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ABSTRACT

A simple, sensitive isocratic RR-LC method has been developed for the
guantitative determination of Zonisamide Related compoundsin bulk drug,
used as Anticonvulsant. The developed method is also applicable for the
Assay determination. Efficient chromatographic separation was achieved
on aC18 stationary phase with simple mobile phase combination delivered
in a isocratic mode and quantification was carried out using ultraviolet
detection at 240 nm at aflow rate of 1.5 mL min™. In the developed RRLC
method the resolution between Zonisamide and itstwo potential impurities
was found to be greater than 4.0. Regression analysis shows an r value
(correlation coefficient) of greater than 0.999 for Zonisamide and it’s all the
two impurities. This method was capable to detect all two impurities of
Zonisamide at alevel of 0.01 % with respect to test concentration of 1.0 mg
mL-*for a5uL injection volume. Theinter and intraday precision valuesfor
all two impurities and for Zonisamide was found to be within 2.0 % RSD at
its specification level. The method has shown good and consistent recov-
eries for Zonisamide two impurities (98.2-102.3%). The test solution was
found to be stable in diluent for 48 h. The drug was subjected to stress
conditions of exposure to acid hydrolysis and base hydrolysis, oxidataion,
Humidity, Photolysis and thermal degradation. Considerable degradation
was found to occur in acid hydrolysis stress conditions. The stress samples
were assayed against a qualified reference standard and the mass balance
was found close to 99.9 %. The developed RR-LC method was validated
with respect to linearity, accuracy, precision and robustness.

© 2008 Trade Sciencelnc. - INDIA

KEYWORDS

Columnliquid chromatography;
Zonisamide;
Forced degradation;
Validation.

INTRODUCTION

Zonisamide 1,2-benzisoxazole-3-methane sulfona:
mide (Figure 1) isan anticonvul sant. Thegeneric name
of ZonisamideisZonegran, itisprescribedfor thetrest-
ment certain typesof seizures (partia seizures) in pa-
tientswith epilepsy. Itisused inaongwith other medi-
cines.

Few analytical methodswerereportedin literature

for thequantification of Zonisamidein human plasma
[+2, Onemethod® wasreported for stability-indicating
LC method for determination of related compoundsand
for quantitative estimation of Zonisamidewith oneim-
purity and ontraditiona LC. Inthispaper wedescribed
validation of fast Liquid Chromatograph related com-
pounds method for accurate quantification of
Zonisamidetwo impuritiesin bulk drug samplesaong
with method validation asper ICH norms. Intensive
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Zonisamide Related compound-A:
O\ SO3N
N et
O/
CH,SO,NH,  1,2-Benzisoxazole-3-

1,2-benzisoxazole-3- Methane sulphonic acid
methanesulfonamide Sodium salt

Related compound-B:
OH
I
N O
@]
1,2-Benzisoxazole-3-Acetic acid
Figure 1: Chemical Structuresand labelsof Zonisamide
anditsimpurities

stress studieswere carried out on Zonisamide accord-
ingly astability-indicating method was devel oped, which
could separate various degradation products.

Thepresent drug stability test guideline Q1A (R2)
issued by International Conference on Harmonization
(ICH)" suggeststhat stress studies should be carried
out on adrugto establishitsinherent stability charac-
teristics, leading to separation of degradation products
and hence supporting the suitability of the proposed
andytica procedures. It dsorequiresthat analytical test
proceduresfor stability samplesshould be stability in-
dicating and they should befully validated.

Accordingly, theaim of present study wasto es-
tablishinherent stability of Zonisamidethrough stress
studiesunder avariety of ICH recommended test con-
ditions and to develop a stability-indicating assay
method.

EXPERIMENTAL

Chemicals

Samplesof Zonisamideand itsrelated impurities
were received from Hetero Laboratories Ltd,
Hyderabad, India(Figure 1). HPLC grade acetonitrile
and was purchased from Merck, Darmstadt, Germany.
Analytica reagent grade Mono basi cammonium phos-
phate and sodium hydroxide were 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 99.8% purity.

—— Fyll Peper
Equipment

The LC system, used for method devel opment,
forced degradation studies and method validation was
Adgilent 1200 RRLC. The output signa wasmonitored
and processed using Chemi gtation software on Pentium
computer (Digita equipment Co).

Chromatogr aphicconditions

Thechromatographic column used was XDB-C18,
50X4.6 with 1.8um particles. The mobile phase con-
tainsamixtureof buffer and Solvent mixtureintheratio
of 77:23 (v/v). Buffer consistsof 2.8g of Mono basic
ammonium phosphate dissolvein 1000 mL of water
and adjusted to pH 3.0 using ortho phosphoric acid
solution, solvent mixture consists Acetonitrile and
methanol intheratio 1:1.

Theflow rate of themobile phasewas 1.5mL mint.
The column temperature was maintained at 45°C and
the detection was monitored at awavel ength of 240
nm. Theinjectionvolumewas5uL. Mobilephasewas
used asdiluent.

Prepar ation of solutions
Prepar ation of standard solutions

A stock solution of Zonisamide(1.00mgmL ™) was
prepared by dissolving gppropriateamount inthediluent.
Working solutions of 1000 and 100ug mL*werepre-
pared from above stock solution for related compounds
determination and assay determination, respectively. A
stock solution of impurities (mixture of related com-
pound-A and B) at aconcentration of 1.0mgmLwas
aso preparedindiluent.

Analytical method validation

The devel oped chromatographic method wasvali-
dated for selectivity, linearity, range, precision, accu-
racy, sensitivity, robustnessand system suitability!>*2,
Selectivity

Selectivity of the devel oped method was assessed
by performing forced degradation studies>*2. Theterms
selectivity and specificity are often used interchange-
ably. Selectivity istheability of themethod to measure
theanayteresponseinthe presence of itspotentia im-
purities. According to ICH™ stresstesting of thedrug
substance can hel p theintring c stability of themolecule
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Figure3: Typical chromatogramsof stressed Zonisamide
samples
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Figure4: Specification level Impuritiesspikingin 100%
Zonisamidesample

and vaidatethe stability indicating power of theana-
Iytical procedure used. Photo stability testing should be
anintegral part of stresstesting. The standard condi-
tionsfor photo stability testing aredescribed in ICH
Q1B'¢, The specificity of the devel oped LC method
for Zonisamidewas determined in the presenceof its
related compoundsnamely ZNDRCA, ZNDRCB and
degradation products. The stress conditionsemployed

Hnalytical CHEMISTRY o

for degradation study includeslight (carried out asper
ICH Q1B), heat (100°C), acid hydrolysis (1N HCI).
For heat andlight Studies, study period was48 hrswhere
asfor acidand oxidationit was48 hrs.

Assay studieswere carried out for stress samples
against qualified reference standard and themassbal -
ance (% assay + % of impurities + % of degradation
products) was cal cul ated. Assay was a so cal cul ated
for bulk samplesby spiking al two impurities (rel ated
compound-A and B) at thespecificationlevel (i.e. 0.10%
of analyte concentration whichis1000ug mL™).

Analytical method validation
Precision

Precision wasdetermined through repestability (in-
tra-day) and intermediate (inter-day) precision. The
precision of the related compounds method was
checked by injecting six individual preparations of
(1000pg mL-1) ZonisamideAnhydrous. The % RSD
for percentage of eachimpurity was calcul ated.

Linearity and range

To establishlinearity of themethod, cdibration so-
lutions were prepared from stock solution at six con-
centration level sfor chromatographic purity method-
concentration levelsranging from LOQ to 150% (with
respect to test concentration of 1000ug mL?, LOQ,
50, 80,100,120 and 150%) were prepared by diluting
theimpurity stock solutionto therequired concentra-
tions. Average peak areaat each concentration level
wassubjectedtolinear regresson analysiswith theleast
square method. Cdlibration equation obtained fromre-
gressonandys swasused to cd culaethecorresponding
predicted responses. Theresidualsand sum of there-
sidud squareswere cd culated from the corresponding
predicted responses. The % y-intercept for chromato-
graphic purity method was cal culated. Analytical range
of themethod was established fromtheanalyssof sen-
sitivity curves. Upper and lower levelsof rangewere
also established.

Sengitivity
Sengtivity wasdetermined by establishing theLimit
of detection (LOD) and Limit of quantification (LOQ)

Related compound-A and B estimated at asignal-to-
noiseratio of 3:1 and 10:1 respectively, by injecting a
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seriesof dilutesol utionswith known concentration. The
precision study wasal so carried out at the LOQ level
by injecting six individual preparationsof related com-
pound-A and B and calculated the % RSD for the ar-
easof eachimpurity.

Accuracy

For determination of accuracy, recovery study was
carried out by spiking andysis. A known amount of the
impurity stock solutionswere spiked totheprevioudy
anaysed samples at LOQ,50,100 and 150% of the
anayte concentration (1000ug mL™).

The percentage of recoveriesrelated compound-A
and B were calculated. Each concentration level was
prepared for threetimes.

Robustness

Robustness study was conducted by making small
but deliberate changesin the optimized method param-
eters. Critical sourcesof variability in operating proce-
dure such as percent organic strength, buffer strength,
temperature of the column wereidentified. By deliber-
ate changein experimenta conditionstheresolution
between Zonisamide, related compound-A and B was
evaluated. Theflow rate of themobile phasewas 1.5
mL min. To study the effect of flow rate on theresolu-
tion, 0.2 unitschangedi.e. 1.3and 1.7 mL min™. The
effect of column temperature on resol utionwas studied
at 45°C and 45°C instead of 40°C. In the all above
varied conditions, the components of the mobilephase
were held constant.

Solution stability and mobile phasestability

The solution stability of Zonisamideinthe assay
method was carried out by |eaving thetest solutions of
sampleintightly capped volumetric flasksat roomtem-
peraturefor 48 h. The same samplesolutionswere as-
sayed 6 hinterval up to thestudy period against freshly
prepared standard sol ution. Themobile phase stability
was aso carried out by assaying thefreshly prepared
samplesolutionsagangt freshly prepared reference san-
dard solutions6 hinterva up to 48 h. Prepared mobile
phase waskept constant during the study period.

Thesolution stability of Zonisamideanditsimpuri-
tiesintherelated compounds method was carried out
by leaving spiked samplesolutionintightly capped volu-
metric flask at room temperaturefor 48 h. Content of

—= Fyll Paper

related compound-A and B weredetermined every 6 h
interva up to the study period. Mobile phase stability
was also carried out for 48 h by injecting the freshly
prepared samplesolutionsfor every 6 hinterva. Con-
tent of related compound-A and B waschecked inthe
test solutions. M obile phase prepared was kept con-
stant during the study period.

RESULTSAND DISCUSSION

M ethod development and optimization

All theimpuritiesand Zonisamide solutionswere
prepared in diluent at aconcentration of 100 ppm and
scanned in UV-visible spectrometer; dl the2 impurities
and Zonisamidewerehaving UV maximaat around 240
nm. Hencedetection at 240nm was sel ected for method
devel opment purpose.

The reported method for the determination of
Zonisamide, ison Traditona Liquid chromatogrgphwith
oneimpurity. keeping these disadvantagesin view, a
rapid resolution LC method was developed within 5
minfor the quantification of Zonisamideand itsrdlated
compounds.

The primary target of thiswork wasto develop a
stability indicating chromatographic method for the de-
termination of Zonisamideand itsimpuritiesimp-A and
Imp-B. To get separation of Zonisamidefromitsimpu-
rities, and degradation products chromatographic
method was deve oped using different stationary phases
like C18, C8 and Cyano; different mobil e phasescon-
taining bufferslike phosphate, sul phateand acetatewith
different pH (2-8) and using organic modifierslikeac-
etonitrileand methanol inthemobile phase.

The chromatographic separation wasachieved on
XDB-C18, 50X4.6 with 1.8um particles). To decrease
theinteractions of Zonisamide with stationary phase
column (dueto hydrophobicity) mobilephasewas se-
lected with higher percentage of acetonitrile. Different
ratios were tried to optimize the retention time of
Zonisamide and resol ution between theimpurities. Sat-
ifactory results(retention timeof Zonisamideis~1.435
min and theresolution between dl theimpuritiesis>4)
were obta ned with optimized conditions

Intheoptimized conditions Zonisamideanhydrous,
related compound-A and B werewel| separated witha
resolution of greater than 4 and the typical retention
il %na[yttaa[ CHEMISTRY
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TABLE 1: System suitability report

usP USP  No of theoretical
Compound Resolution tailing plates USP tangent
(Rs) factor method (N)
Related compound-A -- 1.287 2187
Zonisamide 8.694 1.237 3014
Related compound-B 4.805 1.279 3022

TABLE 2: Batch analysis(Asper new developed method)
Maximu

Batch Related Related msingle Total Assay

no.. compoundcompoundunknown Impurities by

-A -B impurity HPLC
ZA017 ND ND 0.01 0.02 99.9
ZA016 ND ND 0.01 0.01 99.8
ZA015 ND ND 0.01 0.02 99.7

Where ND = Not Detected
TABLE 3: Linearity resultsfor related compoundsestima-

tion

Related Related

compound-A compound-B Zonisamide

. . Y=65.52722x Y=102.09296x Y =88.6919x
Trend line equation

+0.045 +0.171 +0.074
Range 0.01-0.10% 0.01-0.10% 0.01-0.10%
Regression 0.99970 0.99975 0.99971
coefficient
Slope 65.52722 102.09296 88.6919
Intercept 0.045 0.171 0.074
%l ntercept 0.68 1.67 0.82
Residual sum of 0.0328 0.0660 0.0548
Squares
Linearity graphsfor Related compound-A
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Linearity graphsfor related compound-B
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times of related compound-A and B and Zonisamide

wereabout 0.715, 1.435 and 2.043 min respectively.

Thesystem suitability resultsweregivenin TABLE 1.
Analysiswas performed for different batches of

bulk drug samples(n=3) Resultsweregivenin TABLE

2.

Method validation
Precision

The%RSD of areaof related compound-A and B
in precision study werewithin 2.0 %. Confirming the
good precision of the devel oped ana ytical method.
Sengitivity

Thelimit of detection of related compound-A and
B was 0.003 and 0.003% (of analyte concentration,
1.6.1000 pug mL2) respectively for 5 uL injection vol-
ume. Thelimit of quantification of related compound-A
and B was 0.01 and 0.01% (of analyte concentration,
1.6.1000 pug mL2) respectively for 5 uL injection vol-
ume. The% RSD for areaof related compound-A and
B werebelow 2.0% for precisonat LOQ level.

Linearity
Cdlibration curve obtained by theleast squarere-
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TABLE 4: Resultsof accuracy study for related compounds

% Recovery of
related

% Recovery of

Added (ung/mL) related

(n=3) compound-A compound-B
0.1 102.30 99.3
0.5 101.6 98.7
1.0 101.3 98.9
15 98.2 98.6

n =3, Number of determinations
TABLE 5: Resultsof robustnessstudy

Resolution

X Parameter Variation (R9 _betw_een

no. Zonisamide

and ZNDRCB

Temperature(+ 5°C () At 40°C 4.966
of set temperature) (b) At 50°C 4.199
, Flow rate(+ 10% of (a) At 1.3mL mi nt 4.579
the set flow) (b) At 1.7mL min™ 4.380
TABLE 6: Summary of for ced degradation results

M ass balance

% Assay (%Assay + %

Stresscondition ~ Time of active impurities+ %

substance Degradation

products)
Oxidation
(30% H,0, at 100°C) 2hrs 96.3 99.5
Acid hydrolysis(1IN
HCI at 80° for 2hrs) 2" 994 994
Base hydrolysis(1N
NaOH at 80° for 2hrs) 2S99 96
Humidity(100%RH) 48hrs  99.6 99.6
Thermal (100°C) 48hrs 995 99.5
Light (photolytic 1200K
degradation) LUX 992 93

gression analysisbetween average peak areaand con-
centration showed linear relationshipwitharegresson
coefficient of 0.999 over the calibration rangestested.

Theresultsof linearity and range obtained for the
two potential impuritiesweretabulated inthe TABLE
3. Linear cdibration plot for rel ated compounds method
was obtained over the calibration rangestested, i.e.
LOQ to 0.15% for related compound-A and B. The
correlation coefficient obtained was greater than 0.999
fordl twoimpurities.

Accuracy

The percentage recovery of related compound-A
and B inbulk drug samplesranged from 98.2to0 102.3.
HPL C chromatogram of spiked samplewith al two
impuritiesin Zonisamide bulk drug sampleisshownin
figure

—— Fyll Peper
Robustness

Closeobservation of analysisresultsfor deliber-
ately changed chromatographic conditions (flow rate
and column temperature) revea ed that theresolution
between closdy dutingimpurities, namely Zonisamide
and related compound-B was greater than 4.0, illus-
trating therobustnessof themethod (TABLE5).

Solution stability and mobile phasestability

The%RSD of assay of Zonisamideduring solution
stability and mobile phase stability experimentswas
within 1.0. No significant changeswereobservediinthe
content of rel ated compound-A and B during solution
stability and mobile phase stability experiments. The
solution stability and mobile phase gtability experiments
dataconfirmsthat sampl e solutionsand mobile phase
used during assay and rel ated substance determination
were stable up to the study period of 48 h.

Resultsof forced degradation studies
Degradation behavior

Stressstudieson Zonisamide under different stress
conditions suggested thefollowing degradation behav-
ior.

Degradation in acidic solution

Thedrugwasstabletotheeffect of 1 N HCI. When
the drug was exposed to 1 N HC1 at 100°C tempera-
turefor 2 h, no degradation was observed.

Degradation in basic solution

The drug was stable to the effect of 1 N NaOH.
When the drug was exposed to 1 N NaOH at 100°C
temperaturefor 2 h, no degradation was observed.

Degradation in oxidative condition

Zonisamideissengtiveto oxidative conditionand
was degraded into unknown impuritiesby oxidationin
30% H_,O,. The drug was exposed to 30% H,O, at
100°C temperaturefor 2 h. Zonisamidehasshown sig-
nificant sengtivity towardsoxidativetrestment . Thedrug
gradually undergone degradation with time and de-
graded into unknown (~3.2%).

Photolytic conditions

Thedrugwasstabletotheeffect of photolyss. When
the drug powder was exposed to light for an overall

—— a%a['yttaa[’ CHEMISTRY
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illumination of 1.2 millionlux hoursand anintegrated
near ultraviolet energy of 200-watt hours/square meter
(w/mhr) (in photo stability chamber), no degradation
was observed.

Thermal degradation

Thedrugwas stableto the effect of temperature.
When the drug powder exposed to dry heat at 100°C
for 2 days, no degradati on was observed.

CONCLUSION

Theisocratic RR-LC method devel oped for quan-
titative and related compounds determination of
Zonisamidein 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 theroutineandysisof produc-
tion samples and also to check the stability of
Zonisamidesamples.
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