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ABSTRACT

Two accurate and precise methods were developed for the Simultaneous
determination of Ezitimibe and Simvastatinintheir pharmaceutical formula
tions. A high performance liquid chromatographic method with ultraviolet
detection at 240 nm was developed for the separation and determination of
the studied drugs using a C , column. The mobile phase was composed of
0.1 M ammonium acetate buffer (pH 4.5): acetonitrile: methanol [35: 55: 10,
by volumes]. A TLC separation with densitometric detection of both drugs
was achieved using toluene: n-butanol: triethylamine (8.5:2.5:0.5, by vol-
umes) as a developing solvent. The proposed methods were validated ac-
cording to the ICH guidelines. The developed methods were found to be
accurate, precise and suitable for the quantitative determination of both the
drugsintheir pure form, mixturesand in pharmaceutical formulations con-
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INTRODUCTION

Ezitimibe[EZ], is(3R,49-1-(p-fluorophenyl)-3-
[(39)-3-(p-fluorophenyl)-3-hydroxypropyl]-4-(p-
hydroxyphenyl)-2-azetidinong. Itisthefirst lipid-low-
ering drug that inhibitsintestinal uptakeof dietary and
biliary cholesterol without affecting the absorption of

OH
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Figurel: Sructural formulaof ezitimibe[EZ]

fa-solublenutrients?, figure 1.

Simvastatin [SM], is (1S3R,7S5,85,8aR)-8-[ 2-
[(2R,4R)-4-Hydroxy-6-oxotetrahydro-2H-pyran-2-
yl]ethyl]-3,7-dimethyl-1,2,3,7,8,8a-hexahydro
naphthaen-1-yl 2,2-dimethylbutanoate, (figure2),is
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Figure2: Sructural formulaof smvastatin [SM]
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alipid-lowering agent that isHMG Co-A reductase
inhibitor®.

A combination of SM and EZ has acomplemen-
tary action with each other. It issignificantly moreef-
fectivethan SM or EZ alonefor reducing plasmacon-
centration of cholesterol™. Theliterature survey showed
few methodsfor quantitative estimation of EZ and SM
inbody fluidsand in pharmaceutical formulations. Sev-
eral methodswere developed for determination of EZ
and SM with other combinationsin pharmaceutical
dosage form by spectrophotometry®™ and chromato-
graphic methodd®. There is no pharmacopoeia
method for determination of EZ aoneor in combina-
tion with SM in pharmaceutical dosageforms.

Inmodern analytical laboratory, thereisalwaysa
need for smple, rapid and vaidated methodsfor smul-
taneous determination of drug combinationsthat could
beused for routineanalysis. The present work aimed
to develop simpleand rapid instrumental methodsfor
the quantification of EZ and SM in bulk form, intheir
mixturesor intheir pharmaceutica formulations. These
methodsare chromatographic ones, namely, HPLC and
TLC with densitometric detection.

EXPERIMENTAL

Instruments

A liquid chromatography consisted of Shimadzu
class-vp V6.12 SP4, amodel 1050 solvent delivery
system, and aUV- visible spectrophotometric detec-
tor. The separation was performed onaSupelcosi| LC
extracolumn (150 mm x 4.6 mm; 5 um).

TLC-plates[20 cm x10 cm, 0.25mm)] coated with
slicagel 60 F254 [Merck, Germany] were used.

Camag TLC scanner 3S/N 130319 withWinCATS
softwareand Camag Linomat 5 auto sampler [Muttenz,
Switzerland] with Camag micro syringe[100 uL] were
used.

Materialsand reagents
All chemicasand reagentswereof anaytica grade.
(A) Materials

Reference EZ and SM standardswerekindly sup-
plied by HikmaPharmaEgypt, 6" October City (Cairo,
Egypt). The potency wasfound to be 99.85+ 0.56%

—= Fyll Paper

(n=6), for EZ according to areference HPL C method!®
and 100.24 £ 0.39% (n=6), for SM according to the
officid HPLC method®®.

(B) Pharmaceutical for mulations

LIPTRIN® 10/10, |abeled to containl0mg of EZE
and10mg SIM, BN: 90478A,, Chemipharm Co, Egypt.

ZOCOZET®™ 10/20, | abeled to contain10mg of EZE
and 20 mg SIM, BN: 1030099, Macyrl Pharmacutical
Industries, Egypt.

ALKOR PLUS"10/40, |abel ed to contain10mg of
EZE and 40 mg SIM, BN: 005, Hikma Pharma, Egypt.

(C) Sandard solutions

Standard stock solutions were prepared by dis-
solving EZ and SM, separately inmethanol into 50-mL
volumetric flasksto obtain afina concentration of 0.2
mg/mL for the HPLC method and 1 mg/mL of each
drugfor the TLC densitometric one.

(D) Reagents

Ammonium acetate, n-butanol, and toluene: Adwic,
El-Nasr Pharm. Co. (Cairo, Egypt). Methanol and ac-
etonitrile: HiPerSolv.®, HPLC-grade, E. Merck
(Darmstadt, Germany). Triethylamine LR: Laboratory
Rasayan s.d. Fine-Chem Ltd. De-ionized water:
Bidistilled from “Aquatron” Automatic Water Still
A4000, Bibby SterillinLtd. (Staffordshire, UK).
Procedure
(A) Liquid chromatographic method
Linearity

Aliquots (0.1-1 mL) from both EZ and SM stan-
dard stock solutions (each, 0.2 mg/mL) were trans-
ferred separately into series 10-mL volumetric flasks.
Thevolumeswerethen completed with themobilephase
to obtainaconcentration rangeof 2-20 ug/mL for each.
The prepared solutionswere then analyzed using the
following chromatographic conditions.

The stationary phase was a Supelcosil LC extra
C, column (150 mm x 4.6 mm; 5 um). Mobilephase
was consisted of 0.1M ammonium acetate + acetoni-
trile+ methanol (35: 55: 10, by volumes). Thefinal pH
was adjusted to 4.5. The mobile phase was prepared
daily, filtered through a0.45-pum Millipore membrane
and was degassed for ~15 minutesinan ultrasonic bath
prior tothar use. How ratewas 1.2 mL/min. isocraticaly
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at ambient temperature (~25+ 1°C) withaUV -detec-
tion at 240 nm. Thesampleswerefiltered aso through
a0.45-um membranefilter, and wereinjected by the
aid of a50-puL Hamilton® analytical syringe. To reach
good equilibrium, theanalysswas usudly performed
after passing ~ 50-60 ml of themobile phase, just for
conditioning and pre-washing of the stationary phase.
Regression equationswere constructed and used for
estimating the concentration of both drugsin pure
samples, [aboratory prepared mixturesandin pharma:
ceuticd formulations.

(B) TLC-Densitometery

Linearity

Stock standard solutionswere prepared separately
by dissolving 10 mg of EZ or SM in 10 mL-volumet-
ric flask with methanol. Aliquots (1-14 uL) of EZ or
(1-18uL) of SM (each 1 mg/mL) were applied on
thinlayer silicaplates. The specified chromatographic
conditionswere adopted, and calibration curveswere
constructed by plotting the areas under peaks (AUP)
versus drug concentration and the corresponding re-
gression eguationswere computed.

Anaysiswas performed on pre-coated thin layer
chromatographic plates, silicagel 60F,, (20cmx 20
cm, 0.25 mm). Sampleswere applied ontheplatesin
theform of bands by Camag Linomat 5 auto sampler
utilizinga100-uL Hamilton micro-syringe. Theband
length was 4 mm and dosage speed was 150 nL/sec.
Bands were applied 12 mm apart from each other.
Theair-dried plates, were devel oped in achromato-
graphictank, pre-saturated, for at |east one hour, with
the devel oping mobile phase toluene + n-butanol +
triethyl anmine(8.5: 2.5: 0.5, by volumes) by ascend-
ing chromatography through adistance of ~15 cm at
roomtemperature (25 °C). The developed plates were
air-dried and the spotswere detected under UV-lamp
at 240 nm then scanned under the following instru-
menta conditions.

o Sourceof radiation: Deuterium lamp
o Scanmode: Absorbance mode

o Sitdimenson: 3mmx 0.45mm

o Scanning speed: 20 mmy/ sec.

Regression equationswere constructed and used for
estimating the concentration of both drugsin laboratory
prepared mixturesandin pharmaceutical formulations.

Hnalytical CHEMISTRY o

(C) Analysisof phar maceutical formulations

At least 10 tabletswereweighed and powdered to
obtaintheaverageweight per tablet. A massof the pow-
dered tablets, claimed to contain 10 mg of EZ and (10,
20 or 40 mg) SM was dissolved in small quantity of
methanol. Thismixturewas sonicated for 15 min. and
diluted to mark with methanol. Aliquotswerethen re-
moved and centrifuged at 5000rpm for 20 minand then
filtered through a0.45 pum syringe filter. The solution
wastransferredto avolumetric flask and madeuptoa
aufficient volumewith the sol vent to get aconcentration
of (Img/mL). All determinationsweredoneintripli-
cate. The same procedure was used to estimate the
concentration of thedrug in threedifferent strengths of
EZ and SM intheir tablets.

(D) Method validation

The devel oped andytica methodswerevalidated
accordingto ICH guidelines. Comparison of theresults
obtained by the proposed methods and the reference
onesand statistical analysis of datawas done.

RESULTSAND DISCUSSION

Liquid chromatographic method

A dmpleisocratichigh-performanceliquid chromato-
graphic method was devel oped for the determination of
EZ and SM in pure formsand in their mixtures. The
mobile phasewas chosen after severd trids. Themost
suitable onewas consisted of 0.1M acetate buffer (pH
4.5): acetonitrile: methanol (35: 55: 10, by volumes). The
flow ratewas 1.2 mL/min. By using the described chro-
matographic conditions, EZ and SM werewel | sepa-
rated with averageretentiontimesof 3.19min. and 5.54
min., for EZ and SM, respectively, Figure 3.

Thelinearity of the detector responsefor both drugs
was determined by plotting peak arearatiosto the ex-
ternal standard versus concentration. The linearity
rangesand and ytica datafor thecaibration graphsare
listedinTABLE 1.

The precision of the method was evaluated and the
relative sandard deviationva uesfrominter-day anay-
siswere found to be 0.109% and 0.07% for EZ and
SM respectively, and fromintra-day 0.99% and 0.2%
for EZ and SM, respectively. Resultsfor HPLC analy-
sis of laboratory-prepared mixtures with different
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proportionsof thetwo drugsaregivenin TABLE 2.
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Figure3: Liquid chromatogr aphic separation of EZ (3.19
min) from SM (5.54 min), experimental conditions

TL C-densitometery method

A TLC-densitometric method isdescribed for the
simultaneous determination of SM and EZ without
prior separation. Different solvent systemsweretried
for the separation of both drugs. Satisfactory results
were obtained by using amobile phase composed of
toluene + n-butanol + triethylamine (8.5:2.5:0.5, by
volumes), where Rf was 0.7 and 0.6 for EZ and SM,
respectively. The separation alowsthe determination
of both drugswithout interference from each other.
Thelinearity was confirmed by plotting the measured
peak area ver susthe corresponding concentrations
at 240 nm over arangeof 1-14 pg/spot, for EZ and
over arangeof 1-18 ug/ spot, for SM where a linear
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response was obtained. The regression equations
werelistedinTABLE 1.

The separated spots of thetwo drugswere scanned
at 240 nm, figure4.

EZ

SM

Figure4: Threedimensional TL C densitogram showingthe
separation of EZ from SM, seeexperimental conditions

To assessthe specificity, accuracy and selectivity
of the TLC-D method for assay of both drugswithout
interferencefrom oneanother, Sx synthetic mixtures of
EZ and SM at various concentrationswithinthelinear-

TABLE 1: Assay parameter sand validation sheet for deter-
mination of EZ and SM.

HPLC TLC
EZ SM EZ SM
Range 2-20 pg/mL 2-20 pg/mL 1-14 pg/spot 1-18 pg/spot
Siope 04395  0.4253 0.102 0.7%
Intercept  0.1292  0.03345 0.891 6.76
gé’;ﬁ'g“eﬁ’t‘ 0.999 0.999 0.999 0.999

TABLE 2: Determination of SM and EZ in laboratory pre-
par ed mixtur esby the proposed methods
Lab. Mix.(EZ/SM)
Component
EZ
SM

HPLC method TLC method

100.30+ 0.56
100.00+ 0.36

98.99 +£1.02
99.20+0.97

TABLE 3: Assay validation par ameter sof the proposed methodsfor thedeter mination of EZ and SM.

Par ameter HPL C method TLC method
EZ SM EZ SM
Accuracy 100.23+0.54 100.16 +0.12 99.76 + 0.34 100.08 +1.30
Specificity 100.07 = 0.68 100.02+0.76 99.38+1.53 100.80+ 1.14
Repeatability 99.96 + 0.24 100.11+0.73 99.96 + 0.93 101.14+1.72
Intermediate precision 99.98 £ 0.99 100.03+0.39 99.89+0.94 100.23+1.04
Linearity range 20-200 pg/mL 20-200 pg/mL 1-14 pg/spot 1-18 pg/spot
Slope 0.4412 0.3515 0.102 19.893
I ntercept 0.1308 0.1986 0.0891 41.22
Correlation Coefficient 0.999 0.999 0.999 0.999
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ity rangewere prepared and analyzed. Satisfactory re-
sultswereobtained and shownin TABLE 2. TABLE 3
showstheassay validation parameters of the proposed
methodsfor the determination of EZ and SM.

Analysisof phar maceutical formulations

The suggested methodswere successfully applied
for thedetermination of EZ and SM intheir pharma-
ceutical formulations, showing good percentage recov-
eries. Thevalidity of the suggested methodswasfur-
ther assessed by applying the standard addition tech-
nigue, and the precison wasa so expressed in termsof
rel ative standard deviation of theinter-day and intra-
day andysisresullts.

CONCLUSION

The proposed HPLC method israpid, accurate and
precisefor the s multaneous determination of EZ and
SM intablet dosageformsand can be used for routine
quality control of thesedrugsintheir mixturesandin
pharmaceutical formulations. TheHPLC methodisa
versatile method and may offer advantages over the
derivative method for the sel ective determination of the
two intact drugsin avariety of matrices. The TLC-D
method has some advantages over HPLC such aslow
cost, largesample capacity and minimal volume use of
solvent. With these two methods, we can gainthe ad-
vantages of speed, lower cost, and environmental pro-
tectionwithout sacrificing accuracy.
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