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Abstract: Three methods are presented for simultaneous determination of ibuprofen and paracetamol
without previous separation. The first method depends on first derivative UV spectrophotometry, with
zero-crossing measurement. The first derivative amplitudes at 230 and 290 nm were selected for the
assay of ibuprofen and paracetamol, respectively. The second method depends on first derivative of the
ratio-spectra by measurements of the amplitudes at 280 and 290 nm for ibuprofen and paracetamol,
respectively. Calibration graphs were established in the range of 5-100 and 10-100 µg mL−1 for
ibuprofen and paracetamol, respectively. The third method is the use of multivariate
spectrophotometric calibration for the simultaneous determination of the analyzed mixture. The
resolution of the studied binary mixture has been accomplished by using partial least squares (PLS)
regression analysis. Although the components show an important degree of spectral overlap, they have
been simultaneously determined with high accuracy, with no interference from pharmaceutical dosage
form excipients. A comparison is presented with the related multivariate method of classical least
squares (CLS) analysis, which is shown to yield less reliable results due to severe spectra overlap
presented by the studied compounds. All of the proposed methods have been extensively validated.
These methods allow a number of cost and time saving benefits. The described methods can be readily
utilized for analysis of pharmaceutical formulations. There was no significant difference between the
performance of all of the proposed methods regarding the mean values and standard deviations.

Key words: Ibuprofen, paracetamol, first derivative spectrophotometry, ratio derivative
spectrophotometry, multvariate, pharmaceuticals
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Ibuprofen   is  a[1]. The   most   recent    methods
for  determination  of  ibuprofen  included
chromatographic [2-5], electrochemical[6,7] and
spectrophotometric [8-13] techniques.
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Paracetamol is an analgesic-antipyretic agent. It is
effective in treating mild to moderate pain such as
headache, neuralgia and pain of musculo-skeletal

origin[1]. The most recent methods for determination of
paracetamol included chromatographic [14-16],
electrochemical[17-19]  and spectrophotometric [20-22]

techniques.
Recently, derivative spectrophotometry has been

found to be a useful method in the determination of
mixtures with two or more components having
overlapping spectra and in eliminating interference
from formulation matrix by using the zero-crossing
techniques [23-26].

Furthermore, ratio-spectra derivative
spectrophotometric method has also been found to be
useful in the estimation of drugs in their mixtures [27-29].
This method permits the determination of a component
in their mixture at the wavelengths corresponding to a
maximum or minimum and also the use of the peak-to-
peak between consecutive maximum and minimum.
The main advantage of derivative of the ratio-spectra
method may be the chance of easy measurements in
correspondence of peaks so it permits the use of the
wavelength of highest value of analytical signals
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(maximum or minimum). Moreover, the presence of a
lot of maxima and minima is another advantage by the
fact that these wavelengths give an opportunity for the
determination of active compounds in the presence of
other active compounds and excipients which possibly
interfere the analysis.

Multivariate calibration methods applied to spectral
data are being increasingly used for pharmaceutical
analysis. Classical least squares ( CLS ) and Principal
components regression (PCR) analysis are the most
simplest multivariate methods that can be performed
with easily accessible statistical software [30-33].

CLS technique assumes that responses
(absorbance) at each frequency (wavelengths) are
proportional to component concentration units.

Model errors are assumed to derive from the
measurement of spectral absorbance. So CLS requires
that all interfering chemical components be known and
included in the calibration data set. CLS has the
advantage of improved precision when using many
frequencies, due to signal averaging.

Calibration is realized by recording the spectra at
n-wavelengths of m standard mixtures, of known
composition of c components. The spectra (absorbance
or emission) are arranged into the columns of matrix Y
(dimensions n x m), with the composition of each
mixture forming the columns of concentration matrix X
(c x m)

Y = K.X (1)

With a prior knowledge of X and by recording data
for Y, then the matrix of sensitivities, K, can be
calculated, but after the rearrengmentof equation 1 to
the following equation by multiplying the equation
components by Xt value as:

Y.Xt = K.X.Xt

K = (X.X t )−1.Y.Xt (2)

To avoid being under-determined, there must be
measurements at more wavelengths than there are
components (i.e. n = c). If n > c then the component
concentrations in an unknown mixture are obtained
from its spectrum by,

Xunknown  = (Kt.K)−1.Kt yunknown

This CLS method is intuitively appealing since it is
based on some generally assumed relationship, e.g.,
Beer’s law and it can be used for moderately complex

composition of the calibration mixtures, i.e. the
concentration of each absorbing species. PCR is a two-
step procedure, in the first step, one estimating the
number of principal components by one or more of the
following criteria, the percentage of explained variance,
eigen value-one criterion, the Scree-test and Cross
validation. They can be considered as new variables
that summarize in an optimal way the variation present
in the spectra, in the second step, CLS is applied to the
newly obtained latent variables. When co-linearity
between original variables occurs, principal component
plots often allow better interpretation of the variations
observed in the data set than plots of original variables
selected by CLS. As modeling method, it is less
performant than CLS when performing prediction
within the calibration domain and when the model is
indeed linear. It is more reliable if extrapolation may be
required. It is a linear method, but it is able to perform
quite well for moderately nonlinear data. As CLS, it is a
global method[34-36].

The purpose of the present study was to investigate
the utility of derivative, derivative ratio
spectrophotometry and  multivariate  techniques in the
assay of formulations of ibuprofen with paracetamol in
certain analgesic binary mixture. The results show that
there was no need to use any additional statistical
treatments in our case.

MATERIALS AND METHODS

Apparatus and conditions: Spectrophotometric
measurements were carried out on a computerized
Spectronic Gensys 2PC, UV visible−1

Spectrophotometer (Milton Roy, USA), using 1.00 cm
quartz cells. The obtained spectral data were saved in
PC apparatus program and the subsequent statistical
manipulation was performed by transferring the spectral
data to Microsoft excel XP program and processing
them with the standard curve fit package and matrix
calculations. Sonicator (Bransonic 220 Bender-
Hobein−1), Heater(Salvis) (Heidolph).

Balance (Mettler Toledo). Curve Expert version
1.37 Copyright©1995-2001 by Daniel Hyams.
GraphPad Instat version 3.05,32 bit for win 95 NT−1

created Sep. 27,2000 Copyright© 1992-2000 by
GraphPad software.

Chemicals, reagents and pharmaceutical
preparations: All chemicals were of analytical-reagent
grade and solvents were of spectrophotometric.

Ibuprofen and paracetamol were kindly provided
by the Pharco Co., Egypt. Methanol was purchased
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from Merk (Darmstafd, Germany). Cetafen tablets,
Ibuprofen 200, Paracetamo l325.

Preparation of standard solutions and calibration:
Stock standard solutions containing 0.5 and 1.0 mg
ibuprofen and paracetamol, respectively, were
dissolved in 10 mL methanol. Standard solutions of
both drugs were prepared individually by dilution of the
stock solutions with methanol to obtain concentration
range of 0.05-5.0 and 0.1-1.0 µg mL−1 for ibuprofen
and paracetamol, respectively.

For derivative spectrophotometric method (D1): The
values of the D1 amplitudes were measured at 290 nm
(zero-crossing of ibuprofen) and 230 nm (zero-crossing
of paracetamol) for the determination of ibuprofen and
paracetamol.

For first derivative of the ratio spectrophotometric
method (DD1): According to the theory of the ratio-
spectra derivative method. The stored UV absorption
spectra of standard solutions of ibuprofen were divided
wavelength-by-wavelength by a standard spectrum of
paracetamol (15 µg mL−1). The first derivative was
calculated for the obtained spectra with ?? = 3 nm. The
amplitudes at 280 nm was measured and found to be
linear to the concentration of ibuprofen. For
paracetamol, the stored UV absorption spectra of
standard solutions of paracetamol were divided
wavelength-by-wavelength by a standard spectrum of
ibuprofen (15 µg mL−1). The first derivative was
calculated for the obtained spectra with ?? = 3 nm. The
amplitudes at 270 nm was measured and found to be
linear to the concentration of paracetamol.

For multivariate method:  In order to obtain the
calibration matrix for applying CLS and PCR analysis,
ten solutions of each of the pure components (ibuprofen
and paracetamol) were prepared with concentrations in
the range 5-60 and 10-100 µg mL−1 for ibuprofen and
paracetamol, respectively. These ranges were
previously verified to obey Beer’s law for each of the
studied drugs in the selected solvent. The absorption
data in the range of 100-40 nm (digitized every 3.0 nm)
were subjected to least squares analysis in order to
obtain the calibration K matrix. Laboratory prepared
mixtures were prepared by mixing known amounts of
ibuprofen and paracetamol in different varied
proportions in order to verify the precision of the
method for analysis of such mixture and matching the
commercial tablets with those having comparable
concentrations.

Application to pharmaceutical dosage form:  For all
methods, 10 tablets labeled to contain * mg of
ibuprofen and * mg of paracetamol were powdered. An
accurate weight of the powder equivalent to one tablet
content was accurately weighed, transferred into a 100
mL calibrated flask, diluted with methanol, stirred for
about 10 min and then completed to volume with the
same solvent. This solution was filtered to remove any
insoluble matter. After filtration, working solutions
were prepared by transferring suitable aliquots of clear
filtrate and diluting with appropriate solvent. The
concentrations of the studied drugs were calculated
from the corresponding regression equations.

Accuracy study: To study the accuracy of the proposed
methods and to check the interference from excipients
present in the dosage form, recovery experiments were
carried out by the standard addition method.
This study was performed by addition of different
amounts of the studied drugs  to a known concentration
of the pharmaceutical dosage forms.

RESULTS AND DISCUSSION

D1 method: As shown in Fig. 1 the ultra-violet spectra
of standard drugs were found to be overlapped making
their simultaneous determination difficult.

In contrast, the D1 spectrum of each pure drug was
found to show zero-crossing points (Fig. 2) and assisted
in their simultaneous estimation. In practice, the
wavelength selected is that which exhibits the best
linear response, giving a zero or near zero intercept on
the coordinate of the calibration graph and not affected
by the presence of any other component. The shape of
the first derivative spectra is adequate for determining
ibuprofen in the presence of paracetamol and vice
versa.

Ibuprofen was determined by measuring of its D1
amplitude at the zero-crossing point of paracetamol (at
230 nm, Fig. 2). While paracetamol was determined by
measuring of their D1 at the zero-crossing point of
ibuprofen (at 290  nm for and paracetamol (Fig. 2).

Linear relationships between derivative amplitude
and drug concentration were obtained. The linear
regression equations together with correlation
coefficients slope and intercept, R.S.D. of slope and
intercept repeatability (within day) and reproducibility
(between-day) obtained for each drug are collected in
Table 1.

DD1 method: The influence of ? ? for obtaining the
first derivative of the ratio spectra as well as, the effect
of divisor concentration on the calibration graphs for
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Table 1: Statistical data for the calibration graphs of ibuprofen and paracetamol by 1D, 1DD, CLS and PCR methods
Linearity range Correlation
(µg mL−1) Slope Intercept coefficient R.S.D. RSD%

Ibuprofen
D1 5-100 0.057 -0.006 99.70 0.60 0.85
DD1 5-100 0.009 0.003 100.0 0.58 0.87
CLS 1-10 0.857 0.030 99.94 0.68 0.49
PCR 1-6 0.895 0.102 99.53 0.90 0.73
Paracetamol
D1 10-100 0.054 0.003 100.1 0.87 0.48
DD1 10-100 0.005 0.003 100.2 0.81 0.54
CLS 2-10 0.594 0.093 100.2 0.59 0.46
PCR 2-6 0.709 0.083 100.1 0.60 0.54
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Figure 1: Absorption spectra of Ibuprofen (_____, 5 ug) and paracetamol (………, 5 ug)
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Fig. 2: First order bsorption spectra of Ibuprofen (_____, 5 ug) and paracetamol (………, 5 ug)
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Fig. 3: Absorption spectra of ibuprofen and paracetamol as divisor
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Fig. 4: Absorption spectra of paracetamol and  ibuprofen as divisor
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Fig. 5: First order of absorption spectra of ibuprofen and paracetamol as divisor
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Fig. 6: First order of absorption spectra of paracetamol and  ibuprofen as divisor

the proposed mixture was studied in order to select the
best factors affecting the determination. Results
indicated that ? ? = 3 nm was most suitable one, while
the divisor concentration has no significant effect on the
assay results for the studied mixtures.

For determination of ibuprofen, the absorption
spectra of ibuprofen were divided by that of standard
solution of either paracetamol (15 µg mL−1) (Fig. 3) and
the  absorption  spectra   of  paracetamol  were  divided
by     that       of    standard    solution   of      ibuprofen
(6 µg mL−1), (Fig. 4).

The first derivative of the developed ratio spectra
were calculated with ? ? = 3 nm. Figure 5 shows that,
ibuprofen can be determined by measuring the
amplitude at many wavelengths where paracetamol  has
no contribution, but it was found that the amplitude at
280 nm give the most accurate and sensitive results for
ibuprofen in presence of paracetamol (Fig. 5). Figure 6,
shows that paracetamol can be determined by
measuring the amplitude at many wavelengths where
ibuprofen have no contribution.

The proposed methods are applicable over the
ranges **-*** to **-*** µg mL−1 for ibuprofen and
paracetamol. The characteristic parameters and
necessary statistical data of the regression equations
and reproducibility data are collected in Table 1.

Repeatability and reproducibility variables were
characterized by R.S.D. (%) and by the difference
between theoretical and measured concentrations. There
was no significant difference for the assay, which was
tested within-day (repeatability)   and between-days
(reproducibility).

In order to demonstrate the validity and
applicability of the proposed DD1 method, recovery
studies were performed by analyzing laboratory

prepared mixtures with different composition ratio
(Table 2).

Multivariate method: The absorption spectra of the
studied drugs are shown in Fig. 1. As could be seen, a
considerable degree of spectral overlapping occurs in
the region from 200 to 300 nm for the studied drugs.
The degree of spectral overlapping was given by (Di)

0.5.
In case of the presently studied compounds, the spectra
lead to Di = 0.50 implying **.**% for the studied
mixture.

Several laboratory prepared mixtures were
subjected to the CLS and PCR analysis in order to
confirm the suitability of the calibration model for
determination of the studied drugs in the
pharmaceutical sample solutions.

The results of commercial dosage form and
laboratory prepared mixtures analysis with comparable
concentrations were found closely matched. This
indicated that, excipients and additives did not interfere
with the determinations. Moreover, the results of
dosage form analysis were compared with those
obtained by applying reported method. As shown in
Table 2, the results are in good agreement with those of
the reported procedure as indicated by the calculated t
and F values.

Application to pharmaceutical dosage form:  The
three proposed methods are successfully applied for the
simultaneous determination of Cortefen tablets without
interference of the excipients present and without prior
separation. The utility of the three proposed methods
were verified by replicate estimations of the
pharmaceutical preparations and results obtained were
evaluated statistically (Table 2).
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Table 2: Determination of ibuprofen and paracetamol in authentic, laboratory prepared mixtures and pharmaceutical dosage form using D1,
DD1, CLS, PCR and reported methods

Standard solution Reported D1 DD1 CLS PCR
Authentic ibuprofen 99.7±0.37 99.8±0.40 100.1±0.40 99.9±0.39 100.0±0.41

t = 0.88 t = 1.78 t =  0.88 t = 1.33
F = 1.14 F = 1.14 F = 1.10 F=1.20

Authentic paracetamol 99.9±0.72 100.0±0.70 101.1±0.71 99.8±0.7 100.1±0.71
t = 0.21 t = 0.42 t = 0.21 t=0.42
F = 1.03 F = 1.01 F = 1.01 F=1.01

Laboratory prepaed mix. 100.0±0.65 99.9±0.66 99.8±0.65 99.9±0.50 100.0±0.73
for ibuprofen t = 0.53 t = 0.47 t = 0.55 t=0.49

F = 1.05 F = 1.35 F = 1.68 F=1.26
Laboratory prepared mix. 100.1±0.39 99.8±0.40 100.0±0.38  100.2±0.39 99.90.41
for paracetamol t = 0.83 t = 0.28 t = 0.62 t=0.55

F = 1.03 F = 1.03 F = 1.00 F=1.00
Cetafen tablets. 99.6±0.53 99.8±0.50 99.7±0.56 99.9±0.55 99.8±0.54
for ibuprofen t = 0.47 t = 0.24 t = 0.71 t=0.47

F = 1.06 F = 1.06 F = 1.04 F=1.02
Cetafen tablets 100.2±0.75 100.1±0.69 100.0±0.75 100.0±0.77 99.9±0.80
for paracetamol t = 0.24 t = 0.47  t=0.45 t=0.68

F = 1.17 F = 1.00 F=1.05 F=1.14
Theoretical values at 95% confidence limit are t = 3.58 and F = 4.28

Validity of the proposed methods: Statistical analysis
of  the  results  obtained  for  the  proposed  methods
(Table 2), shows that all the suggested measurements
are equally precise and accurate to the reported
methods.

CONCLUSION

The D1and DD1 and multivariate (CLS and PCR)
methods enable the quantitation of ibuprofen and
paracetamol binary mixture with good accuracy and
precision, either in laboratory prepared samples or in
pharmaceutical dosage forms. By comparing the results
of the three proposed methods, no significant difference
is obtained. All  of  the  proposed  procedures  have  the
advantage of being rapid, precise and direct. DD1
method has two advantages over the D1 method, the
first is the high sensitivity and accuracy, the second is
the easy measurements at any peak signal giving higher
values. Classical least squares and PCR multivariate
calibration analysis were developed for the analysis of
the laboratory prepared mixtures and pharmaceutical
dosage forms. The good recoveries obtained in all cases
as well as the reliable agreement with the reported
procedures proved that, the proposed methods could be
applied efficiently for determination of ibuprofen and
paracetamol binary mixture with quite satisfactory
precision and could be easily used in a quality control
laboratory for their analysis.
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