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bstract

The objective of the current study was to develop a simple, accurate, precise and rapid reversed-phase HPLC method and subsequent validation
sing ICH suggested approach for the determination of antihistaminic-decongestant pharmaceutical dosage forms containing binary mixtures
f pseudoephedrine hydrochloride (PSE) with fexofenadine hydrochloride (FEX) or cetirizine dihydrochloride (CET). The chromatographic
eparation of PSE, FEX and CET was achieved on a Zorbax C8 (150 mm × 4.6 mm; 5 �m particle size) column using UV detection at 218 and
22 nm. The optimized mobile phase was consisted of TEA solution (0.5%, pH 4.5)–methanol–acetonitrile (50:20:30, v/v/v). The retention times
ere 1.099, 2.714 and 3.808 min for PSE, FEX and CET, respectively. The proposed method provided linear responses within the concentration

anges 30–240 and 1.25–10 �g ml−1 with LOD values of 1.75 and 0.10 �g ml−1 for PSE and CET, respectively. Linearity range for PSE–FEX
inary mixtures were 10–80 and 5–40 �g ml−1 with LOD values of 0.75 and 0.27 �g ml−1 for PSE and FEX, respectively. Correlation coefficients

r) of the regression equations were greater than 0.999 in all cases. The precision of the method was demonstrated using intra- and inter-day assay
.S.D. values which were less than 1% in all instances. No interference from any components of pharmaceutical dosage forms or degradation
roducts was observed. According to the validation results, the proposed method was found to be specific, accurate, precise and could be applied
o the quantitative analysis of these drugs in capsules containing PSE–CET or extended-release tablets containing PSE–FEX binary mixtures.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Cetirizine (CET), (RS)-2-[4-[(p-chlorophenyl)phenyl-
ethyl]-1-piperazinyl]ethoxyacetic acid dihydrochloride

Fig. 1), a piperazine derivative and active metabolite of
ydroxyzine, is a second generation antihistaminic drug used
n symptomatic treatment of seasonal allergic rhinitis and
erennial allergic rhinitis as well as chronic urticaria and
ruritus [1–3]. CET selectively inhibits histamine H1-receptors
ithout causing sedation due to its physicochemical properties

hich prevents its passage through blood–brain barrier [1,4].
s an advantage compared to the first generation compounds,
ET is a non-sedating derivative and it does not affect

∗ Corresponding author. Fax: +90 216 345 29 52.
E-mail addresses: kucukguzel@hotmail.com,
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ation

erotonergic, muscarinergic and �-adrenergic receptors [1,4].
ombined formulation of CET with pseudoephedrine (PSE),
sympatomimetic decongestant, is prescribed mainly for the

reatment of seasonal allergic rhinitis [5].
CET is official in EP [6]. A literature survey reveals a vari-

ty of analytical methods for the analysis of CET including
itrimetric [7], spectrophotometric [8,9] and liquid chromato-
raphic methods [10–14]. There is also reports on stereoselective
etermination of CET using a chiral stationary phase and its
pplication to pharmacokinetic studies [15] and enantioselective
nalysis of CET in pharmaceuticals by cyclodextrin-mediated
apillary electrophoresis [16].

Use of acid–base titration [7] and HPLC [12] techniques have
een reported for the determination of CET alone in raw material

r pharmaceuticals. Spectrophotometric methods for the estima-
ion of CET in dosage forms alone [7,8] or combined with pseu-
oephedrine [9] were also described. Several HPLC methods
8,12,14] have been reported to be applied to tablets containing

mailto:kucukguzel@hotmail.com
mailto:ikucukguzel@marmara.edu.tr
dx.doi.org/10.1016/j.jpba.2007.10.018
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ig. 1. Chemical structures of pseudoephedrine HCl, cetirizine 2HCl and fex-
fenadine HCl.

ET. Jaber et al. have reported a validated RP-HPLC method for
he determination of CET and its related impurities in oral solu-
ion and tablets [17]. Another report by Nagavalli et al. describes
iquid chromatographic determination of CET and paracetamol
n human plasma and pharmaceutical formulations [18].

Two HPTLC procedures were reported for the quantification
f CET in human plasma [19] and in pharmaceutical dosage
orms [20], respectively. There is also a recent report about a
alidated HPLC method for dissolution test of combined tablets
ontaining cetirizine dihydrochloride and pseudoephedrine
ydrochloride [14].

Fexofenadine, �,�-dimethyl-4-[1-hydroxy-4-[4-
hydroxydiphenylmethyl)-1-piperidinyl]butyl]benzeneacetic
cid (Fig. 1), a selective H1-receptor antagonist, is the principal
ctive metabolite of terfenadine and it bears antihistaminic
roperties of the parent compound. Thanks to its capability to
xist in zwitter-ionic form, it cannot pass through blood–brain
arrier and therefore does not cause sedation [21,22]. FEX
isplays some anti-inflammatory properties and it has also
nother advantage as it lacks the cardiotoxic side effects (fatal
rrythmy) associated with terfenadine [21,22]. FEX is official
n the USP [23]. There are several reports on liquid chromato-

raphic determination of fexofenadine in biological fluids using
PLC-MS [24], HPLC with tandem mass detection [25] and
uorescence detection [26]. Literature survey revealed a few
ethods for the quantitative determination of fexofenadine
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nd its related compounds in bulk or pharmaceutical dosage
orms by HPLC with UV detection [27,28], as well as a spec-
rophotometric method in combined pharmaceutical dosage
orms with pseudoephedrine [9]. Recently, another HPLC
ethod were reported for dissolution tests for fexofenadine

ontaining capsules and coated tablets [29]. There are also
wo recent reports on capillary electrophoresis methods for the
etermination of FEX in capsules [30] or tablets [31].

Pseudoephedrine, (1S,2S)-2-methylamino-1-phenylpropan-
-ol (Fig. 1), is formulated with several antihistaminic active
ubstances including cetirizine [5] and fexofenadine [32,33] as
ntihistaminic-decongestant combination in capsule or coated
ablet forms for the treatment of seasonal allergic rhinitis. A
erivative spectrophotometric method have been reported for
he determination of pseudoephedrine in binary mixtures with
ntihistamines including cetirizine, fexofenadine and loratadine
9]. There are also liquid chromatographic methods reported for
he HPLC quantitation of pseudoephedrine in combined phar-

aceutical dosage forms with acrivastine [34] and loratadine
35].

There is no report on a validated HPLC method which
eparates PSE, FEX and CET; thus providing simultaneous
etermination of CET–PSE or FEX–PSE in pharmaceutical
osage forms. Therefore it was aimed at developing a sim-
le, sensitive, precise and rapid reversed-phase HPLC method
nd subsequent validation using ICH suggested approach for
he determination of antihistaminic-decongestant pharmaceuti-
al dosage forms containing binary mixtures of pseudoephedrine
ydrochloride (PSE) with fexofenadine hydrochloride (FEX) or
etirizine dihydrochloride (CET).

. Experimental

.1. Materials and reagents

Cetirizine dihydrochloride (CET) and pseudoephedrine
ydrochloride (PSE) were kindly provided by Deva Pharma-
euticals (Istanbul, Turkey). Fexofenadine hydrochloride (FEX)
as a gift from Sanovel Pharmaceutical Company (Istanbul,
urkey). Methanol and acetonitrile were of gradient grade
nd purchased from Merck company (Darmstadt, Germany).
riethylamine (TEA) and orthophosphoric acid (85%) were
f analytical grade and procured from Fluka and Carlo–Erba
ompanies, respectively. Doubly distilled water was used for
reparing mobile phase and other solutions. Pharmaceutical fin-
shed dosage forms utilized in the present work include: Cirrus®

apsules claimed to contain 5 mg of CET and 120 mg of PSE;
llegra-D® 12 h extended release tablets claimed to contain
0 mg of FEX and 120 mg of PSE.

.2. Instrumentation

The liquid chromatographic system, used in the present

tudy, consisted of an Agilent technologies 1100 series instru-
ent equipped with a quaternary solvent delivery system and
model Agilent series G-13158 photodiode array detector. A
heodyne syringe loading sample injector with a 20 �l sample
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oop was used for the injection of analytes. Chromatographic
ata were collected and processed using Agilent Chemstation
lus software. The separation was performed at ambient

emperature, on a reversed phase Zorbax Eclipse XDB-C8
olumn (150 mm × 4.6 mm; 5 �m particle size). A Zorbax C8
nalytical guard column (12.5 mm × 4.6 mm) packed with the
ame sorbent was used. All experiments were employed in the
socratic mode.

.3. Chromatographic conditions

The mobile phase was prepared by mixing methanol, ace-
onitrile and triethylamine (TEA) solution (0.5%) in varying
roportions. Before mixing with organic solvents, the final
H of TEA solution (0.5%) was adjusted to the desired value
pH 3.0–5.0) with orthophosphoric acid. The optimum mobile
hase which was used in the validation studies consisted of
EA solution (0.5%, pH 4.5)–methanol–acetonitrile (50:20:30,
/v/v). This phase was filtered through a 0.45 �m membrane
nd degassed by ultrasonication, prior to use. Solvent delivery
as employed at a flow rate of 1.5 ml min−1. Detection of the

nalytes were carried out at 218 nm for FEX –PSE; and 222 nm
or CET–PSE binary mixtures. Injection volume of the analytes
as set to a constant volume of 20 �l using a sample loop.

.4. Standard stock solutions and construction of
alibration curves

Stock solutions of 1 mg ml−1 of CET, FEX and PSE were pre-
ared by dissolving them in methanol and kept in a refrigerator
ntil being used. Standard calibration solutions were prepared
y dilution of the stock solutions using the mobile phase. These
olutions were considered at seven different levels which were
5%, 50%, 75%, 100%, 125%, 150% and 200% of the test
oncentration. For CET–PSE binary mixtures, standard solu-
ions of CET and PSE containing a constant concentration of
�g ml−1 of FEX (internal standard) were prepared in mobile
hase by maintaining the concentrations in the range of 1.25–10
nd 30–240 �g ml−1, respectively. For FEX–PSE binary mix-
ures, standard solutions of FEX and PSE containing a constant
oncentration of 20 �g ml−1 of CET (internal standard) were
repared in mobile phase by maintaining the concentration in
he range of 5–40 and 10–80 �g ml−1, respectively. Six replicate
njections were made for each concentration. The calibration
urves for CET–PSE and FEX–PSE binary mixtures were con-
tructed by plotting the peak area ratio of the drug to that of
nternal standard, against the drug concentration.

.5. Sample preparations

Twenty tablets or capsule contents were accurately weighed,
heir mean weight were determined, and they were then finely
owdered. An amount equivalent to one tablet or capsule con-

ent was transferred into a 50 ml volumetric flask, added 40 ml of

ethanol, sonicated for 30 min, diluted to 50 ml with methanol
nd a 10 ml sample taken from this solution was centrifuged
t 3000 rpm for 15 min. A 1-ml aliquot from supernatant was
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hen decanted to another 10-ml volumetric flask. Appropriate
mounts of internal standards, FEX for CET–PSE binary mix-
ures and CET for FEX–PSE binary mixtures, were added to
ive fixed concentrations of 5 and 20 �g ml−1, respectively. Test
olutions were then made up to volume with the mobile phase.
he amounts of CET–PSE and FEX–PSE in binary mixtures
r dosage forms were individually calculated using the related
inear regression equations.

.6. Recovery studies

To demonstrate the accuracy of the proposed method and to
ee whether there is inferference from excipients used in the
osage forms, recovery studies were employed by the standard
ddition method. This was carried out by adding known amounts
f CET–PSE (for Cirrus® capsules) or FEX–PSE (for Allegra-
® extended release tablets) to the powdered commercial tablets
r capsule contents. HPLC samples were then prepared and the
esulting mixtures were analysed as described for pharmaceuti-
al dosage forms.

.7. Accelerated degradation studies

All degradation experiments in solution were performed at a
rug concentration of 500 �g ml−1. For acid and basic degrada-
ion, 2 ml of stock solution was heated with 2 ml of 0.5 N HCl or
.5 N NaOH at 80 ◦C for 4 h, and then neutralized by adjusting
he pH to 7.0. For photo and thermal decomposition experiments,
eparate solutions of pure drug samples in the mobile phase
500 �g ml−1) were prepared. These solutions were exposed to
ltraviolet light (254 nm) for 10 h, direct daylight for 24 h; or,
ept at 80 ◦C for 8 h. Another solution which was protected from
ight, was also kept at ambient temperature for 24 h in order to
bserve short term stability of the stock solutions.

. Results and discussion

.1. Optimization of the chromatographic conditions

During the optimization of the separation method,
hree columns (Zorbax C8 5 �m, 150 mm × 4.6 mm; Kro-

asil C18 5 �m, 250 mm × 4.6 mm; Symmetry C18 5 �m,
50 mm × 4.6 mm), two organic solvents (acetonitrile and
ethanol) and five different pH values (3.0–5.0) with and with-

ut ion pairing agent (hexane sulphonate) were tested. CET and
EX exhibited a similar behaviour as they both are amphoteric
ue to the presence of alicyclic amine and carboxylic acid moi-
ties. PSE did not give dramatic responses to moderate variations
n chromatographic conditions as CET and FEX did; due to its
ery polar nature. Of the stationary phases experienced, Zorbax
8 gave the best results in terms of peak shape, resolution and
nalysis time. To overcome the weak retention of PSE, forma-
ion of its ion pair with hexane sulphonate was tried; but this

esulted in very late elution or no peaks for CET and FEX.

After trying several mobile phases containing acetonitrile
nd methanol with various buffers, the one consisting of
ethanol–acetonitrile–TEA (0.5%) proved to be useful for bet-
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Table 1
System suitability results of the proposed method

Compound N R T R.S.D. of

tR Peak area

PSE 2434 – 1.13 0.24 0.70
FEX 4896 12.53 1.21 0.13 0.21
CET 6915 7.54 1.17 0.14 0.35
Required limits N > 2000 R > 2 T < 1.5 R.S.D. < 1%
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er resolution and peak symmetry. TEA not only provided the
esired pH together with orthophosphoric acid, but also pre-
ented peak tailing of our basic analytes due to its silanol
asking feature [36]. To optimize this mobile phase, propor-

ions of methanol + acetonitrile were systematically changed
rom 10 + 40 to 40 + 10%, whilst percentage of TEA (0.5%, pH
.0) was always 50%. Higher acetonitrile ratio resulted in shorter
etention times of all analytes whereas all three compounds tend
o elute later with increasing ratio of methanol. For further opti-

ization, methanol + acetonitrile (20 + 30%) were mixed with
EA (0.5%) of different pH values varied in the range of 3.0–5.0.
s a result of pH screening, the optimum mobile phase was

hosen as TEA solution (0.5%, pH 4.5)–methanol–acetonitrile
50:20:30, v/v/v). The flow rate used was set to 1.5 ml min−1

or all experiments. Using this mobile phase, best results were
btained in terms of peak symmetry, selectivity and analysis
ime for both pharmaceutical formulations.

Detection wavelengths were chosen considering the ratios of
ctive ingredients in pharmaceutical dosage forms. Thus, it was
imed at maintaining the peak heights close to each other as
uch as possible. The detector was set to 218 nm for determi-

ation of the extended–release tablets which contained 120 mg
f PSE and 60 mg of FEX. Using this wavelength, the peak of
ET was very small in comparison to PSE peak, as the capsules
ontained 120 mg of PSE and only 5 mg of CET. Therefore,
etection was performed at 222 nm where CET had a higher
bsorbance in spite of its low amount in the formulation.

Our aim was to develop a rapid and sensitive liquid chro-
atographic method for the quality control analysis of either

exofenadine HCl or cetirizine 2HCl binary mixtures with pseu-
oephedrine HCl in pharmaceutical dosage forms. As it was pos-

ible to separate these three compounds within less than 5 min,
EX was selected as internal standard for the quantitation of cap-
ules containing CET–PSE, whereas CET was the internal stan-
ard for the analysis of FEX–PSE in extended–release tablets.

m
p
t

able 2
ummary of forced degradation studies

tress conditions Time (h)

seudoephedrine
Acid hydrolysis (0.5 N HCl at 80 ◦C) 4
Basic hydrolysis (0.5 N NaOH at 80 ◦C) 4
Thermal decomposition (at 80 ◦C) 8
Photodecomposition under direct daylight 20
under UV (254 nm) 10

etirizine
Acid hydrolysis (0.5 N HCl at 80 ◦C) 4
Basic hydrolysis (0.5 N NaOH at 80 ◦C) 4
Thermal decomposition (at 80 ◦C) 8
Photodecomposition under direct daylight 20
under UV (254 nm) 10

exofenadine
Acid hydrolysis (0.5 N HCl at 80 ◦C) 4
Basic hydrolysis (0.5 N NaOH at 80 ◦C) 4
Thermal decomposition (at 80 ◦C) 8
Photodecomposition under direct daylight 20
under UV (254 nm) 10

a Purity factors were calculated for the related peaks corresponding to pseudoephed
: theoretical number of plates; R: resolution; T: USP tailing factor; tR: retention
ime; R.S.D.: relative standard deviation for retention time or peak areas obtained
rom six replicate injections (instrument precision).

.2. Validation of the method

The aim of method validation was to confirm that the present
ethod was suitable for its intended purpose as described in

CH guidelines Q2A and Q2B [37]. The described method has
een extensively validated in terms of specifity, linearity, accu-
acy, precision, limits of detection (LOD) and quantification
LOQ) and system suitability. The precision (% relative stan-
ard deviation) was expressed with respect to the intra- and
nter-day variation in the expected drug concentrations. The
ccuracy was expressed in terms of percent recovery of the
nown amount of the active pharmaceutical ingredients (APIs)
dded to the known amount of the pharmaceutical dosage forms.
fter validation, the developed method have been applied to
harmaceutical dosage forms containing CET–PSE (FEX used
s IS) and FEX–PSE (CET used as IS), respectively.

.2.1. System suitability

System suitability tests are an integral part of a liquid chro-

atographic method, and they were used to verify that the
roposed method was able to produce good resolution between
he peaks of interest with high reproducibility [38]. The system

% recovered Purity factora RRT of degradants

97.6 998.298 1.45
99.3 998.797 1.45
98.9 999.598 1.44
98.5 998.802 1.44
98.3 999.385 1.44, 2.40

98.7 999.973 0.41, 2.75
96.3 999.934 0.41
89.7 999.923 0.41, 2.75
99.6 999.846 0.41
97.2 999.931 0.41

82.5 999.726 0.61, 1.84, 2.06
88.6 999.220 0.59, 1.83
99.5 999.958 0.59
99.6 999.970 0.59, 1.47
99.9 999.942 0.60, 1.47, 1.99

rine, cetirizine and fexofenadine.
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Fig. 2. HPLC profiles of FEX and CET active substances under stress conditions
(A) pure FEX sample; (B) FEX sample degraded with 0.5 N HCl; (C) FEX
s
d

t
s
t
5
w
2

s
o
3
F
f
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uitability was determined by making six replicate injections
rom freshly prepared standard solutions and analyzing each
olute for their peak area, theoretical plates (N), resolution (R)
nd tailing factors (T). System suitability requirements for CET,
EX and PSE were a R.S.D. of peak areas and retention times

ess than 1%, peak resolution (R) greater than 2.0 between two
djacent peaks for three analytes, theoretical plate numbers (N)
t least 2000 for each peaks and USP tailing factors (T) less than
.5. The results of system suitability test in comparison with the
equired limits can be shown in Table 1. According to the results
resented, the proposed method fulfils these requirements within
he accepted limits.

.2.2. Stability/specificity
Specifity can be described as the capability of the method to

ccurately measure the response of the analysed compound with
o interferences originating from sample matrix. High percent-
ge recovery observed with assay samples of pharmaceutical
osage forms, including standard addition experiments, indi-
ates that the proposed method was not affected by interferences
rom excipients used in formulations. Photodiode array detec-
ion also supported the specificity of the method and provided
vidence for the homogeneity of the peaks of analytes. Peaks
btained from recovery experiments or analysis of dosage forms,
ere checked for uniformity using UV spectra taken from seven
ifferent points of the peak of interest. These spectra were super-
mposable whenever overlaid, showing that there was no other
o-eluting peaks, in every instance for each of the analytes, PSE,
EX and CET.

Another approach was accelerated degradation studies which
ere performed to demonstrate the validity of the method.
ccelerated degradation studies were performed to provide an

vidence for the specificity of the proposed method. Intentional
egradation experiments were designed using acid, base, heat,
V (254 nm) and direct daylight.
Peak purity of the stressed APIs was checked using an Agi-

ent 1100 Diode array detector (DAD). The purity factor was
lways found above the threshold limit in all stressed samples,
s a support to analyte peak homogeneity. Results obtained from
tress tests have been summarized in Table 2. PSE was degraded
nder acidic stress conditions by 3.4%; whereas no degradation
as detected when it was exposed to 0.5 N NaOH at 80 ◦C.
he drug degradation was observed by 10.3% when CET was
xposed to thermal degradation. No degradation was observed
ith CET under direct daylight whereas UV radiation resulted

n 2.8% loss in the API. FEX was observed to be degraded
ore than 10% when it was subjected to acidic or basic stress

onditions. However, it was not affected if thermal- or photo-
egradation was performed. Degradant peaks were observed to
e resolved from their parent APIs showing the specificity of the
roposed method. Some selected HPLC profiles representing
rug degradation studies were given in Fig. 2.
.2.3. Linearity
The calibration curves for FEX and PSE in binary mix-

ures were constructed by plotting the ratio of the peak area
f FEX or PSE to peak area of internal standard (CET) against

w
v
a
s

ample degraded with 0.5 N NaOH; (D) pure CET sample; (E) CET sample
egraded with 0.5 N HCl; and (F) CET sample degraded with 0.5 N NaOH.

he concentration. Linearity data were obtained using standard
olutions containing FEX and PSE at seven different concen-
rations ranging from 50 to 200% of nominal concentration,
.0–40.0 �g ml−1 for FEX and 10.0–80.0 �g ml−1 for PSE,
hilst keeping the concentration of the CET (IS) constant at
0 �g ml−1.

For CET–PSE binary mixtures, linearity was checked at
even different concentration levels ranging from 50 to 200%
f nominal concentration, 1.25–10 �g ml−1 for CET and
0–240 �g ml−1 for PDE, whilst keeping the concentration of
EX (IS) constant at 5 �g ml−1. Triplicate injections were made
or each concentration. The linearity of the calibration curves
as determined on two different days for intra- and inter-day

ariation. The plot of peak area ratios vs. concentrations of all
nalytes were found to be linear within the concentration ranges
tated above.
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Table 3
Characteristics of PSE and CET calibration plotsa

PSE CET

Linearity range (�g ml−1) 30–240 1.25–10
Slope 0.0146 0.1498
Intercept −0.0492 −0.0390
Correlation coefficient (r) 0.9999 0.9998
R.S.D.% of slope 0.06 0.56
R.S.D.% of intercept 1.30 1.29
Limit of detection (�g ml−1) 1.75 0.10
Limit of quantification (�g ml−1) 5.31 0.30

a Mean of six injections.

Table 4
Characteristics of PDE and FEX calibration plotsa

PSE FEX

Linearity range (�g ml−1) 10–80 5–40
Slope 0.0293 0.0776
Intercept −0.0086 −0.0195
Correlation coefficient (r) 0.9998 0.9999
R.S.D.% of slope 0.41 0.39
R.S.D.% of intercept 0.74 0.96
Limit of detection (�g ml−1) 0.75 0.27
Limit of quantification (�g ml−1) 2.26 0.83

a Mean of six injections.

Table 5
Summary of intra-day (repeatability) and inter-day (intermediate precision) variability data for simultaneous determination of PSE and CET standards

Compound Theoretical concentration (�g ml−1) Intra-day measured concentration (�g ml−1)a Inter-day measured concentration (�g ml−1)b

Mean R.S.D.% Mean R.S.D.%

PSE
36 36.13 0.53 35.70 0.79

120 119.18 0.51 120.31 0.57
216 216.26 0.53 213.83 0.76

CET
1.5 1.49 0.64 1.48 0.83
5 4.96 0.44 5.02 0.40
9 9.04 0.35 8.95 0.66

a Mean values represent five different sample standards for each concentration.
b Inter-day precision was determined from five different runs over a 2-week period.

Table 6
Summary of intra-day (repeatability) and inter-day (intermediate precision) variability data for simultaneous determination of PSE and FEX standards

Compound Theoretical concentration (�g ml−1) Intra-day measured concentration (�g ml−1)a Inter-day measured concentration (�g ml−1)b

Mean R.S.D.% Mean R.S.D.%

PSE
12 11.91 0.27 11.89 0.76
40 39.73 0.60 39.69 0.49
72 71.91 0.71 72.88 0.35

FEX
6 6.06 0.54 5.99 0.77

20 20.00 0.50 19.99 0.80
36 35.61 0.69 35.56 0.41

a Mean values represent five different sample standards for each concentration.
b Inter-day precision was determined from five different runs over a 2-week period.

Table 7
Statistical analysis of assay results and recovery experiments in commercial samples

Cirrus® Capsules Allegra-D® 12 h extended release tablets

PSE CET PSE FEX

Analysis of pharmaceutical dosage forms
Label claim (mg) 120 5 120 60
Mean of amount found (mg)a 121.23 4.92 119.22 58.87
Confidence limitsb ±0.68 ±0.04 ±1.07 ±0.22
Recovery % 101.02 98.47 99.35 98.11
R.S.D.% 0.54 0.81 0.86 0.35

Recovery analysis using standard addition method
Added (mg) 30 1.25 30 15

Mean of amount found (mg)a 29.26 1.23 30.29 14.85
Confidence limitsb ±0.97 ±0.03 ±0.18 ±0.08
Recovery % 97.53 98.40 100.98 98.97
R.S.D.% 0.62 0.53 0.55 0.54

a Mean values represent six determinations.
b Calculated value for 95 % confidence level.
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Fig. 3 shows representative chromatograms obtained from
the analysis of CET and PSE in capsules and FEX and PSE in
extended release tablets. The differences between the amount

Fig. 3. Representative chromatograms of standard solutions and pharmaceu-
tical dosage forms. (A) A standard solution containing 40 �g ml−1 of PSE,
S. Karakuş et al. / Journal of Pharmaceutic

A linear simple regression by the least squares method was
pplied. The representative linear equations were y = 0.0146x −
.0492 (n = 6, r2 = 0.9999) and y = 0.1498x − 0.0390 (n = 6,
2 = 0.9998) for PSE and CET, respectively, in PSE–CET binary
ixtures. In the PSE–FEX binary mixtures, the regression equa-

ions were found as y = 0.0293x − 0.0086 (n = 6, r2 = 0.9998)
nd y = 0.0776x − 0.0195 (n = 6, r2 = 0.9999) for PSE and FEX,
espectively. R.S.D. of the slope at the linearity range were found
o be between 0.06 and 0.59%, indicating the repeatability of all
alibration curves. The correlation coefficiencies (r) were found
o be greater than 0.999 in all instances. Tables 3 and 4 represent
alibration characteristics for CET–PSE and FEX–PSE binary
ixtures.

.2.4. Limit of detection (LOD) and limit of quantitation
LOQ)

ICH guideline Q2B [37] describes several approaches to
etermine the detection and quantitation limits. These include
isual evaluation, signal-to-noise ratio and the use of standard
eviation of the response and the slope of the calibration curve.
n the present study, the LOD and LOQ were based on the third
pproach and were calculated according to the 3.3σ/s and 10σ/s
riterions, respectively; where σ is the standard deviation of the
eak area ratios and s is the slope of the corresponding calibra-
ion curve. The LOD and LOQ values of the developed method
re presented in Tables 3 and 4.

.2.5. Precision
The precision of the proposed method were assessed as

epeatability and intermediate precision performing five repli-
ate injections of three different sample solutions at low, medium
nd high concentrations, which were freshly prepared and ana-
yzed daily (Tables 5 and 6). These experiments were repeated
ver a 2-week period to evaluate day-to-day variability (inter-
ediate precision). As can be seen in Tables 5 and 6, the %
.S.D. values of the measurements ranged between 0.27 and
.71%. The % R.S.D. of assay results obtained in intermediate
recision study were not greater than 0.83%, confirming good
recision of the proposed method between days.

.2.6. Accuracy
Accuracy of the proposed method was established by recov-

ry experiments using standard addition method. This study
as employed by addition of known amounts of FEX, CET

nd PSE onto known concentration of commercial capsules and
ablets. The resulting mixtures were analyzed as described in
ection 3.3. Results obtained from recovery studies are given

n Table 7. The recovery experiments, using Cirrus® capsules
ontaining PSE–CET, showed mean recoveries of 97.53 and
8.40% with R.S.D. values of 0.62 and 0.53% for PSE and
ET, respectively. The recoveries obtained from Allegra-D®

xtended release tablets were found as 100.98 and 98.97% with
.S.D.% values of 0.55 and 0.54% for PSE and FEX, respec-
ively.
High recovery results obtained from the proposed method

or the analysis of CET–PSE capsules and FEX–PSE extended
elease tablets indicate that this assay procedure can be used for

2
e
a
5
P

d Biomedical Analysis 46 (2008) 295–302 301

uantitation and routine quality control analysis of these binary
ixtures in commercial samples.

.3. Application of the validated method to pharmaceutical
roducts

On the basis of above results, the proposed method was
pplied to the determination of CET and PSE in capsule dosage
orms which comprised the binary mixture (5 mg CET and
20 mg PSE); as well as FEX and PSE in extended release tablets
hich comprised the binary mixture (60 mg FEX and 120 mg
0 �g ml−1 of FEX and 20 �g ml−1 of CET; (B) an assay sample solution of
xtended–release tablets containing PSE and FEX (CET was used as IS); (C)
standard solution containing 120 �g ml−1 of PSE, 5 �g ml−1 of FEX and
�g ml−1 of CET; and (D) an assay sample solution of capsules containing
SE and CET (FEX was used as IS).
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laimed and those assayed were very low and the R.S.D.
alues were within the acceptable range mentioned by pharma-
opoeias. The mean values of 121.23 and 4.92 mg with R.S.D.%
f 0.54 and 0.81 were obtained for PSE and CET (Cirrus®

apsules), respectively (n = 6). Analysis of Allegra-D® 12 h
xtended–release tablets gave the assay results of 119.22 and
8.87 mg with R.S.D.% values of 0.86 and 0.35 for PSE and
EX, respectively.

Since the dosage forms of PSE with CET or FEX is not
harmacopoeial, recovery of the procedure was determined by
tandard addition method. The already analyzed samples of cap-
ules (Cirrus®) or extended–release tablets (Allegra-D® 12 h)
ere spiked with the known amounts of standard PSE and
ET or FEX. The mean percentage recoveries obtained after

ix repeated experiments were found between 97.53 and 100.98
Table 7), indicating that the results are accurate and precise and
here is no interference from the common excipients used in the
harmaceutical dosage forms.

. Conclusion

The validated HPLC method has been proved to be simple,
recise, rapid and reliable. The proposed method provides a
ood resolution between PSE, FEX and CET. Using this single
rocedure, it is possible to perform quantitative analysis of two
ifferent pharmaceutical dosage forms within a short analysis
ime less than 5 min. The developed method reported herein was
alidated by evaluation of the validation parameters as described
n ICH-Q2B guideline. System suitability, specificity, linear-
ty, LOD, LOQ values, within- and between-day precision and
ccuracy of the proposed technique were obtained during the
alidation studies.

Using FEX (for PSE–CET binary mixtures) or CET (for
SE–FEX binary mixtures) as internal standard for the quantita-

ive determination, reduced the possible analytical errors due to
he sample dilution and injection procedures and improved the
ensitivity of the method. The proposed method has the advan-
ages of simplicity, repeatability, sensitivity and requires less
xpensive reagent than the other methods. Compared to the other
eported ones, the developed method offers a short analysis time
f PSE, FEX and CET which is essential in routine analysis of
harmaceutical dosage forms. Thus the proposed method is suit-
ble for the screening of formulated samples in routine quality
ontrol applications.
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