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ABSTRACT

The present study describes the development and subsequent validation
of accurate, precise and reproducible HPLC and HPTLC methods for the
analysis of Pravastatin (1), Simvastatin (11) and Ezetimibe (111) at ambient
temperature. (1) was determined in presence of itsacid, alkaline and oxida-
tive-degradates, as stability-indicating study by the mentioned chromato-
graphic techniques, utilizing acetonitrile: 0.1% aceticacid pH 3+ 0.1 (50:50
v/v) asamobile phase and chloroform: ethanol: glacial acetic acid (9:1:0.2 v/
v/v) asadeveloping system. While, acetonitrile: acetic acid pH 3 (60:40 v/v)
and diethyl ether: chloroform (9:1 v/v) was used asamobile phase and asa
developing system for determination of (11) and (I11) in presence of each
other and in presence of their acid, alkaline and oxidative-degradates, re-
spectively, by the proposed chromatographic techniques. All the proposed
methods were validated according to the International Conference on Har-
monization (ICH) guidelinesand successfully applied to determine the men-
tioned drugsin pure form, in laboratory prepared mixtures and in pharma-
ceutical preparations. The obtained results were statistically compared to
the official and manufacturer’s methods of analysis (for (I) and (11) and (111),
respectively) and no significant differences were found.

© 2011 Trade Sciencelnc. - INDIA
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INTRODUCTION

Pravastatin sodium (1) and Simvastatin (1) areex-
amplesof statinsthat act by competitively inhibiting
HM G-COA reductase enzymethat catalyzestherate-
limiting step in cholesterol biosynthesigY. The|CH-
guidelines? requires performing stress-testing of the
drug substancethat can help inidentifying thelikely
degradation-products, a so can be useful in establish-

ing the degradati on-pathwaysand vaidating the stabil -
ity-indicating power of theanalytical procedures used.
Moreover, vaidated stability-indicating method should
be applied inthe stability study™. Stability-indicating
methods can be specific onethat evaluatesthedrugin
the presence of its-degradation products, excipientsand
additives®.

Most methodsfor (I) andysisutilized high perfor-
manceliquid chromatographi c techniquesin biologica
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fluidg>*3, thin layer chromatography¥, gas chroma-
tography*>19, capillary el ectrophoresis*” and polarog-
raphy!® were reported. Different methods have been
reported for determination of (1) including, spectro-
photometric methods™®?, high performanceliquid chro-
matographi ¢ techniques?:* and gas chromatographic
methods®™*, Ezetimibe(l11) isthefirstinanewclass
of anti-hyperlipidemic drugsknown ascholesterol ab-
sorptioninhibitors. It blockseffectively intestind absorp-
tionof dietary and biliary cholesterol. Different meth-
odsusedfor (111) anaysisusing high performancelig-
uid chromatographic techniques*:#, high performance
thin layer chromatographic technique*! and spectro-
photometric methods*>#®! were reported.

Themain god of thiswork isto establish accurate,
precise, rapid and reproduci ble chromatographic meth-
odsfor thedetermination (1), (11) and (111) in presence
of their-degradates, asstability indicating study, and Si-
multaneousdetermination of (11) and (111) in binary
mixtures, which can beused for theroutine quaity con-
trol analysisof thesedrugsinraw materid and pharma-
ceutical preparationsand for stability studies.

EXPERIMENTAL

Chemicalsand reagents

Pravastatin sodium waskindly provided by Bristol-
Mayers Squibb and certified to contain 99.99%.
Lipostat® tablets: batch number: 342992, manufactured
by Bristol-Mayers Squibb Company. Each tablet was
labeled to contain 20 mg of Pravastatin sodium.
Simvastatin waskindly supplied by Amriya Pharma-
ceutical industries (Egypt) and certified to contain
99.95%. Ezetimibewaskindly supplied by Global Napi
Pharmaceuticals (Egypt) and certified to contain
99.99%. Inegy® tablets: batch number: NE16760,

Hnalytical CHEMISTRY o

manufactured by Globa Napi Pharmaceuticals. Each
tablet waslabel ed to contain 20 mg of Simvastatin and
10mg Ezetimibe,

Acetonitrile, diethyl ether, ethanol, methanol and bi-
distilled water (Riedel-dehaen, Sigma-Aldrich, Ger-
many), glacia acetic acid and hydrogen peroxide 30%
(E-Merck, Germany), hydrochloricacid and sodium hy-
droxide(BDH), each ‘aqueous 0.1M” and chloroform
(Adwia).

All chemicd and reagents used through thiswork
areof chromatographic analytical grade. Bi-distilled
water isused throughout thewholework and isindi-
cated by theword ‘water’.

Instruments

The HPLC system-Bio-Tek Kontron instrument
‘SRL Via G Fantoli 16/ 15—-20138 Milan, Italy’ com-
prised anisocratic pump model series422, connected
to PC and software pakage 1.8 (Kromasystem 2000
version 1.814a), Knauer injector with Hamelton fixed-
neddle syringe ‘P.No.A50-0024 and Unit 50.0 pl’, 50-
ul loop and a 540+ photodiode array detector. The
chromatographic separation was performed using
supelcosil C18 column (5um, 250 x4.6 mmi.d.) at
ambient temperature. Ultrasonic vibrator, Crest ultra
sonic-Tru/Sweep, Model 575 TAE, N.Y., USA.
Disposible membranefilters, 0.45um, Phonomenex,
Nylon, Millipore, USA.

For HPTLC, aDesagadensitometer model CD60
(Germany), AS 30 Desagaapplicator, DesagaUV lamp
with short wavel ength (254nm), HPTLC aluminium
plates pre-coated with silicagel 60 F, (E.Merck).

A (Jenway 3510, UK) pH-meter, equipped with
combined glasseectrodefor pH adjustment.

Sandard solutions
Sandard solutionsof theinvestigated drugs

Stock standard solutions of (1) having concentra-
tion of (1.0 mg.ml?), were prepared in water and
methanol for HPLC and HPTLC anadydis, respectively,
wherethefirst onewasfurther diluted with themobile
phaseto have aconcentration of 100 ug.ml-* usedasa
working standard HPL C-sol ution, and thelast onewas
used asaworking standard HPTL C-sol ution.

While, stock standard solutionsof (1) and (1), eech
having concentration of (1.0 mg.ml*and 2.0 mg.ml?)

Au Tudian Yournal
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Figurela: HPL C chromatogram of mixturesolution con-
taining Pravastatin sodium (1) 20.0pg.ml* with its acid-
degradates 10.0 pg.ml*
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Figure1lb: HPL C chromatogram of mixturesolution con-
taining Pravastatin sodium (1) 20.0pg.ml** withitsalkaline-

degradates20.0 pg.ml*
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Figurelc: HPLC chromatogram of mixturesolution con-

taining Pravastatin sodium (1) 20.0pg.ml** with itsoxidative-
degradates5.0 pg.ml*

for HPLC and HPTLC, respectively, wereprepared in
acetonitrile, whereworking stlandard HPL C-sol utions of
(1yand(I11), having concentrationsof 250 ug.ml~*were
prepared by further dilution with themobilephase, while
HPTLCworking gandard solutionsof (1) and (111) were
prepared by further dilutionwith acetonitrileto havea
concentration of 500 pug.ml.
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Figure2a: HPL C chromatogram of mixtur e solution con-
taining Ezetimibe (1) and Simvastatin (11) (20.0pg.ml* each)
with Ezetimibeacid-degradates(la, Ib, Ic& Id) 20.0pg.ml*
and Smvastatin acid-degradate (11a) 20.0pg.ml*
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Figure2b : HPL C chromatogram of mixtur e solution con-
taining Ezetimibe (1) and Simvastatin (11) (20.0pg.ml* each)
with Ezetimibealkaline-degradates(la, Ib & 1¢) 20.0pg.ml*
and Simvagtatin alkaline-degradate (11a) 20.0pg.mit
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Figure2c: HPL C chromatogram of mixtur e solution con-
taining Ezetimibe (1) and Smvastatin (1) (20.0pg.ml* each)
with Simvastatin oxidative-degradates(l1a) 10.0pg.ml*

Sandard solution of pravastatin degradates
Pravastatin sodium

Stock standard solutions of ‘acid and alkaline-
degradates’, were prepared, by mixing 10 ml of the
stock standard solution of (1), separately, with 20 ml of
‘0.IM HCl and 1.0 M NaOH’, heating in water-bath
at 70°Cfor ‘2 and 3.5” hours, respectively, cooling,

— a%a['yttaa[’ CHEMISTRY
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Figure3: HPTL C chromatogramsof mixtur e solutionscon-
taining Pravagtatin sodium 3.0pg.spot* with: (a) Itsoxidative-
degradates1.0pg.spot?, (b) Itsacid-degr adates 2.0pg.spot™*
and (c) Itsalkaline-degradates2.0pg.spot*
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Figure4b : HPTL C chromatograms(a) mixtur e solutionscon-
taining Ezetimibeand Simvagatin (2.0pg.spot* each) with their
alkaline-degradates 2.0pg.spot*, (b) Ezetimibe alkaline-
degradates 2.0pg.spot* and Simvastatin alkalinedegra-
dates2.0pg. spot*
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Figureda: HPTL C chromatograms(a) mixturesolutionscon-
taining Ezetimibeand Simvagtatin (2.0pg.spot* each) with their
acid-degradates 2.0pg.spot?, (b) Ezetimibe acid-degradates
2.0pg.spott and (c) Simvadtatin acid-degr adates?.0pg.spot*
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Figure4c: HPTLC chromatograms (a) mixture solutions
containing Ezetimibeand Smvagatin (2.0pg.spot* each) with
Simvastatin oxidative-degradates 2.0pg.spot* and (b)
Simvastatin oxidative-degr adates3.0pg.spot*
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thenneutrdizingthemediawith ‘0.1M NaOH and 0.1M
HCI” and making the volumes to 50 ml with water and
methanol for HPLC and HPTL C analysi's, respectively,
to obtain aconcentration of 200 ug.mi-.

Standard stock solution of oxidative-degradates,
were prepared by mixing 10 ml of the stock solution of
(1) with20ml 30%H,0O,, leaving at room temperature
for 24 hrsand then making volumeto 50 ml with water
and methanol for HPLC and HPTLC anaysis, respec-
tively, to obtain aconcentration of 200 pug.ml-=.

Completedgradationwaschecked by usngHPTLC
system; silicagel 60 ., platesand chloroform: etha-
nol: galacia aceticacid (9: 1. 0.2, v/iviv) asadevelop-
ing system or HPL.C system; Supelcosil C18 5 umcol-
umn and acetonitrile: acetic acid (pH 3.0) (50: 50, v/v)
asamobilephase.

Then, al the prepared standard stock degradated
solutions, used for HPL C technique werefurther di-
luted with themobile phaseto preparetheworking stock
solutions having aconcentration of 40 pug.mi,

Simvastatin and ezetimibe

Stock standard solutionsof (11) and (111) each hav-
ing concentration of 2.0 mg.ml-tin acetonitrilewereused
intheforced degradation.

For smvastatin

Standard stock solutions of ‘acid and alkaline-
degradates’ were prepared separately, by mixing 5 ml
of the stock standard solution of (I1), separately, with
10 ml of ‘0.1M HCl and 1.0 M NaOH’, heating in
water-bath at 80°C for ‘4.5 and 3.5 hours, respec-
tively, cooling, then neutralizing themediawith ‘0.1M
NaOH and 0.1M HCI’ and making the volume to 50
ml with acetonitrile, to obtain aconcentration of 200
ug.ml2.

Standard sol ution of oxidetive-degradateswas pre-
pared by mixing 5 ml of thestock solution of (11) with5
ml 30% H,0O,, leaving at room temperaturefor 48 hrs
and then making volumeto 50 ml with acetonitrileto
obtain aconcentration of 200 ug.mi-.

For ezetimibe

Stock and working standard solutionsof (1) “acid
and alkaline-degradates’ were prepared separately, by
thesameway likethat used for Simvastatin.

Complete degradation was checked by using

—— Fyll Peper

HPTLC system; silicagel 60F,, platesand diethyl ether:
chloroform: galacial aceticacid (9: 1, v/v) asadevel-
oping system or HPL C system; Supelcosil C18 5 um
column and acetonitrile: acetic acid (pH 3.0) (60: 40,
v/v) asamobilephase.

Then, all the prepared standard stock degradated
solutions, used for HPL C technique werefurther di-
luted with themobile phaseto preparetheworking stock
solutions having aconcentration of 40 pug.ml.

PROCEDURES

HPL C method
Pravastatin sodium

Stationary phase, C18 Supelcosil column(5um,
250x4.6 mm), acetonitrile: diluted aceticacid ‘pH 3’ in
aratio (50:50, v/iv) withaflow rateof 1.3 ml.mintas
‘degassed and filtered” mobile phase, and UV detec-
tion at 237 nm, were the chromatographi c conditions
adopted. Construction thecalibration curvewas per-
formed by transferring diquotsof (I)-working standard
solutioninto aseriesof 25 ml volumetric flasksand
diluting with themobile phaseto thevolume, havinga
concentration rangeof 0.4-30 ug.mit. Under the pre-
viously mentioned chromatographic conditions, 50 -
volumefrom each solutionwasinjected intriplicate, the
average peak areaobtained for each concentrationwas
plotted versus concentration and the regression equa
tion wasthen computed.

Simvastatin and ezetimibe

The adopted chromatographic conditionswerede-
gassed andfiltered mobile phase cons stsof acetonitrile:
diluted aceticacid ‘pH 3’ in aratio (60:40, v/v), with a
flow rateof 1.3 ml.min, C18 Supelcosi| column(5um,
250x4.6 mm) asadationary phaseand UV detection at
247 nm. Cdibration curveswere constructed by trans-
ferringdiquotsof (11) and (111) working standard solu-
tionsinto aseriesof 50 ml volumetricflasksand diluting
with themobile phaseto thevolume having concentra-
tionrangesof 1-90 ug.ml* and 0.5-90 pug.mi, respec-
tively. Under theabove mentioned chromatographic con-
ditions, 50 ul-volumefrom each solutionwasinjectedin
triplicate, theaverage pesk areaobtained for each con-
centrationwasplotted versus concentration and then the
regression equiati on was computed.
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TABLE1: Validationreport of theproposed HPLC andHPTLC
methodsfor thedeter mination of Pravastatin sodium

Parameters Methods

HPLC HPTLC
Linearity 0.4-30ug.ml™  0.4-10pg.spot™
Intercept 0.0262 20.99
Slope(b)? 1.9426 -
Coefficient1(b1)® - 382.58
Coefficient2(b2)® - -15.201
Correlation coefficient (r) 0.9998 0.9997
Accuracy® 100.28+0.615 99.89+0.983

Precision

Repeatability® 100.87+0.910  100.10+0.913
Intermediate precision® 100.90+1.008 99.39+0.936

3Regression equation = “A = a + be¢” for HPLC; where “A” =
peak area and “c” = the concentration (pg.ml™). "Regression
equation = “A = a + blc + b2¢2” for HPTLC; where “A” = the
peak area and “c” = the concentration (pg.spot?). ‘Mean + S.D

TABLE 2: Validationreport of theproposed HPL CandHPTLC
methodsfor thedeter mination of Smvadatin (1) and Ezetimibe(11)

Methods
Parameters HPLC HPTLC
0} (m 0} ()
Linearity 1-90 pg.ml™ 0.5-90pg.ml™ 0.4-5ug.spot*  0.2-5pg.spot™
Intercept -0.524 0.182 26.867 74.509
Slope(b)® 1.192 1.448 - -
Coefficient1(b1)° - - 372.59 620.89
Coefficient2(b2)° - - -18.885 -48.608
Ccé’gﬁ'caiﬂg{‘(r) 0.9998 0.9997 0.9997 0.9997
Accuracy® 100.16£0.936 99.75+0.959 99.99:+0.794  100.09:0.913
Precision

Repeatability®  100.45+0.833 99.79:0.723  99.46+0.949  99.47+0.645
chgﬁﬂicate 99.3140.930 99.85+1.023 100.05£0.679 99.49+0.856

3Regression eguation = “A = a + bc¢” for HPLC; where “A”
=peak area and “c” = the concentration (ng.ml?). "Regression
equation = “A = a + blc + b2¢2” for HPTLC; where “A” = the
area and “c” = the concentration (pg.spot?). ‘Mean + S.D

TABLE 3: Satistical comparison between the proposed meth-
ods and the official method* for the determination of
Pravastatin sodium

Parameters
M ethods -
Mean S.D. n Variance Student’s t-test Ftest
B.P. 99.75 0.9975 0.994 - -
HPLC 100.28 0.6156 0.378 0.427(2.23) 2.629(5.19)
HPTLC 99.99 0.9837 0.967 0.744(2.20) 1.028(4.53)

Values in parenthesis are the theoretical values of t and F at
P=0.05. *Official B.P. (2007) HPLC method“®

TABLE 4: Satistical comparison between theproposed meth-
odsand the manufacturer’s method* for determination of
Simvagatin (1) and Ezetimibe(I1)

0} (D)

Parameters
Manufacturer’s Manufacturer’s
method HPLCHPTLC method HPLCHPTLC

Mean 99.87 100.16 99.99 100.46 99.75 100.09
S.D. 0.86 0.936 0.79%4 0.848 0.959 0.913
n 5 6 8 5 8 8
Variance 0.739 0.877 0.629 0.719 0.919 0.833
Student’s t ; 0.693 0.659 R 0.239 0.436
test (2.23) (2.18) (2.18) (2.18)
F test R 1.187 0.851 R 1.187 1.159

(6.26) (4.12) (6.09) (6.09)

Values in parenthesis are the theoretical values of t and F at
P=0.05. *M anufacturer’s HPLC method!*!

TABLE 5: Deter mination of Pravastatin sodiumin labor a-
tory prepared mixturescontainingitsacid-degradatesby the
proposed HPL C and HPTL C methods

% Recovery*

Sample no. % Degradates
HPLC* HPTLC*
1 10 100.08 100.29
2 50 100.19 98.94
3 100 100.35 99.02
Mean 100.21 99.42
R.S.D.% +0.136 +0.76
*Mean of three determinations
o}
H  M.w.=406
HSC/\HJ\Q Acid degradate

CHj CHs3
HO
bt 20
Rint
=3
"
194
!
i - -
" s
,.'""1
ol t
H i 1 f
il
L 1-1,a
150 00 50 300 %0 )
mhe

Figure5: Massspectrum of fir & acid-degradate of Pravastatin
sodium
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Figure 6 : Mass spectrum of second acid-degradate of

Pravastatin sodium

HPTL C method
Pravastatin sodium

Calibration curvewas performed by applying dif-
ferent aliquots (0.4-10 ul) of (1)-stock standard solu-
tion as separate compact spots 10 mm apart and 15
mm fromthebottom of HPTLC plates. Theplateswere
developed in chloroform: ethanol: glacial acetic acid
(9:1:0.2, viviv) system, by ascending chromatography
to adistance of about 80 mm in achromatographic
tank pre-saturated for 30-minutesthen removed, dried
inair, scanned at 237nm and then the peak areacorre-
sponding to each concentration was measured. The
average peak areaobtained for each concentration was
plotted versus concentration and the regression equa
tion wasthen computed.

Simvastatin and ezetimibe

Different aliquots (0.8-10 ul and 0.4-10 ul) of (11)
and (111) working standard solutionswere applied as
separate compact spots 10 mm apart and 15 mm from
the bottom of HPTL C platesand the above mentioned
stepsused for construction the calibration curve of (1)
wereadopted, but using diethyl ether: chloroform (9:1,

—— Fyll Peper
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Figure 7 : Mass spectrum of the alkaline-degradate of

Pravastatin sodium

v/v) system and scanning at 231 nm.

Assay of thepharmaceutical formulations
Pravastatin sodium

Twenty tabletswereaccurately weighed and finely
powdered. A portion of the powder equivaent to one
tablet of (1) wasaccurately weighed, transferred to 100
ml volumetricflask, shaked for 15-minuteswith 50 ml
water, filtered and then completed to the volumewith
water, to obtain aconcentration of 200 ug.ml. Solu-
tionshaving concentration of 10 ug.ml* were prepared
by further diluted with the mobile phase and methanal,
respectively to beused for Pravastatin determinations
by HPLC and HPT L C techniques, asmentioned under
24.1.and2.4.2.

Simvastatin and ezetimibe

Twenty tabletswereaccurately weighed and finely
powdered. A portion of the powder equivaent to one
tablet of (11) and (111) wasaccurately weighed, trans-
ferred to 100 ml volumetric flask, shaked for 15-min-
uteswith 50 ml acetonitrile, filtered and then compl eted
to volumewith acetonitrile. Solutions having the con-
centrationsof 20 ug.mi (11) and 10 ug.mi* (111) were

—— a%a['yttaa[’ CHEMISTRY
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TABLE 6a: Determination of Simvastatin and ezetimibein
laboratory prepared mixtures containing their acid-
degradates* by theproposed HPL C method

TABLE 6b : Determination of Smvastatin and Ezetimibein
laboratory prepared mixtures containing their acid-
degradates* by theproposed HPTL C method

Mixtures Simvastatin Ezetimibe % Recovery®

Mixtures Simvastatin Ezetimibe % Recovery®

no. (ngml™)  (ngml) gSimyastatina Ezetimibea no. (ng.spot™)  (ngspot™) Simvastatina Ezetimibea
1 2 20 99.05 100.79 1 1 3 100.13 99.98
2 20 20 99.99 100.24 2 3 3 99.83 99.11
3 20 2 100.53 101.09 3 3 1 100.68 100.07
Mean 99.86 100.71 Mean 100.21 99.72
R.S.D.% +0.750 +0.428 R.S.D.% +0.430 +0.531

3M ean of three determinations. *Each sample contains 20 pgml
! acid degradates of each drug

TABLE 7: Resultsfrom robustnesstesting of the proposed
HPL C method for Pravagatin sodium

@M ean of three deter minations. * Each samplecontains 2 pg.spot
1 acid-degradates of each drug

TABLE 8a: Resultsfrom robustnesstesting of the proposed
HPL C method for deter mination of Simvagtatin

Conditions Rt N T RS Conditions Rt N TRS
Flow rate Flow rate
1.2 ml.min’ 2.892404511.94.82 1.2ml.min? 14.423040.891.96.54
1.4 ml.min? 250263722 1.9451 14ml.min?t 13.072751.451.75.7¢
M obile phase composition M obile phase composition
Acetonitrile: acetic acid (52: 48, v/v) 2.59 2681.36 1.9 4.84  Acetonitrile: acetic acid (52: 48, v/v) 12.742822.461.95.5€¢
Acetonitrile: acetic acid (48: 52, v/v) 2.87 281596 2 4.29  Acetonitrile: acetic acid (48: 52, v/v) 14.012985.511.96.22
pH pH
28 240281597 2 403 28 13.912967.181.66.44
32 293286157 1.5413 3.2 13.972894.361.96.11
Column Column

Thermo Hypersil C18 (Sum, 250x4.6 mm) 2.62 2725.86 1.8 4.13

Thermo Hypersil C18 (S5um, 250x4.6 mm) 13.992930.661.56.82

*Resolution of the near est acid-degradaterelativeto Pravastatin
sodium

prepared by gppropriatedilutionswith themobile phase
and acetonitrile, respectively to beused for (Smvastatin
and Ezetimibe) determinationsby HPLC and HPTLC
techniques, asmentioned under 2.4.1. and 2.4.2.

RESULTSAND DISCUSSION

M ethod devel opment
HPL C methods
Pravastatin sodium

The separation of Pravastatin from itsdegradation-
products hasbeen performed on Supel cosil C-18 col-
umn. The proportion of the mobile phase components
was optimized to reduce each of ‘retention time and
tailing’ and to enable good resolution from its-
degradates. At high acetonitrileratio, retention time of
different components decrease but with excessivetail-

Hnalytical CHEMISTRY o

* Resolution of the nearest acid-degradate relative to
Simvastatin

ing of its peak. High resol ution was obtained by using
acetonitrile: diluted acetic acid (50:50, v/v) asamobile
phase, with aflow rate 1.3 ml.min', and detection at
237 nm, wherethe maximum sengitivity was observed.
Theaverageretentiontimewas2.65+ 0.05 min for 10
replicatesasshownin (Figure 1a, 1b and 1c).

Simvastatin and ezetimibe

At highacetonitrileratio, retentiontimeof different
components decrease but with excessive tailing of
Simvadtatin pesk and poor resol ution of Ezetimibefrom
its-degradates. Thus, proportion of the mobile phase
componentswas optimized, by using acetonitrile: ace-
ticacid pH 3 (60:40, v/v) as amobile phase system
withflow rate 1.3 ml.min, and detection at 247 nm,
whereahigh resolution wasobtained. Theaveragere-
tentiontimesfor Simvastatin and Ezetimibewere 13.95
+0.05 min and 4.22 +0.01 min, respectively as shown
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TABLE 8b : Resultsfromrobustnesstesting of the proposed
HPL C method for determination of Ezetimibe

Conditions Rt N T RS*
Flow rate
1.2 ml.min*? 4.45 3059.47 2 3.06
1.4 ml.min* 4.07 2930.66 1.9 2.36

M abile phase composition
Acetonitrile: acetic acid (52: 48, v/v)
Acetonitrile: acetic acid (48: 52, v/v)

3.98 2804.62 1.8 2.36
4.39 3191.04 1.6 3.25

pH

2.8 4.22 312491 2 3.15
3.2 4.28 3325.39 1.6 3.39
Column

Thermo Hypersil C18 (5pum, 250x4.6 mm) 4.25 3325.39 1.6 3.54
*Resolution of the nearest acid-degradate relative to Ezetimibe

in (Figure 2a, 2b and 2¢). The system suitability tests
were used to verify that the resol ution and reproduc-
ibility of the chromatographic systemsareadequatefor
andysis“,

HPTL C method

Experimental conditions, suchasdeveloping sys-
tem, scan mode and wavel ength of detection were op-
timized to provide accurate, preciseand reproducible
results. The chosen scan mode wasthe zigzag mode
and thewavel ength of scanningwaschosentobe237nm
for (I)and 231nmfor (11) and (111). A variety of devel-
oping systemswere eva uated and good resol ution with
minimum tailing of these drugsfrom their-degradates
was obtai ned by using devel oping system consists of
chloroform: ethanol: glacid aceticacid (9:1:0.2, viviv)
for (1) and diethyl ether: chloroform (9:1, v/v) for (11)
and (I11). For (1), thetailing factor was 1.3whileR -
valueswere0.29 and ‘0.39, 0.05 and 0.03” for (I) for
itsmain acid, dkalineand oxideative-degradates, repec-
tively (Figure3). While, talling factorsfor (I11) and (111),
were 1.1 for both, and R -valueswere 0.39 and 0.66
for (Il)and (111), 0.18 for both acid, dkalineand oxi-
dative-degradates of (I11); and 0.79 for nearest acid
and alkaine-degradatesof (111) (Figure4a, 4band 4c)
respectively.

Methodsvalidation

| CH-guiddines® for method vaidationwerefollowed.
All vdidation paamaersareshownin(TABLE 1and 2).

—— Fyll Peper

TABLE 9: Determination of Pravastatin sodiumin phar ma-
ceutical formulationausingtheproposed HPLC and HPTLC
methodsand application of standard addition technique

Items

Phar maceutical for mulation* Standard addition technique

Claimed % Found: S.D. HPLC HPTLC
Added % Added %

HPLC HPTLC HPLC HPTLC | WU b very® (nespor’) Recovery®
200 9907 0.40 99.40
500  98.66 0.80 99.64

10149+ 99.43+
20 mg 0268  1osp 1000 99.41 1.00 101.01

1500 10055 2.00 90.11
2000 9931 4.00 100.99

Mean 99.40 100.03

+R.S.D. +0.709 +0.903

*Lipostat® tablets (Batch no: J42992) (labeled to contain 20 mg
Pravastatin sodium per tablet). @M ean of four determinations
Linearity

Pravastatin sodium

For HPLC method, alinear correlation was ob-
tained between peak areaand concentration of (I)ina
range of 0.4-30 ug.ml* with correlation coefficient (r)
=0.9998. While, for HPTLC method, linear and poly-
nomia regression between (1) concentrationsand peak
areas of the spotswasinvestigated and the correl ation
valuewasfoundto be, (r = 0.9709) in aconcentration
range of 0.4-10.0 ug.spot™. Thus, the second order
polynomial fit wasfound to be more suitable. More-
over, the ICH-guidelines® mentioned that for some
andytical procedureswhich do not demonstratelinear-
ity, theanalytical response should bedescribed by an
appropriatefunction of the concentration of an analyte
sample. Theregression equation showed correlation co-
efficient (r) of 0.9997 inthe same concentration range.

Simvastatin and ezetimibe

For HPLC method, linear correlations were ob-
tai ned between peak areaand concentrationin ranges
of ‘1-90 ug.mi** and 0.5-90 pug.ml** with correlation
coefficients(r) of 0.9998 and 0.9997 for (I1) and (I 11),
respectively. While, For HPTLC method, thelinear re-
gressi on between concentrations and pesak areasof the
spotswasinvestigated and the correl ation coefficients
(r) werefound to be 0.9944 and 0.9810, over the con-
centration ranges of 0.4-5.0 ug.spot?* and 0.2-5.0
ug.spot?, for (11 and (111), respectively. Thus, the sec-
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TABLE 10a: Determination of Simvastatin in phar maceuti-
cal formulationausingtheproposed HPL Cand HPTL C meth-
odsand application of standard addition technique

TABLE 10b : Deter mination of Ezetimibein phar maceutical
formulationausingtheproposed HPL C and HPTL C methods
and application of standar d addition technique

Items

Items

Phar maceutical for mulation* Standard addition technique

Pharmaceutical formulation* Standar d addition technique

Claimed  %Found<S.D. HPLC HPTLC Claimed % Found+S.D. HPLC HPTLC
Added % Added % Added % Added %
HPLC HPTLCHPLC HPTLC (o pocovery® (ngspor®) Recovery?  HPLC HPTLC HPLC HPTLC MR o very® (uguspot ) Recovery®
1000 10034 040 10013 500 10059 020  101.17
2000 9912 0.60 98.39 1000 10039 040 9940
10054 99.91 10054  99.66
20mg  0eae soq19 3000 10009 100 99.08 10mg 0626 10009 1500 10135 100 10015
4000 10154 200 99.32 2000 10164 200  99.24
5000  99.78 3.00 98.94 2500 10046 300  99.22
Mean 100.17 99.17 Mean 100.89 99.84
+R.SD. +0.889 +0.640 +R.SD. +0.569 +0.838

*|negy® tablets (Batch no: NE16760) (labeled to contain 20 mg
Simvastatin & 10mg Ezetimibe per tablet). ®M ean of four deter-
minations

ond order polynomial fit wasfound to be more suit-
able. Theregression equations showed correlation co-
efficient (r) of 0.9997 in the same concentration ranges
for both drugs.

Accuracy

Accuracy of the proposed methodswastested by
andyzingfreshly prepared sol utionsof thestudied drugs
intriplicate. Therecovery percent and standard devia-
tions(S.D.) revealed excellent accuracy. Theresults
obtained by applying the proposed chromatographic
methodswere statistically compared with thoseresults
obtained by theofficial B.P. method“® for (1) and the
manufacturer’s method“ for (11) and (111). It wascon-
cluded that with 95% confidence, thereisno sgnificant
difference between them sincethecalculatedt and F
vauesarelessthan thetheoretica vaues™ (TABLE 3
and 4).

Repeatability and reproducibility

Theintra and inter-day precision was eval uated
by assaying fresnly prepared solutionsintriplicate, as
shownin(TABLE 1& 2).

Specificity

The specificity of theHPLC and HPTLC methods
wasillustrated by the compl ete separation of the stud-
ied drugsfrom their different-degradates, asshownin

(Figurel, 2,3 & 4). The Rs-valuesfrom main acid,
alkaineand oxidative-degradateswere alwaysabove

*|negy® tablets (Batch no: NE16760) (labeled to contain 20 mg
Simvastatin & 10mg Ezetimibe per tablet). M ean of four deter-
minations

2, which ensured compl ete separation. Furthermore,
thestudied drugswere determined in solutions of labo-
ratory prepared mixtures containing their acid-
degradates by the proposed methods. The Recovery
% and R.S.D. % proved the high specificity of these
methods (TABLEDS5, 6a& 6b).

Robustness and system suitability of the HPLC
method

Therobustnessof anandytica procedureisamea
sureof itscapacity to remain unaffected after dight but
deliberate changesintheandytica conditions. Separa
tion of the studied drugsfromtheir different-degradates
was performed under these conditions. Therewasdight
decreaseor increaseintheRs-vauesof al pesks. How-
ever, the calcul ated Rs-values were always above 2,
ensuring compl ete separation. The system suitability
parameters of HPLC method were evaluated*”
(TABLE 7, 8a& 8b).

Sandard addition technique

The proposed methods were applied for the deter-
mination of thestudied drugsinthecommercid tablets.
Theresultsshownin (TABLE 9, 10a& 10b), were sat-
isfactory and with good agreement with the labeled
amount. Moreover, to check thevalidity of theadopted
proposed methods, the standard addition method was
applied by adding known amountsof the studied drugs
totheprevioudy analyzed tabl ets. Therecoverieswere
cd culated by comparing the concentration obtained from
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the spiked sampleswith that of the puredrug. There-
sultsof thecommercial tabletsanalysisand the stan-
dard addition method (recovery study) (TABLE9, 10a
& 10b) suggested that thereisno interferencefrom any
excipients, which arenormally present intabl ets.

| dentification of acid and alkaline-degradates

() wasinfluenced by thereactionwith 0.1 M HCI
for 2-hrsat 70°C giving two acid-degradates(I1) and
(). First degradateisformed through the dehydration
of the secondary alcoholic -OH at C,, because sec-
ondary and tertiary a cohols can easily undergo dehy-
dration by acid-catalyzed elimination reaction™. While,
second degradate isformed through intra-molecular
esterification of (1), resultinginthelactone- form(>-54,

Also, (I) wasinfluenced by thereactionwith 1.0M
NaOH for 3.5-hrsat 70°C giving thefollowing alka-
line-degradate that isformed through the cleavage of
theester linkage.

Theidentity of acid and alkaline-degradateswas
confirmed by separating these degradateson HPTLC
platesand using chloroform: ethanal: glacia aceticacid
(9.0: 1.0: 0.2 v/viv) asadeve oping system, and then
applying mass spectroscopy for each one. (Figure 5
and 6) show the parent peak at m/z 406 whichisthe
molecular weight of each acid-degradate, while (Fig-
ure7) showsthe parent peak at m/z 338 whichisthe
molecular weight of the alkaline-degradate. Thesere-
sultsconfirm the proposed mechanismsof theacid and
akaine-degradation.

Theacid and akaline-degradates of (1) exhibited
thesameR -valuesandthesameretentiontimesasmen-
tioned under the HPLC and HPTLC methods. This
concords with previous reports in which only one-
degradate was obtained after (11) hydrolysis. These
reports concluded that, the degradate either from acid
or dkalinehydrolysis, correspondsto the opening of
thelactone-ring Simvastatin-hydroxy acid®®.

(1) hasB-lactamringinitsstructurelike penicil-
lins, soitisvery labileto dkainehydrolysisgiving one-
degradatethat correspondsto theopening of thelactam-
ring. Thisdegradateisa so formed by acid hydrolysis
but with dower rate, thiswasindicated by the appear-
ance of apeak for one of the acid-degradates at the
sameR, and R -values of the alkaine-degradate.

(111) was stableto 3 and 20% H,O, at room tem-

—— Fyll Peper

peraturefor 24-hrs, and moredrastic conditions (30%
H,O, at room temperaturefor 48-hrsand at 40°C for
5- hrs) weretried but it was stable.

CONCLUSION

The proposed methods are preci se, specific, accu-
rate and stability-indicating ones. Pravastatin sodium,
Simvastatin and Ezetimibe can be determined in bulk
powder andin pharmaceutical formulationswithoutin-
terferencefrom excdpientspresent, aswdll asinthepres-
ence of their different-degradates by the proposed
HPLC and HPTLC methods. ICH-guiddineswerefol-
lowed throughout the study for method vaidation and
the suggested methods can be appliedfor routinequal-
ity control andysisand stability studies.
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