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ABSTRACT KEYWORDS
An attempt has been made to study the forced degradation behavior of Column liquid chromatography;
zZiprasidone hydrochloride by LC-MS/MS ,and hence to develop a new, Ziprasidone;
sensitive, stability indicating gradient UHPL C Related substances & assay Forced degradation;
method for the quantitative determination of ziprasidonein the Bulk drugs. Validation;
The chromatographic separation of ziprasidone & impurities was achieved Stability indicating.

onWatersAcquity BEH C18, 100 x 2.1mm, 1.7um columnwithinashort run
time of 8 min, and using the simpl e mobile phase combination of buffer and
Acetonitrile. Buffer consistsof 0.01M Ammonium acetate pH 5.0, delivered
in agradient mode and quantitation was carried out using ultraviolet detec-
tion at 254nm with aflow rate of 0.2mL min?. The same method was also
extended to LC-M S/M S studies which were carried out to identify the deg-
radation product. In the developed UHPL C method the resolution (R) be-
tween ziprasidone and its four potential process impurities were found to
be greater than 2.0. Regression analysis shows an r2value (correl ation coef-
ficient) of greater than 0.99 for ziprasidone and it’s all the four potential
impurities. This method was capable to detect the four impurities of
zZiprasidone at alevel of 0.002 % (0.01ug mL 1) with respect to test concen-
tration of 0.5mg mL™ for a 1uL injection volume & also the all possible
degradants formed during the stress studies. The drug substances were
subjected to stress conditions of hydrolysis, oxidation, photolysis and
thermal degradation. Considerable degradation was found to occur in base
stress and oxidative conditions. The stressed test solutions were assayed
against the qualified working standard of ziprasidone and the mass balance
in each case was close to 99.8% indicating that the developed method was
stability-indicating. Thedeveloped RP-UHPL C method wasvalidated with
respect to linearity, accuracy, precision and robustness.
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INTRODUCTION

Ziprasidone (5-(2-(4-(1, 2-benzisothiazol-3-yl-1-
piperazinyl)-ethyl) - -6-chloro-1, 3-dihydro-2-(1H)-
indol-2-one) (Figurel), isapotent antipsychotic agent
andisuseful for treating variousdisordersincluding
schizophrenia, anxiety and migrainepain. Ziprasdone
isapsychotropic agent belongingtothechemica class
of benzisoxazolederivatives& it aso displays some
inhibition of synaptic reuptake of serotonin and nor
epinephrine. The mechanism of action of ziprasidone
isunknown. However it has been theorized that its
antipsychotic activity ismediated primarily by antago-
nism at dopaminereceptors, specifically D,,. Seroto-
nin agonism may also play aroleinthe effectiveness
of ziprasidone, but thesignificance of 5-HT,,, antago-
nism isdebated among researchers. Ziprasidone has
perhapsthe most selective affinity for 5-HT,, recep-
torsrelativeto D, and 5-HT,. receptorsof any neu-
roleptic-3. Antagonism at histaminic and a phaadr-
energic receptorslikely explains some of the side ef-
fectsof ziprasidone, such as sedation and orthostasis.

Extensive literature survey did not reveal any
rapid, smple, senstiveand stability indicating UHPLC
method for the quantification of impuritiesand quanti-
tative assay of ziprasidonein bulk drugs. Few LC
methods were reported in literature describing the
determination of ziprasidoneinbiologica fluidd*d. Also
there exists some stability indicating methodsfor the
separations of some process impurities in bulk
drugs®9. United States Pharmacopeia Forum PF 35
(3) published aL.C method for the determination of
IMP-1 to IMP-4 by two different LC methods. So
here an attempt was madeto determinedl the above
mentioned four processimpuritiesaong with the deg-
radationimpuritiesin asingle method with shorter run
time. Anideal stability indicating chromatographic
method should estimate the drug and is ableto re-
solvefrom itspotential impurities and degradation
products. Thepresent drug stability test guidedline Q1A
(R2)*Y issued by International Conference on Har-
monization (ICH) suggeststhat stress studies should
be carried out on adrug to establishitsinherent sta-
bility characteristics, leading to separation of degra-
dation products and hence supporting the suitability
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of the proposed analytical procedures. According to
ICH, stresstesting of the drug substance can help the
intringic stability of themoleculeand validatethe sta-
bility indicating power of theandytica procedure used.
It asorequiresthat analytical test proceduresfor sta-
bility samples should be stability indicating and they
should befully validated as per ICH Q2 (R1)"*2 and
USP/NF3,

Hence, an attempt has been madeto develop an
accurate, rapid, specific and reproducible method for
the determination of ziprasidonein the presenceof its
degradation products and thefour processimpurities,
IMP-1, IMP-2, IMP-3 & IMP-4, (Figure 1), along
with method validation asper ICH norms.

EXPERIMENTAL

Chemicals

Samplesof ziprasdoneand itsrelated impurities
were procured from USP-India(P) limited, Hyderabad,
India(Figurel). HPLC gradeAcetonitrile, Analytical
reagent grade orthophosphoric acid purchased from
Merck, Darmstadt, Germany. High purity water was
prepared by using Millipore Milli-Q pluswater purifi-
cation system. All samplesand impuritiesusedinthis
study were of greater than 99.0% purity.

Equipment

The LC system used for method devel opment,
forced degradation studies and method validation was
Waters Quattro MicroLC-MS/MS (MassLynx 4.1),
WatersAlliance 2695 and WatersAcquity UPLC (Wa
tersMillford, USA) system with binary solvent Man-
ager plusauto sampler and aAquity photo diodearray
detector. The output signal was monitored and pro-
cessed using Empower software on Pentium computer
(Digita equipment Co). Photo stability studieswere
carried out in a photo stability chamber (Mack
Pharmatech, Hyderabad, India). Therma stability stud-
ieswereperformedinadry arr oven (Mack Pharmatech,
Hyderabad, India).

Chromatogr aphicconditions

Thechromatographi c separationwas performed on
aWaters Acquity UPLC BEH C18 Column (100 x
2. 1) mmwith 1.7um particles. Themobile phase A con-
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Compound Structure

Mol.

Mol. For. weight

Chemical name

N\
M=\

N—S

Ziprasidone

IMP-1

IMP-3

(6]

N7
\
g

IMP-4 /
S—N

5-[2-[4-(1,2-
Benzisothiazol-3-yl)-1-
piperazinyl]ethyl]-6-
chloro-1,3-dihydro-2H-
indol-2-one Hydrochloride
Monohydrate

CxuH24CIoNJO,S  467.4

3-(1-Piperazinyl)-1, 2-

benzisothiazole 219.2

C11H13N3S

5-(2-(4-(1,2-
benzisothiozole-3-yl) 1-
piperazinyl) —1 ethyl)-3-
0X0-6- chloro-1, 3-
dihydro-2H-indole-2-one

C21H1oCIN,O,S 426.9

5-(2-(4-
(benzo[d]isothiazol-3-
yl)piperazin-1-yl)ethyl)-3-
(5-(2-(4-
(benzo[d]isothiazol-3-
yl)piperazin-1-yl)ethyl)-6-
chloro-3-hydroxy-2-
oxoindolin-3-yl)-6-
chloroindalin-2-one

Ca2HaoCloNgOsS,  839.8

5-(2-(4-(1,2-
benzisothiozole-3-yl) 1-
piperazinyl) —1 ethyl)-2-
benzothiazole-6- chloro-1,
3-dihydro-2H-indole-2-
one

ng H 24C| N =

0S, 546.1

Figurel: Chemical structuresand labelsof ziprasidoneand itsimpurities

sists of 0.01M Ammonium acetate buffer pH.5.0 &
mobilephase B isacetonitrilewith gradient mode (time
(min) / % solution B: 0/40, 1.0/40, 2.0/80, 5.5/80, 6.0/
40, 8.0/40. Theflow rate was 0.2mL min™. The col-
umn temperature was maintained at 35°C and the de-
tection wasmonitored at awavelength of 254 nm. The
injection volumewas 1 ulL. Initial mobilephaserétio of
A: B (60: 40 v/v) wasused asdiluent.

M ass-spectrometry conditions

Liquid chromatography-mass spectrometry (LC-
MS) analysis was carried out using Waters Quattro
Micro LC-MS/M S coupled withWatesAlliance 2695
separation module. Ziprasidone degradation samples
weresubjectedto LC-MSandysis. TheoptimizedM S
tune parameters for LC/M S studies were Capillary
Voltage; 3KV, Cone Voltage: 25V, Source
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temp.:100°C, Desolvation temp.: 400°C.
Prepar ation of solutions
Prepar ation of standard solutions

A stock solution of ziprasidone (5.0mg mL*) was
prepared by dissolving gppropriateamount inthediluent.
Working solutions of 500 and 50ug mL were pre-
pared from above stock solution for rel ated substances
determination and assay determination respectively. A
stock solution of impurities (mixtureof IMP-1, IMP-2,
IMP-3 and IMP-4) at aconcentration of 0.5mgmL*
wasaso prepared in diluent.

Prepar ation of samplesolutions

Trangferred about 100mg of ziprasidonesampleinto
200mL volumetricflask, dissolved in, and diluted to
volumewiththediluent.

Preparation of assay solutions

Transferred about 10mg of ziprasidone sampleinto
200mL volumetric flask, dissolved in, and diluted to
volumewith diluent.

Analytical method validation

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

Specificity/application of stress(Forced degrada-
tion study)

Selectivity of the devel oped method was assessed
by performing forced degradation studies. Theterms
selectivity and specificity are often used interchange-
ably. Specificity isthe ability of themethod to mea-
surethe anayteresponsein the presence of itspoten-
tial impurities. Stresstesting of thedrug substance can
help toidentify thelikely degradation products, which
caninturn help to establish the degradation pathways
and theintrinsic stability of themoleculeand validate
the stability indicating power of theanaytical proce-
duresused.

The specificity of the developed LC method for
Ziprasidone was determined in the presence of itsim-
purities namely IMP-1, IMP-2, IMP-3, & IMP-4
and degradation products. Forced degradation stud-
ieswereperformed on ziprasidoneto provideanin-
dication of stability indicating property and specific-
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ity of the proposed method!*4%%, The stress condi-
tionsemployed for degradation study includeslight
(carried out as per ICH Q1B), heat (100°C), acid
hydrolysis (0.1N HCI), base hydrolysis (0.1N
NaOH), water hydrolysisand oxidation (5% H.,0,).
For heat and light studies, study period was 10 days
where asfor base and oxidation, it wasat 80°C for 1
hand 0.5 hrespectively. Andfor acid it was at 80°C
for 4 h. Peak purity of stressed samplesof ziprasidone
was checked by using aAquity photo diode array
detector (PDA) from Waters. The purity anglewithin
the purity threshold limit demonstratesthe anal yte peak
homogeneity.

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

Analytical method validation
Precision

The precision of therelated substance method was
checked by injecting six individual preparations of
(500ug mL?) ziprasidone spiked with 0.15 % each
IMP-1, IMP-2, IMP-3 and IMP-4. The % RSD of
areafor each IMP-1, IMP-2, IMP-3 and IMP-4 cal-
culated. Precision study was al so determined by per-
forming the same procedures on a different day
(Interday precision).

Theintermediate precision (ruggedness) of the
method was al so evaluated using different analyst,
different column and different instrument inthe same
laboratory.

Assay method precisonwasevaluated by carrying
out Six independent assays of test sampleof ziprasidone
against quaifiedreference standard. The% RSD of six
assay va ues obtained was calculated. Theintermedi-
ate precision of the assay method was evaluated by
different anayst and by using different instrument from
the samelaboratory.

Senditivity
Sengtivity wasdetermined by establishingtheLimit
of detection (LOD) and Limit of quantitation (LOQ)

for IMP-1, IMP-2, IMP-3 and IMP-4 estimated at a
signa-to-noiseratio of 3:1 and 10:1 respectively, by
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injecting aseriesof dilute solutionswith known con-
centration. The precision study wasalso carried out at
theLOQ level by injectingsix individua preparations
of IMP-1, IMP-2 IMP-3 and IMP-4, calculated the
% RSD for theareasof eachimpuirity.
Linearity

Linearity test solutionsfor assay method were pre-
pared from stock solution at five concentration levels
from 50 to 200 % of assay analyte concentration (25,
37.5, 50, 75 and 100ug mL1). The peak areaversus
concentration data was collected and performed re-
gression analysisby themethod of |east squares. The
Corrdation coefficient, Sope& y-intercept vaueswere
caculated from the calibration plot obtained.

Linearity test solutions for related substance
method were prepared by diluting theimpurity stock
sol ution to therequired concentrations. The solutions
were prepared at seven concentration levels. From
LOQ to 200 % of the permitted maximum level of
theimpurity (i.e. LOQ, 0.015 %, 0.0375 %, 0.075%,
0.15 %, 0.225 % and 0.3 % was subjected to linear
regression anaysiswith theleast square method. Cali-
bration equation obtained from regression analysis
was used to cal cul ate the corresponding predicted
responses. The Correlation coefficient, Slope & y-
intercept valueswere cal culated from the calibration
plot obtai ned.

Accuracy

The accuracy of the assay method was eval uated
intriplicate by standard addition procedurewith five
known concentration levelsfrom 50 to 200 % of as-
say analyte concentration (25, 37.5, 50, 75 and 100ug
mL1). For each concentration, three setswere pre-
pared and injected in triplicate. The percent recover-
ies of added drug substance at each concentration
were calcul ated.

Thebulk sample showsthe presence of IMP-1 at
alevel of 0.01 %, IMP-2 at alevel of 0.01 %, IMP-
3ataleve 0.02 % and single unknown impurity at a
level of 0.04 %, it shows atotal of 0.15 % of un-
known impurities (limit: not more than 0.15 % for
known impurities, not morethan 0.1 %for singleun-
known impurity, for total impuritiesthelimitis0.50
%). The study was carried out intriplicate at 0.075

Hnalytical CHEMISTRY o

%, 0.1125 % 0.15 %, 0.225 % and 0.3 % of the
analyte concentration (500ug mL2). The percentage
of recoveriesfor IMP-1, IMP-2, IMP-3 and IMP-4
at each concentration level werecalculated.

Robustness

To determine the robustness of the developed
method, experimental conditions were deliberately
changed and theresolution (R ) between ziprasidone,
IMP-1, IMP-2, IMP-3 and IMP-4 were evaluated.
Theflow rate of themobilephasewas0.2mL min?. To
study the effect of flow rate on the devel oped method,
0.05 unitsof flow changed (i.e. 0.15and 0.25mL min
). Theeffect of column temperatureon the devel oped
method was studied at 33°C and 37°Cinstead of 35°C
and use of acolumn from adifferent batch. Intheal
abovevaried conditions, the components of themobile
phasewere held constant.

Solution stability and mobile phase stability

The solution stability of ziprasidonein the assay
method was carried out by leaving the test solutions
of samplesintightly capped volumetric flasksat room
temperature for 48 h. The same sample solutions
were assayed 6 h interval up to the study period
against freshly prepared standard solution. The mo-
bile phase stability was a so carried out by assaying
thefreshly prepared sample solutionsagainst freshly
prepared reference standard solutions 6 h interval
up to 48 hrs. Mobile phase prepared was kept con-
stant during the study period of mobile phase stabil-
ity. The % RSD of assay of ziprasidone was cal cu-
lated for the study period during mobile phase and
solution stability experiments.

Thesolution stability of ziprasidoneanditsrelated
impuritieswere carried out by leaving spiked sample
solutionintightly capped volumetric flask at roomtem-
perature for 48 h. Content of IMP-1, IMP-2 ,IMP-3
and IMP-4 were determined every 6 hinterval upto
the study period.

Mobile phasestability wasa so carried out for 48 h
by injecting thefreshly prepared sample solutionsfor
every 6 hinterval. Content of IMP-1, IMP-2, IMP-3
and IMP-4 was checked in thetest solutions. Mobile
phase prepared was kept constant during the study

period.
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TABLE 1: Systemsuitability report
usP

Compunsn reaon U1 JaIben e e
IMP-1 045 1.2 2530
Ziprasidone 1.0 214 1.1 71463
IMP-2 1.08 49 0.9 68262
IMP-3 144 17.6 1.1 64883
IMP-4 157 5.4 1.1 59238

RESULTSAND DISCUSSION

M ethod development and optimization

All theimpuritiesand zi prasidone solutionswere
prepared in diluent at aconcentration of 100ug mL*
and scanned in UV-Visible spectrometer; al thefour
impuritiesand ziprasidonewerehaving UV maximaat
around 254nm. Hence detection at 254 nm was se-
lected for method devel opment purpose.

Themaintarget of the chromatographic method is
to get the separation of closdly el uting peaks namely
IMP-2 and ziprasidone. Before switching over the
method tothe UHPLC, initial trialsweretaken with
HPL C system by using different mobile phase combi-
nations and different stationery phases. Though we
were able to achieve the required separation of the
impurities IMP-1, IMP-3 & IMP-4, the resolution
between ziprasidone and the IMP-2 were not
achieved. So the method wastransferred to UHPLC
system andinitial trialsweretaken with Acquity 50
mm column. Ammonium acetate was taken as the
buffer and different trialswere taken by varying com-
position of buffer and acetonitrileinisocratic mode.
Thecompoasition, pH, and flow rate of themobile phase
were changed to optimize the separation conditions.
Theeffect of pH on analyteution wasrelated to the
degree of ionization. A pH of 5.0 was regarded as
optimum becauseat thispH theanayte pesk was sharp
and well resolved. However the separation of IMP-2
from the ziprasidone peak was not satisfactory. So it
was decided to go for gradient mode and different
gradient compositionsweretried beforeoptimizingthe
final method. So once the separation of IMP-2 and
ziprasidone were achieved, the stressed sampl e of
Ziprasidone wasinjected to check the stability indi-
cating power of the method. However it wasfound
the the base degraded impurity and the IMP-1 was
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Figure 2 : Typical chromatograms of ziprasidone spiked
sample (System suitability)

co eluted with this condition. So changed the column
to 100mm keeping all other parameters same and
when the stressed samples areinjected with this con-
dition, all processimpuritiesaswell asthe degrada-
tionimpuritieswerewell separated from each other,
with minimum resolution of 3.0 between IMP-2 and
theziprasidone peak. When zi prasi done sampl e spiked
withal theimpurities (system suitability solution) was
injected theresolution (R)) between all theimpurities
and zipras donewas>2.0, the symmetry of ziprasidone
peak was al so very good.

The satisfactory chromatographic separation (re-
tention time of ziprasidoneis~3.3 min and thereso-
lution (R)) between all the impurities was>2) was
achieved onAquity UPLC BEH C18 100 x 2.1 mm
with 1.7um particles, using 0.01M Ammonium ac-
etate pH 5.0 as mobile phase A and Acetonitrile as
solution B withaflow rateof 0.2mL min. TheHPLC
gradient program was optimized as: (time(min) / %
solution B: 0/40, 1.0/40, 2.0/80, 5.5/80, 6.0/40, 8.0/
40. The column temperature as maintained at 35°C
and the detection was monitored at awavel ength of
254nm.Theinjection volumewas 1uL. Buffer and
Acetonitrile (60:40, v/v) was used asdiluent. Inthe
optimized gradient conditions ziprasidone, IMP-1,
IMP-2, IMP-3 and IMP-4 werewell separated with
aresolution (R) of greater than 2 and the typical re-
tention timesof IMP-1, IMP-2, IMP-3, IMP-4 and
zZiprasidone were about 1.5, 3.6, 4.8, 5.2 and 3.3
min respectively. The system suitability resultswere
given in (TABLE 1) and the developed UHPLC
method wasfound to be specific for ziprasidoneand
itsimpuritiesnamely IMP-1, IMP-2 and IMP-3 and
IMP-4 (TABLE 1). Peak purity of stressed samples
of ziprasidone was checked by using Aquity Photo
diode array detector of Waters (PDA). The purity
anglewithinthe purity threshold limit obtained in all
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TABLE 2: Summary of for ced degradation results

% Assay of % MassBalance=
Stress condition Time active (% of assay + % of degradation Remarks
substance products+ % of impurities)
Acid hydrolysis(0.1N HCI) . .
(reflux at 80°C) 4h 99 99.9 No major degradation
Base hydrolysis (0.1N NaOH) 1h 76.5 09.8 Magjor degradation with the formation
(reflux a 80°C) ' ) of Impurity with RRT 0.55
Oxidation (5% H,0,) Magjor degradation with the formation
(reflux at 80°C) 05h 695 9.7 of Impurity with RRT 0.49
Water hydrolysis (reflux a 100°C) 2h 99.5 99.8 No degradation observed
Light (photolytic degradation) 10 days 100 100 No degradation observed
Thermal (100°C) 10 days 100 99.9 No degradation observed

TABLE 3: Reaultsof Linearity study for impurities and drug
subgtance, Linearity data of ziprasidone lmpurities

Impurity Calibration equation  r2 (Ega}nn?f) (pIZggrlnDL) (M;?II?L)
IMP-1 y=323629x+323.8 0.999 0.04-1.5 0.01 0.04
IMP-2 y = 350874x--487 0.999 0.05-1.5 0.015 0.05
IMP-3 y = 96532x+218 0.998 0.10-1.5 0.025 0.1
IMP-4 y = 325833x+904 0.999 0.04-15 0.01 0.04
Assay y=4421x--7801 0.999 25-100

stressed samples demonstrates the analyte peak
homogeneity. All stressed samples of ziprasidone
(heat (100C), acid hydrolysis (0.1N HCI), base hy-
drolysis(0.1N NaOH), water hydrolysisand oxida-
tion (5 % H,0,)) were analyzed for extended run
time of 30 min to check the late eluting
degradants.Thetypical chromatogram of System suit-
ability showninfigure2.

Theproposed method isapplied for therelated sub-
stances and assay analysis of 3 different batches of
Ziprasidone. Theassay resultsand the % of impurities
obtai ned werewithin the specification limit. Themass
balance (% of assay + % of degradation products+ %
of impurities) of stressed sampleswascloseto 99.8 %
(TABLE2). Theassay of ziprasidoneisunaffectedin
the presence of IMP-1, IMP-2, IMP-3 and IMP-4
anditsdegradation products confirming thestability in-
dicating power of the devel oped method.

Resultsof forced degradation studies
Degradation behavior

Stressstudieson ziprasidone under different stress
conditions suggested the following degradation be-
havior. Ziprasidone was stableto Acid stress, Pho-
tolytic & thermal stress. Substantial degradation of
the drug was observed under base & oxidative hy-
drolytic conditions.

TABLE 4: Resultsof robustnessstudy

Resolution (Rs)

Sr.

Par ameter Variation between I mp-2 and
No - .
Ziprasidone
Temperature (a) At 33°C 49
(£ 2°C of set temperature) (b) At 37°C 47
Flow rate (@) At0.15 mL min* 49
? (& 25% of the set flow) (b) At0.25 mL min™ 4.8

Degradation in basic solution

When exposed to 0.1N NaOH at 80°C for 1 h,
prominent degradation was observed (~23.45 %) with
the magjor degradant asthe formation of animpurity
eluting at RRT of about 0.55with 19.2 % (Figure 3(a)).
Themass spectrum of themgjor degradant at RRT 0.55
isshowninfigure3(b).

Oxidativeconditions

Thedrug when exposed to 5 % Hydrogen perox-
ideat 80°C for 0.5 h, shown prominent degradation
(~31.0%) Withtheformation of adegradant at RRT of
about 0.49 asthe mgjor degradant with 20.5 %. (Fig-
ure 3(c)). The mass spectrum of the major degradant
at RRT 0.49isshowninfigure 3(d).

Peak purity test resultsderived from PDA detec-
tor, confirmed that the zi prasidone peak was homoge-
neous and purein al theanalyzed stresssamples. No
degradantswere observed after 10 minintheextended
runtimeof 30 min of al theziprasidone samples.

Identification and char acterization of the major
degradantsby LC-MS/M S

From the above stress studies, an unknown major
degradant was observed at about retentiontimeof 1.6
min (RRT 0.49) under peroxidestress. Thepositiveion
mode ESI spectrum of the unknownimpurity at RRT
0.49 has displayed the protonated mol ecul ar ion peak
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Figure3(a): Ziprasdonebasedegradation sample0.1N NaOH
(1h,80C), Total degradation: 23.45% % M ajor dégradant
(RRT 0.55=19.2%)
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Figure3b : Massspectrum of basedegradant at RT of 1.815
(RRT 0.55)

i

Figure3c: Ziprasidone per oxide degradation sample5 %
Peroxide (0.5 h, 80°C), Total degradation: 31 %, Major
degradant (RRT 0.49=20.5%)

i S 1 Ml W VM Y 1 M 911 s
Figure3d : M assspectrum of per oxide degradant at RT of
1.644 (RRT 0.49)

Figure3: Typical chromatogramsof stressed ziprasidone samples

Compound Structure Chemical name Mol. Form. aMg?:i
OH N—~S
Peroxide o //\N / 5-(2-(4-(1,2-benzisothiozol e-3-y1) 1-
degradant HN N \J piperazinyl) —1-hydroxy ethyl)-6- CxH2CIN,O,S 428
(Imp-RRT 0.49) chloro-1, 3-dihydro-2H-indole-2-one
Cl
(0]
OH N—s 5-(2-(4-(1,2-benzisothiozole-3-yl) 1-
Base . .
degradant N\ piperazinyl) L-ydroxy eyi)-3 o L v oo
(Imp-RRT 0.55) HN N \J 0x0-6- chloro-1, 3-dihydro-2H-
P ' indole-2-one
Cl

Figure4: Proposed chemical structuresfor thedegraded impurities

asbasepesk a m/z 429, confirmingtheMolecular weight
of peak asm/z 428 whichis16 massunitshigher than
that of ziprasidone (m/z 412). The possibility of oxida-
tionfulfillstheaddition of 16 massunitstothemolecular
mass of ziprasidone.Hence, the proposed impurity isa
oxidizeproduct of ziprasdoneisasshowninfigure4.
An unknown degradant was observed at about re-
tentiontime of 1.8 min (RRT 0.55) under base stress
and wasfound to beamajor degradant. The positive
ionmodeES spectrum of theunknownimpurity & RRT

0.55 hasdisplayed the protonated mol ecul ar ion peak
as base peak at m/z 445, confirming the Molecular
weight of pesk asm/z 444 whichis 32 massunitshigher
thanthat of zipras done (M/z 412). Hencethe proposed
impurity isahydrolysed product of ziprasidone, and
the proposed structure may beasshowninfigure4.
Method validation
Precision

The % RSD of assay of ziprasidone during assay
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method precision study was 0.3% and the % RSD of
areaof IMP-1, IMP-2, IMP-3 and IMP-4 in related
substance method precision study waswithin 2.0%.
Confirming the good precision of thedevel oped ana-
Iytica method.

The% RSD of assay resultsobtained inintermedi-
ate precision study waswithin 0.3 % and the %0RSD
for IMP-1, IMP-2, IMP-3 and IMP-4 werewdl within
2.0 %, confirming the ruggedness of the method
(TABLE3).

Sengitivity

The limit of detection of IMP-1, IMP-2, IMP-3
and IMP-4 were 0.002, 0.003, 0.005 and 0.002% (of
andyteconcentration, i.e.500ug mL1) respectively for
1uL injectionvolume. Thelimit of quantitation of IMP-
1, IMP-2, IMP-3 and IMP-4 were 0.008, 0.01, 0.02
and 0.008% (of analyte concentration, i.e. 500ug mL-
1 respectively for 1ul injection volume. Theprecision
at LOQ concentrationfor IMP-1, IMP-2, IMP-3 and
IMP-4 were below 2%.

Linearity

Linear calibration plot obtained by theleast square
regression analys sfor assay method was obtained over
the calibration rangestested, i.e. 25-100ug mL*and
the correlation coefficient obtained was greater than
0.999. The Slopeand the Intercept val ue obtained from
thelinear regressiongraphisasshownin (TABLE 3).
Theresult shows an excellent correl ation existed be-
tween the peak areaand concentration of theanaytein
therange 50-200 % of analyte concentration.

Linear calibration plot for related substance
method was obtained over the calibration ranges
tested, i.e. LOQ1t00.3%for IMP-1, IMP-2, IMP-3
and IMP-4. The correl ation coefficient obtained was
greater than 0.999 for all four impurities. The Slope
and the Intercept value obtained from the linear re-
gression graph wasas shownin (Table3). Theresult
shows an excellent correl ation existed between the
peak areaand concentration of IMP-1, IMP-2, IMP-
3and IMP-4intherange LOQ to 200 % of the per-
mitted maximum leve of theimpurity.

Accuracy

Thepercentagerecovery of ziprasdoneinbulk drug
samplesranged from 99.2to 101.5 %. The percentage

Hnalytical CHEMISTRY o

recovery of IMP-1, IMP-2, IMP-3and IMP-4 in bulk
drug samplesranged from 99.2t0 102.4 %.

Robustness

Close observation of analysisresultsfor deliber-
ately changed chromatographi c conditions(flow rate,
and column temperature) revea ed that theresolution
between closdly e uting impurities, namely IMP-2 and
Ziprasdonewasadwaysgrester than 2.0, il lustrating the
robustnessof themethod (TABLE 4).

Solution stability and mobile phase stability

The % RSD of assay of ziprasidone during solu-
tion stability and mobile phase stability experiments
waswithin 1.0. No significant changeswere observed
in the content of IMP-1, IMP-2, IMP-3 and IMP-4
during sol ution stability and mobile phase stability ex-
periments. Thesolution stability and mobilephase sta-
bility experimentsdataconfirmsthat sample solutions
and mobile phase used during assay and rel ated sub-
stance determination were stable up to the study pe-
riod of 48 h.

CONCLUSION

The gradient UHPLC method devel oped for quan-
titative assay and rel ated substance determination of
zZiprasidonein bulk drugisprecise, accurate and spe-
cific. Themethod was completely validated showing
satisfactory datafor al the method validation param-
eterstested. Thedevel oped method isstability indicat-
ing and can be used for theroutineanalysisof produc-
tion samples and also to check the stability of
Ziprasidonesamples.
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