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ABSTRACT

A selective, sensitive, rugged and high throughpigth performance liquid chromatography tandem mass
spectrometric method was developed for the estimadif Emtricitabine in human urine using Abacavé an
internal standard (I1S). Emtricitabine and abacawiere extracted from urine by solid phase extractising Water
Oasis HLB cartridges. The samples were chromatdggdmn Hypurity Advance, 50 x 2.1, 5 column ugingpbile
phase consisting 5mM ammonium acetate: Acetonitdiethanol: (30:30:40 v/v). The chromatographic aegiion

is achieved in 2.6 min. The method was validateet @ concentration range of 0.50 pug/mL to 80.0@mlg
Method was validated for its sensitivity, seletyivaccuracy and precision, matrix effect, recovand various
stabilities. The validated method was used for gsialof urine samples. As per literature approxienaB86% of
emtricitabine is recovered in the urine unchangedde urine analysis can serve as a useful tooldpitor patient
adherence in HIV treatment.
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INTRODUCTION

Emtricitabine (FTC) is a potent deoxycytidine nudigle reverse transcriptase inhibitor has beenoapdrby US
Food and Drug Administration for treatment of hunimmunodeficiency virus (HIV) infection. In adultsTC has
demonstrated linear kinetics over a wide dose raamg® FTC 200 mg once a day (QD) is the recommended
therapeutic dose [1]. Following oral administratiemtricitabine is rapidly absorbed, with Cmax acing at 1 to 2
hours post-dose. The mean absolute bioavailatufigmtricitabine was 93%. Approximately 86% of enitabine
is recovered in the urine and 13 % is recoveremhaimbolites [2]. Urine analysis is useful tool immy diagnostic
applications like estimation of glucose in diabgtitients [3], estimation of heavy metal levelp@ople exposed to
heavy metals [4, 5]. Similarly urine estimation @so be used for monitoring of patient adherendesatment. We
developed method for estimation of emtricitabinendrurine with the aim of monitoring patient adhex@rto
antiretroviral treatment using urine analysis. @ntly available approaches to measure adherenbtgepatient
self report, physician’s assessment, electronicitoong, pill count and prescription—refill comptiae [6]. Urine
analysis can serve as a useful tool to monitorepathdherence. There are very few methods reportkrature
for estimation of emtricitabine from urine [1, T)e have developed a fast and simple LC-MS/MS metbodhe
estimation of emtricitabine from urine. Sample @nggtion was carried out using Water, Oasis, HLBrichyes
1cc/30mg to get clean samples. Abacavir is a nsideoreverse transcriptase inhibitor with antireial activity
against HIV [8]. Abacavir exhibit similar chemicatoperties as that of emtricitabine hence it wasduss internal
standard (IS). The method was validated by evalgdtie precision, accuracy and other validatiompaters from
human urine as mentioned in regulatory guideli®és [
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EXPERIMENTAL SECTION

Apparatus and Chromatographic conditions:

The system used was Shimadzu LC-VP HPLC Systemistomgs of LC-10AD Prominence pump, SIL-HTc
autosampler, CTO 10ASvp column oven and DGU-14Aadsgr was used to setting the reverse-phase LC
conditions. The separation of analyte and intestahdard was performed on Hypurity Advance, 50 X Bu
column at 30°C. The mobile phase consisted 5 mM anium acetate: Acetonitrile: Methanol (30:30:40)viviow

rate of mobile phase was kept at 1 mL/min. Thel toh@gomatographic run time was 2.6 minutes. lonmaand
detection of analyte and internal standard wasezhout on triple quadrupole mass spectrometer, NBOEX API
3200 (Toronto Canada) equipped with ESI operatingasitive ion mode. Quantitation was performechgdsvRM
mode to monitor protonated precurser product ion (m/z) transitions for emtricitabined&05—-130.01and for
Abacavir 287.26-191.20.. Data processing and chromatographic iatiegr was carried out by using ‘Analyst
software version 1.4.2. The nitrogen evaporatoeduso evaporate the samples was procured from Eakah
Analytical Instruments. Deep freezers used foragferof plasma samples were procured from SANYO AMP
were used.

Chemicals and Reagents:

Emtricitabine and abacavir working standards wértaioed from Macleods Pharmaceuticals Ltd, Mumbalja.
Water was deionized and further purified with M{@i system (Millipore USA), Acetonitrile (HPLC gradend
Methanol (HPLC grade) was supplied by J. T. BakeB(A.), Ammonium acetate (AR grade) and Formid 4R
grade) were supplied by Thomas Baker (INDIA). SREr@dges used for sample preparation were WatesisOa
HLB cartridges 1cc/30mg.

Fresh frozen plasma containing dipotassium EDTAraanticoagulant was used during validation andyssample
analysis was collected in-house in Macleods Phagmtasals Ltd, Mumbai India. Plasma was stored @tC2before
sample preparation and analysis.

Standards and Working Solutions:

Stock standard solutions of emtricitabine contajrirmg/mL was prepared in methanol. Internal stechdamg/mL
was prepared by dissolving 10 mg of working staddarl mL formic acid and made up the volume tavilOwith
methanol. Intermediate dilutions and IS spikingitiiins were prepared from respective stock solatimn dilution
with 50% methanol in water. Calibration standards tdirine were prepared in the range of 512.37 ngtoL
80058.30ng/mL using eight concentration levels. Quality trohstandards were of three different levels low
(1560.82 ng/mL), medium (41074.22 ng/mL) and hig®403.27 ng/mL) were also prepared.

Sample Treatment:

50uL of IS dilution was added to 100puL of urine samghel vortexed. 5Q0- of water was added to these samples and
vortexed. These plasma samples were extracted aar@/®ASIS HLB SPE cartridges. Conditioning oftodges
was carried out with 1 mL methanol followed by 1 mater. Then 300uL of above prepared urine sampérs
loaded on the cartridges. The cartridges were wiaishiee with 1 mL of water. The samples were elwtéth 1 mL of
methanol. The samples were evaporated to dryneS8°at under nitrogen and reconstituted with 5 mbLratbile
phase.

RESULTSAND DISCUSSION

Optimization of Chromatogr aphic conditions and sample Clean-up

The method development was initiated to achieveyaale selectivity, sensitivity and minimize overafialysis
time. Optimum mass acquisition parameters were imdda by direct infusion of 500 ng/mL solution for
emtricitabine at flow rate of 10uL/min. This wasngdby maintaining optimized declustering poterdiadl ion spray
voltage at 26V and 4000V respectively. The presamdy was conducted using positive ESI as the s#@ybasic
in nature. The most stable and consistent produrctar emtricitabine was observed at m/z 130.0 fandbacavir
the most abundant ion seen was m/z 191.2 in thduptdon mass spectra. All the state file paramseteere
optimized to obtain a consistent and adequate nsgpfor the emtricitabine and IS. Chromatograpbiwditions of
the emtricitabine and IS was initiated under istcreonditions to obtain adequate response, sheag phape and a
short run time. Various mobile phase containing lsimation of volatile acids and buffers like formacid, acetic
acid, ammonium acetate with acetonitrile and methamre tried to get good, stable, reproduciblpoase and to
achieve specificity. Finally 5 mM ammonium acetafeetonitrile;: Methanol (30:30:40 v/v) combinatiomas
selected as mobile phase. Various columns wereaugteal for suitable peak shape, response and @ieotithe
analyte and IS. Best results were observed withudgpadvance, 50 x 4.6, 5u. The SPE technique apisnized
to obtain clean samples. Different techniques pketein precipitation and solid phase extractiorremvased for
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sample clean-up but protein precipitation technigias showing presence of interfering peak hencexiraction
procedure was finally optimized using solid phasgaetion HLB cartridges 1cc / 30 mg. During sanmmleparation
washing step was optimized using 1 mL water twoeino get cleaner samples so as to remove polarrities
which are present in urine sample. Elution of #umsle was carried out with 1mL of methanol. Abacaas used as
an IS in the present study as it showed similapmtatographic behavior and both the drugs were gatnely
extracted via solid phase extraction.

Method Validation:

Carryover effect

Carry over effect of the auto-sampler was evaluétgdequentially injecting solutions of mobile phand blank
after extracted high concentration sample contgieimtricitabine and IS (concentration equivaleni 6 times of
ULOQ) and its aqueous recovery comparison samptesilynificant carry over was observed when rinsiggle

before and after with 500uL of rinsing solution veguplied.

Specificity and Selectivity

Six different lots of urine were analysed to endina there is no endogenous interference preseheaetention
time of emtricitabine and IS. Six LLOQ level sangpfeom respective urine lots were prepared andyaedlwith
urine blanks. In all urine blanks, the area respaighe retention time of emtricitabine was léss1t20% of LLOQ
response and at the retention time of 1S, the sesponse was less than 5% of the mean IS resporiseQQ.

Representative chromatogram of blank sample isngivéig. 1.
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Fig. 1: Representative chromatogram of blank sample
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Fig. 2: Representative chromatogram of LLOQ sample

Lower Limit of Quantification (LLOQ)

Set of six LLOQ sample prepared in urine and preegslong with one set of calibration curve. Thedst limit of
guantification was set at the concentration of388.37 ng/mL (fig. 2). The precision and accuracylB0Q was
found to be 4.83% and 102.76%.
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Linearity

The linearity of the method was determined by asialpf eight point calibration standards. Threeairity curves
were analyzed. A regression equation with a weighfactor of1/x and 1fxof ratio of drug to internal standard
concentration were evaluated for better resulteims of accuracy. Finally ¥was used to produce the best fit for
the concentration-detector response relationshiprrefation coefficients ¢ were greater than 0.98 in the
concentration range of 512.37 ng/mL to 80058.36nhg(ULOQ fig. 3). Accuracy of all calibration stazdis was
within 85-115% except LLOQ where it was 80-120%.
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Fig. 3: Representative chromatogram of highest concentration sample

Matrix effect

Matrix effect may arise due to co-elution of som@ntended components present in biological samflbsse
components result in ion suppression / enhancendentease / increase in sensitivity of analyte aveeriod of
time, increase in baseline, imprecision of daté#t dr retention time and distortion or tailing chromatographic
peak. Thus assessment of matrix effect plays iraportole in method validation of quantitative LC-ME

method. The % CV of IS normalized matrix factot &C, MQC and HQC was 0.95, 1.01 and 1.03 respdgtive

Accuracy and Precision

The precision of the assay was measured as therecoefficient of variation over the concentratimmge of
LLOQ QC, LQC, MQC and HQC samples during the cowfsealidation. For determining the intra-day a@y
and precision, replicate analysis of plasma sampis performed on the same day. The inter-day acguand
precision were assessed by analysis of three pracisd accuracy batches on two different days. dtht@ined
precision and accuracy (inter and intra-day) aesnted in Table 1.

Table 1.Inter and intra-day accuracy and precision of emtricitabine

QC levels \ Mean Accuracy (04) Mean Precision (%R$D)
Intra day (n=12)

LLOQ QC 97.59 7.07
LQC 97.60 4.57
MQC 103.60 2.44
HQC 99.47 5.16
Inter day (n=18)

LLOQ QC 102.00 8.91
LQC 97.26 4.99
MQC 104.36 3.32
HQC 100.24 4.47

Recovery Study

The recovery study was performed by comparing mseg QC samples of three different concentratioiis w
agueous recovery comparison samples representfg £@traction. The recovery at low, medium and lgghlity
control level was found to be 88.12 %, 93.08 % &B@®8 % respectively. Recovery of IS was 93.65 %.

257



Halde Supriya et al J. Chem. Pharm. Res,, 2012, 4(1):254-259

Stability Studies

The stability of emtricitabine and IS was investéghin the stock and working solutions, in uringidy storage,
during processing, after three freeze-thaw cyctesia the final extract. The stability samples weoepared with
freshly prepared calibration curve and quality colrdgamples.

Freeze Thaw (FT) Stability

For freeze thaw stability, retrieval of samplegetbat -50°C was carried out after 24 hrs for fif§tcycle and then
two more FT cycles were carried out after at |d&shrs of freezing for each cycle. The samples ieuad to be
stable after three FT cycles. Summary of stabdl#ta is presented in Table 2.

Bench Top Stability

Bench top stability, using six sets each of LQC H@IC was evaluated by placing quality control sast room
temperature for 5 hours. The plasma samples werredfto be stable for 5 hours at room temperatwerSary of
stability data is presented in Table 2.

Auto Sampler Stability
In assessing the auto-sampler stability, QC sanmpbsed in the auto-sampler, were injected afteh8urs. The
samples were found to be stable for 51 hours at 8&@mary of stability data is presented in Table 2

Stock Solution Stability

Bench top stock solutions stability and refrigerattmck solutions stability was evaluated by injegtsix replicates
of stock dilutions of both stability and comparisstock solution of emtricitabine and acyclovir. T8teck solutions
of emtricitabine and acyclovir were found to bebtefor 23 hours and 16 hours respectively at reemperature and
in refrigerator stock solutions were found to kabk for 5 days 17 hours.

Table 2. Summary of stability data

Stability QC level FE;Z cci:s\i/())n Accmgi; %) Stability Duration
sernrop | L0 | 103 [ 2088 |
Freeze Thaw ::'%g %El)g gzig 3 Cycles
Autosampler ::'%g ggg 1232531 51 hrs

Each mean accuracy, % CV of each stability repressix observations (n=6) of corresponding QC Isvel
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Fig. 4: A representative graph of Urine Emtricitabine Concentration in subject

Clinical Sample analysis

Design of the urine study was a single dose, crassstudy on 12 healthy, adult human subjects. dJsamples
were collected at time intervals of 0-4 hrs, 4-8,1@-12 hrs, 12-24 hrs, 36 hrs, 48 hrs and 72Aitghe collected
samples were then analysed by above mentionedatedidnethod. The results obtained were then stddrethe
presence of emtricitabine in urine samples. Meddereoncentrations were obtained till 36 hrs butin@!8 hrs and
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72 hrs time points. Recommended dose of emtriciealis 200 mg once in a day. Since urine conceatratof
emtricitabine are observed even after 24 houss ossible to find out that if a patient has beden emtricitabine
tablet in last 24 hrs or not, just by doing urimealgsis of patient. Thus urine sample analysis helphecking
patient adherence to the treatment. The proceduralso help in screening of human volunteers ifmeduivalence
study of emtricitabine. A representative graph iifi@ emtricitabine concentration obtained in deditiene interval
is given in fig.4

CONCLUSION

A simple sensitive, selective, precise and accut&eMS/MS method for the determination of emtribitze in
human urine was developed. This method can beeudbplied to analysis of emtricitabine from humaine.
Urine analysis can serve as a useful tool to momiadient adherence in HIV treatment. The methadalao used
for the screening of subjects for the study of aitébine.
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