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ABSTRACT

An accurate, precise, simple, efficient and repldie, isocratic Reversed Phase-High Performancquid
Chromatography (RP-HPLC) method was developed aatidated for the simultaneous estimation of
Emtricitabine, Tenofovir Disoproxil Fumarate andlgirine in bulk and pharmaceutical tablet dosafgms.
Emtricitabine, Tenofovir Disoproxil Fumarate andgiiirine were separated using an Inertsil ODS 3) lumn
(250mmx4.6 mm, @m particle size), Waters Alliance e26HPLC system with 2998 PDA detector and the mobile
phase contained a mixture of 0.01M Potassium dithyein phosphatgH adjusted to 4 with orthophosphoric acid)
and Acetonitrile (30:70, v/v). The flow rate was teelml/min with the responses measured at 265 .retention
time of Emtricitabine, Tenofovir Disoproxil Fumagatind Rilpivirine was found to be 1.976min, 2.661@nd
4.316min respectively with resolution of 3.1 and.@.inearity was established for Emtricitabine, ®&vir
Disoproxil Fumarate and Rilpivirine in the range 50-300pg/ml for Emtricitabine, 75-450ug/ml for oéwvir
Disoproxil Fumarate and 6.25-37.5ug/ml for Rilpimig with correlation coefficient 0.999. The percagd recovery
was found to be is 99.71 % to 99.96%, 99.68% ta(H® and 99.82% to 100.08% for Emtricitabine, Tenofovir
Disoproxil Fumarate and Rilpivirine respectivelyalidation parameters such as specificity, lineariprecision,
accuracy, robustness, limit of detection (LOD) dimdit of quantitation (LOQ) were evaluated for tineethod
according to the International Conference on Harization (ICH) Q2 R1 guidelines. The developed ne:thvas
successfully applied for the quantification of balkd active pharmaceutical ingredient present ihléa dosage
form.

Keywords: Emtricitabine, Tenofovir Disoproxil Fumarate, Riljpine, RP-HPLC, ICH.

INTRODUCTION

Emtricitabine is a nucleoside reverse transcripiabkéitor (NRTI) for the treatment of HIV infectioin adults.
Emtricitabine works by inhibiting reverse transtaige, the enzyme that copies HIV RNA into new VDAIA.
Emtricitabine is chemically known as 4-amino-5-flael-[(2R, 5S)-2-(hydroxymethyl)-1, 3-oxathiolany§-1, 2-
dihydropyrimidin-2-one was shown in Figure 1, is @malogue of cytidin€!. Tenofovir disoproxil fumarate (a
prodrug of tenofovir), belongs to a class of amtoéral drugs known as nucleoside analogue reveesescriptase
inhibitors (NRTI), which block reverse transcripgagsin enzyme crucial to viral production in HIVéofed people.
Tenofovir is chemically known as ({[(2R)-1-(6-ami8ti-purin-9-yl) propan-2-yl] oxy} methyl) phosphanacid™
was shown in Figure 2. In vivo Tenofovir disoprokiimarate is converted to Tenofovir, an acyclic laoside
phosphonate (nucleotide) analog of adenosine 5’apbosphate. Rilpivirine is non-nucleoside reveraadcriptase
inhibitor (NNRTI) which is used for the treatmentHiV-1 infections in treatment-naive patients.idta diaryl
pyrimidine, a class of molecules that resemble migline nucleotides found in DNA. Because of itsxitde
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chemical structure, resistance of rilpivirine isddikely to develop than other NNRTI's. Rilpividris chemically
known as 4-{[4-({4-[(1E)-2-cyanoeth-1-en-1-yl]-2;dmethylphenyl} amino) pyrimidin-2-yl] amino} bewnitrile

M was shown in Figure 3. Literature review revedhlst tvery few analytical methods has been reporedtfe
determination of Emtricitabine, Tenofovir Disoproxil Fumarate and IgRiirine which includes
UPLCHE HPLE®*I LCMS?®! and UV-Spectrophotometfit The present study was aimed to develop a novel,
simple, economic andalidated method for the simultaneous estimatiorEpftricitabine, Tenofovir Disoproxil
Fumarate and Rilpivirine HCI according to ICH guides!”.
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Figure 1: Chemical structure of Emtricitabine
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Figure 2: Chemical structure of Tenofovir Disoproxi Fumarate
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Figure 3: Chemical structure of Rilpivirine HCI
MATERIALS AND METHODS

Chemicals and Reagents:

Emtricitabine, Tenofovir Disoproxil Fumarate andpRiirine HCI bulk drugs was kindly provided astgsmple by
Hetero Drugs Limited, Hyderabad, India. Analytigabhde of Potassium dihydrogen phosphate purchased f
Rankem Ltd., India and HPLC grade of Acetonitrilerghased from Merck Specialities Private Limiteddia.
HPLC grade of Water and Ortho phosphoric acid pased from Rankem Ltd., India. A COMPLERAblet
contains Emtricitabine 200 mg, Tenofovir DF 300 amyd Rilpivirine HCI 25 mg, and is obtained fromaaal
pharmacy manufactured by Gilead Sciences, Inc.

Instrumentation:

The analysis was performed by using a chromatograptstem from Waters Alliance 2695 HPLC systerthwi
2998 PDA detector. The HPLC system was equippet &inpower 2 software. Semi-micro analytical balance
(India), an Ultrasonic bath sonicator (Frontline £3viumbai, India), Digital pH meter (Systronics deb 802) and
Whatmann filter paper No. 41 (Whatmann Internatidntd., England) were used in the study.

Chromatographic conditions:

Emtricitabine, Tenofovir Disoproxil Fumarate andlgRiirine HCI was analysed in an Inertsii ODS 3V;5C
(250mmx4.6 mm, Bm particle size) column for the chromatographicasafjon. The mobile phase was composed
of 0.01M Potassium dihydrogen phosphatd adjusted to 4 with orthophosphoric acid) ancetaaitrile (30:70,
v/v). Filtered through 0.45um nylon membrane fill@der vacuum filtration and pumped at ambient &najure, at

a flow rate of 1 ml/min with UV detection wavelehgiat 265nm. Injection volume was 20The run time was 8
min and the retention time of Emtricitabine, TenafoDisoproxil Fumarate and Rilpivirine was found be
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1.976min, 2.661min and 4.316min respectively witbsalution of 3.1 and 6.8. The resulting HPLC
chromatogram was shown in Figure 7.

Chromatographic Parameters:

Equipment : Waters Alliance e2695 HPLC system ®RBB8 PDA detector
Column : Inertsil ODS 3V, £(250mmx4.6 mm, [gm particle size)
Flow rate : Iml/min

Wavelength 1265 nm

Injection volume 20l

Column oven : Ambient

Run time : 8 Minutes

Preparation of Phosphate buffer:

A 0.01M Phosphate buffer was prepared by dissoltiB8§8gm of Potassium dihydrogen phosplate000ml of
HPLC grade water and pH was adjusted to 4 withomttlosphoric acid. The buffer was filtered through5am
nylon membrane filter to remove all fine partickrsl gases.

Preparation of mobile phase:
The above prepared Phosphate buffer and AcetenitftLC grade were mixed in the proportion of 30vADand
was filtered through 0.48n nylon membrane filter and degassed by sonication.

Preparation of diluent:
Mobile phase was used as diluent.

Preparation of standard stock solutions of Emtricibbine, Tenofovir DF and Rilpivirine HCI:

Standard stock solutions of Emtricitabine, Tenaf@# and Rilpivirine HCI were prepared by dissotyi200mg of
Emtricitabine, 300mg of Tenofovir DBnd 25mg of Rilpivirine HCI in100ml of diluent inta 100ml clean dry
volumetric flask and the standard solutions wasrid through 0.4nm nylon membrane filter and degassed by
sonicator to get the concentration of 2000ug/mEdgftricitabine, 3000ug/ml of Tenofovir DF and 250mg/of
Rilpivirine HCI.

Preparation of standard solutions of Emtricitabine, Tenofovir DF and Rilpivirine HCI for assay:

From the above standard stock solution of 2000u gfmEimtricitabine, 3000pg/ml of Tenofovir DF andQ2&y/ml
of Rilpivirine HCI further pipette 1 ml and transfed into a 10ml volumetric flask and dilute upth@ mark with
diluent to get the concentration of 200pg/ml of Eeiteibine, 300 g/ml of Tenofovir DF and 25pg/miRifpivirine
HCI.

Selection of wavelength:

In simultaneous estimation of Emtricitabine, TenafdDF and Rilpivirine HClisosbestic wavelength is used.
Standard stock solutions of Emtricitabine, Tenaf@# and Rilpivirine HCI were prepared by dissoltyi200mg of
Emtricitabine, 300mg of Tenofovir DEnd 25mg of Rilpivirine HCI in 100ml of diluent mta 100ml clean dry
volumetric flask and the standard solutions wasrid through 0.4%m nylon membrane filter and degassed by
sonicator to get the concentration of 2000pg/mEddtricitabine, 3000pg/ml of Tenofovir DF and 250mb/of
Rilpivirine HCI. From the above standard stock soluof 2000pg/ml of Emtricitabine, 3000 g/ml ofricéovir DF
and 250pg/ml of Rilpivirine HCI further pipette 1l and transferred into a 10ml volumetric flask atildite up to
the mark with diluent to get the concentration ®0gRg/ml of Emtricitabine, 300ug/ml of Tenofovir Dénd
25ug/ml of Rilpivirine HCI. The wavelength of maximm absorption ¥max) of 200ug/ml of Emtricitabine,
300pg/ml of Tenofovir DF and 25ug/ml of RilpivirindCl were scanned using UV-Visible spectrophotomete
within the wavelength region of 200—400 nm agamebile phase as blank. The isosbestic wavelerigtiax) was
found to be 265nm for the combination shown in Fégd

Preparation of sample solutions of Emtricitabine, Bnofovir DF and Rilpivirine HCI:

Twenty tablets were accurately weighed and powdaretl tablet powder equivalent to 200mg of Emtrimita,
300mg of Tenofovir DF and 25mg of Rilpivirine HCEve taken into 100ml clean dry volumetric flaskueint was
added and sonicated to dissolve it completely asldmve was made up to the mark with the same dildanther
pipette out 1ml from the above Emtricitabine, Tewif DF and RilpivirineHCI sample stock solution into a 10ml
volumetric flask and diluted up to the mark witHuént to get the concentration of 200ug/ml of Eaitabine,
300pg/ml of Tenofovir DF and 25ug/ml of RilpiviriéCl. 2QuL from standard and sample solution were injected
into the chromatographic system and the peak avess measured for Emtricitabine, Tenofovir DF &iirine
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HCI was shown in Figure 7 and 8 and the % Assay egdsulated by comparing the peak area of standadd
sample chromatogram by using the formula givenwelod the assay results was shown in Table 1.

AT WS DT P Avg. Wt
Assay % = X X X X X 100
AS DS WT 100 Label Claim

Where:

AT = Average peak area of sample preparation
AS= Average peak area of standard preparation
WS = Weight of standard taken in mg
WT=Weight of sample taken in mg

P = Percentage purity of working standard

DS= Dilution factor for standard preparation
DT=Dilution factor for sample preparation

VALIDATION OF THE PROPOSED METHOD

The developed method for the simultaneous estimatfoEmtricitabine, Tenofovir DF and Rilpivirine H@vas
validated as per the ICH guidelines for the paramsetike system suitability, specificity, linearitaccuracy,
precision, ruggedness, robustness, limit of detadliOD) and limit of quantitation (LOQ).

System Suitability:

At first the HPLC system was optimized as per theomatographic conditions. One blank followed by si
replicates of a single calibration standard sofutid 200ug/ml of Emtricitabine, 300ug/ml of TenoffoF and
25ug/ml of Rilpivirine HCI was injected to checletBystem suitability. To ascertain the system bility for the
proposed method, the parameters such as reteiien theoretical plates, peak asymmetry and rasolutere
taken and results were presented in Table 2.

Specificity:

The effect of excipients and other additives uguptesent in the combined tablet dosage form ofrigitatbine,
Tenofovir DF and Rilpivirine HCI in the determinai under optimum conditions was investigated. Ter#icity
of the RP-HPLC method was established by injectirgblank and placebo solution into the HPLC systéhe
representative chromatogram of blank and placelmsivawn in Figure 5 and 6.

Linearity for Emtricitabine, Tenofovir DF and Rilpi virine HCI:

Aliquots of 0.25, 0.5, 0.75, 1, 1.25 and 1.5ml akexd standard working solutions of Emtricitabinesnitfovir DF
and Rilpivirine HCI was pipette out from the stardiatock solution of 2000ug/ml of Emtricitabine,08ug/ml of
Tenofovir DF and 250ug/ml of Rilpivirine HCI andhhsferred into a series of 10ml clean dry voluindtask and
make volume up to the mark with the same diluergebthe concentration of 50, 100, 150, 200, 250200ug/ml
of Emtricitabine, 75,150,225,300,375and450ug/mrefofovir DF and 6.25, 12.5, 18.75, 25, 31.25, andug/mi
of Rilpivirine HCI. The calibration standard soluts of Emtricitabine, Tenofovir DF and Rilpiviring@Cl were
injected using a 20 Hamilton Rheodyne injector and the chromatograrase recorded at 265nm and a calibration
graph was obtained by plotting peak area versusesdration of Emtricitabine, Tenofovir DF and Rilpine HCI
respectively. The linearity data is presented iguFé 9 and Table 3. Acceptance CriteiGarrelation coefficient
should be not less than 0.999

Accuracy studies for Emtricitabine, Tenofovir DF ard Rilpivirine HCI:

The accuracy of the method was determined by atiogl recovery of Emtricitabine, Tenofovir DF andpiRirine
HCI by the method of standard addition. Known antafmstandard solution of Emtricitabine, TenofoldF and
Rilpivirine HCI at 50%, 100% and 150% was added fore quantified sample solution and injected thioHPLC
system. The mean percentage recovery of Emtriciégbienofovir DF and Rilpivirine HCI at each lewshs
calculated and the results were presented in ZalBeand 6.

Preparation of pre quantified sample solution for @curacy studies:

Tablet powder equivalent to 200mg of EmtricitabiB80mg of Tenofovir DF and 25mg of Rilpivirine H@lere
taken into 100ml clean dry volumetric flask anduditit was added and sonicated to dissolve it coeipleind
volume was made up to the mark with the same dilueurther pipette out 0.5ml from the above Emitaicine,
Tenofovir DF and RilpivirineHCI sample stock solution into a 10ml volumetriask and diluted up to the mark
with diluent to get the concentration of 100ug/rhlEmmtricitabine, 150ug/ml of Tenofovir DF and 12¢gml of
Rilpivirine HCI.
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Preparation of standard solution of Emtricitabine, Tenofovir DF and Rilpivirine HCI for accuracy studies:
Standard stock solutions of Emtricitabine, Tenaf@# and Rilpivirine HCI were prepared by dissotyi200mg of
Emtricitabine, 300mg of Tenofovir DBnd 25mg of Rilpivirine HCI in100ml of diluent inta 100ml clean dry
volumetric flask and the standard solutions wasrid through 0.4%m nylon membrane filter and degassed by
sonicator to get the concentration of 2000pg/mEdgdtricitabine, 3000pg/ml of Tenofovir DF and 250mb/of
Rilpivirine HCI.

Preparation of 50% standard solution:

From the standard stock solution of 2000pg/ml oftriitabine, 3000ug/ml of Tenofovir DF and 250ug/ofl
Rilpivirine HCI further pipette 0.25ml and trangfed into a 10ml volumetric flask and dilute up ke tmark with
diluent to get the concentration of 50ug/ml of Haitibine, 75ug/ml of Tenofovir DF and 6.25ug/miIRifpivirine
HCI.

Preparation of 100% standard solution:

From the standard stock solution of 2000ug/ml oftrigitabine, 3000ug/ml of Tenofovir DF and 250ug/ofl
Rilpivirine HCI further pipette 0.5ml and transfedr into a 10ml volumetric flask and dilute up t@ timark with
diluent to get the concentration of 100pg/ml of Heitabine, 150ug/ml of Tenofovir DF and 12.5ug/of
Rilpivirine HCI.

Preparation of 150% standard solution:

From the standard stock solution of 2000pg/ml oftriitabine, 3000ug/ml of Tenofovir DF and 250ug/ofl
Rilpivirine HCI further pipette 0.75ml and trangfed into a 10ml volumetric flask and dilute up ke tmark with
diluent to get the concentration of 150ug/ml of Eeoitabine, 225ug/ml of Tenofovir DF and 18.75ug/ofl
Rilpivirine HCI.

Acceptance CriteriaThe % Recovery for each level should be betweed @8102.0%.

Precision studies for Emtricitabine, Tenofovir DF and Rilpivirine HCI:

Method precision (Repeatability):

Tablet powder equivalent to 200mg of EmtricitabiB80mg of Tenofovir DF and 25mg of Rilpivirine H@lere
taken into 100ml clean dry volumetric flask, diltevas added and sonicated to dissolve it completety volume
was made up to the mark with the same diluenthuanpipette out 1ml from the above Emtricitabinen@fovir DF
and RilpivirineHCI sample stock solution into a 10ml volumetrask and diluted up to the mark with diluent to get
the concentration of 200ug/ml of Emtricitabine, B80ml of Tenofovir DF and 25ug/ml of Rilpivirine HCA
homogenous sample of a single batch analysedmsestand was checked whether the method is givingistnt
results. The %RSD for the area of six replicatedtipns was calculated as mentioned in Table 7&knd

Acceptance Criteriafhe % RSD for the peak area of six sample injest&hould not be more than 2%.

System precision:

The system precision was carried out to ensure ttimatanalytical system is working properly. Thensgtrd
preparation concentration of 200pg/ml of Emtricitegy 300pg/ml of Tenofovir DF and 25pg/ml of Rilpine HCI
was injected six times into the HPLC and the %R®Dthe area of six replicate injections was calmdaas
mentioned in Table 8.

Acceptance Criteriafhe % RSD for the peak area of six standard imjastshould not be more than 2%.

Intermediate precision/ruggedness:

The intermediate precision (also known as Ruggegjnalsthe method was evaluated by performing pi@tisn
different lab by different analyst and differentyda The standard preparation concentration of 206uof
Emtricitabine, 300pg/ml of Tenofovir DF and 25pgmfiRilpivirine HCI was injected six times into th&PLC and
the %RSD for the area of six replicate injectioraswalculated as mentioned in Table 9a and 9b.

Acceptance CriterialThe % RSD for the peak area of six standard irgestshould not be more than 2%.

Limit of Detection (LOD) and Limit of Quantificatio n (LOQ):

Limit of Detection (LOD) and Limit of Quantificatio (LOQ) were calculated as 3.3xSD/S and 10xSD/S
respectively as per ICH guidelined/here SD is the standard deviation of the resp¢¥yisatercept) and S is the
slope of the calibration curve. The LOD is the Besh concentration of the analyte that gives a suesble
response (signal to noise ratio of 3). The LOD noftiicitabine, Tenofovir DF and Rilpivirine HCI waslculated
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and shown in Table 10. The LOQ is the smallest entration of the analyte which gives response tiaatt be
accurately quantified (signal to noise ratio of. Ithe LOQ of Emtricitabine, Tenofovir DF and Rilpine HCI was
calculated and shown in Table 10.

Robustness:

As part of the Robustness, deliberate change irflthe rate and mobile phase proportion of £10% wezede to
evaluate the impact on the method. The resultsatéliat the method is robust. The results are sumathin Table
11 and 12.

RESULTS AND DISCUSSION

To optimize theRP-HPLC parameters, several mobile phase compuasitiere tried. A satisfactory separation and
good peak symmetry for Emtricitabine, Tenofovir RRd Rilpivirine HCI were obtained with a mobile pha
containing a mixture of 0.01M Potassium dihydrogéosphatépH adjusted to 4 with orthophosphoric acid) and
Acetonitrile (30:70, v/v) was delivered at a floate of 1 ml/min to get better reproducibility anghbeatability.
Quantification was achieved with PDA detection @52m based on peak area. The retention time ofi€itabine,
Tenofovir Disoproxil Fumarate and Rilpivirine HClw found to be 1.976min, 2.661min and 4.316minaetbely
with resolution of 3.1 and 6.8 was shown in FigdrelLinearity was established for Emtricitabine, ®favir
Disoproxil Fumarate and Rilpivirine HCI in the rangf 50-300pg/ml for Emtricitabine, 75-450ug/ml fiaenofovir
Disoproxil Fumarate and 6.25-37.5ug/ml for Rilpineg HCI with correlation coefficient 0.999 and memturacies
were found to be is 99.71 % to 99.96%, 99.68% 10.0%% and 99.82% to 100.08% for Emtricitabine, Tewo
Disoproxil Fumarate and Rilpivirine respectivelyhish indicates accuracy of the proposed method. %h@SD
values of accuracy for Emtricitabine, Tenofovir BiRd Rilpivirine HCI were found to be < 2 %. The %Rvalues
of method precision are 0.15%, 0.18% and 0.09%futricitabine, Tenofovir Disoproxil Fumarate and@Riirine
HCI respectively and % RSD values of system pregisire 0.15%, 0.25% and 0.09% for Emtricitabinejofevir
Disoproxil Fumarate and Rilpivirine HCI. The % RS@lues of reproducibility are 0.23%, 0.21% and @62fbr
Emtricitabine, Tenofovir Disoproxil Fumarate andgRiirine HCI respectively, reveal that the propdseethod is
precise. LOD values for Emtricitabine, Tenofovirsbproxil Fumarate and Rilpivirine HCI were found he
0.16pg/ml, 0.26pg/ml and 0.07pg/ml respectively dr@dQ values for Emtricitabine, Tenofovir Disoproxil
Fumarate and Rilpivirine HCI were found to be 0.¢8pl, 0.80pg/ml and 0.21pg/ml respectively was shamv
Table 10. The results reveal that the method issbbnough was shown in Table 11 andTi#ese data show that
the proposed method $pecific andsensitive for the determination of Emtricitabinegn®fovir Disoproxil Fumarate
and Rilpivirine HCI. The results of system suitépitesting are given in Table 2.

Abs.

o . o000
=oo Do =EO0 o0 =Tala W aTa] =T W Tl 400 o0

Figure 4: Isosbestic point of Emtricitabine, Tenofeir DF and Rilpivirine HCI at 265nm
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Figure 7: Standard chromatogram of Emtricitabine, Tenofovir DF and Rilpivirine HCI
0.40—
0.35—
~
& o
0.30 — o
' o
2 w
0.25 = (=]
i =
g 2
0.20 = Q
2 5 5

o o [=] =}
o o = o
=] @ (=} u‘1

! 1 !
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
Minutes

Figure 8: Sample chromatogram of Emtricitabine, Temfovir DF and Rilpivirine HCI
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Figure 9: Linearity graph of Emtricitabine, Tenofovir DF and Rilpivirine HCI

Table 1: Assay of Marketed Formulation ofEmtricitabine, Tenofovir Disoproxil Fumarate and Rilpivirine HCI

Drug Complera Tablet | Amount Found | % Label Claim + % RSD
Label Claim (mg) (mg) (n=3)
Emtricitabine 200 200.06 100.03+0.49
Tenofovir DF 300 300.69 100.23+0.10
Rilpivirine HCI 25 24.99 99.96+0.13

Table 2: System Suitability Test Parameters for Enicitabine, Tenofovir Disoproxil Fumarate and Rilpivirine HCI

Pa(rre]lirggter Emtricitabine | Tenofovir DF | Rilpivirine HCI
Retention Time (Mins) 1.976 2.661 4.316
Theoretical plates 2110 2819 3726
Tailing factor 1.66 14 1.2
Resolution 31 6.8
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Table 3: Linearity data for Emtricitabine, Tenofovir Disoproxil Fumarate and Rilpivirine HCI

Linearity of Emtricitabine | Linearity of Tenofovir Disoproxil Fumarate | Linearity of Rilpivirine HCI
Concentration Concentration Peak Concentration
Peak Area Peak Area
(ug/ml) (ug/ml) Area (ug/ml)
50 381625 75 320211 6.25 105462p
100 763170 150 640202 125 2109249
150 1130303 225 973091 18.75 2982016
200 1507070 300 1245443 25 402651]1
250 1883838 375 1583016 31.25 4915813
300 2190605 450 1863283 375 5844768

Table 4: Recovery Study Data of Emtricitabine

Sample namg  Amount added (ug/mhl)  Amount found (ljgin®6Recovery| Statistical Analysik
S::50% 50 50.05 100.11 Mean-99.96
500 S.D-0.13
$:50% 50 49.92 99.85 %RSD-0.13

S3:50% 50 49.96 99.92

S:100% 100 99.53 99.53 Mean-99.71
S:100% 100 99.57 99.57 S.D-0.27
$:100% 100 100.03 100.03 %RSD=0.27
S2:150% 150 149.69 99.79 Mean-99.8
S5:150% 150 149.61 99.74 S.D-0.06
$5:150% 150 149.8 99.87 %RSD-0.06

Table 5: Recovery Study Data of Tenofovir DisoproxiFumarate

Sample namg  Amount added (ug/mhl)  Amount found (ljg/n®6Recovery| Statistical Analysik
$1:50% 75 74.72 99.62 Mean-99.68
S$::50% 75 74.87 99.83 S.D-0.12
S5:50% 75 74.7 99.6 %RSD-0.12
S:100% 150 150.87 100.58 Mean-100.05
S:100% 150 149.28 99.52 S.D-0.53
$:100% 150 150.09 100.06 %RSD=0.52
S2:150% 225 224.96 99.98 Mean-99.99
S5:150% 225 224.74 99.88 S.D-0.12
$:150% 225 225.30 100.13 %RSD-0.12

Table 6: Recovery Study Data of Rilpivirine HCI

Sample namg  Amount added (ug/mhl)  Amount found (l)gfn?6Recovery| Statistical Analysik
S1:50% 6.25 6.23 99.81 Mean-99.82
$::50% 6.25 6.24 99.89 S.D-0.06
S::50% 6.25 6.23 99.76 %RSD-0.06
S4:100% 125 12.43 99.44 Mean-100.08
S:100% 12.5 12.55 100.43 S.D-0.55
S::100% 125 12.54 100.37 %RSD=0.55
S2:150% 18.75 18.78 100.16 Mean-100.04
S5:150% 18.75 18.71 99.81 S.D-0.19
$:150% 18.75 18.77 100.15 %RSD-0.19

Table 7 a: Method Precision Data for Emtricitabineand Tenofovir Disoproxil Fumarate

Emtricitabine Tenofovir Disoproxil Fumarate
Concentration Peak %Assay | Concentration Retention Peak %Assay
S.N (ng/ml) Retention time (min Area (ng/ml) time (min) Area

1 200 1.980 1567126 99.75 300 2.663 1290554 100
2 200 1.977 1565681 99.61 300 2.663 1294583  10d
3 200 1.977 1566719 99.97 300 2.663 1290636 100
4 200 1.980 1563086 99.83 300 2.663 1293145  10d
5 200 1.977 1564479 99.71 300 2.664 1295901 100
6 200 1.980 1560781 99.56 300 2.666 1297458  10d
Average 1.9785 1564645 99.74| Average 2.664 1293713| 100.42

SD 0.0015 2404.824 0.15 SD 0.0011 2804.964 0.18

%RSD 0.076 0.15 0.15 %RSD 0.041 0.22 0.18
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Table 7 b: Method Precision Data for Rilpivirine HCI

Rilpivirine HCI
Concentration Peak | %Assay
S.No. (ng/ml) Retention time (min)  Area

1 25 4.326 4252547 99.70
2 25 4.325 4254181 99.68
3 25 4.327 42500217 99.79
4 25 4.326 4256384 99.91
5 25 4.329 4253125 99.87]
6 25 4.331 425386( 99.77|
Average 4.327 4253353 99.79

SD 0.0020 2092.92 0.09

%RSD 0.047 0.05 0.09

TABLE 8: System Precision Data for Emtricitabine, Tenofovir Disoproxil Fumarate and Rilpivirine HCI

Emtricitabine Tenofovir Disoproxil Fumarate Rilpiv irine HCI
SNo. Conc. Re;tiemnetlon Peak Conc. Retentipn time Peak Area Conc. Retenti_on time Peak Area
(ng/ml) (min) Area (ng/ml) (min) (ng/ml) (min)
1 200 2.305 1567914 300 4.108 1282101 25 4.108 6E56
2 200 2.301 1568744 300 4.11 1282937 25 4.11 4269p8
3 200 2.305 1564009 300 4.105 1285951 25 4.105 3250
4 200 2.304 1562567 300 4.109 1284895 25 4.109 86251
5 200 2.304 1565936 300 4.108 1288116 25 4.108 Gv250
6 200 2.301 1564570 300 4.111 1290598 25 4.111 O¥EB5
Average 2.30333333| 1565623 Average 4.109 1285766 | Average 4.109 4253882
SD 0.0018619 2372.35 SD 0.00207 3196.844 SD 0.00207 3733.488
%RSD 0.08 0.15 %RSD 0.05 0.25 %RSD 0.05 0.09
TABLE 9 a: Ruggedness Data for Emtricitabine, Tenadvir Disoproxil Fumarate and Rilpivirine HCI
Ruggedness Data for Emtricitabine
Laboratory-1 (% Assay)-HPLC-1 Laboratory-2 (% AshPLC-2
Analyst-1 Analyst-2 Analyst-1 Analyst-2
Conc. {ig/ml) | Day-1 Day-2 Day-1| Day-2 Day-1 Day-2  Day{l By
200 100.01 99.67 99.74 99.78 99.6% 99.89 101.25 9399.
200 100.06 99.64 99.84 99.71 99.6% 99.91  101.22 9499.
200 99.76 99.78 99.81  99.5p 99.71 100{80 101.19 .4300
200 99.67 100.19 99.79  99.08 100.18  100.82 101.180.65
200 99.88 99.75 99.80  99.01L 99.71 10082 100.93 .4200
200 99.79 99.76 99.87 99.0p 99.71 100{85 100.94 .4600
Average 99.86 99.79 99.81] 99.34 99.79 100.p1 101411 100.30
SD 0.15 0.2 0.04 0.37 0.2 0.48 0.14 0.3
%RSD 0.15 0.2 0.04 0.37 0.2 0.47 0.14 0.3
Intermediate precision within-laboratories variations (n=24)
Laboratory-1 (% Assay)-HPLC-1 Laboratory-2 (% AsEPLC-2
Average 99.7 Average 100.43
SD 0.19 SD 0.28
%RSD 0.19 %RSD 0.28
Reproducibility between laboratories (n=48)% Assay)
Average 100.06
SD 0.23
%RSD 0.23
Ruggedness Data for Tenofovir Disoproxil Fumarate
Laboratory-1 (% Assay)-HPLC-1 Laboratory-2 (% AsEPLC-2
Analyst-1 Analyst-2 Analyst-1 Analyst-2
Conc. (ig/ml) | Day-1 Day-2 Day-1| Day-2 Day-1 Day?2 Dayil Bay
300 100.46 99.76 100.14  99.1f 99.88 9988  99.41 4199.
300 100.71 99.40 100.22  99.82 99.79 99.89 99|68 99.44
300 100.16 100.38 99.77)  100.40 99.76 99.89 99{84 99.28
300 100.44 99.70 99.95] 99.8 99.77 99.90 99/58 99.50
300 100.4 99.87 99.52| 99.81 99.81 99.80 9948  99.6
300 100.33 99.68 99.67| 99.71 99.84 99.92 9938 99.76
Average 100.41 99.79 99.87] 99.74 99.8 99.79 99/56 9949
SD 0.18 0.32 0.27 0.38 0.03 0.2 0.1 0.16
%RSD 0.17 0.32 0.27 0.39 0.03 0.2 0.1r 0.16
Intermediate precision within-laboratories variations (n=24)
Laboratory-1 (% Assay)-HPLC-1 Laboratory-2 (% AgshfPLC-2
Average 99.96 Average | 99.66
312
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SD 0.28 SD 0.14
%RSD 0.28 %RSD 0.14
Reproducibility between laboratories (n=48)% Assay)
Average 99.81
SD 0.21
%RSD 0.21
TABLE 9 b: Ruggedness Data for Rilpivirine HCI
Ruggedness Data for Rilpivirine HCI
Laboratory-1 (% Assay)-HPLC-1 Laboratory-2 (% A3sEiPLC-2
Analyst-1 Analyst-2 Analyst-1 Analyst-2
Conc. (ig/ml) | Day-1 Day-2 Day-1| Day-2 Day-1 Day{2 Day{l DBy
25 99.7 100.86 99.70  99.6% 99.89 99.63 100.38 99.76
25 99.68 100.78 100.19  99.8b 99.92 99/15 100.47 5499.
25 99.79 100.67 99.50 100.§2 99.8 99/17 100.95 4999.
25 99.91 100.90 99.65 99.80 99.69 99.20 100.30 599.4
25 99.87 101.02 99.79 100.§1 99.73 9986 100.87 7999.
25 99.77 100.67 99.8Q 99.78 99.82 99.32 100.39 7995
Average 99.78 100.81 99.77] 100.1f1 99.8] 99.89 100.56 99.6
SD 0.09 0.13 0.23 0.54 0.08 0.29 0.2y 0.14
%RSD 0.09 0.13 0.23 0.54 0.08 0.29 0.2y 0.14
Intermediate precision within-laboratories variations (n=24)
Laboratory-1 (% Assay)-HPLC-1 Laboratory-2 (% AgsEiyPLC-2
Average 100.12 Average 99.84
SD 0.24 SD 0.19
%RSD 0.24 %RSD 0.19
Reproducibility between laboratories (n=48)% Assay)
Average 99.98
SD 0.21
%RSD 0.21

Table 10: Summary of Validation Parameter for Emtricitabine, Tenofovir Disoproxil Fumarate and Rilpivirine HCI

Parameters T RP-HPLC method —
Emtricitabine Tenofovir Disoproxil Fumarate Rilpivi rine HCI
Linearity range (ng/ml) 50-300 75-450 6.25-37.5
Slope 7371 4152 15528
Intercept 16644 12103 78941
Correlation coefficient 0.999 0.999 0.999
LOD (pg/ml) 0.16 0.26 0.07
LOQ (pg/ml) 0.49 0.80 0.21
rl\}/lzeé?od Precision (% RSD|, 015 0.18 0.09
ﬁi/(sst)em precision (% RSO, 0.15 0.25 0.09
Lab-1 Lab-2 Lab-1 Lab-2 Lab-1 Lab-2
Ruggedness (% RSD, n=24) 0.19 0.28 0.28 0.14 0.24 0.19
Reproducibility (% RSD, n=48 0.23 0.21 0.21
% Accuracy 99.71-99.96 99.68-100.05 99.82-100.08
Robustness (% RSD, n=3) Less Flow rate Morrztlélow Less Flow rate Morr(;tlélow Less Flow rate Morr(;tlélow
0.16 0.49 0.17 0.67 0.57 0.86
Less Organic More Organic Less Organic More Organic Less Organic More Organic
phase phase phase phase phase phase
0.23 0.88 0.49 0.54 0.38 0.50

Table 11: Summary of Robustness (Change in Flow Rgtfor Emtricitabine, Tenofovir Disoproxil Fumarate and Rilpivirine HCI

Change in Flow rate Retgntion Robustness (0.9 ml/min to 1.1 ml/min)
Drug (ml/min) Tlme Average peak ared sD % USP Plate Asymmetry
(Mins) (n=3) RSD Count
0.9 2.450 2108868 3489.164 0.16 2052 1.8
Emtricitabine 1.0 1.976 1505604 12982.58 0.8¢ 2110 1.66
1.1 1.661 1413420 6995.100  0.4¢ 2126 15
Tenofovi Di i 0.9 3.305 1725249 2922.121 0.1y 2837 1.5
ot P 1.0 2.661 1246476 7071198 056 2819 14
1.1 2.232 1127115 7559.27p 0.67 2621 1.3
0.9 5.378 5653056 32356.43  0.57 3778 1.2
Rilpivirine HCI 1.0 4.316 4103179 34851.1 0.85 3726 12
1.1 3.624 3829954 33002.1p 0.8¢ 3449 1.2
313
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Table 12: Summary of Robustness (Change in MobileHase) for Emtricitabine, Tenofovir Disoproxil Fumarate and Rilpivirine HCI

Change in Mobile Retention
Drug IgDhase Time Average peak areg SD % USP Plate Asymmetr
(Mins) (n=3) RSD Count Y Y
- :
10 (/;'7622 Sﬁgamc 1.657 1439403 3345916  0.23 2971 17
mtricitabine ctual . VIV, . . . .
Emtricitabi Actual (30:70 VIV) 1.976 1505604 12082.58  0.8¢ 2110 1.66
10% more Organic
(2377 V) 1.673 1373705 12156.0f 0.8 2276 1.4
. :
10 (/g'fgg 8{33”“ 2.406 1178986 5763.37  0.49 2692 1.3
lﬁﬂf;?;’t'é Disoproxil 4 ar 30:70 viv) 2.661 1246476 7071.198 056 2819 14
10% more Organic J
(2377 V) 2.116 1144323 6224.7 0.54 2600 1.3
10% less Organic
(3783 4.224 4041187 15239.8p 0.3 3536 1.2
Rilpivirine HCI Actual (30:70 VIV) 4316 4103179 348511 08§ 3726 12
10% more Organic
2377 V) 3.194 3807210 19101.68  0.5( 3356 1.2
CONCLUSION

RP-HPLCmethod for simultaneous estimation of Emtricitabifienofovir Disoproxil Fumarate and Rilpivirine HCI
in their combine dosage form was established atidatad as per the ICH guidelines. Linearity wakieeed for
Emtricitabine, Tenofovir Disoproxil Fumarate and@Riirine HCI in the range of 50-300ug/ml for Endiitabine,
75-450ug/ml for Tenofovir Disoproxil Fumarate an@%37.5ug/ml for Rilpivirine HCI with correlatiocoefficient
0.999. The percentage recovery of drug was achiavede range of 98-102% which was within the ataepe
criteria. The percentage RSD was NMT 2 % which ptbthe precision of the developed method. The deeel
method is simple, sensitive, rapid, linear, preaisgged, accurate, specific, and robust. Hencaritbe used for the
routine analysis of Emtricitabine, Tenofovir Disogil Fumarate and Rilpivirine HCI in their bulk armbmbine
dosage form.
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