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Two advanced, accurate and precise chemometric methods are developed for the simultaneous determination of
amlodipine besylate (AML) and atorvastatin calcium (ATV) in the presence of their acidic degradation products
in tablet dosage forms. The first method was Partial Least Squares (PLS-1) and the second was Artificial Neural
Networks (ANN). PLS was compared to ANNmodels with and without variable selection procedure (genetic al-
gorithm (GA)). For proper analysis, a 5-factor 5-level experimental design was established resulting in 25 mix-
tures containing different ratios of the interfering species. Fifteen mixtures were used as calibration set and the
other tenmixtureswere used as validation set to validate the prediction ability of the suggestedmodels. The pro-
posed methods were successfully applied to the analysis of pharmaceutical tablets containing AML and ATV. The
methods indicated the ability of the mentioned models to solve the highly overlapped spectra of the quinary
mixture, yet using inexpensive and easy to handle instruments like the UV-VIS spectrophotometer.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Amlodipine (AML) is 2-[(2-aminoethoxy)methyl]-4-(2-
chlorophenyl)-1,4-dihydro-6-methyl-3,5-pyridinedicarboxylic
acid 3-ethyl 5-methyl ester [1]. AML is a dihydropyridine derivative
with calcium antagonist activity, used in the management of hyperten-
sion, chronic stable angina pectoris and prinzmetal's variant angina [2].
Atorvastatin (ATV) is [R-(R⁎,R⁎)]-2-(4-Fluorophenyl)-β,δ-dihydroxy–5-
(1-methylethyl)-3-phenyl-4-[(phenylamino)carbonyl]-1H-pyrrole-1-
heptanoic acid [1]. ATV is a selective, competitive inhibitor of HMG-CoA
reductase, the rate-limiting enzyme that converts 3-hydroxy-3-
methylglutaryl-coenzyme A to mevalonate, a precursor of the sterols,
including cholesterol. It is used to reduce LDL-cholesterol, apolipopro-
tein B, and triglycerides and to increase ATL-cholesterol in the treat-
ment of hyperlipidemias [3]. Caduet® is the first commercial product
that has been launched by Pfizer Ltd. for the simultaneous treatment
of hypertension and dyslipidemia [4]. Caduet® contains both AML for
the treatment of high blood pressure and ATV for the treatment of hy-
percholesterolemia. Caduet® tablets are intended for oral administra-
tion and are available in several different strength combinations.

Literature survey revealed that AML is official in British Pharmaco-
poeia [5]. There are reported methods for the determination of AML or
ATV in different drug combinations [6–10]. Also different methods
have been reported for the simultaneous estimation of AML and ATV
in their binary mixture [11–16], and stability indicating HPLC methods
[17,18] have been applied for the analysis of this mixture.

Chemometrics is the art of processing data with various numerical
techniques in order to extract useful information [19]. It is the applica-
tion of mathematical and statistical methods to design optimum proce-
dures and to provide maximum chemical information through the
analysis of chemical data. Quantitative spectroscopy has been greatly
improved by the use of a variety of multivariate statistical methods
[20–24]. Multivariate calibrations are useful in spectral analysis because
of the simultaneous inclusion of multiple spectral intensities which can
greatly improve the precision and applicability of quantitative spectral
analysis [25].

The rationales for this manuscript were the simultaneous deter-
mination of AML and ATV in the presence of their acidic degradation
products, after their separation and characterization, in laboratory
prepared mixtures and tablets. To present a comparative study be-
tween Partial Least Squares (PLS-1) regression and Artificial Neural
Networks (ANN) as multivariate calibrations, and to show the effect
of variable selection procedure e.g. genetic algorithm (GA), when
preceding these multivariate calibrations, on increasing the predic-
tive power of them.
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2. Material and methods

2.1. Instruments

– SHIMADZU dual beam UV–visible spectrophotometer (Kyoto/
Japan), model 1650 UV-PC, with matched 1-cm quartz cells. The
bundled software, UV-Probe personal spectroscopy software version
2.21 (SHIMADZU) is used. The spectral bandwidth is 2.0 nm and
wavelength scanning speed is 2800 nm/min with 0.1 nm interval.

– Gas chromatograph coupled to a mass spectrophotometer, Shimadzu
Qp-2010 (Japan).

– IR Spectrophotometer: Shimadzu 435 (Kyoto, Japan), sampling was
undertaken as potassium bromide disks and NaCl plates.

– pH meter, Jenway, no. 924005-BO3-Q11C.

2.2. Software

All chemometric methodswere implemented inMatlab® 7.12.0.635
(R2011a). The t-test and F-test were performed using Microsoft® Excel
2010. All calculations were performed using a Dual CPU, 1.47 GHz,
2.00 GB of RAM under Microsoft Windows 7™.

2.3. Materials and reagents

– Pure amlodipine besylate; kindly supplied by Al-Hekma Pharmaceu-
tical Company, Cairo, Egypt, its purity was certified to be 99.89 ±
0.69.

– Pure atorvastatin calcium; kindly supplied by Al-Delta Pharmaceuti-
cal Company, Cairo, Egypt, its puritywas certified to be 99.79±0.46.

– Caduet® 5 mg/ 10 mg tablets; labeled to contain 5 mg AML and
10mg ATV, batch number 1030039 and Caduet® 10mg/ 10mg tab-
lets; labeled to contain 10 mg AML and 10 mg ATV, batch number
0795049, manufactured by Pfizer Ltd., Cairo, Egypt.

– Methanol, toluene, chloroform, acetic acid, hydrochloric acid and so-
dium hydroxide: analytical grade, purchased from El-NASR Pharma-
ceutical Chemicals Co., Cairo, Egypt.

2.4. Standard solutions

– AML and ATV standard stock solutions; 1.0 mg · mL−1 in methanol.
– AML and ATV standard working solutions; 80.0 μg · mL−1 in

methanol.
– Amlodipine degradation product (AMdeg), atorvastatin degrada-

tion product (ATdeg) and aniline (ANL) standard solutions;
100.0 μg · mL−1 in methanol.

2.5. Procedures

2.5.1. Preparation and separation of degradation products

2.5.1.1. Amlodipine degradation product.HCl solution (50.0mL, 1M) was
added to pure AML (50.0 mg) in a flask and then the solution was
refluxed for 2 h and cooled. NaOH solution (1 M) was added to the de-
graded solution till pH about 7.00 and the solution was tested for com-
plete degradation. Complete degradation was tested by TLC using
chloroform:methanol: acetic acid (15.0: 2.0: 0.4 by volume) as develop-
ing solvent. Then the solution was evaporated slowly in rotavapor just
to dryness. The degradation product was extracted from solid NaCl
with methanol and then the methanol was evaporated. The extraction
was repeated three times to ensure complete extraction of the degrada-
tionproducts fromNaCl. Thepurity of the degradation productwas test-
ed by dissolving a small portion in methanol, applying onto TLC plates

and developing using the previously mentioned solvent system. The
structure of the isolated degradation product was elucidated using IR
and mass spectrometry.

2.5.1.2. Atorvastatin degradation products. ATV (50.0 mg) was dissolved
in least volume of methanol in a flask, then 50.0 mL of 6 M HCl solution
was added and the solution was refluxed for 3 h and cooled. NaOH
solution (6 M) was added to the degraded solution till pH about 7.00
and the solution was tested for complete degradation. Complete
degradation was tested by TLC using toluene: methanol (7.0: 3.0 v/v)
as developing solvent. Then the solution was evaporated slowly in
rotavapor just to dryness to obtain the first degradation product
(ATdeg). The collected evaporated liquid was heated to get rid of sol-
vents and the second degradation product (ANL) was obtained. The
degradation product (ATdeg) was extracted from solid NaClwithmeth-
anol and then themethanolwas evaporated. The extractionwas repeat-
ed three times to guarantee complete extraction of the degradation
products from NaCl. The purity of the degradation product was tested
by dissolving a small portion in methanol, applying onto TLC plates
and developing using the previously mentioned solvent system. The
structure of the isolated degradation products was elucidated using IR
and mass spectrometry.

2.5.1.3. Spectral characteristics of AML, ATV and degradation products. The
zero-order (D0) absorption spectra of 12 μg · mL−1 AML, ATV, AMdeg,
ATdeg and ANL are recorded against methanol as a blank over the
range of 200–400 nm.

2.5.1.4. Experimental design. A 5-level, 5-factor calibration design was
performed using 5 concentration levels coded from +2 to −2 for
each of the 5 components to be analyzed, including the 2 main drugs
and the 3 degradates. The design aims to span the mixture space fairly
well; where there are 5mixtures for each compound at each concentra-
tion level, resulting in 25mixtures [26]. The central level of the design is
10 μg · mL−1 for AML and 16 μg · mL−1 for ATV.

The concentration levels for each component were based on the lin-
earity range, the ratio of AML and ATV in the dosage form and the fact
that the degradation products were involved in levels up to about 30%
of the corresponding drugs to cover a wide range of possibilities.
Table 1 represents the concentration design matrix. The 2D scores plot
for the first two PCs of the concentrationmatrix confirmedwell position
of the mixtures in space, orthogonality, symmetry and rotatability [26],
(Supp. Mat. Fig. S1). The regions from 200–215 nm were rejected. Fif-
teen mixtures of this design were used as a calibration set and the
other ten mixtures were used as a validation set to test the predictive
ability of the developed multivariate models.

2.5.1.5. Application of the PLS-1, GA-PLS and ANN for the simultaneous de-
termination of AML and ATV in Caduet® tablets. Ten tablets of both
Caduet® 5(AML)/10(ATV) mg, 10(AML)/10(ATV) mg were accurately
weighed and finely powdered. An amount of the powder equivalent to
2 mg ATV was weighed, dissolved in methanol by shaking in ultrasonic
bath for about 30min. The solutionswerefiltered and transferred quan-
titatively into two separate 100-mL volumetric flasks. The volume was
then completed to the mark with methanol. Necessary dilutions were
made to reach concentrations of linear range. Solutions obtained were
analyzed by the proposed chemometric methods.

3. Results and discussion

To the best of our knowledge, the stability indicating methods that
have been reported for determination of AML and ATV mixture did
not separate or identify their degradation products, so the first goal of
this paper was to develop a stability indicating methods for determina-
tion of AML andATV after separation and elucidation of the structures of
the degradates.
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