FABAD J. Pharm. Sci., 50, 2, 371-384, 2025
Doi: 10.55262/fabadeczacilik. 1664557
RESEARCH ARTICLE

Quantitative Estimation of Dexketoprofen and
Paracetamol in Effervescent Tablets by Chemometrics-

Assisted Spectrophotometry

Zehra Ceren ERTEKIN™, Erdal DINC”

Quantitative Estimation of Dexketoprofen and Paracetamol in
Effervescent Tablets by Chemometrics-Assisted Spectrophotometry

SUMMARY

Dexketoprofen (DEX) and paracetamol (PAR), a common drug
pair in multimodal analgesia, exhibit overlapping absorbance
spectra, making conventional UV-Vis spectroscopy unsuitable for
their simultaneous quantification. The objective of this work was
to develop and validate chemometrics-assisted spectrophotometric
methods for the simultaneous quantification of these drugs
in effervescent tabler formulations, despite their overlapping
spectra. UV-Vis spectrophotometry was combined with Principal
Component Regression (PCR) and Partial Least Squares (PLS)
regression to develop predictive models. A calibration set of 25
binary mixtures, with concentration ranges of 3—18 pug/mL for DEX
and 5-25 pgimL for PAR, was used to develop the chemometric
models. The models were built using the concentration data set
and the spectral data between 220 and 320 nm (A1=0.1 nm).
The accuracy and precision of the proposed chemometric methods
were assessed by analyzing a set of independent test samples as well
as intra-day and inter-day samples. The PCR and PLS models
provided accurate and precise quantification, with mean recovery
values and relative standard deviations within acceptable limits.
Commercial effervescent tabler samples were analyzed ro evaluate
the applicability, and assay results showed good agreement with
label claims. The proposed PCR and PLS methods offer reliable and
cost-¢ffective alternatives to HPLC for the simultaneous analysis
of DEX and PAR in pharmaceutical formulations. These methods
are suitable for routine quality control, reducing analysis time and
solvent consumption.
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Kemometri Destekli Spektrofotometri ile Efervesan Tabletlerdeki
Deksketoprofen ve Parasetamoliin Kantitatif Tayini

0z

Dekskeroprofen (DEX) ve parasetamol (PAR), multimodal analjezide
yaygin olarak kullanilan iki ilactir. Ancak, UV bilgesinde ortiisen
spektrumlars - nedeniyle ~ geleneksel  UV-GB  spektroskopisi  ile  bu
bilesiklerin es zamanly kantitatif tayini miimbkiin degildir. Bu ¢alsmanin
amaci, spektral ortiismeye ragmen DEX ve PAR etken maddelerinin
aynt anda analizini  saglayan kemometri destekli spektrofotometrik
yontemler gelistirmek, valide etmek ve bu yontemleri efervesan tabler
Jformiilasyonlarimin analizine uygulamaksir. Bu dogrultuda, birincil
bilesen regresyonu (PCR) ve kismi en kiigiik kareler (PLS) regresyonu
modellerinin UV-GB spektroskopisi ile beraber kullanilimly iki farkl:
miktar tayini yontemi gelistirilmistir. Modellerin olusturulmas icin 3-18
pg/mL DEX ve 5-25 ugimL PAR konsantrasyon araliginda hazirlanan 25
adet ikili karigimdan olusan bir kalibrasyon seti hazirlanmagtsr. Bu setin
220-320 nm (AL = 0.1 nm) arasindaki spektral verileri ve konsantrasyon
degerleri arasindaki iliski PCR ve PLS yontemleri ile modellenmigtir.
Onerilen kemometrik yontemlerin dogrulugu ve kesinligi, bagimsiz test
drnekleri ile birlikte giin ici ve giinler arasi analizlerle degerlendirilmistir.
PCR ve PLS modelleri, kabul edilebilir sinirlar icinde geri kazanim
yiizdeleri ve bagil standart sapma degerleriyle dogru ve hassas sonu¢lar
vermistir. Gelistirilen ve valide edilen bu yontemler, ticari efervesan
tablet Grneklerinin analizine uygulanmis ve elde edilen sonuglar, etiket
degerleriyle biyiik olciide wynwmlu bulunmustur. Geligtirilen PCR ve
PLS yintemlerinin, HPLCye maliyet agisindan avantajls, giivenilir
bir alternatif sunarak rutin kalite kontrol analizleri igin uwygun oldugu
belirlenmigtir. Bu yontemler, rutin kalite kontrol icin wygun olup, analiz
siiresini ve solvent titketimini azaltir.
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INTRODUCTION

Multimodal analgesia, the simultaneous use of
multiple analgesic drugs with different mechanisms of
action, is a pharmacologic approach designed to pro-
vide superior pain control with reduced side effects
(O’Neill & Lirk, 2022; Yerebakan et al., 2024). Dexke-
toprofen (DEX), the active enantiomer of ketoprofen,
is a non-steroidal anti-inflammatory drug prescribed
for short-term treatment of moderate pain, particu-
larly musculoskeletal pain, dental pain, and dysmen-
orrhea (Kuczynska et al., 2022). Paracetamol (PAR)
is one of the most popular and widely used drugs in
pain management. It has a central analgesic effect and
is primarily used for treating headaches, minor aches,
and moderate pain (Ayoub, 2021). As these drugs re-
duce pain through different mechanisms, they are a
common pair in multimodal pain strategies. Combin-
ing DEX and PAR leads to more effective analgesia
while lowering the required doses of each drug and
reducing side effects. This has led to the development
of pharmaceutical formulations containing DEX and
PAR for acute pain management, including muscu-
loskeletal and post-operative pain, and for arthritis
(Lépez Navarro et al., 2019). Additionally, this com-
bination has been used for the treatment of post-
COVID-19 symptoms, including myalgia and head-
ache (Medhat et al., 2024).

Developing new and effective analytical methods
is crucial to ensure the quality, efficacy, and safety
of drugs and pharmaceutical dosage forms. UV-Vis
spectrophotometry offers several advantages as an
analytical technique, including simplicity, accessibil-
ity, minimal sample preparation, and rapid analysis.
The simplicity and low-cost equipment of spectro-
photometry make it the method of choice for many
laboratories. However, classical spectrophotometric
methods may fail when analyzing dosage forms con-
taining more than one active ingredient with over-
lapping spectra, such as DEX and PAR. In these cas-
es, the researchers choose high-performance liquid

chromatography (HPLC), despite the disadvantages,
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which include high costs, extensive maintenance,
time-consuming procedures, higher solvent use, and
less environmentally friendly operations. A literature
review shows that the simultaneous determination of
DEX and PAR has primarily been conducted using
HPLC (Medhat et al., 2024; Mulla et al., 2011; Pokha-
rkar et al,, 2011; Rao et al., 2011).

On the other hand, there are less labor-intensive
and more feasible options to overcome these chal-
lenges, such as chemometrics-assisted UV-Vis spec-
trophotometry. Chemometric methods allow the ex-
traction of relevant information from complex data-
sets, including overlapping spectral data. Principal
component regression (PCR) and partial least squares
(PLS) are multivariate chemometric techniques com-
monly used in combination drug analysis to handle
complex, multicomponent systems. Chemometric
techniques, especially PCR and PLS, play an essential
role in overcoming the challenges of analyzing com-
bination drugs with overlapping spectral data. These
methods provide the accuracy needed for quality con-
trol in the pharmaceutical industry, ensuring safe and
effective medications reach the market.

PCR and PLS are well-established tools in phar-
maceutical analysis and they are extensively docu-
mented in the chemometric literature for their high
predictive power, robustness to noise, and flexibility
in handling collinear and overlapping data. Recent
studies continue to demonstrate their effectiveness
in the quantification of multicomponent mixtures in
both pharmaceutical and biological matrices (Aktas
& Sahin, 2021; Colak, 2024; Demirkaya Miloglu &
Karagol, 2023; Ertokus, 2022; Gandhi et al., 2021; Mi-
chael et al., 2024; Pekcan, 2024; Sayed et al., 2021; Se-
baiy et al., 2023). These methods not only improve an-
alytical sensitivity and selectivity but also streamline
method development by reducing reliance on expen-
sive instrumentation and solvent-intensive protocols.

To date, the only spectrophotometric quantifi-
cation study reported in the literature for this com-

bination (Kothapalli et al., 2011) employed classical
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spectrophotometric methods, specifically the simul-
taneous equation method and the Q-absorbance ratio
method. In these approaches, concentrations are de-
termined by solving simultaneous equations derived
from absorptivity coefficients at selected wavelengths.
While these methods are simple, rapid, and cost-ef-
fective, they depend heavily on the careful selection of
wavelengths, such as isosbestic points or regions with
significant absorbance differences, which limits their
applicability. These univariate techniques are general-
ly effective when spectral overlap between analytes is
minimal or well-characterized, but tend to be less re-
liable in cases of substantial spectral overlap and often
result in lower sensitivity and selectivity.

In contrast, chemometrics-assisted methods,
such as PCR and PLS, utilize the full spectral data-
set to model latent variables that correlate with an-
alyte concentrations. These multivariate approaches
do not require prior selection of discrete wavelengths
and can accurately resolve overlapping spectra with-
out physical separation of analytes. As a result, they
offer improved sensitivity, robustness, and analytical
performance, particularly in complex mixtures or for-
mulations.

In this work, two chemometrics-assisted spectro-
photometric methods were developed to simultane-
ously quantify PAR and DEX in spite of their overlap-
ping spectra. PCR and PLS methods were developed
and validated by employing training and test sets
containing both drugs in their linear concentration
range. Intra-day and inter-day measurements were
also performed for the validation of the analytical
methods. Finally, the chemometric methods were ap-
plied to the quantitative estimation of PAR and DEX

in effervescent tablet samples.

MATERIAL AND METHODS

Instruments and Software

A Shimadzu UV-2550 double-beam UV-VIS spec-
trophotometer (Kyoto, Japan) with UVProbe Software
(Shimadzu, Kyoto, Japan) was used to record absorp-
tion spectra of samples. A quartz cuvette with a 1 cm
light path was used, and the slit width was set to 2 nm.
Spectra were recorded over the wavelength range of
200-340 nm with an increment of 0.05 nm. The spectra
were transferred to an Excel sheet as column vectors.
Absorbance data between 220 and 320 nm (AA=0.1
nm), along with the nominal concentration data, were
used to model and validate the PCR and PLS methods
using MATLAB software (MathWorks, USA).

Chemicals and reagents

The standard materials of paracetamol and dexke-
toprofen trometamol were kindly gifted by a national
pharmaceutical manufacturer Deva (Tekirdag, Tiir-
kiye). Methanol of analytical grade supplied by Car-
lo Erba (Milan, Italy). The commercial sample, as an
effervescent tablet preparation, was procured from a
local pharmacy. It was produced by Neutec Pharma-
ceuticals, with a label claim of 50 mg DEX and 300 mg
PAR per effervescent tablet.

Standard solutions

Individual stock solutions of PAR and DEX were
prepared by dissolving 10 mg standard paracetamol
and 14.8 mg standard dexketoprofen trometamol
(equivalent to dexketoprofen) in 100 mL methanol. A
calibration set of 25 solutions (planned by 5*a facto-
rial design, 5 levels and 2 analytes) was prepared by
mixing appropriate amounts of stock solutions and
diluting them in methanol. The working concentra-
tion ranges were 3-18 pg/mL for DEX and 5-25 pg/
mL for PAR. The concentrations of DEX and PAR in

each calibration sample are shown in Table 1.
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Table 1. Calibration set for constructing PCR and PLS models

png/mL png/mL

Sample code DEX PAR Sample code DEX PAR
Cl1 3 5 Cl4 10 20
C2 3 10 C15 10 25
C3 3 15 Cl16 14 5
C4 3 20 C17 14 10
C5 3 25 C18 14 15
C6 6 5 CI19 14 20
C7 6 10 C20 14 25
C8 6 15 C21 18 5
C9 6 20 C22 18 10
C10 6 25 C23 18 15
Cl1 10 5 C24 18 20
C12 10 10 C25 18 25
CI13 10 15

To evaluate the performance of the chemometric
models, a set of 11 independent test samples contain-
ing both drugs at various concentration levels was
prepared in the same manner. The test set included:
(i) five DEX concentrations from the calibration range
with a fixed PAR concentration matching that of the
commercial formulation; (ii) five PAR concentrations
from the calibration range with a fixed DEX concen-
tration matching the commercial level; and (iii) one
sample containing both PAR and DEX at concentra-
tions equivalent to those in the commercial product.
This design ensured that all validation samples, listed
in Table 3, were distinct from those used in calibra-
tion. Additionally, as a part of the validation studies,
synthetic samples at three different concentration lev-
els (Table 4) were prepared in triplicate to assess in-
tra-day and inter-day precision.

Effervescent tablet sample solutions

Five effervescent tablets were ground into a fine
powder using a dry mortar. A portion equivalent to
the mass of 0.1 tablet was transferred into a 50 mL
volumetric flask. Approximately 20 mL of methanol
was added, and the mixture was allowed to stand un-
til foaming stopped, with occasional manual shaking.
The flask was then filled to volume with methanol. To

ensure complete dissolution of the drugs, the solution
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was magnetically stirred for 15 minutes and subse-
quently filtered. A 0.4 mL aliquot of the filtrate was
diluted to 10 mL and subjected to spectrophotometric
analysis. This procedure was repeated 10 times.

RESULTS AND DISCUSSION

In preliminary experiments, the spectra of indi-
vidual standard solutions of PAR and DEX at increas-
ing concentrations were recorded between 200-340
nm. The spectra of these solutions are shown in Fig-
ure 1, where red represents DEX and blue represents
PAR. DEX exhibits a prominent absorption band
with a maximum around 255 nm, while PAR shows
strong absorbance near 248.4 nm. As can be seen in
this figure, significant spectral overlap between DEX
and PAR in the UV region makes direct univariate
spectrophotometric quantification unsuitable for
their mixtures due to signal interference. Figure 1 also
displays the UV absorption spectra of their binary
mixture (containing 18 ug/mL DEX and 20 pug/mL
PAR) in green. The binary mixture spectrum reflects
the additive absorbance of both drugs, yet due to the
overlapping nature and possible matrix effects in com-
mercial formulations, the resulting profile may not be
a straightforward superposition. This overlap under-
scores the necessity of multivariate calibration meth-
ods such as PCR and PLS, which can deconvolute the
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mixed spectral information and extract concentration
data for each analyte by modeling the latent structure
in the dataset. Linear concentration ranges were in-

vestigated by plotting the absorbance values at 255

nm for DEX and 248.4 nm for PAR against the cor-
responding concentrations. The appropriate working
ranges were decided as 3-18 ug/mL for DEX and 5-25
ug/mL for PAR.

4

351

Absorbance

DEX
PAR 4
Mixture

200 220 240 260

280 300 320 340

Wavelength (nm)

Figure 1. UV absorption spectra of 3.0-18 pg/mL DEX (— blue), 5.0-25.0 pg/mL PAR (— red), and their
binary mixture consisting of 18 ug/mL DEX and 20 ug/mL PAR (— green).

Application of chemometric regression methods

Principal component regression (PCR) is a tech-
nique that combines principal component analysis
(PCA) and multilinear regression. The absorbance
data matrix is decomposed by PCA to extract the la-
tent variables (eigenvectors and their corresponding
eigenvalues). Then, a multilinear regression is applied
in an inverse least-squares manner to construct the
PCR calibration using the selected eigenvectors and the
mean-centered concentration data (Olivieri, 2018c).

In this study, the PCR model was implemented
by calculating the loadings, g , using the equation
q=DxT"xA, where D is the diagonal matrix contain-
ing the inverse of the selected eigenvalues, T is the
score matrix, and A is the absorbance matrix of the
calibration samples. Then, the regression coefficient,
b, was calculated as b=Pxgq, where P is the matrix of ei-
genvectors. The predicted concentration matrix, C_,
=bxA

was obtained using the equation C , where
pred sample

A is the absorbance matrix of the samples (Ding

sample

et al., 2006; Ding, 2007). In this work, the absorbance

matrix was constructed as absorbance values between
220-320 nm with an increment of 0.1 nm, and was
mean-centered.

The optimal number of principal components (i.e.,
eigenvector—-eigenvalue pairs) was determined using
the leave-one-out cross-validation technique. In this
approach, multiple PCR models are constructed by se-
quentially excluding one sample from the calibration
set, calibrating the model with the remaining samples,
and predicting the excluded sample. This process be-
gins with a model containing a single principal com-
ponent, and the corresponding prediction error is
calculated. The excluded sample is then reintegrated
into the dataset, and the procedure is repeated for
each sample in turn. This entire process is performed
iteratively for an increasing number of principal com-
ponents, up to a maximum of 10 in this study.

For each number of components, cross-validation
statistics, including the prediction error sum of squares
(PRESS), root mean squared error of cross-validation

(RMSECYV), and explained variance, were calculated.
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Table 2 presents the cross-validation results, while
Figure 2 illustrates the RMSECV as a function of the
number of principal components. As shown in Figure
2, adding up to three principal components resulted
in a significant reduction in prediction error. This
finding is further supported by the data in Table 2,

which indicates that three principal components ac-

Table 2. Statistical results of cross-validation

count for more than 99.99% of the variance in both
compounds. Including additional components yield-
ed minimal improvement, offering little relevant in-
formation and posing a risk of overfitting. Therefore,
the final PCR model was constructed using three
principal components, with the remaining compo-
nents excluded (Ding et al., 2005; Olivieri, 2018a).

PRESS RMSECV EV
PC number DEX PAR DEX PAR DEX PAR
1 642.549 505.821 5.174 4.591 97.499 97.499
2 11.022 15.263 0.678 0.797 99.966 99.966
peR 3 0.889 1.320 0.192 0.234 99.992 99.992
4 1.004 0.541 0.204 0.150 99.998 99.998
5 1.030 0.550 0.207 0.151 99.999 99.999
PRESS RMSECV EV
LV number DEX PAR DEX PAR DEX PAR
1 551.068 436.490 4.792 4.265 97.495 54.123
2 2.766 3.527 0.339 0.383 99.966 99.771
o 3 0.193 0.431 0.090 0.134 99.992 99.958
4 0.616 1.325 0.160 0.235 99.998 99.979
5 0.421 0.623 0.132 0.161 100.000 99.982

PCR: principal component regression, PLS: partial least squares, PC: principal component, LV: latent variable, PRESS: prediction
error sum of squares, RMSECV: root mean squared error of cross-validation, EV: explained variance

6 T

RMSECV

—&—PCR ¢y
—4A—PCRy .1

L 1 L 1

4

3

6 7 8 9

Number of components

Figure 2. Number of components versus the root mean squared error of cross-validation during cross-val-
idation of the PCR model.
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Unlike PCR, PLS uses both absorbance data and
concentration data in the decomposition process to
estimate the latent variables. It means that the latent
variables (principal components) in PCR are ana-
lyte-independent, whereas PLS latent variables are
analyte-dependent (Olivieri, 2018b; Ustiindag et al.,
2015). In the calibration step of PLS, absorbance data
A and calibration data C are decomposed into scores
and loadings by the following equations, called outer
relation (Ding et al., 2010):

A=TP"+E (1)

C=UQ"™+F (2)

here, and denote score matrices, and represent
the loading matrices, and and are the residuals as-
sociated with absorbance and concentration data,
respectively. PLS minimizes the F while keeping the
correlation between A and C using the inner relation
U=TD, where D is a diagonal matrix that ensures the
relationship between T and U.

In the regression step, the vector of PLS regres-
sion coeflicients, B, is calculated by the equation B=W
x(PTxW)'xQ, where W is a matrix of weights. Final-

ly, the concentration of the samples, Cp was com-

red’

puted using the equation C|_=BxA_ . (Ding, 2007).

As in the PCR method, the absorbance matrix, be-
tween 220-320 nm with AA=0.1 nm, was used after
mean-centering during PLS implementation. Similar-
ly, the optimal number of latent variables in the PLS
method was determined by leave-one-out cross-vali-
dation. For a maximum of 10 latent variables, PRESS,
RMSECYV, and explained variance values were calcu-
lated. Table 2 presents the cross-validation results,
while Figure 3 illustrates RMSECV values as a func-
tion of the number of latent variables. As shown in the
figure, the inclusion of more than three latent vari-
ables results in a slight increase in prediction error.
This observation is also supported by Table 2, where
the minimum PRESS value was obtained with a PLS
model using three latent variables, achieving an ex-
plained variance greater than 99.9% for both analytes.
Although models with more latent variables account-
ed for slightly higher variance, they were deemed
unsuitable due to the potential risk of overfitting.
Consequently, a PLS model with three latent variables
was selected as the most appropriate for modeling the

calibration data.

RMSECV
N
(%))

—&—PLS
— A F’LSF| A

0 i i T d i~ a—)

1 2 3 4 5

<] 7 8 9 10

Number latent variables

Figure 3. Number of latent variables versus root mean squared error of cross-validation in the PLS method
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Analytical validation of the developed methods

The analytical performance of the developed PCR
and PLS methods was evaluated by analyzing several
validation samples. A set of 11 independent test sam-
ples, containing DEX and PAR in several concentra-
tion levels different from the levels used in the cali-
bration set, was used for this purpose. The predicted

concentrations of DEX and PAR in these samples by

PCR and PLS models are listed in Table 3. This table
also depicts the percentage recovery of the samples as
well as the average and standard deviation of the re-
covery values. The mean recovery, standard deviation,
and relative standard deviation values were found to
be appropriate, indicating the suitability of the meth-
od for the simultaneous analysis of the mentioned

drugs in their mixtures.

Table 3. Recovery results of independent test samples by PCR and PLS methods

Added (ug/mL) Found (ug/mL) Recovery (%)
PCR PLS PCR PLS

Code DEX PAR DEX PAR DEX PAR DEX PAR DEX PAR
M1 3 24 2.92 23.96 2.84 24.08 97.36 99.83 94.76 100.34
M2 6 24 5.69 23.93 5.61 24.06 94.88 99.72 93.55 100.24
M3 10 24 10.09 24.08 10.01 24.21 100.91 100.32 100.06 100.85
M4 14 24 13.84 24.07 13.76 24.20 98.84 100.31 98.26 100.83
M5 18 24 18.05 23.86 17.97 23.99 100.28 99.41 99.81 99.95
M6 4 5 3.98 4.96 3.90 5.09 99.61 99.26 97.49 101.90
M7 4 10 4.07 9.76 3.99 9.89 101.74 97.60 99.67 98.90
M8 4 15 3.94 14.72 3.86 14.85 98.62 98.12 96.56 98.97
M9 4 20 3.94 20.11 3.86 20.23 98.48 100.54 96.48 101.16
M10 4 25 4.02 25.05 3.94 25.18 100.47 100.21 98.39 100.71
MI11 4 24 3.99 23.96 391 24.09 99.71 99.85 97.65 100.38
Mean 99.17 99.56 97.52 100.38

Standard deviation 1.89 0.94 2.07 0.89

Relative standard deviation 1.90 0.94 2.13 0.88

Additionally, the precision and accuracy of the
methods were evaluated by the inter-day (n=3) and
intra-day (n = 3) analyses at three concentration lev-
els (5 pg/mL, 10 pug/mL, 15 pg/mL for DEX and 8
pg/mL, 16 ug/mL, 24 pg/mL for PAR). The predict-
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ed concentration values were calculated by applying
PCR and PLS methods, and the corresponding results
(expressed as mean percent recovery, relative standard
deviation, and percent relative error values) are sum-

marized in Table 4.
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Table 4. Analysis results of intra-day and inter-day samples (n=3)

Added (ug/mL) Found (ug/mL)
PCR PLS
Code DEX PAR DEX PAR DEX PAR
= 5 8 5.21 7.94 5.12 8.07
:g 10 16 9.72 16.22 9.63 16.34
= 15 24 14.73 24.36 14.64 24.49
= 5 8 5.09 8.10 5.00 8.23
g 10 16 9.97 16.52 9.89 16.65
= 15 24 15.27 24.59 15.18 24.73
Mean recovery (%)
PCR PLS
DEX PAR DEX PAR
N 104.16 99.22 102.32 100.89
:g 97.18 101.35 96.34 102.15
= 98.18 101.50 97.62 102.04
= 101.85 101.25 100.03 102.92
:‘E 99.70 103.26 98.85 104.06
= 101.83 102.48 101.21 103.05
Relative Standard Deviation
PCR PLS
DEX PAR DEX PAR
- 1.00 0.64 1.01 0.63
<
é 0.16 0.40 0.16 0.40
= 1.19 0.81 1.19 0.80
= 3.87 2.03 3.74 2.09
:‘E 1.32 0.45 1.31 0.44
= 0.40 1.11 0.42 1.09
Relative Error
PCR PLS
DEX PAR DEX PAR
o 4.16 -0.78 2.32 0.89
3
§ -2.82 1.35 -3.66 2.15
= -1.82 1.50 -2.38 2.04
= 1.85 1.25 0.03 2.92
:;; -0.30 3.26 -1.15 4.06
= 1.83 2.48 1.21 3.05
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The limit of quantification (LOQ) values for both
DEX and PAR were calculated using a residual-based
approach. Unlike univariate calibration, where LOQ
is typically defined using the slope of a calibration
curve, multivariate models such as PLS and PCR do
not produce a single, well-defined slope. This is be-
cause predictions are based on a combination of cor-
related spectral variables and latent variables, making
the direct application of univariate formulas inappro-
priate. To address this, we applied a residual-based
method, consistent with established practices in the
chemometric literature (Allegrini & Olivieri, 2014;
Felmy et al., 2024; Parastar & Kirsanov, 2020). Specif-
ically, LOQ was calculated using the formula: LOQ =
10.0/S, where o is the standard deviation of the resid-
uals between the measured and predicted concentra-
tions for each analyte in the calibration set, and S rep-
resents the model sensitivity, defined as the Euclidean
norm of the regression coefficient vector for each an-
alyte. This approach incorporates the prediction error
to quantify noise and employs the regression vector

norm as a surrogate for sensitivity, thereby providing
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a performance-based and model-consistent estimate
of LOQ. The computed LOQ values of DEX and PAR
were 0.51 ug/mL and 0.50 pug/mL for PCR model, and
0.02 ug/mL and 0.02 pg/mL for the PLS model.

Assay results of effervescent tablet solutions

The absorbance matrix of effervescent tablet solu-
tions was subjected to the prediction step of PCR and
PLS methods. The predicted concentration of the
sample solutions was multiplied by the dilution factor
of 12.5, to calculate the DEX and PAR content as mil-
ligrams per effervescent tablet. The assay results are
summarized in Table 5, indicating a good agreement
with the label claim of 50 mg DEX and 300 mg PAR
per tablet. F-test and t-test were used to compare the
assay results obtained by applying PCR and PLS. As
can be seen in Table 5, the computed F- and t-statis-
tics were smaller than the critical values, indicating
comparable results in terms of variance and mean.
For both drugs, there was no significant difference
between the analysis results, provided by PCR and
PLS methods.
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Table 5. Assay results of commercial effervescent tablets by proposed PCR and PLS methods

Sample code DEX
E1l 53.47

E2 50.01
E3 48.96

E4 50.81
E5 51.10

E6 51.12
E7 49.96

E8 49.93
E9 51.26
E10 48.87
Mean 50.55

Standard deviation 1.34
Relative standard deviation 2.65
F-stat 1.02

t-stat 1.79

PCR

mg/tablet®
PLS

PAR DEX PAR
296.43 52.38 298.05
295.57 48.97 297.13
295.83 47.90 297.41
304.56 49.73 306.16
305.93 50.01 307.55
295.49 50.05 297.08
295.60 48.91 297.19
298.21 48.88 299.79
302.98 50.20 304.55
296.20 47.81 297.78
298.68 49.48 300.27

4.14 1.33 4.15

1.39 2.68 1.38

1.00 F-crit =3.18 (p=0.05)

0.86 t-crit =2.10 (p=0.05)

“Label claim: 50 mg DEX, 300 mg PAR per tablet

CONCLUSION

This study introduces two novel chemometrics-as-
sisted UV/Vis spectrophotometric methods—PCR
and PLS—for the simultaneous determination of
DEX and PAR in commercial effervescent tablets.
Both models used three latent variables and demon-
strated strong predictive performance across 11 in-
dependent validation samples, with mean recoveries
ranging from 97.5% to 100.4% and relative standard
deviations below 2.2%, confirming their accuracy and
precision. Intra-day and inter-day analyses further
supported the methods’ robustness, with low relative
errors and RSD values. The assay results for commer-
cial tablets closely matched label claims (50 mg DEX
and 300 mg PAR), with no significant differences
between PCR and PLS outcomes. These methods ef-
fectively resolved spectral overlap without requiring
separation or complex sample preparation and offer

a rapid, cost-efficient alternative to chromatographic

techniques. Their strong analytical performance and
practical advantages make them promising tools for
routine pharmaceutical quality control.
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