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ABSTRACT

New simple, accurate, rapid and reproducible methods have been devel-
oped and subsequently validated for the determination of Levetiracetamin
presence of its acidic and alkaline-degradates, as stability-indicating stud-
ies. Inthefirst method, two novel methods were adopted by utilizing zero-
crossing technique, where the investigated drug was determined in pres-
ence of its both-degradates, by the use of third derivative (D%) and second
derivativeratio spectrophotometry (DR?), respectively. The second method
wasisocratic reversed-phase (RP) stability-indicating high-performancelig-
uid chromatographic (HPL C) method, which wasadopted for determination
of Levetiracetam in presence of itsacidic and a kaline-degradates. The chro-
matographic separation was achieved isocratically using a mobile phase of
acetonitrile: water (10:90, v/v), with 0.06 % triethylamine and pH adjusted to
2.5 using orthophosphoric acid. The analysiswas carried out using Agilent
eclipse XDB C18 column (150 mm x 4.6 mm, 5 um) at flow rate of 1 ml.min
and the UV detection at 205 nm. All the proposed methods were validated
according to the International Conference on Harmonization (ICH) guide-
lines and successfully applied for determination of the Itopride Hydrochlo-
ride in pure form, in laboratory prepared mixtures and in pharmaceutical
preparations. The obtained results were statistically compared to the re-
ported method of analysisfor Levetiracetam and no significant differences
were found with respect to accuracy and precision.
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INTRODUCTION

Levetiracetam, a-ethyl-2-oxo-1-pyrolidineacet-
amide*®, occursaswhiteto off white crystalline pow-
der, with afaint odour and bitter taste; very solublein
water, fredly solublein chloroform and methanol, spar-
ingly solublein acetonitril€™, havingamolecular for-

mulaCH,,N_N,O, with molecular weight = 170.24,
Itisan anti-epileptic drug and itsmode of actionisun-
known("11,

ThelCH-guidelines' requiresperforming stress-
testing of thedrug substancethat canhepinidentifying
thelikely degradation-products, a so can be useful in

establishing the degradati on-pathwaysand vdidatingthe
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Figurel: Chemical structureof L evetiracetam

stability-indicating power of theana ytical procedures
used. Moreover, validated stability-indicating method
should be appliedin the stability study!*3. Stability-in-
dicating methods can be specific onethat evaluatesthe
druginthe presenceof its-degradation products, ex-
cipientsand additives®. Inthisperspective, few ana-
Iytical methodswere employed for the determination of
theinvestigated drug, including, high performancelig-
uid chromatography!*>27,

These previous published methods comprise of
complicated ones, therefore, themain aim of thiswork
wasto devel op and validate stability indicating meth-
odsfor estimation of Levetiracetam inthe presence of
itsacidic and alkaline-degradates, which can be used
for theroutinequaity control analysisof thesedrugsin
raw material and pharmaceutica dosageform.

MATERIALSAND METHODS

Chemicalsand reagents

Levetiracetam waskindly supplied by APIIC In-
dustrial Estate, and certified to contain 99.95 %.
Teratam® tablets: batch number: 82488 manufactured
by Al-Andalous medica company and obtained from
thelocal market. Each tablet was|abeled to contain
500 mg of Levetiracetam.

Acetonitrile, methanol and bi-ditilled water (Riedd -
dehaen, Sigma-Aldrich, Germany), Hydrochloric acid
(Adwic), agueous 5.0M, sodium hydroxide (Adwic)
aqueous, 5.0M, chloroform (Adwic), O-phosphoric
acid (Adwic), triethylamine(Huka) and TLC duminium
plates pre-coated with silicagel 60 F, (E.Merck).

All chemica and reagents used through thiswork
are of spectroscopic and chromatographic anal ytical
grade. Bi-distilled water isused throughout thewhole
work and isindicated by theword ‘water’.

Instruments

A double-beam Shimadzu (Japan) UV-VIS Spec-
trophotometer (UV-1601 PC), model TCC-240 A;

—= Fyll Paper

connected to an IBM compatible computer and HP
695 C DeskJet printer isused. Thebundled softwareis
UV PC personal spectroscopy software version 3.7
(Shimadzu). The spectra bandwidthis2 nm and the
wavelength scanning speed was 2800.0 nmmin. The
absorption spectraof thereference and the test solu-
tionsarerecorded inl.0-ml quartz cdlsat 25.0°C, us-
ing ‘Al =8 nm and scaling factor of 100 for second
(D?) andthird (D?®) derivatives'.

TheHPLC (Agilent Hewlett Packard series) in-
strument wasequipped with amode series 1100 pump,
manual injector Agilent 1100 series, 20 ul loops and a
UV-visblewavelengthdetector Agilent 1100 series. The
chromatographic separation was performed using
(150x4.6 mm1.D.) Agilent eclipse XDB C18 and Sum
particlesizeat ambient temperature. Ultrasonic vibra-
tor, (J.PSelecta’S-a; CD 300513 Espain). Disposible
membranefilters, 0.45um, (Agilent 3150-0576).

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

Sandard solutions
(A) Standar d solutionsof L evetiracetam

Stock standard solutionsof Levetiracetam, having
concentration of (50.0 and 10 pg.ml*) wereprepared
in 0.05M HCI for spectrophotometric and chromato-
graphic methods, respectively, whichisused aso as
working standard solutions.

(B) Sandard solution of degradates

1 Sandard solution of acidic-degradates: Stock
standard solution of Levetiracetam acidic-degradate
wasprepared by refluxing (0.0125 gmand 0.001gm)
of Levetiracetamwith 10.0ml of 50N HCl for 1.5
hoursat 100°C, cooling, neutrdizingthemediawith
5.0M NaOH and making volumeto (250 ml and
100) with 0.05M HCI for spectrophotometric and
chromatographic methods, respectively, whichis
used a so asworking standard solutions.

2 Sandard solution of alkaline-degradates. As
discussed under 2.3.2.1., but with using 5.0M
NaOH for induction of degradation for 3 hoursand
5.0M HCl for neutrdization.

Complete degradation waschecked by usng TLC
system; sllicagd 60 F254 platesand chloroform: metha-
nol (90: 30, v/v) asadevel oping system.
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TABLE la: Validation report of theproposed third derivative
(D3 spectrophotometric methodsfor the deter mination of
L evetiracetam

method method
Parameters D%in the presence D*in the presence

of acidic-deg of alkaline-deg
Linearity 4.0-26.0pgml™  4.0-26.0pgml™
Slope 0.0269 0.0269
Intercept 0.0277 0.0277
Correlation coefficient (r) 0.9993 0.9993
Accuracy?® 99.99 +1.156 99.99+1.156
Specificity® 100.56+1.413 98.84+0.558

Precision

Repeatability® 'intra-day" 0.909 0.909
Intermediate precision® 0.973 0973

'inter-day"
aMean+ RSD (n =6), "M ean £ R.S.D.% (n=6), ‘M ean + R.S.D.%
(n=9)

TABLE 1b: Validation report of the proposed second deriva-
tiveratio spectr ophotometric methods (DR?) for the deter mi-
nation of L evetiracetam

Parameters method
DR?at 228.00nm DR?at 235.70nm
Linearity 4,0-22.0ugml™  2.0-22.0pg.ml™
Slope 0.104 0.026
Intercept 0.093 -0.0146
Correlation coefficient (r) 0.9994 0.9996
Accuracy? 100.24+1.181 99.76+0.656
Specificity® 99.43+1.272 98.87+1.310
Precision
Repeatability® 'intra-day"’ 1.320 0.334
Intermediate precision® 1575 0.406

‘inter-day’'
aMean = RSD (n = 6), "M ean = RSD% (n = 6), ‘M ean + RSD% (n=9)

TABLE 1c: Validation report of theproposed UV-HPL C method
for thedeter mination of L evetir acetam

Method In presence of

Parameters Acidic- Alkaline-
degradates  degradates
Linearity 0.5-3.5 pg.ml™
Intercept 63.866
Slope -1.2229
Correlation coefficient (r) 0.9995
Accuracy? 100.14+1.161
Precision
Repeatability® 0.962
Intermediate precision® 0.846

aMean + R.S.D.%

Procedures

(A) Spectrophotometric deter mination of L evetir-
acetam in presenceof itsacidicand alkaline-degra-
dates

(@) Third (D?®) derivative spectrophotometric
method

From standard working solution of Levetiracetam,
aliquotsweretransferred into aseriesof 25 ml volu-
metricflasks, and diluted to volumewith 0.05M HCl to
obtain aconcentration range of 4-26 pg.ml™. Theval-
uesof thethird (D?) derivative spectrophotometry am-
plitudeswerecomputed for theinvestigated drug in pres-
enceof itsacidic and alkaline-degradates, at 217.60
nm. Thosevaueswerethen plotted versus correspond-
ing concentrations, and theregression equation wasthen
computed.

(b) Second (DR?) derivative ratio spectrophoto-
metric method

Calibration curvewas performed by transferring
aiquotsof Levetiracetam stock standard solutioninto
aseriesof 25 ml volumetricflasks, and diluting to vol-
umewith 0.05M HCI to obtain aconcentration range
of 4-22 pg.ml* and 2-22 pg.ml?, respectively. The
spectraof acidic and dkaline-degradated sol utionshav-
ing concentration 6.0 pg.ml™* were scanned and stored
in the instrument PC as a devisor. The spectra of
Levetiracetamweredivided separately by thedevisor’s
spectraand then the second derivative of theratio spec-
tra(DR?) were computed for theinvestigated drug in
presenceof itsacidic and alkaine-degradates, at 228.00
nm and 235.700 nm, respectively. Thosevaueswere
then plotted versus corresponding concentrations; and
theregress on equati on wasthen computed.

(B) Chromatographic determination of L evetir-
acetam in presence of its acidic and alkaline-
degradates

Stationary phase, XDB C18 column(5um, 150 x
4.6 mm), acetonitrile: water ‘pH 2.5” ina ratio (10:90,
v/Iv) with aflow ratewas 1.0 ml.min as‘degassed and
filtered’ mobile phase and UV detection at 205 nm,
werethe chromatographi c conditions adopted. Con-
struction the calibration curves were performed by
transferring aliquots of Levetiracetam stock standard

Hnalytical CHEMISTRY o
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Figure2a: Zeroorder absor ption spectraof L evetiracetam (-
) and itsacidic-degradates(...), [each, 12.00pg.ml ]

Figure2c: Third derivativespectra (D?) of L evetiracetam (-),
itsacidic(...) and alkaline-degradates (- - -)

TABLE 2: Satigtical comparison between theproposed [D3,
DR?, UV-HPL C and] methodsand themanufactur er ’s method’
for determination of L evetiracetam

M ethods

Parameters  ; DR’at  DR’at  U.V- Reported

228.00nm 235.70nm HPLC Method
Mean 98.47  98.75 98.14 9869  98.804
SD. 0.247 0517 0.099 0154 0507
N 10 10 10 5 5
Variance  0.061 0268  0.995x102 0.023  0.257
t-test -1.541  -0.179 -2.873  -0.497
Cal.tvalue 2571  2.306 2306 231
F-test 0.238  1.041 0.039  0.093
Cal. F-value 0.275  6.388 0157  0.156

Values in parenthess are the theoretical valuesof tand F at P =
0.05. *The reported method is the HPLC method; lichrofspher
column, acetonitrile: phosphate buffer pH 5.6 (15:85, v/v), as a
mobile phase with aflow rate 0.8 ml.mint™* and detection at 220 nm

solutioninto aseries of 10 ml volumetric flasksand
diluting with themobile phaseto thevolume, havinga
concentration range of 0.5-3.5 pug.ml™. Under the pre-
vioudy mentioned chromatographic conditions, 20.0-
ul volume from each solution was injected in triplicate,
the average peak areaobtained for each concentration
was plotted versus concentration and the regression
equation wasthen computed.
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Figure2b: Zeroorder absor ption spectraof L evetiracetam (-
) and itsalkaline-degradates(...), [each, 12.00pg.ml ]

Figure3a: Second derivativeof derivativeratio spectra (DR?)
for different concentrations (4.0- 22.0 pg.ml?) of
L evetiracetam at 228.00 nm, using 6.0 pg.ml* of itsacidic-
degradateasadivisor

(C) Assay of thepharmaceutical preparations

Twenty tablets of Teratam® were individually
weighed to get the average weight of the tabletsand
finely powdered, respectively. Samplesof the powdered
tablets, claimed to contain 12.50mg and 1.0mg of
L evetiracetam weretransferred to 250 ml and 100-ml
volumetricflasksfor spectrophotometric and chromato-
graphic methods, respectively, sonicated for one hour
with 25 ml of acetonitrile: water ‘pH 2.5’ solvent, in a
ratio (10:90, v/v), then the volumewas brought to 250
ml and 100ml with 0.05M HCI, filtered to preparestock
standard sol ution and then the procedures mentioned
under (A) and (B) were adopted. The concentrations
of Levetiracetam werecal culated fromtheregression
equation.

RESULTSAND DISCUSSION

M ethod devel opment
(A) Spectrophotometric method
(a) Derivative spectr ophotometric method

TheUV-spectraof Levetiracetamanditsacidicand
akaline-degradates showed overlapping asshownin

— a%a['yttaa[’ CHEMISTRY
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Figure3b: second derivativeof derivativeratio spectra (DR?)
for different concentrations (2.0- 22.0 pg.ml?) of
L evetiracetam at 235.70 nm, using 6.0 pg.ml* of itsalkaline
asadivisor

G LR ETE O] P T e B A ) il )

mAy
£
W
w0

i

I W N

Figure4b : HPL C chromatogr am of a mixturesolution con-
taining L evetiracetam with itsacidic-degradates(each, 2.50
pg.ml™)
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Figureda: HPLC chromatogram of L evetiracetam solution
2.00 pg.ml*
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Figure4c: HPL C chromatogram of mixture solution con-
taining L evetiracetamwith itsalkaline-degr adates(each, 4.00

pg.ml”)

TABLE 3a: Resultsof thelaboratory prepared mixturesfor L evetiracetamwith itsacidic and alkaline-degradatesby the

proposed spectr ophotometric method

% Recovery”

Acidic
Sample no. Levﬁtgi.ri(l:'eltam gcezjrkijj!:g In the presence of its acidic-degradates Inthe pre;zgfeeu?;galkalme
pg.ml D? DR? D? DR?
247.20 nm 228.00 nm 298.20 nm 235.70 nm
1 14.00 6.00 99.79 101.67 99.76 99.78
2 14.00 8.00 101.07 99.94 98.42 100.03
3 14.00 10.00 98.17 100.11 98.69 98.44
4 14.00 12.00 101.89 100.44 98.92 98.99
5 14.00 14.00 101.89 99.05 98.43 98.71
Mean+R.S.D.% 100.56+0.1.413 100.24+0.944 98.84+0.558 99.19+693
"Mean of three determinations
figure 2aand 2b, which would not permit zero-order D3, =0.0269C + 0.0277 r = 0.9993
determination of Levetiracetaminthepresenceof its  yhere, Dt . . isthe peak amplitudesat 217.60nm, C

degradates, so derivative spectrophotometric methods
wereadopted, where zero-crossing point for acidic and
dkdine-degradateof Levetiracetamwereindicated. The
third (D3) derivative spectrophotometric technique per-
mitted asd ective determination of Levetiracetaminthe
presence of itsacidic and alkaline-degradates at ex-
actly thesamewavelength 217.60 nm, asshowninfig-
ure 2c. The corresponding regression equationswere
foundtobe:

Hnalytical CHEMISTRY o

aretheconcentration of Levetiracetamin ug.ml*andr
isthecorrelation coefficient.

(b) Derivativeof ratio spectrophotometric method
(DR")

Themanadvantageof derivativeratio gpectramethod
(DR" might bethe chanceof taking measurement in cor-

respondenceto peaks and that the whol e spectrum of
interfering substanceis cancelled, thusthewavelength

Au Tudian Yournal
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Figure5: LC-M Sof acidic-degradatesof L evetiracetam
TABLE 3b: Resultsof thelaboratory prepared mixturesfor

L evetiracetam with itsalkaline-degradatesby the proposed
chromatographicmethod

_ Acid/ % Recovery”
Sample Levetiracetam  alkaline-
no. pg.ml™ degradates U-V-HPLC U.V-HPLC
pg.ml? (acidic)  (alkaline)

1 25 0.50 100.18 100.56

2 25 1.00 98.00 100.21

3 25 1.50 100.32 98.33

4 25 2.00 100.54 98.81

5 25 3.00 99.04 98.90
MeantR.S.D.% 99.60+1.06 99.76+0.617

*Mean of three determinations

TABLE 4a: Resultsfrom robustnesstesting of the proposed
spectr ophotometric and chr omatogr aphic methodsfor deter-
mination of L evetiracetam

Robustness

Methods (mean £RSD)

D? 98.89::0.656

Spectrophotometric DR inpresence 105 00,1 01

methods ofzamdlc-deg

DR?in presence

of alkaline-deg 99.38+0.267

UV-HPLC UV detection 100.55+0.287

TABLE 4b : Resultsof system suitability of theproposed chro-
matographic method for deter mination of L evetiracetam

Parameters L evetiracetam limit
Retention time (tr) 2.52
Resolution ( Rs) 8.94 Rs>2
Tailing factor (T) 125 T<2
Capacity factor (K') 3.98 1<K'<10
Selectivity factor (o) 192 a>1
Column efficiency (N) 4936 N > 2000

—= Fyll] Peper
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Figure6: LC-MSof alkaline-degradatesof L evetiracetam

sdlectionfor cdibrationisnot critical. Themaininstru-
menta parameter conditionswere optimizedfor areli-
abledetermination of thecompounds. Different divisor
concentrationsof acidic and alkaline-degradateswere
examined to sel ect an gppropriate concentration, which
isvery important factor in practice, wherethebest re-
sultswere obtained by using 6.0 pg.ml* of acidicand
akaline-degradates, respectively asdivisors. Thesec-
ond derivativeratio spectra(DR?) at 228.00 and 235.70
nm permitted ase ective determination of Levetiracetam
inthe presenceof itsacidic and akaline-degradates as
shownin (Figure 3aand 3b), where no noiseswere ob-
served from the selected divisors. The corresponding
regression equationswerefoundto be;

R

DR?,,, ;= 0.1042C — 0.0928 r = 0.9995
DRZ, .= 0.0261C — 0.0147 r = 0.9993
where, DR?,, - and DR?, _ arethe peak ampli-

tudesat 228 OOnm and 235.70nm, respectively, Cis
the concentration of Levetiracetaminug.ml*andris
thecorre aion coefficient.

(B) Chromatogr aphic method

The separation of Levetiracetam fromitsdegrada
tion-products has been performed on XDB C18 col-
umn. The proportion of the mobile phase components
was optimized to reduce each of ‘retention time and tail-
Ing’ and to enable good resolution from its-degradates.
Severd trialswerecarried out to obtain good and opti-
mum separation of Levetiracetam from itsdegradation
products. Different compaosition mobile phaseswith dif-
ferent ratiosweretried suchasmethanal: water (70 : 30,
v/v), and acetonitrile: water (20:80, v/v), but the best
resol ution was obtai ned upon using acetonitrile: water

— a%a['yttaa[’ CHEMISTRY
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TABLE 5a: Deter mination of L evetiracetam in phar maceutical prepar ations? by the proposed spectrophotometric methods
and application of standard addition technique, in presenceof itsacidic and alkaline-degr adates

% Found = R.S.D*

Standard addition technique

b
Phar maceutical preparations Claimed . DRZ2 at DR2 at Added %Recozvery i
228.00 23570  (hgml D3 DR at DR%at
) 228.00 235.70
, 98.47 4.00 101.05 98,57 101.32
Teratam® tablets -
B N: 82488° 500mg  +  98.75:0.524 98.14+0.101 500 101.90 08.33 98.23
0.252 6.00 101.14 98.73 100.08
Mean + RSD% 101.36:0.461 98.88+0.407 98.88+1.573

aTeratam® tablets (Batch no: 82488) (labeled to contain 500 mg L evetiracetam per tablet). "Mean of three determinations

pH 2.5(10:90, v/v) adjusted by using O-phosphoricacid
with aflow rate of 1.0 mImin and adetection wave-
length 205 nm, wherethe maximum sengtivity wasob-
sarved. Theaverageretentiontimewas 2.20+0.05 min
asshowninfigure4a-4c. Theregresson equation was
computed and found to be;

A =63.866C-1.2229 r =0.9995

where A isthere ativepeek areg; CisLevetiracetam con-
centrationin pug.ml* andristhecorreation coefficient.

(C) Method validation

ICH guidelines*? for vadidation method werefol-
lowed, wheredll validation parameterswereshownin
TABLE 1a-1c. All theobtained resultswerestatisticaly
compared to the reported™ method of Levetiracetam
and nosignificant differenceswerefound (TABLE 2).

(D) Specificity

Degradation behavior of Levetiracetamwasinves-
tigated by the proposed spectrophotometric and chro-
matographic methods, wheretheinvestigated drugwas
determined in solutionscontai ning different amounts of
itsacidic and akdine-degradatesby spectrophotometric
method using (D3), and (DR?) techniquesand by chro-
matographic method using [UV and fluorescence de-
tection] techniques, respectively. ItsRecovery % and
R.S.D. % proved the high specificity of the adopted
methods, where L evetiracetam could bedeterminedin
the presence of itsacidic and alkaine-degradates (up
to 100 %), asshownin TABLE 3a-3b.

(E) Robustnessand system suitability of theHPLC
method

Therobustnessof anandytica procedureisamea
sure of itscapacity to remain unaffected after dit but
deliberate changesintheandytica conditions. Separa-

Hnalytical CHEMISTRY o

tion of studied drug from itsdifferent degradateswas
performed under these conditions. Inthe propped spec-
trophotometric methods, the parameters of robustness
weredonein dterationsof the used solvent and wave-
lengths, whilein chromatographic methods; the alter-
ationsweredoneinwave engths, flow rate, compos -
tionin mobilephase, and PH, (TABLE 44). The sys-
tem suitability parametersof HPLC method wereevau-
ated® (TABLE 4b).

(F) Sandard addition technique

To check thevalidity of the proposed methods, the
standard addition method was applied by adding each
drug tothe previoudy anal yzed tabl ets. Therecovery
of it was cal cul ated by comparing the concentration ob-
tained from the spiked samples with that of the pure
drug. Theresultsof analysisof thecommercial tablets
and the standard addition method (recovery study) of
Levetiracetam are shownin TABLE 5a-5b suggested
that thereisnointerferencefromany excipients, which
arenormally present intablets.

(G) Identification of acidicand alkaline-degradates
of L evetiracetam by structureelucidation

Inthiswork, wewere concerned with the acidic
and dkaine-degradation of Levetiracetam, asitiscom-
pletely degraded inashort time, whichisconsidered a
new way for determination of Levetiracetamin pres-
enceof itsacidicand dkaline- degradatesby using spec-
trophotometric methods.

L evetiracetam wasinfluenced by refluxing with
5.0M HCI for 1.5 hrs at 100°C, giving two acidic-
degradates, also, it was subjected to alkaline stress-
testing by refluxing with 5M NaOH for 3 hours at
100°C, giving the same exactly degradation products
asacidichydrolyss. Theidentity of theacidicand dka

Au Tudian Yournal
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TABLE 5b: Determination of L evetiracetamin phar maceuti-
cal prepar ations* by theproposed chr omatogr aphic methods
and application of standar d addition technique

Standard addition

% Found + R.S.D*

Pharmaceutical . O/tle::hnlque .
i 6 Recovery’
preparations UV-HPLC Addel(_j1
(hgml’)  yyv.HpLC
0.5 98.63
Teratam® tablets
B.N: 824882 500 mg 98.69+0.156 1.00 99.02
2.00 99.11
Mean + RSD% 98.92+0.257

aTeratam® tablets (Batch no: 82488) (labeled to contain 500 mg
Levetiracetam per tablet). "Mean of three determinations

H
0
0
Figure7: Levetiracetam degradation products

line-degradateswas confirmed by adopting LC-M Sfor
eech one, wherethemolecular ion peek of Levetiracetam
170.2 m/z was compl etely disappeared and two new
molecular ion peakswere delivered when it was sub-
jected to acidic and basi ¢ hydrolysisand hydrolysis of
Levetiracetam corresponding to 85and 126 m/z, were
appeared asshowninfigure5and 6.

CONCLUSION

The proposed methods are accurate, precise and
specific ones, where L evetiracetam can be determined
inbulk powder andin pharmaceutica preparationswith-
out i nterferencefrom common exci pients present, also
it can be determined in the presence of itsacidic and
alkaline-degradates. ICH guidelines were followed
throughout the study for method validation and stress
testing, and the suggested methods can be applied for
routinequality control andysisand stability studies.
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