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ABSTRACT: A simple, precise, specific and accurate high-performance thin-

layer chromatographic method has been developed for the simultaneous 

determination of Emtricitabine (EMB) and Tenofovir (TEN) in 

pharmaceutical dosage form. The separation was carried out on Merck 

HPTLC aluminum plates of silica gel 60 F254, (20×10 cm) with 250 μm 

thickness using toluene: ethylacetate: methanol in the ratio (2:8:1 v/v/v) as 

mobile phase. HPTLC separation of the two drugs followed by densitometric 

measurement was carried out in the absorbance mode at 272 nm. The drugs 

were resolved satisfactorily with Rf values of 0.44 and 0.68 for EMB and 

TEN, respectively. The linear regression analysis data for the calibration 

plots showed good linear relationship with r2 = 0.9999 and 0.9995 for EMB 

and TEN, respectively, in the concentration range of 40–400ng spot
−1

 for 

EMB and 200–700ng spot
−1

 for TEN. The method was validated for 

precision, robustness, specificity and accuracy. The limits of detection and 

quantitation were 20 and 40ng spot
−1

, respectively, for EMB and 100 and 

200ng spot
−1

, respectively, for TEN. The proposed HPTLC method can be 

applied for identification and quantitative determination of EMB and TEN in 

bulk drug and drug formulation. 

INTRODUCTION: Emtricitabine and Tenofovir 

(Fig.1 and Fig.2) belong to the category of 

antiretroviral drugs. Emtricitabine is chemically 4-

Amino - 5 - fluoro - 1 - [2-(hydroxymethyl) -1, 3-

oxathiolan-5-yl]-pyrimidin-2-one 
1, 2

. It is classified 

as a nucleoside reverse transcriptase inhibitor. 

Chemically Tenofovir is 1-(6-Aminopurin-9-yl)-

prapan-2-yl-oxymethylphosphonic acid 
3, 4

. 
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It is a nucleotide analogue reverse transcriptase 

inhibitor. A thorough literature review revealed that 

only LC-MS/MS 
5
 and RP-HPLC 

6
 methods for the 

estimation of EMB and TEN in human plasma, RP-

HPLC 
7, 8

 for determination of TEN in plasma, 

LC/MS/MS for determination of TEN in plasma 
9
 

and HPLC method involving fluorimetric detection 

for determination of EMB in human plasma 
10 

have 

been carried out so far. According to literature 

review no method has been reported for 

simultaneous determination of EMB and TEN by 

HPTLC. HPTLC method is cost effective, rapid 

and less time consuming. In HPTLC many samples 

are simultaneously used and solvent requirement is 

low. The present work reports the development and 

Keywords: 

 

Emtricitabine, Tenofovir, 

 HPTLC, Formulation, Validation 

Correspondence to Author: 

Dr. K. Ilango  

Professor, Department of 

Pharmaceutical Chemistry, SRM 

College of Pharmacy, SRM 

University, Kattankulathur-603203, 

Tamil Nadu, India 

 

E-mail: ilangok67@gmail.com 

mailto:ilangok67@gmail.com


Sunitha and Ilango, IJPSR, 2015; Vol. 6(6): 2418-2422.                               E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              2419 

validation of simple, precise and accurate HPTLC 

method for the simultaneous determination of EMB 

and TEN in tablet formulation. The proposed 

method is validated as per ICH guidelines 
11

. 

 

 
FIG.:  STRUCTURE OF EMB 

 

 
FIG.2:  STRUCTURE OF TEN 

 

MATERIALS AND METHODS: 

Reagents and Chemicals: Working Standards of 

pharmaceutical grade EMB and TEN were gifted 

by M/s Ranbaxy Laboratories. The tablet Forstavir-

EM containing 200mg of EMB and 300mg of TEN 

was procured from the local pharmacy. All the 

chemicals and reagents used were of HPLC grade 

obtained from M/s Merck Ltd., Mumbai, India. 

        

Instrumentation and Chromatographic 

Conditions:  
The HPTLC plates were prewashed with methanol 

and activated at 110
◦
C for 5min prior to 

chromatography. The samples were spotted in the 

form of bands 6mm width with a Camag 100 

microlitre sample syringe (Hamilton, Bonaduz, 

Switzerland) on silica-gel-precoated HPTLC 

aluminum plate 60 F254, ((20 × 10 cm) with 250μm 

thickness (E. Merck, Darmstadt, Germany, 

supplied by Anchrom Technologies, Mumbai) 

using a Camag Linomat V applicator (Switzerland). 

A constant application rate of 0.1μLs
−1

 was used 

and the space between two bands was 6 mm. Linear 

ascending development was carried out in 20 cm × 

10cm twin trough glass chamber (Camag, Muttenz, 

Switzerland) saturated with the mobile phase. The 

mobile phase consisted of toluene: ethylacetate: 

methanol in the ratio (2:8:1v/v/v) and 20mL was 

used per chromatography run. The optimized 

chamber saturation time with mobile phase was 30 

min using saturation pads at room temperature 

(25
◦
C). The length of chromatogram run was 80mm 

and run time was 20min. Densitometric scanning 

was performed using a Camag TLC scanner III in 

the reflectance-absorbance mode and operated by 

winCATS software (V1.1.4, Camag).  

 

The slit dimension was kept at 5mm × 0.45mm and 

the scanning speed was 10mm s
−1

. The source of 

radiation used was a deuterium lamp emitting a 

continuous UV spectrum between 200 and 400 nm. 

All determinations were performed at ambient 

temperature with a detection wavelength of 272nm. 

Concentrations of the compound chromatographed 

were determined from the intensity of the diffused 

light. Evaluation was by peak areas with linear 

regression.         

 

For calibration, EMB 10 mg and TEN 10mg were 

weighed separately, dissolved in methanol in 10mL 

volumetric flasks and volume adjusted to give 

standard stock solution of 1000 ppm. This standard 

stock solution was further diluted with methanol to 

obtain working standard solutions in a 

concentration range of 40-400 ng/band for EMB 

and 200-700 ng/band for TEN. Each concentration 

was applied six times on the HPTLC plate. The 

plate was then developed using the previously 

described mobile phase. The peak areas were 

plotted against the corresponding concentrations to 

obtain the calibration graphs. Linear calibration 

curves were generated using least-squares linear-

regression analysis. 

  

Analysis of Commercial Formulation:  

To determine the content of EMB and TEN 

simultaneously in pharmaceutical dosage form, 

twenty tablets were weighed accurately and 

average weight calculated. Quantity equivalent to 

200mg of EMB and 300mg of TEN was taken in 

100ml volumetric flask and dissolved in 25ml of 

methanol and the final volume was made up with 

the same solvent. The solution was filtered through 

0.45µm nylon syringe filter. From the resultant 

solution 10 ml was diluted to 100ml which contains 

200ng/µL of EMB and 300ng/µL TEN. 2µl volume 

was spotted for six times to achieve a final 
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concentration of 400ng/spot for EMB and 

600ng/spot for TEN. The plate was developed in 

the previously described chromatographic 

conditions and the peak area of the spots was 

measured at 272nm and the concentrations in the 

samples were determined using multilevel 

calibration developed on the same plate under the 

same conditions using linear regression equation. 

 

Method Validation:  

The optimized HPTLC method was validated for 

precision, robustness, accuracy and specificity as 

per the ICH guidelines. The precision of the 

method was verified by repeatability (intraday) and 

intermediate precision studies. Repeatability 

studies were performed by analysis of three 

different concentrations of working standard of 40, 

160, and 400 ng spot
−1

 for EMB and 200, 400 and 

600 ng spot
−1

 for LEV. Method repeatability was 

achieved by repeating the same procedure six times 

on the same day for intraday precision. The 

intermediate (interday) precision of the method was 

checked by performing same procedure on different 

days under the same experimental conditions. The 

repeatability of sample application and 

measurement of peak area were expressed in terms 

of relative standard deviation (% RSD).  

 

The robustness was studied by evaluating the effect 

of small but deliberate variations in the 

chromatographic conditions. Following the 

introduction of small changes in the mobile phase 

composition (±0.1mL for each component), the 

effect on the results was examined. Mobile phases 

having different compositions were tried and 

chromatograms were run. The amount of mobile 

phase was varied over the range of ±5%. The time 

from spotting to chromatography and from 

chromatography to scanning was varied by +10 

min. In order to estimate the limit of detection 

(LOD) and limit of quantitation (LOQ), the signal-

to-noise ratios of 3: 1 and 10: 1 were regarded as 

LOD and LOQ.  

 

Accuracy of the proposed method was carried out 

by recovery studies by standard addition. To the 

solution of the formulation (EMB and TEN 

combination tablets) known amounts of EMB and 

TEN standard powder corresponding to 50, 100, 

and 150% of label claim were added and the 

absolute recovery was calculated by comparing the 

peak areas obtained from standard solution of EMB 

and TEN with the peak areas of samples of 

different concentration. 

 

RESULTS AND DISCUSSION: 

Selection of Analytical Wavelength: UV 

spectrum of EMB and TEN showed maximum 

absorbance at 282nm and 257nm, respectively. 

Further, in situ HPTLC spectral overlain of EMB 

and TEN was taken and 272nm was selected as 

scanning wavelength. 

 

Optimization of Mobile Phase: Optimization of 

mobile phase was done with a view to separate 

EMB and TEN drugs. The composition of solvent 

constituting the mobile phase in this work was 

varied in order to study its effect on resolution of 

drugs.  The analyte should have distinct Rf values 

for good resolution. Initially, individual solvents of 

different polarity was tried for both the drugs and 

combinations from previous reports such as 

ethylacetate - methanol, chloroform- methanol 

were tried. Chloroform and methanol 9:1 for TEN 

was tried which gave an Rf value around .78 for 

TEN. But the system was not suitable for EMT 

whereas ethlyacetate-methanol 9:1 was found to be 

suitable for EMT.  

 

Hence chloroform was replaced by ethyl acetate. 

Ethyl acetate and methanol combination could 

separate both the compounds sufficiently. But for 

proper satisfactory resolution the polarity was 

adjusted with toluene. Finally, However effective 

separation of both drugs was achieved using the 

optimal mobile phase toluene: ethylacetate: 

methanol in the ratio (2:8:1 v/v/v).  

 

This optimised mobile phase was used for further 

analysis. The development chamber was saturated 

for 30min. The development was done for 80mm 

on the plate and the development time was 20 min. 

After development, drying of the plates was done 

using air. Simultaneous detection of EMB and TEN 

was performed at 272nm since both compounds are 

well known to exhibit sufficient ultraviolet 

absorption at this wavelength. The drugs were 

resolved satisfactorily with Rf values of 0.44 and 

0.68 for EMB and TEN, respectively (Fig.3) 
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FIG. 3: DENSITOGRAM OF EMB AND TEN 

  

Validation of the Method: Linear relationships 

were observed by plotting drug concentration 

against peak areas for each compound. EMB and 

TEN showed linear response in the concentration 

range of 40–400 ng spot
−1

 and 200–700 ng spot
−1

, 

respectively with square of correlation coefficient 

(r2) of 0.9999 and 0.9995 for EMB and TEN, 

respectively. (Table 1) The % RSD values depicted 

in Table 2 show that the proposed method provides 

acceptable intraday and interday variation of EMB 

and TEN with respect to working standard. The 

repeatability of real sample application and 

measurement of peak areas were expressed in terms 

of % RSD and were found to be 0.51 and 0.16 for 

EMB and TEN, respectively.  

 

The standard deviation of the peak areas was 

calculated for each parameter and the % RSD was 

found to be less than 2%. The low values of the % 

RSD, as shown in Table 3, indicate the robustness 

of the method. The signal/noise ratios 3:1 and 10:1 

were considered as LOD and LOQ, respectively. 

The LOD and LOQ were found to be 20, 40 ng 

spot
−1

 and 100, 190ng spot
−1

 for EMB and TEN, 

respectively (Table 4)  

 
TABLE 1: LINEAR REGRESSION DATA FOR THE 

CALIBRATION CURVES (n=6) 

a
95% confidence intervals. 

b
Standard deviation of residuals from line. 

c
P value is < 0.0001, considered extremely significant  

 
TABLE 2: RESULTS OF INTRADAY AND INTERDAY 

PRECISION (n=6) 

Drug 
Concentration  

ng/spot 

Intraday 

precision             

% RSD 

Inter day 

precision             

% RSD 

 

      EMB 

40 0.1601 0.1446 

160 0.1539 0.9991 

400 0.4334 0.3800 

 

     TEN 

200 0.3662 0.1848 

400 0.1324 0.1660 

600 0.1515 0.1455 

 

TABLE 3: ROBUSTNESS TESTING OF METHOD (n = 6) 

Parameters SD of peak area   

for  EMB 

% RSD SD of peak area 

for TEN 

%RSD 

Mobile phase composition (±0.1ml) 5.4035 0.2647 10.8518 0.1207 

Amount of mobile phase (± 5 %) 13.664 1.1577 4.8624 0.5633 

Time from application to development (+10 min) 10.934 0.7566 5.154 0.5696 

Time from development to scanning ( +10 min) 22.098 0.8364 8.047 0.7480 

 
TABLE 4: LIMIT OF DETECTION (LOD) AND LIMIT 

OF QUANTITATION (LOQ) 

Parameter EMB TEN 

LOD(ng/spot) 20 100 

LOQ(ng/spot) 40 190 

 

The specificity was noticed by the complete 

separation of EMB and TEN peaks. As shown from 

the data in Table 5, satisfactory recovery  

 

percentage with small relative standard deviations 

(% RSD) is obtained at various added 

concentrations. The results indicate that the method 

is highly accurate for simultaneous determination 

of EMB and TEN. Satisfactory results were 

obtained for both drugs in market sample analysis 

which are in good agreement with the label claim. 

(Table 6) 

Parameter EMB TEN 
Linearity range 

ng/spot 
40-400 200-700 

r
2 0.9999 0.9995 

Slope ± Standard 

error 
18.76±0.0957 2.48±0.0284 

Intercept ± Standard 

error 
34.89±23.24 83.89±13.67 

Confidence limit of 

slope
a 

18.49 to 19.02 2.404 to 2.561 

Confidence limit of 

intercept
a 

-29.63 to 99.40 45.94 to 121.8 

Sy.x
b 29.87 11.88 

P value
c
 < 0.0001 < 0.0001 
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TABLE 5: RECOVERY STUDIES 

Drug 

ng/spot 

 

Amount added 

ng 

Total amount 

ng 

Amount 

Recovered 

ng 

%      

Recovery 

% RSD 

 

EMB 

40 

20 60 59.75 99.59 0.5206 

40 80 79.46 99.33 0.2646 

60 100 98.07 98.07 0.1123 

 

TEN 

200 

100 300 297.12 99.04 0.5242 

200 400 394.89 98.78 0.1181 

300 500 498.83 99.76 0.1486 

 

TABLE 6: ANALYSIS OF THE MARKETED FORMULATION 

Drug Label claim            (mg) Drug content (%) ±S.D %RSD 

EMB 200 195.81±0.02 0.4423 

TEN 300 289.89±0.11 0.1906 

 

CONCLUSION: The developed HPTLC 

technique is precise, specific, robust and accurate 

and can be conveniently used for the routine 

analysis of EMB and TEN in pharmaceutical 

preparations. The procedure can be readily used for 

selective analysis of drugs and repeatable results 

are obtained without interference from auxiliary 

substances. The method is rapid and cost-effective 

and the results also meet the ICH guidelines for 

validation of pharmaceutical TLC methods.   
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