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Abstract A simple and fast analytical procedure is pro-
posed for the simultaneous determination of para-
cetamol, acetylsalicylic acid and caffeine in pharma-
ceuticals by means the partial least square treatment of
the spectrophotometric absorbance data between 216
and 300 nm, taken at 5 nm intervals. The method in-
volves the use of 8 standard mixtures of the three
compounds assayed, considered at two concentration
levels, and the measurement of the absorbance of sam-
ples in a 20% (v/v) ethanol in water solution previously
filtered. In the analysis of real and synthetic samples
precise and accurate values were obtained by the
aforementioned procedure, providing in all cases vari-
ation coefficients and accuracy errors lower than 5%
which agree with the tolerance level established by the
pharmacopoeia for this kind of samples which is
$10%.

Introduction

Partial least-squares (PLS) is a powerful multivariate
statistical tool that has been successfully applied to the
quantitative pharmaceutical analysis by using ultra-
violet [1—3], near infrared [4, 5], fluorometric [6, 7],
Fourier-transform-infrared-attenuated total reflec-
tance [8] and polarographic data [9, 10].

Paracetamol (PRC), acetylsalicylic acid (ASA) and
caffeine (CAF) are active principles widely used and
frequently combined in pharmaceutical preparations
[11]. The simultaneous determination of these three
active components and other additional ones can be
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performed by using thin layer chromatography (TLC)
[12], high performance liquid chromatography HPLC
[13, 14], and also by spectroscopy, having proposed
various numerical methods such as Kalman filtering of
ultraviolet data [15], multiple linear regression of the
NIR reflectance data [16], multivariate programs using
spectrophotometric data such as multicomponents
analysis, Simplex and Multic [17], iterative-target
transformation factor analysis [18] and stepwise re-
gression method [19]. However, no attempt was made
to use PLS for the simultaneous determination of the
aforementioned compounds.

The main objective of this paper is to propose the use
of a PLS procedure for the simultaneous spectro-
photometric determination, using a reduced calibration
matrix, of paracetamol, acetylsalicylic acid and caffeine
in a series of pharmaceutical preparations with differ-
ent proportions of these active principles.

Experimental

Apparatus and software. A Perkin-Elmer Lambda 16 UV-Visible
spectrophotometer (Norwalk, USA) equipped with a 10 mm path
length quartz cell was employed to obtain the absorbance spectra of
samples and standards which are transferred to a J-Camp format
and manipulated using a PC 486 computer equipped with the ATI
Mattson PLS software package (Madison, USA) which is employed
for calibration, validation and prediction.

Reagents and samples. Paracetamol (PRC) and acetylsalicylic acid
(ASA) were supplied by GUINAMA, (Valencia, SPAIN), caffeine
(CAF) from FLUKA, (Buchs, SWITZERLAND). All this products
are USP grade.

Analytical-reagent grade ethanol was obtained from PANREAC
(Barcelona, SPAIN).

The following commercial samples were acquired from Spanish
pharmacies: Fiorinal Sandóz, capsules with a nominal content of
300 mg PRC, 200 mg ASA, 40 mg CAF and excipient and
Neocibalena tablets with 150 mg PRC, 200 mg ASA, 50 mg CAF
and excipient (in both cases the value of excipient was not stated).

Additionally to the commercial samples available from the
Spanish Pharmacopoeia, three simulated samples were prepared by



mixing exact weights of PRC, ASA and CAF and starch as excipient.
The nominal content of each synthetic sample was: i) 250 mg PRC,
250 mg ASA, 30 mg CAF and 127 mg starch, ii) 150 mg PRC,
350 mg ASA, 40 mg CAF and 130 mg starch, and iii) 200 mg PRC,
250 mg ASA, 50 mg CAF and 100 mg starch following the composi-
tion of the old preparations produced in Spain by small pharma-
ceutical laboratories.

General procedure. An appropriate amount of sample, containing
between 13.5 and 33 mg of PRC, from 18 to 38.5 mg of ASA and
from 2.7 to 5.5 mg CAF, is accurately weighed and dissolved in
100 ml of 20% (v/v) ethanol in water by shaking in an ultrasonic
water bath for 15 min. An aliquot (1.5—2.0 ml) of the filtered solution
is diluted to 25 ml with the aqueous ethanolic solution and UV
spectra recorded between 216 and 300 nm taking absorbance data
at 5 nm intervals and using 20% (v/v) ethanol in water as a blank.

For calibration 8 synthetic mixtures of PRC, ASA and CAF at
two concentrations levels dissolved in 20% (v/v) ethanol in water
were employed (see Table 1). The upper and lower limits of the
studied concentrations used for calibration were selected in order to
include the maximum levels of the studied active principles in all the
pharmaceuticals commercialized in Spain.

Results and discussion

Ultraviolet spectra of the compounds studied

Figure 1 shows the absorbance spectra of PRC, ASA
and CAF at the nominal analytical concentration in
the Fiorinal Sandóz sample. PRC presents a high ab-
sorption band around 200 nm and a well established
band at 245 nm, ASA absorbs around 200 nm and has
a shoulder at 224 nm and CAF has two well defined
bands at 205 nm and 272 nm. For practical reasons,
the bands between 224 nm and 272 nm have been se-
lected for the spectrophotometric determination of
these compounds in aqueous ethanolic solutions.

It can be seen that the overlapping between the
spectra of the three compounds under study is very
high and cannot well resolved by the traditional pro-
cedures using univariate calibrations.

PLS matrix calibration

The PLS method requires a carefully experimental
design of the standard composition of the calibration

Table 1 Composition of the calibration matrix

Sample No Content (lg/ml)

PRC ASA CAF

1 33.20 18.00 2.70
2 13.60 38.16 2.70
3 13.60 18.00 5.50
4 33.20 38.16 2.70
5 33.20 18.00 5.50
6 13.60 38.16 5.50
7 13.60 18.00 2.70
8 33.20 38.16 5.50

Fig. 1 Zero order absorbance spectra of PRC (15 lg/ml) (——),
ASA (10 lg/ml) (— —) and CAF (2 lg/ml) (. . . . . . ) at the nominal
concentration of Fiorinal Sandóz sample. All spectra were obtained
in 20% (v/v) ethanol in water

set in order to provide good predictions. In this study,
the calibration set was generated by using two level
factorial design, thus 8 standards were employed to
construct the model. As it has indicated before, the
upper and lower concentration levels considered were
established from the reported concentration of the dif-
ferent pharmaceutical preparations available in the
Spanish pharmacopoeia and taking also in considera-
tion the $10% tolerance level accepted in the prep-
aration of this type of pharmaceuticals (see Table 1).

PLS treatment of the UV data

From the UV absorbance data between 190 and
350 nm, obtained for the calibration set, data are mean
centred, the spectral region defined, and the number of
latent variables selected using the minimum value of
(PRESS), predicted residual error sum of squares,
criterion.

To establish the appropriate conditions for calib-
ration, the effect of the number of working wavelengths
and the spectral range on the relative standard error of
prediction were studied, selecting in all cases the most
adequate number of latent variables of the model for
the determination of each one of the compounds
studied.

Using a spectral range from 216 to 300 nm, the use of
experimental absorbance data obtained at singular in-
tervals from 1 to 10 nm provides a total number of
wavelengths employed which varies from 84 to
9 values. As it can be seen in Table 2 the use of a big
amount of information reduces the relative standard
error of prediction, found by cross validation, for PRC
and ASA. However, in the case of caffeine prediction
errors are higher than those obtained for the other
compounds assayed, and in this latter case, it seems
that the use of 17 wavelength values, taken at intervals
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Table 2 Effect of the number of working wavelengths on the relative
standard error of prediction obtained by cross validation using
a spectral range between 216 and 300 nm

Wavelength Number of Errors of prediction% Number of
interval of working latent
experimental wavelength PRC ASA CAF variables!
data

1 84 0.9 1.6 3.6 (4, 3, 3)
2 42 1.0 1.6 3.2 (4, 3, 3)
3 28 1.0 1.8 3.8 (4, 3, 3)
4 21 1.0 1.5 3.1 (4, 3, 3)
5 17 1.0 1.6 2.4 (4, 3, 3)
6 14 1.6 1.7 2.9 (4, 3, 3)

10 9 1.9 1.9 7.5 (4, 3, 3)

! The number of latent variables was chosen for the minimum
PRESS value

of 5 nm, provides a minimum error of prediction of the
order of 2.4%. The number of latent variables corres-
ponding to each one of the analytes are chosen in order
to obtain the minimum value of the sum of squares of
the standard error of prediction. It can be seen in Table
2 that in all cases the number of latent variables corres-
ponds to 4 for PRC and 3 for ASA and CAF.

Figure 2 shows, as an example, the evolution of the
predicted versus actual concentration values found by
cross validation for ASA, taking into consideration 1,
2 and 3 latent variables and, as it can be seen the
correlation coefficient found varies from 0.411 to 0.999.

For a selected wavelength interval of 5 nm a series
of wavelength ranges, from complete UV spectra to

Fig. 2 Evolution of correlation between predicted and actual con-
centration values of ASA for 1, 2 and 3 latent variables. The solid
line represents the experimental correlation line and the dotted line
is the ideal fitting

selected ranges covering the main absorbance bands of
all the compounds under study, were employed to
evaluate the relative standard error of prediction re-
garding the concentration of PRC, ASA and CAF. As it
can be seen from data in Table 3 the consideration of
the wavelength range between 190 and 210 nm ex-
tremely affects the cross validation, providing errors
higher than 10% in the prediction of CAF concentra-
tion. On the other hand the use of selected bands a little
bit improves the prediction for PRC, ASA, but the best
prediction for CAF is obtained using 17 absorbance
data from 216 to 300 nm.

For all the wavelength ranges assayed the minimum
number of latent variables required for each compound
corresponds to 4 for PRC. However, for ASA and CAF
the introduction of low wavelengths increases the num-
ber of latent variables from 3 to 4.

Table 3 Effect of the spectral range on the relative standard error of
prediction of each compound studied, for a wavelength interval of
experimental data of 5 nm

Spectral Standard error of prediction % Number of
range latent
(nm) PRC ASA CAF variables!

(190—350) 1.6 1.5 10.7 (4, 4, 4)

(195—210)
(223—232)
(235—254) 1.5 1.7 12.6 (4, 4, 4)
(266—281)

(223—232)
(235—254) 0.9 1.5 3.2 (4, 3, 3)
(266—281)

(216—300) 1.0 1.6 2.4 (4, 3, 3)

! The number of latent variables was chosen for the minimum
PRESS value
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Table 4 Simultaneous PLS-
spectrophotometric
determination of paracetamol,
acetylsalicylic acid and caffeine
in pharmaceuticals

Commercial and Label claim Found!

synthetic samples mg/unit mg/unit

PRC ASA CAF PRC E% ASA E%" CAF E%

Fiorinal Sandóz 300 200 40 308$4 #2.6 202$1 #1 38$1 !5
Neocibalena 150 200 50 154$1 #2.6 202$4 #1 49$1 !2
Sample (1) 250 250 30 258$1 #3.2 250$1 0 29$1 !3.3
Sample (2) 150 350 40 154$1 #2.7 354$4 #1.1 41$2 #2.5
Sample (3) 200 250 50 203$5 #1.5 253$4 #1.2 49$2 !2

! Values indicated are the average of three independent analysis $ the corresponding standard
deviation. The synthetic sample composition corresponds to the concentration of the active principles in
old formulations produced by small Spanish pharmaceutical laboratories having employed starch as
excipient
" E: accuracy error in percentage

Analysis of real and synthetic samples

Commercially available and synthetic samples, de-
scribed in the experimental section, were analyzed by
the recommended procedure and results obtained are
summarized in Table 4. It can be seen that accurate
values, with errors generally lower than $3% were
found in all cases, except for the caffeine determination
at concentrations of the order of 30 and 40 mg/unit, for
which errors of !3.3% and !5% were found. On the
other hand the precision of these data correspond to
variation coefficients from 0.4 to 2.5% for PRC and
ASA determinations at concentrations varying from
150 to 350 mg/unit, being the variation coefficients of
CAF determination between 2 and 4.9% for concentra-
tions ranges from 30 to 50 mg/unit. Thus it can be
concluded that data found by the proposed method are
appropriate for practical analysis taking into account
the tolerance level established in the USP Pharmaco-
poeia for this type of drugs which is $10% [11].

On the other hand data obtained by PLS are more
accurate and precise than those reported for the simulta-
neous wavelength spectrophotometric quantitation of
these three active principles by using multicomponents
analysis, Multic and Simplex strategies [17]. Additionally,
the use of ethanol, instead of methanol, for sample prep-
aration avoids the toxic effects of the solvent, thus provid-
ing a more environmentally friendly methodology.

Conclusions

The PLS spectrophotometric procedure developed for
the simultaneous determination of paracetamol, acetyl-
salicylic acid and caffeine in pharmaceuticals is very
fast, requiring only the previous dissolution of the ac-
tive principles in ethanol 20% (v/v) aqueous solution
and sample filtration, using only 17 absorbance data
for samples and a reduced number of 8 standard solu-

tions. Additionally, the method developed provides ac-
curate and precise results in a wide range of concentra-
tions which varies from 30 mg/unit of caffeine to
350 mg/unit of acetylsalicylic acid.

For all the aforementioned reasons the procedure
developed can be very useful for quality control analy-
sis of pharmaceuticals.
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