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Abstract

The aim of this workwas to develop a single, generally applicable high
performanceliquid chromatography/diode array detector (HPLC/DAD) method for
simultaneous determination of the most frequently used cough and cold active substances
and their impurities that would be applicable for a number of possible formulation
compositions oftough and cold medicineSThe compounds that are separated by the
method include eleven active substances: paracetamol, phenylephrine HCI, caffeine,
ibuprofen, ascorbic acid, propiphenazone, pheniramine maleate, chlorphenamine
maleate, pseudoephedrine HClxtnlemethorphan HBr and cetylpyridinium CI; five of
their impurities: 4aminophenol, <4itrophenol, 4-chloroacetanilide, chlorphenamine
impurity C and ephedrine HCI; and two preservatives: sodium benzoate and propyl
parahydroxybenzoate. All 18 compoundsewsuccessfully separated on a reversed phase
(RP)}HPLC column with superficially porous particles using gradient elution with a very
simple mobile phase in 14 minutes with excellent sensitivity and resolution. Method

optimization was performed by the dgsiof experiments approach. The proposed
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method has been validated according to ICH guidelines and proved to be suitable for the

simultaneous qualitative and quantitative determination of the selected compounds in

different cough and cold dosage forms.

Keywords: cough and cold active substances and impuriti€d,C/DAD, superficially
porous particles, corghell particles, chemometrics, design of experiments
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Rs Resolution
UPLC Ultra performance liquid chromatography
Introduction

The cough and cold categorepresents a large part of oitbe-counter (OTC)
medicines, and encloses a vast and diverse array of pharmaceutical formulations usually
containing a combination of two or more active ingredients that target multiple symptoms
at once. The most frequentlused formulations comprise a combination of a
decongestant, antihistamine, analgesic, antitussive and according to the pharmaceutical
form may contain preservatives in addition to numerous excipients (Thif\éan
Schoor, 2013)The analytical methodssad for the quality control of these medicines
usually devote to one component at a time, so the analytical work involves several
different methods and is time consumirlg. the literature numerous and different
analytical techniques have been reported for the determination of cough and cold
ingredients such as ultravioleisible spectroscopy, thin layer chromatography, gas
chromatography, gas chromatography with masstsy®opy, capillary electrophoresis,
multivariate spectrophotometric method, and as the most widely used HPLC with
ultraviolet, fluorescence or mass spectroscopy (Acheampong et al., 2016; Dewani et al.,
2014, 2015; Hasan et al., 2016; Ibrahim et al., 204&in et al., 2002; Palabiyik and
Onur, 2010; Sawant and Borkar, 2011, 2015; Sehrawat et al., 2013; Xuan et al., 2013).

Having a common, reliable, fast and efficient method for the most frequently
encountered compounds and their impurities in rodipaent cough and cold
combinations that could be used for their simultaneous quantitative determination and
would be applicable to different dosage forms offers a benefit in the quality control of
these preparations, reducing time and cost of the analysig, the very current and
worrying problem of falsified medicines could have great use of asnathmpassing
method that could be used for screening and quantifying components of dubious samples
of medicines. Its use could further be broadened to degeittese active substances in
natural products for cough and cold treatment where they should not be present.

At present time HPLC is the most exploited and commonly available method that

would be a method of choice for simultaneous determination of rangéer of analytes
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as is the case with cough and cold formulations. Literature scouting reveals few HPLC
methods using corsghell technology and ultrperformance liquid chromatography
(UPLC) methods that can be applied for simultaneous determinationffefent
combinations of cough and cold active substances and their impubiéesfi and Patra,
2015; Grumbach et al., 2007; Pedije, 20Rhenomenex, 2009rass and Lomas, 2015;
Waters, 2014Yehia andEssam 2016) Nevertheless, to the best of our knowledge, so
far no singleHPLC method has been reported that could be used to determine all of the
undermentioned compounds in different cough and cold dosage forms.

The aim of this work was to develop a single, generally applicable, fast and simple
method for simultaneous detemation of the most frequently used cough and cold active
substances and their impurities that would be applicable for a number of possible
formulation compositions. In order to obtain an-RPLC method which offers the
separation and quantification of edgvactive substances, five of their impurities and two
preservatives (Tabl2) the power and advantages of eehell technology will be
acquired. The design of experiments approach would be used for optimization of the

proposed method.

Materials and methods
Materials

Working standards of the following substances: PAR, PHEPH (generously
provided by Chemax Pharma, Bulgaria), CARBU, ASCAC, PHEN, PROPHE,
PSEEPH, DEXMETH, PPHB, NaBENZ (generously provided Alialoid, Skopje,
Macedonia) CETPYR (generously provided I8uyog Life Sciences Pvt. Ltd., India)
were usedChemical reference material GBHLPHE was obtained fror8igmaAldrich.
Pro analysi grade of the impuritiesdPH (obtained fromMerck, Germany}4-NITPH
(obtained fromAcrosOrganics, USA)4 -CHLAC (obtained fronBigmaAldrich, USA)
and the counter ion maleic acid (MALAGKtained fromSigmaAldrich, USA) were
used Chemical reference substances of the impurities CHLINIRG EPHED were

obtained from the European Directorédethe Quality of Medicines

Reagents
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Acetonitrile (HPLC grade) was purchased from Carlo Erba Reagents, Val de
Reuil, France, and formic acid 94®0% (for analysis)was purchased from Merck
Darmstad, Germany. Water (highly purified) was obtained with a TKAAB

Reinstwasser system (Niederelbert, Germany).

Standardsolutions

Method development and optimization was done on a standard solution prepared
in the following manner: stock standard solutions of each substance were prepared at a
concentration of Ing/mL by dissolving each substance separately in a mixture:3®0
(% v/v) water: acetonitrile. The standard solution was a mixture of each of the individual
stock solutions prepared by diluting the stock solutions with dilisatNént A : solvent
B =99.9: 0.1 (%v/v)) to a final concentration of 47&/mL of each subanhce.

The final method conditions were confirmed on a system suitability solution
prepared as a mixture of each of the individual stock solutions by diluting them with
diluent to a final concentration of 2®/mL of ASCAC, PPHB, CAF, CHLPHE,
NaBENZ, PHEN and MALAC, 50ug/mL of PAR, PROPHE, PHEPH, PSEEPH, IBU,
CETPYR and DEXMETH, and fag/mL of 4AMPH, 4-NITPH, 4-CHLAC, EPHED
and CHLIMPC.

Samplepreparation

Three OTC formulations obtained from a local pharmacy were analysed. OTC
formulation 1 was a syrugontaining the active substances PAR, CHLPHE, DEXMETH
and PSEEPH with a declared content of rf@f) 1mg, 5mg and 15ng per 5mL syrup,
respectively. Sample solution of OTC formulation 1 for the quantitation of CHLPHE,
DEXMETH and PSEEPH was prepared dijuting the syrup with diluentsplvent A :
solvent B = 99.9 : 0.1 (%/v)) to a final concentration of the substances in solution:
10 pg/mL of CHLPHE, 50ug/mL of DEXMETH and 15qg/mL of PSEEPH (OTC1
Sample solution 1). Sample solution of OTC formulatib for the quantitation of PAR
was prepared by further diluting OTC1 Sample solution | with diluent fona
concentration o100pug/mL (OTC1 Sample solution I1).

OTC formulation 2 were sachets with powder for oral solution containing the
active substaces PAR and PHEPH, with a declared content of bd@@nd 12.2ng per
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sachet, respectively. Sample solution of OTC formulation 2 for the quantitation of
PHEPH was prepared by weighing an appropriate amount of the powder and dissolving
it in water: acetoiitrile = 50: 50 (%vV/v), mixing for 30 minutes in an ultrasonic bath, to
obtain afinal concentration of the substance 6fffg/mL (OTC2 Sample solution I). To
the solution was addedmlL of 1 M HCI, in order to obtain good peak shape of PHEPH.
Sample saltion of OTC formulation 2 for the quantitation of PAR was prepared by
further diluting OTC2 Sample solution | with diluent tofimal concentration of
200 ug/mL (OTC2 Sample solution 11).

OTC formulation 3 were filrtoated tablets containing the actiubdstances IBU
and PAR, with a declared content of 206§ and 500ng per tablet, respectively. Sample
solution of OTC formulation 3 for the quantitation of IBU and PAR was prepared by
letting one tablet (accurately weighed) disintegrate in a small amowtef, and then
dissolving it in acetonitrile water=80: 20 (% v/v), mixing for 60 minutes in an
ultrasonic bath. This solution was further filtered through a 0,45 pm PTFE filter and
diluted with diluent to afinal concentration of the substances d g/mL and

100 pg/mL, respectively (OTC3 Sample solution).

Chromatographiconditions

The study was done on an Agilent 1260 Infinity system, equipped with a G1311B
quaternary pump, G7167A multisampler, G1316A column compartment and G7117A
1290 DAD detetor. The chromatographic separation was achieved on a
Poroshelll20EC-C8 50mmx4.6 mm id.,, 2Z m particle size, chr
column (Agilent Technologies). The mobile phase consisted of sdlvent
(0.1%(v/v) formic acid (HCOOH) in water) and solve® (0.1%(v/v) formic acid in
acetonitrile), filtered through a 0.46n filter. The optimised conditions of the gradient
used are the following:i@ min 0.1% solvent B; 113 min from 0.1 to 15% solvent Bj 3
11 min from 15 to 90% solvent B; 412 min from ®% back to 0.1% solvent B and
stabilisation from 1214 min with 0.1% solvent B. The flow rate was kept atril@min
and the column temperature at%5 Injection volume was fil. The substances were
detected at 26B6m, using reference wavelength 450 nm and bandwidtmadO@ASCAC,
PAR, PHEN, PROPHE, CETPYR, PPHB, CAF, CHLPHEAMPH, 4-NITPH, 4-
CHLAC, CHLIMPC) and at 215m using reference wavelength 450 and bandwidth
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100nm (FHEPH, PSEEPH, NaBENZ, DEXMETH, IBU, EPHED), with a sampling rate
of 20 Hz. Data were acquired apdocessed by use of OdekB CDS, ChemStation

Edition software (Agilent Technologies).

Methodvalidation

Method validation was carried out according to |@itdrnational Conference on
Harmonization, 2005) and other appropriate guidelirBeswick, 2003;FDA, 1994,
2015; Little, 2015; Shabir, 2004; USBO-NF 35, 2017) determining: specificity,
linearity, accuracy, precision, detection limit and quantificaliiomt of the method.

Chemometrics

The optimization of the experimental factors through design of experiment
methodology was done using MODDE 1(bftware for design of experiments and
optimization (Umetrics, Umea, Sweden). The designed experimentcwedacted on

a standard solution consisted of all of the forementioned substances.

Results anddiscussion

Considering that the goal was to come up with a fast and simptéFRE method
that would be useful in the everyday of the analytical laboratory, the method aimed to
encompass as many of the most frequently analysed compounds in cough and cold
preparationsConducting a screen of the registered products on several pharmaceutical
markets it was concluded to focus on 11 active substances, 5 of their impurities and 2

preservatives.

Definition of preliminary chromatographic conditions

Looking at the structural formulas of the compounds and their broad polarity
range (Table), and the complexity of the mixture that should be analysed, one can easily
conclude that a gradient elution is inevitable. The starting point of the gradiertia@undi
was chosen according to general literature guidelines and having a fast and simple method
in mind. The initial method development was started with a typical scouting gradient at

room temperature, using 0.184v)formic acid in water as solveAt and
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0.1%(v/v) formic acid in acetonitrile as solveBt Acetonitrilewater is recommended as
mobile phase, because of its lower viscosity (and lower pressure drop). The pH value of
the mobile phase (both solvehtand solvenB) was below pH < 3, which wasiisable

for two reasons. First, th&{p values of both acids and bases will differ from the mobile
phase pH by > 2 units, thus providing a preferably more robust method that would resist
small pH changes, and second, bases are usually best separatedpht, loecause
undesirable interactions between sample molecules and the column packing (i.e. silanols)
are suppressed, thereby minimizing peak tailing and maximizing column plate numbers
(ChromAcademy;Dolan and Snyder, 200@nyder et al., 2010). To achewesired
separation a column that uses superficially porous particles as the packing material was
used. Coreshell silica particles which already have an extensive and successful
background as packing materials for HPLC columns (Hayes et al., 2014 ) pfticent

for the purpose of this study to obtain suitable separation with a fast flow rate and
relatively low back pressure.

A few of the chromatographic parameters that were varied in the initial experiments
(results not shown) with a great impactiorprovement of the separation of the peaks
were: the temperature of the column, the flow rate and the detector parameters. Column
compartment temperature of 35 was shown to be optimal for the separation of all of
the compounds, and the only parametet #chieved full baseline separation straight
away between CAF and PHEN. The proposed flow rate was 1 mL/min, and faster flow
rates didn't achieve an improvement in separation. The recorded UV spectra of the
proposed analytes suggested that the detedtiomd be performed at 215, 254 and 265
nm, with best overall detection observed at 8tb and 265:m with a reference
wavelength of 45@m. According to the expected generation of fast peaks due to the
small column dimensions, a faster sampling rate dfi2@ave a far better response in

the chromatogram.

Methodoptimization

After the initial experiments several critical resolutions between the peaks were
noticed: 4AMPH/ASCAC; 4AMPH/MALAC; EPHED/PSEEPH; CAF/PHEN;
CHLIMPC/CHLPHE; CHLPHE/NaBENZ; NaBENZMNITPH and 4
NITPH/DEXMETH. For complete separation of all of the compounds, the gradient was



doi: original scientific paper

optimized using modern chemometric tools for careful and systematic planning of the
experiments in order to identify the parameters of the gradient that wilttheverggest
impact on the separation and their optimal values.

Response surface design of experiments (DoE) was applied for systematic
planning of the experiments (Acevska et al., 2015; Araujo and Brereton, 1996a, 1996b;
Petkovska, 2008), which gave acate and useful results that efficiently lead to the
determination of the final gradient conditions in two sets of experiments. Since the most
influential parameters of the gradient for improving separation in general are the gradient
time and the gradiemange as well as out from the preliminary research data, parameters
chosen to be investigated in the first set of experiments were: the initial percentage of
solvent B in the mobile phase 6®oB)), the gradient time (tg) and the gradient range of
solventB  ( p%B) . The set of exper i medtengal was
Composite Face Centered (CCF) model. It consisted of seventeen experiments covering
the following ranges of the chosen three experimental facta®oB) from 2to 6%, tg
from 8 min (1st to 9th minute of the run) to 1&n (1st to 13th minute of the run) and
P%B fr om 7®80%(offsolvennB during tg) to 94% (from@96% of solvent
B during tg). The method was kept isocratic for the first minute of the run that should
provide satisfactory method robustness in method transfer. The chromatographic
response was evaluated based upon the resolutipbéRveen seven of the critical peak
pairs (Table 4). The impact of the chromatographic experimental factors on the separation
of the method represented through the normalized coefficients of the CCF DoE is shown
in Fig.1A. The relationship between sRas chromatographic descriptor and the
experimental factors over the defined experimental values is depicted iBRigth the
respons surface contour plot.

According to Fig1A, Wo(%B) and tg have the biggest impact on the separation.

Wo(%B) is the only parameter that influences positively the separation-of 4

AMPH/ASCAC, and has a lesser impactogidRf t he rest of hasde peak

less significant effect on &Rkhan tg. Examining the influence of tg in FigA and the
nature of its relationship todit the contour plots in Fid.B, it is observed that in general
it has opposite influence on the B the peaks from the firgind the second half of the

chromatogram. Increasing tg has a positive influence oioRpeaks up to around the
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5th minute of the gradient and decreasing tg has a positive influenggf@npRaks that
appear after the 5th minute of the gradient.

Achieving satisfactory Rbetween all of the peaks in the chromatogram according
to the results of the first set of experiments would require splitting of the gradient in two
steps. To achievthis, a second set of 27 experiments was acquired WiBTCE DoE
aiming toward defining the final look of the gradient. The defined experimental factors
of the twoastep gradient were: the initial percentage of solvent B in the mobile phase in
the first sep of the gradient (\{{?oB)), gradient time of the first step of the gradient)(tg
initial percentage of solvent B in the mobile phase in the second step of the gradient
(W1(%B)) and gradient time of the second step of the gradient {tge investigate
experimental area of the experimental factors wag2a8) from 0.1 to 2%, tgfrom
2 min (1st to 3rd minute of the run) tawin (1st to 5th minute of the run), N%B) from
15 to 25% and tgirom 8 min to 10min, depending on the time ofifgf tg1 = 2 min, tg
will range between the 3rd to 11th minute of the run as chromatographic minimum and
the 3rd to 13th minute of the run as the chromatographic maximum=ftgin, tgp
will range between the 5th to 13th minute of the run as chromatographic uminand
the 5th to 15th minute of the run as the chromatographic maximum.siietviReen nine
peak pairs was used as a descriptor of the chromatographic response (Table 5). The
influence of the gradient experimental factors on the separation of the mettoalnin
in Fig. 2A represented through the normalized coefficients of the CCF DoE. The response
surface shape of fRas a function of the experimental factors over the defined
experimental values is shown in F&B with the response surface contour plot.

After analysing the chromatograms and the chemometric results2jFigis
concluded that for achieving satisfactory resolutiog @R.0) between 4AMPH and
ASCAC it is necessary that§(¢6B) be kept the lowest possible, that is 0.1%. This factor
also irfluences R between the rest of the peaks and in opposite directions, but since it's
the only factor that can separate the fore mentioned compounds it was decided to keep its
value at 0.1% in the final gradient. The: ttas almost no influence on overalk R
(Fig. 2A), so its value was chosen to be at the chemometric minimum (i.e. 8 minutes).
Both tg and Wi(%B) have an important impact on separation (E&). opposite to one
another, and also influences Rf the peaks from the first and the second halfhef t

chromatogram in opposite direction. Keeping(¥B) and tg at the constant selected
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values, the response surface of the influence parnd Wi(%B) on R was further

investigated. Optimal values providing satisfactory resolutignR 1. 0) bet ween 8
the critical peak pairs for both experimental factors were drawn fron2Bigvhich for

W1(%B) is 15%, and for tgs 2 min. A system suitability solutiowas prepared and

injected using the final optimized twaiep gradient, showing that complete separation

(RsO2.0) between all of the analytes was achieviie peaks of EPHED and PSEEPH

are baseline separated with a critical resolution ofHi@ 3).

Methodvalidation

The chromatographic parameters of the peaks in the chromatogram of the system
suitability solution, suggesting excellent performance of the methe®2R0, number
of theoretical plates (NDP5000 tp/column, tailing factorT) (USP5 %) 02.0) are
represented in Tabkg

The summary of the validation results showing adequate performance of the
method for the parameters linearity, precision, detection and quantification limit, and
accuracy of the method for the selected pharmacediticaulations are represented in
Table 7 and 8.

Conclusion

A generally applicable, reliable, fast and efficient HPLC/DAD method for
simultaneous determination of the most frequently used cough and cold active substances
and their impurities was developed and optimized. The compounds that the method can
discriminat include eleven active substances: paracetamol, phenylephrine HCI, caffeine,
ibuprofen, ascorbic acid, propiphenazone, pheniramine maleate, chlorphenamine
maleate, pseudoephedrine HCI, dextromethorphan HBr and cetylpyridinium ClI; five of
their impurities: 4-aminophenol, <4itrophenol, 4-chloroacetanilide, chlorphenamine
impurity C and ephedrine HCI; and two preservatives: sodium benzoate and propyl
parahydroxybenzoate. All 18 compounds were successfully separated otHRLRP
column with superficially paus particles using gradient elution with a very simple
mobile phase in 14 minutes with excellent sensitivity and resolution. Method optimization

was assisted by the design of experiments approach, leading to a faster and accurate

10
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conclusion of the final ethod conditions. The proposed method has been validated and
proved to be suitable for the simultaneous qualitative and quantitative determination of
the selected compounds in different cough and cold dosage fbnemsesolution power

of the method for th big number of included compounds can sdovescreening and
quantifying components as is expected in comprehensive market surveillance studies
where completely different formulations of similar medicinal product types are expected
to be controlled for gality.

The results of this study revealed further possibilities of the applied approach
(combination of the proposed simple mobile phase at gradient elutionsloete
technology, and the design of experiment approach for optimization) for resolving
compounds with broad range of polarities. Therefore, it is proposed that this methodology
can be used as a platform and a common starting point for an easy development and
optimization of methods that encompass a large number of compounds, which could be
exploited as magic bullet screening methods.
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Table 1. Most frequently used active substances and their combinations in cough and cold

preparations
Antihistamines  Decongestants Analgesics Cough suppressant
First-generation: {Ephedrine {Paracetamol 9 Dextromethorphar
A {Pseudoephedrine {Ibuprofen
Chlorpheniramine qphenylephrine T Acetylsalicylic
A {Phenylpropanolamini acid
Brompheniramine f/Codeine

A Phenir
A Promet
A
Diphenhydramine
A Tripro
A
Phenyltoloxamine
Second
generation

A Lorata

Antihistamine + decongestént

Triprolidine + pseudoephedrine, eArtifed® Cold Tablets or Syrup; Betafed® Syt
Chlorpheniramine + phenylephrine, elpmazin® Syrup

Chlorpheniramine + pseudoephedrine, Elgsin® C Syrup

Brompheniramine + pseudoephedrine, Bigietapp® Paed Elixir

Loratadine + pseudoephedrine, édgmazin® NS Repetabs

Decongestant + analgesic

Pseudoephedrine + ibuprofen, éAgvil® CS Tablets; Benylin® for

Colds Tablets; Nurofen® Cold and Flu Tablets

Phenylephrine + paracetamol, e@affetin Cold Max® Powder for oral solutior
Coldrex Hotrem® Powder for oral solution; Flutex® Junior Cold d&fid Syrup

Phenylpropanolamine + paracetamol, Siguclear® Capsules
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Pseudoephedrine + paracetamol, d&lgxflu® Effervescent Tablets; Flusin® Sin
Tablets

Pseudoephedrine + paracetamol/codeine Sengimax® with Codeine Tablets

Antihistamine + decongestant + analgesic

Triprolidine + pseudoephedrine + paracetamol, Aogflu® P Syrup; Adcé-lupain®
Syrup

Diphenhydramine + pseudoephedrine + paracetamol, Beqylin® Four Flu
Liquid/Tablets

Chlorpheniramine + ephedrine + paracetd e.g.Colcleer® Tablets, Flusin® Tablet:
Sinucon® Tablets

Chlorpheniramine + pseudoephedrine + acetylsalicylic acidCenyx® Effervescen
Tablets

Chlorpheniramine + pseudoephedrine + paracetamoRRigostop® Tablets or Syru
Chlorpheniramine + phenylephrine + aspirin, &gstan® Tablets
Chlorpheniramine + phenylephrine + paracetamol, €glcleer® Paed Syrup
Flustat® Capsules, Grippon® Capsules, Grippon® Cold and Flu Tablets, Histac
Capsules

Pheniramine + phenylephrireparacetamol, e.dqpegoran® Fizzy
Phenyltoloxamine + phenylpropanolamine + paracetamol + codeinddeg@Sinal®
Co Tablets

Antihistamine + decongestant + analgesic + cough suppressant
Chlorphenamine + pseudoephedrine + paracetamol + dextromethogbanylol
Cold® Syrup

a- some products may also contain caffeine or vita@ifTaken fromvan Schoor, 201and adapted for

the purpose of this manuscript).
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Table 2. Active substances, impurities and preservatives included idetletoped

method

Active substances

1.Paracetamol (PAR)

2.Phenylephrine hydrochloride (PHEPH)
3.Caffeine (CAF)

4.Ibuprofen (IBU)

5.Ascorbic acid (ASCAC)
6.Propiphenazone (PROPHE)
7.Pheniramine maleate (PHEN)
8.Chlorphenamine maleate (CHLPHE)
9.Pseudoephedrine hydrochloride (PSEEPH
10.Dextromethorphan hydrobromide
(DEXMETH)

11.Cetylpyridinium chloride (CETPYR)

Impurities of paracetamol
12.4aminophenol (4AMPH)
13.4nitrophenol (4NITPH)
14.4-chloroacetanilide (4CHLAC)

Impurities of chlorphenamine maleate
15.Chlorphenamine impurity C (CHLIMPC)

Impurities of pseudoephedrine hydrochloride
16.Ephedrine hydrochloride (EPHED)

Preservatives

17.Propyl parahydroxybenzoate (PPHB)
18.Sodium benzoate (NaBENZ)
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Table 3. Structural formulas of the compounds included in the method, their partition
coefficients (logP) and dissociation constantX@ (PubChem Compound; DrugBank)

Antihistamines Decongestants Analgesics
i OH
| N Hom/j\ _CHs
o < « HCI
N 0% “OH HN.
SO
HO

PSEUDOEPHEDRINE HCI
log P =0.89;pKa=10.25

PHENIRAMINE MALEATE

log P =2.98; Ka (sh = 9.48 PARACETAMOL
log P = 0.46; Ka =
@ ¢ 9 LY 9.38
Sy OH N‘CH; « HClI
- | OH
OH
HaC™ 'V "CH, ©
CH;
OH
PHENYLEPHRINE HCI CHs
CHLORPHENIRAMINE HaGC o]
log P =-0.31; Ka = 8.97 3
MALEATE
log P = 3.58; (Ka (sb) = 9.47 IBUPROFEN
logP=3.97; Ka =
Impurities Cough suppressants 4.91
\-CHe

.\ H

NH, -
N
Ly - S
HO N
HsCO « HBr ©/ )

DEXTROMETHORPHAN PROPYPHENAZON
HBr E

log P = 3.49; Ka (sb) = logP=1.74

OH
/©/ 9.85
O3N

4-AMINOPHENOL
log P = 0.04; iKal = 5.48;pKa2
=10.46
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Preservatives Others

4-NITROPHENOL
logP=1.91; Ka=7.15

o'y

4’-CHLOROACETANILIDE
logP=2.12

cl

CHLORPHENIRAMINE
IMPURITY C

0

o " HO
i Hp
HO : O
HO

PROPYL g OH
PARAHYDROXYBENZO
ATE ASCORBIC ACID

log P =3.04; )Ka=8.5 log P =-1.85;

pKal = 4.17;pKa2 =

0 11.57
©)LO Nat

0
SODIUM BENZOATE ~N N/
A

0 |~|J N

logP =-2.27; Ka (sa) =
©/\/ Counter ion CAFFEINE
logP =-0.07; Ka =
EPHEDRINE HCI o 0 14.0
_ _ HOMOH
log P =1.32;
pKa (sa) = 13.89;lpa (sb) = ~ | o
NS
952 MALEIC ACID N
log P =-0.48; CHz(CHz)14CH3

pKal = 1.94;pKa2 = 6.22

CETYLPYRIDINIU
M CI
logP=1.71

sb = strongest basic, sastrongest acidic
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Table 4. Design of the first set of experiments according to*CE model, including
three experimental factors, their chosen ranges and the results for the studied

original scientific paper

chromatographic response (resolutior)(Between seven crititpeak pairs)

Exp Wo(%B) p%B tg
No %] o]  [min] Rsl Rs2 Rs3 R4 Rs5 Rs6 Rs/
1 2 78 8 0.61 093 188 1.78 229 1.02 2.08
2 6 78 8 0 091 3.06 1.87 194 120 2.39
3 2 94 8 0.62 0.68 163 159 259 1.14 1.00
4 6 94 8 0 093 271 164 225 128 1.37
5 2 78 12 063 133 222 235 131 O 6.15
6 6 78 12 0 094 3.69 224 099 0.84 4.56
7 2 94 12 063 106 211 211 189 0.79 3.12
8 6 94 12 0 093 321 216 156 114 3.86
9 2 86 10 0.63 0.98 203 196 2.07 0.97 2.89
10 6 86 10 0 096 312 203 1.74 119 3.20
11 4 78 10 0 1.26 235 212 174 098 361
12 4 94 10 0 117 213 188 212 112 241
13 4 86 8 0 112 191 167 235 1.20 154
14 4 86 12 0 129 245 224 154 081 3.87
15 4 86 10 0 124 226 199 186 1.05 3.07
16 4 86 10 0 124 226 199 187 1.06 3.08
17 4 86 10 0 124 226 199 186 1.05 3.06
Exp=experiment; W(%B)=i ni t i al percentage of

Rs3 = resolution

CHLPHE/NaBENZ; R6 =resolution NaBENZ/ANITPH; Rs7 = resolution 4NITPH/DEXMETH

CAF/PHEN;

R = resolution

s odradienbrangeBof i n
solvent B; tg= gradient time; Bl =resolution 4AMPH/ASCAC; Rs2 =resolution EPHED/PSEEPH,;

CHLIMPC/CHLPHE;

B = resolution

22
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Table 5. Design of the second set of experiments according td @@Rmodel, including four experimental factors, their chosen ranges
and the results for the studied chromatographic response (resolujdre(Reen nine critical peak pairs)

Exp Wo(%B) tgn  Wi(%B) to
No [%0] [min] [%0] [min]

Rsl Rs2 Rs3 R4 RH Rs6 Rs7 Rs8 R<9

1 0.1 2 15 8 127 158 080 1.95 193 2.03 158 3.98 3.07
2 2 2 15 8 064 145 125 236 192 196 169 3.86 2.77
3 0.1 4 15 8 127 161 173 252 191 O 0 795 198
4 2 4 15 8 064 142 175 3.04 210 0.70 0.87 6.70 1.57
5 0.1 2 25 8 127 160 O 1.39 162 331 224 191 3.77
6 2 2 25 8 063 143 0.76 165 163 290 211 228 3.51
7 0.1 4 25 8 127 162 114 214 232 093 105 742 232
8 2 4 25 8 063 142 132 250 248 119 166 733 1.71
9 0.1 2 15 10 127 163 080 194 211 173 148 578 2.85
10 2 2 15 10 064 142 124 237 217 177 173 522 242
11 0.1 4 15 10 126 163 174 253 165 O 0 916 155
12 2 4 15 10 063 143 174 305 193 O 0 6.97 1.04
13 0.1 2 25 10 127 160 O 1.39 165 3.28 223 241 3.87
14 2 2 25 10 063 142 0.74 164 168 293 221 272 351
15 0.1 4 25 10 127 160 115 216 232 092 105 7.46 222
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16 2 4 25 10 0.64 143 134 252 248 118 167 7.55 1.64
17 0.1 3 20 9 127 164 104 208 215 134 130 6.83 2.54
18 2 3 20 9 063 142 131 246 231 138 166 6.02 210
19 1.05 2 20 9 0 0 156 234 196 2.08 196 4.25 2.69
20 1.05 4 20 9 0 0 155 316 265 O 0O 797 111
21 1.05 3 15 9 0 0 159 316 205 O 0 6.53 1.80
22 1.05 3 25 9 0 0 152 260 208 1.77 1.84 494 245
23 1.05 3 20 8 0 0 158 287 222 112 162 5.76 2.06
24 1.05 3 20 10 0 0 153 289 236 105 163 6.71 1.79
25 1.05 3 20 9 0 0 159 287 232 109 162 6.25 191
26 1.05 3 20 9 0 0 155 288 231 106 163 6.33 1.93
27 1.05 3 20 9 0 0 137 293 229 102 159 6.23 1.87

Exp = experiment; W(%B) = initial percentage of solvent B in the mobile phase in the first step of the gradiengrigdient time of the first step of the gradient;
W1(%B) = initial percentage of solvent B in the mobile phase in the second step of the iytagiegradient time of the second step of the gradiegt;Rresolution
4-AMPH/ASCAC; Rg2 =resolution ASCAC/MALAC; R3=resolution EPHED/PSEEPHsR= resolution CAF/PHEN; B5=resolution CHLIMPC/CHLPHE;
Rs6 = resolution CHLPHE/NaBENZ; & = resoluton NaBENZ/4NITPH; Rs8 = resolution 4NITPH/DEXMETH; R9 = resolution DEXMETH/4-CHLAC
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Table 6. Peak performance parameters of the chromatogram of the system suitability solution

RT (minutes) Resolution N (tp/column) T (USP 5%)
# Substance 265 215 265 215 265 215 265 215

nm nm nm nm nm nm nm nm
1 4-AMPH 0.593 - - - 6197 - 1.83 -
2 ASCAC 0.688 - 3.17 - 8453 - 1.55 -
3 MALAC 0.870 - 2.42 - - - - -
4 PHEPH 1.424 1424 5.74 8.04 6343 6470 1.67 1.87
5 PAR 3.418 3.418 33.99 34.29 89710 91022 1.19 1.08
13549 15548
EPHED 11.15 1154
6 3.911 3.909 9 1 0.88 1.27
11867 10638
PSEEPH 3.964 1.21 1.25
7 3.964 6 5 1.32 1.63
20184 19958
CAF 4.271 7.28 7.04
8 4.271 7 4 1.30 1.32
17427 17052
PHEN 4.435 4.08 4.04
9 4.435 9 1 1.58 1.93
1 30471 34669
CHLIMPC  5.472 25.21 25.85

0 5.472 5 8 1.26 1.23
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1 26147 24538

CHLPHE  5.612 3.35  3.39
1 5.612 4 7 1.49  2.03
1 14245 14136

NaBENZ  5.791 339 3.33
2 5.791 5 5 1.08 111
1

4NITPH  5.957 231 239
3 5.961 84138 87238 1.00 1.39
1 DEXMET 27366 26324

6.297 522 5.8

4 H 6.298 6 2 1.75 175
1 23100 22710

4-CHLAC 6.523 439 435
5 6.524 9 2 1.10  1.67
1 30926 30619

PROPHE  7.118 11.27  11.17
6 7.118 0 1 115  1.13
1 30591 29672

PPHB 7.457 6.44  6.37
7 7.457 9 9 112 1.10
1 43671 43671

IBU 8.969 27.90  27.69
8 8.969 9 9 1.22  1.33
1 12470 13787

CETPYR  9.794 9.97 10.31
9 9.794 3 2 2.83 224

RT = retention timeN = number of theoretical plates;#theoretical plates; T (USP%) = USP tailing factor at % of peak height
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Table 7. Results for method validation parameters

original scientific paper

Substance Linearity? System precision (RSD/%) LOD® LOQ*
(ug/mL)  (ug/mL)

Active substances Range R? Line Equation  5pg/mL 25pg/mL  100pg/mL  300pg/mL

and preservatives (n=3) (n=6) (n=6) (n=3)

ASCAC (265 nm) 5-300 0.9996 y =0.868x + - -
pg/mL 0.3004 0.40 0.12 0.37 0.23

PHEPH (215 nm) 5-300  0.9992 y=1.555x + - -
pg/mL 0.3626 1.08 0.33 0.45 0.26

PAR (265 nm) 5-300 0.9992 y =1.4614% - -
pg/mL 0.2976 0.53 0.14 0.06 0.10

PSEEPH (215nm’  5-300 0.9994 y = 0.999x + 0.983 - -
pg/mL 0.34 0.86 0.32 0.80

PHEN (265 nm) 5-300 0.9994 y=0.9711x + - -
pg/mL 0.9573 0.81 0.19 0.26 0.20

NaBENZ(215 nm) 5-300 0.9992 y=1.6621x + - -
pg/mL 0.3143 1.04 1.10 0.61 0.30

DEXMET (215 5-300 0.9995 y = 1.0835% - -

nm) pg/mL 0.1364 0.73 0.97 0.76 0.30
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PROPHE (265 nm

IBU (215nm)

CETPYR (265 nm)

CAF (265 nm)

CHLPHE (265

nm)

PPHB (265 nm)

Impurities

4-AMPH (265 nm)

4-NITPH (265 nm)

4’-CHLAC (265

nm)

5-300
pg/mL
5-300
pHg/mL
5-300
pg/mL
5-300
pg/mL
5-300
pg/mL
5-300
pg/mL

0.1-20
pg/mL
0.5-20
pg/mL
0.1-20
pg/mL

0.9993

0.9989

0.9994

0.9995

0.9996

0.9993

0.9994

0.9991

0.9998

y = 1.8928x +
1.2099

y = 2.0005x
5.8093

y = 0.4913x
0.9499

y =2.2199%
2.0469

y =0.903x +
0.0322

y = 3.616x +
3.9602

y = 0.5311x
0.0742

y = 0.6861x +
0.1821

y = 1.5822x +
0.0262

0.41

0.84

1.56

0.42

0.69

0.23
LOD®

(n=10)

16.65

2.52

10.18

0.37

1.05

0.23

0.43

0.25

0.39
LOQ

(n=10)

7.70

2.52

3.41

0.09

1.02

0.24

0.16

0.14

0.14

1 pg/mL

(n=10)

2.99

2.34

1.48

0.21

0.04

0.25

0.05

0.20

0.18

20 pg/mL

(n=3)

0.07

0.38

0.05

0.1
0.5

0.1

0.2
0.5

0.2
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CHLIMPC (265 0.2-20 0.9994 y = 0.9537x 0.2 0.5
nm) pg/mL 0.0823 20.44 5.94 2.25 0.17
EPHED (215 nm) 0.5-20 0.9982 y =1.0459%

pg/mL 0.2795 12.92 8.88 4.79 2.58 0.5 0.75

R2 = correlation coefficient; RSD = relative standard deviation; n = number of determinations; LOD = limit of detection; ib@@fjuantification;

aAssessed through 11 concentration levels in the range 86ug/mL for the active substances (ASHahe preservatives (PRE), and through 14 concentration

levels in the range of 0120 ug/mL for the impurities (IMP). Linear relationship was obtained between the peak area and the corresponding cond@nratgv

for AS and PRE, anB200.98 forIMP).

b System precision for the AS and the PRE&s assessed by replicate injections of standard solutionsgain®, 25ug/mL, 100ug/mL and 30Qug/mL. The obtained

values for the RSD of the peak areas showed adequate system precisicdDZRIB) For the IMP, system precision was assessed by replicate injeofistendard
solutionsat LOQ, 1 pug/mL and 20ug/mL and the method was confirmed to be pred®s05.0% and RSD010.0% at LOQ).

¢LOD and LOQ for the IMP were predicted based on thedstad deviation of the response and the slope from a calibration curve, examining the response of a set of

solutions at low concentration levels, from 0.2.0 pg/mL. Experimental check was done to confirm the calculated values, evaluating injectiotabéedRSD
(n=10)033.0% at LOD; RSD (n=10D10.0% at LOQ)
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Table 8. Results for method validation parameters

original scientific paper

Substance Accuracy Method precision
(RSD/%}
OTC formulation 1 Recovery (%, n=3) Recovery (%, Recovery (%, n=3) at 100% of cw
(syrup) on 50% of cw n=3) on 150% of cw (n=6)
on 100% of cw
PAR (265 nm) 99914 101.0x0.9 995+1.1 1.07
(cw =100pg/mL)
DEXMETH (215 nm) 99.8+1.5 99.9+1.7 101.2+1.1 0.88
(cw=50pg/mL)
CHLPHE (265 nm) 101.1+£2.2 101.7+0.9 100.4 £ 0.7 1.45
(cw=10pg/mL)
PSEEPH (215 nm) 100.3+ 0.6 101.5+£0.8 101.6 £ 0.6 0.96
(cw=150ug/mL)
OTC formulation 2
(powder for oral solution
PAR (265 nm) 101.37 10.6 101.00 0.8 98.07 £0.02 1.87
(cw = 200pg/mL)
PHEPH (215 nm) 100.21 £2.2 100.15 2.5 101.73 1.1 1.14

(cw=50pg/mL)
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OTC formulation 3
(film-coated tablet)

IBU (215 nm) 101.78 £ 3.1 98.80 2.9 101.58 £1.8 1.21
(cw=40pg/mL)
PAR (265 nm) 101.90+ 0.9 100.22 1.9 101.63 #1.7 0.77

(cw=100pg/mL)

cw = working concentration; n = number of determinations; RSD = relative standard deviation

aThe accuracy of the method was validatesihg the method of standard additions. The calculated recovery values along wittotifidience interval (B 95 %)
confirm the method accuracyq0+ 2 %).

b Method precision was assessgtpreparing six sample solutions at Pa®f the working concentratioifhe calculate@®SDfor the peak areas shows adequate method
precision (RSDD2.0 %).
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4 Rs1 4-AMPH/ASCAC 5 Rs2 EPHED/PSEEPH Rs3 CAF/PHEN
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Fig. 1. Results from the first set of experiments using design of experiments appfa@Ci RQoE) during optimization of the HPLC method
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A. The impact of the studied gradient parameters: initial percentage of solvent Brinkilke phase (\3(%B)), gradient range of solvent B
(»wB) and gradient t i,anghe (esolytjon (8§ betveetrsavercritical paak pairs af antalytes.n s
B. Response surface contour plot depicting the relationship between the ras@gfiof the seven critical peak pairs and the change in

initial percentage of solvent B in the mobile phase(@¥B)) and the gradient time (tg) over the defined experimental values (the gradient
range of solvent%).B (p%B) is set to 86
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Fig. 2. Results from the second set of experiments using design of experiments apgt@eh E) during final optimization of the
HPLC method

A. The impact of the studied twaiep gradient parameters: the initial percentage of solvent B imobile phase in the first step of the
gradient (W(%B)), gradient time of the first step of the gradient)(toitial percentage of solvent B in the mobile phase in the second step
of the gradient (\W(%B)) and gradient time of the second step of tlaglignt (tg) and their interactions, on the resolutior)(Between nine

critical peak pairs of analytes.

B. Response surface contour plot depicting the relationship between the resolgtioht(fe nine critical peak pairs and the change in
gradient ime of the first step of the gradient {t@nd initial percentage of solvent B in the mobile phase in the second step of the gradient
(W1(%B)) over the defined experimental values (the initial percentage of solvent B in the mobile phase in the &fghstepadient

(Wo(%B)) is set to 0,26 and gradient time of the second step of the gradientigtget to 8 minutes).
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Fig. 3. Ghromatogram of the system suitability solution injected with the final optimized metwatitions showing adequate separation

between all of the peaks of the substances included in the method.
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