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ABSTRACT 
A highly simple, sensitive, reliable, rapid and specific RP-HPLC method was developed for the determination of Entecavir in tablet dosage form. This 
method was carried out on a C18 column (250 x 4.6 mm ID) maintained at 250C. The mobile phase consisted of a methanol:water (1:1) was pumped at 
a flow rate of 0.8 ml/min. The chromatographic separation was obtained with a retention time of 9.36 minutes and the method was in linearity in the 
range of 5-25 µg/ml (r2 = 0.9991). The accuracy of the method was found to be 98.65-99.41 %. The limit of detection and limit of quantitation were 
found to be 0.372 and 1.128 mg/ml, respectively. The method was validated and demonstrated acceptable results for precision and robustness. The 
system with methanol:water (50:50 v/v) with 0.8 ml/min flow rate was quite robust. The optimum wavelength for detection was 254 nm at which 
better detector response for the selected drug was obtained. The average retention time required for the elution of Entecavir was found to be 4.107 + 
0.03 minutes. Hence, the developed RP-HPLC method can be adopted for the routine analysis of Entecavir in bulk and pharmaceutical dosage forms 
in quality control laboratories. 
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INTRODUCTION 

 
 

Figure 1: Structure of Entecavir 
 
Entecavir1-3, (Figure 1) chemically is 2-amino-1,9-
dihydro-9-[(1S,3R,4S)-4-hydroxy-3-(hydroxymethyl)-2s-
methylenecyclopentyl)]-6H-purine-6-one. It is a white to 
off-white crystalline powder. Entecavir, a guanosine 
nucleoside analogue with selective activity against 
hepatitis B Virus (HBV) polymerase, is efficiently 
phosphorylated to the active triphosphate form, which has 
intracellular half-life of 15 hours. It is freely soluble in 
water, methanol, 0.1N NaOH, sparingly soluble in 
acetonitrile and glacial acetic acid and insoluble in 0.1N 
HCl. Literature survey reveals that only few analytical 
methods have been reported for the estimation of 
Entecavir in bulk and pharmaceutical dosage form. 
Several instrumental techniques HPLC4-8, Mass 
spectrometry9,10, NMR, UV11-15 and Visible16,17 regions, 
available for the assay of drugs. HPLC is a versatile tool 
for the qualitative and quantitative analysis of drugs and 
Pharmaceuticals. The analytical work was aimed to 
develop a simple, sensitive, precise, accurate and 

economical RP-HPLC18-22 method for the estimation of 
Entecavir in bulk and pharmaceutical dosage form and to 
validate according to ICH (Q2B) guidelines. 
 
MATERIALS AND METHODS 
Materials and Instrument 
Entecavir was procured as a gift sample from Mylan Labs 
Pvt. Ltd, Hyderabad, India. Methanol, water and other 
reagents were of HPLC grade, purchased from Merck 
Specialties private limited, Mumbai, India. Agilent 1120 
Compact LC system includes isocratic pump, manual 
injector, variable wavelength programmable UV detector, 
Ezchrome Elite Compact software, LMD software. The 
Chromatographic separation was carried out on a C18 
column [Agilent ODS UG 5 column, 250 mm x 4.5 mm]. 
1.5 LH Ultra-sonic bath sonicator and Axis AGN204-PO 
digital balance were used. 
 
Selection of Mobile Phase 
The pure drug of Entecavir was injected in to the isocratic 
HPLC system and run at different solvent systems. 
Different mobile phases like methanol and water, 
acetonitrile and water, methanol and acetonitrile, 
methanol and ammonium acetate buffer were tried in 
order to find the best conditions for the elution of 
entecavir. It was found that methanol and water give 
satisfactory results as compared to other mobile phases. 
The mobile phase system was tried with different 
proportions and using different flow rates. Finally, the 
optimal composition of the mobile phase was determined 
to be methanol: water in the ratio of 50:50 at a flow rate 
of 1.0 ml/min. 
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Method Development 
Preparation of Mobile Phase 
Equal volumes of HPLC grade methanol and double 
distilled water were mixed in the ratio of (50:50 v/v), 
filtered through a 0.45 µ membrane filter and sonicated 
for 20 minutes. 

 
Preparation of Standard Solution 
Entecavir (25 mg) weighed accurately and transferred to 
25 ml volumetric flask and dissolved in 10 ml of solvent; 
further, made up to the mark with solvent to obtain a final 
concentration of 1000 μg/ml (standard stock solution A). 
From the standard stock solution A 2.5 ml of aliquot was 
pipette in to 25 ml volumetric flask and dissolved in 10 
ml solvent; further made up to the mark with solvent to 
obtain a final concentration of 100 μg/ml (standard stock 
solution B).  

 
Chromatographic Conditions 
Mode of Operation          :     Isocratic 
Mobile Phase   :     Methanol: water (1:1) 
Column Temperature       :   Ambient 
Detector Wavelength       :    254 nm 
Injection Volume             :     20 μL 
Flow Rate                        :     0.8 ml/min 
Run Time                         :     10 min 
 
Selection of Analytical Concentration Range 
Appropriate aliquots were pipette out from the working 
stock solution B to a series of 10 ml volumetric flasks. 
The volume was made up to the mark with the mobile 
phase to get a set of solutions having the concentration 
ranging of 5, 10, 15, 20, 25 μg/ml. These solutions were 
filtered through a 0.45 µ membrane filter and sonicated 
for 20 minutes. 
 
Preparation of Sample Solution 
Marketed tablet formulation (ENTAVIR) containing 1.0 
mg of entecavir was analyzed by this method. Twenty 
tablets were accurately weighed and their average weight 
was determined. Tablets were then crushed to fine powder 
and powder equivalent to 10 mg was taken in 100 ml 
volumetric flask then dissolved in 50 ml of mobile phase. 
This solution was sonicated for 15 minutes and volume 
was made up to the mark with mobile phase and filtered 
through 0.45 μ membrane filter to get the concentration of 
100 µg/ml (sample stock solution A). From the above 
sample stock solution A, 1.0 ml of aliquot was transferred 
to a 10 ml volumetric flask and diluted to the mark with 
the mobile phase to obtain a concentration of 10 μg/ml 
(sample stock solution B). 
 
Method Validation 
This developed RP-HPLC method was validated as per 
ICH (Q2 B) guidelines, to ensure the performance 
characteristics and to meet the requirements of the 
intended analytical application. 

 
System Suitability and Specificity 
System suitability test was carried out on each day of 
validation to evaluate the components of analytical 
system to meet the standards required by the method. The 

HPLC system was equilibrated using the initial mobile 
phase composition, followed by six replicate injections of 
100 % concentration containing 25 μg/ml. The peak 
asymmetry, tailing factor and number of theoretical plates 
were calculated. Specificity of this method was 
determined using 100 % test concentration, injected to the 
chromatographic system.  

 
Linearity 
To establish the linearity of proposed method, aliquots of 
standard stock solution B (0.5, 1.0, 1.5, 2.0 and 2.5 ml) 
were transferred in a series of 10 ml volumetric flasks and 
the volume was made up to the mark with mobile phase to 
obtain final concentration of 5, 10, 15, 20 and 25 µg/ml. 
Three replicates per each concentration were injected into 
HPLC system and peak areas were reported to develop 
calibration curve. Further, regression equation was 
established and correlation coefficient was determined.  
 
Accuracy 
Accuracy of the proposed method was determined by 
standard addition, in which a known amount of standard 
solution of pure drug was added to a pre-analyzed sample 
solution, at three recovery levels 80, 100 and 120 % of 
label claim. 
 
Precision 
The precision of an analytical procedure expresses the 
closeness of agreement between a series of measurements 
obtained from multiple sampling of the same homogenous 
sample under the prescribed conditions. 

 
Limit of Quantitation and Limit of Detection (LOD) 
It is the lowest concentration of analyte that can be 
determined with acceptable accuracy and precision by the 
analytical method. LOD was expressed as concentration 
of analyte generating an instrument response equivalent to 
ten times the noise (S/N ratio~ 10). Limit of detection 
(LOD) and limit of quantitation (LOQ) were manually 
calculated from the slope of the calibration curve and 
standard deviation. The LOD and LOQ values were 
calculated using the formula given below 
 

LOD = 3.3 x σ/s 
LOQ = 10 x σ/s 

Where, σ = standard deviation of intercepts of calibration curve,  
S = slope of the calibration curve. 

 
The statistical validation data of LOD and LOQ were 
reported in results and discussion. 
 
Robustness and Ruggedness 
The robustness of a method is its ability to remain 
unaffected by the deliberate variations in method 
parameters such as column temperature, analytical 
wavelength and flow rate. Small changes in the 
operational conditions were allowed and the extent to 
which the robustness of the method was estimated. 
Deviations of ± 2 nm in the detection wavelength and ± 
0.1 ml/min in the flow rate were tried individually. 
Ruggedness is a measure of reproducibility of the results 
under instrument to instrument and analyst to analyst 
variations. 
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Figure 2: Chromatogram of entecavir 

 

 
 

Figure 3:  Calibration Curve of Entecavir 
 

Table 1: Statistical Validation Data of System Suitability 
 

S. No Parameters Results 
1 No. of Theoretical Plates (N) 11594 
2 Tailing Factor (T) 0.8 
3 Retention Time (Min) 4.1 +  0.01 
4 % RSD 0.556 

 
N is number theoretical plates, T is tailing factor, % RSD is regression standard deviation 

 
Table 2: Statistical Validation Data of Linearity 

 
S. No Concentration (µg/ml) Retention Time (Minutes) Peak Area 

1 5 4.100 5868457 
2 10 4.106 10630750 
3 15 4.107 15653557 
4 20 4.103 20800040 
5 25 4.103 25484490 

Slope 1012800 
Intercept 412882 

Correlation coefficient (R) 0.9991 
 

Table 3: Statistical Validation Data of Accuracy 
 

Recovery Level 
(%) 

Amount Added(µg/ml) Amount Found 
(µg/ml) 

Percentage 
Recovery (% w/w) 

% RSD 
Standard Test 

80 12 5 17.78 98.82 0.761 
100 15 5 19.88 99.41 0.417 
120 18 5 22.68 98.65 0.697 

*Mean Recovery (% w/w) 98.65-99.41  
 

% RSD: regression standard deviation, *nine determination of three concentrations 
 

Table 4: Statistical Validation Data of Precision 
 

 
Parameters 

 

Precision 
Intra-Day Inter-Day 

Day 1 Day 2 Day 3 
SD 144005.8 200751 219351.7 152465.2 

Mean 25615819 25593567 25591091 25907351 
%RSD 0.562 0.784 0.857 0.588 
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Table 5: Statistical Validation Data of LOD and LOQ 
 

Parameters Results (μg/ml) 
Limit of detection (LOD) 0.372 

Limit of quantitation ( LOQ) 1.128 
 

Table 6: Statistical Validation Data of Robustness 
 

Parameters % RSD 
 

Wave length + 2 nm 
252 0.273 
256 0.750 

 
Flow rate + 0.1 ml/min 

0.7 0.836 
0.9 0.748 

 
% RSD is percent regression standard deviation 

 
Table 7: Statistical Validation Data of Ruggedness 

 
S. No Peak Area 

Analyst 1 Analyst 2 
1 25694286 25894624 
2 25427342 25768424 
3 25542683 25698426 
4 25427869 25749241 
5 25687212 25654826 
6 25227654 25547251 

*Standard Deviation 178473.2 116824.7 
**Mean 25501174 25718799 
% RSD 0.699 0.454 

 
% RSD is percent regression standard deviation, *mean of six results, **average of six determinations 

 
Table 8: Assay Data of Entecavir 

 
Brand Name Label Claim Amount Recovered Percentage Purity 

(% w/w) (mg) 
Entavir 1.0 0.987 98.0 

 
Table 9: Summary of Validation Parameters of RP-HPLC 

 
Parameters Results 

Detection Wave Length (nm) 254 
Rt (min) 4.1 + 0.01 

Beer’s Law Range (μg/ml) 5-25 
Regression Equation Y = 1012800x + 412882 

Correlation Coefficient 0.9991 
Accuracy (% w/w) 98.65-99.41 

Precision (% RSD) 
Intra-Day 0.562 
Inter-Day 0.743 

Limit of Detection (μg/ml) 0.372 
Limit of Quantitation (μg/ml) 1.128 

Robustness (% RSD) 
Detection Wave length 

(nm) 
252 0.273 
256 0.750 

Flow Rate 
(ml/min) 

0.7 0.836 
0.9 0.748 

Ruggedness (% RSD) 
Analyst 1 0.699 
Analyst 2 0.454 

Assay (% w/w) 98.0 
 
RESULTS AND DISCUSSION 
The determination of entecavir and its validation for the 
development of method was carried out according to the 
ICH (Q2B) guidelines. The system with methanol:water 
(50:50 v/v) as mobile phase at 0.8 ml/min flow rate was 
quite robust. The optimum wavelength for detection was 
254 nm at which better detector response for the selected 
drug was obtained. The average retention time required 
for the elution of entecavir was found to be 4.107 + 0.03 
minutes (Figure 2). The system suitability (Table 1) was 

carried out on freshly prepared stock solutions. The 
calibration curve (Figure 3) was linear in the 
concentration range of 5-25 μg/ml with correlation 
coefficient 0.9991 (Table 2). The accuracy of the method 
was examined by performing recovery studies by standard 
addition method, by adding a known amount of standard 
solution of pure drug to a pre-analyzed sample solution, at 
three levels 80, 100 and 120 % of the label claim. The 
accuracy was evaluated using a minimum of 9 
determinations over 3 concentration levels covering the 
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specified range. The mean recoveries were found in the 
range of 98-102 % (Table 3). Precision was evaluated 
using six samples of six different concentrations, which 
were prepared and analyzed on same day. Day to day 
variability was also assessed using six concentrations 
analyzed on three different days in a week (Table 4). The 
limit of detection and limit of quantitation were found to 
be 0.372 μg/ml and 1.128 μg/ml respectively (Table 5). 
Robustness of the proposed method was determined by 
variation in the flow rate (+ 0.1 ml/min) and variation in 
the wave length (+ 2 nm). It was evaluated by using three 
determinations over 100 % concentrations for each varied 
operational conditions and % RSD was found to be less 
than 2 (Table 6). Ruggedness of the proposed method was 
determined by analysis of aliquots from homogeneous 
slot by different analysts using similar operational 
conditions and the % RSD was found to be less than 2 % 
(Table 7). Results obtained with the proposed method 
confirm the suitability for pharmaceutical dosage form. 
The excipients present in the marketed formulation did 
not interfered in the estimation, when analyzed by these 
methods (Table 8). Hence, the developed RP-HPLC 
methods can be adopted for the routine analysis of 
Entecavir in bulk and pharmaceutical dosage forms in 
quality control laboratories. 
 
CONCLUSION 
The proposed and validated RP-HPLC method was highly 
simple, sensitive, reliable, rapid and specific. The 
developed method was found to be economical with low 
solvent consumption (0.8 mL/min), short analytical run 
time of less than 10.0 minutes lead to an environmental 
friendly chromatographic procedure that allows the 
analysis of a large number of samples in a short period of 
time. This method has been found to be better than 
previously reported methods, due to its wider range of 
linearity, use of economical mobile phase and lack of 
extraction procedures. Hence above method can be used 
in quality control for routine analysis of finished products 
of Entecavir without any interference. 
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