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Second order advantage of excitation-emission fluorescence matrix was applied for the simultaneous determination of ibuprofen and
caffeine. The proposed method is based on the measurement of the native fluorescence and recording emission spectra of ibuprofen and
caffeine in different excitation wavelengths. The mixture of these compounds was resolved by multivariate curve resolution coupled with
alternative least squares (MCR-ALS) on constructed matrix. The EEM spectra were recorded at excitation wavelengths from 250-275 nm;
the emission wavelengths ranged from 275-400 nm. For each particular quantitative determination, an augmented matrix was defined. The
resolution of each augmented-data matrix gave an estimation of the excitation and emission spectra of the species included in the model.
Ibuprofen and caffeine were determined in concentration range from 0.10-8.00 and 0.50-15.00 g ml-1, respectively. The minimal sample
pretreatment and relatively low running cost, make this method a good alternative to existing methods for determination of the analytes in
urine samples.
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INTRODUCTION
Ibuprofen (IB); from isobutylphenylpropanoic acid is a
nonsteroidal anti-inflammatory drug (NSAID) derivative of
propionic acid used for relieving pain, helping with fever
and reducing inflammation [1,2,3]. Compared to other
NSAIDs it may have fewer side effects such as
gastrointestinal bleeding. NSAID works by inhibiting the
synthesis of prostaglandins, which are fat-like molecules
derived from arachidonic acid involved in mediating
inflammation (swelling), pain, and fever. It achieves this
effect on prostaglandin synthesis by inhibiting cyclooxygenase, an enzyme that is present in various tissues of the
body [4].
Caffeine is a central nervous system stimulant used in
combination with other analgesics to improve their efficacy.
A combination of ibuprofen and caffeine is used as an
effective pain killer [5].
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Non-steroidal anti-inflammatory drugs are widely used
as analgesics and at higher doses, as anti-inflammatory in
the treatment of rheumatic diseases and other
musculoskeletal disorders. Besides these actions, NSAIDs
act as middling central nervous system (CNS) depressors.
Thus, for preventing this soft CNS depression, central
stimulants (i.e., caffeine, CAF) are added sometimes to
dosage forms [6,7]. Therefore in this study we investigated
simultaneous determination of these two compounds using
fluorescence spectroscopy.
In the literature review, due to strong pharmaceutical
impact, IB has received particular attention and many
methods have been reported for determination of this drug
and CF either in their mixture or in mixtures with other
drugs. The compounds have been analyzed by different
spectrophotometric [8,9], HPLC [10] and spectrofluorimetric methods [11]. The reported spectrofluorimetric
method is based on the first derivative spectrofluorimetry
using on first order calibration [12].
In first-order calibration methods, both unknown and
standard samples should have the same chemical and
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physical characteristics, i.e. all detectable species present in
the unknown samples, including analytes and interferences,
must also be present in the standard samples. This means
that standards for calibration must be real samples analyzed
beforehand by an independent method. Therefore, the most
expensive step in first-order multivariate calibration
methods is the preparation and analysis of the large number
of standards required for calibration [13].
Fluorescence spectroscopy with two variables
(excitation and emission wavelengths) provide a second
order advantage for multivariate calibration. Second order
methods based on multiple excitation-emission matrix
(EEM) fluorescence and multivariate calibration methods
can be used to overcome this drawback (constraint of first
order method).
Molecular fluorescence is an attractive option, due to its
inherent sensitivity and facility in spectral acquisition where
reduces the sample pre-treatment steps. In recent years,
excitation-emission molecular fluorescence spectroscopy
has been used in conjunction with chemometric methods for
the analysis of complex samples such as pharmaceutical
formulations [14,15].
Fluorimetric data can be arranged in data matrices (i.e.
second-order data or three ways) for analysis with secondorder calibration methods, which may take advantage of
features of both excitation and emission spectra of the
studied compounds. Second-order instrumentation allows
for the analysis in the presence of any component in the
sample that is not included in the calibration model. An
important advantage of second-order calibration methods is
that the analyte can be quantitatively determined using
synthetic standard samples containing only the analyte of
interest, i.e. the interference species in the unknown sample
do not need to be present in the standards [16,17].
EEM fluorescence provides data consisting of emission
spectra registered at different excitation wavelengths [18].
Therefore, the excitation-emission spectra obtained for each
sample can be arranged either in data vector arrays or in
data matrices for further analysis that can be used in
chemometrics methods [19-21].
In the present study, a second-order multivariate curve
resolution procedure based on an alternating least-squares
optimization (MCR-ALS) [22-26] is applied to the
fluorimetric determination of IB and CF in their mixture.

The MCR-ALS chemometric method enabled IB and CF in
samples to be determined on the basis of differences in both
excitation and emission spectra of analytes.

EXPERIMENTAL
Apparatus and Materials
The spectra were obtained in a Cary Eclipse
Spectrofluorimeter using a 10.00 mm quartz cuvette and the
excitation and emission monochromator slit widths were
both fixed at 5 nm. All the spectra surfaces of emission/
excitation were obtained in the excitation range from 250275 nm and in the emission range from 275-400.
Ibuprofen and caffeine were kindly donated by the
pharmaceutical industries and were used without further
purification.
Stock solutions of ibuprofen and caffeine, containing
500 g ml-1 were prepared in 100 ml volumetric flasks, by
dissolving 50 mg of each compound in methanol: 0.1 M
HCl (3:1) and dilution with distilled water.
Urine sample obtained from healthy volunteer was
diluted 100 times in advance. It was assumed that the IB
and CF concentration of this urine sample is zero. Urine
samples were spiked with appropriate amounts of IB and CF
as reported in Table 2.
All calculations were performed in MATLAB 7 (Math
Works, Cochituate Place, MA). MCR-ALS codes are
available on the internet (Tauler [27]).

Data Sets under Study
The EEM spectra were recorded at excitation
wavelengths (ex) from 250-275 nm at regular steps of 5
nm; the emission wavelengths (em) ranged from 275-400
nm at regular steps of 1 nm. Therefore, for each sample, the
excitation-emission raw data matrix measured 126 em by 6
ex. As an example, Fig. 1 shows a three-dimensional plot of
the fluorescence of mixture sample of 5 g ml-1 IB and 10
g ml-1 CF.
Determination of IB and CF in each unknown sample
involved the simultaneous analysis of the data matrix of
each unknown sample together with the standard matrix.
For this purpose, all these matrices were arranged in a new
augmented data matrix [252,6]. A particular and important
feature of fluorimetry is that each species can be defined by
124
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Fig. 1. Three-D plot of the EEM fluorescence of the mixture of 5.00 g ml-1 IB and 10.00 g ml-1 CF.

its characteristic excitation and emission spectra in all data
matrices studied simultaneously, so that the data obtained
can be assumed to be trilinear [28]. This meant that the
second-order data structure could be used to obtain more
accurate predictions.

assumes the additivity of the fluorescence of all active
compounds. In excitation-wise augmentation the model is as
follows:
T
Dex
aug  YaugX  E

(1)

MCR-ALS

where D ex
is the excitation-wise augmented data
aug

The determination of IB and CF in samples was
performed by a MCR method based on ALS. For each
particular quantitative determination, an augmented matrix
was defined. The resolution of each augmented-data matrix
gave an estimation of the excitation and emission spectra of
the species included in the model. The method is based on a
linear model (similar to the generalized Beer’s law), which

matrix, Yaug is the augmented matrix of emission spectra, XT
is the transposed matrix of excitation spectra and E is the
matrix of residuals.
The aim of the MCR method is to estimate the matrices
Yaug and XT from the analysis of Daug only using an ALS
optimization. The ALS optimization was started using
initial estimates of the excitation spectra of compounds
present in the experimental response matrix. [29]. The
excitation spectra of both analytes (IB and CF) were
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obtained from maximum fluorescence in matrices at the
standards of two drugs. These spectra were used as an initial
estimate for more constraint and increasing the accuracy of
results. These estimates were initially used to calculate the
emission spectra as:

A prediction sample set was synthesized to evaluate the
prediction ability of the proposed method. The overall
prediction error was calculated as the statistical parameter
for the validation of the applied method defined as follows:
sample

Yaug  D

ex
aug

T 

* (X )

Error(%) 

(2)



i 1

(Citrue  Cicalc. ) 2

sample



i 1

Where D ex
is the PCA-reproduced data matrix for the
aug
number of components considered, (X T )  is the pseudo-

proposed method [13].

RESULTS AND DISCUSSION
Ibuprofen and Caffeine have native fluorescence with
maximum emission at 290-335 nm, respectively (Fig. 2).
Different solvents and media were tried such as water,
methanol, 0.1 M HCl, 0.1 M NaOH, acetate buffer (pH 4.5),
phosphate buffer (pH 7.5, 9.5), and the maximum
fluorescence intensity was obtained in a mixture of
methanol and water. Previous reports of spectrofluorimetric
determination of CF were based on solid phase
determination because of its low fluorescence intensity [12],
but in the proposed method increased sensitivity in
minimum amount of methanol allowed to determine this
drug in the solution (20:80 methanol:water).

(3)

where (Yaug )  is the pseudo-inverse of the Yaug matrix.
These two steps were repeated until convergence was
achieved. The constraints applied to get physically
meaningful solutions during the ALS optimization were: (a)
the non-negativity constraint was applied for all excitation
and emission spectra (b) the trilinearity constraint was
applied for the emission spectrum of each species.
The peak areas of the resolved pure analyte profiles in
the standard and in the unknown sample were used as
analytical parameters for correlation with the analyte
concentrations:
A 
C un   un C std
 A std 

(5)

where C itrue is the true concentration of analyte in the
sample, and C icalc. is the concentration calculated by the

inverse of XT, and Yaug is the augmented matrix of emission
spectra updated.
From this new emission spectra matrix Yaug, the
excitation spectra were updated using the equation:
X T  (Yaug )  Dex
aug *

(Cicalc.)

100

2

Analysis of Synthetic Samples
A set of sample solutions with different drug
concentrations were prepared in the ranges 0.1-8.00 and 0.515.00 g ml-1 for IB and CF, respectively. Then, the EEMs
were augmented in the excitation mode and analyzed by
MCR-ALS. The number of chemical species present in each
EEM was first estimated by singular value decomposition,
since it was assumed that chemical components were
associated with the largest singular values. The number of
species finally chosen was checked to provide a chemically
reliable resolution of the system. The chemical rank of the
standard matrix of IB and CF was found to be 2.
Figure 3 shows the results of the MCR-ALS resolution
of the excitation-wise augmented data matrix [UT; ST]
composed of the unknown sample (U), calibration samples
reported in Table 1.

(4)

where Cun and Cstd are the concentrations of the analyte
in the unknown and standard samples, respectively; Aun and
Astd are the areas below the excitation or emission spectra
profiles in the unknown and in the standard samples,
respectively.
The calibration line of each analyte was obtained from
the plotting of the analyte responses in different calibration
samples vs. their corresponding analyte concentration. Then
the analyte concentration in an unknown sample was
predicted by using the calibtration graph and the peak area
of the analyte in the unknown sample.
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Fig. 2. Emission spectra for 3.00 g ml-1 IB and for 5.00 g ml-1 CF,ex = 260 nm.

Table 1. Analytical Characteristics for the Analysis of IB and CF in Methanol
Analyte

IB
CF
a

R2b

Calibration equation

Linear range

LOD

(g ml-1)

(g ml-1)

F = 34.29Ca + 16.45

0.991

0.10-8.00

0.052

F = 10.04C + 14.36

0.987

0.50-15.00

0.180

-1 b

g ml . Squared calibration coefficient.

Table 2. The Application of the Proposed Method for Simultaneous Determination of IB and CF after
Addition to the Urine Samples

Sample

Spiked

Found

-1

-1

(g ml )

Recovery

RSD

(%)

(%) (n = 3)

(g ml )

IB

CF

IB

CF

IB

CF

IB

CF

0.00

0.00

NDa

ND

-

-

-

-

1.00

0.50

0.91  0.02b

0.52  0.03

91.00

104.00

2.80

2.43

5.00

5.00

5.12  1.12

4.91  0.85

102.40

98.20

3.67

2.98

8.00
10.00
8.21  2.05
9.76  2.18
ND: not detected. bStandard deviation for three determination.

102.63

97.60

3.93

3.56

Urine

a
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a

b

c

Fig. 3. Emission spectra recovered in the resolution of the excitation-wise augmented matrix [UT; ST] using
the ALS-MCR method. Species assignment: 1. IB; 2. CF Emission spectra for the unknown sample
(matrix U) (a); emission spectra for the standard sample (matrix S) (b); MCR output (c).
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The shape of the emission spectra recovered for each
species in the different matrices was exactly the same, as a
consequence of the trilinear structure of the data and of the
application of trilinearity constraints during the ALS
optimization [23].The method allowed the emission spectra
of IB and CF to be estimated, as well as the estimation of
their excitation spectra.
The calibration line of each analyte was plotted whose
equation is given in Table 1, where F is peak emission area
of each analyte in the calibration samples and C is the
concentration of analyte (g ml-1). The limit of detection
(LOD) was defined as the compound concentration that
produced a signal-to-noise ratio greater than three. Based on
this criterion LOD values were 0.05 g ml-1 and 0.18
g ml-1 for IB and CF, respectively.
Note that, in this case, the quantitative information was
contained in the emission spectra and that IB and CF in the
unknown sample were determined by using the peak area of
the emission spectrum of the analyte for the unknown
sample and its calibration line.
Based on Eq. (5) the overall prediction error of the test
set was 4.20%.

are highly efficient in resolving the two components in a
way that is comparable to separation techniques such as
HPLC. This is the first report on simultaneous
spectrofluorimetric determination of IB with another
compound using second order advantage of fluorescence.
The potential advantages of this determination, such as
rapidity and low cost, can be even more highlighted by
considering the possibility of automating the proposed
method.

Application of the Method in Spiked Urine

[3]

ACKNOWLEDGMENTS
The author gratefully acknowledge financial support
from the Research Council of Alzahra University

REFERENCE
[1]

[2]

Urine without the spiked analytes showed emission
spectra with maximum wavelength in 390 nm which
overlapped slightly with the spectra of analytes. As we
select the data matrix up to 400 nm the fluorescence of urine
does not show large effect for determination of two
components.
Two components with different concentrations (three
additions) were added simultaneously to the urine sample
and after augmentation of the matrices and resolving them
with MCR-ALS method, the concentrations of them were
determined and the recovery of each analyte was calculated.
The results are given in Table 2. The calculated recoveries
were between 90.80-107.60%.

[4]
[5]
[6]
[7]

[8]
[9]

CONCLUSIONS
In the proposed method, combination of EEM and
MCR-ALS could be applied with a great success for the
simultaneous determination of IB and CF with the second
order advantage. It was proven that the developed methods

[10]
[11]

129

A. Van Esch, H.A. Van Steensel-Moll, E.W.
Steyerberg, M. Offringa, J.D. Habbema, G. DerksenLubsen, Arch. Pediatr Adolesc Med. 149 (1995) 632.
A. Brayfield, "Ibuprofen" Martindale: The Complete
Drug Reference, London, UK, Pharmaceutical Press,
2014.
S.S. Adams, P. Bresloff, C.G. Mason, J. Pharm.
Pharmacol. 28 (1976) 256.
Bnf: March 2014-september 2014. (2014 ed.).
London: British Medical Assn. 686-688.
J.E.F. Reynolds, The Extra Pharmacopoeia, 29th ed.,
The Pharmaceutical Press, London, 1989.
E. Souri, S.A. MousaviNasab, M. Amanlou, M.
Barazandeh Tehrani, J. Anal. Chem.70 (2015) 333.
J.N. Delgado, W.A. Remers (Eds.), Wilson and
Gisvold’s Textbook of Organic Medicinal and
Pharmaceutical Chemistry, 10th ed., Oxford
University Press, New York, 2004.
Y.M. Issa, S.I.M. Zayed, I.H.I. Habib, Arab. J.
Chem. 4 (2011) 259.
M.R. Khoshayand, H. Abdollahi, M. Shariatpanahi,
A. Saadatfard, A. Mohammadi, Spectrochim. Acta
Part A 70 (2008) 491.
S.O. Eraga, M.I. Arhewoh, R.N. Chibuogwu, M.A.
Iwuagwu,Asian Pac. J. Trop. Biomed. 5 (2015) 880.
S.S. Zarapkar, U.P. Halkar, N.P. Bhandari, Indian
Drugs 36 (1999) 710.

Mohammadnejad/Anal. Bioanal. Chem. Res., Vol. 3, No. 1, 123-130, June 2016.

[12]
[13]
[14]
[15]

[16]
[17]
[18]
[19]
[20]

J. Sadecka, M. Cakrt, A. Hercegova, J. Polonsky, I.
Skacani, J. Pharm. Biomed. Anal. 25 (2001) 881.
A.B. Moreira, I.L.T. Dias, G.O. Neto, E.A.G.
Zagatto, L.T. Kubota, Anal. Lett. 39 (2006) 349.
J. Saurina, C. Leal, R. Compano, M. Granados, R.
Tauler, M.D. Prat, Anal. Chim. Acta 409 (2000) 237.
A.B. Moreira, I.L.T. Dias, G.O. Neto, E.A.G.
Zagatto, M.M.C. Ferreira, L.T. Kubota, Talanta 67
(2005) 65.
L.C. Silva, M.G. Trevisan, R.J. Poppi, M.M. Sena,
Anal. Chim. Acta 595 (2007) 282.
K.S. Booksh, B.R. Kowalski, Anal. Chem. 66 (1994)
782A.
B.R. Kowalski, M.B. Seasholtz, J. Chemom. 5
(1991) 129.
J.C.L .Alves, R.J. Poppi, Anal. Chim. Acta 642
(2009) 212.
J.C.G. Esteves da Silva, J.M.M. Leitao, F.S. Costa,
J.L.A. Ribeiro, Anal. Chim. Acta 453 (2002) 105.

[21]
[22]

[23]
[24]
[25]
[26]
[27]

[28]
[29]

130

J.M.M. Leitao, J.C.G. Esteves da Silva, A.J. Giron,
A. Munoz de la Pena, J. Fluoresc. 18 (2008) 1065.
F. Canada-Canada, A. Espinosa-Mansilla, A. Munoz
de la Pena, A. Jimenez Giron, D. Gonzalez-Gomez,
Food Chem. 113 (2009) 1260.
R. Tauler, A. Izquierdo-Ridorsa, E. Casassas,
Chemom. Intell. Lab. Syst. 18 (1993) 293.
R. Tauler, A. Smilde, B. R. Kowalski, J. Chemom. 9
(1995) 31.
R. Gargallo, R. Tauler, A. Izquierdo-Ridorsa, Anal.
Chem. 69 (1997) 1785.
J. Saurina, S. Hernandez-Cassou, R. Tauler, Anal.
Chem. 69 (1997) 2329.
R. Tauler, A.K. Smilde, J.M. Henshaw, L.W.
Burgess, B.R. Kowalski, Anal. Chem. 66 (1994)
3337.
R. Tauler, Chemom. Intell. Lab. Syst. 30 (1995) 133.
E. Sanchez, B.R. Kowalski, J. Chemom. 4 (1990) 29.

