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ABSTRACT

A simple, sensitive and validated UPLC method has been developed to
determine Emtricitabine, Tenofovir and Efavirenz simultaneoudly in syn-
thetic mixture form. Chromatographic separation was achieved on a BEH
Phenyl column using amixture of buffer pH 6.5, Methanol and Acetonitrile
intheratio of 45:27.5:27.5 (v/v) at awavelength of 260nm. Linearity of the
method was found to bein the concentration range of 0.026-0.079ug/ml for
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Emtricitabineand 0.024-0.088ug/ml for Tenofovir and 0.08-0.24ug/ml Efavirenz
with correlation coefficient greater than 0.999. Thetotal eluting timefor the
three components is less than 1.5 minutes. The method can be used for
simultaneous determination of Emtricitabine, Tenofovir and Efavirenz.
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INTRODUCTION

Tenofovir disproxil fumerate, emtricitabineand
efavirenz*® areanovel formulation combining fixed
dosesof thenucleosidereversetranscriptaseinhibitors
emtricitabine (200mg) andtenofovir disproxil fumerate
fumarate (300mg) withthe non-nudeosdereversetran-
scriptaseinhibitor efavirenz (600mg) representsthefirst
once daily, one-tablet antiretroviral regiment©,
Tenofovir disproxil fumeratefumerateischemicaly
know as 9-[(R)-2-[[bis [[isopropoxycarbonyl] oxy]
methoxy] phosphonyl] methoxy] popyl] adenine Fu-
marate. Emtricitabineischemicaly 5-fluoro-1-(2R, 59)-
[2-hydroxymethyl)-1, 3-oxathiolan-5-ylcytosineb.
Efavirenz¥ is(4S)-6-chloro-4- (cycl opropylethynyl)-
1, 4-dihydro-4-(trifluoromethyl) 2-H-3, 1-benzo-
xazin2-one. Literature survey revea sfew Chromato-
graphic methods**? for the determination of tenofovir

disproxil fumerate, emtricitabineand efavirenz, inbio-
logical fluidsaong with other antiretrovira dugs. So
far, only one HPL C procedure has been reported in
gradient modefor the estimation of Tenofovir disproxil.

Fumerate, Emtricitabineand Efavirenz from phar-
maceutica dosageform*4. Theavailability of anHPLC
method with high sensitivity and selectivity will bevery
useful for thedetermination of tenofovir.

Digproxil fumerate, emtricitabineand efavirenzin
pharmaceutica formulations. Theaim of thestudy was
to develop asimple, precise and accurate reversed-
phase UPL C method inisocratic modefor theestima:
tion of tenofovir disproxil fumerate, emtricitabineand
efavirenzin bulk drug samplesandin pharmaceutical
dosageforms.

We describein this paper asimple, sensitiveand
validated UPLC method with total runtimelessthan
Five minutes for the simultaneous determination of
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Figure3: Efavirenz

emtricitabine, efavirenz and tenofovir disoproxil fuma:
rate the devel oped method can be applied successfully
for quaity control and for other analytical purposes.

MATERIALAND METHODS

Chemicalsand reagents

Emitricitabine, Efavirenz and Tenofovir disoproxil
fumarate reference substanceswith claimed purity of
99.70%, 99.79% and 99.65% respectively weretaken
from Preci se Pharmaceuticals. M ethanol and Acetoni-
trile(HPLC grade), Triethyl amineand orthophospho-
ricacid (analytical reagent grade) were purchased from
Merck (Mumbai). All excepients used were of phar-
maceutica grade. Water for injection wasused through-
out the experiment. Mobile phase wasfiltered using
0.2um cdluloseacetatefiltersmadeby Millipore (USA)
whereas; Syringefilter 0.2um (cellul ose acetate pur-
chased from thelocal market) were usedinthe prepa-
ration of sample solution.

Apparatusand chromatogr aphic conditions

UPL C gpparatus consisting of Water’s UPLC sys-
tem (Aquity system) equipped with aBinary solvent
manager model UPB, UPD PDA detector (set at
260nm), and thermostat column compartment Interface
modulewith Empower-2 UPLC softwarewas used for
development and evaluation of thismethod. Acquity
UPLC BEH Phenyl 1.7um 2.1 x 50mm column was
selected. The Solution -A is0.2% TEA in water pH
6.5+ 0.05 with Orthophosphoric acid and Solution-B
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Figure2: Tenofovir disoproxil fumarate

Methanol and acetonitrilein theratio of 50: 50 (v/v).
The mobile phase was composed of Solution-A and
solution-B inratio of 45:55(v\v). Anexterna standard
method was used and the flow ratewas 0.5ml/min.and
Columntempis40°C the UPLC systemwas operated
at room temperature 25°C-20°C. And diluent ismix-
tureof Solution-A and solution-B inratio of 45:55(v\v).

Prepar ation of standard solution

A Stock solution of emtricitabine, efavirenz and
tenofovir disoproxil fumaratewas prepared at about
0.53mg/ml, 1.6mg/ml and 0.65mg/ml respectivelyin
Diluent. Theworking standard solution 0.053mg/ml for
emtricitabine, 0.16mg/ml for efavirenz and 0.065mg/ml
for tenofovir disoproxil fumaratewere prepared by di-
luting the stock sol utionwith mobile phase.

Determination of emtricitabine, efavirenz and
tenofovir disoproxil fumarateintheir combined dosage
forms.

The content of ten tablets where taken and
weighed.powder equival ent to emtri citabine 200mg,
efavirenz 600mg and tenofovir disoproxil fumarate
300mgin 100ml volumetric flask add 50ml of diluent
and flask was sonicated for 10 min. Theflask wassoni-
cated and the volume was diluted to the mark with
diluent. The above sol ution wasfiltered through syringe
filter 0.2um cdllulose acetatefiltersmade by Millipore
(USA) Appropriate volumeof aiquot wasdiluted with
mobile phaseto obtain asolution containing 0.053mg/
ml of emtricitabine, 0.16mg/ml of efavirenz and
0.065mg/ml of tenofovir disoproxil fumarate.

Linearity
Linearity of the proposed method was checked by
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Figure 4 : Chromatograms aﬂnd spectra of emtricitabine,
tenofovir and efavirenzreferencesubstance
anadyzingfive solutionsintherangeof 26-79ug/ml for
emtricitabine (26, 39,53,66,79ug/ml), 80-240ug/ml
for efavirenz (80, 120, 160, 200, 240ug/ml) and 23.5-
88.5ug/ml for tenofovire disoproxil fumarate (23.5,
35.25,65, 76.75, 88.5ug/ml). Each level wasmadein
triplicae.

Accuracy

Method accuracy was performed by adding known
amounts of emtricitabine, efavirenz and tenofovir
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Figure5: Chromatogramsof emtricitabine, efavirenz and
tenofovir disoproxyl fumaratein samplesolution

TABLE 1: Accuracy of theproposed UPL C method

Compound Level n Added Found % RSD
(%) "~ Conc.ug/ml_Conc.ug/ml recovery (%)
50 3 26 26.09 100.35 0.89
Emtricitabine 100 3 53 52.89 99.79 1.01
150 3 79 79.45 100.57 0.45
5 3 235 23.43 99.7 0.55
Efavirenz 100 3 65 64.32 98.95 0.75
150 3 88.5 89.1 100.68 0.58
5 3 80 80.1 100.13 0.72
Tenofovir 100 3 160 159.78 99.86 0.37
150 3 240 239.5 99.79 0.64

TABLE 2: Precision of theproposed UPL C method
within aday Between a day
Compouna £, IS _ressn
(%) (%)
26 5 116921 0.67 110012 0.22
Emtricitabine 53 5 23461 0.54 23509 0.15
79 5 351251 0.19 350087 0.76
80 5 306010 0.77 306223 0.88
Efavirenz 160 5 612305 0.65 623410 0.23
240 5 918412 0.51 928970 0.77
o 235 5 146001 0.33 145992 0.76
Lerggfr‘;’e” disoproxyl g5 5 290233 0.48 300349 0.4
885 5 438120 0.99 439001 0.15

disoproxil fumarateto the preandyzed sampleand then
comparing theadded concentration with thefound con-
centration. Threeleve sof solutionsweremadewhich
correspond to 50, 100 and 150% of the nominal ana-
lytical concentration. Eachlevel wasmadeintriplicate.
Specificity

Commonly used excel pients(starch, microcrystd -
linecellulose and magnesium stearate, lactose,) were
spiked into apreweighed quantity of drugs. The chro-
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TABLE 3a: Robustnessstudy of emtricitabine

TABLE 3b: Robustnessstudy of Efavirenz

Condition t R (min) The;;?técaj Tailing Condition t R (min) TheF(>)|ra?e|cal Tailing
Solution A:Solution B (43:57) 0.381 9876 1.108 Solution A:Solution B (43:57) 1.097 9879 1.098
Solution A:Solution B (45:55) 0.489 10679 1.190 Solution A:Solution B (45:55) 1214 9007 0.998
Solution A:Solution B (47:53) 0.855 10987 1.091 Solution A:Solution B (47:53) 1.780 9987 1.178
Flow Rate (0.6ml/min) 0.399 9765 1.389 Flow Rate (0.6ml/min) 1.017 8900 1.098
Flow Rate (0.4ml/min) 0.611 10078 1.278 Flow Rate (0.4ml/min) 1572 9689 1.190
Buffer pH (6.3) 0.501 10210  1.211  Buffer pH (6.3) 1.309 8979 1.232
Buffer pH (2.8) 0.461 11232  1.255  Buffer pH (2.8) 1.189 9077 1.178

TABLE 3c: Robustnessstudy of Tenofovir disoproxyl fuma-
rate

Theoretical

Condition t R (min) Plate Tailing
Solution A:Solution B (43:57) 0.510 7893 1121
Solution A:Solution B (45:55) 0.652 8310 1.301
Solution A:Solution B (47:53) 0.998 8103 1.480
Flow Rate (0.6ml/min) 0.54 7921 1.008
Flow Rate (0.4ml/min) 0.813 8371 1.342
Buffer pH (6.3) 0.551 8089 1.279
Buffer pH (2.8) 0.718 7907 1.361

matogram was taken by appropriate dilution and the
quantitiesof drug were determined.

Robustness

Robustness of the method was performed by in-
tentional ly modifying the chromatographic conditions
such ascomposition and flow rate of the mobile phase
and pH of the buffer solution. Thechromatographic pa-
rametersof each analyte such asretentiontime, tailing
factor, resolution and number of theoretica plateswere
measured at each changed conditions.

Precision

For eval uating thewithin-day precision, results of
fivereplicateanaysesof threedifferent concentrations
of sampleswere calculated on asingle day. The be-

tween-day precision was calculated from the same
samplesanayzed onfivedifferent days.

LODandLOQ

For calculating the LOD and LOQ values, solu-
tionswith known decreased concentrationsof anaytes
wereinjected into the UPL C system. Thelimit of de-
tection (LOD) and quantification (LOQ) were then
measured by ca culatingtheminimum|level a whichthe
analytescan bereadily detected (Sgna to noiseratio of

3:1) and quantified (signal to noiseratio of 10:1) with
accuracy, respectively.

RESULTS

A simple and accurate UPL C method for the si-
multaneousdetermination of emtricitabine, efavirenzand
tenofovir disoproxyl fumaratein synthetic mixtureform.
M ethod devel opment was started with water and Ac-
etonitrileintheratio of 50:50 (v/v). At thiscomposition
dthoughemtricitabine, efavirenz andtenofovir disoproxyl
fumarate components were el uted but resol ution be-
tween emtricitabineand efavirenz isnot good and peak
shgpewasnot sharp. Mixtureof Acetonitrileand Metha-
nol (50:50 v\v) isintroduced in the mobile phase and
pH of water adjusted to 6.5 with the help of Ortho-
phosphoric acid and Triethyl amine.At thecomposition
of 45:55v/v (0.2%TEA pH 6.5with OPA SolutionA)
and (Acetonitrileand Methanol 50:50 v/v solution B)
all three componentswere €l uted with agood resol u-
tion and good peak shape. The most appropriate mo-
bile phase composition was Solution A (0.2%TEA N
water pH 6.5 by OPA) and Solution B (Acetonitrile
and Methanol 50:50 v/v) in theratio of 45:55 (v/v).
Under the Described experimental conditions, sharp
peaks that belong to emtricitabine, efavirenz and
tenofovir disoproxyl fumarate were obtained at reten-
tiontimesof 0.489, 0.652 and 1.214 minutes respec-
tively asshowninfigure4.

The devel oped chromatographic method wasvali-
dated using ICH guiddlines“l. Validation parameters
performed include linearity, limit of detection and
quantitation, selectivity, robustness, accuracy and re-
pestability thecalibration curvewaslinear over thecon-
centration range of 26-79ug/ml for emtricitabine, 80-
240ug/ml for efavirenz and 23.5-88.5ug/ml for tencfovir
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disoproxil fumarate. The correlation coefficient for
emtricitabine, efavirenz and tenofovir disoproxyl fuma:
rate was found to be greater than 0.999 which mani-
festsalinear relationship between concentration and
the peak area. The linear regression equation for
emtricitabinewasfoundtobeY =53 X + (-338.99)
with correlation coefficient equal t00.999. Thelinear
regression equation for tenofovir wasfound tobeY =
65 X + (-32.149) with va ueof correlation coefficient
equal to 0.9999. The linear regression equation for
efavirenzwasfoundtobeY =160 X +552.899 with
vaueof correlation coefficient equal t00.9999. Inthis
study, the LOD was found to be 2.34ug/ml for
Emtrcitabineand 7.2ug/ml for efavirenz and 2. 11pg/ml
for tenofovir disoproxyl fumaraterespectively. TheLOQ
wasfoundto be 7.8ug/ml for Emtrcitabineand 24ug/
ml for efavirenz and 7.05ug/ml for tenofovir disoproxyl
fumaraterespectively. Therecovery andtherddive stan-
dard deviation for each of the analytesare givenin
TABLE 1.

Theresults of within-day and between-day preci-
sionarepresented in TABLE 2.

Chromatogram of emtricitabine, efavirenz and
tenofovir disoproxyl Fumarateinsampleingiveninfig-
ure5 showing selectivity of the proposed method.

Robustness of themethod was performed by inten-
tionaly modifying thechromatographic conditions. The
resultsshowed that thevariance of theconditionshad no
appreciableeffectstothat of actua. Theresultsof the
robustnessstudy aregivenin TABLE 3a, 3band 3c.

CONCLUSION

A smpleand accurate reverse phase UPLC method
has been devel oped for thes multaneous determination
of emtricitabine, efavirenz and tenofovir disoproxyl Fu-
marate. Themethod wasvdidated by testingitslinear-
ity, accuracy, precision, limits of detection and
quantitation, selectivity and robustness. Theruntimeof
lessthanfiveMinutesdlowsitsagpplicationfor therou-
tine determination of emtricitabine, efavirenz and
tenofovir disoproxyl Fumarate.

—— Fyll Peper
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