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ABSTRACT
A high performance liquid chromatographic method has been developed and optimized for the simultaneous
determination of emtricitabine, rilpivirine and tenofovir in bulk and in tablet dosage form. In this work, multiple
response simultaneous optimization using Derringer’s desirability function was employed for the development. The
ranges of three experimental factors used for the optimization were acetonitrile concentration (50 -60%), buffer pH
(2.5-3.5) and flow rate (0.8-1.2ml/min). The influence of these independent variables on the output responses such
as capacity factor of the first peak (k1), resolution (Rs 2,3) and retention time (Rt) were evaluated. The experimental
responses were fitted into a second order polynomial equation. The optimized assay conditions were acetonitrile:
phosphate buffer (69.7: 30.3%v/v) (pH 2.5) as the mobile phase and flow rate at 1.2 ml/min. While using this
optimum condition, the total run time was less than 7 min were achieved. The optimized assay condition was
validated according to ICH guidelines to confirm specificity, linearity accuracy and precision.
Keywords: Central composite design, Response surface design, Emtricitabine, Rilpivirine, Tenofovir, HPLC.
INTRODUCTION
In statistical experimental design, also known as
design of experiments (DOE) is the methodology of
how to conduct and plan of experiments in order to
extract the maximum amount of information in the
fewest number of analyses. The application of
mathematical, statistical and logical principle of
chemistry, i.e. chemometrics offers a sound
alternative for optimization of chemical system and
process. Hence it is applied to determine in an
efficient way the set of condition that are required to
obtain a product or process with desirable, often
optimal characteristics [1]. Experimental design has
been used for separation optimization [2-4] and for
validation in RP-HPLC method [5-7]. The
experimental design has shown utility in
pharmaceutical development. Multivariate methods
are based on the design of an experimental plan (i.e. a
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series of experiments in each of which the values for
several parameters are changed at the same time).
The results of these experiments are then evaluated
using simple statistical methods like analysis of
variance and regression analysis. The main
experimental designs that are carried out include
screening and optimization designs. With the first
one it is possible to determine the parameters that
have an effect, interaction effects among these
parameters, influence of this interaction (positive or
negative), and their significance. The most
commonly used designs are fractional and full
factorial designs at two levels for each parameter. In
order to find the optimum, optimization designs such
as Box-Behnken design or Central composite designs
are used [8]. The central composite design is a widely
used design for optimization of chromatographic
system [9]. This design consists of a two –level
factorial design and additional axial points. The
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experiments will approximate the surface of a sphere.
The factorial points will contribute in estimating the
interaction terms and the axial points will contribute
in estimating the quadratic terms. It is necessary to
include at least one center point in the design. This
design is often formed in this way and its result can
be used to determine a quadratic response surface
that has curvature and can be used to predict factor
levels that produce maximum or minimum response
values [10]. However the HPLC method intended to be
applied for the pharmaceutical or industrial
environment, the analysis time is usually optimized
without losing resolution [11]. When one needs to
optimize more than one response at a time the use of
multicriteria decision making (MCDM) is the better
choice. The different approaches of MCDM include
the path of the steepest ascent, constrained
optimization procedure, pareto-optimality, utility
function and Derringer’s desirability function. When
there is a mix of linear and non- linear responses, or
when all response models are of linear or non -linear,
pareto-optimality, utility function or Derringer’s
desirability function can be used. There are many
ways in which the individual desirabilities can be
combined. If the combined criterion is a simple
arithmetic average, it is called as utility function and
if it is a geometric mean it is referred as Derringer’s
desirability function. The idea of combining
desirabilities as geometric mean was first presented
by Harrington [12] but it was put into a more general
form by Derringer [13]. The advantage of the
Derringer’s desirability function is that if one of the
criteria has an unacceptable value, then the overall
product will also be unacceptable, while the utility
function this is not the case. Further, Derringer’s
method offers the user flexibility in the definition of
desirability function. Derringer’s desirability function
was introduced in the chromatography by Deming
implementing resolution and analysis time as
objective function to improve separation quality. The
Derringer’s desirability function was applied to
explore the user flexibility of this technique in
selecting optimum chromatographic condition for the
determination of drugs in variety of sample matrices.
Emtricitabine and tenofovir drugs are nucleoside
reverse transcriptase inhibitor. They are combined
with a new antiretroviral drug rilpivirine. It is a non –
nucleoside transcriptase inhibitor. Three drugs FDC
comprising of Emtricitabine, tenofovir and rilpivirine
form one of the first line regimens in HIV therapy.
Emtricitabine (Fig 1) is an analogue of cytidine. The
drug works by inhibiting reverse transcriptase, the
enzyme that copies HIVRNA into new viral DNA.
Tenofovir (Fig 1) inhibits the activity of HIV reverse
transcriptase by competing with the natural substrate
deoxyadenosine
5’-triphosphate
and,
after
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incorporation into DNA, by DNA chain termination.
Rilpivirine (Fig 1) is a diarylpyrimidine. It inhibits
HIV-1 replication by non-competitive inhibition of
HIV-1 reverse transcriptase (RT). Rilpivirine does
not inhibit the human cellular DNA polymerases α, β
and γ. In literature survey simultaneous estimation of
emtricitabine, tenofovir disoproxil fumarate and
rilpivirine in bulk form by RP-HPLC and RP-UPLC
methods were reported [14-15].Bioequivalence of the
emtricitabine, rilpivirine and tenofovir disoproxil
fumarate single tablet regimen and combination
therapies, effectiveness, and adherence in patients
with HIV infection: clinical utility of a single tablet
of emtricitabine, rilpivirine and tenofovir were
reported [16-17]. On the other hand, several methods
have been cited in the literature for the estimation of
tenofovir [18-22], emtricitabine [23-27] and rilpivirine [2832]
individually. In spite of that, an intensive search
exposed to the best of our knowledge that there are
only few works describing the method for the
simultaneous determination of these drugs in
pharmaceutical formulations. However, no method
related to the chemometric optimization for the
simultaneous determination of these drugs using
HPLC in the commercial pharmaceutical mixture is
available. Therefore, in the present study a HPLC
method was developed, optimized and validated for
the determination of EMF, RPV and TEN in bulk and
in tablet formulation. In order to understand the
sensitivity of the chromatographic factors on the
separation analytes and to simultaneous optimization
of resolution and analysis time, chemometric
protocols of response surface design and Derringer’s
desirability function were successfully employed.
MATERIALS AND METHODS:
Chemicals and Reagents: Pure standards of
Tenofovir and Emtricitabine were obtained from M/S
Pharma Train, (Hyderabad, India). Rilpivirine pure
sample was purchased from Yarrow Chem products,
(Mumbai, India). Tablet formulation of Complera
(300 mg of tenofovir, 25 mg of rilpivirine and 200
mg of emtricitabine) was purchased from local
pharmacy. The reagents were purchased as follows:
methanol HPLC grade was procured from Merck
(Mumbai, India). Dipotassium hydrogen phosphate,
potassium dihydrogen phosphate and phosphoric acid
were obtained from SD fine Chemicals (Mumbai,
India). The HPLC grade water was prepared by using
Milli - Q Academic, Millipore (Bangalore, India).
Chromatographic conditions: High performance
liquid chromatography method was performed with
Shimadzu prominence equipment comprising
LC20AD solvent delivery modules, SPD 20A UV-
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visible detector, a Rheodyne model 7125 injection
valve fitted with a 20µl loop, and SPD-20A detector.
Compounds were separated on a 250 mm X 4.6 mm
i.d., 5µm particle, phenomenex, Gemini C18 column
and a personal computer. The equipment was situated
in an air conditioned laboratory (20± C). The
chromatographic
software
Autochro
3000
(Shimadzu) was used for data acquisition and
treatment of chromatographic data.
Preparation of Standard solution: About 20 mg of
Emtricitabine, 30 mg of tenofovir and 2.5 mg of
rilpivirine were weighed accurately and transferred
into a 100 ml volumetric flask. 10 ml of the mobile
phase was added and sonicated for 15 min. and the
volume was made up to 100 ml with the mobile
phase. From the standard stock solution 10 ml of the
solution was pipetted out and transferred into a 100
ml volumetric flask. Then it was made up to the
volume with mobile phase to get a concentration of
20 µg/ml for emtricitabine, 30µg/ml for tenofovir and
2.5 µg/ml for rilpivirine.
Preparation of sample solution: Ten tablets were
accurately weighed and crushed into fine powder.
The powder equivalent to one tablet (200 mg of
Emtricitabine, 300 mg of Tenofovir and 25 mg of
rilpivirine) was taken in a 100 ml volumetric flask.
About 50 ml of diluent was added, shaken for 5
minutes on a rotatory shaker and then sonicated for
20 minutes with intermediate shaking. After that the
volume was finally made up to the mark with 100 ml.
A sample solution was centrifuged at 500 rpm for 5
minutes to get a clear solution. Then 10 ml of
supernatant solution was diluted and made up to the
volume with 100 ml diluent. 1 ml of the above
solution was pipetted out and transferred into a 10 ml
volumetric flask and made up to the volume with the
same. Then it was filtered through a 0.45µ membrane
filter. So the final concentrations were 20 µg / ml for
emtricitabine, 30 µg / ml for tenofovir and 2.5
µg / ml for rilpivirine.
RESULTS AND DISCUSSION
Column chemistry (C18), solvent type (MeCN or
MeOH), solvent strength and flow rate were then
varied to determine the best chromatographic
conditions that give quality separation. The mobile
phase conditions were optimized such that the first
eluting component does not interfere with the peaks
of solvent and excipient. Other criteria like analysis
time, appropriate k range (1<k<10) for eluted peaks,
tailing factor, assay sensitivity and noise were also
considered. The analytes emtricitabine, tenofovir
and rilpivirine were predominantly polar and have
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low molecular mass. Therefore a phenomenex
Gemini C18 column (150 mm X 4.6mm i.d., 5 µm)
and mobile phase consisted of MeCN: phosphate
buffer (pH 3.0) were tried to examine initial
separation conditions. Different ratios of mobile
phases MeCN: phosphate buffer (pH 3.0) (50:50,
60:40, 40:60, 55:45%v/v) were tried. Among these,
the mobile phase composition ratio 55:45% v/v
resulted in a quality separation in terms of peak
symmetry, optimum resolution and reasonable run
time.
Before starting on optimization procedure it is
important to investigate the curvature term using
factorial design with center points.
ANOVA
generated 2K
factorial design showed that
curvature was significant for all the responses (k1,
Rs2,3, tR3) since p value was less than 0.05. This
implied that quadratic model should be considered to
model the separation process. In order to obtain the
second order predictive model, central composite
design (CCD) - a design type under response
methodology - was employed. CCD was chosen due
to its flexibility and it could be applied to optimize an
HPLC separation by gaining better understanding of
factor’s main and interaction effects. The selection of
factors for optimization was based on preliminary
experiment and prior knowledge from literature as
well as certain instrumental limitations. From
preliminary experiments a Gemini C18 column
stationary phase and mobile phase consisted of
MeCN: phosphate buffer (pH 3.0) was employed.
The volume of phosphate buffer in the mobile phase
was fixed at (45%) and only MeCN content was
varied. The mobile phase flow rate could also
moderately influence selectivity in HPLC analysis.
Therefore the key factors selected for optimization
process were MeCN concentration (A), Buffer pH
(B) and flow rate (C). Table 1 showed the levels of
each factor studied for finding out the optimum
values and responses. In table 1 the ranges of each
factor used were MeCN concentration (50-60%v/v),
buffer pH (2.5-3.5) and flow rate (0.8- 1.2 ml / min).
As response variables, the capacity factor for the first
eluted peak Tenofovir (k1), the resolution between
two peaks tenofovir and emtricitabine (Rs 2, 3), the
retention time of the last peak rilpivirine (tR3) were
selected. For an experimental design with the three
factors, including linear, quadratic and cross terms,
the model can be expressed as Y = β0 + β1 X1 + β2 X2
+ β3 X3 + β12 X1 X2 + β13 X1 X3 + β23 X2 X3 + β11 X12
+ β22 X22 + β33 X32
where Y is the response to be modeled, β is the
regression coefficient and X1, X2 and X3 represent
factors A, B and C respectively. Statistical
parameters obtained from ANOVA for the reduced
models were given in table 2. The insignificant terms
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(p > 0.05) were eliminated from the model through
backward elimination process to obtain a simple and
realistic model. Since R2 [33] always decreases when a
regressor variable is eliminated from a regression
model, in statistical modeling the adjusted R2 which
takes the number of regressor variables into account,
is usually selected.
Table 2 showed that the adjusted R2 values were well
within the acceptable limits of R2 ≥ 0.80 [34], which
revealed that the experimental data showed a good fit
with second order polynomial equations. For all the
reduced models p value < 0.05 was obtained,
implying these models were significant. The adequate
precision value is a measure of the signal (response)
to noise (deviation) ratio. A ratio greater than 4 is
desirable [35]. The ratio was found to be in the range
from 12.00 to 18.22 which indicated an adequate
signal and therefore the model was significant for the
separation process. The coefficient of variation (C.V)
is a measure of reproducibility of the model and as a
general rule a model can be considered reasonably
reproducible if it is less than 10%.
In table 2 the interaction terms with the largest term
coefficient among the fitted model was BC (+ 0.54)
of Rs2,3 model. The positive interaction between B
and C was statistically significant (< 0.0001) for
Rs2,3. The existence of such interactions emphasized
the necessity to carry out active multifactor
experiments for the optimization of chromatographic
separation. In order to gain a better understanding of
the results the predicted models were presented in the
form of perturbation plot (Fig 2a, 2b, 2c ) and 3D
response surface plot (Fig 3a, 3b, 3c). Variables
giving quadratic and interaction terms with the
largest absolute coefficients in the fitted models were
chosen for the axes of the response surface plots.
Consequently, factors A and C were selected for the
response plots of k1, Rs 2,3 and tR3 with factor B held
constant usually at central value of phosphate buffer
pH 3.00. All these three dimensional plots were
beneficial to gain an overall understanding of the
influence of phosphate buffer pH and flow rate on
analysis time (Rs2,3). Perturbation plots provide
silhouette views of the response surface plots, where
it shows how the response changes as each factor
moves from a chosen reference point, with all other
factors held constant at the reference value.
A steepest slope or curvature indicates the
sensitiveness of the response to a specific factor.
Figure 2b showed that phosphate buffer pH (factor B)
had most the important effect on resolution between
emtricitabine and rilpivirine Rs2,3 followed by factor
C and then factor A. The rest of the factors (MeCN
concentration and flow rate) had significant effect on
tR3 and k1. When k1 and tR3 values were increased,
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the level of MeCN concentration (factor A) increased
and when k1 and tR3 values decreased, the level of
flow rate (factor C) increased. Analysis of the
perturbation plot and response surface plot of
optimization models revealed that factor B and C had
the significant effect on separation of analytes,
whereas the factor A, MeCN concentration was of
little significance. Derringer’s desirability function
was employed for global optimization of three
responses and to select different optimal conditions
for the analysis of formulation. The criteria for the
optimization of each individual response were shown
in table 3.
From the above table it could be seen under the
column criteria that the response of tR3 was
minimized in order to shorten the analysis time and
the response of Rs2,3 was minimized to allow the base
line separation of emtricitabine and rilpivirine. In
order to separate the first eluting peak of tenofovir
from the solvent front, k1was maximized. Importance
could range from 1 to 5 which gave emphasis to a
target value. Following the conditions and restrictions
above, the optimization procedure was carried out.
The response surface obtained for the global
desirability function was presented in figure 4. From
the figure it could be concluded that there was a set
of coordinates producing high desirability value
(D = 0.701), MeCN concentration 69.7%, buffer pH
2.5, and flow rate of 1.2 ml/min. The optimized
formulation assay conditions were using Gemini C 18
column with MeCN: phosphate buffer pH 2.5
(69.7:30.3%v/v) as mobile phase at a flow rate of 1.2
ml/min and UV detection at 280 nm. The predicted
response values corresponding to the latter value of D
were K1 = 0.95, Rs2,3 = 3.50, tR3 = 6.60 minutes. The
agreement between experimental and predicted
responses under optimal conditions was shown in
table 4 and the optimized chromatogram was shown
in figure 5.
Method Validation: The proposed method was
validated as per ICH guidelines [36-37]
Linearity: The linearity study was conducted for
standard stock solutions of tenofovir, emtricitabine
and Rilpivirine. For the construction of calibration
curves, five calibration standard solutions were
prepared over the concentration range of 10-50µg/ml
for tenofovir, emtricitabine and 4-12µg/ml for
rilpivirine. The results were summarized in table 5. It
showed good correlation between analytes peak area
and concentration with r2> 0.9998 (n = 6).
Limit of detection and Limit of Quantification
(LOD and LOQ): Limit of detection and limit of
quantification were calculated from the linearity
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studies. Linearity study was performed three times
and the value of slope and intercept were calculated
from the calibration curve. It was used to calculate
the LOD and LOQ values. LOD and LOQ were
calculated by using the following formulas
LOD = 3.3 x std. dev / slope, LOQ = 10 x std. dev /
slope
Limit of detection was found to be 0.0085µg/ml,
0.23µg/ml and 0.26 µg / ml for tenofovir,
emtricitabine and rilpivirine respectively. Limit of
quantification was found to be 0.025 µg / ml,
0.7041µg/ml and 0.8137 µg / ml for tenofovir,
emtricitabine and rilpivirine respectively. The report
was shown in table 5.

interference due to excipients used. Hence the
accuracy of the method was confirmed.

Precision: The precision of the method was
confirmed by intraday analysis. The analyses of
standards were carried out five times in the same day.
The percentage RSD value of the intraday analysis of
analytes was found to be 0.99 for tenofovir, 1.35 for
emtricitabine and 0.46 for rilpivirine. The %RSD
value was found to be less than 2%. This indicated
that the developed method had good precision with
repeatability.

The analytes Emtricitabine, Rilpivirine and Tenofovir
had been simultaneously analysed in pharmaceutical
formulations by using HPLC. Time of analysis,
resolution and quality of the peaks were
simultaneously optimized by applying useful tools of
chemometrics: response surface design and
Derringer’s desirability function. The results of the
study demonstrated the benefit of applying
this
approach in selecting optimum conditions for the
determinations of drugs in pharmaceutical
formulations. This method reduced overall assay
development time and provided essential information
regarding the sensitivity of various chromatographic
variables on separation attributes. The validation
study supported the selection of the assay conditions
by confirming that the assay was accurate, linear,
precise and robust.

Accuracy: To evaluate the accuracy of the method,
known amount of pure drugs were added to the
previously analysed solution of formulation and the
mixture was analysed by the proposed method. The
amount of drug recoveries was calculated. The
percentage recovery was found to be in the range of
99.25 % - 99.84%. The % RSD values were found to
be less than 2%. This indicated that there was no

Emtricitabine

Tenofovir

Ruggedness: It refers to the precision of a lab over
multiple days which may include multiple analysts,
multiple instruments and different sources of the
reagents. The developed method was validated for
ruggedness. It was confirmed by using different
analysts. The percentage RSD values were found to
be less than 2% for three analytes. Hence the
precision was further confirmed. The results were
shown in table 5.
CONCLUSION

Rilpivirine

Figure1:The chemical structures of analytes

Figure 2(a): capacity factor
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Figure 2(b): Resolution

260

Figure 2(c): Retention time
Figure 2: Perturbation plots for responses

Figure 3(a): Capacity factor

Figure 3(b): Resolution

Figure 3(c): Retention time
Figure 3: Response surface plots for responses

Figure 4: Graphical representation of overall desirability function
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Figure 5: Chromatogram for optimized assay method
Table 1: Central composite arrangement and responses
Run
Type
ACN (%v/v)
pH
Flow rate

Capacity

ml/min

factor

resolution

Retention
time

19

Fact

50.00

2.50

0.80

1.00

5.26

6.11

7

Fact

60.00

2.50

0.80

0.95

4.75

6.00

13
12

Fact
Fact

50.00
60.00

3.50
3.50

0.80
0.80

1.21
0.94

9.15
5.87

21.00
11.96

5

Fact

50.00

2.50

1.20

1.00

4.15

4.10

18

Fact

60.00

2.50

1.20

0.87

3.57

3.96

16

Fact

50.00

3.50

1.20

1.25

9.05

14.28

14

Fact

60.00

3.50

1.20

0.92

5.71

8.20

20

Axial

46.59

3.00

1.00

0.83

6.21

11.56

10

Axial

63.41

3.00

1.00

0.91

3.54

6.68

9

Axial

55.00

2.16

1.00

1.10

2.26

4.58

8

Axial

55.00

3.84

1.00

0.91

5.00

7.50

11

Axial

55.00

3.0

0.66

1.14

5.57

14.7

17

Axial

55.00

3.0

1.34

1.00

1.84

4.36

6

Center

55.00

3.0

1.00

0.91

3.82

9.30

15

Center

55.00

3.0

1.00

0.93

3.83

9.32

3

Center

55.00

3.0

1.00

0.94

3.80

9.30

1

Center

55.00

3.0

1.00

0.92

3.82

9.33

2

Center

55.00

3.0

1.00

0.91

3.84

9.34

4

Center

55.00

3.0

1.00

0.92

3.80

9.30
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Table 2: Reduced response surfaces models and statistical parameters obtained from ANOVA
Responses Regression model Adjusted R

2

K11.52+0.13A-0.15C0.8117
2

Rs2,3 +5.65+0.16B+0.49C 0.8212+0.54BC-0.40C

2

2

tR3+4.26+0.26A+0.22B+0.37C0.8388+0.50AC+0.42BC+0.35A +0.31B

Model p
value

% C.V

Adequate
Precision

<0.0001

5.19

18.049

<0.0001

5.60

18.229

<0.0001

8.53

12.008

Table 3: Criteria for the Optimization of the Individual Responses
Response
k
1
Rs
2,3
tR
3

Lower limit
0.83
3.0
3.96

Upper limit
1.25
5.0
21

Criteria/Goal
Maximize
Minimize
Minimize

Table 4: The comparison of experimental and predictive values of different objective
functions under optimal conditions
Optimum
Acetonitrile
Buffer
Flow rate
K1
Rs2,3
conditions
(%v/v)
(pH)
(ml/min)
Predictive
Experimental
Average error

69.7
69.7

2.52
2.52

1.2
1.2

0.95
0.91
4.21

3.50
3.54
1.14

tR3
6.60
6.68
1.2

Desirability value= 0.701
Table 5: Reports for validation parameters
Parameters
Range( µgmL-1)

Tenofovir
10-50

Rilpivirine
4-12

Emtricitabine
10-50

Y=mx + c

Y=40652.2X+221309

Y=376839X+4698107

Y=398106X+423656

0.9998

0.9995

0.9996

Slope (m)

40652.2

376839

398106

Intercept (c)

221309

4698107

423656

LOD ( µgmL-1)

0.0082

0.2685

0.2320

LOQ( µgmL-1)

0.0250

0.8137

0.7041

Accuracy (%RSD)

0.37

0.49

0.52

Precision(%RSD)

0.99

0.46

1.35

Analyst I(%RSD)

1.250

1.232

1.417

Analyst II(%RSD)

1.313

0.950

0.733

Regression coefficient

Ruggedness
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