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ABSTRACT

A selective, sensitive, liquid chromatography magsctrometry/ mass spectrometry (LC-MS/MS) methasl w
developed and validated for the quantification qrdsidone in human plasma by using Ziprasidopea®internal
standard. Sample preparation process was accomgdishy liquid-liquid extraction technique. The prsesed
sample was chromatographed and analyzed on Zorlbdipde XDB-C18,100x4.6 mm (3.5um) column using
mobile phase [Acetonitrile: Buffer-1 (85:15%, v/ivAnd 50% Acetonitrile in water as diluent. Zipidene was
chromatographed and analyzed by MS Detector. Thithod shows good linearity over a range of 0.2980nh to
201.4820 ng/ml. Signals from the detector were wa&pt in a computer and processed using Mass Lyrsiore
4.1SCN 843 software.
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INTRODUCTION

Ziprasidone (ZRS) is a typical second-generatidipaychotic drug approved by the Food and Drug Adstiation
for use in schizophrenia, bipolar disorder and e@gitation. ZRS is a benzisoxazole derivative,arecisely a
benzothiazolylpiperazine (Fig. 1) with the IUPACMm&a 5-{2-[4-(1, 2-benzisothiazol-3-yl)-1-piperazihythyl}-6-
chloro-1, 3-dihydro-2H-indol-2-ont?. ZRS functions as an antagonist at the@HT,, and 5HT,, receptors and as
an agonist at the 5HJ receptor. The 5H affinity of ZRS is approximately eight times thadtD,, which creates a
balance that promotes antipsychotic effects andtdirextra pyramidal side effects. ZRS also inhilstgaptic
reuptake of serotonin and norepinephrir It is widely used in treating bipolar disordecuge agitation states in
schizophrenic patients and acute mania. On oralirasimation, ZRS is absorbed easily, which increasethe
presence of food. More than 99% ZRS is in plasnagepr bound form and is metabolized extensivelyphgse |
and Il metabolic pathways®. For antipsychotic drugs, plasma level monitorimgne of the critical aspects to be
considered with respect to bioavailability studaesl therapeutic drug monitoring. It is importanhtve an efficient
analytical tool to study the pharmacokinetic pesiin clinical studies. Only limited methods haee reported for
determination of Ziprasidone in human plasma. dlijective of the work is to develop and validaterensensitive
LC-MS/MS method than pre-existing methods by HPL@ &C for quantification of Ziprasidone in Human
Plasma.
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Fig.1: Structureof Ziprasidone
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Fig.2: Structureof Ziprasidone Dg

EXPERIMENTAL SECTION

Chemicals and reagents

Ziprasidone (Fig.1) and Ziprasidong (Frig. 2) as internal standard (IS) were purchdsau Clearsynth Research
Center, Hyderabad. The purity of these compounds higher than 98%Acetonitrile (HPLC grade), Formic acid
(AR grade), Human Plasma {EDTA), Plastic containers (Tarson), Ammonium a@tgiR Grade), Tert Butyl

Methyl Ether (HPLC grade) and Water (HPLC grade)jengsed throughout the analysis.

Preparation of Solutions

Buffer-1- (5 mM Ammonium Acetate in water), Buff2(0.1% Formic acid in 5mM Ammonium Acetate), Buffer
3(0.1% Formic acid in water),Mobile Phase- Acetdleit Buffer-1 (85:15, v/v), Diluent- AcetonitrileVater (50:50,
vlv), Reconstitution solution (Acetonitrle: Buff@90:10,V/V), Strong Wash Solution-(1% formic acid
Acetonitrile: water,90:10%,V/V), Weak Wash Solutifii®6 formic acid in Acetonitrile: water, 50:50%,Vy\ivere
used throughout the analysis. All the solutionsenesed for four days from date of preparation.

Preparation of Standard Stock Solutions (w/v)

5.00 mg of Ziprosidone working standard was weiglaed transferred into 5ml volumetric flask and 2.5m
methanol was added to dissolve working standaré Mdlume was made up to mark with methanol witkalfin
concentration of 1000.00ug/ml for Ziprosidone. 5@ of Ziprosidone Pworking standard was weighed and
transferred into 5 ml volumetric flask and 2.5mlith@ol was added to dissolve working standard.vitheme was
made up to mark with methanol to a final concemrmatof 1000.00ug/ml for ZiprosidongDThen final
concentration of 100ng/ml was made for internahd#ad. All the calculations were made on the bakigolecular
weight and purity. The stock solutions of analytel anternal standard were stored in a refrigerato2°C -8° to
avoid degradation.

Instrumentation and Chromatographic Conditions

The chromatography was performed on WATERS XEVO T®MWMith cooling auto sampler and column oven
having temperature control. Zorbax Eclipse XDB-CQd@h configuration 100x4.6 mm (3.5um) column was
employed. The column temperature was maintainet) &C and chromatographic separations were achiestbd
isocratic elution using a mobile phase composeffoétonitrile: Buffer-1 (85:15, v/v)] .The flow ratwas set at
1000 pl/min, run time was 2.50 minutes, positivedmaf ionization and retention time for Analyte a&lwere
1.20+0.40 min and 1.20£0.40 min respectively. @bt sampler was conditioned at 10°C and a volofri®ul of
sample solution was programmed to be injected tiirvcauto sampler mode. Other tuning parameters aasb m
spectroscopic conditions like Capillary at 3.50 K¥esolvation Gas at 900 L/Hr, Cone Gas Flow at L4,
Desolvation Temp. at 55U, Source Temp. at 13 , cone at 45V, and 3 time at 0.200 sec. were employed.
The samples were analyzed by mass spectrometryhén ntultiple reaction monitoring mode using the
[M+H]* ionization i.e.m/z413.00 to 193.99 for Ziprasidone améz 421.10 to 193.98 for the internal standard
(Ziprasidone [g) with collision energy of 30eV for both the ionizms.
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Sample Preparation

The thawed samples were vortexed to ensure compietimg of contents.50 ul of internal standard solu
(100ng/ml) was added to all the samples exceptkbla@0 pl of plasma sample was pipetted out ingpeetive
vials containing internal standard solution.100fiBuffer-2 was added to all the samples and theyewortexed.
2.5 ml of TBME (tert butyl methyl ether) was addedhll the samples and capped tightly. The sampétes kept on
vibramax at 2000 rpm for 10 minutes. The samplesgewentrifuged at 3500 rpm for 5 minutes in a gefrated
centrifuge between°2 to &C. 2.0 ml of upper layer was collected from eadfeled RIA vials and all the samples
were dried under nitrogen evaporator afGl@nd 15 psi. The dried residue was reconstitutgd 260 pl of
reconstitution solution. All the samples were vrett and transferred into respective labeled aijeziar vials and
loaded into LC-MS/MS.

M ethod Validation

The method validation parameters were performedrdoty to the United State Food and Drug Admintgira
(FDA) guideline$. Selectivity, Linearity, Accuracy, Precision, Reeoy, Stability studies and Matrix effect were
performed. Each batch of spiked plasma samples imehedes one complete calibration curve (consistifi one
blank plasma, one blank plasma with internal steth@ad eight different non-zero concentration sasijpand six
replicates of quality control samples like LLOQ, CQINTQC, MQC and HQC (Fig. 3-8) were used for parfing
validation parameters.

Selectivity

A selectivity study was designed to investigate thhbe endogenous constituents and other substancssg in
samples would interfere with the detection of Zgidane and IS. Selectivity was studied by compatimg
chromatograms of six different batches of humanlof@asma with the corresponding spiked plasma.

Linearity, LLOQ and LOD

The linearity of calibration curves were determirmdplotting the peak area ratio of ZiprasidondSoversus the
nominal concentration of Ziprasidone with weight@idx’) least square linear regression. The lower liroits
guantification (LLOQ) and limits of detection (LOM)ere calculated based on signal-to-noise ratibOof and 3:1,
respectively, indicating that this method was daresfor the quantitative evaluation of Ziprasidone

Precision and accuracy

For the evaluation of intra-batch precision anduaacy, six replicate of QC samples were analyzedivat
concentration levels. For the evaluation of intateb precision and accuracy, six replicates of @@pes were
analyzed at five concentration levels on three eoutive days.

Extraction recovery

The extraction recoveries were evaluated by compapgeak areas obtained from the spiked samplesrebefo
extraction with those after extraction at corregping concentrations. The extraction recoveriesipfasidone and
IS were determined by analyzing six replicates Gf€amples at three concentration levels, respégtive

Matrix effect

The matrix effect was evaluated by comparing thek@reas of the post-extracted spiked QC samplésthase of
corresponding standard solutions. The matrix eff#fcZiprasidone was determined by analyzing ninasipla
samples at two concentration levels in tripilicate.

Stability

The stability experiments were performed to evautdite stability of Ziprasidone in human plasma unite
following conditions: short-term stability at rootemperature for 24 h; long-term stability at <@0for 30 days;
three freeze—thaw (room temperature) cycles onemutive days. All stability tests in plasma weref@ened by
analyzing three replicates of QC samples at twa@entration levels. The determined concentrationg®wempared
with the nominal values.
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Compaund name: ZIPRASIDONE 29_SEP_14_PA-01_03 S8mooth(Mn,3x2) ZIPRASIDONEMRM of 2 chann
Carrelation coefficient: r= 0.999456, "2 = 0.988912 K2EDTA STD BLK_CC-02 1.64
Calibration curve: 0.0542447 *x + 000177988 100 215
Response type: Internal Std (Ref2 ), Area ™ (18 Conc. /1S Area)

Curve type: Linear, Origin: Exclude, Weighting: 142, Axs frans: None
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RESULTSAND DISCUSSION

Selectivity

A selectivity study was designed to investigate thhbe endogenous constituents and other substancssg in
samples would interfere with the detection of Zgidane and IS. There was no interference at retenimes of
1.20 min (IS) and 1.20 min Ziprasidone .The detectf IS and Ziprasidone by SRM was highly selectvith no
significant interference.
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Linearity

The calibration curves calculated in the range 802® 201.4820 ng/ml were linear to analyze Zigtase from
human plasma. The slopes, intercepts, and cowelatefficients of the regression equations weterdened by
least squares linear regression using a weighéiomf of 1/%. The typical equation for the standard curves was
0.0410x + 0.00427 (r = 0.9953) for Ziprasidone. @8uns were within £15% for all regression equaso

Precision and accuracy

The intra-batch and inter-batch precisions and r@oies of human plasma samples were analyzed lxygtaskx
replicates each of LOQQC, LQC, INTQC, MQC, and H&&@nples in each batch. The results are summarized i
Table 1. At all levels, the results obtained foC% and % Nominal were acceptable, which indicate the method

is reliable and reproducible for the determinatibZiprasidone in human plasma.

Table1: Precision and Accuracy of Ziprasidone

QCID LOQQC __ LQOC ___INTQC _ MQC HQC
Actual Conc. (ng/mL) 0.2120  0.6080  16.9160 105.728@11.4560
02418  0.6023  15.0632 92.5669  182.8692
02223 05874 142291 94.3191  187.4166
Calculated Cone, (ng/my) 02078 05691 155748 961949  186.4671
: 02160 05692  14.8890 91.5529  185.6936
02356 05729 151593  90.2424  185,6780
0.2087 05746  14.8724 90.8370  185.5635
Mean 0.22203 057925 14.96463 92.61887 185.61467
SD 0.014083 0.013143 0.441622 2.264528 1.518160
%CV 6.34 2.27 2.95 2.44 0.82
%Nominal 10473 95.27 88.46 87.60 87.78

Recovery

Extraction recoveries of Ziprasidone from the lemedium, and high QC samples ranged from 75.2 #981with a
maximum RSD of 12.7%. Mean while, the extractiocoreeries of IS ranged from 70.9 to 75.0% with a immaxn
RSD of 12.5%. The results revealed that the sarpm&eatment approach employed in the present \gase
reproducible recoveries for Ziprasidone and IS.

Stability

The stability of Ziprasidone in human plasma wascled and it was concluded that Ziprasidone in luptasma
was stable in the reconstituted solution for 24&tr286C. The relative error (%RE) of Ziprasidone in hunpasma
between the initial concentrations and the conatiotis following the three freeze—thaw cycles wihiw +15.0%.
In addition, the processed samples were also s&blé)-C for 30 days.

Table2: Matrix effect of Ziprasidone

QCID LQC LQC LQC HQC HQC HQC
Actual Conc.(ng/ml)  0.5900  0.5900 05900  210.6420 10.@420  210.6420
1 0.644:. 0645  0.650¢ 209.812 210418  211.070.
2 0.6247  0.6331  0.6287  210.4297 211.0784  220.5715
3 0.6221  0.6169  0.6374  211.7847 2113595  209.9958
4 0.6099  0.6359  0.6516  213.7671  207.7483  212.9317
5 0.6528  0.6460  0.6522  214.0864 212.8923  216.4808
6 0.6290  0.6287  0.6320  217.5233  213.8969  215.7260
7(Haemolysed) 0.6350  0.6462  0.6282  213.3019  216.750214.3789
8(Lipemic) 0.6452  0.6344 06405  218.7565  209.9084 10.@211
9(Heparin) 0.6383  0.6468  0.6195  212.2880  217.398920.6D88
Mean 0.63004 063704 0.63787 21351781 211.716934.62274
SO 0.01663. 0.01017! 0.01178 2.99298  2.75206  4.09283!
%CV 2.60 1.60 1.85 1.40 1.30 1.91
% Nominal 108.31  107.97  108.11 101.37 100.51 101.91

Matrix Effect

The potential for co-extracted matrix componerninftuence the detector response of Analyte andhadeStandard
was evaluated in six independent lots of blarEBTA human normal plasma, one lot of heamolyzedmk one
lot of lipemic plasma and one lot of heparin plasmAgueous standard equivalent to LQC and HQC level
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concentration along with intended concentratiotntéérnal Standard were spiked to the post extraotaak matrix
respectively for both LQC and HQC samples in tcates, respectively. The percentage CV of Matrfgatffor IS
normalized at LQC level were found to be 2.60%0%6and 1.85% and HQC level were found to be 1.4D3§%
and1.91% respectively. The percentage nominal dfikaffect for IS normalized at LQC level were falito be
108.31, 107.97 and 108.11 whereas HQC level wenadfdo be 101.37, 100.51 and 101.90 respectivélg.résults
are summarized in Table 2

CONCLUSION

This analytical method is valid for determinatiohZiprasidone (over a range of 0.2980 ng/ml to 2820 ng/ml)
using as ZiprasidonegDnternal standard in human plasma. Signal fromdétector were captured in a computer
and processed using Mass Lynx SCN 4.1 V 843 soéwhis method for quantification of Ziprasidonehimman
plasma is accurate, precise, rapid, and seledtiieea simple, practical, and economical altenefor studies of the
bioavailability, bioequivalence, and pharmacokiogtf this drug in human plasma.

Acknowledgement
| avail this opportunity, with great pleasure am@p sense of gratitude, to express my thanks teesgarch fellows
for providing enough patience, zeal and strenggh ¢énabled me to complete this work successfully.

REFERENCES

[1] Caley, C.F., Cooper, C.KAnnals of Pharmacotherap{2002); 36: 839-51.

[2] Wilner, K.D., Demattos, S.B., Anziano, R.J., Ap$EIG., Gerber, N.British Journal of Clinical Pharmacology
(2000); 49(1): 43S-47S.

[3] Seeger, T.F., Seymour, P.A., Schmidt, AW., Zorm.S Schulz, D.W., Lebel, L.A. et alJournal of
Pharmacology and Experimental Therapeut{@995); 275: 101-13.

[4] Schmidt, A.W., Lebel, L.A., Howard, H.R., Jr., Zor8.H.; European Journal of Pharmacolog{001); 425:

197-201.

[5] Wilner, K.D., Tensfeldt, T.G., Baris, B., SmolardkA., Turncliff, R.Z., Colburn, W.A. et alBritish Journal of
Clinical Pharmacology(2000); 49: 15-20.

[6] Miceli, J.J., Wilner, K.D., Hansen, R.A., Johnsén(C., Apseloff, G., Gerber, NBritish Journal of Clinical
Pharmacology(2000); 49: 5-13.

[7] Guidance for Industry Bioanalytical Method Validatj US Dept of Health and Human Services, FoodCug

Administration (FDA), Center for Drug EvaluationdaResearch (CDER), M&3001.

727



