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Abstract 

A Near Infrared (NIR)-chemometric method for the direct and simultaneous quantification of atorvastatin and amlodipine in 
pharmaceutical powder blends for tableting was developed and fully validated. A calibration model was developed based on 
the 26 samples prepared according to a D-optimal experimental design with 2 factors and 5 levels. For the quantification of 
atorvastatin the best predictive model was developed using first derivative followed by standard normal variate pre-
processing method, 3 partial least squares (PLS) factors and 4 spectral regions; for the quantification of amlodipine the best 
predictive model was developed using the same pre-processing method, 6 PLS factors and 4 spectral regions. The validation 
results showed that the method is reproducible, precise and has satisfactory accuracy and linearity profiles for the 
simultaneous assay of atorvastatin and amlodipine in powder blends for tableting without any sample preparation. The 
comparative data obtained on independent samples showed no statistical difference (p > 0.05) between the results predicted 
by the NIR method and the values obtained by the HPLC reference method. This fast NIR-chemometric method requires no 
sample preparation and may be implemented for in-line, on-line or at-line blend uniformity evaluation of the mixing step of 
atorvastatin and amlodipine tablets manufacturing process. 
 
Rezumat 

A fost dezvoltată și validată o metodă NIR-chemometrică pentru cuantificare directă și simultană a atorvastatinei și 
amlodipinei în amestecuri de pulberi pentru comprimare. Pentru a realiza acest lucru a fost dezvoltat un model de calibrare 
bazat pe 26 probe preparate în conformitate cu un plan experimental D-optimal cu 2 factori si 5 nivele. Pentru cuantificarea 
atorvastatinei cel mai bun model a fost dezvoltat folosind ca metodă de pre-procesare prima derivată urmată de variaţia 
standard normală, 3 factori PLS și 4 regiuni spectrale; pentru cuantificarea amlodipinei. Cel mai bun model a fost dezvoltat 
folosind aceeași metodă de pre-procesare, 6 factori PLS și 4 regiuni spectrale. Rezultatele obţinute la validare au arătat că 
metoda dezvoltată este reproductibilă, precisă și are o acuratețe și un profil de linearitate satisfăcător pentru cuantificarea 
simultană a atorvastatinei și amlodipinei în amestecul pulberi pentru comprimare fără nici o pregătire a probei. Date 
comparative obținute pe probe independente nu au arătat nici o diferență statistică (p>0,05) între rezultatele obţinute prin 
metoda NIR și valorile obținute printr-o metoda HPLC de referință. Această metodă rapidă NIR-chemometrică nu necesită 
pregătirea probelor și poate fi implementată in-linie, on-line sau at-linie pentru evaluarea uniformităţii amestecului de pulberi 
în etapa de omogenizare, din cadrul unui proces de fabricație de preparare a comprimatelor cu atorvastatină și amlodipină.  
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Introduction 

The combination of two active compounds in the 
same commercial preparation is used in order to 
increase patient compliance. The combination of 
atorvastatin and amlodipine was first introduced 
into the market by Pfizer under the name of Caduet® 
in 2004 [1]. The combination is indicated for patients 
suffering from both high blood pressure and high 
levels of cholesterol and had worldwide sales of 
more than $600 million in 2013. Therefore, in the 
last years many generics have been launched on the 
market [2]. The manufacturing process typically 

involves several unit operations, such as blending, 
granulation, tableting, and coating, all of which can 
have critical influences on the final quality of the 
product. Blending of powders is an essential unit 
operation in the manufacture of solid dosage forms 
and is considered as critical when a formulation 
contains a small amount of active pharmaceutical 
ingredients (APIs). Inadequate blending can conduct 
to insufficient quality of the final product due to 
low blend uniformity that is critical to ensure 
compliant content uniformity of the final product [3]. 
Process monitoring is a methodology that guarantees 
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a high-predefined quality standard and offers the 
possibility to react during the process if any 
parameters drift from the normal operating range, but 
it requires quick methods. In the field of blend 
uniformity evaluation, HPLC technique is widely 
used due to good selectivity, specificity and linear range. 
However, it requires sample preparation and 
chromatographic separation of the analytes, so 
therefore it is currently done only off-line and it 
takes hours [4, 5]. Direct analysis of pharmaceutical 
powder blends or intact solid dosage forms is 
considered to be a very important goal for NIR analysis 
in pharmaceutical industry, with the increasing needs 
for on-line, in- line or at-line testing [6, 7]. Until now, 
only HPLC methods were developed and validated 
for the simultaneous quantification of both APIs 
(atorvastatin and amlodipine) in pharmaceutical 
dosage forms, but this method requires sample 
preparation and can only be done off-line [8, 9]. The aim 
of this work was to develop and validate a NIR-chemometric 
method for fast, direct (without any sample preparation) 
and simultaneous quantification of amlodipine and 
atorvastatin in pharmaceutical powder blends for tableting. 
 
Materials and Methods 

Materials: atorvastatin calcium (Hetero, India), 
amlodipine besilate (Hetero, India), microcrystalline 
cellulose (JRS Pharma, Germany), calcium carbonate 
(SPI Pharma, France), sodium croscarmellose (JRS 
Pharma, Germany), corn starch (Colorcon, UK) 
silicon dioxide (RohmPharma Polymers, Germany), 
magnesium stearate (Union Derivan, Germany). 
Preparation of samples for NIR calibration and 
validation. Ensuring appropriate calibration is an 
important issue in the quantitative NIR spectroscopy 
analysis. A protocol was followed for calibration 
and validation in order to develop and validate a robust 
NIR method for the simultaneous quantification of 
two APIs. The protocol included batches and days 
as sources of variability. A training calibration set 
of 26 powder blends for tableting containing 

atorvastatin calcium and amlodipine besilate was 
prepared according to a D-optimal experimental 
design with 2 variables and 5 levels (Table I), 
developed in Modde 10.0 Software (Umetrics, 
Sweden). In the powder blends for tableting the ratio 
of APIs was between 5.51-8.27% for atorvastatin and 
between 7.39-11.09% for amlodipine, respectively. 
This ratio results from the preparation of atorvastatin 
and amlodipine tablets with 10mg of each 
API/tablet and 150 mg tablet weight. The amount 
of API/tablet was 8.27, 9.31, 10.34, 11.37, 12.41 
mg atorvastatin calcium and 11.09, 12.48, 13.87, 
15.26, 16.64 mg amlodipine besilate respectively, 
corresponding to 80, 90, 100, 110 and 120% API 
content in the formulations (Table II). 
The method was validated in order to demonstrate 
its suitability for its intended use. For validation 
purposes independent series were prepared at 3 
concentration levels for atorvastatin and amlodipine 
(Table I, experiment N7, N13, N19). For each 
concentration level, 4 independent mixtures were 
prepared and analysed (12 samples / day). 

Table I 
Composition of calibration/validation set according 

to the experimental design  

Exp 
Name 

X1 
% 

X2 
% 

Exp 
Name 

X1 
% 

X2 
% 

N1 5.51 7.39 N14 7.58 9.25 
N2 6.21 7.39 N15 8.27 9.25 
N3 6.89 7.39 N16 5.51 10.17 
N4 7.58 7.39 N17 6.21 10.17 
N5 8.27 7.39 N18 6.89 10.17 
N6 5.51 8.32 N19* 7.58 10.17 

N7* 6.21 8.32 N20 8.27 10.17 
N8 6.89 8.32 N21 5.51 11.09 
N9 7.58 8.32 N22 6.21 11.09 

N10 8.27 8.32 N23 6.89 11.09 
N11 5.51 9.25 N24 7.58 11.09 
N12 6.21 9.25 N25 8.27 11.09 

N13* 6.89 9.25 N26 8.27 11.09 
X1 - atorvastatin calcium, X2 - amlodipine besilate * - validation 
samples 

Table II 
Qualitative and quantitative composition of calibration and validation samples 

Concentration level 
1a 2 a,b 3 a,b 4 a,b 5 a 

80% 90% 100% 110% 120% 
Atorvastatin calcium (% w/w) 5.51 6.21 6.89 7.58 8.27 
Amlodipine besilate (% w/w) 7.39 8.32 9.25 10.17 11.09 

Tablets composition (mg/tablet) 
Atorvastatin calcium 8.27 9.31 10.34 11.37 12.41 
Amlodipine besilate 11.09 12.48 13.87 15.26 16.64 

Microcrystalline Cellulose 78.26 75.84 73.42 71.00 68.58 
Calcium carbonate 30.00 30.00 30.00 30.00 30.00 

Croscarmellose sodium 6.00 6.00 6.00 6.00 6.00 
Corn starch 15.00 15.00 15.00 15.00 15.00 

Silicon dioxide 0.38 0.38 0.38 0.38 0.38 
Magnesium stearate 1.00 1.00 1.00 1.00 1.00 

  150.00 150.00 150.00 150.00 150.00 
a calibration samples for API assay; b validation samples for API assay 
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NIR analysis. NIR spectra were recorded using a 
Fourier-transform NIRs analyser (Antaris, 
TermoElectron, USA) in Reflectance Sampling 
configuration. Due to the fact that powder samples 
are not homogeneous, the device is equipped with a 
system for sample rotation during the 
measurements in order to obtain a representative 
spectrum for the sample. Each reflectance spectrum 
was acquired via OMNIC software (Termo 
Scientific, USA) by integrating 32 scans taken over 
a wave number between 4000 cm-1 to 10000 cm-1 
with 8 cm-1 resolution. Each sample was analysed 
three times in three different days. 
Model calibration. For the development of 
calibrations models the PLS (Partial Least Squares) 
regression method from the OPUS Quant (Bruker 
Optics, Germany) was used. Different pre-
processing methods were applied in combination 
with the whole spectra or different spectral regions 
in order to find models with high predictive ability 
[10]. The predictive ability of a model was 
evaluated according to the following classical 
criteria: RMSECV (root mean square error of cross-
validation), high correlation coefficient (R2), low 
number of PLS factors and low bias [11]. The 
optimal numbers of factors for PLS were 
determined by a cross-validation procedure with 
groups of two spectra (each side of the sample 
being represented by a spectrum) [12]. 

Method validation. Once a calibration is developed 
and favourable predictions are expected, the 
method has to be validated in order to be accepted 
for routine use. For external validation independent 
sets of samples are needed. For this purpose, 36 
samples (formulations N7, N13 and N19) were 
prepared using the same technique. The validation 
was performed according to the strategy proposed 

by Hubert et al [13, 14]. Calculation of the 
validation parameters (trueness, precision, 
accuracy) was performed in Microsoft Office Excel 
2010 (Microsoft Corporation, USA). 
Reference methods. Atorvastatin and amlodipine 
assay in powder blends for tableting was performed 
using a reference HPLC-UV validated method. The 
chromatographic parameters were: column 
Phenomenex Luna C18 (2) 150x4,6x5; mobile 
phase acetate buffer (0.025 M, pH 4.5): acetonitrile 
in gradient (0-2 min, 55:45 v/v; 2-5 min 75:25 v/v); 
flow rate of 1.5 mL/min. The detection was 
performed at 236 nm for atorvastatin and 2466 nm 
for amlodipine. Under the given chromatographic 
conditions the retention time was 2.01 minutes for 
atorvastatin and 4.01 minutes for amlodipine. 
 
Results and Discussion 

The APIs content in powder blends for tableting is 
currently done by HPLC or UV-VIS spectroscopy, 
but these techniques are time-consuming and 
require sample preparation [15]. In this context, a 
NIR-chemometric method for the direct and 
simultaneous quantification of both APIs in powder 
blends for tableting was developed and validated. 
This method could be a viable alternative for the 
conventional methods since it is faster than 
conventional techniques and does not require any 
sample preparation. NIR spectra of powder blends 
contain both chemical and physical information so 
robust calibration models must be developed. 
Therefore, pre-processing methods and wavelength 
selection ranges should be carefully chosen to 
extract the chemical information that is mainly 
correlated with the API concentration [16]. 

 

 
Figure 1. 

NIR spectra of powder blends for tableting without preprocessing (a1, b1) and pre-processed using first derivative 
followed by standard normal variate (FD+SNV) method (a2, b2); brown line in a1, a2 - atorvastatin calcium 

spectrum; brown line in b1, b2 - amlodipine besilate spectrum 
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Spectra investigation. The calibration model for 
powder blends was built after recording three 
spectra of each formulation.  Overall 78 spectra 
were recorded and analyzed (Figure 1, a1, b1). The 
NIR spectrum of pure APIs is presented (a1 - 
atorvastatin; b1 - amlodipine) in the same figure. 
Model calibration development. The development 
of calibration models for APIs assay consisted in 

checking the predictive ability of several spectral 
pre-processing methods in association with 
different spectral regions. A large number of 
models were generated after applying different 
spectra pre-processing methods in combination 
with different spectral regions. Among these, the 
most potentially interesting 6 models for each API 
were selected and presented in Table III. 

Table III 
Statistical parameters and number of principal components for atorvastatin and amlodipine, without data pre-

preprocessing as well as after different spectra pretreatments 
    Atorvastatin calcium 

Preprocessing method* none 
a 

SLS 
b 

SLS-4 
c 

SD 
d 

FD+SNV 
e 

FD+SNV-4 
f 

Spectral range (cm−1)** R1 R1 R4 R1 R1 R4 
Number of PLS factors 9 6 4 4 3 3 

R2 0.9529 0.9368 0.9416 0.9447 0.9429 0.9466 
RMSECV (% w/w) 0.312 0.361 0.347 0.338 0.343 0.332 

Bias -0.00605 -0.00189 0.00176 0.000389 0.00068 0.00202 
Amlodipine besilate 

Preprocessing method* none 
g 

mMN 
h 

SD 
i 

FD+SNV 
j 

FD+SNV-2 
k 

FD+SNV-3 
l 

Spectral range (cm−1)** R1 R1 R1 R1 R2 R3 
Number of PLS factors 5 6 6 6 6 6 

R2 0.9689 0.9789 0.9838 0.9842 0.9851 0.9859 
RMSECV (% w/w) 0.349 0.287 0.255 0.248 0.242 0.235 

Bias -0.000409 0.000778 0.00558 0.00378 0.00376 0.00373 
*none-no preprocessing, SLS-straight light subtraction, SD-second derivative, mMN-minimum maximum normalization, FD+SNV – first 
derivative followed by standard normal variate 
**R1-Spectra range 1 region: 10000-4000cm−1; R2-Spectra range 2 region: 6464-5446; 4605-4020cm−1; R3-Spectra range 3 region: 10000-
7985; 6464-5446; 4605-4020cm−1; R4-Spectra range 4 region: 10000-8270; 7700-7120; 6800-5616; 5400-4243 cm−1 
 
In the case of atorvastatin calibration it can be seen 
that spectra pre-processing allows obtaining 
calibrations with a lower number of PLS factors. At 
the same time, using 4 spectral regions (models c 
and f) leads to the models with better prediction 
capacity (low RMSECV high correlation factor) 
compared to using the whole spectrum (models b 
and e). Based on the best values for R2, RMSECV 
and bias, model (f, FD+SNV-4) was chosen for 
further method validation, as it seemed to provide 
the best predictive capacity. The shape of the 
spectra after pre-processing according to this model 
is presented in Figure 1, a2.  In the case of 
amlodipine calibration the results look very similar, 
spectra pre-processing and selection of specific 
regions lead to models with better prediction 
capacity. Based on same criteria model (l, 
FD+SNV-3) was chosen for method validation. The 
shape of the spectra after pre-processing according 
to this model is presented in Figure 1, b2. 
Validation of the method. For validation, 
independent samples similar to the calibration 
samples were prepared at 3 different active content 
levels (corresponding to 80, 100 and 120% 
concentrations) of each APIs (formulation N7, N13, 
N19, Table I). Four independent batches from each 
formulation were prepared and analysed in 3 

different days, resulting in a total of 36 tablet 
batches. Validation was done according to ICH 
guidance, and included accuracy, precision 
(repeatability and intermediate precision), linearity 
and range of application. Table IV shows the 
validation results obtained with the developed NIR 
(f, FD+SNV-4) model for atorvastatin (first 
derivative followed by standard normal variate pre-
processing, 3 PLS factors and 4 spectral regions: 
10000-8270; 7700-7120; 6800-5616; 5400-4243; 
9978-7460 cm−1) and (l, FD+SNV-3) model for 
amlodipine (first derivative followed by standard 
normal variate pre-processing, 6 PLS factors and 3 
spectral regions: 10000-7985; 6464-5446; 4605-
4020 cm−1). The trueness of the method was 
evaluated by calculating the recovery and the 
relative bias. The recovery had satisfactory values 
(close to 100%) for both APIs at all three 
concentration levels. In the case of atorvastatin the 
recovery was between 98.60 and 101.54 and in the 
case of amlodipine between 99.24 and 99.55. The 
precision of the method was evaluated by 
calculating two parameters: repeatability (intra-day 
precision) and intermediate precision (repeatability 
over different days). Both parameters had good 
values for both APIs and at all concentration levels. 
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Table IV 
Validation results of the NIR-chemometric method 

for the quantification of atorvastatin 

Concentration 
level  

(%atorvastatin) 

Trueness Precision Accuracy 

Relative 
bias (%) 

Recovery 
(%) 

Repeatability 
(RSD %) 

Intermediate 
precision 
(RSD %) 

Relative 
tolerance 
limits (%) 

Tolerance limits 
(% in powder 

blend) 

6.21 -1.339 98.60 1.92 1.83 [-5.55, 2.75] [5.87, 6.37] 
6.89 0.492 100.49 1.23 2.15 [-4.40, 5.38] [6.59, 7.27] 
7.58 1.540 101.54 1.90 1.92 [-2.86, 5.94] [7.36, 8.03] 

for the quantification of amlodipine  

Concentration 
level  

(%amlodipine) 

Trueness Precision Accuracy 

Relative 
bias (%) 

Recovery 
(%) 

Repeatability 
(RSD %) 

Intermediate 
precision 
(RSD %) 

Relative 
tolerance 
limits (%) 

Tolerance 
limits (µg/ml) 

8.32 -0.758 99.24 0.977 1.03 [-3.17, 1.66] [8.06,  8.46] 
9.25 -0.454 99.55 0.855 1.74 [-2.14, 1.29] [9.05,  9.36] 

10.17 -0.061 99.94 1.009 1.37 [-3.90, 3.78] [9.78, 10.56] 
 
The best repeatability values were obtained at 
medium concentration levels for both APIs, while 
the best intermediate precision values were 
obtained at low concentration levels for both APIs. 
Both precision and accuracy were better for 
amlodipine than atorvastatin. These results may be 
explained by the higher predictive capacity (lower 
RMSECV and higher R2) of the amlodipine 
calibration model than of the atorvastatin one. 
Figure 2 shows the accuracy profiles and linearity 
profile of the developed methods. The largest 
relative tolerance limits were (-5.55%, 5.94%) in 

the case of atorvastatin and (-3.90%, 3.78%) in the 
case of amlodipine. The best accuracy was obtained 
at the medium concentration level of atorvastatin 
and amlodipine in powder blend for tableting. The 
method linearity was evaluated by plotting the 
calculated concentrations of the validation samples 
as a function of the introduced concentrations. As it 
results from Figure IV (right), the R2 values are 
close to 1 for both APIs, confirming the linearity of 
the models for atorvastatin and amlodipine assay in 
powder blend for tableting. 

 

 
Figure 2. 

The accuracy profiles (left) and the linearity profiles (right) obtained for the NIR-chemometric methods of 
simultaneous quantification of atorvastatin (a) and amlodipine (b) 

 

  
a 

  
b  
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According to the statistical parameters presented in 
Table IV and Figure 2, the NIR-chemometric 
method using (f, FD+SNV-4) model for atorvastatin 
and (l, FD+SNV-3) model for amlodipine are reproducible, 
sufficiently precise and have satisfactory accuracy 
profiles and linearity profiles for the simultaneous 
assay of atorvastatin and amlodipine in powder blends 
for tableting without any sample preparation. 
Application of the method.  The NIR method has 
been applied for APIs assay in 6 control samples 

containing 6.89%w/w atorvastatin calcium and 
9.25% w/w amlodipine besilate, the expected APIs 
content in real powder blends used for tableting. 
The NIR predicted values content in the control 
samples were compared with values obtained by the 
reference HPLC method, in terms of APIs content 
recovery (Table V). No statistical difference (p > 
0.05) was found between the results predicted by 
the NIR method and the values obtained by the 
HPLC reference method. 

Table V 
Results obtained on control samples by NIR-chemometric method and HPLC reference method 

  Atorvastatin  Amlodipine  
Control samples HPLC* NIR Recovery** (%) HPLC* NIR Recovery** (%) 

P1 6.85 6.94 101.26 9.17 9.21 100.49 
P2 7.02 7.05 100.37 9.26 9.29 100.40 
P3 7.06 6.78 96.02 8.94 9.06 101.39 
P4 6.95 7.05 101.53 9.22 9.28 100.64 

Mean 6.97 6.95 99.80 9.15 9.21 100.73 
SD  0.11   0.09  
texp  0.190   0.701  

P (type 1 error)  0.855   0.509  
* HPLC reference method 
** Calculated as 100 ×NIR/HPLC 
 
Conclusions 

In this work a NIR method based on PLS regression 
was developed for the simultaneous and direct 
quantification of two APIs (atorvastatin calcium 
7.58% w/w and amlodipine besilate 9.25% w/w) in 
powder blends for tableting. Firstly, NIR models 
appropriate for the determination of both APIs 
content in powder blends for tableting were 
developed. Next, using the most predictive 
calibration models, the method was fully validated 
according to the ICH guidance in terms of trueness, 
precision and accuracy. Furthermore, the 
comparative data obtained on independent samples 
shows that the NIR method has a very good 
similarity with the HPLC reference method. The 
results presented in this work show the possibility 
of simultaneous assay of both APIs in powder 
blends for tableting directly, without any sample 
preparation, from the NIR spectrum of powder 
blends. These NIR – chemometric methods are 
helpful in achieving the goals of the process 
analytical technology (PAT) concept and can be 
used for on-line, in line or at line monitoring of the 
blend uniformity in the mixing steps of the 
manufacturing process of tablets with 10mg 
atorvastatin/tablet and 10 mg amlodipine/tablet. 
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