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SUMMARY

A rapid, simple, and cost-effective spectrophotometric method
combined with multivariate chemometric calibration was developed
Jor the simultaneous determination of paracetamol (PRC), caffeine
(CEN), and propyphenazone (PRPN) in a ternary pharmaceutical
Jormulation without any prior separation step. The direct UV
spectrophotometric analysis of these compounds is challenging due
to the significant overlap of their absorption spectra within the
220-300 nm wavelength range, which limits the applicability of
conventional methods. o overcome this issue, Partial Least Squares
(PLS) and Principal Component Regression (PCR) techniques were
applied 1o resolve the overlapping spectral data and enable accurate
quantification. Calibration models were constructed using a training
set of 35 laboratory-prepared mixtures in the concentration ranges of
3.0-16.0 pg/mL for PRC, 2.5-12.0 ug/mL for CFN, and 3.0-12.0
pug/mL for PRPN. The performance of the models was evaluated using
statistical parameters such as SEC, SEP, and RMSER demonstrating
strong predictive ability with low error values. Validation studies
confirmed high accuracy (recoveries close to 100%) and precision
(RSD < 3%), while robustness was verified through intra-and inter-
day analyses. The method was successfully applied to commercial
tablets, providing reliable and consistent results suitable for routine
quality control applications.

Keywords: Paracetamol, caffeine, propyphenazone, chemometrics,
multivariate calibration.

Us Bilesenli Bir Ilag Formiilasyonundaki Aktif Bilegiklerin Cok
Degiskenli Kalibrasyon Yontemleri Kullanilarak Kantitatif
Analizi

0z

Uglii bir farmasitik formiilasyonda parasetamol (PRC), kafein (CEN)
ve propifenazonun (PRPN) e5 zamanli olarak belirlenmesi icin,
onceden herhangi bir ayirma islemine gerck kalmadan, cok degiskenli
kemometrik kalibrasyonla birlestirilmis hizlt, basit ve uygun maliyetli
bir spektrofotometrik yontem gelistirilmistir. Bu bilesiklerin dogrudan
UV spektrofotometrik analizi, 220-300 nm dalga boyu araliginda
absorpsiyon  spektrumlarmin  onemli olgiide ortiismesi  nedeniyle
zordur ve bu da geleneksel yontemlerin wygulanabilirligini sinirlar.
Bu sorunun iistesinden gelmek igin, drtiisen spektral verileri cozmek
ve dogru nicellestirmeyi saglamak amactyla Kismi En Kiiciik Kareler
(PLS) ve Temel Bilesen Regresyonu (PCR) teknikleri uygulanmigtr.
Kalibrasyon modelleri, PRC igin 3,0-16,0 pg/mL, CEN i¢in 2,5-12,0
pug/mL ve PRPN icin 3,0-12,0 pg/mL konsantrasyon araliklarinda
laboratuvarda hazirlanan 35 kariimdan olusan bir egitim seti
kullanilarak olusturulmugstur. Modellerin performansi, SEC, SEP ve
RMSEP gibi istatistiksel parametreler kullanilarak degerlendirilmis
ve diigiik hata degerleriyle giichii tahmin yetenegi gisterilmistir.
Dogrulama ¢aligmalars, yiiksek dogruluk (geri kazanimlar %100
yakin) ve hassasiyer (RSD < %3) teyit ederken, saglambik giin ici
ve giinler arast analizlerle dogrulanmstir. Yontem, ticari tabletlere
basartyla uygulanmg ve rutin kalite kontrol uygulamalar: icin uygun,
gitvenilir ve tutarly sonuglar saglamigtir.
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INTRODUCTION

In recent years, the pharmaceutical and healthcare
sectors have increasingly focused on the development
and use of multicomponent pharmaceutical formula-
tions rather than single-drug preparations. This ten-
dency is largely attributed to the enhanced therapeu-
tic efficacy and improved clinical outcomes that can
be achieved through combination therapy. Numerous
over-the-counter analgesic products are formulated
as multi-component systems to provide synergistic
pharmacological effects. Among these combinations,
formulations containing PRC, CFN, and PRPN are
widely manufactured and marketed by many phar-

maceutical companies.

Paracetamol (PRC), also known as acetamino-
phen (N-(4-hydroxyphenyl) acetamide) (Figure 1a.),
is one of the most extensively used analgesic and
antipyretic agents worldwide and is commonly pre-

scribed for the treatment of mild to moderate pain

and fever (Warwick, 2008). The World Health Or-
ganization recommends PRC as a first-line therapy
for several pain conditions (Saragiotto et al., 2019).
Caffeine (1,3,7-trimethylxanthine or 3,7-dihydro-
1,3,7-trimethyl-1H-purine-2,6-dione) (Figure 1b.) is
a central nervous system stimulant belonging to the
methylxanthine class. In pharmaceutical formula-
tions, it is frequently incorporated as an adjuvant an-
algesic because it enhances the effectiveness of other
pain-relieving agents and contributes to the relief of
headaches and similar disorders (Reddy et al., 2024).
Propyphenazone (1,5-dimethyl-2-phenyl-4-propan-
2-yl-pyrazol-3-one) (Figure 1c.) is a pyrazolone de-
rivative with well-known anti-inflammatory, analge-
sic, and antipyretic activities (Aronson, 2006; Boerlin
etal., 1986). In clinical practice, it is commonly com-
bined with PRC and CFN in formulations intended
for the treatment of primary headache and related

pain syndromes.

oy a O

(a)

(c)

Figure 1. Chemical structure of a) Paracetamol, b) Caffeine, and ¢) Propyphenazone

The reliable quantitative analysis of such ternary
pharmaceutical systems is essential for monitoring
manufacturing processes, ensuring product quality,
and performing routine quality control analyses. Nev-
ertheless, the simultaneous determination of multiple
active ingredients in combined dosage forms remains
analytically challenging. Conventional analytical pro-
cedures often require complex sample preparation
steps, long analysis times, and expensive instrumenta-
tion, and may suffer from problems such as co-elution
of analytes or overlapping signals under experimental

conditions.
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Several chromatographic techniques have been
reported for the determination of this drug combi-
nation, including HPLC-DAD (Soponar et al., 2013),
thin-layer chromatography (Bober-Majnusz & Py-
ka-Pajak, 2024; Ibrahim et al., 2021), micellar elec-
trokinetic capillary chromatography (Emre & Ozaltin,
2007), and gas chromatography (Markovic & Kusec,
1990). Although these methods provide reliable re-
sults, they frequently involve extensive solvent con-
sumption, skilled operators, and relatively time-con-
suming procedures. In contrast, UV spectrophoto-
metric techniques combined with chemometric data

processing offer a rapid and economical alternative
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for the quantitative analysis of multicomponent phar-
maceutical mixtures. Moreover, from the perspective
of Green Chemistry, spectrophotometric methods
combined with chemometric tools offer important
environmental and economic advantages over con-
ventional chromatographic techniques. The proposed
approach reduces organic solvent consumption, elim-
inates complex separation procedures, and shortens
analysis time, thereby minimizing chemical waste
generation and operational costs. These character-
istics make the method an environmentally friendly
alternative for routine pharmaceutical quality control
laboratories. Such approaches allow the extraction of
useful analytical information even in cases where the

spectral profiles of the analytes significantly overlap.

Various spectrophotometric strategies have pre-
viously been proposed for the analysis of this terna-
ry drug system, including front-column methods
(Dominguez Vidal et al., 2003), absorption ratio
techniques (Pulungan et al., 2018), net analyte sig-
nal-based procedures (Gergov et al., 2018), deriv-
ative ratio spectrophotometry (Ding et al.,, 2001c),
principal component analysis approaches (Rosaldi
et al,, 2023), and higher-order derivative spectropho-
tometric methods (Ozgiir et al., 2002). In addition,
chemometric calibration techniques such as partial
least squares (PLS) and principal component re-
gression (PCR) have been widely applied to resolve
complex multicomponent analytical systems (Ding
et al.,, 2001a; 2001b). These multivariate approaches
establish mathematical relationships between spectral
data matrices and concentration profiles, allowing the
prediction of analyte concentrations in samples with
unknown compositions. PLS and PCR methods pro-
vide more precise and accurate results compared to
the classical multiple linear regression model. This
advantage stems from the noise elimination feature in

their algorithms.

In the present study, PLS and PCR chemometric
calibration models were developed and applied for

the simultaneous spectrophotometric determination

of PRC, CFN, and PRPN in commercial tablet formu-

lations without the need for prior separation.

The proposed methods were validated by evaluat-
ing recovery values and relative standard deviations,
and their analytical performance was assessed using
synthetic mixtures and pharmaceutical tablet sam-
ples. The obtained results were statistically compared
to demonstrate the applicability and reliability of the

developed chemometric approaches.
MATERIALS AND METHODS
Chemicals and reagents

Reference standards of paracetamol (PRC, 99.6%
purity), caffeine (CFN, 99.7% purity), and propy-
phenazone (PRPN, 299% purity) were obtained from
Sigma-Aldrich (Steinheim, Germany). Methanol of
gradient grade used for the preparation and dilution
of the solutions was purchased from Sigma-Aldrich
(USA). All solutions were freshly prepared on the day
of analysis and protected from light throughout the

experimental procedure to maintain their stability.

A commercial tablet formulation, Minoset Plus
30 (Bayer Tiirk Chemical Industry Ltd., Umraniye,
Istanbul, Turkey), was selected for the analytical ap-
plication of the proposed methods. Each tablet con-
tains 250 mg of PRC, 50 mg of CFN, and 150 mg of
PRPN. The formulation also includes several pharma-
ceutical excipients such as microcrystalline cellulose,
hydroxypropyl methylcellulose, esma spreng (formal-
dehyde casein), corn starch, talc, magnesium stearate,

and colloidal anhydrous silica.
Instruments and software

UV absorption spectra of the studied compounds
and their mixtures were recorded using a UV-VIS
spectrophotometer (Shimadzu UV-2550, Kyoto, Ja-
pan) operated with Shimadzu UVPC software. Spec-
tral measurements were carried out in the wavelength
range of 220-300 nm with a spectral interval of A\ =
0.1 nm. Data acquisition and subsequent statistical
analyses were performed using MATLAB 7.0 and
Microsoft Excel. The PLS and PCR chemometric cal-

575



Unal, Uger, Ding

ibration models were implemented in the MATLAB

environment using a custom-written M-file.

Preparation of stock, calibration, and validation

solutions

Stock solutions of PRC, CFN, and PRPN were
prepared by accurately weighing 10.0 mg of each
compound and dissolving them separately in meth-
anol in 100 mL volumetric flasks. The obtained stock
solutions were subsequently diluted with methanol to
prepare the calibration, validation, intra-day, and in-

ter-day working solutions.

For the construction of the PLS and PCR cali-
bration models, a set of 35 calibration mixtures was
prepared within the concentration ranges of 3.0-16.0
pg/mL for PRC, 2.5-12.0 pg/mL for CFN, and 3.0-
12.0 ug/mL for PRPN. In addition, thirteen synthetic
mixtures containing different concentration levels of
PRC, CFN, and PRPN within the working range were
prepared as an external validation set:

Precision studies were carried out by preparing
intra-day and inter-day samples at three concentra-
tion levels. The selected concentrations were 5.0, 10.0,
and 15.0 pg/mL for PRC; 3.0, 6.0, and 9.0 pg/mL for
CFN; and 4.0, 12.0, and 16.0 ug/mL for PRPN. For
the standard addition experiments, known amounts
of PRC, CFN, and PRPN standard solutions (0, 2.0,
4.0,and 6.0 ug/mL for each analyte) were added to the
commercial tablet sample solution, and each level was

prepared in triplicate.
Preparation of tablet sample

Ten tablets of Minoset® Plus (Bayer Tiirk Chemical
Industry Ltd., Turkey) were accurately weighed and
finely powdered in a mortar to obtain a homogeneous
mixture. An amount equivalent to one-twentieth of a
tablet was transferred into a 100 mL volumetric flask.

Methanol was added to the flask, and the suspension
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was stirred mechanically for 1 hour to ensure com-
plete extraction of the active ingredients. The mixture
was then filtered through a nylon membrane filter
with a pore size of 0.45 pum (ISOLAB, Wertheim, Ger-

many).

The filtrate was appropriately diluted with meth-
anol to obtain a final solution containing 15.0 ug/mL
PRC, 3.0 ug/mL CFN, and 9.0 ug/mL PRPN. This pre-
pared tablet solution was subsequently analyzed using
UV-VIS spectrophotometry for the application of the
PLS and PCR chemometric methods.

RESULTS AND DISCUSSION

Application of PLS and PCR chemometric mod-

els

In the present work, PLS and PCR chemometric
approaches were applied to spectrophotometric data
for the simultaneous determination of PRC, CEN, and
PRPN in a ternary pharmaceutical system without the
need for a separation step. The UV absorption spectra
of the individual compounds and their mixtures were
recorded within the wavelength range of 220-300 nm
with a spectral interval of A\ = 0.1 nm. The recorded

spectra are presented in Figure 2.

As illustrated in Figure 2, the absorption profiles
of PRC, CEN, and PRPN significantly overlap with-
in the selected spectral region. This spectral overlap
prevents the direct determination of the individual
components using conventional spectrophotometric
methods. To overcome this limitation, multivariate

chemometric calibration techniques were employed.

For the development of the calibration models, a
symmetrical calibration design consisting of 35 mix-
tures was constructed. The concentration ranges used
for the calibration set were 3.0-16.0 pg/mL for PRC,
2.5-12.0 pg/mL for CFEN, and 3.0-12.0 pg/mL for
PRPN. Detailed information regarding the compo-

sition of the calibration mixtures is given in Table 1.
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Figure 2. UV absorption spectra of 15.0 ug/mL PRC (—), 3.0 ug/mL CFN (—), 9.0 ug/mL PRPN (—),
and their ternary mixture (—)
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Table 1. A concentration set that includes mixtures of PRC, CEN, and PRPN drug compounds

Actual PRC Actual PRPN
Sample No. Actual CFN (pg/mL)
(npg/mL) (ng/mL)
1 3.0 2.5 3.0
2 8.0 2.5 3.0
3 12.0 2.5 3.0
4 16.0 2.5 3.0
5 3.0 4.0 6.0
6 8.0 4.0 6.0
7 12.0 4.0 6.0
8 16.0 4.0 6.0
9 3.0 8.0 9.0
10 8.0 8.0 9.0
11 12.0 8.0 9.0
12 16.0 8.0 9.0
13 3.0 12.0 12.0
14 8.0 12.0 12.0
15 12.0 12.0 12.0
16 16.0 12.0 12.0
17 3.0 2.5 6.0
18 8.0 2.5 6.0
19 12.0 2.5 6.0
20 16.0 2.5 6.0
21 3.0 4.0 3.0
22 8.0 4.0 3.0
23 12.0 4.0 3.0
24 16.0 4.0 3.0
25 3.0 8.0 12.0
26 8.0 8.0 12.0
27 12.0 8.0 12.0
28 16.0 8.0 12.0
29 3.0 12.0 9.0
30 8.0 12.0 9.0
31 12.0 12.0 9.0
32 16.0 12.0 9.0
33 15.0 0.0 0.0
34 0.0 0.0 9.0
35 0.0 3.0 0.0

PRC: Paracetamol
CFN: Caffeine
PRPN: Propyphenazone
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The absorbance data obtained from the calibra-
tion mixtures constituted the X-matrix, while the
corresponding concentration values were used as the
Y-matrix for the construction of the PLS and PCR
calibration models. While the PCR method, based
on singular value decomposition of absorbance mea-
surements, relies on the maximum variance between

variables, the PLS calibration method is a calibration

methodology based on the covariance of dependent

and independent variables.

The predictive ability of the models was evaluated
through cross-validation procedures. Prediction error
profiles as a function of the number of latent variables
for both PLS and PCR models are shown in Figures
3 and 4.

PLS Model

Estimated Mean Squared Prediction Error

—o— PRC
—&—PRPN
+—CFN

5 6 7 8 9 10

Number of components

Figure 3. Prediction error against the number of components for the PLS model

PCR Model

30(

[
o

[X]
(=

Estimated Mean Squared Prediction Error
=] 7

o

—8— PRC
—&— PRPN|
CFN

Figure 4. Prediction error against the number of components for the PCR model
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Based on the cross-validation results, the opti-
mal number of factors for both calibration models
was determined to be three, since the prediction er-
ror reached its minimum value at this point and re-
mained essentially constant with the inclusion of ad-

ditional components.

The performance of the developed chemometric

models was assessed using several statistical param-

eters, including the predicted residual error sum of
squares (PRESS), the standard error of prediction
(SEP), and the standard error of calibration (SEC).
These statistical indicators were calculated in order to
evaluate the accuracy and predictive capability of the
models. The obtained results are summarized in Table
2, where the agreement between actual and predicted
concentrations of PRC, CFN, and PRPN in the cali-

bration and prediction steps can be observed.

Table 2. Statistical parameters in the calibration and prediction steps for PCR and PLS

Analyte SEP SEC RMSEP

PRC 0.2258 0.1529 0.8155

E CEN 0.1005 0.1788 0.1615
PRPN 0.1868 0.234 0.5585

PRC 0.2555 0.1137 0.4138

§ CFN 0.1435 0.0914 0.1994
PRPN 0.2277 0.089 0.2533

SEC: The standard error of calibration

SEP: The standard error of prediction

RMSEP: The root mean squared error of prediction
PRC: Paracetamol

CFN: Caffeine

PRPN: Propyphenazone

Validation of the chemometric methods

The reliability of the proposed chemometric ap-
proaches was evaluated through validation studies.

For this purpose, thirteen synthetic mixtures contain-
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ing different concentration levels of PRC, CFN, and
PRPN were prepared as an independent validation
set. The analytical results obtained from these mix-

tures are summarized in Table 3.
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Table 4. The recovery results obtained in the intra-day and inter-day samples by the proposed PLS and
PCR methods (n=3 for every concentration level)

Found (ug/mL)
Added (ug/mL) PLS PCR
PRC CEN PRPN PRC CEN PRPN PRC CEN PRPN

2 5 3 4 4.93 2.96 3.88 4.9 2.89 3.86
z 10 6 12 9.85 6.14 11.77 9.81 5.94 11.9
E 15 9 16 14.92 9.21 15.88 14.88 8.93 16.11
2 5 3 4 4.94 2.98 3.88 4.92 2.9 3.95
?g 10 6 12 9.81 6.14 11.78 9.76 5.97 11.96
E 15 9 16 14.91 9.2 15.65 14.87 8.99 15.93

Recovery (%)

PLS PCR

PRC CEN PRPN PRC CEN PRPN
. 98.6 98.6 96.9 98.1 96.4 96.4
g 98.5 102.4 98.1 98.1 99 99.2
E 99.4 102.4 99.2 99.2 99.2 100.7
B 98.8 99.2 97.1 98.3 96.6 98.8
<
é 98.1 102.3 98.2 97.6 99.4 99.7
E 99.4 102.2 97.8 99.1 99.9 99.5

RSD (%)

PLS PCR

PRC CEN PRPN PRC CEN PRPN
o 1.01 0.97 2.88 0.96 1.26 2.12
'g 1.06 0.27 1.33 1.12 0.56 0.8
E 0.91 0.61 1.19 0.94 0.54 0.76
B 0.77 1.12 1.35 0.78 1.25 2.36
<
é 1.06 0.58 1.28 1.23 1.99 1.08
E 0.41 1.22 1.00 0.42 0.97 0.8

RE (%)

PLS PCR

PRC CEN PRPN PRC CEN PRPN
= -1.37 -1.39 -3.06 -1.93 -3.56 -3.6
; -1.45 2.35 -1.88 -1.88 -0.96 -0.83
E -0.56 2.38 -0.75 -0.83 -0.76 0.69
= -1.16 -0.8 -2.9 -1.66 -3.39 -1.25
"‘E -1.94 2.34 -1.8 -2.37 -0.56 -0.34
E -0.61 2.19 -2.2 -0.89 -0.07 -0.46

RSD: Relative Standard Deviation
RE: Relative Error

PRC: Paracetamol

CFN: Caffeine

PRPN: Propyphenazone
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The obtained results indicate that both chemom-
etric methods provide reliable and reproducible ana-

Iytical performance.

The selectivity of the proposed approaches and the
possible influence of tablet excipients were evaluated

using the standard addition technique. Known con-

centrations of PRC, CFN, and PRPN stock solutions
(0, 2.0, 4.0, and 6.0 pg/mL for each compound) were
added to aliquots of the tablet sample solution, and
each concentration level was prepared in triplicate.
The corresponding recovery values and relative stan-

dard deviations are listed in Table 5.

Table 5. The recovery results obtained in the standard addition samples by the proposed PLS and PCR

methods
Added (ug/mL) Found (ug/mL)
PLS PCR
PRC CEN PRPN PRC CEN PRPN PRC CEN PRPN
Formulation | 2.00 2.00 2.00 1.98 2.01 2.01 1.98 1.95 2.02
Formulation | 4.00 4.00 4.00 3.95 4.02 4.03 3.94 4.02 4.02
Formulation | 6.00 6.00 6.00 5.96 5.93 6.19 5.96 6.06 6.19
Recovery (%)
PLS PCR
PRC CFN PRPN PRC CFN PRPN
99 100.6 100.5 98.8 97.3 100.8
98.8 100.5 100.8 98.6 100.4 100.6
99.3 98.9 103.1 99.4 101 103.2
RSD (%)
PLS PCR
PRC CEN PRPN PRC CFN PRPN
0.49 1.18 1.75 0.75 12.68 3.44
0.51 1.83 1.31 0.63 5.29 2.61
1.67 0.71 0.27 1.76 4.24 0.37

RSD: Relative Standard Deviation
PRC: Paracetamol

CFN: Caffeine

PRPN: Propyphenazone

These results demonstrate that there is no effect of
tablet excipients on the simultaneous analysis of PRC,
CFN, and PRPN in the commercial tablet samples.

Analysis of commercial tablet formulation

The applicability of the developed PLS and PCR

chemometric calibration models was further tested by
analyzing a commercial tablet formulation containing
PRC, CEN, and PRPN. The predicted amounts of the
active compounds in the tablet samples are presented
in Table 6.
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Table 6. Analysis results obtained by applying PLS and PCR to tablets

mg/tablet

PLS
ExpNo. PRC CFN PRPN
1 252.6 50.0 150.4
2 250.3 49.9 148.5
3 243.5 48.4 150.6
4 255.5 48.4 151.3
5 254.9 52.1 146.7
6 247.7 50.8 150.5
7 250.1 50.8 152.7
8 249.9 50.3 152.7
9 251.9 49.4 152
10 254.3 50.4 152
Mean 251.07 50.06 150.73
SD 3.64 1.12 1.9
RSD 1.45 2.24 1.26

PCR

PRC CFN PRPN
252.6 50.0 150.4
250.3 49.9 148.5
243.5 48.4 150.6
255.5 48.4 151.3
254.9 52.1 146.7
247.7 50.8 150.5
250.1 50.8 152.7
249.9 50.3 152.7
251.9 49.4 152
254.3 50.4 152
251.07 50.06 150.73
3.64 1.12 1.9
1.45 2.24 1.26

SD: Standard Deviation

RSD: Relative Standard Deviation
PRC: Paracetamol

CFN: Caffeine

PRPN: Propyphenazone

A good agreement was observed between the re-
sults obtained using the two chemometric methods.
Furthermore, the calculated statistical parameters,
including standard deviation and RSD values, con-
firmed the reliability of both approaches for the quan-

titative analysis of the pharmaceutical formulation.
CONCLUSION

In this study, multivariate chemometric calibra-
tion models based on PLS and PCR were successfully
developed for the simultaneous spectrophotometric
determination of PRC, CFN, and PRPN in a ternary
pharmaceutical formulation without requiring a prior
separation step. The strong spectral overlap observed
in the 220-300 nm region was effectively resolved us-

ing multivariate data analysis techniques.

The developed models demonstrated satisfactory
calibration and prediction performance, as indicat-
ed by low SEC, SEP, and RMSEP values. Validation
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studies using independent synthetic mixtures yield-
ed mean recovery values close to 100% with relative
standard deviations generally below 3%, confirming
the accuracy and precision of the proposed methods.
In addition, intra-day and inter-day precision exper-
iments verified the robustness and reproducibility of
the chemometric models. Standard addition experi-
ments confirmed that tablet excipients did not inter-

fere with the determination of the analytes.

The developed PLS and PCR models were suc-
cessfully applied to the analysis of a commercial tablet
formulation, and the obtained results were consistent
with the labeled content of the active ingredients.
When compared with conventional chromatographic
techniques, the proposed chemometric spectrophoto-
metric approach offers several advantages, including
reduced solvent consumption, shorter analysis time,
simpler experimental procedures, and lower opera-

tional cost.
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Consequently, the results demonstrate that multi-
variate calibration methods combined with UV spec-
trophotometry provide a powerful and eflicient ana-
Iytical tool for resolving highly overlapping spectra in
multicomponent pharmaceutical systems. Therefore,
the proposed methods can be considered suitable al-
ternatives for routine quality control analysis of phar-
maceutical formulations containing PRC, CFN, and
PRPN.
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