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ABSTRACT

This manuscript describes the development and validation of a quantita-
tiveanalytical method for determination of Ziprasidone Hydrochloride (ZIP)
in pure form and pharmaceutical product using ratio subtraction, first de-
rivative ratio, TLC-densitometry and multivariate calibration techniques.
The proposed methods are accurate, precise, sensitive, and selective and

can be used in quality control laboratories.
© 2009 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Ziprasidone Hydrochl oride monohydrateis 5-[ 2-
[4-(1, 2-benzisothiazol-3-yl)-1-piperazinyl] ethyl] -6-
chloro-1, 3-di-hydro-2H-indol-2- one Hydrochloride
asshowninfigure 114,
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Figurel: Sructureof Ziprasdonehydrochloride

Ziprasidone Hydrochl orideisthe suggested drug
to be used for treatment of schizophrenid.

Severa chromatographic methodshave beenrec-
ommended for the determination of ZIP; theseinclude
HPLCZ9 and TLCM,

ZIPisnot official inany pharmacopoeia, soitis
desirableto devel op asimpleand fast procedure that
could beappliedin quality control laboratoriesfor the
selective determination of ZIP in presence of its
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degradates. The utility of the devel oped methodsto
determinetheconcentration of druginitspharmaceuti-
ca dosageformisaso demonstrated.

Theory of ratio subtraction method

The method depends on that, when amixture of
ZIP (X) and | (Y) where the spectrum of (Y) is ex-
tended than (X), the determination of (X) can bedone
by dividing the spectrum of the mixtureby certain con-
centration of (Y) asadivisor (Y’). Producing a new
ratio spectrum that represents X/Y’* + constant. Sub-
traction of thiscongtant, foll owed by multiplication of
given spectraby (Y ) spectrum will give the original
spectrum of (X). Thiscan besummarized asfollow:
(X+Y)Y’=X/Y’+Y/Y’=X/Y’ + constant
X/Y’ + constant— constant = X/Y’

XY’ x Y’ =X

The constant can be determined directly fromthe
curve X+Y/Y’ by the straight line which is parallel to
thewavdength axisintheregionwhere(Y) isextended.
The correct choiceof thedivisor isfundamental asif
the concentration of thedivisor increased or decreased;
theresulting constant valuewill be proportionally de-
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creased or increased™Y,

Derivativeratio spectrophotometry isan ana ytical
techniqueof good utility and better selectivity than nor-
ma spectrophotometry for resolving binary mixturesand
someternary mixtureswithout previousseparationwhich
was devel oped by Salinaset al.[*2,

Inmultivariate methods, calibration setsof standard
samples composed of different mixturesof ZIPandits
degradates have been designed.

2.EXPERIMENTAL

2.1. Instruments

1. A double beam UV-Visible spectrophotometer
(SHIMADZU, Japan) model UV-1601 PC with
guartz cell of 1cm path length, connected to IBM
compatible computer and HP680inkjet printer. The
bundled software was UV PC personal spectros-
copy softwareversion 3.7. The spectrabandwidth
was 2nm and wave ength scanning speed 2800 nm/
min.

2. CAMAG TLC Scanner “Scanner 3 130319
(1.14.26).

3. TLCglassplates precoated with silicagel 60F,,,

(20% 20), 0.2mmthickness (E.Merck), Darmstedit,

Germany.

25- ul Hamilton syringe.

Chromatographictank 20 x 21 x9 cm (Desaga)

UV short wavelength (254 nm) lamp. (Desaga,

Germany)

7. Ultrasonic, Banddindectronic, Sonorex RK510S,
HF-Frequency 35 KHz (10 liter cgpacity), Germany.

8. HPLC, RP-C, column, UV-Visibledetector, mode
1310A,Agilent, 1100 series.

9. All dataandys swasperformed usng PLS-Toolbox
2.0running under MATLAB®, version 6.51%3.

2.2. Reagents and solvents

SIS

All reagentsused throughout thiswork were of ana-
Iytical puregrade, and solventswereof spectroscopic
grade.

1. Methanoal, trifluoroacetic acid, triethylamine, chlo-
roform, glacial acetic acid and acetonitrile (HPLC
grade).

2. NaOH (ADWIC) - IN NaOH,aqueous sol ution.

3. Water for injection.

Hnalytical CHEMISTRY o

4. Hydrogen peroxide, 30% (ADWIC).
2.3. Samples
(@) Purestandard

ZiprasdoneHydrochloridewaskindly supplied by
Pfizer-Egypt S.A.E Cairo, Egypt and having apurity of
99.95% according to the reported HPLC!2.,

(b) Phar maceutical dosageform

Zddox® capsule (Pfizer-Egypt SA.E Cairo, Egypt
under authority of Pfizer INC., U.S.A) labeled to con-
tain 40mg of Ziprasidone Hydrochloride per capsule,
batch number 610142134.

(c) Degraded sample

1. Preparation of alkaline degradates of
Ziprasdonehydrochloride

It was prepared by dissolving 25mg of ZIPin50ml
methanol then adding 20 ml of 1IN NaOH and refluxing
for 7 hours. Thesolutionwasneutralized usng 1IN HCl,
evaporated to drynesson hot plate and then theresi-
duewasdissolved in 20ml methanol. The obtained so-
lution wasfiltered into 25-ml volumetricflask and the
volume was completed with methanol to haveacon-
centrationof 1 mgmL™.

2. Preparation of oxidative degradates of
Ziprasdonehydrochloride

It was prepared by dissolving 25mg of ZIPin20mL
methanol then adding 2.5ml of 30%H,O, ,completeto
the mark with methanol and leavefor 24 hours. The
solution was evaporated to dryness on hot plate and
thentheresiduewasdissolvedin 20mL methanol. The
obtai ned solution wasfiltered into 25-mL volumetric
flask and the volumewas compl eted with methanol to
haveaconcentration of 1 mg/mL.

2.4. Sandard stock and wor king solutions

a. Standard stock solution of Ziprasidone Hydrochlo-
ride, alkaline degradates and oxidative degradate
(1 mg mL?) of each.

b. Working standard sol ution of Ziprasidone Hydro-
chloride, dkainedegradatesand oxidetivedegradate
(100 pgmL?) of each.

c. Working standard solution of Ziprasidone Hydro-
chloride, dkainedegradatesand oxidetivedegradate
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(200 pg mL2) of each.
d. Laboratory prepared mixtures of drug and its
degradatesin different ratiosfrom 10t0 90%.

2.5. Procedures

2.5.1. Construction of calibration graph for deter-
mination of ZI P by ratio subtraction method

Aliquotsof ZIPworking standard sol ution equiva:
lent to 100-900 g were accurately transferred into a
seriesof 10-mL volumetricflasks, thevolumewascom-
pleted to the mark with methanol. The spectrawere
scanned intherange 270-390 nm. A calibration curve
was constructed representing the absorbance versus
concentration and the regression equation was com-
puted.

2.5.2. Construction of calibration graph for deter-
mination of ZIP by first derivativeratio method

Aliquotsof ZIPworking standard sol ution equiva:
lent to 100-900 pg were accurately transferred into a
seriesof 10-mL volumetricflasks, thevolumewascom-
pleted to themark with methanol.

Aliquotsof 9.0ml of | and Il working standard so-
[ution (100ug mL1) were accurately transferred, sepa-
rately into 10-ml volumetric flask and thevolumewas
compl eted to the mark with methanol. The absorbance
of each solutionwasmeasured intherange of 270-390
nmin presenceof | and 11, respectively. For the deter-
mination of ZIPinpresenceof | and I1, thestored spectra
of ZIP weredivided separately by the spectrum of |
and 1. Thefirst derivative corresponding to each ratio
spectrum DD wasrecorded using AA 4nm and scaling
factor 10.

A calibration curvewas constructed representing
the peak amplitude of DD versus concentration and
theregression equationswere computed.

2.5.3. Construction of calibration graph for deter-
mination of ZI Pby TL C-denstometricmethod

Aliquotsequivaent to 0.3-2 mg ZIP from stock
standard solution (Img mL*) wastransferred into 10-
ml volumetricflasksand thevolumewascompletedwith
methanol. 20 ul was applied to thin layer chromato-
graphic plates (20x20) using 25ul Hamilton syringe.
Spots were spaced 2 cm apart from each other and
1.5cm from the bottom edge of the plate. The plates

—= Fyll Paper

weredeve oped inthe chromatographictank previoudy
saturated with thedevel oping mohilephase, chloroform:
methanol: glacid aceticacid (80:20:0.1 by volume), for
at least 20 minutes. The plateswere devel oped by as-
cending techniqueto adistance of about 8cm, dried at
room temperature. The spotswere detected under UV-
lamp and scanned, at 317nm for ZIP. The peak areas
wererecorded for thedrug. Thecalibration curvewas
constructed by plotting the areaunder the peak versus
the corresponding concentrations of ZIP. The corre-
sponding regress on equati on was computed.

2.5.4. Multivariatecalibration methods

Cadlibration solutions(training set) of ZIP, I and I
wereprepared by diluting different volumes of thedrug
and itsdegradates working solutionsinto 25-mL volu-
metric flasks. Thevolumewas completed to themark
with methanol. The absorbances of these mixtureswere
measured between 270 and 350 nmat 0.5 nmintervals
with respect to ablank of methanol .Severa multivari-
ate calibration modelswere constructed using the data
obtained. The concentration of ZIPwascal culated by
application of thedevel oped model sand to analyzethe
spectraof unknown samples.

2.5.5. Determination of ZIP in presence of its
degradatesin labor atory prepared mixturesby the
proposed methods

a. Ratio subtraction method

Aliquotsof 9to 1 mL were separately transferred
from ZIPworking standard solution (100 ug mL?) into
10-mL volumetric flasks. To the previous sol utions,
aliquotsof 1to9ml of I and Il working standard solu-
tion (100 ug mL*) were added separately and thevol-
umewas compl eted to the mark with methanol. Mix-
turesof different ratioswere obtained. Theabsorbance
of theD at 317nm was scanned for the samplesof the
laboratory prepared mixturesfrom 270-390 nm and
stored in thecompuiter. For the determination of ZIPin
the presence of | and 11, the spectraof thelaboratory
prepared mixturesweredivided separately by the spec-
trum of 90 ugmL* of 1 and 11 (divisor), respectively to
obtain divison spectra.

The absorbancein the plateau at A above 364nm
was subtracted, multiplied by the corresponding spec-
trum of [ and Il (divisors) (90 ugmL?).
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Theobtained curvewas used for direct determina
tion of ZIP at 317 nm and concentration of theintact
drug was cal culated fromits corresponding regression
equation.

b. First derivativeratio method

Aliquotsof 9to 1 mL were separately transferred
from ZIPworking standard solution (100ug mL ™) into
10-mL volumetric flasks. To the previous solutions,
aliquotsof 1to9mL of | and Il working standard solu-
tions (100 ug mL1) were added separately and the
volumewas completed to themark with methanol . Mix-
tures of different ratios were obtained and the peak
amplitudesof DD at 268.3 nm and 332nmweremea-
suredin presenceof | and 11, respectively. Using the
procedure described under 2.5.2, the concentration of
theintact drug wascal culated fromits corresponding
regression equation.

c. TLC-denstometric method

Aliquotsof 0.3to 1.7 mL were separately trans-
ferred from ZIP standard stock solution (1 mgmL?)
into 10-mL volumetricflasks. Totheprevioussolutions,
aliquotsof 1.7to 0.3 ml of | and Il working standard
solutions (1mg mL*) were added and the volume was
completed to the mark with methanol. Mixturesof dif-
ferent ratioswere obtained. The peak areasof the ob-
tained chromatogram were measured for the samples
of thelaboratory prepared mixturesusing the proce-
dure described under 2.5.3. The concentration of the
intact drug was calculated fromits corresponding re-
gression equation.

2.5.6. Determination of ZIPin phar maceutical dos-
ageform by the proposed methods

Content of ten cgpsuleswereevacuated, mixed well
and an accurateweight equivaent to 100mg of ZIPdis-

cl
H4C,
N N/\\Np
0 (N
N-S

Cl
N\/\\/\N\( ; w\/\
N-S O

Figure2: Suggested structuresfor alkalinedegradates
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solved in 20 mL methanol, sonicated for 5 min, mixed
well and then filtered. The volumewas completed to
100 mL usngmethanol, 10 millilitersof thefiltratewere
transferred into 100-mL volumetric flask and thevol-
umewas completed with methanol to obtain aconcen-
tration of 100ug mL*. The genera procedureswere
followed.

3.RESULTSAND DISCUSSION

Thestability of ZIPwas studied according to the
ICH guiddinesfor:

a. stress, acid and alkaline

Reflux with 0.1N HCI /0.1N NaOH for 8 hours,
IN HCI/ IN NaOH for 12 hours, 2N HCI for 24 hours
finally 6N HCI for 24hours.

b. Oxidativecondition

Keep with 3% H,0O,for 24 hoursand 10% for 24
hours at room temperature. The degradation process
under the previoudy mentioned conditionswasfollowed
using TLC and the compound was found to be stable
under acidic conditionbut itisliableto degradationin
akaline condition giving three componentswhichis
confirmed with aprevious study on stability of ZIP®
and with hydrogen peroxide giving one component.

Thiswork isconcerned with determination of ZIP
in presenceof itsalkalineand oxidative degradate.

To detect the compl ete degradation of ZIP, aTLC
procedurewas suggested. Different systemsweretried,
where complete separation of ZIPfrom | and Il was
achieved us ng methanol-chloroform- glacid aceticacid
(20:80:0.1 by volume) asthe mobilephase. TheR va-
ueswere 0.95 for ZIP, 0.87,0.52 and 0.15 for | and
0.76for I1. Using other systems such asmethanol-chlo-
roform-ammoniaand butanol-chloroform-glacial ace-
ticacid indifferent ratioswere not successful for sepa-
rating ZIPfrom | and I1. Spotting of 5ug at different
successivetimesof reflux and after evgporation, showed
complete alkaline degradation after seven hoursand
the obtai ned degradates unaffected during evaporation.
In caseof oxidative degradate, left for 24 hoursat room
temperaturewith 10% hydrogen peroxide. They were
three componentsin case of akaline degradates and
one component asindicated by the appearance of three
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Figure4: Absor ption spectraof asolution of Ziprasidone

Hydrochloride 90ug/ml (—), itsalkaline degr adates 90

pg/mi(......) and its oxidative degradate 90 pg/ml (- - - - - )in
methanol
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Figureb5: Division spectraof laboratory prepared mixtures
of Ziprasidone Hydrochloride (X) and its alkaline
degradates(Y) using 90ug/ml of degr adation products(Y?)
asadivisor and methanol asa blank

spotsof dkaline degradates and one spot of oxidative
degradate after compl ete degradation and also con-
firmed by IR.

Suggested structuresfor alkaline degradates are

—— Fuyl] Paper
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Figure6: Divison spectraof laboratory prepared mixtures
of Ziprasidone Hydrochloride (X) and its oxidative
degradates(Y) using 90ug/ml of degr adation products(Y?)
asadivisor and methanol asa blank

showninfigure 2 and asuggested mechanismfor oxi-
dative degradateisshowninfigure 3.

Its structure was confirmed by IR spectrometry
where (C=0) of aldehyde appearsat 1713.15 cm?,
and sulphone appearsat 1048.07 cm* were assigned
and the expected mol ecular weight was found to be
501.4 whichisconfirmed with mass spectrometry.

Thehigh solvolyticinstability of ZIP, evenin aque-
ous solution requires great carein theformulation of
liquid and solid dosage formulations so that the envi-
ronment should be acidic aspossible, dkalinelubricant
and excipientsshouldn’t be used and the granulation
should be kept asfree of water as possible. Evenin
refrigerator, ZIPagueous solution, ispredicted to be
only stablefor oneweek®.

Upon scanning the absorption spectraof each of
ZIP, I and Il, it was observed that ZIPhasa . __ at
317nm, at thiswavdength, | and I show completeover-
lapping asshowninfigure4.

Trialsto use zero order absorption at 317nm for
determination of ZIPin presenceof | and Il wasfailed.

Thiswork concerned with the determination of ZIP
inpresenceof itsalkaline (1) and oxidative degradate
(1. For ratio subtraction method, the absorbance spec-
trum at 317nm was sel ected for sel ective determination
of ZIPin presenceof | and |1, where calibration graph
waslinear intherange of 10-90 ugmL™.

For the determination of ZIPin the presenceof |
and 11, the spectraof thelaboratory prepared mixtures
weredivided by the spectrum of 90 ugmL-* of | and Il
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Figure7: Division spectraof laboratory prepared mixtures
of Ziprasidone hydrochloride (X) and its alkaline
degradates(Y) using 90ug/ml of degr adation products(Y?)
asadivisor and methanol asablank after subtraction of
thecongtant

AXIY?)

S
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Waveength(nm)
Figure8: Divison spectraof laboratory prepared mixtures
of Ziprasidone hydrochloride (X) and its oxidative
degradates(Y) using 90ug/ml of degradation products(Y)
asadivisor and methanol asablank after subtraction of
the constant
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Figure9: Thezeroorder absor ption spectraof Ziprasdone
hydrochloride obtained by the proposed method for the
analysisof labor atory prepar ed mixtur esafter multiplica-
tion by thedivisor | (Y?)

(divisor), respectively to obtain division spectraasin
figures(5and 6).

>_
X
Z
2<-/ K
<
Wavedength(nm)

Figure10: The zeroorder absor ption spectra of Ziprasi
doneHydrochlorideobtained by the proposed method for
theanalysisof laboratory prepared mixturesafter multi-
plication by thedivisor 11 (Y?)

_
S
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Peak amplitude

Waveength(nm)
Figure11: Firs derivativeof ratio spectraof Ziprasdone
Hydr ochloride 20-90 pg/ml using 90 pg/ml of itsalkaline
degradatesasadivisor

Different divisor concentrations (10, 20,30,40,50,
60,70,80 and 90 ug mL1) of | and Il weretried. The
divisor concentration 90 ug mL*wasfound the best
regarding average recovery percent when the model
was used for the calculation of ZIPinitslaboratory
prepared mixtures. Theabsorbanceintheplateau at A
above 364nm was subtracted asin figures (7 and 8)

Theobtained spectrawere multiplied by the spec-
trum of thedivisor 90 ugmL*asinfigures(9and 10).

Theobtained curvewasused for direct determina-
tion of ZIP at 317 nm and concentration of theintact
drug was cd culated fromits corresponding regression
equation.

Applyingfirst derivativeratio, the peak amplitudes
at 268.3 nm was used for selective determination of
ZIPinpresenceof | intherangeof 20-90 ugmLasin
figure 11, and at 332 nm for sel ective determination of
ZIPinpresenceof Il intherangeof 10-90 ugmL™*, as
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infigure12.

Careful choiceof thedivisor and theworkingwave-
length were of great importance, so different concen-
trationsof 1 and 11 (10,20,30,....90) ug mL* weretried
asdivisors. It wasfound that the best onewas 90 ug
mL-* of | and Il asthey produce minimum noise and
givebetter resultsin agreement with selectivity.

TLC-Dengtometrictechniqueallowssdectivede-
termination of ZIPin presenceof | and Il inrange of

0.6-4 ng/spot.
Theregress on equationswerecd culated and found

—— Fuyl] Paper

tobe:

A=0.0134C-0.0197r =0.9999.... Ratio subtraction method
at 317nm
A=0.0327 C-0.0690r =0.9990.....'DD in presence of | at
268.3nm
A=0.0433C - 0.0263r =0.9999.....'DD in presenceof || at
332.6 nm

A=2679.15C +2070.71r =0.9999...... TLC-densitometry

Where, “A” is the absorbance at 317 nm in ratio subtraction,
peak amplitudein DD and peak areain densitometry, respec-
tively. “C” is the concentration in pg mL in ratio subtraction
and'DD and pg/spot in TLC-densitometry and “r” is the re-

gression coefficient.
The mean percentagerecoveriesand standard de-
viationsof the pure drug were ca culated asshown in
TABLE 1.
The selectivity of the proposed method was as-
S sessed by theanalysis of |aboratory prepared mixtures
containing different ratios of ZIP and its degradates.
Theresultsshownin TABLE 2 contributed to thegood
performance of the methodswith high selectivity to de-
terminethe studied drug in presence of upto 70% and
90%in presenceof | and I1, respectively, inratio sub-
traction method and 90% and 70% in presence of |
and I1, respectively in DD method and to morethan
TABLE 1: Deter mination of pureZiprasidonehydrochlorideby theproposed methods

DD at 268.3nm DD at 332.6nm

Peak amplitude
r;"

Waveength(nm)
Figure12: First derivativeof ratio spectraof Ziprasidone
Hydr ochloride 10-90 pg/ml using 90 g/ml of itsoxidative
degradateasadivisor pg/ml

Ratio subtraction

TLC-Densitometric method

at 317nm In presence of | In presence of |1
Taken Found o, Found 0 Found 0 Taken Found 0
(ag/mi) (ug/mi) “OVIYY ugmi)  REVEYH ugmi)  REVEVH g rspot) (ugispoy RV
10.00 10.05 100.50 - - 9.52 95.20 0.60 0.61 101.67
20.00 20.17 100.85 19.81 99.05 20.26 101.30 1.00 0.99 99.00
30.00 29.86 99.53 29.81 99.37 30.17 100.57 1.50 1.48 98.67
40.00 39.66 99.15 40.32 100.80 40.01 100.03 2.00 2.03 101.50
50.00 50.20 100.40 48.88 97.76 50.38 100.76 2.50 2.54 101.60
60.00 59.98 99.97 61.07 101.78 60.08 100.13 3.00 2.92 97.33
70.00 70.65 100.93 71.00 101.43 70.10 100.14 3.50 3.53 100.86
80.00 80.32 100.40 79.44 99.30 79.58 99.48 4.00 4.00 100.00
90.00 89.65 99.61 89.40 99.33 90.12 100.13
Mean+S.D 100.15+0.618 99.85+1.359 99.75+1.781 100.08+ 1.612

TABLE 2: Resultsof labor atory prepared mixturesof Ziprasidonehydrochloridein presenceof itsalkalineand oxidative
degradatesby the proposed methods

Degradates  Ratio subtraction at 317nm 'DD at 268.3nm DD at 332 nm TL C-Densitometry
% Inpresenceof | Inpresenceof Il Inpresenceof | Inpresenceof Il Inpresenceof | Inpresenceof Il
10% 101.93 99.38 100.09 99.23 - -
30% 100.9 99.19 98.66 97.08 100.23 99.32
50% 102.81 99.15 100.55 95.51 103.29 101.68
70% 101.26 100.79 101.3 95.34 102.43 100.43
85% - - - - 103.73 98.29
90% 106.28* 103.77 101.64 87.30* - -
101.73+0.840 10046+1.972 10045+1.171 96.79+1.805 102.42+1.557 99.93 + 1.458
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Figurel3: RM SECV plot of thecrossvalidation resultsof
thetraining set asafunction of thenumber of principle
component used to construct the PL Scalibration for ZIP

RM SCV

T

Latent variable

)

Figurel4: RM SECV plot of thecr ossvalidation r esultsof
thetraining set asafunction of thenumber of principle
component used to construct thePCR calibration for ZIP

TABLE 3: Determination of pure authentic sample of
Ziprasidonehydr ochloride by thechemometric methods

Sample

Recovery of ZIP

no. zP ' PLS PCR
1 50 452 452 100.65 100.65
2 452 452 452 99.62 99.62
3 548 60 54.8 99.87 99.87
4 60 60 40 99.86 99.86
5 40 548 40 99.39 99.39
6 548 40 &0 100.29 100.29
7 54.8 452 40 99.89 99.89
8 452 40 452 98.85 98.85
9 40 452 50 101.15 101.15
10 452 50 40 100.56 100.56
Mean + S.D 100.00 £ 0.658 100.00 £ 0.658

85% in TLC-densitometry.
Chemometric method

Inthiswork, mixturesof different concentrationsof
ZIP, 1 and Il wereused asacadlibration samplesto con-

struct the model s, the spectra of these mixtureswere
collected and examined, the noisy region from 200-
270 nm and the absorbance after 350nm accounted
for these partsfrom the spectra

The sdlection of the optimum number of factorsfor
the PLSand PCR techniqueswasavery important step
bef ore constructing the model s becauseif the number
of factorsretained was more than the required, more
noisewill be added to thedata. On the other hand, if
thenumber retained wastoo smal meaningful datawas
that could benecessary for the calibration might bedis-
carded.

Sdection of theoptimum number of factor stobuild
thePL Sand PCR models

Usethe crossvalidation method, leaving out one
sampleat atime, to select the optimum number of fac-
tord*. Givenaset of ten calibration samples, thePLS
and PCR cdlibrationswere performed on concentra-
tionswere then compared with theknown concentra-
tions and the root mean square error of calibration
(RMSECV) wascaculated. TheRMSECV was cal-
culated in the same manner each time; anew factor
was added to themodel. Themaximum number of fac-
torsused to cd culate the optimum RM SECV was se-
lected to be 6 (half the number of samples+1). The
method described by Haland and Thomas*>® was used
for sdecting the optimum number of factors. Four fac-
torswerefound suitablefor both PLS and PCR meth-
odsasinfigures(13 and 14).

Theresults predicted by the multivari ate methods
for thevdidation mode aresummarizedinTABLE 3.

Theevduation of the predictiveabilitiesof themod-
elswasperformed by plotting the actual known con-
centrations against the predi cted concentrations.

Another diagnogtic test was carried out by plotting
the concentration residual sagainst the predicted con-
centrations. Theres dual sappear randomly distributed
around zero, indicating adequate modelsasshownin
figures15.

The RMSECV was used as adiagnostic test for
examining theerror in the predicted concentrations,
another parameter Q?, wasca culated which determined
the variation in the prediction samples as shown in
TABLEA.

The proposed methodswere a so applied for the
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TABLE 4: RM SECV and Q2 valuesof thevalidation set analy-
sisof ZI P by thechemometric methods

—— Fuyl] Paper

TABLE 6: Validation resultsof the proposed methodsfor the
determination of ZIP

Item PLS PCR
RMSECV 0.27364 0.27364
Q? 1 1

TABLE5: Determination of ZiprasidoneHydrochloridein
Zedox® capsulesby theproposed methodsand application of
standard addition technique

- Zeldox® 40 mg Standard addition
2 Z|P/capsule technique
T (B.N: 610142134) Pure added
N: 0
= Recovery%*+S.D  (ug/ml) Recovery %
5 20 101.54
O =
=g 40 101.92
g 99.44 + 1.129 i 100,62
3 Mean=+ S.D 101.36+0.668
c 8 30 96.11
=5 — 40 94.65
3 g 5 9858:0.587 50 g
e Mean+S.D 94.46 & 1.457
. 30 98.97
<8 40 96.03
_.8 % = 95.46 + 0.099 50 101.18
s Mean +S.D 98.73+2.584
E 1.0 97.62
O S 16 98.17
I:I .g c 101.94+ 0.700 20 09.24
kel Mean£S.D 98.34+ 0.824
10 100.17
20 101.41
98.18 £ 0.498 30 98.93

Mean £S.D 100.17+1.240

Chemometric
methods

* Aver age of three different determinations

DD in presence

Parameters Ratio of TLC-
subtraction i T densitometry
Linearity

Slope 0.0134  0.0327 0.0433 2679.16

Intercept -0.0197 -0.069 -0.0263 2070.72

Correlation 9999 09990 09999  0.9990
coefficient

Range 10-90 20-90 10-90 0.6-4

9 pg/ml pg/ml  pg/ml pg/spot

Accuracy 100.15+ 99.85+ 99.75+ 100.08+

(Mean+S.D) 0618  1.359 1781 1.612

Precision (RSD%)

Repeatability®  1.914 233 0.466 0.921
Intermediate 510 5176 2723 3.96
precision
o
E os *

(2]

3 i -

T L4
3 n2 -

8 o 5
S 02 i 10 20 30 4 50 ail 70
% 0.4 PO 2
S b

&
§ 0.8 .
c
o i
O

Actual concentration (ug.mi)
Figure 15: Concentration resdualsver susactual concen-
tration of ZIPinthevalidation set usngPL S

TABLE 7: Satistical analysisof theresultsof theproposed methodsand thereported method for deter mination of pure

Ziprasdonehydrochloride

ltems Ratio subtr action DDin 'DDin TLC- Chemometric  Reported
presenceof | presenceof Il densitometry methods method*
Mean+ S.D 100.15+0.618  99.85+1.359 99.75+1.781 100.08+1.612 100.00+0.658 99.95+ 0.786
RSD% 0.617 1.361 1.785 1.611 0.658 0.786
n 9 8 9 8 10 5
Variance 0.381 1.847 3.172 2.598 0.433 0.618
Student's t-test 0.529(2.179) 0.280(2.201) 0.241(2.179)  0.196(2.201)  0.138(2.160)**
F value 1.62(3.84) 2.99(6.09) 5.13(6.04) 4.20(6.09) 1.43(3.63)**

*Reported HPLC procedure, using acetonitrile —water - trifluoro acetic acid- triethylamine (300-600-0.45-0.72 by volum - Figures

in the parenthesis are the corresponding theoretical values of t and F at 0.05 level of significance

determination of ZIPinitsdosageform. Furthermore,
thevdidity of the methodswere assessed by applying
the standard addition technique, asin TABLEDS.
Mean percentage recovery reved ed that therewas
no interferencefrom any excipients,that may befound
inthe pharmaceutica dosageforms. Method vaidation
was performed according to USP 2007 for al the

proposed methodsasin TABLE 6.

The results obtained by applying the proposed
methodswere statistically compared with thereported
HPL C method@ and no significant differencewasfound
regarding accuracy and precisonasin TABLE 7.
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CONCLUSION

= |nconclusion, the described methods give accurate
and preciseresultsfor thedetermination of ZIP. The
most striking feature of theratio subtraction and first
derivativeratio method isitssmplicity and rapidity
over thereported HPL C method, asit does not need
filtration or degassing.

= [tisthefirst timeto study theoxidative degradate.

= Ratio subtraction is considered to be from there-
cently applied spectrophotometric methods.

= Inthispart, chemometric methods present smple,
selective, accurate and economical proceduresfor
the s multaneous determination of ZIPandwould be
useful for thestability investigation of ZIPin pharma:
ceutica analysisand quality control for medicina
manufacturer.
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