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ABSTRACT KEYWORDS
A new, smple, sensitive, stability indicating isocratic RP-UPL C assay method Columnliquid
has been developed for the quantitative determination of Zaleplon in the chromatography;
presence of its degradation products . Efficient Chromatographic separa- Zdeplon;
tion was achieved on a C18 stationary phase with simple mobile phase Forced degradation;
Combination of water and Methanol and quantitation was carried out using Validation;
ultraviol et detection at 230 nmwith aflow rate of 0.4 mL min™. Inthe devel- Stability indicating.

oped UPLC method the resolution (R) between Zaleplon and its all
degradants obtained from forced degradation studies were found to be
greater than 2.0. Regression analysis shows an r2value (correlation coeffi-
cient) of greater than 0.99 for Zaleplon And it’s all the degradant impurities.
This method was capable to detect the Zaleplon in presence of the De-
graded impurities The inter and intra day precision values Zaleplon was
found to be within 2.0 % RSD. The method has shown good and consistent
recoveriesfor Zaleplonin bulk drugs(99.3-101.4 %). Thetest solution was
found to be stable in diluent for 48 h. The drug substances were subjected
to Stress conditions of hydrolysis, oxidation, photolysis and thermal deg-
radation. Considerable Degradation was found to occur in acid stress, base
stress and oxidative conditions. The stressed test Solutions were assayed
against the qualified working standard of Zaleplon and the mass balance in
Each case was close to 99.8% indicating that the developed method was
stability-indicating. The Method was developed and optimized by analyz-
ing the forcefully degraded samples The developed RP-UPL C method was
validated with respect to linearity, accuracy, precision and ruggedness.
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INTRODUCTION

Zaleplon (N-(3-(3-cyanopyrazolo [1,5-a]
pyrimidin-7-yl)phenyl)-N- ethylacetamide, (Figure 1)
is a sedative/hypnotic, mainly used for . It is a
nonbenzodiazepine hypnotic from the
pyrazolopyrimidineclass. Zaleplonisoneof few deep
medi cations which have been found to not cause an
increasein road traffic accidents, thusdemonstrating a
much higher safety profilethan many other hypnotics
currently onthe market. Zaleplon hasapharmacol ogi-
ca profilesimilar to benzodiazepinesthat ischaracter-
ized by anincreasein SWDSwith rapid onset of hyp-
notic action. Zaeplonisafull agonist for the benzodi-
azepine ol receptor located on the GABA | receptor
ionophore complex inthebrain, with lower affinity for
thea2 and a3 subtypes. It selectively enhances the ac-
tion of GABA similar to but more sdlectively than ben-
zodiazepines. Za eplon, athough not benzodiazepine-
likein chemical structureinduces sedative-hypnoatic,
anticonvulsant and anticonflict effectsviaitsbinding to
thecentral nervoussystem (CNS) type benzodiazepine
receptors. Thedimination haf lifeof zaleplonis1 hour.
Absorptionisrapid. Za eplon can be classed asan ul-
trashort acting sedative hypnotic drug for thetreatment
of insomniacharacterized by difficulty infaling aseep.
ZdeplonincreasesEEG power dengity inthede tafre-
guency band and adecreasein theenergy of thetheta
frequency band. In tests on rabbits zaleplon shows
drowsy pattern of spontaneous EEG characterized by
high-voltaged ow wavesand desynchronization of hip-
pocampal thetawavesand anincreaseintheenergy of
the deltafrequency band on the spectral analysisof the
electroencephaogram

Figurel: Chemical structuresand labelsof Zaleplon
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Extendveliteraturesurvey did not reved any smple,
senstiveand stability indicating LC method for quanti-
tative estimation of Zaeplonin bulk drugs. Few LC-
MSmethodswerereported in literaturedescribing the
determination of Zaeploninbiologicd fluids*®, How-
ever thereisno stability indicating methodsfor thequan-
titative assay of Zaeplonin bulk drugs. Anided stabil-
ity indicating chromatographic method should estimate
thedrug andisableto resolvefromitspotential impuri-
tiesand degradation products. The present drug stabil-
ity test guideline Q1A (R2)! issued by International
Conferenceon Harmonization (ICH) suggeststhat Stress
studies should becarried out on adrug to establishits
inherent stability characteristics, leading to separation
of degradation productsand hence supporting thesuit-
ability of the proposed analytical proceduresAccord-
ing to ICH, stresstesting of the drug substance can
help theintring c stability of themoleculeand validate
the stability indicating power of theanaytical proce-
dure used. Thenature of stresstestingwill depend o
theindividual drug substanceand itislikely to becar-
ried out on asingle batch of thedrug substance. It dso
requires that analytical test procedures for stability
samples should be stability indicating and they should
befully vaidated asper ICH Q2 (R1)® and USP/NF.

Hence, an attempt has been made to develop an
accurate, rapid, specific and reproducible method for
thedetermination of Zdeploninthepresenceof itsdeg-
radation products, along with method vaidation asper
ICH norms.

EXPERIMENTAL

Chemicals

Samplesof Zaeplon and were procured USP-In-
dia, Hyderabad, India(Figure1). HPLC gradeMethanol
Analytica reagent grad, Darmstadt, Germany. High
purity water was prepared by using Millipore Milli-Q
pluswater purification system. All samplesusedinthis
study were of greater than 99.0% purity.

Equipment

The LC system used for method devel opment,
forced degradation studies and method validation was
WatersACQUITY UPLC Binary solvent Manager plus
auto sampler and a photo diode array detector. The
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output signal was monitored and processed using Em-
power software on Pentium computer (Digita equip-
ment Co). Photo stability studieswerecarriedoutina
photo stability chamber (Sanyo, L el cestershire, UK).
Thermal stability studieswere performedinadry air
oven (Mack Pharmatech, Hyderabad, India).

Chromatographic Conditions

The chromatographic separation was performed on
an Acquity UPLC® BEH C18 Column (100 x 2.1)
mmwith 1.7 pm particles. The mobile phase compris-
ingamixtureof water & methanol intheratio (65:35v/
v), a aflow rateof 0.4 mL mint.withisocratic € ution.
The column temperaturewas maintained at 25°C and
the detection was monitored at awavelength of 230
nm. Theinjection volumewas 2 uL. Pure Methanol
was used asdiluent.

Prepar ation of Solutions
Preparation of Sandard Solutions

A stock solution of Zaleplon (5.0 mg mL*) was
prepared by dissolving gppropriateamount inthediluent.
Working solutionsof 100 ug mL* were prepared from
above stock solution for assay determination.

Prepar ation of Assay Solutions

Transferred about 50-mg of Za eplon sampleinto
50 -mL volumetricflask, dissolvedin, and diluted to
volumewithdiluent. Transferred 5-ml of thissolutionto
a50-ml volumetric flask mixed & makeuptothevol-
ume with the diluent to obtain a solution of 100 pg
mL*

Analytical Method Validation

Thedevel oped chromatographic method wasvali-
dated for selectivity, linearity, range, precision, accu-
racy, ruggedness, and system suitability.

Specificity/ Application of Stress(Forced Degr a-
dation Sudy)

Specificity of thedevel oped method was assessed
by performing forced degradation studies.. Specificity
istheability of themethod to measuretheanaytere-
sponseinthepresenceof itspotential impurities. Stress
testing of the drug substance can help to identify the
likely degradation products, which caninturnhelpto
establish thedegradation pathwaysandtheintrinac sta
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bility of themoleculeand vaidatethe stability indicating
power of theanaytical proceduresused.

The specificity of thedeveloped UPLC method for
Zdeplonwasdetermined inthe presenceof itsdegradant
impurities. Forced degradati on studieswere performed
on Zaeplonto providean indication of stability indicat-
ing property and specificity of the proposed
methodY, The stress conditions employed for deg-
radation study includeslight (carried out asper ICH
Q1B), heat (100°C), acid hydrolysis (IN HCI), base
hydrolysis(0.1N NaOH), water hydrolysisand oxida
tion (3% H,0,). For heat and light studies, study pe-
riod was 10 days where as for acid it was 8 hrs at
80°C, and oxidation it was at 80°C for 3 h and for
base it was at 80°C for 2 h. Peak purity of stressed
samples of Zaleplon was checked by using a 2996
photo diode array detector (PDA) from Waters. The
purity anglewithinthepurity thresholdlimit demondrates
theanayte peak homogeneity.

Assay studieswerecarried out for stressed samples
againgt thequalified reference standard and the mass
bal ance (% assay + % of degradation products+ % of
impurities) wascd culated. Assay andysswasa so per-
formed on some batch sampl es.

Analytical Method Validation
Precision

Assay method precisonwasevaluated by carrying
out six independent assays of test sampleof Zaleplon
against quaifiedreference standard. The% RSD of six
assay val ues obtained was cal cul ated. Theintermedi-
ate precision (ruggedness) of the assay method was
evaluated by different analyst and by using different
column on different daysfrom the samelaboratory.
Linearity

Linearity test solutionsfor assay method werepre-
pared from stock solution at five concentration levels
from 25 to 200 % of assay analyte concentration (25,
50, 75, 100, 150 and 200 ug mL1). The peak area
versus concentration datawas collected and performed
regression andysi shy themethod of least squares. The
Corrdation coefficient, Slope& y-intercept vaueswere
ca culated from the calibration plot obtained.

Accuracy
Theaccuracy of the assay method was eval uated
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intriplicate by standard addition procedurewith five
known concentration levelsfrom 50 to 200 % of assay
analyte concentration (50, 75, 100, 150 and 200 ug
mL-1). For each concentration, three sets were pre-
pared andinjectedintriplicate. The percent recoveries
of added drug substance at each concentration were
caculated.

Solution Sability and Mobile Phase Sability

The solution stability of Zaeplon in the assay
method was carried out by leaving thetest solutions of
samplesintightly capped volumetricflasksat roomtem-
peraturefor 48 h. The same samplesolutionswere as-
sayed 6 hinterva up to thestudy period against freshly
prepared standard solution. Themobile phase stability
was a so carried out by assaying the freshly prepared
samplesolutionsagangt freshly prepared reference gan-
dard solutions 6 hinterval upto 48 hrs. Mobilephase
prepared was kept constant during the study period of
mobilephasestability. The% RSD of assay of Zaeplon
wascd cul ated for the study period during mobile phase
and sol ution stability experiments.

RESULTSAND DISCUSSION

M ethod Development and Optimization

The Zdeplon solutionswere prepared in diluent at
aconcentration of 100 ug mL*and scanned in UV-
Visible spectrometer; the Zaleplon was having UV
maximaat around 230 nm. Hencedetection at 230 nm
was sel ected for method devel opment purpose.

Theaim of the study wasto devel op optimized sta-
bility-indicating method to resol vethe degradation prod-
uct from thedrug. So Water and methanol (65:35v/v)
was chosenfor initial trial on aC18 stationary phase
witha25 cmlength, 4.6 mm ID and Sum particle size.
Flow ratewas 1.0 mL mint.When Zdeplonsamplewas
injected, the symmetry of Zaeplon peak wasgood but
the RT of the principal peak wastoo high. Similar re-
sultswereobtained with 15 cmlength, 4.6 mmID & 5
micron particlesize C-8 column.

Effect of solvent wasstudied by using different sol-
vent. When acetonitrileis used instead of methanol,
though therewas considerablereduction in the princi-
pal peak RT, but when the stressed sampleswerein-
jected under these conditions, the peak purity of the
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Zaeplonwasnot passing indicating Co-€lution of the
degraded impurities. Soit wasdecided to transfer the
method to UPL C system in order to achievereason-
ableretention and a so cost effective & timeeffective
method.

In UPLC system again taken acetonitrile asthe
solvent & injected the Zaeplon 0.1 mg/ml solution us-
ing the Acquity UPLC® BEH C18 (100 x 2.1) mm
with 1.7 pm particles with mobile phase water & ac-
etonitrileintheratio 65:35 v/v. But the principa peak
was el uted too early. So the chromatographic condi-
tionswerechosen after thetest of different mobilephase
rati osbut the condition was optimi zed by taking methanol
asthesolvent instead of acetonitrileby consideringthe
cost effectiveness of themethod. Themobile phaseA
consistsof purewater. The mobile phase B consi sts of
Methanol. With themobile phaseratio of 75: 25 v/v.
Flow rate of the mobile phasewas 0.4 mL min. The
column temperaturewas maintained at 25°C and the
detection wasmonitored at awavel ength of 230 nm.
Theinjectionvolumewas?2 pL. When Za eplon stressed
samplewasinjected under these conditions, therewas
some co-elution of the degraded impurity as observed
by peak purity study. So the mobile phaseratio was
again changed to 65: 35 v/v. to separate the degrada-
tionimpurity.

The satisfactory chromatographic separation (re-
tention time of Zaleplonis~7 min and theresolution
(R) between al theimpuritieswas>2) was achieved
onAcquity UPLC® BEH C18 (100 x 2.1) mm with
1.7 um particles with mobile phase water & methanol
intheratio 65:35 v/v. Thecolumn temperatureasmain-
tained at 25°C and the detection was monitored at a
wavelength of 230 nm.Theinjectionvolumewas2 pL.
M ethanol was used as diluent. In the optimized LC
conditiontheZaeplon RT wereabout ~7 min. Thesys-
temsuitability resultsweregivenin (TABLE 1) andthe
devel oped LC method was found to be specific for
Zaeplon and its Degradants. Peak purity of stressed
samplesof Zd eplonwas checked by using 2996 Photo
diode array detector of Waters(PDA). Thepurity angle
withinthepurity threshold limit obtainedin al stressed
samples demonstratesthe ana yte peak homogeneity.
All stressed samples of Zaleplon (heat (100°C), acid
hydrolysis (1N HCI), base hydrolysis (0.1N NaOH),
water hydrolysisand oxidation (3% H,0,)) wereana-
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lyzed for extended run time of 60 minto check thelate
eluting degradants. Thetypical chromatogram of Sys-
tem suitability shownin Figure2(a).

The proposed method was applied for the assay
anaysisof 3 different batchesof Zaleplon. Thetypical
chromatogramsof assay areshowninFigure2(b) .The

mass bal ance (% of assay + % of degradation prod-
ucts+ % of impurities) of stressed sampleswasclose
t099.8 % (TABLE 2). Theassay of Zaeplonisunaf-
fected inthe presence of itsdegradation products con-
firming thestability indicating power of the developed
method.

TABLE 1: System Suitability report

No of
Compound Retention theoretical plates USP Tailing factor Purity Purity
P time USP tangentmethod (M Angle Threshold
(N)
Zaeplon 7.8 7829 0.98 0.015 0.216
| |
U Al

1000
e

A : Typical chromatograms of Zaleplon (System suitability)

3500

B : Zaleplon batch sample at assay concentration (0.1 mg/ml)

Figure2: Typical chromatogramsof Zaleplon (System suitability), and assayed sample (0.1mg/mL )

TABLE 2: Summary of for ced degradation results

% M ass Balance

Stress condition Time % Assay of (% of assay + % of degradation products +
stressed sample o - o
o of impurities)
Acid hydrolysis
(1IN HCI) 8h 92.1 99.8
(reflux at 80°C)
Base hydrolysis
(0.1N NaOH) 2h 90.4 99.7
(reflux at 80°C)
Oxidation
(3% H,0,) 3h 88.6 99.6
(reflux at (reflux at 80°C)
Water hydrolysis
(reflux at 100°C) 2h 99.5 100
Light
(photolytic degradation) 10 days 99.8 100
Thermal (100°C) 10 days 99.7 100

Method validation
Precision
The % RSD of assay of Zaleplon during assay
method precision study was 0.2 % and confirming the
good precision of the devel oped anaytical method.
The% RSD of assay resultsobtained inintermedi-

ate precision study waswithin 0.3 % and, confirming
theruggednessof themethod (TABLE 3).

TABLE 3: Resultsof Intermediateprecision
%RSD

S.No Par ameter Variation  for Assay % Assy
> Different (a) B.No: 001 0.4% 99.7
Column (b) B.N0:002  0.5% 99.6
3 Different (a) Analyst-1 0.5% 99.8
Analyst (b) Analyst-2  0.4% 99.7
, (a) Day-1 0.4% 99.7
4 Different Days (b) Day-2 0.6% 2.6

(Interday precision)

(c) Day-3 0.5% 99.8
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Linearity

Linear cdlibration plot obtained by theleast square
regression analys sfor assay method was obtained over
the calibration rangestested, i.e. 25-200 ug mL*and
the correlation coefficient obtained was greater than
0.9997. The Slope and the Intercept value obtained
fromthelinear regressongraphisasshownin (TABLE
4). Theresult shows an excellent correl ation existed
between the pesk areaand concentration of the analyte
intherange 50-200 % of analyte concentration.

TABLE 4: Reaultsof Linearity study thedrug substance

Concentration (ng) Response
25 858229
50 1749589
75 2540289
100 3379575
150 4225285
200 5062589

Cdlibration Equation y=34562.5x-47178.4

Linearity Range 25-200 %
Regression coefficient 0.9997
Slope 34562.5

I ntercept -47178.4

Accuracy

The percentagerecovery of Zaleploninbulk drug
samplesranged from 99.2 to 101.4% (TABLE5) at
eachlevel of the determination, whichindicated good
accuracy of themethod.

TABLE5: Resultsof Accuracy study for drug substance

Added (ng)  Recovered

(n=3) (19) % Recovery % RSD
50 49.9 99.8 0.6
75 74.4 99.2 0.4
100 99.7 99.7 0.9
150 150.9 100.6 0.3
200 203 101.4 0.5

n =3, Number of determinations

Solution Sability and M obile phase Stability

The% RSD of assay of Zaleplon during solution
stability and mobile phase stability experimentswas
within 1.0. The solution stability and mobilephase sta-
bility experimentsdataconfirmsthat sample solutions

—— Fyll Peper

and mobile phaseused during assay werestable up to
the study period of 48 h.

Resultsof Forced Degradation Sudies
Degradation Behavior

Stress studies on Zaleplon under different stress
conditions suggested thefollowing degradation behav-
ior.

Degradation in Acidicsolution

The drug was exposed to 1N HCI at 80°C for 8
HRS. Zd eplon hasshown significant sengtivity towards
thetreatment of 1 N HCI . The drug gradually under-
gonedegradation withtimein 1 N HCl and Prominent
degradation was observed (~7.1 %) (Figure 3(a))

Degradation in Basic solution

The drug was exposed to 0.1 N NaOH at 80 °C
for 2hrs. Zaeplon hasshown significant sengitivity to-
wardsthetreatment of 0.1 N NaOH. The drug under-
gone degradation immediately in 0.1 N NaOH and
prominent degradation was observed (~10.2 %)
(Figure3(b))

OxidativeConditions

The drug was exposed to 80°C for 3 hrs in 3%
H202. Za eplon has shown significant sengitivity to-
wardsthetreatment of 3% hydrogen peroxideand the
drug gradually undergone oxidative Degradation with
timein 3% hydrogen peroxideand prominent degrada-
tionwasobserved (~11.0 %) (Figure 3(c)). Purity plot
obtai ned showsthe peak homogeneity (Figure 3(d)).

Degradationin Neutral (Water) solution

No mgor degradation productswere observed after
48 h at room temperature. Degradation was not ob-
served even when more stressed conditionswere ap-
plied (reflux at 100°C).

Photolytic Conditions

Thedrugwasstabletotheeffect of photolyss. When
the drug powder was exposed to light for an overall
illumination of 1.2 millionlux hoursand anintegrated
near ultraviol et energy of 200-watt hours/square meter
(w/mhr) (in photo stability chamber), no degradation
was observed.
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Thermal Degradation

Thedrugwas stableto the effect of temperature.
When the drug powder was exposed to dry heat at
100°C for 10 days, no degradation was observed.

Peak purity test resultsderived from PDA detec-

IN HCI at 80°C 8 HRS Total Degradation: 7.1%

3% H202 80°C 3 hrs Total Degradation: 11.0 %

Zakpin -7.650

tor, confirmed that the Zd epl on pesk washomogeneous
and pure in all the analyzed stress samples. No
degradantswere observed after 30 minin theextended
runtimeof 60 minof dl theZadeplon samples. Thespec-
traof degraded sample matcheswith the standard spec-
tra(Figure3(e)).

0.1 N NaOH 80 °C 2hrs

g |

o2 x E 1} -}
40'*_—7 EE S o

Total Degradation: 10.2 %

(b) : Zaleplon Base Degradation sample

(c) : Zaleplon Peroxide Degradation sample

0
|

(d) : Purity plot of Peroxide degradation

(e) : Acid degradation sample spectra matches with the standard spectra

Figure3: Typical chromatogramsof stressed Zaleplon with purity plot

Assay analysis

Assay andysiswasperformed for different batches
of Zdeploninbulk drug samples(n=3), withtheanayte
concentration of 100 ug mL* The assay results ob-
tained for the three bulk drug samples were, ZLP/
001(99.65 %), ZLP/002 (99.69%) and ZLP/003
(99.85%) depictedin (TABLE 6).

TABLE 6: Batch analysisfor Zaleplon drug substance

Batch No: Assay by HPLC
ZLP/001 99.65%
ZLP/002 99.69%
ZLP/003 99.85%
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CONCLUSION

The Isocratic RP-UPLC method developed for
quantitativeassay of Zaleplonin bulk drugisprecise,
accurate and specific. Themethod wascompletely vali-
dated showing satisfactory datafor dl themethod vdi-
dation parameterstested. The devel oped methodissta
bility indicating and can beused for theroutineanayss
of production samplesand a soto check the stability of
Zdeplonsamples.
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