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High performance liquid chromatography with PDA detector for combined
determination of emtricitabine, tenofovir and efavrenz
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ABSTRACT

A simple, rapid, precise and accurate reverse-ph&$tl.C method was developed and validated for the
simultaneous determination of emtricitabine, ternofand efavirenz in commercial tablets. The methad shown
adequate separation for emtricitabine, tenofovidafavirenz. Separation was achieved on Inerts8 260 mm x
4.6mm; 5 um) column using isocratic method wit®@DPA: Methanol (55:45) system at room temperature the
detection was carried out at 260 nm using photoeliaday (PDA) detector. The linearity of the propdsmethod
was investigated in the range of 20x60ml (=0.9999), 30-90g/ml (*=0.9999), 60-180g/ml (*=0.9988) for
emtricitabine, tenofovir and efavirenz respectivdifze limit of detection (LOD) was 0.066, 0.154@ &n353 for
emtricitabine, tenofovir and efavirenz respectivdifie limit of quantification (LOQ) was 0.290, 0/@7and 1.176
for emtricitabine, tenofovir and efavirenz respeely. The relative standard deviation (RSD) ofreplicates is less
than 2%. This HPLC method is applied successfuallyhe simultaneous quantitative analysis of eniabine,
tenofovir and efavirenz in commercial tablets.

Key words: Emtricitabine, Tenofovir, Efavirenz, HPLC, Simuitous Determination.

INTRODUCTION

Emtricitabine [1,2], 4-amino-5-fluoro-1-[(2R,5S){Bydroxymethyl)-1,3-oxathiolan-5-yl]-1,2-dihydropgridin-2-
one (Figure 1), is a nucleoside reverse transagpitahibitor belonging to the class of compoundsvkm as 3'-thia
pyrimidine nucleosides.. The drug works by inhifgtireverse transcriptase, the enzyme that copigsRMA into
new viral DNA. By interfering with this process, igh is central to the replication of HIV, emtridiiae can help to
lower the amount of HIV, or "viral load", in a patit's body and can indirectly increase the numibémmune
system cells (called T cells or CD4+ T-cells). Boththese changes are associated with healthieuimensystems
and decreased likelihood of serious illness.
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Figure 1: Structure of emtricitabine

Tenofovir [3,4] chemically known af[(2R)-1-(6-amino-9H-purin-9-yl)propan-2-ylloxy}mtayl)phosphonic acid
(Figure 2). Tenofovir belongs to the class of compis known ag-aminopurinesTenofovir inhibits the activity of
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HIV reverse transcriptase by competing with theurst substrate deoxyadenosine 5'-triphosphate aifter
incorporation into DNA, by DNA chain terminationpé&ifically, the drugs are analogues of the nalyi@curring
deoxynucleotides needed to synthesize the viral Caxd they compete with the natural deoxynucleotiibes
incorporation into the growing viral DNA chain.
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Figure 2: Structure of tenofovir

Efavirenz [5,6] is a non-nucleoside reverse traptase inhibitor (NNRTI) and is used as part ofhiygactive
antiretroviral therapy (HAART) for the treatment afhuman immunodeficiency virus (HIV) type 1. Efaviz
belongs to the class of compounds known as benzwm@aZhemically, it is described as (4S)-6-chlon24
cyclopropyl ethynyl)-4-(trifluoromethyl)-2, 4-dihyd-1H-3, 1-benzoxazin-2-one (Figure 3). Efaviresalso used
in combination with other antiretroviral agents part of an expanded postexposure prophylaxis reyitoe
prevent HIV transmission for those exposed to neteassociated with a high risk for HIV transmissi

Figure 3: Structure of efavirenz

The literature reports, many methods for simultaisequantitative determination of Emtricitabine, dfvir and
Efavirenz in bulk, tablet dosage form, capsule dedfarm and human plasma. These methods includdtsineous
estimation of Emtricitabine, Tenofovir and Efavieeby UV spectrophotometry [7, 8, 9] HPTLC [10] aH&LC
[11-15] method.

The aim of the present investigation is to devedad validate a sensitive, precise and accurate REGHMethod
for the simultaneous quantification of EmitricitabjnTenofovir and Efavirenz in bulk and in its conda
pharmaceutical formulation.

MATERIALS AND METHODS

Apparatus
A Waters 2695 alliance with binary HPLC pump eqeigppvith Waters 2998 PDA detector and Waters Emp@wer
software is used in the present investigation.

Mobile phase

The solvents and chemicals used in the preparaiamobile phase were of HPLC grade and analyticale,
respectively. The mobile phase used is 0.1%@mrAmethanol in the ratio of 55:4B.. The mobile phase is filtered
before using, through millipore membrane filter aledjassed for 15 min by sonication.

Chromatographic conditions
Inertsil C18 (250 x 4.6 mm; 5 um particle siamplytical column was used for separation and $anebus analysis
of the Emtricitabine, Tenofovir and Efavirenz. Ttmumn temperature was maintained at 30& I'he separation
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was carried out under isocratic elution. The flaterwas maintained 1.0 ml/min. The injection voluwes 1@l
The selected drugs were analyzed using a PDA deteatering the range of 200-400 nm.

Standard solutions

The standard stock solution was prepared by disgpR0O0 mg of emtricitabine, 300 mg of tenofovida&00 mg of
efavirenz in 100 ml mobile phase. Working standaniditions equivalent to 20-6@®/ml emtricitabine, 30-9@.g/ml
tenofovir and 60-18@g/ml efavirenz was prepared from stock solutiorappropriately diluting the stock standard
solution with the mobile phase.

Sample Solution

Ten tablets were weighed and crushed to a fine powthe powder equivalent to dissolving 200 mg of
emtricitabine, 300 mg of tenofovir and 600 mg afveéfenz was taken in a 100 ml volumetric flask eimig 20 ml

of mobile phase, sonicate for 20 min and made upatk with the same solvent. The resultant mixtuas filtered
through 0.45 um filter paper. The resultant solutizas diluted appropriately with the mobile phaseét a final
concentration of 20fig/ml emtricitabine, 30Qg/ml tenofovir and 600y/ml efavirenz.

RESULTS AND DISCUSSION

HPLC parameters optimization

Chromatographic parameters such as mobile phas@asition, wavelength of detection, column and caium
temperature were optimized to achieve better efficy of the chromatographic system. Two HPLC aitalit
columns, Zorbax C18 (150 mm x 4.6 mm yr®) and Inertsil C18 (250 mm x 4.6 mm »uB) were tested during
method development. The system suitability pararadtke tailing factor, resolution, and plate couvgre taken
into consideration. Based on the above said pamménertsil C18 (250 mm x 4.6 mm xBn) column was
finalized for simultaneous analysis of emtricitadhitenofovir and efavirenz. Different compositidmmbile phases
containing a mixturewv) of 0.1M CHCOONH, methanol and 0.1%0OPA were assessed in order ttage
composition of mobile phase. Finally the mixtureDaf% OPA and methanol in the ratio of 55¥8(was selected
as optimal as it produced well defined and welbhesd peaks of emtricitabine, tenofovir and efavirat a flow
rate of 1.0 ml/min and with column temperature 6fG For the detection and quantification of emtsbine,
tenofovir and efavirenz, 260 nm was selected asoffitenum wavelength. The retention time for emtaisine,
tenofovir and efavirenz was found to be 2.993, 9.&#in and 9.096min, respectively. A typical chroogmam is
given in Figure 4.
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Figure 4: Chromatogram of emtricitabine, tenofovir and efavirenz

Method validation

The optimized RP-HPLC method for simultaneous asdagmtricitabine, tenofovir and efavirenz was #ated
according to ICH guidelines [16, 17] with respexsystem suitability, linearity, sensitivity, aceay, precision and
robustness.

System suitability

Prior to analysis, the chromatographic system rsatisfy system suitability test requirements. Systiitability
test was assessed from five replicate injectionghef standard solution containing 200, 300 and @@GNI
emtricitabine, tenofovir and efavirenz, respectivélll the three peaks were well resolved and thecigion of
injections for all the peaks were acceptable. Téegnt relative standard deviation of the emtrigita, tenofovir
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and efavirenz peaks area responses were determairiexless than 1. The USP tailing factor and UBRpount
were also calculated. The results of system slittglm comparison with the required limits are shoin Table 1
and are found to be within the accepted limits.

Table 1: System suitability of the method

Parameters — Result; - Recommended limits
Emtricitabine Tenofovir Efavirenz
Retention time 2.993 7.129 9.096
6516518 9209798 10064097
Peak area (%RSD — 0.5) | (%RSD — 0.6)| (%RSD — 0.6) RSD=1
USP resolution - 13.67 4.14 >1.5
USP plate count 4290 4894 4896 > 2000
USP tailing factor 1.37 1.35 1.17 <2

Linearity and range

The linearity of the HPLC method was determined, tfte simultaneous assay of emitricitabine, tenofavid
efavirenz, by analyzing five different concentragoof each drug. The calibration curve was plobgdirea under
the peak responses of the three drugs againstatreesponding concentrations. Calibration curveseWinear over
the concentration range of 2Q@/ml emtricitabine, 30Qug/ml tenofovir and 60@g/ml efavirenz. The linearity
parameters such as regression equations and riegresefficients are given in Figures 5,6 and 7e Tésults show
a good correlation between the peak areas of tee tirugs and their corresponding concentrations.
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Figure 5: Linearity curve of emtricitabine
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Figure 6: Linearity curve of tenofovir
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Figure 7: Linearity curve of efavirenz

Sensitivity

The sensitivity of the method was assessed by ledileg limit of detection (LOD) and limit of quafitation
(LOQ). LOD was found to be 0.06&/ml, 0.1540ug/ml and 0.353g/ml for emtricitabine, tenofovir and efavirenz,
respectively (signal to noise ratio of 3:1). LOQsafaund to be 0.220 pg/ml, 0.5188/ml and 1.176.g/ml for
emtricitabine, tenofovir and efavirenz, respecti@ignal to noise ratio of 10:1). The low valuéd ©D and LOQ
demonstrate sufficient sensitivity of the HPLC nwath

Precision

Precision was determined by injecting six standaidtions of emtricitabine, tenofovir and efaviresith 200,300
and 600ug/ml concentrations, respectively. The peak areasewletermined. Relative standard deviation of
emtricitabine, tenofovir and efavirenz peaks wasnthalculated to represent precision. The resutsammarized

in Table 2. The low % RSD values indicated thatrtiethod is precise.

Table 2: Precision of the method

Emtricitabine Tenofovir Efavirenz
(200pg/ml) (300 ug/ml) (600 png/ml)
Peak are: | %RSD | Peakare: | %RSD | Peak are: | %RSD

6512630 9204211 10047271
6517531 9208534 10078508
6515340 0.05 9205694 10047477
6519176 ' 9201320 0.03 10061658 0.28
6511380 9206424 10005694
651355. 920743( 1001135!

Accuracy

Accuracy of the method was evaluated by recovergliss at three concentration (50%, 100%, and 136896)s by
standard addition method. The mean percentage edeswbtained were in the range of 99-100% fothedlthree
drugs (Table 3). The good % recovery values shaivednethod to be highly accurate.
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Table 3: Accuracy of the method

Drug Spiked Level | pg/ml added | pg/ml found | % Recovery | % Mean

50% 19.800 19.82 100

50% 19.800 19.82 100 100
50% 19.800 19.79 100
100% 39.60( 39.6% 10C

Emtricitabine 100% 39.600 39.63 100 100
100% 39.600 39.66 100
150% 59.400 59.47 100

150% 59.400 59.44 100 100
150% 59.400 59.47 100
50% 30.00( 29.8¢ 10C

50% 30.00( 29.8¢ 10C 100
50% 30.000 29.92 100
100% 60.000 59.79 100

Tenofovir 100% 60.000 59.78 100 100
100% 60.000 59.79 100
150% 90.00( 89.9% 10C

150% 90.00( 90.1¢ 10C 100
150% 90.000 89.67 100
50% 59.400 59.45 100

50% 59.400 59.50 100 100
50% 59.400 59.55 100
100% 118.80¢ 118.9: 10C

Efavirenz 100% 118.80( 119.2¢ 10C 100
100% 118.800 118.45 100
150% 178.200 178.41 100

150% 178.200 178.35 100 100
150% 178.200 178.36 100

Robustness
In order to show the robustness of the methodesystuitability parameters were evaluated by shgbdlrying flow
rate and column temperature. The parameters usaefitte robustness were retention time, USP tailaogor and
USP plate count. The results showed (Table 4)diigit variations in method parameters had a nidéigeffect on
the analysis.

Table 4: Robustness of the method

Drug Parameter Retention time | Peak area] USP Platedtint | USP Tailing
Flow 1 3.67¢ 815426 458¢ 1.42
Emtricitabine Flow 2 2.537 5602490 3917 1.44
Temperature 1| 3.671 80627438 4445 1.43
Temperature 2 2.530 5514877 3879 1.40
Flow 1 8.846 11425345 5482 1.38
Tenofovir Flow 2 6.190 7898337 4584 1.38
Temperature 8.851 1135096 558¢ 1.38
Temperature 6.17¢ 779587. 4521 1.37
Flow 1 11.250 12522932 5370 1.16
Efavirenz Flow 2 7.909 8701290 4197 1.21
Temperature 1| 11.256 12429156 5670 1.17
Temperature 7.89¢ 855502! 4371 1.2C
CONCLUSION

A RP-HPLC method has been reported for simultanemstgnation emtricitabine, tenofovir and efavireithe
proposed method gives good resolution of the alsaig drugs. The validation of developed method da®e as
per ICH guidelines and proved that method to bepkmsensitive, precise, accurate and robust. Eiielated
method was successfully applied to the determinatb commercially available pharmaceutical dosagenf
Hence, the method can be used for the routine tguadntrol analysis of pharmaceutical dosage focostaining
emtricitabine, tenofovir and efavirenz.
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