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ABSTRACT

KEYWORDS

A new, simple, specific, accurate and precise GC-HS method was devel oped
for determination of residual solvents in zonisamide (anti-epileptic active
pharmaceutical ingredient): Methanol, Diethyl ether, 1sopropyl Alcohoal,
Ethylacetate, 1,1,2-Trichloroethene and toluene are the residual solvents
present in zonisamide. Agilent DB-624 fused silicacapillary column 30m x
0.53mm |.D with aphase thickness of 3.0u. The split/split less injector was
maintained at 140°C with a split injection 1:5 ratio and temperature of the
FID was set to 250°C. Thecarrier gaswas nitrogen at a constant flow rate of
5 ml/min. the column oven temperature programinvolved aninitial tempera-
ture of 40°C for 20 min; thiswasincreased at 10°C/minto 240°C and hold for
20 min. HS sampling was performed with aAOC 5000 headspace sampler
(SHIMADZU). The method was validated for precision, ruggedness, lin-
earity, Limit of detection and limit of quantification and recovery according

Residual solvent;
ICH,;
Validation,
Zonisamide.

tothe International Conference on Harmonization (ICH) guidelines.
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INTRODUCTION

Zonisamide (1,2-benzisoxazol e-3-methanesul -
fonamide) was devel oped asanew type of anti-epilep-
ti c active pharmaceutical ingredient™ and used asan
anticonvul sant in patientswith epileptic disorderg?® be-
ing effectivein thetreatment of partia and generdized
seizured®8l, Theobjective of thismethod validationis
to acceptableamountsfor residua solventsin pharma-
ceuticalsfor thesafety of the patient. The solventsare
lesstoxic and describelevel s considered to betoxico-
logically acceptablefor someresidual solvents. The
detection and quantization of residual solventsindrug
substances or drug productsisan important measure
for pharmaceutical quality assurance/quality control

(QA/QC)*1, becausetheresidua solventsthat were
not totally removed by practical manufacturing tech-
niquesawayshave potentid risk to human hedth from
thetoxicity. Based on the guideline Q3C issued by the
International Conference on Harmonization of techni-
cd requirementsfor registration of pharmaceuticasfor
human use (ICH) in 1998, solvents has been divided
into three classes. They were evaluated for their pos-
siblerisk to human health and placed into oneof three
classes asfollows: Class 1 solvents: Solventsto be
avoided Known human carcinogens, strongly suspected
human carcinogensand environmental hazards. Class
2 solvents: Solventsto belimited Non-genotoxic ani-
mal carcinogensor possible causative agentsof other
irreversibletoxicity such asneurotoxicity or teratoge-
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nicity. Solvents suspected of other significant but re-
versbletoxicities. Class 3 solvents: Solventswithlow
toxic potentia Solventswith low toxic potentid to man;
no health-based exposurelimitisneeded. Thelimit con-
tent for each solvent also was given interms of their
level of hazard to humans and the environment, and
their permitted daily exposure (PDE)™2. Static
headspace (SH) injection isthe most commonly used
sampling techniquesfor resdud solventstestingin phar-
maceuticalswith gas chromatography (GC).
TABLE 1: Chemical nameand structuresof zonisamide

Abbreviation Chemical name Structure
O\N
- i - / (@]
ZONISAMIDE 1,2 Benmsoxazolg?) Y
methane sulfonamide —_

ﬁ NH,

O
TABLE 2: Ligt of solventsin zonisamideand its| CH limits
Abbreviation Chemical name Structure (As per limit
MeOH  Methanol H3C—OH 2 3000
DEE  Diethylether  p,c” ~0” SCHy 3 5000

OH
ipa  'Sopropyl 3 5000
alcohol
H3C CHj
Jig
EA Ethyl acetate 3 5000
Hee” 07 CHs
11,2 ¢l
TCE  Trichloroethene Cl \%\CI 2 80
CHj3

TOL Toluene 2 890

EXPERIMENTAL

Materialsand methods

Zonisamideis synthesized by Synthetic organic
Chemistry group and characterized for identity and pu-
rity. GC gradeMethanol (MeOH), Diethylether (DEE),
Isopropyl Alcohol (IPA), Ethyl acetate (EA), 1,1,2-
Trichloroethene (TCE) , Toluene(TOL) and N,N-Dim-
ethyl acetamide (DMA) were obtained from Merck,
India. Gas chromatography system used was Shimadzu
17A with flameionization detecter (Shimadzu Japan).
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The employed columnwasanAgilent DB-624 fused
silicacapillary column 30mx0.53mm1.D (J&W Scien-
tific, USA) with a phase thickness of 3.0u (6%
Polycynopropyl phenyl Siloxaneand 94 % polydimethyl
sloxane). Thesplit/splitlessinjector wasmaintained at
140°Cwithasplitinjection 1:5ratio, and temperature
of the FID was set to 250°C. The carrier gaswas ni-
trogen at aconstant flow rate of 5 ml/min. the column
oventemperature programinvolved aninitia tempera
ture of 40°C for 20 min; thiswasincreased at 10°C/
minto 240°C and hold for 20 min. HS sampling was
performed with a AOC 5000 headspace sampler
(SHIMADZU). The analytesin 20ml GC via were
equilibrated with oven temperature 80°C for 75 min.
Each sample, after homogeni zation, wasandyzedintrip-
licatewith a2ml injection volume. Thesigna wasac-
quired and processed using GC-solution software.

Prepar ation of solutionsand chromatogr aphic con-
ditions
Diluent
DMA: Water (75:25)
Sandard solution
SS1

Accurately weigh about 80 mg of Trichloroethene
into 100ml volumetric flask and make up to volume
withdiluent.

Sock standard solution

Accurately weigh about 240mg of Methanol,
400mg of Diethyl ether, 400mg of IPA, 400 mg of Ethyl
acetateand 71.2mg of Tolueneand 8 ml of TCE solu-
tion (SS1) in 200ml volumetric flask and make up to
volumewithdiluent.

Working standard solution

Dilute 25 ml of stock standard solutionto 100 ml
withdiluent.

Test solution

Weigh accurately about 1000mg of the substance
under examination, dissolve and diluteto 10ml with
diluent.

Procedure
Add 10ml of diluent into the headspacevia and
record the chromatogram.
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Discard any peak correspondsto diluent appear-
ing inthischromatogram in al-subsequent chromato-
grams. Add 10ml of working standard solutionintothe
headspace vial and record the chromatogram.

System suitability

Systemsuitability testingisanintegra part of many
analytical procedures. Thetestsare based on the con-
cept that the equipment, el ectronics, analytical opera-
tionsand samplesto be analyzed constitute anintegral
system that can be eval uated assuch. System suitability
test parametersto be established for aparticular pro-
cedure depend on the type of procedure being vali-
dated. Theretentiontimefor respectivesolvents Metha-
nol isabout 2.5, Diethyl ether isabout 3.2, IPA isabout
4.0, Ethyl acetate is about 7.4, TCE is about 12.50
and Tolueneisabout 21.6. TheResol ution R obtained
between Methanol, Diethyl ether, IPA, Ethyl acetate,
TCE and Toluene should not be less than 2.0. The
theoretica Platesfor Methanol, Diethyl ether, IPA, Ethyl
acetate, TCE and Toluene should not belessthan 2000.
Thetailingfactor for

Methanol, Diethyl ether, IPA, Ethyl acetate, TCE
and Toluene should not morethan 2.0. Add 10 ml of
working standardin five different headspacevialsand
record the chromatogram. Calculate % RSD of peak
areafor each solvent. Thesystemissuitablewhenthe
% RSD isnot morethan 15 %.

Precison and ruggedness

Precision of the method was determined by inject-
ing six different test preparations and determining the
systemsuitability parametersaswell % RSD of resdud
solvents va ues. Ruggedness of the method was deter-
mined by performing quantification of residud solvents
ontwo different GC systemsand columnsby two ana-
lyds.

Linearity in absenceof samplematrix

Linearity responsefor dl residua solventsMeOH,
DEE, IPA, EA, TCE and TOL weredeterminedin the
range of 20%to 200% of thelimit concentration MeOH
3000ppm, DEE 5000ppm, IPA 5000ppm, EA
5000ppm, TCE 80ppm and TOL 890ppm with respect
to test concentration 100mg/ml. The% RSD for linear-
ity solution isnot morethan 15.0%.Thereshould beno
non-linear trend at the ends of the plotted fitted line.

Hnalytical CHEMISTRY o

Correlation coefficient (R?) isSNLT 0.99.

Limit of detection (L OD) and limit of quantifica-
tion (LOQ)

LOD and LOQ of all residua solvents MeOH,
DEE, IPA, EA, TCE and TOL were determined by
Signd-to-Noisemethod. LOD and LOQ Solutionwere
prepared in therange of 0.03% and 0.1% with respect
totest respectively and injectedinsix times. Thesignd-
to-noiseratio (S/N) in LOQ solution should be about
10:1 for dl resdua solvents. Thesigna-to-noiseratio
(S/N) inLOD solution should beabout 3:1 for dl re-
sdua solvents.

Linearity in presenceof samplematrix (Recovery)

Accuracy of the method was determined by re-
covery studies. MeOH, DEE, IPA, EA, TCEand TOL
werespikedin pre-analyzed test of zonisamideand its
percent recovery was determined. The dataof Recov-
ery solution (Matrix solution) doneaspart of Accuracy
experiment isused to establish thelinearity in presence
of sample matrix. Each Recovery solution (20% to
200%) is spiked in pre-analyzed test of zonisamide
analyzed. The corrected concentration and the corre-
sponding peak areaare used to estimatethelinearity.
Themean vauesof the determinationsfor thesix sol-
vents studied were should be between 80% to 120%.

The% RSD for recovery solutionisnot morethan
15.0%. Corrélation coefficient (R?) isNLT 0.99.

CONCLUSIONS

Thetest method for theResidud Solventsanaysis
for of zonisamideis specific, precise, accurate, linear
and rugged. Hencethe method can be used for thees-
timation of Residua solvent of zonisamide. Anexcel-
lent resolution (R) obtained for al solvents; between
MeOH and DEE is9.81, DEE and IPA is5.05, IPA
and EA is18.19, EA and TCE s 16.58, and TCE and
TOL i1s23.43. Tailing factor (TF) for Methanol 1.32,
Diethyl ether 1.12, IPA 1.09, Ethyl acetate 1.07, TCE
1.02 and Toluene 1.01 was obtained and theoretical
plate (TP) for Methanol 17539, Diethyl ether 12806,
IPA 13279, Ethyl acetate 15633, TCE 16309, Tolu-
ene52334. The described found to be precise %RSD
for standard between 3.9% to 5.53% and for test be-
tween 1.71%t0 3.17% and rugged as % deviation with
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precision result did not deviate significantly between
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4.91%1t08.90% (TABLE 3, 4).
TABLE 3: System suitability results

Name of the Solvents
MeOH DEE IPA EA TCE TOL
241 334 399 7.39 1262 21.66

Parameters Sub Parameters

Retention Time (RT)

Tailing Factor (TF) 132 112 109 107 102 101

System  (NMT 2.0%)
Suitability Theoretical plate (TP)
(NLT 2000) 17539 12806 13279 15633 1630952334

Resolution (R) (NLT 2.0 %) 9.81 505 18.19 16.58 23.43
Note : RT- Retention Time, TF - Tailing Factor, TP - Theoreti-
cal plate, R- Resolution, ND-Not detected, MeOH- M ethanal,
DEE-Diethyl ether, IPA-1sopropy! alcohol, EA-Ethyl acetate,
TCE- 1,1,2-Trichloroethene, TOL-Toluene

TABLE 4: Precision and ruggednessresults

Name of the Solvents

- Parameters  Sub Parameters

MeOH DEE IPA EA TCE TOL
. 0.0 £0 12,2 15.C 200 25-.0 20.0 5.0 rr-u'-z C{S“\R/rgralg?);&andard 390 553 460 546 528 547

Figurel: GC Chromatogram of working sandard solution.  precision (()/RSD for")Test

. . . . 0

Chromatogram with peak r etention timefor r espective sol- (NMT 15%) 171 ND 317 ND ND 217
vents, M ethanol 2.4, Diethyl ether 3.3, PA 3.9, Ethyl acetate Rugged % RSD 182 085 1.750.93 0.79 0.93
7.4, TCE 12.6, Toluene 21.6 and DM A (diluent) 30.4 YOO o4 b with precison 491 ND 589 ND ND 890

Linearity of the method was evaluated from trip-
licateinjectionsof standard solutions of mixtures of
analytes prepared in diluents with aconcentration
ranged from 20% to 200% of MeOH 61.3-613 ppm,
DEE 103.3-1033 ppm, | PA 100.6-1006, EA 100.6-
1006, TCE 2.28-22.8 ppm and TOL 17.8-178 ppm.
The %RSD of the peak areain therange of MeOH
0.15-6.04 %, DEE 0.23-6.89%, IPA 0.21-7.48%,
EA 0.09-7.89%, TCE 1.0-7.76%, and Toluene
0.16-7.76% respectively. Linear for all solvents, there
isno non-linear trend at the ends of the plotted fitted

line, Correlation coefficients (R?) wasfound to be
morethan 0.99 was obtained for each individual sol-
vent in this study. LOD and LOQ for all solvents
were determined by Signal-to-Noise method. LOD
for MeOH is 1.85 ppm, DEE is 3.1 ppm, IPA is
3.02 ppm, EA is3.02 ppm, TCE is0.07 ppm, TOL
1S0.55 ppm and LOQ for MeOH is6.13 ppm, DIE
i1$10.33 ppm, IPA is 10.06 ppm, EA is 10.06 ppm,
TCEis0.228ppm, TOL is1.85 ppm with respect to
zonisamide drug matrix (test concentration) respec-
tively (TABLEDS)

TABLES: Linearityand LOD and LOQ results

Name of the solvents

Parameters Sub Parameters

MeOH

DEE

IPA EA TCE TOL

Concentration pg/ml

61.3-613 103.0-1030 100.6-1006 100.6—1006 2.28-22.8 17.8—-178

% RSD 0.15-6.04 0.23-6.89 021-748 0.09-7.89 10-7.76 0.16-7.69
Linearity Correlation coefficient (r?) 0.999 0.996 0.998 0.997 0.996 0.996

LOD ppm 1.85 3.10 3.02 3.02 0.07 0.55

LOQ ppm 6.13 10.33 10.06 10.06 0.228 1.85

Linearity in presence of sample matrix (recov-
ery) of the method was eval uated from triplicate in-
jections of standard solutions of mixturesof analytes
prepared in diluentswith a corrected concentration
with respect to precision test result ranged from 20%
to 200% of MeOH 73.59-735.9 ppm, DEE 100.35-
1003.5 ppm, IPA 135.77-1357.7, EA 100.59-
1005.9, TCE 2.28-22.8 ppm and TOL 19.87-198.7

ppm. The %RSD of the peak areain the range of
MeOH 0.46-7.56 %, DEE 0.14-2.37%, |PA 0.29-
6.19%, EA 0.39-1.98%, TCE 0.32-3.76%, and
Toluene 0.22-1.18% respectively. Linear for all sol-
vents, thereisno non-linear trend at the ends of the
plotted fitted line, Correlation coefficients (R?) was
found to be more than 0.99 was obtained for each
individual solvent in this study Accurate, the %Re-
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covery isbetween 94.0%to 103.3% for all solvents.

(TABLE6).

TABLE6: Linearity I n presenceof samplematrix (Recovery) results

Name of the solvents

Parameters Sub Parameters
M eOH DEE IPA EA TCE TOL

ggr’r‘]c(esrgirlfte'[;” M 73597359 100.35- 10035 135.77—1357.7 100.59— 1005.9 2.28— 22.8 19.87 — 198.7

Linearity with

samplemarix % RSP 0.46-756  0.14-237 0.29-6.19 0.39-198 0.32-376 0.22-118
Correlation 0.999 0.999 0.999 0.999 0.999 0.999
coefficient (r°)

Accuracy % Recovery 96.31 92.37 103.3 94.0 97.5 94.2

This demonstrates that the developed GC-HS
method isnew, Ssmple, linear, accurate, sensitiveand
reproducible. Thus, the devel oped method can beused
for thedetermination of residud solventsin zonisamide.

REFERENCES

[1] Shah, Jaymin, Kent Shellenberger, M.Daniel
Canafax; (2002-06-15), ‘Zonisamide’. In Rene
H.Levy, Richard H.Mattson, Brian S.Meldrum,
Emilio Perrucca(Ed.); Antiepileptic Drugs (5" Ed.).
Philadel phia: Lippincott Williams & Wilkins, ISBN
0-7817-2321-3, 873 (1972).
Y.Masuda, Y.Utsui, Y.Shiraishi, T.Karasawa,
K.Yoshida, M.Shimizu; Epilepsia, 20, 623 (1979).
J.C.Sachellares, P.D.Donofrio, J.G.Wagner,
B.Aboukhalil, S.Berent, K.Aasved-Hoye; Epilepsia,
26, 206 (1985).
[4] A.JWilensky, PN.Frid, L.M.Ojemann, C.B.Dodrill,
K.B.McCormick, R.H.Levy; Epilepsia, 26, 212
(1985).

[2]
[3]

K.Furuno, R.Oishi, Y.Gomita, K.Eto; J.Chroma

togr.B, 656, 456 (1994).

T.Shibata, T.Yamashita, S.Morita; Jpn.J.Hosp.

Pharm., 18, 230 (1992).

M.Nakamura, K.Hirade, T.Sugiyama, Y.Katagiri;

J.Chromatogr.B, 755, 337 (2001).

J.S.Fritz, Z.Yan, PR.Haddad; J.Chromatogr.A, 997,

21 (2003).

ICH [Validation of Analytical Procedures: Method-

ology (Q2R1)], International Conference on Har-

monization, Food and Drug Adminigtration,USA, No-

vember, (1996) and (2005).

[10] Ph.Eur.Method, 2.2.46 Appendix Il Chromato-
graphic Separation Technique.

[11] ICH [Impurities in New Drug Substances
(Q3A(R2)], International Conference on Harmoni-
zation, Food and Drug Administration, USA Cur-
rent Step 4 Version dated 25 October, (2006).

[12] ICH [Impurities Guideline for Residua Solvents

(Q3C); (CPMP/ICH/283/95)], International Confer-

ence on Harmonization, Food and Drug Adminis-

tration, USA Current Step 4 Version dated March

(1998).

[5]
[6]
[7]
8]
[9]

Hnalytical CHEMISTRY o
A Tndéan W



