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 ABSTRACT 
In this study an attempt was made to provide newer simple, accurate and less time consuming Ultraviolet (UV) method for determination of Emtricitabine 
(EMT) and Tenofovir disproxil fumerate (TDF) in tablet dosage form. The absorption maxima of both drugs were found at 282nm and 261nm and obeyed 
Beer’s law in the range of 5-25μg/ml (Y=0.020-0.005; r2 = 0.999) and 5-25μg/ml (Y=0.021x+0.007; r2 = 0.999) respectively for EMT and TDF and methanol 
is used as a solvent system. Accuracy and reproducibility of the proposed method was statistically validated by recovery studies. This method is found to be 
precise and accurate and can easily be employed in the laboratory for the routine estimation of drugs. 
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INTRODUCTION 
Quality control: The term “quality” is applied to a drug 
product has been defined as the sum of all factors, which 
contribute directly or indirectly to the safety, effectiveness 
and reliability of the product. These properties are built into 
drug products through research and during process by 
procedures collectively referred to as “quality control”. 
Quality control guarantees within reasonable limits that a 
drug products. 
· Is free of impurities. 
· Is physically and chemically stable. 
· Contains the amount of active ingredients as stated on 

the label and 
Provides optimal release of active ingredients when the 
product is administered.1 
UV spectroscopy deals with the measurement of energy 
absorbed when electrons are promoted to higher energy- 
levels. The amount of absorption depends on the wavelength 
of the radiation and the structure of the compound. UV 
spectrum records the wavelength of an absorption maximum, 
i.e., λ max and the strength of the absorption, i.e. Molar 
absorptivity (extinction coefficient ∑max) as defined by the 
combined Beers-Lambert’s law.  The λ at which maximum 
absorption occurs is called λ max. It is independent of 
concentration. The absorption of radiation is governed by 
Beers-Lambert’s law. The visible region corresponds to 400-
800 nm and UV region corresponds to 200-400 nm.2 
Emtricitabine: EMT is chemically, 5-fluoro-1-(2R,5S)-[2-
(hydroxymethyl)-1,3-oxathiolan-5- yl)cytosine is an 
antiretroviral agent belonging to the class of nucleotide 
reverse transcriptase inhibitors. It has a molecular formula of 
C8H10FN3O3S and a molecular weight of 247.2467. It is 
soluble in water, acetonitrile and methanol.3, 4, 5  
Molecular structure:  

 
Tenofovir disproxil fumerate: TDF is chemically, 9-[(R)-2-
[[bis[(Isopropoxycarbonyl) oxy]methoxy] 
phosphinyl]methoxy]propyl]adenine fumarate (1:1). Is an 
antiretroviral agent belonging to the class of nucleotide 
reverse transcriptase inhibitors6, 7, 8, 9. It has a molecular 
formula of C19H30N5O10P • C4H4O4 and a molecular 
weight of 635.52. TDF is the first nucleotide analog approved 
for HIV-1 treatment and remains in cells for longer periods of 
time than many other antiretroviral drugs.10, 11 TDF is a 
prodrug of Tenofovir and converted to an acyclic nucleoside 
phosphate in vivo by competing with the natural DNA 
substrates to inhibit reverse transcriptase and subsequently 
decreasing or preventing HIV replication in infected cells 
with a view to block HIV replication.12, 13 
Molecular structure:  

 
Review of solvent 
Methanol 14 

Methyl alcohol  
Molecular formula :   CH3OH 
Molecular weight :   32.04 
Characteristics: A colourless clear liquid boiling at 65oc, 
hygroscopic, miscible with water, absolute ethanol, and with 
ether. 
Storage: Methanol should be protected from moisture  
Use: Methanol is used as pharmaceutical and industrial 
solvent. It is used in the preparation of industrial methylated 
spirit. Methyl alcohol is also used as extraction solvent in 
food processing. 
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Previous Studies 
Tom Delahunty, et al., expanded the method originally 
designed for the assay of TDF alone to incorporate the 
simultaneous determination of the latter and EMT using 
stable isotope IS. This assay has been successfully used for 
the periodic monitoring of 678 HIV-positive patients being 
treated with the combination therapy.15 
Rajesh Sharma, et al., A simple, rapid reversed-phase high 
performance liquid chromatographic method had been 
developed and validated for estimation of EMT and TDF in 
tablet dosage form. The estimation was carried out on Luna 
C18 (25cm x 4.60 mm, particle size 5μm) column with a 
mixture of Acetonitrile: potassium di hydrogen phosphate 
buffer (pH 3.0 ± 0.05 adjusted with orthophosphoric acid): 
triethylamine in the ratio of 70:30:0.5(v/v) as mobile phase. 
UV detection was performed at 260 nm. The method was 
validated for linearity, accuracy, precision, specificity and 
sensitivity as per ICH norms. The high percentage of 
recovery and low percentage coefficient of variance confirm 
the suitability of the method for the simultaneous estimation 
of EMT and tenofovir disoproxil fumarate in tablet dosage 
form.16 
T.sudha, et al., A Simultaneous UV method has been 
developed for the analysis of TDF and EMT in the combined 
dosage form. The raw materials of the two drugs were 
solubilised is orthophosphate buffer (pH 3.5). Both the drugs 
showed good linearity at 5 – 30 μg/ml in the λ max of TDF 
and EMT was 257nm and 280nm respectively. The accuracy 
and the precision of the developed method were confirmed by 
repeatability studies.17 
Naser L. Rezk, et al., An accurate, sensitive and simple 
reverse-phase (RP) high-performance liquid chromatography 
(HPLC) assay for the simultaneous quantitative 
determination of EMT and TDF in human blood plasma is 
described. An Atlantis™ dC-18 analytical column is used 
along with an 18 min linear gradient elution of phosphate 
buffer (pH 5.7) and methanol is used as a solvent  to provide 
sharp peaks for EMT at 280 nm, TDF at 259 nm, and the 
internal standard 2′,3′didoxyuridine (DDU) at 262 nm.. This 
method is suitable for use in clinical pharmacokinetic studies 
and is nimble enough for therapeutic drug monitoring.18 

Maithilee Joshi, et al., A simple, precise, accurate and rapid 
high performance thin layer chromatographic method has 
been developed and validated for the estimation of EMT and 
TDF simultaneously in combined dosage form. The 
stationary phase used was precoated silica gel 60F 254. The 
mobile phase used was a mixture of chloroform: methanol 
(9:1 v/v). The detection of spots was carried out at 265 nm. 
The method was validated in terms of linearity, accuracy, 
precision and specificity. The calibration curve was found to 
be linear between 200 to 1000 ng with regression coefficient 
of 0.9995. The proposed method can be successfully used to 
determine the drug content of marketed tablet formulation.19 
 
 
 

MATERIALS AND METHODS 
Study site: Study was conducted at the Department of 
pharmaceutical analysis, School of pharmaceutical sciences, 
VELS University, Pallavaram, Chennai. 
Study period 
Study was carried out for a period of 6 months. 
Study design 
It was a prospective study conducted on combined tablet 
dosage form of EMT and TDF by UV method. 
Instrumentation 
Absorption spectral measurements were carried out with a 
UV – Visible spectrophotometer (Shimadzu Model 1700, UV 
probe) was employed with spectral bandwidth of 1nm and 
wave length accuracy of 0.3 nm (with automatic wavelength 
correction with a pair of 5 cm matched quartz cells). 
Materials 
EMT and TDF pure drug was supplied by Aurobindo 
pharmaceuticals, India as gift sample and used as such. 
Methanol was used as a solvent. 
Selection of solvent and λ max 
The solubility of EMT and TDF was determined in a variety 
of solvents ranging from non polar to polar. The drug was 
found more soluble in methanol. Some concentration of drug 
was added in methanol and was scanned within the range of 
200-400 nm. The λ max of EMT and TDF was found to be 
282 nm and 261nm respectively.  
Preparation of EMT and TDF Standard Stock Solutions  
Standard stock solutions of EMT and TDF (100 mg of each) 
were prepared separately in 100 ml methanol to get the final 
concentration of 1000µg/ml. From that we have to take 10ml 
solution from each of the stock solution and make up to 
100ml with methanol to get the concentration of 100µg/ml. 
Calibration standards 
From the standard stock solution of EMT and TDF, different 
concentrations were prepared respectively in the range of 5- 
25µg/ml and 5-25µg/ml and measured absorbance at 282nm 
(Figure 6) and 261nm (Figure 7). The calibration curves were 
plotted (Figure 1 and Figure 2) and data presented in Table 1 
and Table 2. 
Simultaneous equation method 
The simultaneous Spectrophotometric determination of EMT 
and TDF in a Methanol solvent system is provided without 
reaction between these two drugs. The amount of EMT and 
TDF were calculated using the simultaneous equation given 
below  

At λ1, A1 = ax1bcx + ay1bcy 
At λ2, A2 = ax2bcx + ay2bcy 

 A2ay1 - A1ay2 
CTDF=     ax2ay1 - ax1ay2 

 
 A1ax2 - A2ax1 

CLAM =   ax2ay1 - ax1ay2 
 

Where A1 = Absorbance of Mixture at 282nm, A2 = Absorbance of Mixture 
at 261nm , ax1 = Absorptivity of EMT at 282nm, ax2 = Absorptivity of TDF 
at 261nm, ay1 = Absorptivity of EMT at 282nm, ay2 = Absorptivity of TDF 
at 261nm, CEMT = Concentration of EMT, CTDF = Concentration of TDF

Table 1 
Calibration data of EMT and TDF (each value is result of nine separate determinations) 

EMT TDF 
Concentration in  µg/ml Absorbance at 282nm)(±SD) %RSD Concentration in µg/ml Absorbance at 261 nm (±SD) % RSD 

5 0.101±.0018 1.739 5 0.12±0.0012 1.048 
10 0.195±0.0021 1.077 10 0.22±0.0010 0.477 
15 0.303±0.0016 0.516 15 0.329±0.0010 0.333 
20 0.404±0.0020 0.493 20 0.443±0.0016 0.371 
25 0.511±0.0016 0.316 25 0.549±0.0016 0.304 

SD- Standard deviation, RSD- Relative standard deviation 
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Table 2 

Statistical Data Of Regression Equations And Validation Parameters For EMT And TDF (each value is result of nine separate 
determinations) 

Parameters EMT TDF 
Wavelength in nm 282 261 

Beer’s law limits(µg/ml) 5-25 µg/ml 5-25 µg/ml 
Molar absorptivity 4845.904 140044.9 

Regression Equation 
Intercept(c) 0.005 0.007 
Slope(m) 0.020 0.021 

Regression coefficient(r2) 0.999 0.999 
LOD in µg/ml 0.2010 0.6091 
LOQ in µg/ml 0.2616 0.7926 

Y=mx+c where y=absorbance at respective λ max x=concentration of the analyte 
LOD=limit  of detection         LOQ=limit of quantification 

 
Table 3 

The results of analysis and recovery studies 
Drug Amount added (µg/ml) Amount found (µg/ml) % Recovery SD %RSD 
EMT 5 4.98 99.6 0.3 0.30 
TDF 5 5.01 100.2 0.2 0.20 

SD – Standard deviation  
 

 
Figure 1: Calibration curve of Standard EMT 

 

 
Figure 2: Calibration curve of Standard TDF 

 

 
Figure 3: UV spectra of Standard EMT 

 
Figure 4: UV spectra of Standard TDF 

 

 
Figure 5: UV spectra of sample (TDF & EMT) 
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Figure 6: Overlay spectrum of Standard EMT 

 
Figure 7: Overlay spectrum of Standard TDF 

 
RESULTS   
Linearity 
Linear correlation was obtained between absorbance and 
concentration of EMT and TDF in the range of 5 - 25µg/ml 
and 5 - 25µg/ml respectively. Data of regression analysis was 
summarized in Table- 2 as validated with reference to the 
ICH guide lines. 
Accuracy 
The recovery experiments were carried out by the standard 
addition method. The recovery studies obtained were 
99.6±0.3% and 100.2±0.2% for EMT and TDF respectively. 
These values are shown in table 3.  
The high percentage recovery and low %RSD values indicate 
that method is accurate.  
Method Precision 
The RSD values were found to be below 2% which indicate 
that the proposed method is repeatable. 
Intermediate Precision 
The RSD were found to be below 2% which indicate that the 
proposed method is reproducible.  
Limit of detection (LOD) and Limit of quantification 
(LOQ) 
LOD for EMT and TDF were found to be 0.2010µg/ml and 
0.6091µg/ml respectively. LOQ for EMT and TDF were 
found to be 0.2616 µg/ml and0.7926 µg/ml respectively. 
These data show that microgram quantity of both drugs can 
be accurately determined.  The values of LOD and LOQ are 
shown in table 2. 
 
DISCUSSION 
The wavelengths 282 nm and 261nm (λ max for EMT and 
TDF respectively) was selected for analysis of the drugs in 
Methanol. Linearity was observed in the range 5-25 μg/ml (r2 
=0.999 and 0.999) for EMT and TDF, the amount of drugs 
estimated by the proposed methods was in good agreement 
with the label claim. The proposed methods were validated. 
The accuracy of the methods was assessed by recovery 
studies at three different levels. The method was found to be 
precise as indicated by the repeatability, inter-day, intra-day 
analysis, showing %RSD less than 2. All statistical data 
proves validity of the methods and can be used for routine 
analysis of pharmaceutical formulation. The results showed 
an excellent correlation between absorbance and 
concentration of the drugs. Validation parameters like 
accuracy, precision and linearity found low %RSD values 
which indicates that the method is sensitive. The percentage 

recovery of EMT and TDF were found to be 99.6±0.3 and 
100.2±0.2 respectively. 
 
CONCLUSION 
The evaluation of obtained values suggests that the proposed 
spectroscopy method provide simple, precise, rapid and 
robust quantitative analytical method for determination of 
EMT and TDF in tablet dosage form. After validating 
proposed method as per ICH guidelines and correlating 
obtained values with the standard values, satisfactory results 
were obtained.   
In the present work an attempt was made to provide newer 
simple, accurate and less time consuming UV method for 
determination of EMT and TDF in tablet dosage form, the 
solvent used in UV is methanol. 
The wavelengths 282 nm and 261nm (λ max for EMT and 
TDF respectively) was selected for analysis of the drugs in 
Methanol. Linearity was observed in the range 5-25 μg/ml (r2 
=0.999 and 0.999) for the amount of drugs estimated by the 
proposed methods was in good agreement with the label 
claim. 
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