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Abstract

Spectrophotometric methods are described for the simultaneous determination of pseudoephedrine hydrochloride and ibupro-
fen in their combination. The obtained data were evaluated by using five different methods. In the first method, ratio spectra
derivative spectrophotometry, analytical signals were measured at the wavelengths corresponding to either maximums and min-
imums for both drugs in the first derivative spectra of the ratio spectra obtained by using each other spectra as divisor in their
solution in 0.1 M HCI. In the other four spectrophotometric methods using chemometric techniques, classical least-squares, in-
verse least-squares, principal component regression and partial least-squares (PLS), the concentration data matrix were prepare!
by using the synthetic mixtures containing these drugs in methanol:0.1 M HCI (3:1). The absorbance data matrix corresponding
to the concentration data matrix was obtained by the measurements of absorbances in the range 240-285 nm in the intervals
with AL = 2.5nm at 18 wavelengths in their zero-order spectra, then, calibration or regression was obtained by using the
absorbance data matrix and concentration data matrix for the prediction of the unknown concentrations of pseudoephedrine
hydrochloride and ibuprofen in their mixture. The procedures did not require any separation step. The linear range was found
to be 300-130@.g/ml for ibuprofen and 100-13Q0g/ml for pseudoephedrine hydrochloride in all five methods. The accuracy
and the precision of the methods have been determined and they have been validated by analyzing synthetic mixtures. The five
methods were successfully applied to tablets and the results were compared with each other.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The combination of pseudoephedrine hydrochloride
* Corresponding author. Tel#90-312-212-68-05; (PSE) with ,IbUpr_Of_en (lB) IS frequently presgrlbed
fax: +90-312-213-10-81. as an anthistaminic drug. Various methods includ-
E-mail address: onur@pharmacy.ankara.edu.tr (F. Onur). ing spectrophotometry{1-8], HPLC [9-16], gas
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chromatography{17], NMR [18] and MEKC [19]

have been used for the determination of PSE and spec-

trophotometry[20,21] and HPLC[22-31] have been
used for the determination of IB in pharmaceutical
preparations.

Ivanovi¢ et al.[3] used second derivative spec-
trophotometry, Kale et al[7] used classical spec-
trophotometric measurement at two wavelengths for
the simultaneous analysis of PSEIB mixture in
pharmaceutical formulations.

Chemometric calibration techniques in spectral
analysis are widely used in the quality control of drugs
in mixtures and pharmaceutical formulations contain-
ing two or more drugs with overlapping spectra as

separation procedures in the drug determinations are

not required[32—36] We have also used these tech-
niques for the simultaneous analysis of binary and a
ternary mixture§37—40]

In this study; ratio spectra derivative spectropho-
tometry and four chemometric methods for process-

ing the spectral data are proposed for the simultaneous

determination of PSE and IB in their binary mixtures
and in a tablet.

2. Experimental
2.1. Apparatus

A Shimadzu 1601 PC double beam spectropho-
tometer with a fixed slit width (2 nm) connected to a
computer loaded with Shimadzu UVPC was used for
all the spectrophotometric measurements.

In ratio spectra derivative spectrophotometry, the
range was selected as 240.0-285.0 wwh & 2.5nm)
for reading the analytical signals. The ordinate max-
imum and minimum settings were+{)—(—1) in
240.0-265.0 nm range for IB and PSE in their mixture
(scaling factor= 10).

In the chemometric methods, original spectra of 1B
and PSE in methanol:0.1 M HCI (3:1) in 240-285nm
range were used.

2.2. Computer hardware and software
In the chemometric procedurdsatiab 6.2, Maple

V andMinitab 12.2 software were used and run on PC
Pentium 11l, 1500 MHz computer.
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2.3. Materials

Pseudoephedrine hydrochloride and ibuprofen were
kindly donated by INCTAS Pharm. Ind., Turkey and
used without further purification.

All the solvents used in the spectrophotometric anal-
ysis were of analytical reagent grade.

2.4. Sandard solutions

Solutions of 1mg/ml of pseudoephedrine hy-
drochloride and 1mg/ml ibuprofen were prepared
respectively, in methanol:0.1 M HCI (3:1).

2.5. Sample preparation

Twenty tablets were accurately weighed and pow-
dered in a mortar. An amount of the tablet mass
equivalent to one tablet was dissolved in 60 ml of
methanol:0.1 M HCI (3:1). After 30 min of mechan-
ical shaking, the solution was filtered in a 100 ml
volumetric flask. The residue was washed three times
with 10 ml of solvent and the volume was made up to
100 ml with the same solvent. 27.5 ml of this solution
was made up to 50 ml with methanol:0.1 M HCI (3:1).
All the spectrophotometric methods were applied to
the final solution.

2.6. Commercial pharmaceutical preparation

Dolorin Cold® (200 mg ibuprofen and 30 mg pseu-
doephedrine hydrochloride per tablet)iINICTAS
Pharm. Ind., Turkey (batch no: 6L 7198) was assayed.

2.7. Chemometric methods

2.7.1. Classical least-squares (CLS)

Calibration is based on a setmsamples of known
concentrations for which the spectra are measured.
By means of the calibration sample set, estimation of
coefficients is possible by solving for the matik
according to the general least-squares solution:

K=(C"c)tc"a

where C is calibration matrix, andA is absorbance
matrix.
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The analysis is then based on the spectagrof
the unknown sample by use of:

Co = agk (KKt

2.7.2. Inverse least-squares (ILS)

The calibration coefficients are now the elements
of the P-matrix that are estimated by the generalized

least-squares solution according to:
P=(ATA)1ATC

where C is calibration matrix, andA is absorbance
matrix.

Analysis is carried out by direct multiplication of
the measured sample spectragby the P-matrix:

Co = agP

2.7.3. Principal component regression (PCR)

In the spectral work, the following steps can explain

the fundamental concept of PCR.

The original data obtained in absorbancA} &nd
concentrations@) of analytes were reprocessed by
mean-centring adg and Cy, respectively. Using the
ordinary linear regression

C=a+bx A

the coefficientsa andb: b = P x ¢, whereP is the
matrix of eigenvectors ang is the C-loadings given
byg= D x TT x Ag. HereT' is the transpose of the
score matrixT. D is a diagonal matrix having on the

components the inverse of the selected eigenvalues.

Knowing b one can easily find by using the formula
a = Cmean— Aeanx b, WhereAl . represents the
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The scores and loadings are given by:

11 = AgW,
A-(I)-tl

P =202
tltl
Cgtl

Q1= —~7_ -
11

The matrix and vector of the residualsAg andCy
are:

A1 =Ap— flpI,
C1=Co— flé]]

From the general linear equation, the regression co-
efficients were calculated by:

b=W(PTW) g,
a = Cmean— Amearb-
The builded calibration equations is used for the
estimation of the compounds in the samples.
3. Results and discussion
3.1. Ratio spectra first derivative spectrophotometry
The ratio spectra of different PSE standards at
increasing concentrations in methanol:0.1 M HCI

(3:1) obtained by dividing each with the stored spec-
trum of the standard solution of IB (7Q@/ml in

transpose of the matrix having the entries of the mean ,athanol:0.1 M HCI (3:1)) are shown Fig. laand

absorbance values ar@neanis the mean concentra-
tion of the calibration set.

2.7.4. Partial least-squares (PLS)

In the UV-Vis spectra, the absorbance daagnd
concentration datad) are mean centered to give data
matrix Ag and vectorCq. The orthogonalized PLS al-
gorithm has the following steps.

The loading weight vectow has the following ex-
pression:
_ AJCo

W = :
CJCo

the second derivative of these spectf®[)) traced
with the interval of AL = 2 nm (scaling factoe 10)

are illustrated irFig. 1h As seen irFig. 1k there ex-

ist one maximum (254.4 nm) and two minima (252.2
and 257.3nm) and we found that all three were suit-
able for the determination of PSE in PSEB mix-
ture. We selected 252.2 for the determination of this
compound in the assay of synthetically prepared phar-
maceutical preparation, tablet, due to its lower R.S.D.
value and more suitable mean recovery compared to
the other wavelengthTable 1. The ratio and ratio
derivative spectra of the solutions of IB in different
concentrations in methanol:0.1M HCI (3:1) traced
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Fig. 1. Ratio spectra (a) and second derivative of the ratio spectra (b) of (a)gd®0 (b) 700wg/ml, (c) 1100.g/ml pseudoephedrine
hydrochloride in methanol:0.1 M HCI (3:1) when in the presence ofu@nl of ibuprofen in methanol:0.1 M HCI (3:1) used as divisor
(AAx = 2nm, scaling factoe 10).

with the interval ofAx = 2 nm (scaling factoe= 10) Calibration graphs were established from analyti-
by using the standard spectrum of PSE (R@0ml cal signals measured at 252.2, 254.4 and 257.3nm
in methanol:0.1 M HCI (3:1)) as divisor by computer for standards containing 100-13@8/ml of PSE and
aid was demonstrated iRig. 2a and brespectively. at 251.2, 254.2 and 257.4nm for standards contain-
In these spectra, two maxima (251.2 and 257.4nm) ing 300—130Q.g/ml IB corresponding to maxima and
and one minimum (254.2 nm) were found suitable for minima in the absence of each other.
the quantification of IB in PSE- IB. In the method, the mean recoveriescpnfidence
Measured analytical signals at these wavelengths interval calculated as+ (¢ x S.D.//n), wherexis the
are proportional to the concentrations of the drugs. mean value, S.D. the standard deviatiarthe num-
We selected 254.2nm for the determination of this ber of experiment antithe tabulated value for — 1
compound (IB) in the assay of the tablet, due to its degree of freedom) and relative standard deviations
lower R.S.D. value and suitable mean recovery among calculated for synthetic mixtures prepared in our lab-

the wavelengths mentionedigble J). oratory are illustrated infable 1 Also, Beer’s law
Table 1
Recovery results for PSE and IB in synthetic mixtures by ratio spectra second derivative spectrophotometry
No. repetition of unit (nm) PSE 1B

252.2nm 254.2nm 257.4nm 251.2nm 254.2nm 257.4nm
Mean recovery (%) 99.6 0.95) 98.2 £2.45) 109.3 £4.20) 98.5 £0.34) 99.0 £0.51) 98.9 ¢£1.64)
R.S.D. (%) 1.66 4.33 6.65 0.60 0.89 2.87

n = 14; R.S.D.: relative standard deviation; Cl: confidence interval.
@ The values in parenthesis ateCl for P = 0.05.
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Fig. 2. Ratio spectra (a) and second derivative of the ratio spectra (b) of (g)gd®0 (b) 700ug/ml, (c) 1100wg/ml ibuprofen in
methanol:0.1 M HCI (3:1) when in the presence of 8@@ml of pseudoephedrine hydrochloride in methanol:0.1M HCI (3:1) used as

divisor (AL = 2nm, scaling factoe 10).
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Table 2

Beer's Law data and statistical analysis for the calibration graphs of PSE and IB using ratio spectra derivative spectrophotometric procedures

Compounds A (nm) Regression equations r Concentration rangeug/ml)
a(S.E.) b (S.E.)

PSE 252.2 —8.4 x 1075 (1.5 x 1079) 3.2 x 1074 (1.2 x 1073) 0.9985 100-1300

PSE 254.4 6.4 107° (9.0 x 1077) 1.8 x 10°° (7.2 x 1074 0.9996 100-1300

PSE 257.3 —1.1x 10~* (1.9 x 107) 3.2 x 1074 (1.6 x 10°%) 0.9980 100-1300

B 254.2 —1.0x 107* (1.6 x 107) —4.1x 1073 (1.4 x 1079) 0.9990 300-1300

IB 251.2 9.5x 1075 (1.4 x 1079) 3.7 x 1073 (1.2 x 1079) 0.9992 300-1300

B 257.4 1.4x 1074 (2.2 x 10°9) 5.4 x 1073 (1.9 x 1079) 0.9990 300-1300

a = slope,b = intercept,r = correlation coefficient, £. = standard errorz = 10.

compliance for both compounds, the regression equa-

tions and correlation coefficients are summarized in
Table 2 Mean recoveries and relative standard devia-
tions of the method were found satisfactory.

Divisor concentration is the main instrumental pa-
rameter. The standard spectra of @Jml of IB and
900n.g/ml of PSE were considered as suitable for the
determination of PSE and IB, respectively as divisor.
The A found as optimum for the first derivative of
their ratio spectra was 2 nm.

LOD was found to be 6Q.g/ml for IB and 20ug/ml
for PSE (determined as blank 3SD.), LOQ was
found 300ug/ml for IB and 10Qug/ml for PSE (de-
termined as blank- 10SD.) in the method.

A critical evaluation of all the proposed methods
was performed by statistical analysis of the data,

and slopes, intercepts and correlation coefficients are

shown inTable 2

A summary of the assay results for the commer-
cial preparation are shown ifable 8 The results of
four chemometric methods and ratio spectra deriva-
tive spectrophotometry developed by us for the same
commercial formulation were compared by Student’s
t-test. The calculated (experimentétyalues did not
exceed the tabulated (theoretical) values in the test,
indicating that there was no significant difference be-
tween the methods compared.

3.2. Chemometric techniques

The numerical values were calculated by using
‘Matlab 6.2, Maple V and Minitab 12.2' software in
chemometric methods=ig. 3 shows the zero-order
absorption spectra for PSE and IB and their binary
mixture in 0.1 M HCI. For three techniques, the ab-

sorbance data matrix for the training set concentration
matrix (Table 3 were obtained by the measurement
of absorbances between 245.0 and 285.0nm in the
intervals withAA = 2.5nm at 17 wavelengths in the
zero-order absorption spectra. In these techniques,
calibration or regression was obtained by using the
absorbance data matrix and concentration data matrix
for prediction of the unknown concentrations of PSE
and IB in their binary mixtures and pharmaceutical
formulations.

Regression coefficients for PCR and PLS technique
and their standard errors were illustratedrable 4

The predictive ability of a model can be defined
in various ways. The most general expression is the
standard error of prediction (SEP) which is given the
following equation:

N Added Found, 2
ity (CAdded— cfoung
n

SEP=

where /990 s the added concentration of drug,
cFound the predicted concentration of drug andhe
total number of synthetic mixtures.

In order to test the proposed techniques, the sets of
synthetic mixtures containing the two drugs in variable
composition were prepared. The results obtained in
the application of CLS, PCR, ILS and PLS methods to
the same binary mixture are indicatedTiable 4 The
errors of prediction were acceptable (5.97, 7.18, 7.01
and 13.1 for PSE and 7.60, 5.98, 5.97 and 9.70 for
IB, respectively for CLS, PCR, ILS and PLS methods)
(Table 5.

In Table 5 r is defined as the correlation between
constituent concentrations and shows the absorbance
effects relating to the constituent of interest. Tihe
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Fig. 3. Zero-order absorption spectra of (a) §@dml solution of pseudoephedrine hydrochloride, (b) #80ml solution of ibuprofen in

methanol:0.1 M HCI (3:1).

values obtained in the methods close to 1 mean no realized by using following equation:

interference was coming from the other constituents
in this set of synthetic mixtures.

Another statistical value is the SEC (standard error
of calibration) and the calculation of this value was

Added Found, 2
Y, (cpdded _ cFound)

SEC= \/Z

n—p-—1
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Table 3 Table 5
Training set used in PCR and PLS techniques Summary of statistics in CLS, PCR, ILS and PLS methods for
- PSE and IB in the mixture
Mixture no. IB (ng/ml) PSE {ug/ml)
CcLS PCR ILS PLS
1 100 1300
2 500 1000 SEP
3 0 600 PSE 5.97 7.18 7.01 13.1
4 900 800 1B 7.60 5.98 5.97 9.7
5 1300 900 SEC
6 160 100 PSE 6.45 7.76 7.57 14.1
7 160 500 B 8.21 6.46 6.45 10.5
8 160 800
9 200 0 r
10 160 760 PSE 0.9999 0.9998 0.9998 0.9995
1B 0.9998 0.9998 0.9999 0.9995
where C£9%€d s the added concentration of drug, intercept - - -
Found ; : . . . .
Ci the predlcteq concentratlon of drugthe total B 0.99 0.99 0.99 0.99
number of synthetic mixtures, armlthe number of .
. . ope
components in the mixtures. PSE 013 445 104 3.98

The errors of prediction (SEC) were found to be ac- 5 7.86
ceptable in CLS, PCR, ILS and PLS methods (6.45,
7.76, 7.57 and 14.17 for PSE and 8.21, 6.46, 6.45 and
10.5 for IB) respectively Table § in the synthetic be 99.5 and 1.65%, 100.5 and 1.29%, 99.4 and 1.83%,
mixtures containing these two drugs in variable com- 100.4 and 2.43% for PSE and 99.8 and 0.85%, 99.8
positions prepared as indicatedTable 6 and 0.99%, 99.9 and 0.90%, 100.1 and 1.49% for IB,

Mean recoveries and relative standard deviations for respectively in the synthetic mixtures of both drugs
the CLS, PCR, ILS and PLS techniques were found to (Table §.

2.13 0.13 6.77

Table 4
Regression coefficients in PCR and PLS techniques

PCR PLS

PSE 1B PSE 1B

Regression  Standard error  Regression Standard error Regression Standard error Regression Standard error

coefficients coefficients coefficients coefficients
ag 99.62 134501 — - - -
a 4267.42 0.000141657 22885.76 0.000615705 10235 0.00048458-4847 0.00035209
a —13837.35 0.000156882 —40621.09 0.000682078 4367 0.00026030 —2046 0.00018913
az —64298.89 0.000338089  —169752.90 0.000146981 —-131 0.00015959 117 0.00011596
ay 17129.88  0.000278586 151766.40 0.000121114 —3033 0.00013881 1522 0.00010086
as —16775.20 0.000104104  —127259.50 0.000452622 5214 0.00015132 2584 0.00010995
as 17234.61 0.000488079 173672.40 0.000212170 —5798 0.00017040 2874 0.00012381
az 31358.94  0.000347655 51327.93 0.000151143 —5201 0.00017888 2588 0.00012997
ag 28526.54  0.000304321 148127.80 0.000132301 —8756 0.00022208 4327 0.00016136
ag —13992.28  0.000512483 —35441.97 0.000222802 —3288 0.00018795 1663 0.00013656
ajp  —24076.02 0.000294267  —203628.20 0.000127935 —3322 0.00021351 1688 0.00015513
ain 1965.98  0.000209331 —47036.75 0.000910099 —492 0.00019889 306 0.00014451
a;;  —27747.35 0.000490039  —194502.40 0.000213047 1832 0.00016819 —837 0.00012200
ais 37338.98 0.000714439 270328.40 0.000310611 4665 0.0001554 —2226 0.00011302
a;q  —17403.59 0.000603786  —177138.50 0.000262508 6311 0.00018413 —3023 0.00013379
ais 226023.60 0.0000803368 1114195 0.000049273 2106 0.0000557761010 0.000040527
ajg  —213082.30 0.0000724276 —750023.40 0.0000314887 1361 0.000022719 —658 0.000016507
a7 164012.10 0.00000575519 502251.40 0.0000025021 458 0.000007614221 0.0000055326
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Table 6
Recovery results for PSE and IB in synthetic mixtures by chemometric techniques

CLS ILS PCR PLS

PSE B PSE B PSE B PSE B
Mean recovery (%, 99.5 99.8 99.4 99.9 100.5 99.8 100.4 100.1

+ClI for P = 0.05) (£0.95) (£0.48) (£1.06) (£0.52) (£0.74) (+0.55) (£1.35) (£0.83)

R.S.D. (%) 1.65 0.85 1.83 0.90 1.29 0.99 2.43 1.49
n =14,

Cross-validation was performed for the PCR and

obtained in all casesH = 4.21,n1 = 2, np = 27,

PLS methods and RMS errors were found as 1.89 and Table 7 so there were no significant differences be-

2.86 for PSE and IB in the PCR method, respectively
and 1.92 and 2.87 for PSE and IB in the PLS method,
respectively.

The linear range was 100-130@/ml for PSE and
300-130Qug/ml for IB in all chemometric methods.

The LOD was found to be 62g/ml for IB and
23pg/ml for PSE (determined as blark3SD.), the
LOQ was found to be 30@g/ml for IB and 10Qug/ml
for PSE (determined as blank 10SD.) in all the
methods.

Elements ofK-matrix represent absorptivities with
reference to the spectra of the individual constituents if
the concentrations were taken as molar absorptivities.

3.3. Precision

The precision was determined by means of a
one-way ANOVA including 10 replicates carried out

tween the result obtained in the determination of each
drug in the presence of the other on different days.
The highest R.S.D. (%) values were obtain for the
ILS method for the between days and within days
results for both IB and PSE (2.11 and 3.21% for IB

and 3.91 and 3.95% PSHEable 7.

3.4. Applications

Comparison of the spectra of PSE and IB in stan-
dard and drug formulation solutions showed that the
wavelength of maximum absorbances in the zero-order
spectra did not change. Further, after the addition of
known amounts of PSE and IB to the commercial for-
mulation we found that the amount of these drugs did
not change. This shows that the excipients present in
the commercial preparation selected (lactose, starch,
avicel, povidon, sodium dodecylsulfate, aerosil and

on three successive days using ratio spectra derivativemagnesium stearate) did not interfere in the quanti-

spectrophotometry and the four chemometric meth-
ods (CLS, PCR, ILS and PLS) for synthetic mixtures.
SnedecorF values below the tabulated levels were

tation of PSE and IB in these methods. All the re-
sults obtained by using the methods described above
were compared with each other and no significant

Table 7
Analysis of variance (ANOVA) for the proposed methods
Parameters Classical Inverse Principle component Partial Ratio spectra derivative
least-squares least-squares regression least-squares spectrophotometry
IB PSE 1B PSE 1B PSE 1B PSE 1B PSE
Between-days variance 10.10 15.64 15.80 19.80 14.42 12.53 16.34 12.88 10.93 10.77
Within-days variance 10.10 9.69 10.40 19.60 11.40 11.23 13.64 11.90 8.76  4.27
F ratio 1.00 161 152 1.01 0.13 0.83 120 1.08 125 252
Mean value 522.2 4874 490.7 500.7 518.4 488.4 514.8 491.8 493.9 491.7
Between-days R.S.D. (%) 1.83 3.12 321 395 278 2.56 317 261 154 361
Within-days R.S.D. (%) 1.83 1.99 211 391 220 229 265 242 2.87 313

Between-day and within-day degrees of freedom 2 and 27, respectively. The dfitiatib value for 2 and 27 degrees of freedom and a

confidence level of 95% is 4.21.
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Z\igfyiesults of commercial preparation marketed in Turkey (mg per tablet)

Methods PSE (label claire= 30 mg per tablet) IB (label claire= 200 mg per tablet)
Mean+ S.D? tvalues Meant S.D. t values

Classical least-squares (CLS) 306t12.17 CLS— ILS =0.12; 2025+ 431 CLS- ILS =0.25;

CLS — PCR= 0.07;
CLS-—2DD = 1.16;
CLS — PLS = 0.08;
ILS — 2DD = 0.99;
ILS — PCR=0.14;
ILS — PLS = 0.04;
PCR—2DD = 0.24;
PLS—2DD = 0.52;
PCR— PLS=0.05

CLS — PCR=0.02;
2DD — CLS = 1.16;
CLS — PLS = 2.00;
PCR- 2DD = 0.65;
ILS — 2DD = 0.92;
ILS — PCR=0.15;
ILS — PLS = 2.10;
PLS—2DD = 2.00;
PCR— PLS=1.23

Inverse least-squares (ILS) 30422.05 202.0+ 0.15
Principal component regression (PCR) 36:04.55 202.4+ 5.58
Partial least-squares (PLS) 3022.30 198.6+ 2.81
Ratio spectra derivative spectrophotomeffpD)  30.4+ 0.16 200.8+ 1.56

Obtained results are average of ten tablets for three techniques. Theoretical vala Ror0.05 level= 2.26.
2 S.D.: standard deviation.

difference was observed between the amount of drugsbalance between accuracy, precision and ease of use.

found as theoretical values farat P = 0.05 level Due to the absence of an official method for this bi-

for commercial formulationTable §. Standard devi-  nary mixture, all the methods proposed in this article

ations in the assay using chemometric techniques in were compared with each other. These five methods

spectrophotometric analysis were found to be higher were found suitable for simple and precise routine

than that of obtained with ratio derivative spectropho- analysis of the pharmaceutical preparation selected.

tometric method. Good agreement was seen in the assay results of phar-

maceutical preparation, tablet, for all the methods

proposed in the text. “Based on our investigations we

would recommend the used of the method as pro-

viding the best balance between accuracy, precision
The proposed methods, ratio spectra derivative and ease of use”.
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