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Abstract

In this work, a simple and rapid analytical procedure was proposed for simultaneous determination of acetylsalicylic acid
(ASA), paracetamol (PRC, also known as acetaminophen) and caffeine (CAF) in pharmaceutical formulations based on mul-
tivariate calibration and UV spectrophotometric measurements (210–300 nm). The calibration set was constructed with nine
solutions in the concentration ranges from 10.0 to 15.0�g ml−1 for ASA and PRC and from 2.0 to 6.0�g ml−1 for CAF, ac-
cording to an experimental design. The procedure was repeated at four different pH values: 2.0, 3.0, 4.0 and 5.0. Partial least
squares (PLS) models were built at each pH and used to determinate a set of synthetic mixtures. The best model was obtained at
pH 5.0. An N-way PLS model was applied to a three-way array constructed using all the pH data sets and enabled better results.
This calibration model provided root mean squares errors of prediction (RMSEP) from 11.5 to 35% lower than those obtained
with PLS at pH 5.0, depending on the analyte. The results achieved for the determination of these drugs in commercial tablets
were in agreement to the values specified by the manufactures and the recovery was between 94.7 and 104.5%.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

In the last decade, three-way or, more generally,
N-way analysis was introduced in the field of an-
alytical chemistry[1]. A three-way array may be
obtained by collecting data tables with a fixed set
of objects and variables under different experimen-
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tal conditions, such as sampling time, temperature,
pH, etc. The tables collected under various condi-
tions can be stacked providing a three-dimensional
arrangement of data. In some situations, even higher
dimensional arrays may be considered. These meth-
ods can be applied for exploratory analysis, curve
resolution, analysis of variance and calibration pur-
poses using spectrophotometric, spectrofluorimetric,
chromatographic, flow injection, sensory analysis or
experimental design data[2,3]. For N-way multivari-
ate calibration, N-way partial least squares (N-PLS)
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has recently received more attention than other tools.
Its applications can be found on HPLC-DAD[4],
molecular fluorescence spectrometry[5,6], 3D-QSAR
[7], MS/MS [8] UV-Vis spectroscopic-kinetic data
[9], image analysis[10], remote sensing[11] and
industrial pharmaceutical batch process[12]. An ex-
ample of a four-way-PLS application can be found
on kinetic spectrofluorimetry data[13].

Acetylsalicylic acid (ASA), paracetamol (PRC) and
caffeine (CAF) are frequently combined in a number
of pharmaceutical formulations. ASA possesses an-
tirheumatic, antipyretic and analgesic properties and
is probably the major consumed drug in the world.
PRC, also known as acetaminophen, is an antipyretic
and analgesic drug, which, in contrast with ASA, has
the advantage of not irritating the gastrointestinal mu-
cosa. Their effect of pain relief can be enhanced by
the stimulating power of CAF.

The most common methods found in the litera-
ture for determination of active principles in tablets
and capsules are based on chromatographic proce-
dures. The simultaneous determination of ASA, PRC,
CAF and other drugs can be performed by using
high-performance liquid chromatography (HPLC)
[14–17], high-performance thin-layer chromatogra-
phy (HPTLC) [18] and micellar electrokinetic chro-
matography (MEKC)[19]. However, these methods
present the disadvantages of relative high cost and
time consumption. Another disadvantage is the pos-
sible interference of a degradation product or an im-
purity that have the same chromatographic retention
time as the target compound. Since the last decade,
the use of spectroscopic techniques combined with
multivariate calibration has represented a new faster
and less expensive way of performing the determi-
nation of content in pharmaceutical formulations.
PLS [20], the most popular multivariate calibration
method, has been employed for simultaneous deter-
mination of ASA, PRC and CAF using a stopped-flow
system with Fourier transform infrared (FTIR) detec-
tion [21] and a flow-through multioptosensor based
on the integration of the retention and UV detection
of the analytes on a solid support (C18 bonded beads
packed in the flow cell)[22]. Nevertheless, the sim-
plest and fastest analytical procedures for simultane-
ous determination of these drugs have employed PLS
and UV-DAD measurements of aqueous solutions
[23,24].

In a previous work, a study of mixtures of ASA
and ascorbic acid, buffered at different pH values,
in the UV region was carried out and a multivariate
methodology for a rapid simultaneous determination
of these drugs in pharmaceutical tablets by using PLS
and N-PLS was developed[25]. In this work, ternary
mixtures of ASA, PRC and CAF were studied and a
reduced calibration matrix was used for their simul-
taneous spectrophotometric determination in tablets.
One of the main objectives was to improve the re-
sults obtained with traditional two-way PLS by using
N-PLS and incorporating information obtained at sev-
eral pH values.

2. Theory

2.1. PLS

PLS[20] is a method for building regression mod-
els based on the latent variable decomposition relating
two blocks, matricesX andY, which contain the inde-
pendent,x, and dependent,y, variables, respectively.
These two matrices are decomposed into a sum off
latent variables and two sets of models are obtained,
of the form:

X = TPt + E = �tf pt
f + E (1)

Y = TQt + F = �tf qt
f + F (2)

in which T is the score matrix;P andQ are the load-
ing matrices forX and Y, respectively, andE and F
are the residual matrices. The superscriptt indicates a
transposed matrix. The product ofT andPt approxi-
mates to the independent variables (e.g. spectral data)
and the product ofT andQt to the dependent variables
(e.g. concentrations). An important feature of PLS is
that is possible to obtain scores matrix that is com-
mon to both the concentrations (Y) and measurements
(X). The concentration of the new samples can be esti-
mated from the new scoresT∗ and the model loadings
Q, which are substituted inEq. (2), leading toEq. (3):

Ynew = T∗Qt (3)

In this procedure, it is necessary to find the best num-
ber of latent variables, which normally is performed
by using cross-validation, based on the determination



M.M. Sena, R.J. Poppi / Journal of Pharmaceutical and Biomedical Analysis 34 (2004) 27–34 29

of the minimum prediction error. The difference be-
tween PLS1, in which the regression is carried out for
each dependent variable individually (Y, Q andF are
column matrices, i.e.y, q and f vectors), and PLS2
(our case), in which all dependent variables are used
simultaneously, should also be mentioned.

2.2. N-PLS2

N-PLS is an extension of the PLS regression to
multi-way data[2,5,20]. As for PLS, the term N-PLS2
is used for the case in which all dependent variables are
predicted simultaneously (anY matrix). The N-PLS2
algorithm decomposes the multi-way arrayX (i× j ×
k) into a set of triads. Each triad is equivalent to a
latent variable (a component) in the two-way PLS and
consists of a score vector,t, related to the first way,
and two weight vectors,wJ andwK, related to the other
two ways (wavelength and pH in our case). The model
is given byEq. (4):

Xijk = �tifwJ
jfw

K
kf + eijk (4)

whereeijk contains the residues andf is the number of
latent variables. Superficially, these vectors are related
to scores and loadings in normal PLS, but in practice
they are different, because of their non-orthogonality,
influencing the additivity of successive components.

In addition, a matrixQ is determined after each new
latent variable, by:

Y = TQt ⇒ Q = (TtT)−1TtY (5)

whereT is the score matrix, whose columns consist
of the individual score vectors,t, for each component.
The concentration of the new samples,Ynew, can be
estimated from the new scores,T∗, in a similar way as
in PLS, as showed inEq. (3). An important difference
in relation to normal PLS is that the elements ofQ in
N-PLS2 have to be recalculated afresh as new compo-
nents are computed, whereas for two-way PLS2, the
first column ofQ is the same no matter how many
components are calculated. This limitation is a con-
sequence of non-orthogonality of components in the
algorithms conventionally applied.

A complete description of the algorithm is given
by Bro [2,5]. It is still important to note that N-PLS
imposes a trilinear structure on the data, since it is
based on a three-way decomposition of the calibra-
tion matrix. Some methods previously proposed in the

literature [26,27] were originally also called N-way
or multi-way PLS, but they are not proper three-way
methods, because they use a two-way decomposition
for three-way data. At the present, they are more prop-
erly called unfolded-PLS, since the three-way arrayX
is firstly rearranged (matricized or unfolded) to pro-
duce a two-way array and then a standard two-way
PLS algorithm is applied. Compared to unfolded-PLS,
N-PLS uses fewer parameters, is easier to interpret
and more robust to the influence of noise in the data.

3. Experimental

3.1. Reagents

All the chemicals were of analytical-reagent grade.
Three 3000�g ml−1 stock solutions were prepared
in 100 ml volumetric flasks: PRC (Synth, Diadema,
Brazil) and CAF (Ecibra, São Paulo, Brazil) by dis-
solving 300 mg of each compound in water; ASA
(Synth) by dissolving 300 mg in ethanol/water (20:80,
v/v). Five intermediate solutions of each analyte
were prepared from the stock solutions, in the fol-
lowing concentration values: 300, 345, 375, 405 and
450�g ml−1 for ASA and PRC, and 60, 90, 120,
150 and 180�g ml−1 for CAF. All the solutions were
used freshly. Another four solutions were prepared
in 100 ml volumetric flasks, in the pH range from
2.0 to 5.0: three buffer solutions (0.1 mol l−1), one
from H3PO4 (Sigma)/KH2PO4 (Merck) and two from
KH2PO4, were adjusted with H3PO4/KOH (Synth) at
pH 2.96, 3.97 and 5.03, respectively; a ionic solution
(0.1 mol l−1) was prepared from KCl (Synth) and
HCl (Synth) and its pH was adjusted at pH 2.02 with
KOH. Deionised water obtained from a Millipore
Milli-Q apparatus was used throughout.

3.2. Apparatus and software

The pH values were measured on a Corning
pH/Ion Analyzer, model 350, previously calibrated
with standard buffer solutions (4.00, 7.00 and 10.00).
All measurements were carried out at 22◦C in a
thermostated room. An Agilent 8453 UV-Visible
Diode-array Spectrophotometer was utilised and the
Agilent UV-Visible ChemStation Software was used
for data acquisition. A cuvette of 1.00 cm optical path
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Table 1
23 + 1 experimental design for the calibration set

Analyte Solution

1 2 3 4 5 6 7 8 9

ASA + + + − − − + − ∼
PRC + + − + − + − − ∼
CAF + − + + + − − − ∼
Level (+): ASA, 15.00�g ml−1; PRC, 15.00�g ml−1; CAF, 6.00
�g ml−1. Level (−): ASA, 10.00�g ml−1; PRC, 10.00�g ml−1;
CAF, 2.00�g ml−1. Level (∼): ASA, 12.50�g ml−1; PRC,
12.50�g ml−1; CAF, 4.00�g ml−1.

was used for all measurements. An ultrasonic bath
was also employed for sample extraction.

The data were handled using MATLAB software,
6.1 version (The MathWorks, Natick, USA). PLS rou-
tine came from “PLS Toolbox”, 2.0 version (Eigenvec-
tor Technologies, Manson, USA). N-PLS modelling
was carried out by using “The N-way Toolbox for
MATLAB”, 2.00 version (R. Bro, Foodtechnology,
Copenhagen, Denmark)[28].

3.3. Procedure

3.3.1. Calibration set and synthetic mixtures
The calibration set was constructed according to a

23 + 1 (three factors at two levels plus one central
point) experimental design (Table 1). The ASA and
PRC solutions were in the 10–15�g ml−1 range and
the CAF solutions were in the 2–6�g ml−1 range. The
synthetic mixtures used to validate the model were
planned according to a 23 experimental design simi-
lar to the calibration set (without a central point). For
this validation set, the level (+) was 13.50�g ml−1

for ASA and PRC and 5.00�g ml−1 for CAF, and the
level (−) was 11.50�g ml−1 for ASA and PRC and
3.00�g ml−1 for CAF. Seventeen standard solutions
(calibration+ validation sets) were prepared directly
inside the cuvette, by the addition of 100�l of each
analyte intermediate solution in 2.70 ml of the respec-
tive buffer or ionic solution at each pH. This proce-
dure was repeated for all the pH sets. Although stock
ASA solutions were prepared in 20% ethanol/water,
the measured solutions were up to 300 times diluted.
Therefore, the final ethanol content was less than 0.1%
and the approximation that the pH values were the
same as in a pure water media was adopted. The spec-

tra of these solutions were scanned from 210 to 300 nm
(step 1 nm). Solutions prepared in the same way as the
mixtures, but containing none of the analytes, were
used as blank for each pH set. Spectra of pure ASA,
PRC and CAF solutions were also recorded at each
pH value.

3.3.2. Sample (tablet formulations) determination
and recovery

The pharmaceutical preparations assayed had the
following composition per tablet: Cibalena® (Novar-
tis, Brazil), 200 mg of ASA, 150 mg of PRC and 50 mg
of CAF; Excedrin Migraine® (Bristol-Myers Squibb
Co., USA), 250 mg of ASA, 250 mg of PRC and 65 mg
of CAF. Six tablets of each pharmaceutical formula-
tion were weighed individually to obtain an average
weight. The tablets were finely powdered and mixed,
and a mass corresponding to one tablet for each for-
mulation was weighed and dissolved in 500 ml of
ethanol/water (20:80, v/v), in a volumetric flask. The
dissolution was carried out with the aid of an ultrasonic
bath (15 min). An aliquot of 100�l of each sample was
added into a cuvette containing 2.70 ml of the respec-
tive buffer or ionic solution with the specified pH and
200�l of deionised water. The recovery method was
performed by an addition of 100�l of a 30�g ml−1

standard solution of each analyte. The spectra were
obtained in the same conditions described previously.
All these determinations were performed in triplicate.

4. Results and discussion

4.1. ASA, PRC and CAF ultraviolet spectra

Fig. 1displays the UV absorption spectra for aque-
ous solutions of ASA, PRC and CAF at pH 2. As can
be observed, there is a strong overlap among the spec-
tra, which prevents the use of univariate calibration.
The use of multivariate calibration for the resolution
of these drugs has been performed in a pH range from
1 to 5.5[22–24]. In this work, the determinations were
performed at four different pH values, 2, 3, 4 and 5.
The spectra of PRC and CAF did not change in this
pH range, which was expected, since these species
do not suffer ionisation in these conditions. In con-
trast, ASA spectrum presentsλmax at 229 nm at pH 2,
which shifts to lower wavelengths at higher pH values
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Fig. 1. Spectra of ASA, PRC and CAF obtained in pH 2.

(Fig. 2). At pH 5, this spectrum has a deformed shape,
showing no clear maximum of absorbance. This can
be attributed to the ionisation of ASA to acetylsalicy-
late ion, whose pK is approximately 3.4[25].

4.2. Calibration and validation of PLS and
N-PLS models

Multivariate calibration methods require a suitable
experimental design of the standards belonging to the
calibration set in order to provide good predictions.
The calibration set was constructed using nine solu-
tions according to an experimental design (Table 1).
Another eight solutions were used as validation set
according to a second experimental design, whose
range was contained in the calibration design. One
may argue that this two-level (plus one mid point)
calibration design is inadequate and typically four
or five concentration levels would be required for
each compound[20]. However, this choice depends
strongly on the nature of the system under calibra-
tion. For more complex matrices, such as soil samples
analysed in IR, this design would certainly be insuf-
ficient, but for a simple matrix, such as in our case

(synthetic aqueous solutions), it is appropriate, which
is demonstrated by our good results and other suc-
cessful applications found in the literature[21,23,24].

One PLS model was built for each pH data set.
A three-way array (9 solutions× 91 wavelengths×
4 pH values) was constructed combining all the pH
sets and it was used to built an N-PLS model. All
the models were validated using cross-validation. The
root mean squares errors of prediction (RMSEP) of
the validation sets was the parameter employed for
comparison among the models. RMSEP is given by:

RMSEP=
√∑

(yr − yp)2

n
(6)

whereyr is the standard (real) value andyp is the value
predicted by the model.

Table 2shows the RMSEP values for all the cal-
ibration models. All the models were built using
three latent variables. The best PLS2 model for the
simultaneous determination of the three analytes was
obtained at pH 5. This model presented the lowest
RMSEP for ASA, but only the second one for CAF
and the third one for PRC. It was also observed that
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Fig. 2. Spectra of ASA obtained in (A) pH 2, (B) pH 3, (C) pH 4 and (D) pH 5.

as the pH increases, the RMSEP of ASA decreases.
This observation can be explained by the decrease
in the degree of overlap between ASA and PRC
(Figs. 1 and 2). The incorporation of all the infor-
mation obtained from the four different pH sets in
a single three-way model enabled better predictions.
This is one of the major advantages of N-way mod-
els. N-PLS2 presented the best predictions for ASA
(RMSEP 17.5% lower than PLS2/pH 5) and CAF
(RMSEP 35% lower than PLS2/pH 5 and 23% lower

Table 2
Root mean square errors of prediction (RMSEP) between the real and the predicted values obtained for eight synthetic mixtures (validation
set), for each proposed PLS2 model

Analyte PLS/pH 2 (�g ml−1) PLS/pH 3 (�g ml−1) PLS/pH 4 (�g ml−1) PLS/pH 5 (�g ml−1) N-PLS (�g ml−1)

ASA 0.7279 0.3371 0.3060 0.1840 0.1517
PRC 0.4799 0.5734 0.8157 0.6194 0.5478
CAF 0.4331 0.3773 0.2757 0.3289 0.2125

than PLS2/pH 4). Although it presented predictions
for PRC worse than PLS/pH 2 model (RMSEP 14%
higher), N-PLS2 was considered the best model for
simultaneous determination of ASA, PRC and CAF.

In order to demonstrate the accuracy of the pro-
posed method, the results of the predictions for syn-
thetic mixtures taken as validation set are shown in
Table 3. The most accurate results were obtained for
ASA, whose errors never exceeded 2.3%. For PRC, the
samples at the highest level (13.50�g ml−1) presented
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Table 3
Simultaneous determination of ASA, PRC and CAF in eight different synthetic mixtures (validation set) using N-PLS2

Amount added (�g ml−1) Amount predicted (�g ml−1) Error (%)

ASA PRC CAF ASA PRC CAF ASA PRC CAF

13.50 13.50 5.00 13.70 14.33 4.97 −1.5 −6.1 0.6
13.50 13.50 3.00 13.53 14.26 2.69 −0.2 −5.6 10.3
13.50 11.50 5.00 13.32 11.37 5.08 1.3 1.1 −1.6
11.50 13.50 5.00 11.76 14.16 4.96 −2.3 −4.9 0.8
11.50 11.50 5.00 11.41 11.27 4.95 0.8 2.0 1.0
11.50 13.50 3.00 11.44 14.26 2.77 0.5 −5.6 7.7
13.50 11.50 3.00 13.57 11.53 2.72 −0.5 −0.3 9.3
11.50 11.50 3.00 11.35 11.36 2.65 1.3 1.2 11.7

somewhat higher errors, about 5–6%. The highest er-
rors, about 10%, were observed for CAF samples at the
lowest level (3.00�g ml−1). The proposed method can
be considered appropriate for practical analysis taking
into account the tolerance level of±10% established
in the US Pharmacopoeia[14] for this type of drugs.

4.3. Analysis of real samples

N-PLS2 and the best two-way calibration model,
PLS2/pH 5, were applied to simultaneous determina-
tion of the three drugs in two different commercially
available pharmaceutical formulations. The results

Table 4
Simultaneous determination of ASA, PRC and CAF in two pharmaceutical formulations using N-PLS2 and PLS2/pH 5 models

Pharmaceutical
formulation

Label claim
(mg/tablet)

Amount predicted with
N-PLS (mg/tablet)a

Amount predicted with
PLS/pH 5 (mg/tablet)a

ASA PRC CAF ASA PRC CAF ASA PRC CAF

Cibalena® 200 150 50 199.8± 0.9 152.3± 0.7 53.6± 1.0 204.9± 2.1 151.3± 1.3 51.8± 1.5
Excedrin Migraine® 250 250 65 243.1± 1.4 256.8± 1.7 68.2± 0.7 242.1± 1.5 254.5± 2.5 68.8± 1.5

a Mean values and relative standard deviation of three determinations.

Table 5
Recovery values obtained for standard additions of 3�g of each analyte in the pharmaceutical formulations

Pharmaceutical Recovery (%)a

N-PLS2 PLS2/pH 5

ASA PRC CAF ASA PRC CAF

Cibalena® 100.5± 0.5 99.1± 0.7 104.5± 1.5 101.2± 0.8 98.3± 1.0 95.3± 2.0
Excedrin Migraine® 99.2 ± 0.6 99.9± 0.9 97.6± 1.9 101.4± 1.1 99.2± 0.4 94.7± 2.1

a Mean values and relative standard deviation of three determinations.

are listed inTable 4and are in agreement with those
specified by the manufactures. The highest differ-
ence between the claimed and the predicted amounts
was 7% for CAF in Cibalena®. The standard devi-
ations obtained for three replicated determinations
with PLS2/pH 5 were higher, in some cases more
than twice, than those obtained with N-PLS2. This
indicated that N-PLS2 presented more precise results
than PLS2/pH 5. The recovery method for standard
additions of each analyte to two commercial phar-
maceuticals was also performed, corroborating the
efficiency of the proposed method.Table 5presented
the percentages of recovery for each addition.
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5. Conclusions

The traditional and official methods for simultane-
ous determination of drugs in pharmaceutical prepa-
rations are based on chromatographic techniques,
presenting relative high cost and time consumption.
PLS multivariate calibration using UV spectrophoto-
metric data can be considered a suitable method for
an accurate, rapid and less expensive determination.
This work applied this method to simultaneous de-
termination of ASA, PRC and CAF in tablets at four
different pH values and demonstrated that the use of
a multi-way model, N-way PLS, improved the pre-
dictions, providing RMSEP values lower than those
obtained with PLS2 at pH 5.0 (17.5% for ASA, 11.5%
for PRC and 35% for CAF), which was considered the
best PLS model. The improvement in the predictions
can be attributed to the incorporation of one more
dimension in the data, which implicates in more in-
formation used for modelling. Multi-way multivariate
calibration using N-PLS is suitable to be combined
with excitation-emission matrix (EEM) obtained in
molecular fluorescence spectroscopy, HPLC-DAD
and other hyphenated techniques. This combination
can be considered useful and promising for developing
routine quality control analysis of pharmaceuticals.
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