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ABSTRACT

KEYWORDS

A stability-indicating high-performance liquid chromatographic assay
method was developed and validated for quantitative determination of
ziprasidone hydrochloride in bulk drugs and the degradation products
generated from forced decomposition. Anisocratic, reversed phase HPLC
method was developed to separate the drug from the degradation prod-
ucts, usingan Y MC Pack ODS-A C18 (250mmx4.6mm, 5p1) columnand the
mobile phase containing the mixture of triethylamine-phosphoric acid
buffer (pH-3 by orthophosphoric acid), acetonitrile and methanol
(53:15:32,v/viv). Thedetectionwascarried out at wavelength 230nm. The
chromatographic resolution between its degraded products was found to
be greeter than three. The ziprasidone hydrochloride was subjected to
stress conditions of hydrolysisacid, base, oxidation (30% H,0,), photoly-
sis and thermal degradation. The negligible degradation was observed
for ziprasidone hydrochloride in acid and oxidative degradation whilein
base hydrolysis, and thermal degradation, considerable degradation was
observed. The mass balance was close to 100 in all the stress conditions.
The degraded products were well resolved from main peak. The devel-
oped method was validated with respect to linearity, accuracy recovery,
precision, system suitability, selectivity, robustness and forced degrada-
tion studies prove the stability indicating ability of the method.
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INTRODUCTION

Ziprasidone hydrochlorideisdescribed chemically
as. 5-[2-[4-(1, 2-benzisothiazol - 3-yl)-1-piperazinyl]
ethyl]-6-chloro-1,3-dihydro-2H-indol-2-one mono
hydrochloride salti*3. Ziprasidonehydrochloride is
marketed with brand names Zeldox and Geodon. Itis
thefifthtypical antipsychoticto gain FDA approval (in

midst 2000) for the treatment of schizophrenia and
schizoaffectivedisorder“®. Ziprasidonehydrochloride
has ahigh affinity for dopamine serotonineand apha
adrenergic receptorsand medium affinity for hisaminic
receptorg®. Thesystemic bioavailability of ziprasidone
administered intra-muscul arly is 100 % and 60 %, for
ord adminigtration. Literaturesurveysreved, high-per-
formance liquid chromatographic methodswerere-


mailto:vdd_chem@rediffmail.com

246

Determination of ziprasidone hydrochloride

ACAIJ, 7(4) January 2008

Full Paper =

ported for the determination of ziprasidone in bulk
drugs’®. Wearegratified to report astability indicat-
ing HPL.C method for the analysis and separation of
drugsfromthedegradation productsformed under ICH
suggested conditions (hydrolysis, oxidations, photoly-
sisand thermal stress)!. In present article, reversed
phase HPL C method was devel oped for the separa-
tion ziprasidonein bulk drug and theimpuritiesformed
fromitsforced degradation under stressconditionslike
acid hydrolysis, basehydrolysis, oxidation, heat and
light.

EXPERIMENTAL

Material and reagents

Ziprasidone hydrochloride bulk drug was made
availablefrom CiplaLtd. India(purity 99.8). Ortho-
phosphoric acid, triethylamine, and hydrochloric acid
wereobtainedfrom Qudigensfinechemicds, IndiaLim-
ited. Acetonitrile, methanol, hydrogen peroxide, sodium
hydroxidewere obtained from Rankem | aboratories,
India. All chemica sand reagent wereused asHPLC
grades. UV cabinet was used of Kumar made, (India).
Milli-Q-Water was used throughout the experiment.

Chromatogr aphicconditions

A chromatographicsystem (Shimadzu Corporation,
Japan) consisting of quaternary solvent ddlivery pump,
a degasser, an auto- injector, column oven and UV
detector, 10A-V Pserieswith Class-VP software. The
chromatographic column of 250mm lengthandinternd
diameter of 4.6 mm filled with octadecyl silaneYMC
pack-C18 (procured fromY M C Corporation, Kyoto,
Japan) stationary phasewith particle sze5micronand
poresize100A was used. Theinstrumental settingswere
aflow of 1ml/min, theinjectionvolumewas10pl.

Mobile phase

Themobilephase cons sted of amixtureof triethy-
lamine-phosphoric acid buffer (pH-3 by orthophospho-
ricacid), acetonitrileand methanol (53:15:32,v/viv). The
mobile phase was premixed and filtered through a
0.45um nylon filter and degassed.

Preparation of standard stock solutions
Standard solution of ziprasidone was prepared by
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dissolving the bulk drugs samplein thediluentsand
dilutingit to the desired concentration. Diluents used
for the standards and sampl e preparations, was pre-
pared as follow: diluent was composed of buffer, a
cetonitrileand methanol (53:15:32,v/v/v). A 50mg of
Ziprasidonewas accurately weighed, transferredina
50ml volumetricflask, and dissolved with thediluent.
From this stock solution, by transferring 5ml of
Ziprasdonestandard solutionsina50ml volumetricflask
and diluted with acetonitrile. This solution contained
100ug/ml of ziprasidone.

Samplesolution (Tablets)

Tentabletsof zeldox (80mg) werefinely ground
using agate mortar and pestle. The ground material,
which was equivalent to 80mg of the active pharma-
ceutical ingredient, wasextracted into buffer (pH-3) in
a100ml volumetricflask by vertex mixing followed by
ultrasoni cation and makeup the volumeby acetonitrile.
Thesolutionwasfiltered through 0.45-micronfilter and
an appropriate concentration of sample (100ug/ml-as-
say concentration) wasprepared in diluentsat thetime
of anayss.

Selectivity

Sdectivity istheability of the method to assessun-
equivocaly theandyteinthe presence of components,
which may be expected to be present. Typically, these
might include degradants, matrix etd'?. The sdectivity
of the devel oped L C method for ziprasidonewas car-
ried out in the presence of itsdegradation products.

Stressstudieswere performed for ziprasidone bulk
drugto provideanindication of thestability indicating
property and selectivity of the proposed method. In-
tentional degradation was attempted to stress condi-
tionexposingit with acid (0.05N hydrochloric acid),
akali (0.025N NaOH), hydrogen peroxide (30%), heat
(60°C) and UV light (254 nm and 366nm wavel ength)
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Figurel: Chemical structureof ziprasidone
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Figure 2 : A typical chromatogram of the blank for
Ziprasidone
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Figure4: Chromatogram of ziprasidonein acid degrada-
tion

Figure5: Chromatogram of ziprasidonein basedegrada-
tion

to evaluatetheability of the proposed method to sepa-
rate ziprasidonefrom its degraded products. For heat
and light study, study period was 7 dayswhere asfor
acid, oxidation 48 hr and for base 2 hour. Assay stud-
ieswerecarried out for stress samplesagainst zipras
donereference standard and the mass balance (% as-
say + % sum of al impurities+ % sum of al degraded
products) wasca culated. The excipient mixture present
in Zeldox tabletswasinjected in the optimized condi-
tionsto show the selectivity of themethod informula-
tion of ziprasidone.

—= Fyll Peper
RESULTSAND DISCUSSION

Optimization of chromatographic conditions

Themaintarget for thedevel opment of chromato-
graphic method wasto get thereliablemethod for the
quantification of ziprasdonefrom bulk drugand which
will bea so applicablefor thedegradable products. Ini-
tialy, wetook theeffort for the development of HPLC
method quantification of standard ziprasi donefrom bul k.
For this purpose, we have used Hypersil-BDS C18,
Kromasi| C18 Water novapack C18,Star ODS-11 C18,
Inertsil ODS C18 and YMC pack ODS-A. Out of
these used HPL C column, Y M C Pack ODS-A found
to comparatively better and gavethe graph with better
gauss an shapeat retention time 9.65min. Toimprove
the shape and width of the graph, the solvent system
and buffer used werevaried. The solvent systemsused
were 0.5% ortho phosphoric acid in water and aceto-
nitrile(30:70, viv), 0.25% ortho phosphoricacidinwater
and acetonitrile(20:80,v/v), 0.3% ortho phosphoricacid
inwater and acetonitrile (40:60, v/v). But, therewas
not satisfactory improvement in the shape and width of
graph. Then, toimproveit, the buffer used varied to
ammonium acetate, TFA, and KH,PO,. Useof triethy-
lamine-ortho phosphoric acid buffer(pH-3), acetoni-
trileand methanol (53:15:32, v/iv/iv) gave sdtisfactory
improvement inchromatogram.

Result of for ced degr adation experiments
Considerable degradation was not observed in
ziprasidone hydrochloride bulk samples, under stress

TABLE 1: Summary of forced degradation results

Stress Assay of M ass balance
conditions Time Active (% Assay + Remarks
substance (%) % impurity)

Acid No

hydrolysis  48Hrs 99.62 99.85 .

(0.05 NHCI) degradation

Base

hydrolysis .

(0.025 N 2Hrs 53.24 99.78 Degradation

NaOH)

Oxidation No

(30% H,0,) 48Hrs 99.30 99.82 degradation

Thermal .

(80°C) 7days 62.37 99.80 Degradation
No

UV 254nm  7days 99.13 99.88 degradation
No

UV 366nm 7days 99.33 99.90 degradation
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Figure6: Chromatogram of ziprasidonein oxidativedeg-
radation

Figure7: A chromatogram of ziprasdone in ther mal deg-
radation 80°C

Figure8: A chromatogram of ziprasidone in ultraviolet at
254nm

Figure9: A chromatogram of ziprasidonein ultraviolet at
266nm

conditionssuch acid (figure4) and oxidative hydrolysis
(figure6). Mild degradation of ziprasidone hydrochlo-
ridewasobserved under thermd stress(figure 7). Con-
siderabl e degradation of the drug substance was ob-
served under basehydrolysis (figure5) leadsto thefor-
mation of someunknown degradation peaks. Themass
ba ance of ziprasidonehydrochloridein stress samples
was closeto 100% and moreover, the unaffected as-
say of ziprasidone hydrochloridein thetabletsconfirms
the stability indicating power of themethod. The sum-
mary of forced degradation studiesisgivenin TABLE

TABLE 2: System suitability reports

Compound Retention % usP USP Theoretical

(n=3) time RSD Resolution tailing plates

Ziprasidone 9.658 0.18 - 141 11134

Acid

degraded 9.267 0.26 1.27 1.44 10316

Product

Base

Degraded 9.192 0.70 3.81 1.44 9815

Product

H0, 9183 076 133 143 10645

Degraded ) ) ) )

TABLE 3: Results of thelinearity study and precision

Precision Linearity Slopes* Coefficients of
(% RSD) (ug/ml) (n=3) correlations
ziprasidone  0.18 10-150 5265.4 0.99943

*Standard deviation shown in par entheses
TABLE 4: Assay results of activeingredientsin tablets

Ingredient

0 0
Set(n=3) L abel value Found(mg)* % D RSD%
(mg) assay
1 80 80.88 100.1 1.13 0.26
2 80 80.34 100.3 1.44 0.36
* Average of six analysis
1.

M ethod Validation
1. System suitability

For system suitability studies, fivereplicateinjec-
tionsof acid, base and oxidative degraded sol utions
wereused and the RSD of peak arearatio, resolutions,
tailing factor and number of theoretical platesof the
peak werecd culated. The system suitability resultsare
showninTABLE 2.

2. Precision

The precision of the method was studied by deter-
mining the concentrations of the drug ziprasidone hy-
drochlorideinthetablet for sx times. Theresultsof the
precision study (TABLE 3) indicatetherdiability of the
method (%RSD < 2).

3. Intermediate precision (reproducibility)

Intermedi ate precision of the method was deter-
mined by analyzing the samplesfor six timeson differ-
ent days, by different chemists, by using different ana-
lytical columnsof the same make and different HPLC
systems. The percentage assay was cal culated using
calibration curves. The assay results are shown in
TABLEA4.

4. Accuracy (Recovery test)

Hnalytical CHEMISTRY o
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TABLE 5: Reaultsof therecovery testsfor theziprasidone

Level of Amount % % Average
Addition (%) added(n=3)(mg) Recovery* recovery
80 70 100.8 100.77
100 80 100.67 100.69
120 90 100.92 100.90

*RSD shown in parenthesis; "Average recovery=the average of
three levels, nine determinations

TABLE 6: Results of robustness study
Resolutions between

nSrO. Parameters  Variations  ziprasdone and base
) degraded product

(@) At 25°C 34
1 Temperature 4 At 35°C 37
(a) 0.8 ml/min 4.3
2 Fowrate 04 omi/min 38
. (a) 40.5ml 4.4
3 Mobilephase ) g 5y 3.9

Theaccuracy of an analytica procedure expresses
the closenessof agreement betweenthevaue, whichis
accepted either asaconventional truevalueor an ac-
cepted reference value and the value found™. Accu-
racy of the method was studied by recovery experi-
ments. Therecovery experimentswereperformed by
adding known amountsof thedrugsintheplacebo. The
recovery was performed at three level s, 80%, 100%
and 120% of the label claim of the tablet (80mg of
Zeldox). Placebo equivaent to onetabl et wastrans-
ferredinto a200-mL volumetricflask, and theamounts
of ziprasidone hydrochloride at 80%, 100% and 120%
of thelabel claim of thetablet wereadded toiit. The
recovery sampleswere prepared as af ore mentioned
procedure, and then 5ml of ziprasidonehydrochloride
solutionsweretransferred into a50mL volumetric flask
and diluted to volume with acetonitrile. Threesamples
were prepared for each recovery level. The solutions
werethen andyzed, and the percentagerecoverieswere
cdculated fromthecalibration curve. Therecovery va-
uesfor ziprasidone hydrochlorideranged from 100.8
%10100.92% (TABLE 5). The average recoveries of
threelevel sninedeterminationsfor ziprasidone hydro-
chloridewere 100.77-100.90%.

5. Calibration and linearity

Linearity test solutionsfor the method were pre-
pared from ziprasidone hydrochl oride stock solutions
at six concentrations|evelsfrom tested from 10%¢to
150% of the targeted level (100ug/ml), of the assay
concentration zipras donehydrochl oride. Standard so-

—= Fyll Peper

lutions containing 10-150ug/ml of ziprasidone hydro-
chlorideineachlinearity level wereprepared. Linear-
ity solutionswereinjectedintriplicate. Thecaibration
graphswere obtained by plotting peak areaversesthe
concentration datawastreated by |east-squares|inear
regression analysis. The equations of the calibration
curvesfor ziprasidone hydrochl oride obtained were
y=5265.4x —4508.3, the calibration graphs were found
to belinear inthementioned concentrations (thed opes
and correlation coefficientsareshownin TABLE 3.

6. Robustness

To determine the robustness of the developed
method experimentd condition werepurposaly dtered
and the resol ution between ziprasidone hydrochloride
and acid degraded product were evaluated. Theflow
rate of the mobile phasewas 1.0ml/min. To study the
effect of flow rate on theresolution, it was changed by
0.2 unit from 0.8 to 1.2ml/minwhilethe other mobile
phase component were held as stated in chromato-
grgphicconditions. Theeffect of percent organic strength
on resolution was studied by varying acetonitrilefrom—
10to+10% while other mobile phase componentswere
held constant as stated in chromatographic condition.
Theeffect of columntemperatureon resolutionwasstud-
ied at 25 and 35°C instead of 30°C while the other
mobile phase componentswere held constant stated in
chromatographic condition. Theresultsare shownin
TABLE®G.

7. Sability of analytical solution

Thegtahility of thestandard solutionsand thesample
solutionswastested at intervalsof 24, 48and 72h. The
stability of solutionswas determined by comparing re-
sultsof theassay of thefreshly prepared standard solu-
tions. The RSD for the assay resultsdetermined up to
72h for ziprasidone hydrochloride was 0.18%. The
assay valueswerewithin + 2% after 72h. Theresults
indicatethat the solutionswere stablefor 72h at ambi-
ent temperature.

8. Determination of activeingredientsin tablets

The contentsof drug in tabletswere determined by
the proposed method using the calibration curve. The
resultsareshownin TABLE 4. Thechromatogram of
thetablet sampleisshownin (Figure3).
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CONCLUSION

Themethod devel oped for quantitative determina:
tion of ziprasidone hydrochlorideisrapid, precise, ac-
curate and selective. Themethod wascompletely vali-
dated showing satisfactory datafor dl method-vaidated
parameterstested. The developed method isstability
indicating and can be used for assessing the stability of
ziprasidone hydrochloride asbulk drugs. The devel -
oped method can be conveniently used for the assay
determination of ziprasidonehydrochloridein bulk drugs
and pharmaceutical dosage form. The developed
method can be conveniently used for dissolution of tab-
lets of the pharmaceutical dosage forms containing
zZiprasdonehydrochloridein qudity control |aboratory.
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