Trade Science Ine.

04)20[3/:640.[ CH

ISSN : 0974-7419 Volume 12 Issues 7

CMISTRY
A Judian Joarnal

— U] Paper

ACAIJ, 12(7), 2013 [248-255]

Validated chromatogr aphic methodsfor deter mination of paracetamol,
pseudoephedrin and cetirizin in phar maceutical for mulation

Maha A.Hegazy*, Fatma E.khattab, Basma M.Abdelhameed
Analytical Chemistry Department, Faculty of Phar macy, Cairo University, Kasr EI-Aini &., 11562 Cairo, (EGYPT)
E-mail : mahahgazy @yahoo.com

ABSTRACT

KEYWORDS

Two specific, sensitive and precise stability indicating chromatographic
methods had been developed, optimized and validated for determination
of Paracetamol (PAR), Pseudoephedrin (PS) and Cetirizin (CET) in their
laboratory prepared mixtures and pharmaceutical formulatios. The first
method was based on thin layer chromatographic densitometry (TLC). The
optimum separation was achieved using silicagel 60 F,., Aluminum TLC
platesand ethyl acetate: methanol: ammonia (75: 20: 5 by volume) as a
developing system. Good correlations were obtained in the ranges of (1-
12mg ml) for PAR and PSand (3-15 mg mi2) for CET.

The second method was based on high performance liquid chromatogra-
phy with ultraviolet detection (HPL C-UV), at which the proposed compo-
nents were separated on a reversed phase C18 column using phosphate
buffer(pH 3.6): acetonitrile (1: 1.2 by volume) as the mobile phase, main-
taining constant flow rate of ImLmin? and detection at 210 nm. Linear
regressionswere obtained intheranges of 1.0-60, 1.0-50 and 0.1-60 pgmL
1 for PAR, PS and CET, respectively. Different parameters affecting the
suggested methods had been optimized in order to obtain maximum sepa-
ration of the cited components. System suitability parameters of the two
developed methods were also tested. The suggested methods were suc-
cessfully applied for determination of PAR, PSand CET intheir commercial
capsules. Both methods were validated in compliance with the |CH guide-
lines with satisfactory results. Also they were statistically compared to
each other and to the reported method, no significant difference wasfound,
providing their accuracy and precision. © 2012 Trade ScienceInc. - INDIA

Paracetamol;
Pseudoephedrin;
Cetirizin;

Thin layer chromatography;
High performanceliquid
chromatography.

INTRODUCTION

Paracetamol (PAR), Figure 1, ischemically designated
as (N-(4-hydroxyphenyl)acetamide)!¥. Itiscommonly
used for therdief of headaches, and other minor aches
and pains, andisamajor ingredient in numerous cold
and flu remedies. In combination with opioid analge-

sics, paracetamol could be used also in the manage-
ment of more severe pain (such asin advanced can-
cerl?, Pseudoephedrin (PS), Figure 2, is chemically
designated as ((R*,R*)-2-methylamino-1-
phenyl propan-1-ol)&. It isasympathomimetic amine,
Itsprincipa mechanism of actionrdiesonitsindirect
action on theadrenergic receptor system. Pseudoephe-
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drineisdsoindicated for vasomotor rhinitis, and as
an adjunct to other agentsin the optimum treatment of
allergic rhinitis, croup, sinusitis, otitis media, and
tracheobronchitis!¥.
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Figurel: Chemical structureand molecular formulaof PAR
OH
: CH;s

Mol. FormulaC, H .NO
Mol.Wt. 165.23

Figure2: Chemical structureand molecular formula of PS

Thesdts pseudoephedrinehydrochl orideand pseu-
doephedrinesulfate arefound in many over-the-counter
preparationseither assingle-ingredient preparations, or
more commonly in combination with antihistamines,
guaifenesin, dextromethorphan, paracetamol (acetami-
nophen), and/or NSAIDs(e.g., aspirin, ibuprofen, etc).

Cetirizin (CET), Figure 3, ischemicaly designated
as (()-[2-[4-[(4-chlorophenyl)phenylmethyl]-1-
piperazinyl]ethoxy] acetic acid)!¥. Cetirizin crossesthe
blood-brain barrier only dightly, eliminating the seda-
tivesde-effect commonwith ol der antihistamines, how-
ever it till causesmild drowsiness®. It hasal so been
showntoinhibit eosinophil chemotaxisand LTB4 re-
lease. At adosage of 20 mg, Boone et al. found that it
inhibited the expression of VCAM-1in patientswith
atopic dermatitis.Combinationof PAR, PSand CET is
used to improve urineoutput and lung functioninin-
fantswith broncho-pulmonary dysplasia®. These ne-
cesstiesthe devel opment of vaidated and ytica meth-
odsfor thesmultaneousdetermination of PAR, PSand
CET whichismoreoften useful inquality control labo-
ratories.

A comprehensiveliterature search reved ed thelack
of any method for determination of thestudied drugsin
ther ternary mixtureandin pharmaceutica formulations.

— Fyll Paper

So, the present work deal swith the determination
of the three active compounds as bulk drugsand in
pharmaceutical dosageformsusngsmpleTLCanda
RP-HPLC method.
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Figure3: Chemical structureand molecular formulaof CET

EXPERIMENTAL

Instruments

e TLC Scanner 3densitometer (Camage, Muttenz,
Switzerland).

e Sampleapplicator for TLClinomat V with 100ul
syringe (Camage, Muttenz, Switzerland).

e TLCplates(20x20cm) coated with silica gel 60
F,., (Merck KgaA, Darmstad, Germany).

e TheLCsystem (Perkin- EImer, USA) consisted of
Series 200 Vacuum degasser, Series200 L.C pump,
Series 200 variable- wavelength UV-VIS detector
and Series 200 autosampler fitted with a200uL
sampleloop. L C separationswere performed on
RP-C18 Zorbax (22.5 cmx4.6mm i.d. S5um par-
ticlesize) andytica column.

Samples
(a) Authenticsamples

e Paracetamol (PAR) waskindly supplied by MISR
PHARM. IND., Cairo, Egypt. It was certified to
contain 100.19 % according to the USP method®.

e Psudoephedrin (PS) was kindly supplied by El
KAHIRA PHARM. & CHEM. IND. CO, Cairo,
Egypt. It was certified to contain 99.79 % accord-
ing to United States Pharmacope aconvention Inc.
20071,

e Cetirizin (CET) wassupplied by GLOBAL NAPI
PHARMACEUTICAL, 6 October, GIZA, Egypt
Itspurity was|abeled to be 100% United States
Pharmacopeiaconvention Inc. 2007,
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(b) Commercial products

Allercet cold® capsules(BatchesNo. 0611108 and
820805) arelabeled to contain 400 mg of PAR, 30mg
of PSand 10 mg of CET, manufactured by GLOBAL
NAPI PHARMACEUTICALS and were obtained
fromtheloca market.

Chemicalsand solvents

All chemicalsand solventsused through out this
work wereof andytica grade, ethyl acetate, anmonia,
methanol, delonized water, potassium dihydrogen or-
thophosphate and disodium hydrogen phosphate (El-
NASR Pharmaceutical ChemicalsCo., Abu- Zaabal,
Cairo, Egypt) and Acetonitrile HPLC grade (SDS,
France).

Solutions

(a) Sock solutions

e Stock standard solutionsof eech PAR, PSand CET

(I mgmL1).

Standard stock solutions of each PAR, PS and
CET of 1mgmL* concentration werepreparedin ei-
ther methanol (for TLC method) or inthe previously
mentioned mobile phase (for HPLC method).

(b) Working solutions

e Working standard solutionsof each PAR, PSand

CET (0.1 mgmL1).

They were prepared by diluting 10 ml from their
respective Stock solutions (1mgmL-t) in 100-ml volu-
metric flask and the volume was compl eted with the
mobilephase

Procedure
(a) Chromatographic conditions
(A) TLC-dendgtometry

Was performed on 20 x 10 cm TLC aluminum
sheets precoated with 0.25 mmsilicagel 60F,, the
plateswere prewashed with methanol prior to use. The
samples were applied as bands of bandwidth 6 mm
and they were spaced 8.9 mm apart from each other
and 15 mm apart from the bottom edge of the plate.
Linear ascending devel opment wasdoneinachromato-
graphic tank previoudy saturated with ethyl acetate:
methanol: anmonia(75: 20: 5 by volume) for one hour

a room temperatureto adistance of about 80 mmfrom

Hnalytical CHEMISTRY  Commmm——

thelower edge. The devel oped plateswereair dried
and scanned at 254 nm .

(B) RP-HPL C method

e Wascarried out at ambient temperature on RP-
C18Zorbax (22.5cmx4.6mm i.d. Spum particle size)
andyticd column.

The mobile phase consisted of Phosphate buffer
(pH 3.6): acetonitrile (50: 60, v/v). Themobile phase
wasfiltered using 0.45um millipore membrane filter and
wasddivered a rate ImL min. Theinjectionvolume
was 15 pl and the effluent was detected at 210 nm.

(b) Linearity
(A) TLC method

Accuratediquotsof volume 10 pL from stock stan-
dard solutions of concentrationsranges (1-12 mgmL-
1 of PAR, PSand (3-15 mg mL?) of CET, respec-
tively were separately applied to TLC plates,
chromatographed and scanned. Thecalibration curves
relating theintegrated areaunder the peak* 10 intrip-
licatesto the corresponding concentrationsof each PAR,
PSand CET as pg/band were constructed, respec-
tivey.

(B) RP-HPIC method

Working standard solutions (0.1mg mL ) of each
PAR, PSand CET werefurther diluted withthemobile
phase to obtain dilutionsin the range of (1-60, 1-50
and 1-60 pg mL™) of each of PAR, PSand CET re-
gpectively. Triplicate 15uL injections were made for each
prepared sol ution and chromatographed. The pesk area
ratios of PAR, PSand CET were plotted against the
corresponding concentrationsto obtain the calibration
graph for each component.

(c) Application tocommercial products

20 capsuleswere accuratel y Wei ghed after evacu-
ation. An amount of the powder equivalent to 400 mg
PAR, 30mgPSand 10mg CET was accuratel y weighed
ina50-ml beaker; 5 ml methanol and 2 dropsammo-
niawere added, Stirred for 10 minutesusing amag-
netic stirrer and cover the beaker with awatch glass.
The solution wasfiltered into 10 ml-volumetric flask.
Theresiduewashed threetimeseach with 1 ml metha-
nol then completed to the mark with the same solvent
(solution 1). 1, 2 and3 pl of the prepared solution were
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golliedintriplicateusing Linomat applicator ontoaTLC
plate and the procedure was compl eted as under lin-
earity. The concentration of both CET and PS were
caculated fromtheregression equations.

Theprevioudy prepared Solution (solution 1) was
then diluted to1/40 of itsorigina concentration (solu-
tion2, equivalent to10 mg PAR) 2,4 and 6 pl of the
diluted solutionwereappliedintriplicateusng Linomat
applicator onto aTLC plate, the procedure was com-
pleted asunder linearity . The concentration of PAR was
caculated from theregression equation.

Twenty capsulesof Allercet cold® wereevacuated.
An accurately wei ghted portion of the powder equiva-
lent to 0.1 gm of each of PAR, PSand CET was sepa-
ratdy transferredinto 100-ml volumetric flask and then
75 ml mobile phasewas added. The prepared solution
was soni cated for 45 minutes and the volumewas com-
pleted with the same solvent to get 1mg mL-* of each
drug, and then the prepared solution wasfiltered. An
appropriatedilution was madeto preparetheworking
solution and then proposed methodswereapplied, stan-
dard addition techniquewas a so performed.

RESULTSAND DISCUSSION

Today, analytical techniques based on chromato-
graphic separation have become the procedures of
choicefor determining drugseither in pharmaceutical
formulationsor biological fluids™. Although several
chromatographic methods had been reported to as-
say the studied drugs, they generally deal with each of
them alone or with other drugs. In devel oping new
conditions and methods capabl e of € uting widerange
of compounds of different polarities, TLC densitom-
etry and RP-HPL C methods had been investigated.
These methodswere described for simultaneous de-
termination of PAR, PSand CET in their bulk pow-
der and pharmaceuticd preparations. They werevali-
dated according to (ICH) guiddlines®, and they were
stati gtically compared to each other and to the reported
method.

TLC method

Thistechniqueoffersasimpleway to quantify di-
rectly on TLC plates by measuring the optical density
of the separated bands. The amounts of compounds

— Fyll Paper

are determined by comparing the peak height or area
of the unknown band to astandard curvefrom refer-
ence materia schromatographed s multaneoudy under
the same conditiont¥.

A sensitive TLC method was suggested for thede-
termination of PAR, PSand CET internary mixtures.
Thismethod isbased on thedifference of R, values of
thefivecompoundsusing ethyl acetate: methanol: am-
monia(75: 20: 5 by volume) asadevel oping system. It
was necessary totest the effect of different variablesto
optimizethismethod:

Mobile phase

Different devel oping systemsof different composi-
tionweretested in order to obtain optimum separation
such as, chloroform: methanol: ammonia(5:5:1 by vol-
ume), ethyl acetate: methanol: ammonia (100:8:2 by
volume), ethyl acetate: methanol: ammonia(90:8:2 by
volume). Upon using thefirst two systems, CET re-
mained on the base line. The last system gave good
separation of thethree componentswith good R, val-
ues, but PAR and PS had close Rf values.

Certain modificationsweregpplied to thelast sys-
tem to achieve separation of thethree drugs, satisfac-
tory separation was achieved upon using ethyl acetate:
methanol: ammonia(75: 20: 5 by volume) asadeve -
oping system. Thissystem wasfound to give compact
sharp symmetrical spotsfor thethreecited compounds
with suitable R, values at 254 nm. Figure 4 showed
typical chromatogram of thethree components.

D s @254 nm

Figure4: Thin layer chromatogram of PAR (a), PS (b),
CET (c), using ethyl acetate: methanol:ammonia (75: 20: 5
by volume)
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Spot stability

Thetimethe sampleisleft to stand on the solvent
prior to chromatographic deve opment caninfluencethe
stability of separated spotswhich arerequiredto bein-
vestigated for vaidation**™, Two dimensiond chroma:
tography with the same solvent system wasused tofind
out any decomposition occurring during spotting and
devel opment. Sinceno additional spotswere detected,
thisindicated thestability of drugsinthesolutions.

Detection of therelated impurities

Inorder to detect any related impurities, largevol-
umes of thethreedrugs standard stock solutionswere
applied on TLC plate and the chromatogram wasrun
asdescribed under chromatographic condition. No ad-
ditional spotswere observed.

RP-HPL C method

Thegreat utility of RP-HPLC arisesfrom thefact
that thewiderangeof availablesolvents providesmuch
scopefor easily altering the separation selectivity. One
of the major reasons of the wide spread success of
HPLC asananaytical techniqueliesinthevariety of
separation mechanismsthat may be exploited.

A simple, accurate and selective RP- HPLC had
beeninvestigated and validated for quantitative analy-
sisof PAR, PSand CET. The LC procedure was op-
timized with aview to devel op aquantitativemethodin
aconvenient timeanaysisandwithhighquaity separa
tion of thethree proposed components. Thechromato-
graphic operational conditionswere sel ected by con-
sidering the peak resol ution and retention times of the
first and thelast € uted components.

Parametersaffecting theefficiency of thechromato-
graphic separation had been tested and optimized ina
tria to obtain the maximum separation of thecited com-
ponents. At thefirst attempt, anisocratic mobilephase
of deionized water: methanol: acetonitrile (50:20:30, v/
V) was used to separate the three compounds, unfortu-
nately, CET waseluted after very longtime(>45min)
with tailed peak. However, increasing theorganic modi-
fier morethan 10% resulting in very bad resol ution of
PAR and PS (el uted together as one pesk without sepa-
ration) and dsowith very longtimeof analysisfor elu-
tion of CET. Severd trid sweretried by usng different
ratiosand combinationsof different mobilephases. None
of thesetrials successesin separation of the proposed
components.

VWD1 A, Wavelength=210 nm (BOODIDEFAULT.D)
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Figure5: HPL C chromatogram of themixture of PAR (a), PS(b), CET (c),at 210nm

Theeffect of the mobile phase pH on the separa-
tion wastested by using phosphate buffer of different
pH vaues; phosphoric acid and sodium hydroxidewere
used to adjust the pH valuesunder study. Changing the

%nafyttca[ CHEMISTRY [

pH values had no effect on the separation efficiency.
Several wavelengthsweretested (254,230, and 218).
Themaost suitablewavel ength for detection of theac-
tivedrugswas 210 nm at whi ch reasonabl e sensitivity
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of each was obtained.

Different stationary phases (C, and C ;) had been
tested to opti mizethe resol ution and enhancethe pesks.
The shape of peaks had been enhanced on C18 col-
umn. Themobile phasewasddlivered at different rates
(0.8, 1and 2 mL/min), best separation with good reso-
|ution and suitableanalysistimewas obtained upon us-
ing flow rate of ImL/min. Under the optimum chro-
matographic conditions, satisfactory separation of the
three proposed components was obtained and PAR,
PSand CET were eluted at 2.63, 3.44 and 8.28 min

— Fyll Paper

respectively asshownin Figure5.
ICH guiddinesfor method vaidation*d werefol-
lowed for validation of the suggested methods.

Linearity and ranges

Under theabovedescribed experimentd conditions,
linear rel ationshipswere obtained by plotting thedrug
concentrationsagang peak areasfor each drug, for both
chromatographic methods. The corresponding concen-
tration ranges, calibration equations, LOD and LOQand
other statistical parametersarelisedinTABLE 1.

TABLE 1: Reaultsof regresson and assay validation par ameter sof the proposed chr omatogr aphic methodsfor deter mina-

tionof HCT and SPR

TLC method RP-HPLC
Parameters
PAR PS CET PAR PS CET
Range 1-12pg /band 1-12pg /band 1-10png /band 1-60pg/mL 1-50pg/mL 1-60pg/mL
Linearity
Slope 0.015 0.002 0.004 0.096 0.103 0.107
Intercept 0.394 2.903 0.118 0.000 0.012 0.009
Correlation coefficient (r) 0.9998 0.9998 0.9997 0.9999 0.9997 0.9998
Standard error of the dope 0.0059 0.0028 0.0150 0.0007 0.0007 0.0009
Standard error of theintercept 0.0371 0.0222 01154 0.0202 00183 0.0269
Accuracy 100.13+1.854 99.52+0.193 100.25+0.986 101.26 +1.020 10055+ 0911 99.85+0.960

Specificity and selectivity

The method showed good separ ation of the threedr ugs.

The method showed good separ ation of the three dr ugs.

Precision (RSD %)

Repeatability * 1.264-1.107-0.989 0.971-0.654-0.507 1.012-0.879-0.779 0.972-1.102-0.830 1.069-0.890-1.110 1.385-1.620-1.150
I ntermediate precision* 1.698-1.502-1.002 1.002-0.991-0.972 1.416-1.500-1.416 1.221-1.455-0.987 0.984-1.006-0.962 1.047-1.096-0.998
LOD** 0.33(ng\band) 0.182(pg\band) 0.250(pg\band) 0.175 pg/mL 0.245 pg/mL 0.257 pg/mL
LOQ** 1.003(ng\band) 0.552(pg\band) 0.781(ng\band) 0.58 pg/mL 0.81 pg/mL 0.85 pg/mL

*Theintra- day and inter- day relative standard deviations of 0.5, 1 and 1. 20, 30 and 40 pg /mL of the three drugs; **Limit of
detection and quantitation are determined via calculations; LOD = (SD of the response/ slope) x 3.3 LOQ = (SD of the response/

slope) x 10
Accuracy

Theaccuracy of theinvestigated methodswasvai-
dated by analyzing pure sampl es of each PAR, PSand
CET intriplicate. The concentrationsof theactivedrugs
were cal culated from the cal cul ated regression equa-
tions or by comparison with standard applied on the
sameplate (in TLC method), Good resultsare shown
iINTABLE 1.

Precision

It wasevad uated by cdculatingintraand inter- day
precision. By repesting theassay of threedifferent con-
centrationsthreetimesin the same day and assaying

thesame samplesin triplicate on three successive days
using the devel oped chromatographic methodsand cal -
culating therecovery% and RSD%. Resultsin TABLE
lindicated satisfactory precision of the proposed meth-
ods.

Specificity

Specificity was ascertained by anayzing different
mixtures containing the three proposed components
indifferent ratios. The spots of the activedrugsinthe
prepared mixtureswere confirmed by comparing their

R values and spectraof the spot with that of astan-
dard drugs solutions (in TLC method). Other param-
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eters such asthe resolution, capacity factor and se-
lectivity for the separated spots and peaks were then
calculated.

Application tocommercial tablets

The suggested methodswere successfully applied
for determination of PAR, PSand CET inAllercet cold®
capsules. Theresultsshownin TABLE 2 were satis-
factory and with good agreement with the labeled
amounts. A pplying the standard addition technique, no
interference dueto excipientswas observed as shown
fromtheresultsin TABLE 2.

Inorder tovdidate the suggested chromatographic
methods, anoverdl system suitability testingwasdone
to determineif the operating systemsare performing
properly. Good results were obtained and shownin
TABLES3/4.

TABLE 2: Determination of thestudied drugsin tabletsby
theproposed chr omatogr aphic methods

TLC method RP- HPL C method
Sample
PAR PS CET PAR PS CET
Allerce cold 101.798 102.3 101.39 98.89 1023 101.39

Capsules **(B.No.)
Standard addition*

+1.834 +0.403 +2.085 +0.76 +0.403 +2.085
101.407 99.63 100.97 100.45 98.69 99.13
+0.529 +1.566 +1.0944 +1.002 +0.570 +0.435

** Aver age of 6 experiments; * Average of 3 experiments.

TABLE 3: Satistical analysisof parametersrequired for
system suitability testing of TL C method

Obtained value

Parameters PAR PS CET
Symmetry factor 1 1 115
Resolution (Rs) 5.562 9.153
Capacity factor (k') 175 4
Selectivity (a) 141 23

TABLE 4: Satistical analysisof parametersrequired for system suitability testing of RP- HPL C method

Obtained Obtained Obtained
par ameters value value value Refer ence value
PAR PS CET
Resolution (Rs) 5.562 9.153 >0.8
Relative retention (o) 2532 3.445 8.284 >1
Tailing factor (T) 1.005 1.030 1.240 T =1, for atypical symmetrical peak
Capacity factor (k') 1.75 4 6.8 1-10 acceptable
‘I;lll;r;bz]f f theoretical 8033 4097 2095 Increase with the efficiency of the separation
HETP? 0.01867 0.03661 0.07159 The smaller the value the higher the column

efficiency

HETP 2= height equivalent to theoretical plates (cm/ plate).

TABLE5: Satigtical comparison of theresultsobtained by the proposed methodsand thereported onefor deter mination of

PAR,PSand CET in pureform.

e TLC method RP-HPLC Official method!®**
PAR PS CET PAR PS CET PAR PS  CET
Mean 100.13 9951 10025  101.26 100.55 99.85 10019 9979 100
SD 1.854 0.193 0.986 1.020 0.910 0.960 0840 0572 0971
RSD% 1.852 0.194 0.983 1.007 0.905 0.961 1128 0232 1.348
n 3 3 3 5 5 5 5 5 5
Student'st- test ?2'?;5537) 1.383 (2.015) (;igi) (é'ig)z* 0.184 (2.31)* 0.877 (2.31)*
F- value (613:222) (é:gﬁ) (ééii) (égﬁ))* 2.96 (6.3382)* 2.08 (6.3882)*
*Figures between parenthesis represent the corresponding tabulated values of t and F at P = 0.05.
When results obtained by applying the proposed CONCLUSION

methodsfor anaysisof pure PAR, PSand CET com-
pared tothoseobtained by applying theofficia method?,
they showed no significancedifferenceregarding accu-
racy and precison, and resultsweregivenin TABLES.

Hnalytical CHEMISTRY  Commm——

PAR, PSand CET are coformulated together in

rhinitisand common cold formulationsand beingwidey
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used drugs, itisserioudly to found ssmple, rapid and
inexpensvemethodsof ther andysisespedidly inqudity
control laboratories. The suggested chromatographic
methods provides mple, accurateand reproducible sta
bility indicatingmethodsfor quantitetiveanays sof PAR,
PSand CET internary mixtures. Thedeveloped TLC
method is highly sensitive and so it may be used for
anaysisof thesuggested drugsinbiological fluids. It
hasthe advantagesof short runtime, large sampleca-
pacity and use of minima volumeof solvents. HPLC
method givesagood resol ution between thethree pro-
posed componentswithin suitableanaysistime, itis
highly specificbut moreexpengve. Theproposed meth-
ods have advantage than other published methods of
bei ng andyzing the ternary mixture without the need of
gradientdlution.

— Fyll Paper
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