
Hindawi Publishing Corporation
Journal of Spectroscopy
Volume 2013, Article ID 937409, 7 pages
http://dx.doi.org/10.1155/2013/937409

Research Article
Simple Spectrophotometric Methods for
Determination of Tenofovir Fumarate and Emtricitabine in
Bulk Powder and in Tablets

Mohammad H. AbdelHay, Azza A. Gazy, Rasha A. Shaalan, and Heba K. Ashour

Pharmaceutical Analytical Chemistry Department, Faculty of Pharmacy, University of Alexandria, Elmessalah 21521,
Alexandria 21521, Egypt

Correspondence should be addressed to Rasha A. Shaalan; rasha shaalan@yahoo.com

Received 21 May 2013; Accepted 3 July 2013

Academic Editor: Lu Yang

Copyright © 2013 Mohammad H. AbdelHay et al. This is an open access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.

Two simple and selective methods were developed for the simultaneous determination of tenofovir fumarate (TEN) and
emtricitabine (EMT) in combined tablets. The first method involves the application of first derivative spectrophotometry where
the first derivative amplitudes were measured at 298.5 nm for determination of EMT in presence of TEN. The second method
involves first derivative of ratio spectra spectrophotometry where the amplitudes at 251.5 nm have been used for quantitation of
TEN in the presence of EMT. Different variables affecting each method were carefully investigated and optimized. Reliability and
analytical performance of the proposed methods, including linearity, range, precision, accuracy, detection, and quantitation limits,
were statistically validated. The methods were successfully applied for the determination of EMT and TEN in laboratory-prepared
mixtures and in their combined tablets.

1. Introduction

Antiviral drugs development has become a very active area
in the last decade, especially with the challenges of AIDS,
hepatitis, and avian and swine flu epidemics. The antiviral
drugs are used in the treatment of viral infections. They
may also be used to provide protection, usually for a
brief period only, against infection. There is little evidence
that these compounds affect latent or nonreplicating virus.
Nonspecific symptomatic and supportive treatment is also
important in the management of viral infections. Tenofovir
disoproxil fumarate (TEN) is 9-[(R)-2 [[bis[[(isopropoxy-
carbonyl)oxy]methoxy] phosphinyl] methoxy] propyl] ade-
nine fumarate [1] (Figure 1). It belongs to a class of antiretro-
viral drugs known as nucleotide analogue reverse tran-
scriptase inhibitors (NRTIs), which block reverse trans-
criptase, an enzyme crucial to viral production in HIV-infec-
ted people [2, 3].

Emtricitabine (EMT), 4-amino-5-fluoro-1-[(2R,5S)-2-(hy-
droxymethyl)-1,3-oxathiolan-5-yl]-1,2-dihydropyrimidin-2-
one [1] (Figure 1), works by inhibiting reverse transcriptase

enzyme that copies HIV RNA into new viral DNA. It can
help lower the level of HIV in the patient’s body and can
indirectly increase the number of immune system cells. EMT
is indicated in combination with other antiretroviral agents
for the treatment of HIV and HBV infection in adults [2, 3].
Being relatively recent drugs, TEN and EMT are not official
in BP 2010 or USP 2011.

TEN is formulated in binary mixture with the reverse
transcriptase inhibitor emtricitabine (EMT) to prevent HIV
from altering the genetic material of healthy T cells. Com-
bining the two drugs in one tablet helps in reduction of the
pill burden and increases the compliance with antiretroviral
therapy.

Simple spectrophotometric techniques have been pub-
lished involving determination of TEN by direct methods
[4, 5], derivative calculation [6–8]. Other spectrophotometric
methods published include colorimetric assay using various
derivatizing reagents [9–12].

HPLC has great application in the therapeutic drug mon-
itoring of TEN in different biological samples [13–19]. Almost
all HPLC assays depend on mass spectrometric detection of
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Figure 1: Structures of tenofovir disoproxil fumarate (TEN) and emtricitabine (EMT).

TEN. Only onemethodmade use of UV for detection of TEN
at 259 nm [15]. Other HPLC methods are applied for assay
of TEN in bulk powder and in pharmaceutical preparations
[20–22].

The literature reveals that HPLC is the most common
technique for the assay of EMT. Several HPLC methods
aiming at the determination of EMT in plasma were found
in the literature depending on either UV detection [23, 24]
or fluorimetric detection [25]. The quality control of phar-
maceutical products could be monitored using a published
HPLCmethodology based on C18 column and UV detection
[26]. Few LC methods were developed for determination
of EMT and its related compounds [27–29]. The analytical
behavior of EMT in gas chromatography and polarography
[30] was also studied.

Several HPLC methods were found in the literature for
the assay of TEN/EMT mixture [31–34]. Detection of both
drugs in these methods was achieved either depending on
UV detection [31, 33, 34] or mass spectrometry [32, 35, 36].
The reported methods were applied for the simultaneous
determination of TENandEMT inplasma [31, 32, 35, 36] or in
pharmaceuticals [33, 34]. Two spectrophotometric methods
were published for the assay of the binary mixture in tablets
[37, 38]. Only one HPTLCmethod was found for the assay of
the mixture in tablets using chloroform and methanol (9 : 1)
as a mobile phase and UV detection at 265 nm [39].

The literature reveals few methods for the simultaneous
assay of TEN/EMT mixture with other antiviral drugs as
lamivudine and/or zidovudine [40, 41] and lopinavir [42]
using HPLC technique.

2. Experimental

2.1. Instrumentation. Spectrophotometric measurements
were performed using a Specord S600 spectrophotometer,
associated with Win Aspect software version 2.3 (Analytik
Jena AG, Germany).

2.2. Materials and Reagents. Authentic samples of tenofovir
disproxil fumarate (TEN) and emtricitabine (EMT) were
kindly provided by Gilead Pharmaceuticals, USA. Truvada
tablets are labeled to contain 300mg tenofovir and 200mg
emtricitabine (Gilead Sciences Inc., Canada).

Stock solutions of either TEN or EMT 1000 𝜇gmL−1 were
prepared in high purity distilled water and stored refrigerated
at 4∘C.

2.3. General Procedure andConstruction of Calibration Curves

2.3.1. First Derivative Method (1D). Aliquots from the EMT
stock standard solution (1000 𝜇gmL−1) equivalent to 0.5–
40 𝜇gmL−1 were transferred into a set of 10mL volumetric
flasks. The solutions were diluted to volume with distilled
water and mixed well. The absorption spectra were recorded
against distilled water as blank in the wavelength range 200–
300 nm and stored. The first derivative spectra were calcu-
lated (number of points = 25), and the absolute values of 1D
amplitude at 298.5 nmwere plotted against the corresponding
concentrations to construct the calibration graph.

2.3.2. Derivative Ratio Method (1DR). The working stan-
dard solutions of TEN were prepared by dilution of TEN
stock solution (1000 𝜇gmL−1) with distilled water to get a
final concentration range of 0.5–40𝜇gmL−1. The absorption
spectra of standard TEN solutions were recorded in the
wavelength range 200–300 nm and stored.The stored spectra
were divided (amplitude by amplitude at each wavelength)
by the spectrum of a standard solution of 20𝜇gmL−1 EMT.
The absolute values of the first derivative of the ratio spectra
were obtained at 251.5 nm (number of points = 25), and then
plotted against the corresponding concentrations.

2.4. Preparation and Analysis of TEN/EMT Binary Tablets
Sample Solution. Truvada tablets were massed and finely
powdered. An accurately weighed quantity of the powder
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equivalent to the average weight per tablet was transferred
into a beaker containing 50mL high purity distilled water.
After sonication for 15min, the content was filtered quanti-
tatively into a 100mL volumetric flask and diluted to volume
using distilledwater. Aliquots of the TEN/EMTbinary tablets
sample solution were diluted with distilled water to obtain
final concentrations within the range 0.5–40𝜇gmL−1 for
both drugs (Table 1) and then treated as under “Section 2.3”.

3. Results and Discussion

3.1. Method Development. The present mixture represents a
combination of TENandEMT. Figure 2 shows the absorption
spectra of TEN and EMT and a mixture of both of them at
their nominal concentration. As shown in the figure, the UV
absorption bands of both drugs are considerably overlapped,
showing that the conventional UV method for the assay of
TEN is susceptible to interference from EMT. While the UV
spectrum of the latter is not greatly affected in the region of
220–280 nm, this is a favorable condition so that conventional
zero order or direct first derivative method could be applied
for the determination of EMT in the investigated binary
mixture. In this context, the first derivativemethodwas found
to be more advantageous by virtue of its better sensitivity.

3.1.1. First Derivative Method (1D). The first derivative spec-
trophotometricmethod could be applied to resolve suchmix-
ture and determine the concentration of EMT in the presence
of TEN. Upon examining the first derivative spectra of both
drugs, it was found that EMT has a peak at 298.5 nm, while
TEN showed no contribution at this wavelength (Figure 3).
The application of the derivative technique succeeded only in
resolving EMT in the presence of TEN through measuring
its first derivative peak amplitude at 298.5 nm, where TEN
showed no contribution at this wavelength. EMT was deter-
mined in the laboratory-prepared mixtures. The results are
shown in Table 3.

A recently reported derivative spectrophotometric
method [43] claimed that amplitude at 224.38 nm in the first
derivative spectrum was successfully applied to determine
TEN in presence of EMT. Examination of Figure 3 indicates
that this amplitude at 224.38 nm is lying at high slope with
very poor sensitivity.

Meanwhile, the 1D to 4D spectra of TEN were found
to be completely overlapped by that of EMT. Hence, in our
work derivative ratio spectrum method was applied for the
determination of TEN in tablet combination with EMT.

3.1.2. Derivative Ratio Method (1DR). For the determina-
tion of TEN, the stored absorption spectra of standard
solutions of TEN and solutions of TEN/EMT laboratory-
prepared mixtures were divided (amplitude by amplitude
at appropriate wavelengths) by the zero-order absorption
spectrum of 20𝜇gmL−1 EMT.Then the first derivative of the
obtained ratio spectra was calculated (number of points = 25)
(Figure 4). The figure shows that several wavelengths could
be useful for the determination of TEN; however, only one
point was selected for the analysis of TEN (at 251.5 nm). This

Table 1: Validation data for the determination of TEN and EMT
using the proposed spectrophotometric methods.

Item TEN (1DR) EMT (1D)
Concentration range (𝜇gmL−1) 0.5–40 0.5–40
Correlation coefficient (𝑟) 0.99999 0.99996
Intercept (𝑎) 2.0 × 10

−4

−3.0 × 10
−5

%𝑦-intercept 0.242 −0.194
Slope (𝑏) 2.8 × 10

−4

9.0 × 10
−4

RSD% of slope 0.187 0.372
𝑆
𝑎

9.0 × 10
−5

5.0 × 10
−5

𝑆
𝑏

5.0 × 10
−5

3.0 × 10
−5

𝑆
𝑦/𝑥

2.0 × 10
−4

1.0 × 10
−4

LOD (𝜇gmL−1) 0.010 0.167
LOQ (𝜇gmL−1) 0.031 0.556
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Figure 2: Absorption spectra of 1 𝜇gmL−1 EMT, 1 𝜇gmL−1 TEN,
and their mixture in distilled water.

wavelength was chosen on the basis of best recovery values
obtained.

3.1.3. Optimization of the Derivative Ratio Spectrophotometric
Method. The influence of some instrumental and experi-
mental variables (scan speed, number of points, and divisor
concentration) was tested in order to optimize the derivative
ratio spectrophotometric method. The influence of scan
speed and number of points was studied to obtain the best
wavelength interval and best shape of the DR spectra. Noisy
spectra were obtained at high scan speed and/or using low
number of points. The noise in the spectra decreases as we
increase the number of points (at 25) and at medium scan
speed.

A study was carried out to test the effect of the divisor
concentration (EMT) on the obtained calibration curves,
hence the absorption spectra of standard solutions of TEN
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Figure 3: First derivative spectra of 1 𝜇gmL−1 EMT, 1 𝜇gmL−1 TEN,
and their mixture in distilled water.
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Figure 4: First derivative of ratio spectra of 2, 4, 8, 10, and
20 𝜇gmL−1 TEN using 20𝜇gmL−1 EMT as divisor.

in the concentration range stated in Table 1 were divided
by the corresponding amplitudes of standard solutions of
EMT (10, 15, 20, and 40 𝜇gmL−1). The resultant ratio spectra
were then differentiated. The derivative ratio value of each
solution was measured at the appropriate wavelength and
plotted against its concentration. The statistical analysis of
these graphs using least squares method shows high values of
the correlation coefficients and small values of the intercepts
indicating good linearity. The results obtained indicate that
the divisor concentration has no effect on the assay.

3.2. Statistical Analysis of Results

3.2.1. Concentration Range and Calibration Graph. The lin-
earity of the proposed derivative spectrophotometric proce-
dures was evaluated by analyzing a series of different con-
centrations for each drug substance.The responses measured

at the specified wavelengths were found to be proportional
to the drug concentration. Table 1 presents the validation
data and statistical parameters for the proposed methods
including linear regression equations, concentration ranges,
correlation coefficients, standard deviation of the intercept
(𝑆
𝑎

), the slope (𝑆
𝑏

), and standard deviation of residuals (𝑆
𝑦/𝑥

).
Regression analysis shows good linearity as shown from the
correlation coefficient values (𝑟 > 0.9999), RSD% of the slope
values whichwere found less than 0.5%, and the%𝑦-intercept
values which were found less than 2%.

Furthermore, in the derivative ratio spectrum method,
four different concentrations of the divisor were used in
the analysis of standard solutions of TEN. A straight line
was obtained in each case. The statistical analysis using least
squares method for these assays showed high correlation
coefficient values and small values of intercepts proving good
linearity.

3.2.2. Detection and Quantitation Limits. According to ICH
guidelines [44], the approach based on the standard error
values and the slope of the calibration graph was used for
determining the limits of detection and quantitation. The
calculated LOD values are 0.010𝜇gmL−1 and 0.167 𝜇gmL−1
for TEN and EMT, respectively, while LOQ values are
0.031 𝜇gmL−1 and 0.556𝜇gmL−1 for TEN and EMT, respec-
tively.

3.2.3. Accuracy and Precision. The within-day precision and
accuracy for the described methods were examined at three
concentration levels using three replicate determinations for
each concentration through the same day. Similarly, the
between-day precision and accuracy were tested by analyzing
the same three concentrations for each drug substance using
three replicate determinations repeated on 3 days. Recoveries
were calculated using the corresponding regression equa-
tions, and the results were satisfactory (Table 2). The RSD%
and relative error (Er) did not exceed 2%, proving the high
repeatability and accuracy of the developed methods for the
estimation of both analytes in their bulk form.

3.2.4. Selectivity. Method selectivitywas examined by prepar-
ing several laboratory-prepared mixtures of the two com-
pounds at different concentrations within the linearity ranges
mentioned in Table 1. These mixtures had ratios both above
and below the normal ratio expected in the tablets. The
laboratory-prepared mixtures were analyzed according to
the previously described conditions for each method. The
recovery values, the percentage relative standard deviation
(RSD%) and the percentage relative error values (Er%) stated
in Table 3, were satisfactory, thus confirming the selectivity
of the methods and demonstrating its capability to resolve
and quantify both analytes in different ratios; the 1D or 1DR
amplitudes were only a function of the concentration of the
component at the specified wavelength and are independent
on the concentration of the other component of the mixture.
Hence, the results tabulated were satisfactory, indicating the
selectivity of the proposed methods.
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Table 2: Accuracy and precision of the proposed spectrophotometric methods for analysis of TEN and EMT.

Analyte Nominal value (𝜇gmL−1)
Within-day (𝑛 = 9) Between-day (𝑛 = 9)

Found ± SD
(𝜇gmL−1) RSD (%) Er (%) Found ± SD

(𝜇gmL−1) RSD (%) Er (%)

TEN (1DR)
4.0 3.93 ± 0.037 0.932 −1.801 3.94 ± 0.031 0.798 −1.407
8.0 7.89 ± 0.036 0.461 −1.398 7.85 ± 0.063 0.802 −1.852
20.0 19.90 ± 0.137 0.692 −0.513 19.86 ± 0.111 0.559 −0.695

EMT (1D)
0.5 0.49 ± 0.003 0.668 −1.890 0.50 ± 0.007 1.320 −0.756
8.0 7.94 ± 0.065 0.825 −0.732 7.96 ± 0.082 1.028 −0.543
40.0 39.89 ± 0.131 0.328 −0.269 40.16 ± 0.327 0.815 0.039

Table 3: Determination of TEN and EMT in laboratory-prepared mixtures using the proposed spectrophotometric methods.

Nominal value (𝜇gmL−1) Found ± SDa (𝜇gmL−1) RSD %b Er %c

TEN EMT TEN EMT TEN EMT TEN EMT
10.0 20.0 10.20 ± 0.08 20.40 ± 0.08 0.742 0.393 2.028 2.002
10.0 30.0 10.23 ± 0.06 30.59 ± 0.58 0.543 1.903 2.270 1.969
20.0 10.0 20.29 ± 0.10 10.30 ± 0.08 0.507 0.778 1.426 3.046
30.0 10.0 30.34 ± 0.18 10.25 ± 0.16 0.593 1.565 1.124 2.479
30.0 20.0 30.48 ± 0.23 20.57 ± 0.16 0.759 0.780 1.426 2.853
aMean % found ± SD for five determinations.
b% Relative standard deviation.
c% Relative error.

3.2.5. Stability of Solutions. The stability of TEN and EMT
standard and sample working solutions in water for spec-
trophotometric analysis was verified during handling by
keeping them at room temperature for 6 h. No changes
involving the derivative amplitudes in spectrophotometry
were noticed. The stock solutions were also stable when kept
refrigerated at 4∘C for at least one week.

3.2.6. Assay of Tablets. The applicability of the proposed
derivative methods to the assay of pharmaceutical prepara-
tions was examined by analyzing Truvada tablets. Results
obtained using the proposed methods (Table 4) were com-
pared to those obtained using a literature-reported spec-
trophotometric method [38]. The calculated Student’s t-test
and the variance ratio F-test results did not exceed the
theoretical ones which indicated that there was no signifi-
cant difference between the investigated methods. Moreover,
there was no interference from the excipients present in
the pharmaceutical preparation, which indicates the high
selectivity of the methods. The good recoveries obtained
(Table 4) suggest the good accuracy of the proposedmethods.

4. Conclusions

The work presented in this paper introduces two spec-
trophotometric procedures for the determination of TEN and
EMT in binary mixture. The derivative spectrophotometric
methods are simple, rapid, economic, and environment
friendly (green), because no chemical reagents or organic
solvents were used. The proposed derivative spectropho-
tometric methods were advantageous over some reported

Table 4: Application of the proposed methods to analysis of TEN
and EMT in Truvada tablets.

Drug
Method

Spectrophotometric
methodsa

Comparison
Referee methodb

TEN 100.200 ± 0.95 100.46 ± 0.99

𝑡
c
= 0.422, 𝐹c = 1.109

EMT 99.14 ± 1.23 99.76 ± 0.54

𝑡
c
= 1.029, 𝐹c = 5.198

aMean % recovery ± SD for five determinations.
bReference spectrophotometric method [38].
cTheoretical values for 𝑡 and 𝐹 at 𝑃 = 0.05 are 2.31 and 6.39, respectively.

spectrophotometric methods for the determination of TEN
and EMT in tablets [37, 38] by virtue of its better sensitivity
(0.5–40𝜇gmL−1 for both TEN and EMT compared to 4–
32 𝜇gmL−1, 6–48𝜇gmL−1 for TEN and EMT, resp.). Another
derivative spectrophotometric method [43] was recently
reported, yet it was found to be of poor sensitivity as it
measures the first derivative at a high slope of low amplitude
for the determination of TEN in presence of EMT.

Therefore, the proposed methods can be recommended
for routine analysis and checking quality of the two drugs.
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