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ABSTRACT

The objective of the analytical work is to asséws fgossible genotoxic impurities in common indaksinthetic
route of famous atipycical antipsychotic drug Zigidone and to develop suitable analytical methodguantify all
the possible genotoxic impurities below the TTGtIim
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INTRODUCTION

Ziprasidone 1) [1-2] is an atypical antipsychotic drug. It ispapved by the U.S. Food and Drug Administration in
2001 for the treatment of schizophrenia, and acnémia and mixed states associated with bipolarrdiéso
Ziprasidone is effective in the treatment of schita@nia.

Q_\( @TDiN)H:O

Genotoxicity that refers to any deleterious chaingine genetic material regardless of the mechatigmwhich the
change is induced. Genotoxic impurities have aklsenbdefined as an impurity that has been demoedttat be
genotoxic in an appropriate genotoxicity test modepotential genotoxic impurity (PGI) has beenidefl as an
impurity that shows structural alerts for genotityibut that has not been tested in an experim¢+a].

The European Medicines Agency (EMEA) issued guigifor GTI limits and included the concept of ghrald of
toxicological concern (TTC) to define acceptabkifior new active substanc&his guideline acknowledges that it
is impossible to define a zero risk for genotoxizcinogens without a threshold, and the realizatiieah complete
elimination is often unachievable. A TTC of 1u§/day is given as a level at which exposure wilt pose a
significant carcinogenic risk. The EMEA guidancesaalindicates that the TTC may be raised for shesrttt
exposures or for known impurities which have grepttential for exposure from other sources.
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Maximum daily dose of Ziprasidone hydrochloride gohtous after salt correction is 174 mg. As per Besn
medical agency (EMEA) threshold of toxicologicalncern (TTC) for Ziprasidone hydrochloride is 1.5/qay
(Exposure of genotoxic impurity in drugs that viil tested or dosed for longer than 12 months).Besehe TTC
the concentration limits of genotoxic impurities Ziprasidone hydrochloride is 8.62 ppm [1.5 ug/#i§)174 g
(dose)].
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Figure.l. Assessment flow of Genotoxic impuritiesin Ziprasidone synthetic route
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Figure2. General Industrial routefor synthesis Ziprasidone

Based on the encountered search results obtainedgth available references Ames ,Derek and Toxreppears
that the following compounds may be categorizedthes possible genotoxic impurities/alerts, which nzy
controlled at below 8.62 ppm (using 174 mg maxlyddose of Ziprasidone hydrochloride anhydrous rafait
correction) based on Threshold of Toxicology Cond@fTC) calculation.
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Table 1: Assessment of Genotoxic impuritiesin Ziprasidone

. Genotoxic Ref Source
S. No. Structural Alert Chemical Name (Yes/No) | (Ames/Derek/Toxnet)
Cl NO,
01 \Q 1,4-dichloro-2-nitrobenzene Yes Toxnet
Cl
Cl NO;
O
02 Dimethyl-2-(4-chloro-2-nitrophenyl)malonate Yes Bler
OMe
MeO™ O
of NO,
03 m 2-(4-chloro-2-nitrophenyl)acetic acid Yes Derek
OH
H
Cl N
04 6-chloroindolin-2-one No Derek
O Toxnet
cl S
05 o 5-(2-Chloro acetyl)-6-chloro 2-Oxindole Yes Derek
Cl
0]
H
Cl N
06 o 6-chloro-5-(2-chloro-1-hydroxyethyl) indolin-2-one Yes Derek
Cl
OH
H
Cl N Ames
07 0 6-chloro-5-(2-chloroethyl)indolin-2-one No Derek
Toxnet
Cl
Ames
08 cl 3-chlorobenzo[d]isozole No Derek
/ Toxnet
S—N
Ames
09 NH Piperazine No Derek
HN\) Toxnet

The objective of the Method development was to gwveguantification methods by HPLC with shorter times
for all the five genotoxic impurities from the aleotable. As of today in literature there are nohmods found to
quantify any of these impurities in Ziprasidone.eTimethodologies described in the literature andhan USP
Pharmacopeia are not suitable for the quantificatsd these impurities. It is therefore, necessarydévelop
guantification methods for the determination ofgible genotoxic impurities in Ziprasidone.

Solubility of ziprasidone is crucial to achieve ided LOD, LOQ values. Initially we tried to improtke solubility
in different ratios of water, methanol and acetdeitfound that the solubility is less than 0.5 my/Then studied
solubility in ortho phosphoric acid (0.25%) and tacétrile at different ratios and found that solitiis improved
up to 3.0 mg/ml in the ratio of 50:50. As per regaty requirement we need to show these impurétesery low
level (less than 8.62 ppm) which causes the intemfze of related impurities as well as unknown irtj@s present
in the drug substance. Method development has tteee to separate the target genotoxic impurities fthe rest
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of all impurities including known and un-known peesin the ziprasidone. Development has been dorufferent
reverse phase stationary phases (c18, c8, cyanplard/l) and different manufacturer (Inertsil, Krasil, waters
symmetry). During development mobile phase Ph mpldypical role in the separation. Studies continaedifferent
mobile phase Ph to achieve target separation.|fiftalnd adequate separation of Impurity-1 and Iritgtt at Ph-
3.0 and Impurity-2, Impurity-3 and Impurity-5 at Fh5. Potassium phosphate used as buffer duringeent
development because of its sustainability at battia and basic Ph. Based on the above developrfiaatzed
chromatographic conditions were mentioned in theeexnental section.

Chemical and reagents

Samples of Ziprasidone HCI anhydrous and impuritie®, 3, 4 and 5 were prepared frawailable route [8-
11].HPLC grade Acetonitrile, Potassium dihydrgemgghate and sodium hydroxide was purchased fronkdRan
Mumbai, India. Ortho phosphoric acid was purchaseth Sigma Aldrich, Mumbai, India. High pure wateas
prepared by using Millipore Milli Q plus purificath system (Millipore, USA).

EXPERIMENTAL SECTION
Quantification of Dimethyl (4-chloro-2-nitrophenyl) malonate (Impirity-1)

cl NO,
(e}

OMe
MeO (@)

Figure.3. Structure of Dimethyl (4-chlor o-2-nitrophenyl) malonate

Equipment
The HPLC method development done using Waters & 26paration module connected Waters 2489 UV/\4sibl
detector and waters 2998 photodiode array detectintegrator. The data were collected using enepeeaftware.

Chromatographic conditions

A new HPLC method is developed for separating Dinylef4-chloro-2-nitrophenyl) malonate from Zipragite and

its impurities. The LC chromatographic separatiosese achieved on Kromasil C18 column 250 mm length6
mm ID with 5um particle size using isocratic mobpdase of mixture of 0.02 M potassium di-hydrogen
orthophosphate adjusted Ph to 3.0 with ortho phmsplacid and Acetonitrile in the ratio of 400: 6Q@v) at a flow
rate of 1.0 ml/min. UV detector was operated at 2&® and the column temperature was set to 40°C.ta@$te
concentration was about 3.0 mg/ml and the injectidnme was 50 pL. 0.25% phosphoric acid and Adgttmin

the ratio of 50:50 was used as diluent during thedard and test sample preparation.

Preparation of impurity standard and test sample solution:

The impurity stock solution prepared at 0.5 mgminldiluent. For LOD and LOQ establishment, the imigyu
stock solution was diluted using diluent to giverstards at 2.0, 6.0 ppm with respect to test cdretén. The test
samples of API were typically prepared at approxétya3.0 mg/mL in diluent and sonicated about 5utes.

M ethod validation

Limit of Detection (LOD) and Limit of Quantification

The LOD and LOQ values for Dimethyl (4-chloro-2fojpthenyl) malonate were established by injectimieseof
dilutions from standard preparation to get the 8igo noise ratio 2 to 3 for LOD and 9.5 to 10.4f®Q.

Table2: LOD, LOQ results

Dimethyl(4-chloro-2-nitrophenyl) malonate ~ Concetita (ppm) | S/N ratio
LOD 2.0 2.9
LOQ 6.0 10.2
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Precision:

Precision is evaluated at LOQ level by carrying sixt individual preparations of 6 ppm Dimethyl (Hlaro-2-
nitrophenyl) malonate in to the chromatographicdeysand checked % relative standard deviation (R¥B¢ %
relative standard deviation (RSD) of the area aQlUével is 3.96%.

Table 3: Precision results

Injection 1 2 3 4 5 6 Average SD %RSD
Area 2922| 3214 308 3057 2949 31p8 3071(33 121.78.96 3
SD: Standard deviation, RSD: Relative standardaten.

Accuracy:
The accuracy of the method is evaluated at LOQIIbyepreparing sample solutions in triplicate byikamg

Dimethyl (4-chloro-2-nitrophenyl) malonate at LO€vél, with Ziprasidone hydrochloride anhydrous anjdcted
each solution in to HPLC as per methodology. Thegrgage of recovery for the impurity was calcudasad the
value is 98.1%. At such low levels these recoveaies % relative standard deviation (RSD) were featisry.

Table 4: Accuracy results

Level Amount spiked (ppm) Amount recovered (ppm) Réecovery| Mean SO % RSD
LOQ spike-1 5.62 93.¢
LOQ spike2 6 6.0¢ 100.¢ 98.1 | 3.8 3.9
LOQ spiked-3 5.99 99.8
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Figure.4.Typical chromatograms of Dimethyl (4-chloro-2-nitrophenyl) malonate BLANK, LOD and LOQ
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Quantification of 2-(4-chloro-2-nitrophenyl) acetic acid & 6-chlor 0-5-(2-chloro-1-hydroxy ethyl) indolin-2-one
(Impirity-2& 3)

Equipment

The HPLC method development done using Waters & 86paration module connected waters 2489 UV/\4sibl
detector and waters 2998 photodiode array detectintegrator. The data were collected using enspeeaftware.

Chromatographic conditions

A new gradient method is developed for separatiigr-éhloro-2-notrophenyl) acetic acid from Zipramig and its
impurities. The method was developed by using &ile@DS-3V (250 mm x 4.6 mm, pm) column with mobile
phase containing a gradient mixture of solvent AMixture of 0.02 M potassium phosphate, pH adjuste6.5
with 1N Sodium hydroxide and Acetonitrile in theioeof 80:20) and B (A Mixture of 0.02 M potassiyphosphate,
pH adjusted to 6.5 with 1N Sodium hydroxide and tAoérile in the ratio of 20:80). The separationswachieved
by gradient elution (T/%B) set as 0/30, 5/30, 20/885/60, 37/30, 45/30. The flow rate of mobile phags 1.0
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mL/min with column temperature of 40°C and detattitavelength at 215nm. The test concentration Wwasta3.0
mg/ml and the injection volume was 100 uL. 0.25%sghoric acid and Acetonitrile in the ratio of SD¥was used
as diluent during the standard and test sampleapatipn.

2-(4-chloro-2-nitrophenyl) acetic acid (I mpurity-2)
cl

Figure.5. 2-(4-chlor o-2-nitrophenyl) acetic acid

Preparation of impurity standard and test sample solution:

The impurity stock solution prepared at 0.5 mgminldiluent. For LOD and LOQ establishment, the imifyu
stock solution was diluted using diluent to givarstards at 2.2, 6.7 ppm with respect to test cdratégn. The
testing API samples were typically prepared at agipnately 3.0 mg/mL in diluent and sonicated ab®uatinutes.

M ethod validation

Limit of Detection (LOD) and Limit of Quantification:

The LOD and LOQ values for 2-(4-chloro-2-nitrophBracetic acid were established by injecting seoifedilutions
from standard preparation to get the Signal toentasio 2 to 3 for LOD and 9.5 to 10.4 for LOQ.

Table5: LOD, LOQ results

2-(4-chloro-2-nitrophenyl) acetic acid  Concentratjppm) | S/N ratio
LOD 2.2 2.5
LOQ 6.7 10.2

Precision:

Precision is evaluated at LOQ level by carrying sintindividual preparations of 6.7 ppm solution2ef4-chloro-2-
nitrophenyl) acetic acid in to the chromatogramystem and checked % relative standard deviati@DJRThe %
relative standard deviation (RSD) of the area aQUével is 3.53%.

Table 6: Precision results

Injection | 1 2 3 4 5 6 Average SD %RSD
Area 7775| 7705 7803 7146 7320 75B4 755550 266.7463 3
SD: Standard deviation, RSD: Relative standardaten.

Accuracy:

The accuracy of the method is evaluated at LOQI leyereparing sample solutions in triplicate bykepy 2-(4-
chloro-2-nitrophenyl) acetic acid at LOQ level ainjected each solution in to HPLC as per methodgaldtghe
average percentage of recovery for the impurity easulated and the value is 99.3%. At such lovelethese
recoveries and % relative standard deviation (RB&¥ satisfactory.

Table 7: Accuracy results

Level Amount spiked (ppm Amou(nptgg}t):overed Reg{;very Mean | SD % RSD|
LOQ spiked-1 6.72 100.3

LOQ spiked-2 6.7 6.59 98.4 | 99.3 | 0.95 0.96
LOQ spike-3 6.65 99.2
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Figure.6.Typical chromatograms of 2-(4-chloro-2-nitrophenyl) acetic acid BLANK, LOD & LOQ

6-chlor o-5-(2-chloro-1-hydroxy ethyl) indolin-2-one (Impurity-3)

cl H

)
Cl

OH
Figure.7. 6-chlor o-5-(2-chlor o-1-hydr oxy ethyl) indolin-2-one

Preparation of impurity standard and test sample solution:
The impurity stock solution prepared at 0.5 mgmirldiluent. For LOD and LOQ establishment, the imiyu

stock solution was diluted using diluent to givanstards at 1.3, 3.9 ppm with respect to test cdret@n. The
testing APl samples were typically prepared at axiprately 3.0 mg/mL in diluent and sonicated abuatinutes.

M ethod validation

Limit of Detection (LOD) and Limit of Quantification
The LOD and LOQ values for 6-chloro-5-(2-chlorostdhoxy ethyl) indolin-2-one were established byeuijng

series of dilutions from standard preparation totige Signal to noise ratio 2 to 3 for LOD and ®@3.0.4 for LOQ.

Table8: LOD, LOQ results

6-chlorc-5-(2-chlorc-1-hydroxy ethyl) indoli-2-one | Concentration (ppn | S/N ratic
LOD 1.3 3.0
LOQ 3.9 10.2

Precision

Precision is evaluated at LOQ level by carrying sintindividual preparations 6.7 ppm solution oftéero-5-(2-
chloro-1-hydroxy ethyl) indolin-2-one in to the omatographic system and checked % relative stardkarigtion
(RSD). The % relative standard deviation (RSD)hef &rea at LOQ level is 3.82%.

Table 9: Precision results

Injection

1 2 3 4 5 6 Average

SD %RSD

Area

10333] 9734 10389 9830 9591 10478 1005

).17 8383. 3.82

SD: Standard deviation, RSD: Relative standardaten.
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Accuracy:
The accuracy of the method is evaluated at LOQI Ibyepreparing sample solutions in triplicate byképg 6-

chloro-5-(2-chloro-1-hydroxy ethyl) indolin-2-ong BOQ level and injected each solution in to HPLE er
methodology. The percentage of recovery for theuirty was calculated and the value is 96.6%. Ahdogv levels
these recoveries and % relative standard deviéR@D) were satisfactory.

Table 10: Accuracy results

Level Amount spiked (ppm Amou(nptprs;overed % Recovery| Mean SD % RSD
LOQ spiked-1 4.1 105.1
LOQ spiked-2 3.9 35 89.7 96.6 | 7.8 8.1
LOQ spiked-3 3.7 94.9
BLANK

A
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Minutes

i ——
©.000 .ﬂ H
-o.002 £ groeeas v v i
0.00 40.00 a5.00]
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AU

Minutes
4

Figure.8. Typical chromatograms of 6-chloro-5-(2-chlor o-1-hydroxy ethyl) indolin-2-one BLANK, LOD and LOQ

Quantification of 2, 5-Dichloro nitrobenzene (Impirity-4)
O.N Cl

Cl

Figure. 2, 5-Dichloro nitrobenzene
Equipment
The HPLC method development done using Waters & 26paration module connected Waters 2489 UV/\4sibl
detector and waters 2998 photodiode array deteciintegrator. The data were collected using enspaaftware.

Chromatographic conditions
A new gradient HPLC method is developed for sepaga2, 5-Dichloro nitrobenzene from Ziprasidone atxd

impurities using Kromasil C18 (250 mm x 4.6 mmju® column with mobile phase containing a gradienttare

of solvent A (A Mixture of 0.02 M potassium phosphapH adjusted to 3.0 with 1IN Sodium hydroxide and
Acetonitrile in the ratio of 80:20) and B (A Mixtiof 0.02 M potassium phosphate, pH adjusted tav& ortho
phosphoric acid and Acetonitrile in the ratio of&0). ). The separation was achieved by gradiarttoel (T/%B)
set as 0/50, 5/50, 15/70, 30/70, 35/50, 45/50. fibw rate of mobile phase was 1.0 mL/min with colum
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temperature of 40°C and detection wavelength ah@20The test concentration was about 3.0 mg/ml thed
injection volume was 50 pL. 0.25% phosphoric acid Acetonitrile in the ratio of 50:50 was used #seht during
the standard and test sample preparation.

Preparation of impurity standard and test sample solution:

The impurity stock solution prepared at 0.5 mgmirldiluent. For LOD and LOQ establishment, the imigyu
stock solution was diluted using diluent to giverstards at 2.0, 5.9 ppm with respect to test cdretén. The test
samples of API were prepared at approximately 3y0hmh in diluent and sonicated about 5 minutes.

M ethod validation

Limit of Detection (LOD) and Limit of Quantification

The LOD and LOQ values for 2, 5-Dichloro nitrobeneewvere established by injecting series of dillgidrom
standard preparation to get the Signal to noise 2atto 3 for LOD and 9.5 to 10.4 for LOQ.

Table11: LOD, LOQ results

2, 5-Dichloro nitrobenzen¢ Concentration (ppm) &b
LOD 2.C 2.E
LOQ 5.¢ 9.¢

Precision

Precision is evaluated at LOQ level by carrying sitindividual preparations of 6 ppm 2, 5-Dichloritrobenzene
in to the chromatographic system and checked %ivelatandard deviation (RSD). The % relative sgadd
deviation (RSD) of the area at LOQ level is 3.11%.

Table 12: Precision results

Injection 1 2 3 4 5 6 Average SD %RSD
Area 4333| 4328 4314 435 4515 46pl 441550 137.23.11 3
SD: Standard deviation, RSD: Relative standardaten.

Accuracy

The accuracy of the method is evaluated at LOQI leygpreparing sample solutions in triplicate bykam 2, 5-
Dichloro nitrobenzene at LOQ level and injectedhesalution in to HPLC as per methodology. The petage of
recovery for the impurity was calculated and thrigas 99.6%. At such low levels these recoveried % relative
standard deviation (RSD) were satisfactory.

Table 13: Accuracy results

Level Amount spiked (ppm) Amount recovered (ppm) Reéegovery| Mean SD| % RSD
LOQ spiked-1 5.79 98.1
LOQ spiked-2 5.9 5.92 100.3 99.6 | 1.27 1.28
LOQ spiked-3 5.92 100.3

Quantification of 5-(2-Chloro acetyl)-6-chloro 2-oxindole (Impirity-5)

cl ¥

>:o

Figure.10. Structure of 5-(2-Chlor o acetyl)-6-chlor o 2-oxindole

o]

Equipment
The HPLC method development done using Waters & 26paration module connected Waters 2489 UV/\4sibl
detector and waters 2998 photodiode array deteciintegrator. The data were collected using enspaaftware.
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Chromatographic conditions

A new HPLC method is developed for separating &{ro acetyl)-6-chloro 2-oxindole from Ziprasidoaed its
impurities using Symmetry shield RP C18 column b&® length x 4.6 mm ID with 3.5um particle size gsin
isocratic mobile phase of mixture of 0.02 M potassidi-hydrogen orthophosphate adjusted Ph to 6t6 ®N
sodium hydroxide and Acetonitrile in the ratio d¥06 400 (v/v) at a flow rate of 1.0 ml/min. UV deter was
operated at 290 nm and the column temperature gta® €0°C. The test concentration was about 3.0nhgnd
the injection volume was 50 pL. 0.25% phosphoricd @nd Acetonitrile in the ratio of 50:50 was useddiluent
during the standard and test sample preparation.

Preparation of impurity standard and test sample solution:

The impurity stock solution prepared at 0.5 mgminldiluent. For LOD and LOQ establishment, the imifyu
stock solution was diluted using diluent to givarstards at 2.2, 6.7 ppm with respect to test cdretégn. The
testing API samples were typically prepared at agipnately 3.0 mg/mL in diluent and sonicated ab®uatinutes.

M ethod validation

Limit of Detection (LOD) and Limit of Quantification

The LOD and LOQ values for 5-(2-Chloro acetyl)-8ecb 2-oxindole were established by injecting sercd
dilutions from standard preparation to get the Sigo noise ratio 2 to 3 for LOD and 9.5 to 10.4f®Q.

Table 14: LOD, LOQ results

5-(2-Chloro acetyl)-6-chloro 2-oxindole  Concenwati{ppm) | S/N ratio
LOD 2.2 25
LOQ 6.7 10.1

Precision

Precision is evaluated at LOQ level by carrying sintindividual preparations of 6.7 ppm solution5s{2-Chloro
acetyl)-6-chloro 2-oxindole in to the chromatogramystem and checked % relative standard devidRSD). The
% relative standard deviation (RSD) of the arelaG® level is 7.92%.

Table 15: Precision results

Injectior | 1 2 3 4 5 6 Average | SD %RSLC
Aree 236€ | 2881 | 289¢ | 252t | 273¢ | 257¢ | 2664.80 | 211.0: | 7.92
SD: Standard deviation, RSD: Relative standardaten.

Accuracy

The accuracy of the method is evaluated at LOQI leyereparing sample solutions in triplicate bykapy 5-(2-

Chloro acetyl)-6-chloro 2-oxindole at LOQ level aimjected each solution in to HPLC as per methogipldhe

percentage of recovery for the impurity was cal@daand the value is 91.2%. At such low levels ¢hesoveries
and % relative standard deviation (RSD) were sattsfy.

Table 16: Accuracy results

Level Amount spiked (ppm Amou(nptpr;s:overed % Recovery| Mean SD % RSD
LOQ spikec-1 6.5 97.C
LOQ spiked-2 6.7 6.0 89.6 911 | 54 5.9
LOQ spiked-3 5.8 86.6
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Figure-11: Typical chromatograms of 5-(2-Chloro acetyl)-6-chloro 2-oxindole BLANK, LOD and LOQ
RESULTSAND DISCUSSION
Table 16: Summary of results
S.no Name of impurity LOD (ppm) | LOQ (ppm) | Precision (% RSD) | Accuracy (%)
1 Dimethyl (4-chloro-2-nitrophenyl) malonate 2.0 06. 3.96 98.1
2 2-(4-chloro-2-nitrophenyl) acetic acid 2.2 6.7 53. 99.3
3 6-chloro-5-(2-chloro-1-hydroxy ethyl) indolin-2ie 1.3 3.9 3.82 96.6
4 2, 5-Dichloro nitrobenzene 2.0 5.9 3.11 99.6
5 5-(2-Chloro acetyl)-6-chloro 2-oxindole 2.2 6.7 .97 91.1

Through evolution described the Assessment Quaeatifin of Genotoxic impurities of Ziprasidone aripsychotic

drug.
CONCLUSION

In summary, we have developed a superior methogidlmgAssessment and Quantification of genotoxipumities
of Ziprasidone an antipsychotic drug which is comafigely better approach with respect to safety qudlity for
good health of patients. Moreover this sequencealssapplied to the Assessment, synthesis andtfication of
Genotoxic impurities of other active pharmaceutingtedients.
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