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ABSTRACT

A sensitive GC-M S method was devel oped and validated for the content of
Ethyl-p-toluene sulfonate and | sopropyl-p-toluene sulfonate in Tenofovir
Disoproxil Fumarate by GCMS. RX1-1 mscolumnwassel ected with electron
impact ionization technique, Quadrupol e mass analyzer. Method is sensi-
tive, precise, accurate and linear as per the parameters conducted for the
validation activity. Calibration curve showed good linearity over the con-
centration range L OQ to 150% of the evaluation level. Limit of detection
and Limit of Quantification for Ethyl-p-toluene sulfonate is 0.15ug/g
(0.006pg/mL) and 0.45ug/g (0.019ug/mL) respectively. Limit of detection
and Limit of Quantification for |sopropyl-p-toluene sulfonateis0.21ug/g
(0.008ug/mL) and 0.65pg/g (0.026pg/mL) respectively. Also method is evalu-
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ated for accuracy at 50 to 150% of the eval uation limit.
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INTRODUCTION

Tenofovir Disoproxil Fumarate belongsto aclass
of antiretroviral drugs as nucleotide anal ogue tran-
scriptaseinhibitors (NRTIS), which block reversetran-
scriptase, an enzyme crucia to viral production.
Tenofovir Disoproxil Fumarateisapro drug form of
Tenofovir andisavailablein fixed dose combination
with Emtricitabinefor onceinaday dosing. Alsoitis
adsoavailableincombination of Tenofovir, Emtricitabine
and Efavirenz, whichissingledosedaily treatment for
HIV. Tenofovir isapproved for thetreatment of HIV as
well asfor thetreatment of chronic hepatitisB.

Duringthemanufactureof Tenofovir, useof P-Tolu-

ene sulfonic acid in early stages and further use of
acoholslikelsopropyl acohol and Ethyl dcohol leads
to therequirement to check the presence of |sopropyl-
p-Toluene sulfonate (IPTS) and Ethyl-p-Toluenesul-
fonate (ETS). IPTS aswell asETS are the potential
genotoxicimpuritiesasthey areknownto inducege-
netic mutationsand chromosomal abbreviations. Asper
the EMEA guiddine, maximumdaily exposurekept for
theseimpuritiesis 1.5ug per day!. Based onthemaxi-
mum daily dosethelimit for these mentioned impurities
isdecided as5ug/g for individual impurity and at the
same time sum of both has to be less than Spg/g in
Tenofovir API. Also the parametersto be studied for
establishing method parametersare decided based on
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thelnternationa conference on Harmonisation guide-
linesfor vdidation3.

Previoudy different co-workershaveworked on
determination of benzene sulfonatesand aky benzene
sulfonatesat tracelevel using different analytical and
sample preparationtechniques. Wollein U et.al and co-
workers have worked on for the analysis of alkyl
mesylatesand akyl besylatesusing GC-M Swith di-
rect injection technique™. G E. Taylor and co-workers
haveworked on determination of tracelevel quantifi-
cationof dkyl benzenesulfonatesand benzenesulfonates
with LC-MStechniquée®. Also literature can be seen
onthequantification of Ethyl and Methyl p-Toluenesul-
fonates in active pharmaceutical ingredients using

Tenofovir disoproxil fumarate

Tosylates
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Figurel: Chemical structureof Tenofovir Disoproxil fuma-
rateand related tosylatesimpuritiesproposed for analysis
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HPLC-UV techniqué®. D. P. Elder and co-workers
havereviewed thedifferent approaches and techniques
used inanayzing the potentia genotoxicimpuritiesus-
ing GC and HPL C techniqueswith different detection
techniques”. Interesting approach used for the analy-
ssof thesedkylaingimpuritiesisinStu derivatisation
using Pentafluoro thio phenol asderivatisation reagent®.
Quantification of tenofovir by HPLC!®9, tenofovir by
UV Spectrophotometric methods*”. In thisapproach
different diluent composition arestudied with Heedspace
GC and M Sas detection technique.

EXPERIMENTAL

Materials

Reagents used during the devel opment and vdida
tion activity areof theanalytical gradeand with quality
testing certificate. Batches used for devel opment and
vaidation activity are of thecommercial grade. n-Hex-
aneisused asdiluent for the preparation of al thestan-
dard solutionsaswell as sample preparation.

GC-M Soperating conditions

Completeandyticd development and validationac-
tivityiscarried out with Shimadzu GCM SQP-2010with
Quadrupole massand yzer and software control usedis
GCMS solutionversion 2.61. Rxi-1Imscolumnisused
for the activity with length 60 meter. Column oven
programmeusadisasinitid temperature 130°C and ini-
tiad holdingtimeof 5min, thenthetemperatureisraised
t0250°C at the rate 10°C/minute and the final tempera-
tureholdiskept for 3 minutes. Injector port temperature
ismaintained at 220°C. Ion source temperature and In-
terface temperature are programmed at 200°C and
220°C respectively. Helium is used as the carrier gas
with constant linear velocity 26.6 crm/sec. lonization en-
ergy usedfor theoptimumionizationis70eV.

For better sengitivity and specificity SIM modeis
used for theanalysis. Based on Mass spectraof both
the components m/z val ues screened for SIM mode
are 91, 155, 172, 200 and 214.

Preparation of solutionsfor analysis

n-Hexaneisused asblank andisaso used asdiluent
for the preparation of sandardsaswell as samplesolu-
tions.

Standard solutionisprepared by weighingand dilut-
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Linearity of Ethyl-p-Toluene sulfonate
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Figure3: Chromatogram of blank solution

ing 25mgof eachi.e. Ethyl-p-Toluenesulfonateand Iso-
propyl-p-Toluene sulfonate to 50mL with n-Hexane.
Further the 1.0mL of resulting sol utionisdiluted to 50mL
andisused as Standard stock solution. Standard stock
solutionisfurther diluted 50 timeswithn-Hexaneandis
usad asfind sandard solution. Concentration of fina stan-
dardsolutionis5.0ug/gi.e. 0.2ug/mL.

Tenofovir samplesolutionisprepared by weighing

and diluting 0.200g of sampleto 5mL with n-Hexane
and sonicated theresulting solution for 5 minutesand
supernatant solutionisusedfor theanalyss.

RESULTSAND DISCUSSION

M ethod devel opment
First of all theeval uation limits established based
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Figure4: Chromatogram of Sandard solution at Specification concentration SIM mode (Retention time: 13.751min: ETS,

14.141 min: IPTYS)
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Figure6: Chromatogram of Spiked samplesolution (Retention time: 13.749 min: ETS, 14.139min: IPTS)

on daily dose correlation and is proposed as 5ug/g.

Diluents used for development activity are
Dichloromethane, Methanal, 1sopropanal, n-Hexanebut
based on therecovery and | east interference observed
at theretentiontime of analytes, n-Hexaneisfinalized
asdiluent. Column used for thedevelopment trialsare
DB-5, DB-1, DB-624 and Rtx-1301 with different di-
mensions. Findly based on peak performanceand mini-

mum baselineinterference, Rxi-1 mswithlength 60
meter, interna diameter 0.25 mmand 0.25 pum film thick-
nessischosen assuitable.

Solvent cut timeisa so proposed for theandysisas
itwill reducethe unnecessary exposure of M Sto diluent
components. Solvent cut timeiskept upto 10.0 minutes
fromthestart of acquisition. Also, MSacquistioniskept
‘ON’ between 13.0to 14.5 minutes, this is the range in
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Figure7: Spectrum of Ethyl-p-toluenesulfonate
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Figure8: Spectrum of | sopr opyl-p-toluenesulfonate

which ETSand IPTSared uted out of the column. Pur-
pose behind proposing the M S acquisition rangeisto
avoid theunnecessary exposure of M Sto samplecom-
ponentswhich arenot of our analysisinterest.

Further based onthefull scan of ETSand IPTSin
them/z range 10-500 amu; SIM modenvz isfinaized.
For analysis purposethem/z values selected for SIM
mode are 91, 155,172, 200 and 214. Spectra of the
analytes are compared with reference spectrain the
NIST library.

M ethod validation

Devel oped method is proposed for the complete
validationto proveitsuseintheroutineanayss. Vali-
dation activity is planned on thebasi s of International
Conference on Harmonisation validation guideline.

System suitability
Whilegtarting every activity, sSix injectionsof stan-

dard solution wereinjected inthesystem as system suit-
ability solution. System suitability criteriakeptisas15
% relative standard deviation for peak arearesponses
of every component.

Specificity, Limit of detection and limit of quantifi-
cation

Specificity isperformed by injecting al thesolvents
in the process and concluded that no interferenceis
observed at the retention time of anayte peaks.

Cdlibration curvemethodisused for establishment
of LOD and LOQ. For LOD and LOQ prediction,
standard solutionsranging between 0.1ug/g and 1.9ug/
g were prepared and injected into the GC-MS. Fur-
ther based on the calibration curveand resulting Slope
and STEY X vauesLOD and LOQ vauesareobtained.
LOD and LOQ vauesobtained for ETSare0.15ug/g
and 0.45ug/g respectively (0.006pg/mL and 0.018ug/
mL). LOD and LOQ values obtained for IPTS are
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0.21pg/g and 0.65ng/g respectively (0.008pug/mL and
0.026pg/mL).The RSD % obtained during LOQ pre-
cisionfor Ethyl-p-toluenesulfonateis 2.1 and Isopro-
pyl-p- toluenesulfonateis4.4
Linearity

Linearity of themethodisproved on completequan-
tification rangei.e. from LOQ to 150% of the Speci-
fied limit. Linearity curveisplotted with peak areas
against the concentration of respectiveanalyte. Linear-
ity equation observed for Ethyl-p-Toluenesulfonateis
(y=31704x + 1112) and for Isopropyl-p-toluene sul-
fonateis(y = 16393x -1251). The correlation coeffi-
cient values observed are 0.99975 and 0.99822 for
ETSand IPTSrespectively whichisvery good at such
alowlevd.

Precision and accuracy

System precision resultsobserved are 2.8 and 4.2
respectively for ETSand IPTS. Method precision ac-
tivity iscompleted by spiking the Tenofovir Disoproxil
fumarate samplewith standard sol ution at the specifi-
cation limit asboth anal ytes were not detected inthe
sampl ebatches. Results of the precision observed are
compared on thebasisof % RSD, whichisobserved
tobe1.3and 2.1 respectively for ETSand IPTS.

Themeanresultsobtained at threeaccuracy levels
i.e 50%,100%and 150% are in the range of 97% to
102% for Ethyl-p-toluene sulfonate and | sopropyl —p-
toluenesulfonate.

Mass spectral analysis

Retentiontimeof ETSis13.7 minutesand IPTSis
14.1 minutes. Based on theretention time of both the
components M S acquisition iskept on between 13.0
minutes and 14.5 minutes. Ethyl-p-Toluene sulfonate
mass spectrashowsfragmentsat 200, 172, 155, 107,
9l1and 65. Similarly Isopropyl-p-Toluene sulfonate
shows fragments at 214, 172, 155, 107, 91 and 65
respectively. Spectraof both the componentsiscom-
pared and matched with NIST spectrum library.

CONCLUSION
Method isdevel oped and validated for the content

of Ethyl-p-Toluene sulfonate and Isopropyl-p-Toluene
sulfonatein Tenofovir Disoproxil Fumarate. Based on

the parameters performed as per ICH guidelinesand
analysisof threecommercial batches, itisconcluded
that themethod isprecise, Accurate, Linear, sensitive
for theanays spurpose. Also themethodis suitablefor
theanalysisof regular batches astheresults obtained
areshowinghighlevel of consistency and repeatability.
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