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Spectrophotometric simultaneous 
determination of Tenofovir disoproxil fumarate 
and Emtricitabine in combined tablet dosage 
form by ratio derivative, first order derivative 
and absorbance corrected methods and its 
application to dissolution study
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Three simple, economical, precise, and accurate methods are described for the 
simultaneous determination of Tenofovir disoproxil fumarate (TE) and Emtricitabine 
(EM) in combined tablet dosage form.  The first method is ratio derivative spectra, second 
is first-order derivative spectrophotometry and third is absorption corrected method.  
The amplitudes at 271.07 and 302.17 nm in the ratio derivative method, 224.38 and 306.88 
nm in the first order derivative method were selected to determine Tenofovir disoproxil 
fumarate (TE) and Emtricitabine (EM), respectively, in combined formulation. Beer’s law 
is obeyed in the concentration range of 3-21 µg/ml for TE and 2-14 µg/ml for EM for first 
two methods and range for third method was 6-30 µg/ml of TE and 4-20 µg/ml of EM. The 
percent assay for commercial formulation was found to be in the range 98.91%–101.72% 
for both the analytes by the proposed three methods. Absorption corrected method was 
successfully applied to carry out dissolution study of commercial tablet formulation by 
using USP II dissolution test apparatus.  The methods were validated with respect to 
linearity, precision, and accuracy. Recoveries by proposed methods were found in the 
range of 99.06 %-101.34 % for both the analytes. 
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INTRODUCTION

Tenofovir (TE);9[(R)2[[bis[[(isopropoxycarbonyl)oxy]methoxy]phosphinyl]
methoxy] propyl and Emtricitabine (EM); 5-fluro-1-(2R, 5S)-[2-9hydroxymethyl]-
1,3-oxathiolan-5-yl both are the antiviral agents, acts as the nucleoside reverse 
transcriptase enzyme inhibitors. These are the nucleoside analogues which are 
phosphorylated by host cell enzyme to give 5-triphosphate derivative. This moiety 
competes with the equivalent host cellular triphosphate substrates for pro viral 
DNA synthesis by viral reverse transcriptase which is viral RNA-dependent 
DNA polymerase. Eventually, the incorporation of the 5-triphosphate moiety into 
the growing viral DNA chain results in chain termination. Mammalian α--DNA 
polymerase is relatively resistant to the effect.

Emtricitabine is potent and selective against HIV types I and II and hepatitis B 
virus. Tenofovir is active against a variety of drug resistant HIV-I strains. Recently, 
the combination of TE and EM has demonstrated significantly greater HIV RNA 
suppression compared to the combination of zidovudine and lamivudine. [1- 2] 

Several analytical methods that have been reported for the individual 
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determination of TE in biological fluids and 
pharmaceutical formulations which include liquid 
chromatography coupled with spectrofluorimetric, 
UV, and mass spectroscopy detection.[3-8] For EM 
several analytical methods have been reported for 
its individual analysis which includes chiral liquid 
chromatography, liquid chromatography with UV 
detection [1,8-11] Few bioanalytical methods are reported 
for combination of TE and EM which includes liquid 
chromatography with PDA and UV detection.[12] There 
are also few spectrophotometric methods reported in 
the literature for the simultaneous estimation of EM 
and TE in combined dosage form but no derivative 
spectroscopic, ratio derivative and simple absorbance 
corrected methods were reported.[13,14] This derivative 
spectroscopic technique offers various advantages 
over the conventional absorbance methods such as 
the discrimination of the sharp spectral features over 
the large bands and the enhancement of the resolution 
of overlapping spectra. Therefore, the aim of this 
study was to develop and validate ratio derivative, 
first derivative spectroscopic methods, and simple 
absorbance corrected method for the determination 
of TE and EM in tablet dosage form. The proposed 
methods were optimized and validated as per the 
International conference on harmonization (ICH) 
guidelines.[15]

MATERIALS AND METHODS

Instrumentation
An UV-visible double beam spectrophotometer 
(Varian Cary 100) with 10 mm matched quartz cells 
was used. All weighing were done on electronic 
balance (Model Shimadzu AUW-220D).

Reagents and chemicals
Pure drug sample of TE, %purity 99.86 and EM, % 
purity 99.92 was kindly supplied as a gift sample by 
Emcure Pharmaceutical Pvt. Ltd. Pune. These samples 
were used without further purification. Tablet used 
for analysis was TENVIR-EM (Batch No. X81241) 
manufactured by Cipla Ltd. Goa, India containing TE 
300 mg and EM 200 mg per tablet. 

Method A: Ratio derivative 
The method involves dividing  the  spectrum of  
mixture  by  the  standardized  spectra  of each  of  
the  analyte  and  deriving  the  ratio  to  obtain  
spectrum  that  is dependent  of  concentration of 
analyte used as a divisor. Using appropriate dilutions 
of standard stock solution, the two solutions were 

scanned separately. The ratio spectra of different 
TE standards at increasing concentrations were 
obtained by dividing each with the stored spectrum 
of the standard solution of EM (8 µg/ml) as shown 
in [Figure 1a] and the first derivative of these spectra 
traced, are illustrated in [Figure 1b]. Wavelength 
271.07 nm was  selected  for  the  quantification  
of  TE  in  TE  +  EM  mixture.  The ratio and ratio 
derivative spectra of the solutions of EM at different 
concentrations were obtained by dividing each with 
the stored standard spectrum of the TE (12 µg/ ml) 
[Figure 2a and b, respectively]. Wavelength 302.17 
nm was selected for the quantification of EM in TE 
+ EM mixture. Measured analytical signals at these 
wavelengths were proportional to the concentrations 
of the drugs. Calibration curves were prepared from 
the measured signals at the selected wavelength and 
concentration of the standard solutions. The amount 
of TE and EM in tablets was calculated by using 
following equations.[16]

At 271.07 nm: CTE = d/dλ [ATE/AEM] – Intercept (C)/
Slope (m),    (1)

At 302.17 nm: CEM = d/dλ [AEM/ATE] – Intercept (C) / 
Slope (m).   (2)   

Method B: Derivative method  
The method involves obtaining the first derivative 
spectrum of the series of the solution of mixtures of 
TE + EM in ascending and descending concentration. 
From the observations of the derivative spectrum, 
derivative amplitudes responsible for TE and EM 
were selected and wavelength for each amplitude was 
noted. These wavelengths were further confirmed by 
checking the first order derivative amplitude of the 
mixed standard solutions of these drugs in the given 
ratio. Mixed standard solutions were prepared in the 
range of 3-21 TE (and 2-14 µg/ml for EM) were used 
for the study. Wavelengths 306.88 and 224.38 nm 
were selected for the quantification of TE in TE + EM 
mixture and EM in TE + EM mixture, respectively 
[Figure 3]. [17] 

Method C: Absorption corrected method  
The value of λmax of EM and TE was determined by 
scanning the drug solution in the range 200- 400 nm at 
0.5 band width and 600 nm/min scan speed and was 
found to be at 293.38 and 270.29 nm, respectively. EM 
also showed absorbance at 270.29 nm, while TE did 
not show any interference at 293.38 nm [Figure 4]. To 
construct Beer’s  plot  for EM and  TE,  stock  solutions  
of  1000 µg/ml  of  both  the  drugs  were  prepared  
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Figure 1: Ratio spectra (a) and first derivative of the ratio spectra (b) of (a) 3, (b) 6, (c) 12, (d) 18, and (e) 21 μg/ml solution of TE when 8 μg/
ml solution of EM is used as divisor.

Figure 2: Ratio spectra (a) and first order derivative of the ratio spectra (b) of (a) 2, (b) 4, (c) 8, (d) 12, and (e) 14 μg/ml solution of EM when 
12 μg/ml solution of TE is used as divisor.

Figure 3: First order derivative spectra of (a) 3, (b) 6, (c) 12 (d) 18, and (e) 21 μg/ml solution of TE and (v) 2, 
(w) 4, (x) 8, (y) 12 and (z) 14 μg/ml solution of EM in methanol.

in  0.1N HCl  and working  standard  dilutions  were 
made  in  0.1N HCl using stock solution of 1000 µg/
ml. Also Beer’s plot was  constructed  for EM and TE  
in  solution mixture  at different  concentration (4:6,  

8:12,  12:18,  16:24,  20:30 µg/ml) levels. Both the drugs 
followed linearity individually and in mixture within 
the concentration range 4-20 µg/ml and 6-30 µg/ml for 
EM and TE, respectively.
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Figure 5: Dissolution profile of TE and EM tablet formulation by 
absorbance corrected method.

Figure 4: Simple overlay spectra of EM (4-20 μg/ml) and TE (6-30 μg/ml) in 0.1N HCl with formulation (12 
+ 18 μg/ml) of EM and TE, respectively.

Determination of absorption factor at selected 
wavelengths  
EM and TE solution in 0.1N HCl of known 
concentrations were scanned against blank on 
spectrophotometer. The value of absorption factor 
was found to be 0.52. Quantitative estimation of EM 
and TE was carried out using following equations: 

Corrected Absorbance of TE at 270.29 nm = Abs270.29 
(TE + EM) – [(abs270.29 (EM)/ abs293.38 (EM)] × 
abs293.38 (EM) or

Corrected Absorbance of TE at 270.29 nm = abs270.29 
(TE + EM) – 0.52 × abs293.38 (EM) where; abs: 
Absorption value at given wavelengths.

Preparation of standard stock solutions and 
calibration curve
Standard stock solutions of pure drug containing 
1000  µg/ml  of TE and EM were prepared separately 
by dissolving 100 mg of pure TE and EM in a 100 

ml volumetric flask and volume was made up to 
the mark with methanol for method A and B and 
with 0.1N HCl for method C. The working standard 
solutions of these drugs were obtained by dilution of 
the respective stock solution in methanol and 0.1N 
HCl for proposed methods. Derivative amplitudes of 
spectrum, by using the above mentioned procedures, 
were used to prepare calibration curves for both the 
drugs. Beer’s law obeyed in the concentration range of 
3-21 µg/ml for TE and 2-14 µg/ml for EM by method 
A and B whereas 6-30 µg/ml for TE and 4-20 µg/ml 
for EM by method C.

Preparation of sample stock solution and 
formulation analysis
To assay by using method A and B, 20 tablets were 
weighed accurately and a quantity of tablet powder 
equivalent to 100 mg of TE (66.66 mg of EM) was 
weighed and dissolved in the 80 ml of methanol with 
the aid of ultrasonication for 5 min and solution was 
filtered through Whatman paper No. 41 into a 100 
ml volumetric flask. Filter paper was washed with 
methanol, adding washings to the volumetric flask 
and volume was made up to the mark with methanol. 
The solution was suitably diluted with methanol to get 
required final concentration of TE (12µg/ml) and EM 
(8µg/ml). Above procedure was repeated for method 
C using 0.1 N HCl instead of methanol to get solution 
containing TE, 18 µg/ml and EM, 12 µg/ml.

Recovery studies
The accuracy of the proposed methods were checked 
by recovery studies, by addition of standard drug 
solution to preanalyzed sample solution at three 
different concentration levels (80%, 100%, and 120%) 
within the range of linearity for both the drugs. The 
basic concentration level of sample solution  selected 
for spiking of the drugs standard solution was 12 
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µg/ml of TE and 8 µg/ml of EM for method A and 
B, whereas 18 µg/ ml of TE and 12 µg/ml of EM for 
method C .

Precision of the method 
To study intraday precision, methods were repeated 
five times in a day and for interday methods were 
repeated on five different days and the average %RSD 
was found to be always less than 2. These values 
shown in Table 1 confirm the intraday and interday 
precision.

Dissolution study 
The dissolution study was carried out for the 
above combination and was validated. A calibrated 
dissolution apparatus (USP II) was used with paddles 
at 50 r/min and bath temperature was maintained at 
37 ± 1 oC.  Nine hundred milliliter freshly prepared 
and degassed 0.1N HCl solution was used as the 
dissolution medium. Six tablets were evaluated and 
dissolution sample were collected at 5, 10, 15, 20, 25, 

30, 35, 40, and 45 min interval. At each time point, a 5 
ml sample with replacement was removed from each 
sample, filtered through a Nylon filter (0.45 µm, 25 
mm), 1.0 ml of filtrate was diluted to 10 ml with 0.1N 
HCl and analyzed by absorption corrected method, 
and percentage release of EM and TE was calculated 
by using Eqs. (3) and (4), respectively, 

EM % release = (CEM × 900×10×100)/(1000×200), ……. (3)

TE % release = (CTE × 900×10×100)/ (1000×300). ……. (4) 

RESULTS AND DISCUSSIONS 

The method A involves dividing the spectrum of 
mixture into the standardized spectra for each of the 
analyte and deriving the ratio to obtain spectra that is 
independent of analyte concentration used as divisor.

Under experimental conditions described, calibration 
curve, assay of tablets and recovery studies were 

Table 1: Optical characteristics and results of formulation analysis
Parameter Tenofovir Emtricitabine

Method A Method B Method C Method A Method B Method C
λ (nm) 271.07 306.88 270.29 302.17 224.38 293.38
Beer’s law limit (μg ml-1) 3—21 3--21 6--30 2--14 2--14 4--20
Regression 
equation
(y = mx + c)*

Slope (m) 0.00528 0.00105 0.0199 0.06191 0.00279 0.0575
Intercept (c) 0.070 0.03134 0.00074 0.04062 0.02063 0.0006

Correlation coefficient 0.9999 0.9996 0.9999 0.9996 0.9996 0.9999
Precision
 (%RSD)

Intraday 1.16 0.54 0.67 0.59 0.83 1.43
Interday 1.09 0.89 0.98 1.230 1.56 1.21

Formulation Analysis (Assay, % RSD) 99.01%,0.46 100.8% , 0.32 99.67%, 0.45 98.91%, 0.51 101.7%,0.3 98.78%, 0.61

Table 2: Result of recovery studies 
Recovery
level (%)

Amount  spiked
(μg ml-1)

Amount  recovered
(μg ml-1)

%Mean
recovery (n=3)

%RSD

TE EM TE EM TE EM TE EM
Method A

80 4.8 3.2 4.81 3.16 100.23 99.06 0.52 0.5
100 6 4 6.08 3.99 101.34 99.97 1.92 0.79
120 7.2 4.8 7.23 4.78 100.53 99.70 1.03 0.19

Method B
80 4.8 3.2 4.89 3.18 99.99 99.56 1.52 0.75
100 6 4 6.007 4.01 100.12 100.45 1.72 1.12
120 7.2 4.8 7.18 4.82 99.72 100.29 0.85 1.45

Method C
80 7.2 4.8 7.18 4.78 99.72 99.58 1.42 0.87
100 9 6 9.007 6.01 100.07 100.16 1.56 1.02
120 10.8 7.2 10.82 7.18 100.18 99.72 0.98 1.23

RSD is relative standard deviation.
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performed. A critical evaluation of proposed method 
was performed by statistical analysis of data where 
slope, intercept, correlation coefficient is shown 
in Table 1. As per the ICH guidelines, the method 
validation parameters checked were linearity, 
accuracy and precision. Beer’s law is obeyed in the 
concentration range of 3-21 µg/ml for TE and 2-14 
µg/ml for EM by method A and B whereas 6-30 µg/
ml for TE and 4-20 µg/ml for EM by method C, with 
correlation coefficient >0.999 for both the drugs. The 
proposed methods were also evaluated by the assay 
of commercially available tablets containing TE and 
EM (n = 5).  The results of formulation analysis are 
presented in Table 1. For TE, the recovery study 
results ranged from 99.58% to 101.34% with %RSD 
values ranging from 0.52% to 1.92% for the proposed 
methods. For EM, the recovery results ranged from 
99.06% to 100.45%, with %RSD values ranging from 
0.19% to 1.23% for the proposed methods. Results of 
recovery studies are shown in Table 2. The accuracy 
and reproducibility is evident from the data as results 
are close to 100 % and standard deviation is low. 
Percentage release during dissolution study was 
always greater than 80% within 45 min for both drugs 
for tablet formulation under study [Figure 5].  

CONCLUSION

The validated spectrophotometric methods employed 
here proved to be simple, economical, precise and 
accurate. Thus, it can be used as IPQC test and for 
routine simultaneous determination of TE and EM in 
tablet dosage form. Absorption corrected method can 
be used to carry out dissolution study in combination 
tablet formulation.
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