
Journal of Pharmaceutical and Biomedical Analysis 40 (2006) 312–321

Analysis of pharmaceutical preparations containing antihistamine
drugs by micellar liquid chromatography
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Abstract

Rapid chromatographic procedures for analytical quality control of pharmaceutical preparations containing antihistamine drugs, alone or
together with other kind of compounds are proposed. The method uses C18 stationary phases and micellar mobile phases of cetyltrimethylam-
monium bromide (CTAB) with either 1-propanol or 1-butanol as organic modifier. The proposed procedures allow the determination of the
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ntihistamines: brompheniramine, chlorcyclizine, chlorpheniramine, diphenhydramine, doxylamine, flunarizine, hydroxyzine, prom
erfenadine, tripelennamine and triprolidine, in addition to caffeine, dextromethorphan, guaifenesin, paracetamol and pyridoxine
harmaceutical presentations (tablets, capsules, suppositories, syrups and ointments). The methods require minimum handling sa
apid (between 3 and 12 min at 1 mL min−1 flow rate) and reproducible (R.S.D. values < 5%). Limits of detection are lower than 1�g mL−1

nd the recoveries of the analytes in the pharmaceutical preparations are in the range 100± 10%.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Organisms produce histamine as a consequence of the
ecarboxylation of the histidine amino acid, which produces
ctivation of the called histamine receptors. The major aller-
ic responses are mediated through the called H1 receptor.
ffects on the called H2 receptors include esophageal con-

raction, gastric acid secretion and increased lower airway
ecretion. In addition, histamine activates the specific recep-
ors that are present in the nose, eyes, respiratory conducts
nd skin provoking allergic reactions[1].

Antihistaminic drugs act by competitive inhibition of the
1 or H2 histamine receptors reducing the allergic symp-

oms. Despite these beneficial effects, antihistamines provoke
dverse reactions like somnolence, confusion, lack of coor-
ination, etc. However, with the development of the called

∗ Corresponding author. Tel.: +34 963544899; fax: +34 963544953.
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second generation of antihistamines, some of these pro
are being solved[1].

The determination of antihistamines in pharmaceu
preparations for its quality control has been performed u
several analytical techniques, such as volumetric ana
[2,3], voltametria [4], atomic absorption[5], fluorimetry
[6,7], spectrophotometry[8–12], gas chromatography[13]
liquid chromatography[14–17], capillary electrophores
[18] and micellar electrokinetic chromatography[19,20].

The United States Pharmacopeia (USP) [21] recom-
mends spectrophotometric and chromatographic met
The spectrophotometric methods in the UV region req
previous extractions with hexane, ether or chloroform, re
extractions using acid media, evaporation and reconstit
[21]. Liquid chromatography methods use alkylsyla
phenyl, cyano or porous silica columns and hydro-org
mobile phases with high organic solvent content (
tonitrile, methanol and tetrahydrofuran)[21]. Frequently
an ion-pair reagent such as sodium hexanesulfo
octanesulfonate or lauryl sulphate and an alkyl-amine
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N,N-dimethyloctylamine, triethylamine, trimethylamine are
added to the mobile phase in RP-HPLC in order to improve
the chromatographic peak characteristics (retention time and
peak shape)[21].

Micellar liquid chromatography (MLC) is a mode of
reversed phase liquid chromatography, which uses aqueous
solutions of surfactants above the critical micellar concentra-
tion. This chromatographic system presents some differences
with respect to the classical reversed phase chromatography
because the stationary phase is modified by the absorption of
surfactant and the mobile phase presents surfactant micelles.
This system provides hydrophobic, electronic and steric sites
of interaction for solutes that allows the effective separation
of compounds of different nature[22,23]. In addition, the
solubilization capability of the micellar solutions simplifies
the sample preparation step and reduces the consumption of
organic solvents. MLC analytical procedures to determine
different kinds of drugs in pharmaceutical preparations have
been reported[24–33].

The aim of this work was to develop simple and rapid
methods for the analysis of pharmaceutical preparations
containing the most used antihistamines (brompheniramine,
chlorcyclizine, chlorpheniramine, diphenhydramine, doxy-
lamine, flunarizine, hydroxyzine, promethazine, terfenadine,
tripelennamine and triprolidine) and other active components
such as caffeine, dextromethorphan, guaifenesin, paraceta-
m tions
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lamine, flunarizine, guaifenesin, promethazine, terfenadine
and triprolidine from Sigma–Aldrich, S.A. (Madrid, Spain);
caffeine, dextromethorphan, diphenhydramine, hydroxyzine,
paracetamol, pyridoxine and tripelennamine from Guinama.

Stock standard solutions of the antihistamine drugs were
prepared by dissolving the compounds in 0.02 or 0.04 M
CTAB solutions, depending on the surfactant concentration
in the mobile phase. Working solutions were prepared by
dilution of the stock standard solutions with mobile phase.

Barnstead E-pure, deionized water (Sybron, Boston, MA)
was used throughout. The mobile phases and the solu-
tions injected into the chromatograph were vacuum-filtered
through 0.45�m nylon membranes (Micron Separations,
Westboro, MA, USA). The solutions were stored in the refrig-
erator at 4◦C.

2.2. Instrumental and measurement

An Agilent 1100 chromatograph with an isocratic pump,
an UV–vis detector was used (Palo Alto, CA, USA). Data
acquisition and processing were performed on a HP Vectra
XM computer (Amsterdam, The Netherlands) equipped with
HP-Chemstation software from Agilent (A0402, 1996).

The solutions were injected into the chromatograph
through a Rheodyne valve (Cotati, CA, USA) with a
20�L loop. A Spherisorb octadecyl-silane column (5�m,
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ol and pyridoxine in several pharmaceutical prepara
tablets, capsules, syrups and creams). In order to adju
luent strength of the micellar mobile phase and reduc
nalysis time cetyltrimethylammonium bromide (CTAB) w
sed.

. Experimental

.1. Reagents and standards

Micellar mobile phases were prepared us
etyltrimethylammonium bromide (99%, Acros Org
cs, Geel, Belgium) as surfactant. CTAB was disso
n different buffered solutions depending on the requ
orking pH for the analysis: (i) for pHs 3, 6 and 7, aque
olutions of 0.05 M phosphate buffer were prepared
odium dihydrogen phosphate (analytical reagent, Pan
arcelona, Spain) and (ii) for pH 5, aqueous solution
.05 M citric buffer were prepared with trisodium citr
analytical reagent, Guinama, Valencia, Spain). Approp
mount of 2 M solutions of sodium hydroxide (for analy
anreac) or hydrochloric acid (for analysis, Merck, Da
tadt, Germany) were added to adjust the pH. After
dequate volumes of 1-propanol or 1-butanol (both H
rade, Scharlab, Barcelona, Spain) were added to obta
orking concentration.
The antihistamine drugs and the other compou

nvolved in this work were obtained from several sour
rompheniramine, chlorcyclizine, chlorpheniramine, do
50 mm× 4.6 mm i.d.) from Scharlau (Barcelona, Spain) w
sed. The mobile phase flow rate was 1.0 mL min−1. UV
etection was performed using wavelength values clo

he maximum absorption ones of the compounds. All
ssays were carried out at room temperature.

In order to obtain the absorption spectra of the c
ounds, an Agilent 8452A Spectrophotometer with d
rray and equipped with Hewlett-Packard computer, m
ectra ES/12 (Palo Alto, CA, USA) was used.

A micropH 2000 pH-meter (Crison, Barcelona, Spain)
sed for pH adjustment and an ultrasonic bath (Ultra
electa, Barcelona, Spain) was used to remove the air

he mobile phases.

.3. Sample preparation

Pharmaceuticals of antihistamines are commercia
nder different presentations, such as tablets, capsules
ents, suppositories and syrups.
For the analysis of tablets, 10 units were weighed, gro

n a mortar and finally, an adequate amount of the s
50 mg) was taken and dissolved in 0.02 M CTAB solut
uffered at pH 3, using an ultrasonic bath (10 min). In
ase of the pharmaceutical presentations Ilvico and D
fter grinding the tablets, the powder obtained was disso

n methanol. After that, an adequate volume of aliquot
aken and diluted with mobile phase. The resulting solu
as centrifuged and finally, an aliquot of the clean s

ion was injected into the chromatograph. For the ana
f capsules, three units were taken and dissolved in 0.
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Table 1
Structure, logP, pK and detection wavelength (nm) of the antihistamine drugs and the other compounds determined

Compound Structure logP pK λ, nm Compound Structure logP pK λ, nm

Bromfeniramine 4.06 3.90 9.79 225 Chlorcyclizine 4.68 2.12; 8.15 231

Chlorpheniramine 3.38 4.00; 9.16 225 Diphenhydramine 3.36 9.00 225

Doxylamine 2.28 4.40; 9.20 260 Flunarizine 6.42 2.10; 7.80 254

Hydroxyzine 4.16 2.13; 7.13 231 Promethazine 4.65 9.10 254
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Table 1 (Continued )

Compound Structure logP pK λ, nm Compound Structure logP pK λ, nm

Terfenadine 6.09 9.50 225 Tripelennamine 2.85 4.20; 8.71 240

Triprolidine 3.47 6.50; 9.50 232 Caffeine 0.07 0.6; >14 273

Dextromethorphan 3.99 8.3 232 Guaifenesin −0.11 – 232

Paracetamol 0.49 9.71 240 Pyridoxine −0.69 5.00; 8.96 225
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CTAB solution by immersion in an ultrasonic bath (1 h),
then, an adequate aliquot was taken an dissolved in mobile
phase.

Ointments and suppositories were completely dissolved in
1-propanol using a magnetic stirrer with gentle heating. Then,
an aliquot was taken and diluted with mobile phase. At this
stage, a precipitate could be obtained when the mobile phase
is added. In this case, the solution was centrifuged and filtered
before injecting into the chromatograph. Finally, in the case
of syrups, an adequate aliquot was taken and dissolved in
mobile phase.

In all cases, after the appropriated dilution with mobile
phase, working solutions were injected into the chromato-
graphic system through 0.45�m nylon membrane. Finally,
for each pharmaceutical presentation, three independent sam-
ple solutions were prepared and for each sample solution,
three injections into the chromatograph were carried out (nine
injections per pharmaceutical).

3. Results and discussion

3.1. Retention behaviour of antihistamines with CTAB
micellar mobile phases

Table 1 shows the structures, the octanol water parti-
t e-
o m
( rest

determined. In order to select the detection wavelength, the
absorption spectra of compounds in CTAB micellar medium
were obtained.

As can be observed inTable 1, antihistamines are
hydrophobic compounds with logP ranged between 2.28 for
doxylamine and 6.42 for flunarizine. They are basic com-
pounds with one or two ionisable groups and logK values
between 8 and 10 for the first protonation constant (tertiary
amine group) and between 2 and 6 for the second protonation
(nitrogen heterocyclic).

In order to select the nature of surfactant for preparing
micellar mobile phases it is important to take into account
the interactions that could take place in the chromatographic
system between the solutes and the surfactants. At the usual
working pH range in RPLC, antihistamines are positively
charged. If an anionic surfactant (as SDS) is used to prepare
the micellar mobile phases, high retention times of com-
pounds could be expected by the electrostatic attractions
between analytes and the surfactant adsorbed onto the sta-
tionary phase, in addition to the hydrophobic component[14].
Therefore, large amount of organic solvents with high eluent
strength had to be added to the mobile phase in order to adjust
the elution time of analytes (i.e. pentanol;[14]).

On the other hand, due to the hydrophobic character of
antihistamines, the use of non-ionic surfactants also pro-
vides high retention times (k values ranged between 17
a sing
0
f m to

T
R s

B 1
C 0
C 8
D 10
D 0
F
H 0
P .70
T
T 20
T 0
C
D
G 0
P
P

ion coefficient (logP), the protonation constant in aqu
us medium (logK) and the detection wavelength in n
λdetection) of the antihistamines and the other drugs of inte

able 2
etention factors (k) of the compounds in different CTAB mobile phase

Retention factor (k)

0.02 (M)a

1-Propanolb

3 (%)c 3 (%)c

7d 6d 3d 3d

rompheniramine – 60.3 40.3 15.
hlorcyclizine >100 75.2 7.91 5.1
hlorpheniramine – 60.4 39.7 15.
iphenhydramine 17.5 3.50 1.21 1.
oxylamine 2.00 0.50 0.20 0.2
lunarizine 48.6 – – 41.0
ydroxyzine >100 68.5 4.15 2.9
romethazine 91.1 49.1 9.25 5
erfenadine – – – 37.5
ripelennamine 9.90 1.70 0.26 0.
riprolidine – 5.40 0.37 0.3
affeine – – – 1.10
extromethorphan – 4.00 – –
uaifenesin – 8.14 – 5.8
aracetamol – – – 3.40
yridoxine 0.86 – – –
a CTAB (M).
b Modifier.
c Concentration of modifier.

d pH (phosphate).
e pH (citrate).
nd 120 for doxilamine and flunarizine, respectively, u
.06 M Brij35, pH 7.4 micellar mobile phase;[34]). There-

ore, micellar mobile phases of a cationic surfactant see

0.04 (M)a

1-Butanolb

1 (%)c 3 (%)c 10 (%)c 10 (%)c 3 (%)c

3d 3d 3d 6d 5 (citrate)e

12.9 10.7 – – –
3.70 3.60 – – 8.70

12.3 10.8 – – –
0.95 0.90 – – –

0.17 0.10 – – –
34.3 26.7 9.63 48.8 –

2.10 2.60 – – –
4.20 4.00 – – –

25.2 24.1 11.1 16.1 –
0.21 0.10 – – –

0.25 0.10 – – –
1.10 0.86 – – –

– – – – –
5.80 5.30 – – 3.60

3.20 2.60 – – –
– – – – –
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be more appropriate in order to reduce the retention of com-
pounds due to the expected electrostatic repulsions between
the analyte and the surfactant monomers adsorbed on the sta-
tionary phase and CTAB was selected for further studies.

The influence of the mobile phase pH, surfactant concen-
tration and nature and concentration of organic modifiers on
the retention of antihistamines was studied.Table 2shows
the retention factors obtained using different CTAB mobile
phases. In all cases, the decrease of the mobile phase pH in
the range 6–3 produced a decrease in the retention, especially
for clorcyclizine and hydroxycine. The behaviour observed
can be explained taking into account that the decrease of
the mobile phase pH produces an increase of the cationic
molar charge of antihistamines so the electrostatic repulsions
between solutes and the CTAB monomers absorbed on the
stationary phase will be stronger. A mobile phase pH 3 was
selected for further studies.

As can be observed inTable 2, an increase in CTAB
concentration from 0.02 to 0.04 M (at pH 3 and 3% 1-
propanol) produced a decrease ink, especially for the most
retained antihistamines (brompheniramine and chlorpheni-
ramine). The presence of organic modifiers like alcohols
in micellar chromatography is usual because their addition
improves the retention and the peak efficiency. The use of
1-butanol instead of 1-propanol (at pH 3, 0.04 M CTAB and
3% alcohol) decreases the retention of the compounds. In
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Fig. 1. Influence of the mobile phase pH (CTAB 0.04 M, 3% 1-butanol) on
the resolution of chlorcyclizine (1) and guaifenesin (2) in the pharmaceutical
preparation Diminex: (A) pH 3; (B) pH 4; (C) pH 5.

achieved changing the mobile phase pH from 3 to 5. As can be
observed inFig. 1, the retention of guaifenesin was scarcely
modified by the pH due to its non-ionic nature, while the
retention time for chlorcyclizine increases when the mobile
phase pH increases. An adequate resolution was achieved
using 0.04 M CTAB, 3% 1-butanol at pH 5 mobile phase. In
order to achieve an adequate buffer capacity at this pH, the
phosphate buffer system was changed by citrate system. In
this situation, a slight change in the retention of the com-
pounds was observed (kchlorcyclizine= 9.90;kguaifenesin= 5.20
he same way, when the 1-butanol concentration increas
etention of the antihistamines decrease.

.2. Mobile phase selection for pharmaceutical analysis

Some of the pharmaceutical preparations availab
pain contain other active components besides the an

amines. Some of these compounds were also determ
herefore, additional studies were performed in orde
elect the adequate composition of the mobile phase.Table 3
hows the mobile phase composition selected for the an
f these pharmaceutical preparations.

For Ilvico preparation, that contains brompheniram
affeine and paracetamol, a good resolution between
ounds was obtained for all the mobile phases assaye
able 2). Therefore, the mobile phase with the highest el
trength for these compounds (CTAB 0.04 M, 3% 1-but
nd pH 3) was selected. The same mobile phase was
uate to determine chlorpheniramine and paracetamol
harmaceutical Delor.

The analysis of Iniston preparations was performed u
obile phases of CTAB 0.02 M, 3% 1-propanol and p

seeTable 3). With this mobile phase, a good resolut
or triprolidine and guaifenesin and for triprolidine and d
romethorphan was obtained. The content of doxylamine
yridoxine in the pharmaceutical preparation Cariban w
etermined using 0.02 M CTAB, 3% 1-propanol and p
kdoxylamine= 2.00 andkpyridoxine= 0.86).

Finally, for the determination of chlorcyclizine and gua
esin present in Diminex preparation, the resolution
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Table 3
Composition of the pharmaceutical preparations, recoveries and mobile phases used

Preparation (presentation), source Composition Recovery± S.D. (%) Mobile phasea

Ilvico (tablets), Merck Pharma and Chemistry, S.A. Brompheniramine maleate 3 mg 102.3± 0.7 (A)
Caffeine 30 mg 102± 3
Paracetamol 325 mg 100.5± 0.5
Excipients cs

Delor (tablets), Vĩnas Laboratory, S.A. Chlorpheniramine maleate 2 mg 96± 3 (A)
Paracetamol 500 mg 99.4± 0.4
Phenilephrine hydrochloride 5 mg
Excipients cs

Diminex (suppositories), Viñas Laboratory, S.A. Chlorcyclizine hydrochloride 2.5 mg 70 (B)
Guaifenesin 25 mg 97.0
Codeine fosfato 2.5 mg
Eucaliptol 50 mg

Benadryl (capsules), Warner Lambert Diphenhydramine hydrochloride 50 mg 100.1± 0.4 (C)
Excipients cs

Benadryl (syrup), Warner Lambert Diphenhydramine hydrochloride 12.5 mg/5 mL 100.39± 0.08 (C)
Excipients cs

Difenhidramina (tablets), Stein Laboratory Diphenhydramine hydrochloride 50 mg 102± 1 (C)
Excipients cs

Dormidina 25 (tablets), PENSA Laboratory Doxylamine succinate 25 mg 100± 2 (D)
Excipients cs

Cariban (capsules), Inibsa Laboratory, S.A. Doxylamine succinate 10 mg 95± 5 (D)
Pyridoxine hydrochloride 10 mg 101± 2
Excipients cs

Sibelium (tablets), Esteve Laboratory, S.A. Flunarizine hydrochloride 5 mg 99.7± 0.3 (E)
Excipients cs

Atarax (tablets), UCB Pharma, S.A. Hydroxyzine dihydrochloride 25 mg 96± 1 (A)
Excipients cs

Atarax (syrup), UCB Pharma, S.A. Hydroxyzine dihydrochloride 10 mg/5 mL 97± 3 (A)
Excipients cs

Actithiol Antihistaminico (syrup), Almirall Prodesfarma, S.A. Prometazine hydrochloride 2.5 mg/5 mL 100.5± 0.3 (A)
Carbocysteine 100 mg/5 mL
Excipients cs

Rapidal (tablets), Bial Industrial Pharmaceutical, S.A. Terfenadine 60 mg 102± 3 (E)
Excipients cs

Rapidal (syrup), Bial Industrial Pharmaceutical, S.A. Terfenadine 30 mg/5 mL 101± 2 (E)
Excipients cs

Azaron (ointment), Spanish Chefaro Laboratory, S.A. Tripelennamine hydrochloride 20 mg 91± 3 (C)
Excipients cs

Iniston Antitusivo (syrup), Pfizer Laboratory Triprolidine hydrochloride 1.25 mg/5 mL 90.9± 0 1 (C)
Dextromethorphan hydrobromide 10 mg/5 mL 100.3± 0.7
Pseudoephedrine hydrochloride 30 mg/5 mL
Excipients cs

Iniston Expectorante (syrup), Pfizer Laboratory Triprolidine hydrochloride 1.25 mg/5 mL 92.1± 0.3 (C)
Guaifenesin 100 mg/5 mL 93.4± 0.3
Pseudoephedrine hydrochloride 30 mg/5 mL
Excipients cs

Iniston (tablets), Pfizer Laboratory Triprolidine hydrochloride 2.5 mg 102.1± 1.5 (C)
Pseudoephedrine hydrochloride 60 mg
Excipients cs

a Mobile phases used: (A) CTAB 0.04 M, 3% 1-butanol, pH 3, (B) CTAB 0.04 M, 3% 1-butanol, pH 5, (C) CTAB 0.02 M, 3% 1-propanol, pH 6, (D) CTAB
0.02 M, 3% 1-propanol, pH 7, (E) CTAB 0.04 M, 10% 1-butanol, pH 3.
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and kchlorcyclizine= 8.70; kguaifenesin= 3.60 using phosphate
and citrate buffer, respectively). For the rest of compounds,
the mobile phase selected for their determination is indicated
in Table 3.

3.3. Analytical data

In the selected chromatographic conditions, the calibra-
tion curve for each compound studied was obtained by
triplicate injections of standard solutions containing analyte
concentrations in the range 5–50�g mL−1. Table 4shows
the regression statistics of the calibration curves for each
compound using peak areas as dependent variable, the rel-
ative standard deviations (R.S.D.) and the limits of detection
(LOD). As can be observed inTable 4, adequate regression
coefficients (r > 0.999) were obtained in all cases.

The repeatability of the methods (expressed as rel-
ative standard deviation) was evaluated at two concen-
tration levels: 1 and 10�g mL−1 for hidroxyzine; 1
and 20�g mL−1 for brompheniramine, chlorpheniramine,
paracetamol, prometazine and tripelennamine; and 5 and
20�g mL−1 for caffeine, dextromethorphan, diphenhy-
dramine, doxylamine, flunarizine, guaifenesin, terfenadine,
triprolidine and pyridoxine. For this purpose, 10 indepen-
dent solutions for each concentration were injected. As can
b es
o tion
a t con-
c

e 3s
c ond-

ing to 10 independent solutions injected into the chromato-
graph, with an analyte concentration close to its LOD value.
In concrete, the concentrations for each compound assayed
were: 1�g mL−1 for brompheniramine, chlorpheniramine,
hydroxyzine, paracetamol, prometazine and tripelennamine,
and 5�g mL−1 for caffeine, dextromethorphan, diphenhy-
dramine, doxylamine, flunarizine, guaifenesin, pyridoxine,
terfenadine and triprolidine. As can be observed inTable 4,
the limits of detection obtained for the compounds studied
were, in general, ranged between 0.03 and 1.8�g mL−1.

3.4. Analysis of pharmaceutical preparations

Table 3 shows the composition of the pharmaceuti-
cal preparations analyzed, their presentation, manufacturing
source, and the recoveries obtained using the chromato-
graphic conditions selected for each compound. The content
of each analyte in the pharmaceutical formulations was deter-
mined by triplicate injections of three independently prepared
solutions. In the case of Ilvico and Delor, different dilutions
for the determination of each active chemical were necessary
due to different amount of compounds in the pharmaceutical
preparation.Fig. 2 shows the chromatograms obtained for
the pharmaceutical preparations analysed in the conditions
selected previously. In all cases, an adequate resolution for
t emi-
c

or
a lose
t hich
a opeia

T
R d the o
(

C

B 997
C 969
C 998
D 999
D 998
F 996
H 996
P 991
T 998
T 996
T 998
C 992
D 991
G 993
G 998
P 999
P 995

m ence i .D.:
r

Sectio3.3).
e Sect3.3)
e observed inTable 4, the relative standard deviation valu
btained were lower than 10% for the lowest concentra
ssayed and ranged between 1 and 5% for the highes
entration level studied.

The limits of detection were calculated according to th
riterion from the peak area standard deviation corresp

able 4
egression statistics of the calibration curves for the antihistamines an

peak areas as dependent variable)

ompounds m ± ts n ± ts r

rompheniramine 0.224± 0.007 0.0± 0.2* 0.9
hlorcyclizine 0.75± 0.13 −0.3 ± 1.7* 0.9
hlorpheniramine 0.249± 0.007 0.0± 0.2* 0.9
iphenhydramine 0.442± 0.008 −0.1 ± 0.2* 0.9
oxylamine 0.195± 0.006 −0.2 ± 0.2* 0.9
lunarizine 0.36± 0.02 0.0± 0.5* 0.9
ydroxyzine 0.63± 0.02 0.1± 0.7* 0.9
rometazine 1.59± 0.09 2± 3* 0.9
erfenadine 0.259± 0.006 0.0± 0.2* 0.9
ripelennamine 1.00± 0.04 1± 1* 0.9
riprolidine 0.85± 0.03 −0.5 ± 0.8* 0.9
affeine 0.57± 0.03 1.0± 0.9 0.9
extromethorphan 0.20± 0.01 0.0± 0.4* 0.9
uiafenesina 0.43± 0.02 −0.8 ± 0.7* 0.9
uiafenesinb 0.350± 0.008 0.0± 0.2* 0.9
aracetamol 0.87± 0.01 0.5± 0.4 0.9
yridoxine 0.30± 0.01 −0.2 ± 0.4* 0.9

: slope;n: intercept ((*) means statistically non-significant); ts: confid
elative standard deviation; LOD: limit of detection.
a CTAB 0.02 M, phosphate buffer 0.05 M, pH 6, 3% 1-propanol.
b CTAB 0.04 M, citrate buffer 0.05 M, pH 5, 3% 1-butanol.
c Values for the lowest concentration used to determine R.S.D. (see
d Values for the highest concentration used to determine R.S.D. (se
he pharmaceutical preparations with different active ch
als was obtained.

As can be observed inTable 3, the recoveries obtained f
ll compounds studied in different preparations were c

o 100%, with values ranged between 91 and 110%, w
gree with the tolerances indicated by the USP pharmac

ther chemicals, relative standard deviations (R.S.D.) and limits of detection (LOD)

S.E. R.S.D. (%)c R.S.D. (%)d LOD (�g mL−1)

0.11 1.2 1.8 0.03
0.3 2.0 1.9 0.34
0.09 7.8 0.3 0.2
0.11 10.3 1.5 1.2
0.08 5.5 3.1 0.65
0.17 1.3 3.8 0.2
0.3 4.7 4.1 0.2
1.3 1.1 3.3 0.03
0.09 9.4 7.23 1.8
0.6 4.2 2.5 0.3
0.4 8.4 5.7 0.8
0.4 3.1 1.5 0.64
0.18 6.6 1.1 1.7
0.3 1.9 0.7 0.2
0.08 1.1 0.5 0.15
0.16 3.7 0.9 0.1
0.19 2.7 2.4 0.35

nterval at the 95% level;r: correlation coefficient; S.E.: standard error; R.S

n
ion.
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Fig. 2. Chromatograms obtained for some of the pharmaceutical presentations analysed: (A) Diminex (suppositories); (B) Benadryl (capsules); (C) Cariban
(capsules); (D) Sibelium (tablets); (E) Atarax (syrup); (F) Actithiol Antihistamı́nico (syrup); (G) Rapidal (tablets); (H) Azaron (Ointment); (I) Iniston (tablets).

except for chlorcyclizine (70%) in Diminex (suppositories).
On the other hand, the standard deviations for the recoveries
are, in general, lower than 3, thus showing a good repeatabil-
ity.

For the pharmaceutical Diminex a recovery study for
chlorcyclizine was made in order to evaluate the existence of
systematic errors in the method. For this purpose, four inde-
pendent samples (suppositories) were prepared. The recovery
for chlorcyclizine was 99.7% that indicates the absence of
systematic errors at least at the concentration level assayed.
Therefore, the low recovery obtained for this compound in
the pharmaceutical preparation could be due to an error in
the formulation or to a degradation of the chlorcyclizine.

4. Conclusions

The methods described allow a rapid, simple and repro-
ducible determination of the antihistamine drugs and other
compounds that are also presented in the pharmaceutical
preparations. The LOD and R.S.D. values are sufficiently

good for the applicability of this method in the quality control
of these pharmaceutical formulations. Due to the versatility
of the interactions in micellar liquid chromatography, it is
possible to determine a great variety of compounds including
those with high hydrophobicity in adequate times of analy-
sis. Moreover, the micellar solutions possess a high solvent
capability so the sample preparation step is very simple. On
the other hand, this methodology reduces the use of organic
solvents, so it is less contaminant than the traditional HPLC.

Therefore, the use chromatographic systems based on
micellar mobile phases of CTAB surfactant can be a good
alternative for the determination of antihistamine drugs in
pharmaceutical preparations.
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[6] B. Gala, A. Ǵomez Hens, D. Perez-Bendito, Anal. Chim. Acta 310

(1995) 453–459.
[7] A.A. Al-Majed, J. Al-Zehouri, F. Belal, J. Pharm. Biomed. 23 (2000)

281–289.
[8] K. Kelani, L.I. Bebawy, L. Abdel Fattah, J. Pharm. Biomed. 18

(1999) 985–992.
[9] K.M. Kelani, J. AOAC Int. 81 (1998) 1128–1134.

[10] E. Regulska, M. Tarasiewicz, H. Puzanowska Tarasiewicz, J. Pharm.
Biomed. 27 (2002) 335–340.

[11] K.C. Ramesh, B.G. Gowda, M.B. Melwanki, J. Seetharamappa, J.
Keshavayya, Anal. Sci. 17 (2001) 1101–1103.

[12] T. Aman, A. Ahmad, M. Aslam, M.A. Kashmiri, Anal. Lett. 35
(2002) 733–746.

[13] S.V. Raj, S.U. Kapadia, A.P. Argekar, Talanta 46 (1998) 221–225.
[

4.
[
[ rm.

[ –19.

[18] H.L. Wu, C.H. Huang, S.H. Chen, S.M. Wu, J. Chromatogr. Sci. 37
(1999) 24–31.

[19] S. Boonkerd, M. Lauwers, M.R. Detaevernier, Y. Michotte, J. Chro-
matogr. A 695 (1995) 97–102.

[20] P.G.H.M. Muijselaar, H.A. Claessens, C.A. Cramers, J. Chromatogr.
A 735 (1996) 395–402.

[21] The United States Pharmacopeial Convention Inc. © 2005. USP-NF
Online Demo,http://www.usp.org/products/USPNF/CDOnlineDemo.
html.

[22] D.W. Armstrong, F. Nome, Anal. Chem. 53 (1981) 1662–1666.
[23] M. Arunyanart, L. Cline-Love, Anal. Chem. 56 (1984) 1557–1561.
[24] E. Bonet-Domingo, M.J. Medina-Hernández, G. Ramis-Ramos, M.C.
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