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SPECTROPHOTOMETRIC CO-ESTIMATION OF ATORVASTATIN
AND EZETIMIBE IN A BINARY MIXTURE USING PRINCIPLE
COMPONENT REGRESSION AND PARTIAL LEAST SQUARES

REGRESSION MODELS

TEMEL BILESEN REGRESYONU VE KISMI EN KUCUK KARELER REGRESYONU
MODELLERI KULLANILARAK ATORVASTATIN VE EZETIMIBIN IKILI KARISIMLARDA
ESZAMANLI TAYINI
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ABSTRACT

Obijective: Fixed-dose formulations, such as combination of atorvastatin (AT) and ezetimibe (EZ),
present analytical challenges due to overlapping spectral features in UV-Vis spectroscopy. Although
traditional chromatographic methods are effective in these cases, they are not cost-efficient, and the
required instrumentation is not easily accessible. This study aims to develop a simpler, cost-effective
spectrophotometry-based approach for the simultaneous quantification of AT and EZ in fixed-dose
formulations.

Material and Method: Principal component regression (PCR) and partial least squares (PLS)
regression models were used in combination with UV-Vis spectroscopy. A calibration set of binary
mixtures was prepared in the working range of 4-36 ug/ml for both drugs. PCR and PLS models
were constructed using three latent variables. The developed methods were evaluated for accuracy,
precision, and selectivity using laboratory-prepared samples. The applicability of the methods was
demonstrated by analyzing commercial tablet samples.

Result and Discussion: Both models achieved high recovery rates (98-102.3%) and low relative
standard deviations (<2.0%), confirming their accuracy and precision. Standard addition studies
confirmed the selectivity of the methods. Then, the proposed PCR and PLS methods successfully
quantified AT and EZ in commercial film-coated tablets without extensive sample preparation,
offering a simple, cost-effective, and efficient alternative to conventional techniques.
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Amac: Atorvastatin (AT) ve ezetimibin (EZ) kombinasyonu gibi sabit dozlu formiilasyonlardaki
etken maddelerin spektral ortiismeleri, UV-GB spektroskopi temelli analiz yontemlerinin
gelistirilmesini zorlastirir. Geleneksel kromatografik yontemler bu tiir durumlarda etkili olsa da,
maliyet agisindan verimli degildir ve gerekli cihazlara erisim kolay olmayabilir. Bu ¢aligsma, sabit
dozlu formiilasyonlarda AT ve EZ'in es zamanli miktar tayini icin daha basit ve ekonomik bir
spektrofotometri temelli yaklagim gelistirmeyi amaclamaktadir.

Gerec¢ ve Yontem: Bu calismada, temel bilesen regresyonu (PCR) ve kismi en kiiiik kareler
regresyonu (PLS) modelleri, UV-GB spektroskopisi ile birlikte kullanilmistir. Her iki ilag icin de 4—
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36 ug/ml ¢calisma araliginda ikili karisimlardan olusan bir kalibrasyon seti hazirlanmigtir. PCR ve
PLS modelleri ii¢ gizli degisken kullanilarak olusturulmugtur. Gelistirilen yontemler, laboratuvarda
hazirlanan ornekler kullamlarak dogruluk, kesinlik ve segicilik agisindan degerlendirilmistir.
Yontemlerin uygulanabilirligi, ticari tablet 6rnekleri analiz edilerek gésterilmistir.

Sonu¢ ve Tartisma: Her iki modelle yiiksek geri kazamim oranlart (%98-102.3) ve diisiik bagil
standart sapma degerleri (<%2.0) elde edilmis, yontemlerin dogruluk ve kesinliklerini
dogrulamistir. Yontemlerin segiciligi, standart ekleme ¢alismalari ile teyit etmistir. Kapsaml
numune hazirlama gerektirmeden, PCR ve PLS yéontemleri kullanilarak film kapl tabletlerdeki AT
ve EZ'in es zamanli miktar tayinleri basariyla ger¢eklestirilmistir. Gelistirilen yontemler, geleneksel
tekniklere kiyasla basit, ekonomik ve verimli alternatifler sunmugtur.

Anahtar Kelimeler: Atorvastatin, ezetimib, kemometri, PCR, PLS, spektrofotometri

INTRODUCTION

Fixed-dose formulations are commonly used in cardiovascular diseases due to their advantages
such as improved patient adherence, better clinical outcomes, and reduced health-care costs [1,2].
However, they present significant challenges for analytical chemists due to the complexity. The
pharmaceutical industry relies heavily on chromatographic techniques to address this challenge, but
these techniques require long periods of method development, sophisticated instrumentation, trained
personnel, and higher costs [3]. Consequently, developing reliable, accurate, precise yet simple, low-
cost and environmentally sustainable analytical methods for fixed-dose formulations is an important
task.

UV-Vis spectroscopy offers simple, straightforward, and cost-effective analytical procedures for
quality control and pharmaceutical research. However, it often becomes inadequate when the analytes
exhibit overlapping spectral features. Since univariate spectroscopic methods cannot resolve spectral
interferences, the use of chemometric and multivariate calibration techniques becomes necessary to
analyze the overlapping spectra of active pharmaceutical ingredients in fixed-dose formulations [3-5].
In particular, principal component regression (PCR) and partial least squares (PLS) regression
techniques provide effective solutions by extracting latent variables and modelling the relationship
between analyte concentrations and the spectral data with overlapping features [6-8].

Atorvastatin (AT) and ezetimibe (EZ), two widely prescribed lipid-lowering agents, are
frequently combined in fixed-dose formulations to enhance therapeutic efficacy, improve patient
adherence, and reduce side effects [9]. AT is a statin that inhibits 3-hydroxy-3-methylglutaryl coenzyme
A (HMG-CoA) reductase, thereby decreasing hepatic production of low-density lipoprotein cholesterol.
EZ, an inhibitor of intestinal cholesterol absorption, is usually combined with a statin such as AT [10].
However, the spectrophotometric analysis of this combination presents a challenge because their
absorbance spectra overlap almost completely in the region 200-300 nm. Indeed, a literature survey
reveals that the quantitative estimation of AT and EZ has been mostly studied by using chromatographic
techniques [11-24]. Conversely, some studies have proposed UV-Vis spectroscopy combined with
simple mathematical algorithms as an alternative for analyzing AT and EZ. Techniques such as
Vierordt’s method [25], H-point standard additions method [26], difference absorbance method, [27,28],
Q-absorbance method [29], ratio spectra method [28], first derivative spectroscopy [26,30], and ratio
spectra derivative spectrophotometry [26,31] have provided relatively simple and cost-effective
approaches. However, these techniques rely on the accurate wavelength selection, are sensitive to noise,
and have limited applicability in multi-component mixtures [32-34]. In contrast, multivariate calibration
methods, such as PCR and PLS uses full spectral data, reduce collinearity, and improve signal-to-noise
ratios [35-36].

The objective of this study was to demonstrate the applicability of PCR and PLS models combined
with UV-Vis spectrophotometry as reliable alternatives to conventional methods for the co-estimation
of AT and EZ in fixed-dose formulations. PCR and PLS regression models were developed, and their
performance was evaluated through a series of validation studies, including accuracy, precision,
selectivity, and robustness. Finally, the proposed methods were successfully applied to the analysis of
film-coated tablet samples, demonstrating their applicability in pharmaceutical analysis.

MATERIAL AND METHOD
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Instruments and Software

UV-Vis spectra of the samples were recorded using a Shimadzu UV-2550 double-beam
spectrophotometer (Kyoto, Japan), equipped with UVProbe Software (Shimadzu, Kyoto, Japan).
Measurements were conducted using a quartz cuvette with a 1 cm optical path length, and the slit width
was set to 2 nm. Spectra were recorded between 210-340 nm, with a spectral resolution of 0.1 nm against
methanol as blank. The spectra of samples were exported into an Excel sheet (Microsoft, USA) as a
matrix with each column as a different sample. The development of PCR and PLS models, as well as
validation and prediction steps were operated in Matlab (MathWorks, USA). The same software was
also used to plot the figures as well.

Chemicals and Reagents

Standard materials of AT and EZ were generously provided by Neutec Pharmaceuticals (Sakarya,
Tiirkiye). Analytical-grade methanol was obtained from Carlo Erba (Milan, Italy). The commercial
sample of AT and EZ fixed-dose combination was procured from a local pharmacy, produced by Neutec
Pharmaceuticals, Sakarya, Tiirkiye. Label claim was 10 mg AT and 10 mg EZ per tablet.

Standard Solutions

Stock solutions of AT and EZ were individually prepared by dissolving 10 mg of each compound
in 100 ml of methanol. The working concentration ranges were 4-36 pg/ml for AT and EZ. A calibration
set comprising 25 solutions was generated by factorial design at five concentration levels. Solutions in
calibration set were prepared by mixing the required amount of stock solutions and diluting them with
methanol. The specific concentrations of each standard material in calibration sample set are listed in
Table 1.

Table 1. Calibration set used to construct PCR and PLS models
AT EZ AT EZ AT EZ AT EZ AT EZ

C1 4 4 C6 12 4 Ci1 | 20 4 Cle | 28 4 C21 | 36 4
C2 4 12 Cc7 12 12 | C12 | 20 12 | C17 | 28 12 | C22 | 36 12
C3 4 20 C8 12 20 | C13 | 20 20 | C18 | 28 20 | C23 | 36 20
C4 4 28 C9 12 28 | Cl4 | 20 28 | C19 | 28 28 | C24 | 36 28

C5 4 36 | C10 | 12 36 | C15 | 20 36 | C20 | 28 36 | C25 | 36 36

Concentration values are given in pg/ml

To assess the performance of the chemometric models, an independent test set of 11 samples with
varying concentrations of both analytes was prepared following the same procedure. The concentration
values of these test samples, listed in Table 2, fell within the defined working ranges. As can be seen in
Table 2, the concentration of the analytes in the test set was different than those in the calibration set.
Another set of synthetic binary mixtures at three distinct concentration levels (Table 3) were prepared
in triplicate to evaluate both intra-day and inter-day precision. Additionally, a set of standard addition
samples were prepared in triplicate to evaluate the selectivity. For this purpose, the required volumes of
standard stock solutions of AT and EZ were added onto a fixed volume of commercial sample solutions
and were diluted with methanol up to the final volume. The final concentration of added standards were
10 pg/ml, 20 pug/ml, and 30 pg/ml for both drugs. One extra solution was prepared by diluting the fixed
volume of commercial sample to the final to be used for subtraction in standard addition studies.

Commercial Sample Solutions

Ten film-coated tablets were grounded into a powder in a mortar. A portion of the powder,
equivalent to 0.5 tablet was placed in a 25 ml volumetric flask, then filled to volume with methanol. The
solution was magnetically stirred for 20 minutes and, filtered from a syringe filter with a pore size of
0.45 um. Final sample solution to be analyzed was prepared by diluting 2 ml filtrate to 10 ml, with a
theoretical concentration of 20 pg/ml of each analyte. This procedure was repeated 10 times.
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RESULT AND DISCUSSION

Overlapping spectra of analytes is a common challenge for spectroscopic analyses. Multivariate
calibration methods such as PCR and PLS have the ability to extract latent variables that can be used for
simultaneous analysis in spite of overlapping. However, these methods still rely on the assumption that
absorbance-concentration relationship follows Lambert-Beer’s law because the deviations from
linearity can cause the models to loose their predictive power [37-38]. Hence, the first step was to define
the linear concentration range of the analytes. For this purpose, individual standard solutions were
prepared by diluting the stock solution. A working range of 4-36 ug/ml, with five calibration points with
equal steps was studied for both drugs. The absorbance spectra of these solutions were recorded between
200-360 nm. The absorbance values of analytes at their Amax (246 nm for AT and 233 nm for EZ) were
plotted against the concentration values. Linearity was evaluated by inspecting the mentioned calibration
graph, as well as studentized residual plots [39]. Linearity was confirmed as calibration plots showed a
linear trend and residuals were randomly distributed (See supplemental data). The spectra of the
individual analytes at calibration levels 4, 12, 20, 28 and 36 pg/ml are illustrated in Figure 1. As can be
seen in this figure, conventional univariate calibration would not be useful in to determine AT and EZ
in their mixtures because of the heavily overlapping spectra. In order to address this challenge the most
popular multivariate models, PCR and PLS, were used to develop new analytical methods to quantify
AT and EZ in their commercial samples.

3y
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Figure 1. Absorption spectra of 4-36 pg/ml AT, 4-36 pug/ml EZ, and their binary mixture in methanol

Multivariate Calibration Models

PCR and PLS regression models were applied for the quantification of AT and EZ in their
mixtures. In both models, the concentration matrix and the absorbance matrix between 210-340 nm with
A)M=0.1 were used after mean-centering. Both methods are multivariate calibration techniques based on
latent variables but differ in how these variables are computed. PCR combines principal component
analysis (PCA) with inverse least squares regression, using only spectral data to extract latent variables.
The latent variables describe the variance of the spectral dataset, independent of the analyte
concentrations. These latent variables, also referred to as scores, are used as predictors to build a
regression model that relates them to the concentration data [40].

The implementation of the PCR model was started by decomposing absorbance matrix of the
calibration set into score matrix T and loading matrix. After this step, cross-validation was performed
to find the number of components to be used in the predictive phase. As can be seen in Figure 2, three
principal components were adequate for both drugs. Then, the truncated score matrix T with three
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columns was regressed on the concentration matrix to calculate the regression coefficient matrix.
Finally, the predicted concentration matrix was computed by matrix multiplication of regression
coefficient matrix with the absorbance matrix of samples [40-41].

—_—— PCREZ
—&— PCR, 1

Estimated Mean Squared Prediction Error

2 2 2. 2 o 2 2 g
4 5 6 7 8 9 10 1
Number of components

Figure 2. Cross validation plot of the PCR model for AT and EZ

Conversely, PLS includes both spectral and concentration data during decomposition to describe
the covariance between the two datasets, resulting in analyte-dependent latent variables. In PLS
implementation, absorbance and concentration matrices were simultaneously decomposed by PCA, with
an internal equation relating the two score matrices P, and Q. Then, weight matrix, W, that maximizes
the covariance between scores and the concentration matrix was computed. Similar to the PCR, cross
validation was performed to decide on the number of latent variables as three for AT and EZ drugs (See
Figure 3). Later, the regression coefficient matrix B was computed using the truncated matrices by the
equation B = W (PTW)~1QT to be used in the prediction step [38,41,42].
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Figure 3. Cross validation plot of the PLS model for AT and EZ
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Actual and predicted concentration values by the PCR and PLS models were plotted to evaluate
the outliers and to visualize the predictive power as given in Figure 4.
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Figure 4. Actual and predicted concentration plots of AT and EZ obtained by the developed PCR (a
and b) and PLS (c and d) models

Analytical Validation

Analytical validation of the developed PCR and PLS methods were carried out by analyzing
different sets of laboratory-made solutions and assessing their results. A test set of 11 binary mixtures
were prepared by diluting stock solutions to reach various concentration levels. Actual and predicted
concentration values by the PCR and PLS methods are given in Table 2. The recovery value of each
sample, as well as their mean, standard deviation and relative standard deviation were also listed in the
same table. Mean recovery values were reported to be between 102.3% and 98 %, with relative standard
deviation values smaller below 2.0, indicating sufficient accuracy and precision of the models in spite
of overlapping spectral features. Additionally, to compare how well PCR and PLS models performs on
independent data, standard error of prediction (SEP) was used. As an estimation of the average deviation
of predicted values from the actual values, standard deviation of residuals obtained by PCR and PLS
models for both drugs were calculated and reported as SEP values in Table 2.
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Table 2. Recovery results of independent test samples by PCR and PLS methods

| PCR PLS PCR PLS
Added (ng/nl) Found (ng/nl) Found (ug/ul) Recovery (%) Recovery (%)
Code EZ AT EZ AT EZ AT EZ AT EZ AT
M1 4 30 4.10 30.08 4.14 30.08 | 102.4 | 100.3 | 103.6 | 100.3
M2 12 30 12.09 29.47 12.37 29.50 100.7 98.2 103.1 98.3
M3 20 30 20.12 29.62 20.38 | 29.66 | 100.6 | 98.7 101.9 98.9
M4 28 30 27.96 29.81 28.26 | 29.86 99.9 99.4 100.9 99.5
M5 36 30 36.41 29.59 36.63 | 29.61 | 101.1 | 98.6 101.8 98.7
M6 30 4 31.51 3.98 31.17 3.96 105.0 | 99.5 103.9 99.1
M7 30 12 30.73 11.25 30.49 11.30 102.4 93.7 101.6 94.2
M8 30 20 30.72 19.55 30.80 | 19.61 | 1024 | 97.7 102.7 98.0
M9 30 28 30.44 27.31 30.54 27.38 101.5 97.5 101.8 97.8
M10 30 36 30.44 35.00 30.59 | 35.07 | 1015 | 97.2 102.0 97.4
M11 30 30 30.41 29.15 30.51 29.22 101.4 97.2 101.7 97.4
Mean: | 101.7 98.0 102.3 98.1
Standard deviation: | 1.37 1.74 0.92 1.59
Relative standard deviation: | 1.35 1.77 0.90 1.62
Standard error of prediction: | 0.64 0.60 0.63 0.55
Table 3. Analysis results of intra-day and inter-day samples (n=3)
Added (ng/ml) Found (ng/ml)
PCR PLS
AT EZ AT EZ AT EZ
Lo 10 10 10.22 9.70 10.35 9.69
‘UE) 3 20 20 19.79 19.45 19.67 19.44
- 30 30 30.41 29.45 30.56 29.51
& 5 10 10 10.18 9.77 10.08 9.63
E K 20 20 20.43 19.61 20.31 19.54
- 30 30 30.86 29.34 30.90 29.41
Mean recovery (%)
PCR PLS
AT EZ AT EZ
Lo 102.23 97.03 103.54 96.86
f’é 3 98.96 97.24 98.35 97.21
- 101.38 98.16 101.87 98.36
& s, 101.81 97.67 100.83 96.31
E 3 102.17 98.04 101.56 97.72
= 102.86 97.81 102.98 98.05
Relative Standard Deviation
PCR PLS
AT EZ AT EZ
& 3.69 2.34 241 3.22
> D
25 215 217 1.98 1.83
- 1.38 0.85 0.68 0.76
& s 3.01 0.37 2.21 2.03
E 3 251 2.99 1.83 2.63
- 151 0.61 1.08 0.57
Relative Error
PCR PLS
AT EZ AT EZ
& 2.23 -2.97 3.54 -3.14
> D
8 -1.04 -2.76 -1.66 -2.79
- 1.38 -1.84 1.87 -1.64
& 1.81 -2.33 0.83 -3.69
=8 217 -1.97 1.56 -2.29
= 2.86 -2.19 2.98 -1.95
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Precision and accuracy of the methods were also evaluated by inter-day and intra-day studies.
Validation samples at three concentration levels (10 ug/ml, 20 pg/ml, 30 pg/ml) of both drugs was
analyzed three times in one day (intra-day) and on three consecutive days (inter-day). The analysis
results were summarized in Table 3, presented as mean percent recovery, relative standard deviation,
and percent relative error.

The selectivity of the proposed methods was investigated by standard addition studies. The
predicted concentration of AT and EZ in the sample prepared without the addition of standard was
subtracted from the predicted concentration of AT and EZ in the remaining samples. The experiments
were performed in triplicates. The average of added amounts, mean recoveries and relative standard
deviations were listed in Table 4. The standard addition studies demonstrated that tablet excipients had
no interferent effect on the predicted concentrations.

Table 4. Analysis results of standard addition studies

Added Found (ug/ul)
(ug/nl) PCR PLS
EZ AT EZ AT EZ AT
Sample solution + 10 10 10.07 9.65 9.85 9.71
Sample solution + 20 20 20.41 20.14 20.16 20.21
Sample solution + 30 30 30.27 29.74 30.05 29.81
Recovery (%)
PCR PLS
EZ AT EZ AT
100.7 96.5 98.5 97.1
102.1 100.7 100.8 101.0
100.9 99.1 100.2 99.4
Relative standard deviation
PCR PLS
EZ AT EZ AT
0.04 0.04 0.04 0.04
0.11 0.07 0.12 0.07
0.03 0.10 0.08 0.09

Assay Results of Commercial Samples

The developed PCR and PLS methods were applied to the quantitative analysis of commercial
sample solutions. The assay results of commercial tablets are presented in Table 5 as milligrams per
tablet. The average assay results confirmed well with the label claim. The assay results from using PCR
and PLS were compared using the F-test and t-test. The computed F- and t-statistic values were smaller
than the critical values, indicating comparable results in terms of variance and mean. The analysis results
obtained by PCR and PLS models did not significantly differ for either AT or EZ.

In this study, two new spectrophotometric methods based on multivariate regression were
developed for the co-estimation AT and EZ in fixed-dose tablet formulations. The regression methods,
namely PCR and PLS, were used to overcome the spectral overlapping problem by using the latent
variables. The analytical performance of the proposed methods was confirmed by analytical validation
studies. The developed PCR and PLS models were applied to the simultaneous estimation of EZ and
AT in film-coated tablet formulations. Both methods showed good agreement with the label claim, with
no significant difference between them. The proposed methods were directly applicable for the
pharmaceutical analysis and did not require laborious sample preparation, extraction, nor separation
steps. This study shows PCR and PLS models can be combined with spectrophotometry to ensure
accurate, precise, reliable, and efficient analysis of pharmaceuticals containing two active
pharmaceutical ingredients.
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Table 5. Assay results of commercial tablets containing AT and EZ

mg/tablet*
PCR PLS

EZ AT EZ AT
T1 9.71 10.19 10.03 10.10

T2 10.25 10.07 10.17 9.81

T3 10.25 10.13 10.22 9.87

T4 10.17 9.85 10.11 9.90

T5 10.18 9.82 10.26 9.97

T6 10.26 9.80 10.13 9.95

T7 10.44 10.04 10.18 9.79
T8 10.30 9.99 10.72 10.14

T9 10.45 9.95 10.08 9.71

T10 10.50 9.76 10.09 9.82

Mean 10.25 9.96 10.20 9.91

Standard deviation 0.22 0.15 0.19 0.14
Relative standard deviation 2.16 1.48 1.90 1.38

F-stat 1.29 1.18 F-crit =3.18 (p=0.05)

t-stat 0.56 0.85 t-crit =2.10 (p=0.05)

*Label claim: 10 mg AT, 10 mg EZ per tablet

AUTHOR CONTRIBUTIONS

Concept: Z.C.E., E.D.; Design: Z.C.E., E.D.; Control: E.D.; Sources: E.D.; Materials: E.D.; Data

Collection and/or Processing: Z.C.E., E.D.; Analysis and/or Interpretation: Z.C.E., E.D.; Literature
Review: Z.C.E.; Manuscript Writing: Z.C.E., E.D.; Critical Review: Z.C.E., E.D.; Other: -

CONFLICT OF INTEREST

The authors declare that there is no real, potential, or perceived conflict of interest for this article.

ETHICS COMMITTEE APPROVAL

The authors declare that the ethics committee approval is not required for this study.

REFERENCES

1.

Kengne, A.P., Jean-Baptiste, B., Pauline, L.N., Petya, K., Petar, A., Maryse, K., Omar, |., Khan, Z.M.
(2024). Impact of single-pill combinations versus free-equivalent combinations on adherence and
persistence in patients with hypertension and dyslipidemia: A systematic literature review and meta-
analysis. Expert Review of Pharmacoeconomics & Outcomes Research, 24(7), 817-827. [CrossRef]
Weisser, B., Predel, H.G., Gillessen, A., Hacke, C., vor dem Esche, J., Rippin, G., Noetel, A., Randerath,
0. (2020). Single pill regimen leads to better adherence and clinical outcome in daily practice in patients
suffering from hypertension and/or dyslipidemia: Results of a meta-analysis. High Blood Pressure &
Cardiovascular Prevention, 27(2), 157-164. [CrossRef]

Sen, S., Ganta, B., Rachel, V.N., Gogikar, S.K., Singh, V., Sonti, R., Dikundwar, A.G. (2024). Mapping
advantages and challenges in analytical development for fixed dose combination products, a review. Journal
of Pharmaceutical Sciences, 113(8), 2028-2043. [CrossRef]

Ding, E., Baleanu, D., loele, G., De Luca, M., Ragno, G. (2008). Multivariate analysis of paracetamol,
propiphenazone, caffeine and thiamine in quaternary mixtures by PCR, PLS and ANN calibrations applied
on wavelet transform data. Journal of Pharmaceutical and Biomedical Analysis, 48(5), 1471-1475.
[CrossRef]

Ustiindag, O., Ding, E., Ozdemir, N., Tilkan, M.G. (2015). Comparative application of PLS and PCR
methods to simultaneous quantitative estimation and simultaneous dissolution test of zidovudine -
lamivudine tablets. Acta Chimica Slovenica, 62(2), 437-444. [CrossRef]



https://doi.org/10.1080/14737167.2023.2293199
https://doi.org/10.1007/s40292-020-00370-5
https://doi.org/10.1016/j.xphs.2024.04.025
https://doi.org/10.1016/j.jpba.2008.09.035
https://doi.org/10.17344/acsi.2014.1071

836 Ertekin and Ding J. Fac. Pharm. Ankara, 49(3): 827-837, 2025

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Madan, J., Dwivedi, A.K., Singh, S. (2005). Estimation of antitubercular drugs combination in
pharmaceutical formulations using multivariate calibration. Analytica Chimica Acta, 538(1), 345-353.
[CrossRef]

Ding, E., Ustiindag, O., Baleanu, D. (2010). Simultaneous chemometric determination of pyridoxine
hydrochloride and isoniazid in tablets by multivariate regression methods. Drug Testing and Analysis, 2(8),
383-387. [CrossRef]

De Luca, M., Oliverio, F., loele, G., Ragno, G. (2009). Multivariate calibration techniques applied to
derivative spectroscopy data for the analysis of pharmaceutical mixtures. Chemometrics and Intelligent
Laboratory Systems, 96(1), 14-21. [CrossRef]

Ma, Y.B., Chan, P., Zhang, Y., Tomlinson, B., Liu, Z. (2019). Evaluating the efficacy and safety of
atorvastatin + ezetimibe in a fixed-dose combination for the treatment of hypercholesterolemia. Expert
Opin Pharmacother, 20(8), 917-928. [CrossRef]

Ferreira, A.M., Marques da Silva, P. (2017). Defining the place of ezetimibe/atorvastatin in the
management of hyperlipidemia. American Journal of Cardiovascular Drugs, 17(3), 169-181. [CrossRef]
Qutab, S.S., Razzag, S.N., Khan, 1.U., Ashfag, M., Shuja, Z.A. (2007). Simultaneous determination of
atorvastatin calcium and ezetimibe in pharmaceutical formulations by liquid chromatography. Journal of
Food and Drug Analysis, 15(2), 139-144. [CrossRef]

Seshachalam, U., Kothapally, C.B. (2008). Hplc analysis for simultaneous determination of atorvastatin
and ezetimibe in pharmaceutical formulations. Journal of Liquid Chromatography and Related
Technologies, 31(5), 714-721. [CrossRef]

Rajasekaran, A., Sasikumar, R., Dharuman, J. (2011). Simultaneous RP-HPLC method for the stress
degradation studies of atorvastatin calcium and ezetimibe in multicomponent dosage form. Ars
Pharmaceutica, 52(3), 12-18.

Talluri, M.V.N.K., Kalyankar, A., Ragampeta, S. (2012). Synchronized separation of atorvastatin - an
antihyperlipidemic drug with antihypertensive, antidiabetic, antithrombotic drugs by rp-lc for
determination in combined formulations. Journal of Pharmaceutical Analysis, 2(4), 285-292. [CrossRef]
Goel, A., Baboota, S., Sahni, J.K., Srinivas, K.S., Gupta, R.S., Gupta, A., Semwal, V.P., Ali, J. (2013).
Development and validation of stability-indicating assay method by UPLC for a fixed dose combination of
atorvastatin and ezetimibe. Journal of Chromatographic Science, 51(3), 222-228. [CrossRef]

Ashutosh Kumar, S., Debnath, M., Seshagiri Rao, J.V.L.N., Gowri Sankar, D. (2014). Stability indicating
RP-HPLC analytical method development and validation for simultaneous estimation of atorvastatin and
ezetimibe in bulk as well in pharmaceutical dosages form by using pda detector. Der Pharmacia Lettre,
6(5), 37-55.

Varghese, S.J., Ravi, T.K. (2014). Quantitative simultaneous determination of fenofibrate, atorvastatin, and
ezetimibe in tablets using gradient high-performance column liquid chromatography and high-performance
thin-layer chromatography. Journal of Liquid Chromatography and Related Technologies, 37(19), 2784-
2799. [CrossRef]

Venkateswara Rao, B., Vidyadhara, S., Basaveswara Rao, M.V., Anusha, L. (2014). Validated RP-HPLC
method for the simultaneous estimation of atorvastain and ezetimibe in pure and pharmaceutical
formulations. Der Pharmacia Lettre, 6(4), 442-448.

Elzbieta, K., Ewa, M., Barbara, K.G., Krystyna, C., Elzbieta, W., Aleksander, P.M. (2015). Development
of chromatographic method for determination of drugs reducing cholesterol level-statins and ezetimibe.
Acta Poloniae Pharmaceutica-Drug Research, 72(3), 429-437.

Kumar, S.A., Debnath, M., Rao, J.V.L.N.S. (2015). New validated RP-HPLC analytical method for
simultaneous estimation of atorvastatin and ezetimibe in bulk samples as well in tablet dosage forms by
using pda detector. Current Drug Discovery Technologies, 11(4), 259-270. [CrossRef]

Raul, S.K., Aravelli, A.B., Jhansi, D. (2015). RP-HPLC method development and validation for the
simultaneous estimation of atorvastatin and ezetimibe in pharmaceutical dosage form. Asian Journal of
Pharmaceutical and Clinical Research, 8(2), 178-181.

Sree Janardhanan, V., Manavalan, R., Valliappan, K. (2016). Chemometric technique for the optimization
of chromatographic system: Simultaneous HPLC determination of rosuvastatin, telmisartan, ezetimibe and
atorvastatin used in combined cardiovascular therapy. Arabian Journal of Chemistry, 9, S1378-S1387.
[CrossRef]

Patil, P.M., Bobade, A.S. (2016). Development and validation of stability indicating RP-HPLC for
determination of atorvastatin calcium and ezetimibe in bulk and pharmaceutical dosage forms. International
Journal of Pharmacy and Pharmaceutical Sciences, 8(6), 38-42.


https://doi.org/10.1016/j.aca.2005.02.015
https://doi.org/10.1002/dta.145
https://doi.org/10.1016/j.chemolab.2008.10.009
https://doi.org/10.1080/14656566.2019.1594776
https://doi.org/10.1007/s40256-016-0205-0
https://doi.org/10.38212/2224-6614.2433
https://doi.org/10.1080/10826070701854402
https://doi.org/10.1016/j.jpha.2012.02.006
https://doi.org/10.1093/chromsci/bms131
https://doi.org/10.1080/10826076.2013.873870
https://doi.org/10.2174/1570163812666150101154857
https://doi.org/10.1016/j.arabjc.2012.03.001

J. Fac. Pharm. Ankara, 49(3): 827-837, 2025 Ertekin and Ding 837

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

Elbordiny, H.S., Elonsy, S.M., Daabees, H.G., Belal, T.S. (2024). Design of trio-colored validated HPLC
method for synchronized multianalyte quantitation of four top selling antihyperlipidemic drugs in different
fixed-dose combined tablets. Green Analytical Chemistry, 8, 100100. [CrossRef]

Nagavalli, D., Srinivas, B., Kalyan Chakravarthi, C. (2011). Simultaneous estimation of atorvastatin
calcium, ezetimibe and fenofibrate in pure and combined tablet dosage form by UV spectrophotometry.
International Journal of Pharmaceutical Sciences Review and Research, 8(2), 40-44.

Maher, H.M., Youssef, R.M., Hassan, E.M., El-Kimary, E.l., Barary, M.A. (2011). Enhanced
spectrophotometric  determination of two antihyperlipidemic mixtures containing ezetimibe in
pharmaceutical preparations. Drug Testing and Analysis, 3(2), 97-105. [CrossRef]

Baldha, R.G., Patel Vandana, B., Bapna, M. (2009). Simultaneous spectrophotometric determination of
atorvastatin calcium and ezetimibe in tablet dosage form. International Journal of ChemTech Research,
1(2), 233-236.

Abdelwahab, N.S., El-Zeiny, B.A., Tohamy, S.I. (2012). Two spectrophotometric methods for
simultaneous determination of some antihyperlipidemic drugs. Journal of Pharmaceutical Analysis, 2(4),
279-284. [CrossRef]

Sonawane, S., Shirkhedkar, A., Fursule, R., Surana, S. (2007). Simultaneous spectrophotometric estimation
of atorvastatin calcium and ezetimibe in tablets. Indian Journal of Pharmaceutical Sciences, 69(5), 683-
684.

Baghdady, Y.Z., Al-Ghobashy, M.A., Abdel-Aleem, A.A.E., Weshahy, S.A. (2013). Spectrophotometric
and tlc-densitometric methods for the simultaneous determination of ezetimibe and atorvastatin calcium.
Journal of Advanced Research, 4(1), 51-59. [CrossRef]

Patel, V., Baldha, R., Patel, D. (2010). Simultaneous determination of atorvastatin calcium and ezetimib by
ratio spectra derivative spectrophotometry and reverse phase-high performance liquid chromatography.
Asian Journal of Chemistry, 22(4), 2511-2517.

Otto, M., Wegscheider, W. (1985). Spectrophotometric multicomponent analysis applied to trace metal
determinations. Analytical Chemistry, 57(1), 63-69. [CrossRef]

Sebaiy, M.M., EI-Adl, S.M., Nafea, A., Aljazzar, S.O., Elkaeed, E.B., Mattar, A.A., Elbaramawi, S.S.
(2023). Different methods for resolving overlapping UV spectra of combination medicinal dose forms of
ciprofloxacin and metronidazole. BMC Chem, 17(1), 137. [CrossRef]

Proma, M., Debarupa Dutta, C., Prithviraj, C., Bhupendra, S., Bhuyan, N.R. (2021). Different ultraviolet
spectroscopic methods: a retrospective study on its application from the viewpoint of analytical chemistry.
Asian Journal of Pharmaceutical and Clinical Research, 14(9), 1-11. [CrossRef]

Marbach, R., Heise, H.M. (1992). On the efficiency of algorithms for multivariate linear calibration used
in analytical spectroscopy. TrAC Trends in Analytical Chemistry, 11(8), 270-275. [CrossRef]

Xu, L., Schechter, 1. (1996). Wavelength selection for simultaneous spectroscopic analysis. Experimental
and theoretical study. Analytical Chemistry, 68(14), 2392-2400. [CrossRef]

Wold, S., Kettaneh-Wold, N., Skagerberg, B. (1989). Nonlinear PLS modeling. Chemometrics and
Intelligent Laboratory Systems, 7(1), 53-65. [CrossRef]

Olivieri, A.C. (2018). The partial least-squares model. In A. C. Olivieri (Ed.), Introduction to multivariate
calibration: A practical approach (pp. 103-121). Cham: Springer International Publishing.

Jurado, J.M., Alcazar, A., Muiiiz-Valencia, R., Ceballos-Magatfia, S.G., Raposo, F. (2017). Some practical
considerations for linearity assessment of calibration curves as function of concentration levels according
to the fitness-for-purpose approach. Talanta, 172, 221-229. [CrossRef]

Olivieri, A.C. (2018). Principal component regression. In A. C. Olivieri (Ed.), Introduction to multivariate
calibration: A practical approach (pp. 73-86). Cham: Springer International Publishing.

Ding, E. (2007). Kemometri ¢cok degiskenli kalibrasyon ydntemleri. Hacettepe Universitesi Eczacilik
Fakiiltesi Dergisi, 27(1), 61-92.

Ding, E., Aktas, A.H., Baleanu, D., Ustﬁndag, 0. (2006). Simultaneous determination of tartrazine and
allura red in commercial preparation by chemometric HPLC method. Journal of Food and Drug Analysis,
14(3), 284-291. [CrossRef]


https://doi.org/10.1016/j.greeac.2024.100100
https://doi.org/10.1002/dta.165
https://doi.org/10.1016/j.jpha.2012.02.002
https://doi.org/10.1016/j.jare.2012.01.003
https://doi.org/10.1021/ac00279a020
https://doi.org/10.1186/s13065-023-01007-z
https://doi.org/10.22159/ajpcr.2021.v14i9.42172
https://doi.org/10.1016/0165-9936(92)87088-2
https://doi.org/10.1021/ac951142s
https://doi.org/10.1016/0169-7439(89)80111-X
https://doi.org/10.1016/j.talanta.2017.05.049
https://doi.org/10.38212/2224-6614.2467

