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ABSTRACT

In thiswork, aliquid chromatography stability indicating method was de-
veloped and applied to study the hydrolytic behavior of simvastatin (1) and
pravastatin sodium (11) in acid medium of different normalities at different
temperatures. The developed chromatographic conditions were Zorbax C,
(10um,150mm x 4.6mm, i.d..) with particlesizeof 5 um column, with a mobile
phase consisting of methanol : de-ionized water (80 :20, v/v) ;and flow rate
1.5 ml / min. The method showed high sensitivity with good linearity over
the concentration range of 2 to 25 g / ml of both. The method is success-
fully applied to the analysis of pharmaceutical formulations containing (1)
and (I1) with excellent recovery. The kinetics investigation of the acidic
hydrolysisof (1) and (1) arecarried out in hydrochloric acid solutions of 1.0,
2.0 N and 4.0 N by monitoring the parent compound itself. The reaction
order of (I) and (Il) followed pseudo-first order kinetics. The activation
energy could be estimated from the Arrhenius plot and it was found to be
11.82 and 11.22 Kcal/ mal. for simvastatin (I) and pravastatin sodium (I1)
respectively. © 2010 Trade Sciencelnc. - INDIA
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INTRODUCTION

Simvastatin and pravastatin sodium are cholesterol -
lowering agent bel onging to statin class, themost fre-
quently prescribed and efficient drugsused to treat hy-
percholesterolemiaand significantly reducethemorbidity
and mortality associ ated with coronary heart diseasg

Simvadainisrapidly hydrolysedinvivotoitscor-
responding hydroxyl acid whichistheactiveinhibitor
of hydroxymethylglutaryl COA reductases, key enzymes
inthe production of cholestrol, while pravastatin so-
diumisadministrated and absorbed initshydroxyl acid

form. Thereductaseinhibitionisdirectly relatedtothe
structural similarity between the drug and the endog-
enous substrate; therefore, both the pharmacol ogical
and therapeutic activitiesof thisdrug haveacloserda
tionship withitsstructure. The basis of studies about
thedrug, stability from astructura point of view isthe
presence of reactive center i.e., ester moiety, that can
be hydrolyzed.?

Investigation of thestability of drugsrepresentsan
important subjectin drug quaity evauation. Many en-
vironmenta conditions, such ashest, light, or thechemi-
cal susceptibility of substancesto hydrolysisor oxida
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tion, can haveavery seriousrolein pharmaceutica sta-
bility testing of drug substance can helptoidentify likely
degradation products and giveimportant information
onthedrug stability.

For thisreason, this paper aimed to study the hy-
drolytic behavior of Smvadtatin and pravastatin sodium
inpresenceof their acidic hydrol ytic degradation prod-
uctsand develop and validate stability indicating high
performanceliquid chromatographic method used in
monitoring the quality of pharmaceutical product.
Simvastatin

Itiseffectivein reducing total and LDL-cholesterol
aswell asplasmatriglycerides and apolipoprotein B. It
inhibitsthefunction of hydroxymethylglutaryl COA re-
ductases, key enzymesin the production of holesterol™

Simvastatin[(1S,3R,7S,8S,8aR)-8-[2-[ (2R 4R)-4-
hydroxy-6-oxooxan-2yl]ethyl]-3,7-dimethyl
1,2,3,7,8,8a-hexahydronaphthalen-1-yl] 2,2-
dimethylbutanoate (Figurel) isawhitecrystaline pow-
der, very solublein methylenechlorideand fredy soluble
inacohal insolubleinwater’,

HO 0]

HsC o)

HaC CHy CH,

HsC
Molecular formula C5H3505
Molecular weight (418.6)

Figurel: Structureof smvastatin

Simvastatin have been determined by several meth-
ods including spectrophotometric methods*®l,
spectrofluorimetric method!®, electrochemical
method"®, HPTLC® gas chromatography meth-
ods** and liquid chromatography methods*2" and
HPLC[18-29]

Pravastatin sodium

Itisoneof the new classesof lipid lowering com-
pounds; it affectsblood cholesterol level by inhibiting
cholesterogenesisinliver whichresultsinincreased ex-
pression of LDL receptor gene®d

Pravastatin Sodium { 1-naphtha eneheptanoic acid,

—— Fyll Peper

1, 2, 6, 7, 8,8a-hexahydro-p, , 6-trihydroxy-2-me-
thyl-8-(2-methyl-1-oxobutoxy)-, mono sodium salt}
(Figure2) isawhiteto yellowish whitepowder or crys-
talline powder hygroscopic fredy solubleinwater and
methanal solublein ethanol®Y

NaOOC

HO
Molecular formula: Cy3H3507
Molecular weight: 446.5
Figure2: Sructureof pravastatin sodium

Theliteraturesurvey reved sseverd andyticd meth-
odsfor quantitative estimation of Pravastatin by vari-
ous methodsincluding spectrophotometric methods*,
Spectrofluorimetric method®, electrochemical
methodi®*%*, HPTLC¥, Gas chromatography meth-
0ds36-28 and HPL CI3%-47

The present work aimed to devel op feasible, sen-
sitiveand specific anaytica method for theanaysisof
simvastatin (1) and pravastatin sodium (I1) respectively
inpresenceof their degradation products. Adaptation
of the proposed method for theanalysisof theavailable
dosageformincluding expired onesisalso animpor-
tant task in order to solve problems encountered in
qudity control. Moreover, kinetic tudiesand Acceler-
ated stability experimentsto predict expiry dates of
pharmaceutica productsnecessitate such method

EXPERIMENTAL

Samples

Puresample

a.  Simvadstatin powder waskindly supplied by Sgma
pharmaceutical industries. Itspurity was checked
inour laboratory according to the official method
of andysi§® andwasfoundtobe 100.50+0.751.

b. Pravastatin sodium powder waskindly supplied by
Squibb. Its purity was checked in our laboratory
according to the officia method of analysis*? and
wasfound to be 100.07 + 0.958.
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Phar maceutical dosageforms

Simvastatin

1. Zocor tablets batch no.2534790 (10mg of

Smvastatin/tablet), 510304 (20 mg of Smvastatin
/ tablet) and 610403 (40 mg of Smvastatin/ tablet)
were purchased from the Egyptian market aremanu-
factured by Globa Napi pharmaceutical company.
Egypt under licensefrom Merck & Co Incwhite
housestation. N.j U.S.P.
Expired batches of Zocor tablets10 mg of
smvastatin/ table (batch no. A/2256610) (expired
6/2004) and (20 mg of simvastatin/ tabl et) batch
no.A/2256210 (expired 6/2004)

2. Simvadtat tabletsbatchno.114 (10mg of Smvadatin
/tablet) and batch no.122 (20 mg of simvastatin/
tablet) aremanufactured by Rexcl Egypt and were
purchased from the Egyptian market.

3. Simvacor tablets batch no. 50563 (20 mg of
smvadatin/tablet), 50567 (40mg of Smvadtatin/tab-
let) and 50570 (80 mg of simvastatin/tablet) are
manufactured by Sigmaand were purchased from
the Egyptian market.

Pravastatin sodium

- Lipostate tablets batch no.18452/95(10 mg of
pravastatin sodium /tablet) 17563/93 (20 mg of
pravastatin sodium/ tablet) and 22341/202 (40 mg
of pravastatin sodium/ tablet) were purchased from
the Egyptian market are manufactured by Squibb
pharmaceutical company Egypt.

- Expired batches of Lipostate tablets (batch no.
B10539 (10mg of pravastatin sodium/ tablet) (ex-
pired 10/2004) and batch no B10549 (20 mg of
pravastatin sodium/ tablet) (expired 10/2004).

Chemical and reagents

All chemicalsused were of analytica grade, and
de-ionized water for HPLC. Hydrochloric acid, metha-
nol (HPLC grade), toluene, ethyl acetate, glacid acetic
acid and sodium hydroxide were purchased from El
Nasr Pharmaceutical Chemica Co. (Adwic).and E.
Merck Darmstadt -Germany

Sandard solutions

- Simvadtatin stlandard solution (1 mg/ ml) in metha
nol

Hnalytical CHEMISTRY o

- Pravagtatin sodium standard solution (1 mg/ ml) in
methandl

- Drugdegradation product standard solution (1 mg
/ ml): Accurateweight of SIM or PRA (50 mg) was
introduced into a50 ml round bottom flask, 50 ml
of hydrochloric acid was added and the solution
wasrefluxed at100°C for 30 min. Thesolutionwas
neutraized using4 N sodium hydroxide. Thedeg-
radation product solution was applied on TLC
platesin bandsand the platesweredevelopedin
chromatographic tanksprevioudly saturated with
thedevel oping system, toluene: acetone (70:30, v/
v) incaseof SIM, methanol: ethyl acetate: glacia
acetic acid (68: 40: 28: 0.7, by volume) in case of
PRA. Theplateswereair dried and visudized un-
der UV light 254 nm.
The bands of the degradation products were
scraped extracted with methanol threetimeseach
with 30 ml portion and filtered. The combined
methanolic extract was used to produce aconcen-
tration of 2 mg/ml of degradation products. All so-
lutionswerefreshly prepared ontheday of analysis
and stored in arefrigerator to beused within 24 h.

Apparatusand chr omatogr aphic condition

- Precoated TLC-plates, silicagel 60 F,.,(20cm x
20cm, 0.25mm), E. Merck (Darmstadt-Germany)

- IR Spectrophotometer: Shimadzu 435(Kyoto, Ja-
pan), sampling was undertaken as potassium bro-
midediscs

- Gas chromatograph coupled to a mass spectro-
photometer GC-MS-QB1000EX, Finnigan Nat
(USA)

- pH-meter, Digitd pH/MV/TEMP/ATC meter, Jenco
Model 5005 (USA).

- Liquid chromatograph consisted of an isocratic
pump (Agilent Modd G1310A), anultraviolet vari-
ablewave ength detector (Modd G1314A, Agilent
1100 Series), aRheodyneinjector (Model 77251,
Rohnert Park, CA, USA) equipped with20 u L
injector loop, Agilent (USA). Stationary phase; a
150 mm x 4.6 mm i.d. A Zorbax Eclipase x DB.
C, andytica column, Alltech (USA). Mobilephase
methanol: water (80:20,v/v); isocratically at 1 ml/
min. Themobile phasewasfiltered through a0.45
pm Millipore membranefilter and was degassed

Au Tudian Yournal



ACAIJ, 9(1) March 2010

Hayam M.Lotfy et al.

175

for 15 minin an ultrasonic bath prior to use UV-
detection wasdoneat 238 nm. The sampleswere
filtered also through a0.45 p m membranefilter,
and wereinjected by thead of a25u1 Hamilton®

andytica syringe.
Procedures
Preparation of degradation product
Degradation product of smvastatin

Accd erated acid-degradation was performed by
dissolving 50 mg of pure SIM powder in50 ml of 4N
hydrochloric acid. Thesolution wasrefluxed at100°C
for 30 minutes. Compl ete degradati on was achieved;
asinvestigated by thinlayer chromatography usngtolu-
ene: acetone (70:30v/v) as adevel oping solvent and
visudized under UV light at 254 nm.. Theacid degraded
samplewas neutralized by 4 N sodium hydroxide (to
pH 7.0). The solution was evaporated under vacuum
nearly to drynessthen re-crystallized from methanol.
The obtai ned degradation product was characterized
by UV-spectroscopy, TLChromatography, and GC/
MS- and IR-spectrometry.

Degradation product of pravastatin sodium

Follow the same procedures as described under
2.5.1.ausing devel oping solvent consisting of toluene
+ methanol +ethyl acetate+ glacia aceticacid (68 : 40:
28: 0.7 by volume).

Linearity

Transfer accurately aiquot volumes[0.02-0.25ml]
of simvastatin and pravastatin sodium stock solution
(Img/ml in methanal) into two separate seriesof 10-ml
volumetricflask, and compl ete the content of each flask
to volumewith methanol to get concentrations2—25
ng / ml of simvastatin and pravastatin sodium. The
sampleswerethen chromatographed using thefollow-
ing chromatographic conditions. Stati onary phase; a150
mm x 4.6 mm, i.d. Zorbax C,andytica column,Alltech
(USA), mobilephasemethanol: water (80:20,v/v). The
mobile phasewasfiltered through a0.45 um Millipore
membranefilter and wasdegassed for about 15minin
an ultrasonic bath prior to use, flow rate; 1.5ml/ min
{isocratically at ambient temperature (25 °C)},with
UV-detection at 238 nm. The samples werefiltered
asothrough a0.45 um membrane filter, and 20ul were

—= Fyll Paper

injected by theaid of a25ul Hamilton® analytical sy-
ringe. To reach good equilibrium, theanalys swasusu-
aly performed after passing “50—60 ml of the mobile
phase, just for conditioning and pre-washing of thesta-
tionary phase. Plot therelative peak arearatios (peak
area of simvastatin or pravastatin sodium, to that of
external standard) werethen plotted versusthecorre-
sponding concentrations of Smvastatin or pravastatin
sodium in pg.ml*to get the calibration graph and to
computethe corresponding regression equations (1) and
(2). Concentrationsof unknown samplesof smvadtatin
(1) or pravastatin sodium(l1) were determined using the
obtained regression equation.

Analysisof laboratory prepared mixturescontain-
ing different ratiosof simvastatin or pravastatin
sodium and itsdegradation product usingthesug-
gested method

Mix aiquotsof intact drug and the degraded drug
to prepare different mixtures containing 10-90% (w/
w) of the degradation product, and proceed as men-
tioned under linearity. Cal cul ate the concentrations of
thedrugsfromthe corresponding regression equations.

Assay of pharmaceutical formulations

Tabletsweregrinded, dissolvedin 50 ml methanal,
filtered then diluted with methanol to obtainthe gppro-
priate concentrations and chromatographed as under
thelinearity

Kinetic studies

For studyingthekineticorder of thereaction for
simvastatin and pravagtatin sodium

Into two separately 50 ml volumetric flasks, accu-
rately weighed 30 mg of smvastatin (I) or pravastatin
sodium (1) in 50 ml 4.0N hydrochloricacid in screw-
capped container. The solutionswererefluxedin ather-
mogtatically controlled water bath at 90°C for 30 min-
utes. At specifiedtimeintervas (5 minutes), 1.0 ml was
withdrawn from the container, neutralizewith 1 ml 4.0
N sodium hydroxide and a solution of concentration
(24ug.ml1) was prepared. The degradation rate kinet-
icswas determined us ng the proposed method by plot-
ting log of concentration of drug remaining versustime.
Each experiment wasdoneintriplicate and average
valuesweretakenfor theanalysis.
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For studying the effect of hydrochloric acid con-
centration and thetemperatureon thereactionrate

The stability of smvastatin (I) or pravastatin so-
dium(I1)in1.0,2.0,and4.0HCI, inathermogtatically
controlled water bath at 60 °C, 70 °C, 80 °C and 90
°C for 30 minutes was studied. The degradation rate
kineticswas determined by plotting log of concentra-
tion of drugremaining versustimefor different normali-
ties of HCI. Each experiment was done in triplicate
(anaysisby HPLC method) and averagevalueswere
taken for theanalysis. Plot theArrheniusplot for the
effect of temperature on therate of hydrolysisand cal-
culatetherate constant andt,,

RESULTSAND DISCUSSION

Completedegradetion of Smvadtatinand pravagain
sodiumwasachieved by refluxing with4N hydrochlo-
ricacid for 30 min. On the other hand, the degradation
products of them wereisolated using preparative TLC
plates and characterized by UV-spectroscopy, GC/
MS-and IR-spectrometry.

Degradation pathway
Degradation of smvastatin
Degradation of simvastatin(l) in 4N HCI, TLC

4N HCI

H3C CH3 CHj reflux 30 min

Simvastatin
Molecular formula Cy5H3505
Molecular weight (418.6)

Molecular weight (302)

monitoring of the drug degradation toluene: acetone
(70:30v/v) asawasdoneonthinlayer platesof silica
gel F,.,using devel oping solvent. Thedevel oped plates
werevisuaized under short UV-lamp and. Theacidic
degradation product (R, value=0.89) could be sepa-
rated elegantly fromtheintact drug (R, value=0.59)

Simvadtainanditsacidic degradation product have
different UV spectrum dueto cleavageof theester group
followed by dehydrationl“!

The GC/M S-chart, the parent peak wasidentified
at m/z 284 (mol. wt. of degradation product C, .H
(Figure3)

(120) Scan 4.020 min. of DATA : U. D

19 24 2)'

50086
4 155

5000

101

4000 115

3000 284

fAbundance

2008 ™~

1000 227

L

Figure 3 : Mass spectrum of detjradation product of
smvastatin

9 - i
108 258

HsC CHs

Molecular weight (320)

20[481 i
HaC

Molecular formula: C1gH540,
Molecular weight: 284

Proposed schemefor preparing thedegradation product of smvastatin
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Thiswasassessed with IR. Theassgnmentsof the
degradation product was based on comparison of the
IR spectral data of the purified specimen, separated
from the degradation reaction, with those of theintact
compound assummarizedin TABLE 1.

TABLE 1: Assignment of IR characteristic band of intact
simvastatin and itsdegradation product

Possible Acid-induced
Band or peak cm? . 34g Intact degradation
Assignment
product
-Broad band at 3443.8 OH stretch present absent
-Band at 2800-2900  C-H aliphatic present present
Carbony! (Lactone,
-Band at 1718-1721 ester or both) present present
-Band at 1260 Lactone present present
-Band at 1056 Ester present absent

Degradation of pravastatin sodium

Degradation of pravastatin sodium (11) in4N HCI,
TLC monitoring of the drug degradation wasdoneon
thinlayer platesof silicagd F,,, usingtoluene+ metha-
nol +ethyl acetate+ glacia aceticacid (68: 40: 28: 0.7
by volume) as a devel oping solvent. The devel oped
plateswerevisudized under short UV-lamp. Theacidic
degradation product (R, value=0.81) could be sepa-
rated el egantly fromtheintact drug (R, value=0.45)..
No other degradation products could be observed un-

4N HCI
—

reflux 30 min

Pravastatin Sodium
Molecular formula: C,3H3sNaO;
Molecular weight: 446.5

cyclization in acid
medium[36]
-2 H,0O

—— Fuyl] Paper

der all the different degradation conditions. A
bathochromic shift at 265 nmwhichischaracteristicA
- Of NAphthal enering containing compoundswas ob-
served during degradation of pravastatin sodium.

The GC/M S-chart, the parent peak wasidentified

a m/z 266 (mol. w. of degradation product (C,;H,,0,).
(Figure4)
Canment: No. Hpper
CAIRD. %62 Date B5/83/18 Tine 12:55:55 T1C
188% i, ABETIL.
b
S8% .
25% A
A I B R L s L L L Lk nha s s R e e LA AR L R IRt L e
a 59 188 158 26 258 388 350 dE@ 450 508
545 B=58 Bp=115 Bi=1648. RT-2.26 [7-20@
186
115 155 172
0% Sli | 13 ! | 195

| i h 266
- 23

259:% -'h. . )

138355“ ™ 59 118 138 156 178 199 210 238 250 275 239

Abundance (%)
&

|

................

!EB !2&!433883!94%4234&34384“59352354&
§ Liet > 5=46 B=59 Pos=7 Tot=?

Mass/ Charge
Figure 4 : G.C Mass spectrum of degradation product of
pravagatin sodium
The expected degradation product of pravastatin
sodium hasalactonering asthecarboxylic acidswhose
molecules have ahydroxyl group onay or & carbon

HO

5

OH
HOOC
OH o
OH
HsC OH
CHs H CHy
-2 H,0[]

aromatization (-2 H)

o N
@)
Q0

Molecular formula: C,1gH;g0,
Molecular weight: 266

Proposed schemefor preparingthedegradation product of pravastatin sodium
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undergo anintermolecul ar esterificationto givecyclic
estersknown asy or 6 lactones. Thereactionisacid
catalyzed*. Thiswas assessed with IR. The assign-
ments of the degradati on product were based on com-
parison of the IR spectral data of the purified speci-
men, separated from the degradation reaction, with those
of theintact compound assummarizedin TABLE 1.

TABLE 2: Assignment of IR characteristic band of intact
pravastatin sodium and itsdegradation product

. Acid-induced
Band or peak cm™ AS;;?}?;'\‘E[&M] Intact degradation
product
-Broad band at 3357.6 OH stretch present absent
-Band at 3056.5 C-H aromatic absent present
and 3025.8 stretch
-Band at 2800-2900  C-H dliphatic present present
-Sharp band at 1729.4 Ester present absent
-Band at 1579.9 gn?r:r?)c(;%a(tf present absent
-Band at 1720 Lactone absent present
-Band at 1250 Lactone absent present

High performanceliquid chromatographicanalyss

Todate, no LC gability indicating anaytica method
has been described in theliterature, and no previous
systematic studiesfocused on Smvadatinand pravadatin
sodium acidic degradation have been performed. The
suggested mechanism of them shows compl etely phar-
macol ogical inactive degradation products dueto their
lack of ester moiety. For thisreason, this paper aimed
to study the hydrolytic behavior of simvastatin and
pravastatin sodiumin presence of their acidic hydro-
Iytic degradation products

Simpleisocratic high-performanceliquid chromato-
graphic methodsare described for the determination of
smvastatin (1) and pravastatin sodium (1) in presence
of itsacidic degradation product without prior separa
tion. To optimizethe HPLC assay parameters, thetype
of column and itsdimensi on, mobile phase condition,
the choiceof wavel ength of detectionwereinvestigated.
Different typeof stationary phase C,, C , and aZorbax
ODScolumnwithdifferent dimengonsand partidessze
were used. It was found that the Zorbax C, (10 ul,
150mmcm x 4.6 mmi.d.) with particlesize of 5 um
gavethemogt suitableresolutionfor both smvadatin(l)
and pravastatin sodium (I1). The peak shapeimproved
dramaticdly withanincreaseinthepercentage of metha
nol inthemobilephase. Satisfactory separationwasper-

formed with amobile phase cong sting of methanol : de-
ionized water (80:20, v/v) for both, witharetentiontime
of retentiontimeof 4.325+ 0.03 min. for simvastatin
and 5.040+ 0.02 min for its acid-induced degradation
product and with aretention time of 1.331+ 0.04 min.
for pravastatin sodiumand 2.429+ 0.03 min for its acid-
induced degradation product. Figures5and 6. System
suitability was checked by cd cul ating the capacity fac-
tor, tailing factor, column efficiency and the sel ectivity
factor (resolution) [TABLE 13].

A linear relationship was obtained between the
smvadtatin (1) and pravastatin sodium (11) thereative
peak areaat the sal ected wavelength (238 nm) and the
corresponding concentrationsof (1, 11) intherangeof 2
—25 pg/ ml.

VWD1A, Wavelength =238 nm

mAU 8

0 — —

Figure5: Liquid chrorhatographicwaration of sSmvastatin
(1) (23 pg /ml) and its degradation product (2 pg /ml) using
chromatogr aphic conditionsdescribed in thetext.

pravastatinb
— =

VWD1A, Wavelength =238 nm

i

A

Figure6: Liquid chromatographic separation of pravastatin
sodium (20 pg mlt) and itsdegradation product (5 pg ml™?)
using chromatographic conditionsdescribed in thetext

Theregress on equati on was computed and found
tobe:

A=0.2068C+0.0683 r=09997 for simvastatin
A=0.2076C+0.0362 r=0.9999 for pravastatin sodium)

Where A is the relative peak area (peak area of
Simvastatin and pravastatin sodium to that of externa

B
i

Hnalytical CHEMISTRY o
A Tndéan W



ACAIJ, 9(1) March 2010

Hayam M.Lotfy et al.

179

standard), C isthe concentration of thedrug in pg/ml
andr isthecorrelation coefficient.

Method validation

The selectivity and specificity of the proposed
method was proved by the analysis of |aboratory pre-
pared mixtures containing different ratios of thedrug
and itsdegradation product and it wasfoundto bevdid
until 92 % of degradation product. TABLE 3for both|
andll

TABLE 3: Deter mination of smvastatin (1) and pravastatin
sodium (1) intheir labor atory prepared mixturesby thepro-
posed method

Concentration

1 Per centage % HPLC Method
(P,chfgll r)1duced Acid-induced 0
D(rll;g degradation D(:’;J)g degradation M
product product 0] (1)
230 20 92 8 98.56 100.26
21.0 4.0 84 16 99.32 101.11
17.0 8.0 68 32 100.12 100.34
125 125 50 50 99.78 99.65
8.0 17.0 68 68 100.01 99.21
4.0 21.0 84 84 99.37 98.99
20 23.0 92 92 101.01 101.02
Mean 99.73 99.91
SD +0.773 +0.791
RSD 0.775 0.792

To ascertain the accuracy of the proposed pro-
cedure, it was successfully applied for the determina-
tion of smvastatininitspharmaceutical dosageforms
and pravastatin sodiumin Lipostatetablets TABLES
4,5 anditsvalidity wasassessed by applying the stan-
dard addition technique. Thesmall relative standard
deviations indicate that the method is accurate.
TABLESS6, 7.

Theresultsobtained for theanalysisof smvadtatin
and pravadtatin sodiuminthe purepowdered formwere
statistically compared with those obtained by applying
theofficia methods?#7 and significant differencewas
not observed. TABLESS, 9

The precision of the suggested method was aso
expressed intermsof relative standard deviation of the
inter-day and intra-day analysis. The method was
checked for itsrobustness by minor changesin assay
conditionsand it proved to berobust. Changesinin-
strumentsor personnel did not alter theresults, which

—— Fuyl] Paper

TABLE 4: Deter mination of smvastatin in itsphar maceuti-
cal dosageformshby the proposed method

Phar maceutical HPLC method  Official method*?

dosage form Found % + S.D** Found % =+ S.D**
1-Zocor tablets
Batch number
-2534790 (10 mg) 99.28+ 1.184 100.71 + 0.681
-510304 (20 mg) 99.18 + 1.282 100.23 £ 0.672
-610403 (40 mg) 90.34+1.023 100.41 + 0.594
Batch number of
expired tablets 6/2004
-AI2256610 (10 mg) 89.16 + 0.824 90.27 + 0.824
-A/2256210 (20 mg) 87.93+0.712 90.52 + 0.873
2-Simvastat tablets
Batch number
-114 (10 mg) 100.11+ 0.911 100.26 + 0.453
-122 (20 mg) 99.55 + 0.961 100.91 + 0.741
3-Simvacor tablets
Batch number
-50563 (20 mg) 98.55+ 0.421 100.11 + 0.261
-50567 (40 mg) 99.83+ 0.781 100.83 £ 0.931
-50570 (80 mg) 99.29 + 0.631 100.24 + 0.229

*Official method (USP 2006) HPLC using C18 column and
Acetonitrile:buffer phosphate (pH 4.5) (650:350 v/v) asamobile
phase

** Average of six different experiments.

TABLE5: Determination of pravastatin sodiuminitsphar-
maceutical dosageformshby the proposed method

HPLC method ~ Official method*[*!

Lipostate tablets
Found % + S.D** Found % + S.D**

Batch number

-18452/95 (10 mg) 100.40 + 1.352 100.23+0.674
-17563/93 (20 mg) 100.33+1.121 100.11 + 0.682
-22341/202 (40 mg) 100.29 + 0.823 100.03 + 1.021
Batch number of :

expired tabl ets10/2004

-B10539 (10 mg) 92.35+ 1.021 91.91+ 1.023

-B10549 (20 mg) 91.71+0.934 90.31 + 0.674

*Official method (B.P 2005) using C18 column and glacial ace-
tic acid : triethylamine : methanal : water (1:1:450:550 by vol-
ume) as a mobile phase.

** Average of six different experiments

TABLE6: Application of sandard addition for thedeter mina-
tion of smvagtatin by the proposed HPL C method.

Zocor tablets Claimed amount  Standard Recovery %
(20mg) taken (ng/ml) added (ng/ml)  of added

4 99.77
Batch number 6 g 1%%%%
510304 :

10 100.80

12 100.90
Mean + SD 100.37 + 0.532
RSD 0.530
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TABLE7: Application of sandard addition for thedeter mina-
tion of pravagtatin sodium by the proposed HPL C method

TABLE 10: Assay validation sheet of theproposed method for
thedeter mination of smvastatin and pravastatin sodium

Lipostate tablets Claimed amount  Standard Recovery %
(20mg) taken (ug/ml) added (ng/ml) of added

4 100.05

6 101.76
iyl o o

10 99.52

12 100.88
Mean + S.D 100.40 + 0.864
RSD 0.861

TABLE 8: Satigtical comparison for theresultsobtained by
theproposed method and theofficial method for theanalysis
of amvagtatin in purepowdered form

Item HPLC method Official method*[*
Mean 99.99 100.50
SD 0.951 0.751
Variance 0.904 0.564
N 6 6
F test(5.05) 1.60
Student’s t-test(2.228) 2134

*Official method (U.S.P 2006) HPLC
Thefiguresin parenthesis are the corresponding tabulated val-
uesof Fandt at (P =0.05).

TABLE9: Satistical comparison for theresultsobtained by
theproposed method and theofficial method for theanalysis
of pravagatin sodiumin purepowdered form

Item HPLC method Official method*[*"
Mean 99.84 100.70
SD +1.183 +0.958
Variance 1.399 0.918
n 6 6
F test (5.05) 152
Student’s t-test (2.228)  1.353 (2.228)

*Official method (B.P2005) HPLC.
Thefiguresin parenthesis are the corresponding tabulated val-
uesof Fandt at (P =0.05).

indicate the ruggedness of the proposed method. The
obtained assay parameters and avalidation sheet are
presented in TABLE 10.

Kineticsof thedegradation

A linear relationship was obtained by plotting the
log concentrations of theremaining (1) and (11) against
time Figures 7 and 8. Since the hydrolysiswas per-
formed in alarge excess of hydrochloric acid (4.0 N)
for smvadtatin and pravastatin sodium, thereforeit fol-

HPL C method

tem Simvastatin Préa\c\)/;stu;tm
- Linearity
Range (ug/ml) 2-25 2-25
Accuracy
Mean 99.99 99.84
SD 0.951 1.183
RSD 0.951 1.185
-Regression equation
Slope (b) 0.2068 0.2076
Intercept 0.0683 0.0362
Correlation coefficient 0.9997 0.9999
R.S.D %*? 0.451 0.794
R.S.D%*" 0.632 0.844

*an intraday (n = 6) and *b theinterday (n = 6) relative standard
deviations of samples concentration (5, 10 and 15pg/ml) for
simvastatin and (5, 10 and 25pg/ml) for pravastatin sodium us-
ing the proposed HPL C methods.

lows apseudo-first order reaction ratewhichisthe
term used when two reactantsareinvolvedinthere-
action but one of themisinsuch alargeexcess(HCl)
that any changein itsconcentration isnegligible com-
pared with the change in concentration of the other
reactant (drug).

Different parametersthat affect therate of there-
actionwerestudied. Theeffect of temperaturewas stud-
ied by conducting the reaction at different tempera-
turesusing different concentrations of theacidic solu-
tion Figures 9-14. At eech temperaturetherate constant
andt,, werecalculated thenthelog of therate constant
was plotted against thereciproca of thetemperaturein
Kelvinunits(Arrheniusplot Figures 15, 16 to demon-
stratethe effect of temperature on therate constant. It
was concluded that asthetemperatureincreased therate
of hydrolysis increased with a decrease in the t ,
TABLES7, 8. Alsotheenergy of activation was deter-
mined by cal cul ating therate congtant fromthefollowing
equation™,

Logg_

Ea (To-T1
K1 2303R{ TqT»
Where“Ea” is the activation energy, “T,” and “T,” are
thetwo temperaturedegreesin Kelvin, “R” is the gas
constant (2. Cal./ K°.mol.), and “K,” and “K.” are the
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rate constant at the two temperature degrees used.
Thecaculated“Ea” was found to be (11.82, 11.22)

kilo caloriesmol for (1) and (11) respectively which

was comparatively alow valuefor esters, suggesting

- y = -0.0508x + 2.0008
R? = 0.0006
ey
s
(]
— 1
31
E= ]
L]
|
.
o4
0.5
o ] 10 15 20 25 H 35

Time in minutes

Figure7: First order plot of thehydrolysisof smvagatin (60
mg %) with 4.0N HCI at 90°C.
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Figure9: First order plot of the hydrolysis of smvastatin
(60mg %) with 1.0N HCI at different temperatures(60, 70,
80, 90°C).

25 -
2
S —£-400C
o 154 —a—T00C
= ] —+—800C
-1
. —e 900G
~ 5]

0 . . . .

0 10 20 0 40

Time in minutes
Figurel1l: First order plot of thehydrolysisof smvastatin
(60mg %) with 2.0N HCI at different temperatures(60, 70,
80, 90°C).

—— Fuyl] Paper

theingtability of bothinacidic medium.

Another factor that affectstherate of thereaction
istheakainestrength of HCL,, thusdifferent normali-

tiesof HCl solutionswere used to study thehydrolysis

vy =-0.0637x + 2.0129
R? = 0.9996

o

.

— n [
1 1 .

2+Log (Ci ! Cy)

[
o
1
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Figure8: First order plot of the hydrolysisof pravastatin
sodium (60 mg %) with 4.0N HCI at 90°C.
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Figure10: First order of thehydrolysisof pravastatin so-
dium (60mg %) with 1.0N HCI at different temper atur es(60,
70, 80, 90°C).
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Figure12: First order of thehydrolysisof pravastatin so-
dium (60mg %) with 2.0N HCI at different temper atur es(60,
70, 80, 90°C).

— a%a['yttaa[’ CHEMISTRY

Au Tudian Yournal



182 Stability study of simvastatin and pravastatin sodium

ACAIJ, 9(1) March 2010

Full Peper ——

2.3 1

—¥-600C
—&—T00C

——800C

——30¢0C

Time in minutes

Figurel3: Firg order of thehydrolysisof smvastatin (60mg
%) with 4.0 N HCI at different temperatures (60, 70, 80,
90°C).
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Figure15: Arrheniusplot for thehydrolysisof simvastatin
(60mg %) with 1.0, 2.0and 4.0N HC (K: Kelvin).

TABLE 11: Parameter srequired for system suitability test
of HPL C method
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Figurel14: First order of thehydrolysisof pravastatin so-
dium (60mg% ) with 4.0N HCI at different temperatures(60,
70, 80, 90°C).
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Figure16: Arrheniusplot for thehydrolysisof pravastatin
sodium (60mg %) with 1.0, 2.0and 4.0N (K: Kelvin).

TABLE 12: Kineticdata of smvastatin hydrolyss.

Normality of HCI Temperature K in min™® ty,in min.

Par ameter Obtained value Reference valug®*3
Resolution (R) 1.402 1.996 R>0.8
T (tailing factor) SIM.: 1.0 PRA.: 1.042 T = 1 for atypica
Deg. Product Deg. Product symmetric peak
0.938 0.071
o (relative retention time) 1.162 1.825 >1
K" (column capacity) SIM.3.336 PRA.:0.331
Deg. Product: Deg. Product: ~ 1-10 acceptable
4.037 1.429
N (column efficiency) SIM.: 835.505 PRA.: 57.847 Increases
Deg. Product: Deg. Product: ~ With efficiency
2537.137 590.004 of the separation

HETP SIM.: 0.018

PRA.: 0.259 Thesmaller the value,

Deg. Product: Deg. Product; the higher the column

0.006 0.025

efficiency

SIM.: Simvastatin
PRA.: Pravastatin sodium

Deg. product: Acid induced degradation product

Peak width in cm
Column length in cm

reaction. Therate of hydrolysisincreasewithincreas-
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90 0.137 51

80 0.088 7.8
4.0N HCI

70 0.059 11.8

60 0.038 18.2

90 0.076 9.1

80 0.049 14.1
2.0 N HCI

70 0.030 23.1

60 0.019 35.7

90 0.039 17.8

80 0.025 275
1.0N HCI

70 0.016 43.3

60 0.010 69.3

ing HCI concentration but to aminor effect compared
to theeffect of temperature Figures7, 8, 9, 10, 11 and

12and TABLES?7, 8.




ACAIJ, 9(1) March 2010

Hayam M.Lotfy et al.

183

TABLE 13: Kineticdata of pravastatin sodium hydrolysis.

Nor mality of HCI Temperature K in min™ ty,in min.

90 0.147 4.7
4.0N HCI 80 0.096 7.2
70 0.062 11.2
60 0.040 17.3
90 0.078 8.9
20N HCl 80 0.050 13.8
70 0.032 217
60 0.020 33.9
90 0.042 16.5
10N HCl 80 0.027 25.7
70 0.017 40.8
60 0.011 66.0

Asaconcluson, theacidic hydrolysisof Smvastetin
(1) and pravastatin (1) werefound to follow apseudo
first order reactionrate. Also thereaction rateincreases
with increasing in thetemperature and the strength of
theacidic solution

CONCLUSION

The proposed HPL C method providesasimple,
senditive, and sdl ectiveand stability indicating method
suitablefor thequality control andysisof smvastatin(I)
and pravagtatin sodium (11) either inthe pure powdered
form or available pharmaceutical dosageforms.
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