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ABSTRACT

Developing a single analytical method for estimation of individual drug from a multidrug composition is a very
challenging task. A simple, rapid, precise, and reliable simultaneous stability indicating RP - HPLC method was
developed for the separation and estimation of three drugs emtricitabine, rilpivirine and tenofovir in bulk drug
mix and pharmaceutical dosage forms. Chromatography was carried on an Inertsil ODS 3V column using
gradient composition of 0.02M sodium dihydrogen orthophosphaste as mobile phase A and mixture of Methanol
and water in ratio of 85:15as mobile phase B at a flow rate of 1.5 ml/min with detection at 261 nm. The
retention times of the emtricitabine, tenofovir disoproxil fumerate and rilpivirine were about 5.875, 8.800 and
12.020 mins respectively. The detector response is linear from 8-120μg/ml, 12-180μg/ml, 20-360μg/ml of test
concentration for emtricitabine, tenofovir and rilpivirine respectively. The respective linear regression equation
being Y=10175x-76883 for emtricitabine, Y=6280.8x+219800 for tenofovir disoproxil fumerate and
Y=1883.5x+323060 for rilpivirine. The limit of detection and Limit of quantification was 0.06, 0.07 and 0.08
μg/ml and 0.14, 0.12 and 0.15μg/ml for emtricitabine, tenofovir and rilpivirine respectively. The percentage
assay of emtricitabine, tenofovir disoproxil fumerate and rilpivirine were about 99.50, 100.2 and 99.46 %
respectively and percentage recovery for average of five different concentrations were 99.65%, 99.62% and
100.34% respectively .The method was validated as a final verification of method development with respect to
precision, linearity, accuracy, ruggedness, and robustness. The validated method was successfully applied to the
commercially available pharmaceutical dosage form, yielding very good and reproducible result.
Keywords: Emtricitabine; Tenofovir disoproxil fumerate; Rilpivirine; Shimadzu HPLC with PDA detector.

INTRODUCTION

The multi drug combinations of nucleoside reverse
transcriptase inhibitors (NRTI’s) and non nucleoside
reverse transcriptase inhibitors (NNRTI’s) are effective in
the therapy of Human Immunodeficiency Virus (HIV)
infection. It is used as a part of highly active AntiRetroviral Therapy (HAART), for the treatment of HIV.1,2
Three drug FDC comprising of Emtricitabine,Tenofovir
disoproxil fumarate, Rilpivirine form one of the first line
regimensin HIV-therapy.3 Emtricitabine is chemically
known as Emtricitabine (FTC; 5-fluoro-1- (2R,5S)- [2 9hydroxymethyl]-1,3-oxathiolan-5-yl) is a (±) entantiomer
of a thio analogue of cytidine, is a nucleo- side reverse
transcriptase inhibitor.4,5 Emtricitabine has been
determined by UV-spectroscopic6, and RP-HPLC7 methods
in single and in combined dosage form. Tenofovir
disoproxil fumarate is chemically 9-((R)-2- bis
(((isopropoxycarbonyl) oxy) methoxy) phosphinyl)
methoxy) propyl) adenine fumarate, is a nucleotide
analogue reverse transcriptase inhibitor.4,5 Tenofovir
disoproxil fumarate has been determined in spiked human
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plasma by HPLC.8 Tenofovir disoproxil fumarate in
combination with other drugs by using RP-HPLC has been
reported.9 Rilpivirine is chemically 4-[[4-[[4-[(E)-2cyanoethenyl]-2,6- dimethylphenyl]amino]-2-pyrimidinyl]
amino]
benzonitrile
monohydrochloride,
is
a
diarylpyrimidine non-nucleoside reverse transcriptase
inhibitor.4,5 The estimation of Rilpivirine using UV-visible
spectroscopy10 and HPLC has been reported11. The study
revealed that once daily regimen containing Emtricitabine,
Tenofovir disoproxil fumarate and Rilpivirine is
virologically and immunologically effective, well tolerated
and safe with benefits in the lipid profile in the majority of
patients.6 Literature survey reveals few Chromatographic
methods in biological fluids were reported along with
other antiretroviral drugs.12-14 So far, only one HPLC
method has been reported in gradient mode for the
estimation of Emtricitabine, Tenofovir disoproxil fumerate
and Rilpivirine from pharmaceutical dosage form.15
Highly Sensitive, Selective, Rugged stability indicating
HPLC method will be very useful for the estimation of
Emtricitabine, Tenofovir disoproxil fumerate and
rilpivirine in pharmaceutical formulations. The purpose of
the this study was to develop sensitive, simple, precise,
accurate and Rugged Simultaneous Stability Indicating RP
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HPLC method for the estimation of Emtricitabine,
Tenofovir disoproxil fumerate and rilpivirine in bulk drug
samples and in pharmaceutical dosage form.
Figure 1. Chemical structures of the drugs.

In the present work, efforts have been made for the
simultaneous determination of rilviprine, tenofovir and
emtricitabine and its pharmaceutical dosage forms.
Several trials have been made with respect to the mobile
phase composition, columns, as well as UV detector’s
wavelength to develop a suitable and fast method for the
analysis of all the three drugs, simultaneously.

MATERIALS AND METHODS

Chemicals and Reagents
Emtricitabine, Tenofovir disoproxil fumerate and
Rilviprine were obtained as a gift sample from Aurobindo
Pharma Ltd, Hyderabad. HPLC grade Methanol,
Acetonitrile (Merck) and AR grade sodium dihydrogen
orthophosphate (Merck) was used. Milli-Q water was used
in mobile phase preparation. Commercially available
Emtricitabine, Tenofovir disoproxil fumerate and
Rilviprine dosage forms (Complera/Eviplera, Gilead
Sciences) were purchased from local market.
Instrumentation
UV-Visible spectrophotometer used was Shimadzu, Model1650. The HPLC instrument used was Schimadzu make,
model-LC-2010 CHT. Class VP Software was used for data
acquisition. Shimadzu electronic balance (type BL-220H),
micropipettes and micro-pore filtration assembly etc.
Chromatographic Conditions
The following parameters were used for HPLC analysis for
the estimation of bulk form. Stationary phase : Inertsil
ODS-3V (150 mm × 4.6 mm, 5 μm).
Mode of operation : Gradiant (Table 1)
The mobile phase is consisting of 0.02M Sodium
dihydrogen orthophosphate monohydrate as mobile phase
A and methanol and water in the ratio of (85:15) as mobile
phase B with gradient program as follows.
Flow-rate
:
1.5 ml/min
Detector wavelength
:
261nm
Column temperature
:
Ambient temperature
Injection volume
:
10µL
Runtime
:
15min
Table 1. Gradient Time Program
Time
0.01
5.00
6.00
9.00
11.00
13.00
15.00
15.01

% A Conc.
90
90
35
10
10
90
90
Stop

% B Conc.
10
10
65
90
90
10
10
Stop

Preparation of Standard Solution
Standard solution of 0.4 mg/mL (treat this as 100% for
various experimental purpose) was prepared by taking
10 mg each of rilpivirine, tenofovir and emtricitabine in
25 mL volumetric flask and 0.5 mL tetrahydrofuran was
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added and diluted upto the mark with mobile phase.
(Figure 1)
Figure 1. Typical Chromatogram of Emitricetabine
(5.88mins), Tenofovir (8.796) and Rilpivirine (12.015)
by HPLC

Preparation of Solutions for Linearity
For linearity 150%, 125%, 100%, 75% and 50% solutions
were prepared. 150% solution was prepared by using
60 mg each of rilpivirine, tenofovir and emtricitabin was
dissolved in 100 mL for 150% solution. 20.83 mL of 150%
solution was taken in a 25 mL volumetric flask and make
up with mobile phase for 125% solution. 16.67 mL of
150% solution was taken in a 25 mL volumetric flask and
make up with mobile phase for 100% solution. 12.5 mL of
150% solution was taken in a 25 mL volumetric flask and
make up with mobile phase for 75% solution. 8.33 mL of
150% solution is taken in a 25 mL volumetric flask and
make up with mobile phase for 50% solution.
Sample Preparation for Accuracy
Five different solutions were prepared for performing the
accuracy studies. The first solution was prepared by
dissolving 10 mg each of rilpivirine,tenofovir and
emtricitabin in 25 mL volumetric flask and make up the
solution with 50% linearity solution. The second solution
was prepared by dissolving 10 mg each of rilpivirine,
tenofovir and emtricitabin in 25 mL volumetric flask and
make up the solution with 75% linearity solution. The
third solution was prepared by dissolving 10 mg each of
rilpivirine, tenofovir and emtricitabin in 25 mL volumetric
flask and make up the solution with 100% linearity
solution. The fourth solution was prepared by dissolving
10 mg each ofrilpivirine, tenofovir and emtricitabin in
25 mL volumetric flask and make up the solution with
125% linearity solution. The fifth solution was prepared
by dissolving 10 mg each of rilpivirine, tenofovir and
emtricitabin, in 25 mL volumetric flask and make up the
solution with 150% linearity solution.
Preparation of Sample Solution for Batch Analysis
Ten tablets (Complera) were accurately weighed and
crushed into a fine powder. The powder equivalent to one
tablet (200 mg of Emtricitabine, 300 mg of Tenofovir
disoproxil fumerate and 25 mg of Rilpivirine) was taken in
250 ml volumetric flask. About 150 ml diluent was added,
shaken for 5min on rotary shaker and then sonicated for
20mins with intermediate shaking. Then the volume was
finally made up to the mark (250ml). Sample solution was
centrifuged at 5000 rpm for 5 mins to get a clear solution.
Then supernatant solution was used as final sample
solution of a concentration of 800, 1200 and 2400 µg/ml
for the Emtricitabine, Tenofovir disoproxil fumerate and
rilpivirine.
Analytical Method Validation
Specificity of the Method: The terms selectivity and
specificity are often used interchangeably. Specificity is
Pharmacie Globale© (IJCP), Vol. 04, Issue 01
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the ability of the method to measure the analyte response
in the presence of its potential impurities. This parameter
was performed to know the retention time of each drug in
a mixture and in the sample to understand if any drugdrug interaction or drug-excipient interaction is present.
System Suitability: System suitability test is used to
verify that the resolution and reproducibility of the
chromatographic systems are adequate for the analysis to
be done. The tests are based on the fact that the
equipment, electronics, samples to be analyzed constitute
an integral system that can be evaluated as such. The
limits for system suitability were set for theoretical plates,
resolution, and asymmetry.
Linearity: Five concentrations of the standard mixture,
50%, 75%, 100%, 125%, and 150%, were injected and
chromatogram was recorded. A graph was plotted for the
concentration of the corresponding drug versus area. The
correlation coefficient (r2 ) for each drug was calculated.
Accuracy: To determine the accuracy in sample
preparation method of standard additions was made for
measuring the recovery of the drugs. To the standard
solution known concentrations of the drug (50%, 75%,
100%, 125%, and 150%) were added. The accuracy was
expressed as the percentage of the analytes recovery.

were measured and it was found to be 5.88 min,
8.796 min, and 12.015 min for Emtricitabine, tenofovir
disoproxil fumarate and rilpivirine respectively. The drugs
were taken as mixture and injected for taking the
chromatogram. All the three drugs (Emtricitabine,
tenofovir disoproxil fumarate and rilpivirine) were
resolved very nicely in a mixture. Retention time of all the
three drugs in standard mix was found to be 5.88 min,
8.796 min, and 12.015 min for Emtricitabine, tenofovir
disoproxil fumarate and rilpivirine respectively. This
indicates there is no chromatographic interference
between
the
analytes.
The
sample
solution
(pharmaceutical dosage form) was then injected and the
chromatogram was obtained. The retention time of the
drugs in the dosage form (tablet) was found to be
5.88 min, 8.796 min, and 12.015 min for Emtricitabine,
tenofovir disoproxil fumarate and rilpivirine, respectively.
Respective HPLC chromatograms are represented in
Figures 2, 3, 4, 5 & 6.
Figure 2. Chromatogram of Emtricitabine

Method Precision: It is very important that the method
developed should be precise. Six replicates of the sample
prepared from the commercial tablets were injected and
Assay was calculated to measure the repeatability of
retention times and peak area of standard and sample.
Robustness: To verify the robustness of the method, the
analysis was done under variable flow rates. The flow rate
as per the developed method is 1.5 mL/min. This has been
purposely changed to 1.2 mL/min and 1.9 mL/min and the
chromatogram was obtained.

Figure 3. Chromatogram of Tenofovir

Ruggedness: To test the ruggedness of the method, the
analysis was done on different days and different chemists
to check for any changes in the chromatograph. The %
RSD for the retention time and area was calculated.
Performance Test of the Method/Batch Analysis: The
method is said to be reliable if it can be applied for the
analysis of Emtricitabine, Tenofovir disoproxil fumerate
and rilpivirine simultaneously to the pharmaceutical
dosage forms or commercial tablets. For this purpose,
performance test of the method has been conducted on
market samples manufactured.

Figure 4. Chromatogram of Rilpivirine

RESULTS AND DISCUSSION

After several permutation and combinations, above
method has been optimized. It is evident from this method
that this is a very fast and well resolved separation of
mixture in to indiviual componant method of analysis
compared to the literature available.16 We have been able
to elute all the three drugs within 15 min. In the current
days, industries are looking for the methodology which
can save sophisticated instruments and chemist’s valuable
time, and as a result they can release their product
analysis report within lesser time. This is the reason why
people are more attracted toward ultra-fast liquid
chromatography (UFLC).17,18 In this regard, the method
developed is very fast and encouraging. The developed
method was validated with a holistic approach according
to ICH guidelines and details of findings are as below.

Figure 5. Chromatogram of Mixture

Specificity of the Method
The retention times of the standard drugs individually
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Figure 6. Chromatogram of dosage form

indicates that there is no drug-excipient interference and
the drugs are properly resolved by this method. Therefore,
this is a suitable method for the simultaneous estimation
of emtricitabine, tenofovir and rilpivirine in drug mixture
and dosage forms.

There is no specific change in the chromatogram. This
Table 1. System suitability results
Solution
Standard
Dosage
form

Drug
Emtricitabine
Tenofovir
Rilviprine
Emtricitabine
Tenofovir
Rilviprine

Retention time
5.81
8.796
12.015
5.80
8.84
12.005

Area
14711933
11302936
11142195
14719434
112853095
111090705

Linearity
The correlation coefficient (r2 ) was calculated, and it was
between 0.98 to 1.00 which is well within the acceptance
criteria. The results are shown in Table 2. The
concentration was found to be proportional to the area,
and the response of the detector was determined to be
linear over the range of 0.2 to 0.6 mg/mL as shown in the
Figure 7, 8, 9.

System Suitability
The suitability of the system was studied by performing
the experiment and looking for changes in separation,
retention times, and asymmetry of the peaks. Five
injections of the standard and two injections of the sample
were injected for this purpose. The resolution, areas,
retention time, theoretical plates values and peak
asymmetry were calculated for standard and sample
solutions. Results obtained are given in Table 1.
Resolution
0
3.7
4.6
0
3.7
4.7

Asymmetry
0.898
0.94
0.91
0.88
0.93
0.97

within the acceptance range, therefore, method is accurate
and it can be used for the simultaneous estimation of
emtricitabine, tenofovir and rilpivirine.
Table 3. Results for accuracy of the method
Standard
Sol
Sol 1

Figure 7. Linearity curve of Emtricitibine
Sol 2

Sol 3

Sol 4

Figure 8. Linearity curve of Tenofovir
Sol 5

Figure 9. Linearity curve of Rilpivirine

Theoretical plates
7063
6782
1397
7142.925
6893.845
1396.245

Area

Emtricitabine

Tenofovir

Rilpivirine

Intial conc
Sol1
50%
Sol 1-50%
%
Intial conc
Sol2
75%
Sol 2-75%
%
Intial conc
Sol3
100%
Sol 3-100%
%
Intial conc
Sol4
125%
Sol 4-125%
%
Intial conc
Sol5
150%
Sol 5-150%
%

14657264
2256385
8023992
14539833
99.2
14657264
26129857
11630341
14499516
98.92
14657264
29367481
14657264
14710217
100.36
14657264
32182741
17567370
14615371
99.71
14657269
34362870
19549044
14813826
101.07

11302419
17393625
6189621
14539833
99.2
11302419
20320163
8954005
11366158
100.56
11302419
22539487
11302419
11237068
99.42
11302419
28483584
13618562
11225022
99.32
11302419
26320185
15120715
11199470
99.09

11072363
20056814
20056814
11026708
99.59
11072363
21365397
10146889
11218508
101.32
11072363
22249678
11672363
11177315
100.95
11072363
22950236
11878593
11071643
99.99
11072363
23472537
12416531
11056006
99.85

Method Precision
The percentage RSD values for the assays in precision
study were calculated. The results as shown in
Table 4 indicate that the method developed is precise.
Table 4. Method precision results
Component

Emtricitabine

Tenofovir

Rilpivirine

99.37%
99.44%
99.31%
99.54%
99.41%
99.26%
99.38%
0.099

99.20%
98.95%
98.65%
99.63%
98.85%
99.05%
99.06%
0.34

Assay
Assay 1
Assay 2
Assay 3
Assay 4
Assay 5
Assay 6
Average
% RSD

Accuracy
The percentage recovery of the results obtained is listed in
Table 3. The results indicate that the recoveries are well
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99.55%
99.05%
99.21%
99.15%
99.21%
99.72%
99.31%
0.21

Robustness
Due to deliberate change in the method, no changes were
found in the chromatogram, the method developed is
robust. The results are shown in Table 5.
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Table 5. % RSD at different flow rates
Flow rate

Component

1.2ml/min

Emtricitabine
Tenofovir
Rilpivirine
Emtricitabine
Tenofovir
Rilpivirine
Emtricitabine
Tenofovir
Rilpivirine

1.5ml/min
1.9ml/min

Retention
Area
time RSD % RSD %
0.05
0.14
0.04
0.09
0.06
0.52
0.04
0.71
0.06
0.57
0.07
0.81
0.07
0.69
0.03
0.05
0
0.02

Sample area
RSD %
0.4
0.22
0.22
0.12
0.03
0.15
0.14
0.01
0.18

Ruggedness
Data acquired and compared, % RSD of area and RT has
been calculated and tabulated in Table 6. Based on the
data, it is evident that the method is Rugged.
Table 6. RSD of the drugs on different days and
different analysts
Day Analyst
1

1

2

2

Component

Retention
time % RSD
Emtricitabine 0.03
Tenofovir
0.08
Rilpivirine
0.03
Emtricitabine 0.04
Tenofovir
0.06
Rilpivirine
0.07
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