minutes; the necessary amount of β-CD aqueous solution
was added to get a final concentration of 9 10−3 M; the pH
was fixed to 5.0 by adding sodium acetate/acetic acid buffer
and then diluted to 10 mL with ultrapure water. Six urine
samples prepared as above described were analyzed, in the
established conditions, by using the PLS optimized model.
In all cases, high recovery values were obtained for SMTX
and adequate values for SGN.

The evident interference generated by the urine matrix
was considered, and a new calibration matrix composed
by standard samples in presence of urine, according with
a central composite design, was constructed. With the aim of
modulating the variability of the urine samples background,
several samples of urine blanks were included in the calibra-
tion matrix. A total of 8 urine blanks of different individuals
were added to the model. From the statistical parameters ob-
tained when applying the PLS model, for each component, in

presence of urine, a number of three factors was established
as optimum for both analytes.

The optimized PLS model in presence of urine was tested
in the analysis of ten urine samples; each level of concen-
tration was prepared in triplicate way. Sulphamethoxazole
is present in numerous pharmaceutical preparations in com-
bination with trimethoprim in a 5:1 SMTX:TMP ratio. The
determination of SMTX in urine in the presence of TMP
has been also performed; the resuls obtained lead to the
conclusion that TMP does not produce interference in the
concentration levels studied.

The concentrations of each analyte present in human urine
and those values obtained by using the proposed method, are
summarized in Table 2.

At the excitation wavelengths chosen, some interference
from the biological matrix should be expected. However, a
1:100 dilution has been performed prior to the determination.
A typical analysed sample contains 20 µg mL−1 of the drug.
As 0.1 mL of urine is diluted to 10 mL, a 1:100 dilution is
performed, and the measured concentration of the drug in the
volumetric flask is 0.02 µg mL−1, that it is under the range of
the calibration graphs (Linear ranges of 0.09–0.5 µg mL−1

and 0.07–1.0 µg mL−1 for SMTX and SMG, respectively).
These drugs are usually administered orally in pharma-

ceutical preparations in ranges of concentration of 250–
500 mg L−1, being its adsorption of around 70–90%. The
principal route of elimination it is urinary and around 20% is
excreted, after metabolizing at the liver. This means that the
urinary concentration should be between 17.5–35 µg mL−1,
that are the ranges selected to test the procedure.

Also, it is necessary to take into account that, as it is
discussed above, a total of 8 blank urine samples free from
sulphonamides, were used as part of the calibration matrix,
and modelled by the partial least squares calibration proce-
dure, with the aim of modulating the variability of the urine
samples, and eliminating the background urine interference.

Table 2 Results obtained in the determination of SMTX and SGN in urine samples, by the PLS method

Suphamethoxazole (µg mL−1) Sulphaguanidine (µg mL−1)
Sample Spiked Found (RSD) R (%) Spiked Found (RSD) R (%)

Urine 1 10.0 10.6 (0.8) 106 10.0 11.0 (1.0) 110
Urine 2 25.0 24.1 (1.2) 96 15.0 13.4 (0.9) 89
Urine 3 20.0 19.2 (1.3) 96 40.0 43.5 (1.0) 108
Urine 4 – – – 20.0 19.3 (1.2) 96
Urine 5 20.0 21.2 (1.2) 106 – – –
Urine 6 15.0 15.1 (2.3) 100 20.0 22.1 (0.9) 110
Urine 7 20.0 17.8 (1.8) 89 45.0 44.0 (2.1) 98
Urine 8 30.0 29.0 (0.9) 97 30.0 27.0 (1.1) 90
Urine 9 0.0 0.001 ± (0.002) – 0.0 0.001 (0.001) –
Urine 10 30.0 28.0 (0.9) 93 15.0
Urine 11 25.0 26.1 (1.2) 104 10.0
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There was no significant difference between the results
obtained by using the HPLC technique and the multivariate
calibration method. All predictions are seen to be reasonable
for samples of the complexity of human urine. Comparison of
the predicted concentrations and recoveries provided shows
a good predictive ability towards the test set of spiked urine
samples, and confirms the potentiality of the presently stud-
ied partial-least squares (PLS) calibration, for the analysis
of complex biological samples.

Conclusions

On the basis of spectrofluorimetric measurements, the com-
plex formation between SMTX, SGN and β-CD was studied.
The stoichiometry and formation constants for the inclusion
complexes were evaluated, and structural models were pro-
posed. In these models, it can be observed that the aniline
group and a part of the sulphanilic chain of the molecules
are included in the cavity, through the open extreme of the
structure of the cyclodextrin.

The proposed chemometric PLS model allows the simul-
taneous determination of SMTX and SGN, and the individ-
ual determination of these sulphonamides. Quantification of
both sulphonamides in untreated urine has been performed,
by using a calibration set composed by 9 standard spiked
urine samples, and 8 blank urine samples obtained from dif-
ferent persons. The proposed procedure was validated by
comparing the obtained results with a HPLC methods, with
satisfactory results for the assayed method.
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35. Ferré J, Faber NM (2003) Chemom Intell Lab Syst 69:123–136
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