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INTRODUCTION 
Lamivudine (LAM) is chemically (2R, cis)-4-
amino-1-(2-hydroxymethyl-1, 3-oxathiolan-5-yl)-
(1H)-pyrimidin-2-one. It is an HIV-1 nucleoside 
analogue reverse transcriptase and HBV polymerase 
inhibitor1,2. Similarly, Raltegravir (RAL) is 
chemically N-[(4-Fluorophenyl) methyl]-1, 6-
dihydro-5-hydroxy-1-methyl-2[1-methyl-1-[[(5-

ABSTRACT 
A simple, specific, precise, accurate, rapid and reproducible efficient reversed phase HPLC method with PDA detector has 
been developed and validation for simultaneous estimation of Lamivudine (LAM) and Raltegravir (RAL) in pharmaceutical 
dosage form. Chromatography was performed on aInertsil ODSC18column (150mmX4.6mm, 5.0μmparticlesize) with a 
50:50v/v mixture of 0.1% orthophospharic acid buffer: acetonitrileasa mobile phase. The detection of the combined 
dosage form was carried out at 242nm and flow rate employed was0.9 ml/min. The retention times were 1.9±0.3 and 
4.3±0.3min for Lamivudine and Raltegravil respectively. Linear was established in the concentration range of 
15.0to75.0μg/ml for LAM and 30to150μg/ml for RAL with a correlation coefficient of both drugs for found to be 0.998 and 
0.999. The recoveries obtained were 99.18-100.60% for LAM and 98.94-101.07% for RAL. Similarly the %RSD value for 
precision was also found to be within the acceptable limit. The method was validated according to international conference 
of harmonization guidelines in terms of accuracy, precision, specificity, robustness, linearity and other aspects of analytical 
validation. The results of the analysis were validated statistically and recovery studies confirmed the accuracy and precision 
of the proposed method. Developed method was rapid and convenient which could be successfully applied for the routine 
control of both the component. 
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methyl-1, 3, 4-oxadiazol-2-yl) carbonyl] amino] 
ethyl]-6-oxo-4 pyrimidine carboxamide mono 
potassium salt. It is a human immunodeficiency 
virus (HIV) integrase strand transfer inhibitor1,2. 
The chemical structure of LAM and RAL were 
shown in Figure No.1. 
Recently, RAL (300mg) and LAM (150mg) a 
combined formulation was approved by FDA for 
the treatment of HIV-1 infection. The action of 
RAL (300mg) and LAM (150mg) in combination 
are showing equivalent action to that of individual 
doses of RAL (400 mg) and LAM (150 mg) taken 
simultaneously. In the combined formulation, 
content of RAL was less than that of single 
formulation of RAL with having similar action. 
Therefore because of the synergistic effect of RAL 
with LAM the intake of single formulation of RAL 
can be reduced by using combined formulation1,2. 
Presently, it is not commercially available in 
market. So the study was performed in the 
laboratory prepared binary mixture of LAM and 
RAL1. 
Literature survey indicates that various analytical 
methods like UV3-10, HPLC2,3,11-17, HPTLC3,18,19 
and LC-MS20,21 are available for the estimation of 
LAM either individually or combined dosage form 
and biological sample. Similarly, for estimation of 
RAL, few analytical methods such as UV22-25, 
HPLC2, 26-31,35, UPLC32, LC-MS33-34-and HPTLC35 
have been reported in either alone or combined 
dosage form and biological sample. To best of our 
knowledge one HPLC method for simultaneous 
estimation of LAM and RAL in bulk active 
pharmaceutical ingredient (API) dosage form has 
been recently published2. This reported method has 
not showing a systematic optimization procedure 
for the separation and quantitation of LAM and 
RAL. Although, these methods employed a time 
consuming trial and error approach for giving 
potential information concerning the sensitivity of 
the factors on the analytes separation. But it did not 
provide the information concerning interaction 
between factors2. 
Correspondingly, this manuscript described the 
optimization of an isocratic RP-HPLC method for 

the routine quality control analysis of LAM and 
RAL in laboratory prepared binary mixture. In spite 
of that Development and optimization of isocratic 
RP-HPLC method is a tedious process that involves 
instantaneous determination of several factors37-40. 
It is recognized to provide risk-based understanding 
of the analytical as well as major factors affecting 
the performance of analytical method42,43. 
Furthermore, it provided thorough understanding of 
the possible risk and associated with interaction 
among the method variables, respectively45,46. 
Therefore, the aim of present study was to develop, 
optimize and validate sensitive, and cost-effective 
RP-HPLC method for estimation of LAM and RAL 
in laboratory prepared binary mixtures.  
  
MATERIAL AND METHODS 
REAGENTS AND CHEMICALS       
Pure drugs LAM (99.95%) and RAL (99.95%) were 
kindly supplied by Richer Pharmaceuticals 
(Prasanthinagar, Hyderabad, India) and Emcure 
Pharmaceuticals (Pune, India) respectively. 
Acetonitrile (HPLC grade) and Orthophospharic 
acid from Fischer scientific and triple distilled 
water. Mobile phase was filtered using 0.45μ nylon 
filters made by Millipore water, sonicated and 
degassed by using Ultra Sonicator bath. The 
Pharmaceuticals LAM and RAL (DYMISTA) were 
purchased from local pharmacy (Meda 
Pharmaceuticals). 
 
Instrumentation and chromatographic 
conditions 
A Labindia HPLC system consist of LC-10AT-vp 
Solvent delivery system (pump), SPD – 10Avp –
UV visible detector, Rheodyne injector with 20μL 
loop volume, Spinchrom CFR software was used 
for data collections and processing. The mobile 
phase was composed of 50% Orthophospharic acid 
(0.1%): 50% Acetonitrile: 10 % (0.05mM) 
phosphate buffer (at pH 3.0), in the various ratios 
with a flow rate of 1.2 ml/min. Separation was 
achieved using Intersil ODS C18 column (150mm X 
4.6 mm in diameter) with an average particle size of 
5μ and the column was kept at an ambient 
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temperature. The column effluent was monitored at 
242 nm by UV detection. 
Phosphate buffer solution ph 2.8 
Dissolve 7.8 g of sodium dihydrogen phosphate R 
in 900 ml of water R, adjust to pH 2.8 (2.2.3) with 
phosphoric acid R and dilute to 1000 ml with the 
same solvent. 
Preparation of mobile phase 
Mix a mixture of above buffer 500ml (50%) and 
500ml of acetonitrile HPLC (50%) and degas in 
ultrasonic water bath for 5minutes. Filter through 
0.45μ filter under vacuum filtration. 
Diluent 
Use the same mobile phase as the diluent. 
Preparation of standard solution 
Accurately weigh and transfer 15mg of Lamivudine 
and 30mg of Raltegravir working standard into a 
10ml clean dry volumetric flask add Diluents and 
sonicate to dissolve it completely and make volume 
up to the mark with the same solvent. (Stock 
solution). Further pipette 1ml of Lamivudine and 
Raltegravir of the above stock solution into a 10ml 
volumetric flask and dilute up to the mark with 
Diluents. Further pipette 1ml of Lamivudine and 
Raltegravir of the above stock solution into a 10ml 
volumetric flask and dilute up to the mark with 
Diluents. 
Sample preparation 
Accurately weigh and transfer equivalent to 15mg 
of Lamivudine and 30mg Raltegravir equivalent 
weight of the sample into a 10ml clean dry 
volumetric flask add about 70ml of Diluents and 
sonicate to dissolve it completely and make volume 
up to the mark with the same solvent. (Stock 
solution). Further pipette 1ml of Lamivudine and 
Raltegravir of the above stock solution into a 10ml 
volumetric flask and dilute up to the mark with 
Diluents. Further pipette 3ml of Lamivudine and 
Raltegravir of the above stock solution into a 10ml 
volumetric flask and dilute up to the mark with 
Diluents. 
 
 

METHOD DEVELOPMENT AND 
OPTIMIZATION OF CHROMATOGRAPHIC 
CONDITIONS 
The initial literature search indicated that many 
HPLC methods are available for individual drugs 
and their combination with different drugs. Based 
on literature search, attempts were made to develop 
a simple method which has less retention time and 
high selectivity, top priority was given for complete 
separation of Lamivudine and Raltegravir. Several 
mobile phase were tested until good resolution 
obtained between two drugs. In preliminary 
experiments all the two Lamivudine and Raltegravir 
were subjected to separation by reverse phase 
HPLC equipped with the Intersil ODS C-18 
(150mm X 4.6 mm X 5μm) column and with flow 
rate 0.9mL/min and detection wavelength of 
242nm. Column temperature was maintained at 
ambient. Injection volume is 10μL and runtime is 
for 10min. The mobile phase consists of 
Orthophospharic acid buffer and acetonitrile 
(40:60%v/v). These drugs were able to be separated 
on the chromatogram but failed in peak purity and 
peak shape was not good. The effect of mobile 
phase composition was checked. It improved peak 
purity. Finally a method developed with 
Orthophospharic acid buffer: acetonitrile 
(50:50%v/v). The chromatogram obtained was 
better than the previous one in all aspects with good 
peak shape, tailing factor, resolution and theoretical 
plate as per USP requirement. The retention times 
of Lamivudine and Raltegravir peaks are about 
1.9±0.3 and 4.3±0.3 minutes respectively. The 
chromatograms were shown in the Figure No.3. 
 
METHOD VALIDATION 
The method was successfully validated as per ICH 
guideline kQ2 (R1): validation of analytical 
procedures: text and methodology, international 
conference on harmonization, Food and Drug 
Administration, USA, November 2005. The method 
was validated and parameters were linearity, range, 
accuracy, precision, LOQ, LOD, and robustness. 
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Specificity 
The method is found to be specific and there is no 
blank or placebo interference. 
Precision 
To check the system precision (repeatability) for 
peak response obtained with five replicates of 
standard at specified concentration. The %RSD 
found to be within 2.0%. To check repeatability 
(method precision) of the method six individual 
sample preparations form same batch were prepared 
and injected the % RSD with six samples found to 
be within 2.0%. The results obtained were presented 
in Table No.5. 
Accuracy 
The accuracy of an analytical method is established 
across its range. Accuracy is performed in three 
different levels for Lamivudine and Raltegravir. 
The known quantity of Lamivudine and Raltegravir 
at 50%, 100% and 150% level is analyzed for each 
level. The % recovery values for these drugs were 
found to be in between 99.67% to 101.07% and 
%RSD values were found to be less than 2.0%. The 
accuracy results were tabulated in the Table No.3 
and 4. 
Linearity and range 
The Linearity of detector response to different 
concentration of these drugs was studied with a 
series of working standard solutions prepared by 
diluting the stock solution with diluents. The 
Standard plots were constructed between 
concentrations vs. peak area a linear response of 
peak area was observed over the concentration 
range of 15 to 75μg/ml for LAM and 30 to 
150μg/ml for RAL. 10µl of each sample was 
injected under above chromatographic conditions 
and peak area was measured. The data of linearity 
curve was summarized in the Table No.2 and 
Figures No.4 and 5 and it was found that correlation 
coefficient (R2) and regression analysis were within 
the limits. 
LOD and LOQ 
These methods were evaluated on the basis of 
signal-to-noise ratio between 3 or 2:1 is generally 
considered acceptable for estimating the detection 
limit. A typical signal-to-noise ratio required for 

LOQ is 10:1 According to a formula given by 
miller, the limit of detection (LOD) and limit of 
quantification (LOQ) were calculated. The resulted 
are given in Table No.3. 
Robustness 
The robustness of an analytical method is a measure 
of its capacity to remain unaffected by small but 
deliberate variations in method parameters and 
provides an indication of its reliability during 
normal usage. Robustness was done by changing 
the column temperature, flow rate and the mobile 
phase. The results were tabulated in Table No.4. 
Ruggedness 
This is to prove the lack of influence of operational 
and environmental variables of the test results by 
using the method. The average of the six 
preparations and % RSD for the six observations 
was calculated and recorded. The method precision 
was carried out as described above using different 
analyst, different column and different instrument. 
The % RSD for the six determinations shall be 
NMT 2.0%. The results are given in Table No.4. 
 
SYSTEM SUITABILITY 
According to USP system suitability tests are an 
integral part of chromatographic method validation. 
The tests were used to verify that the reproducibility 
of the chromatographic system is adequate for 
analysis. To ascertain its effectiveness system 
suitability tests were carried out on freshly prepared 
standard solution. 10μL of solution was injected 
into the optimized chromatographic system. For 
system suitability six replicates of working standard 
samples were injected and the parameters like 
retention time (RT), theoretical plate (N), peak area, 
tailing factor and resolution of sample were 
calculated these results are presented in the Table 
No.1. 
 
RESULTS AND DISCUSSION 
To optimize the mobile phase various proportions 
of buffers with acetonitrile were tested. Mobile 
phase composition was changed and the method 
development was started by Intersil ODS C-18 
(150mm X 4.6 mm X 5μm) column and with flow 



    

Lavanya K. et al. / Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry. 5(1), 2017, 49- 59. 

Available online: www.uptodateresearchpublication.com        January - March                                                 53 

 

rate 0.9mL/min and detection wavelength of 242nm 
Column temperature was maintained at ambient. 
Injection volume is 10μL and runtime is for 10min. 
The mobile phase consists of 0.1% Orthophospharic 
acid buffer: acetonitrile (50:50 %v/v) was used. The 
retention times of Lamivudine and Raltegravir 
peaks are about 1.9±0.3 and 4.3±0.3 minutes 
respectively. 
Quantitative linearity was observed over the 
concentration range of 15 to 75μg/mL for LAM and 
30 to 150μg/mL for RAL. The regression equations 
of concentration of Lamivudine and Raltegravir are 
found to be y= 951.5x + 1139 and y= 24312 
x+50932 respectively, where y is the peak area and 
x is the concentration of drugs (μg/ml).  

The correlation coefficient of Lamivudine and 
Raltegravir was found to be 0.999 and 0.999 
respectively. 
The numbers of theoretical plates obtained were 
2559.08 and 3511.35 for Lamivudine and 
Raltegravir respectively which indicates the 
efficiency of the column. The high percentage 
recovery indicates that the proposed method is 
highly accurate. There is no interference of filters 
with standard and sample solutions as the difference 
in responses is within the limit. The %RSD was 
found to be less than 2.0%. 
 
 
 

 
Table No.1: System Suitability data for Lamivudine and Raltegravir 

S.No Parameters Lamivudine Raltegravir 
1 Retention time (min) 1.9±0.3 4.3±0.3 
2 Theoretical plate 2559±163.48 3511±163.48 
3 Tailing factor 1.65±0.117 1.35±0.117 
4 Resolution 9.4 

Table No.2: Linearity data showing equation of regression line and coefficient of determination 
S.No Drug Conc. Range (μg/ml) Equation R2 

1 Lamivudine 15 - 75 y = 951.5.x + 1139 0.998 

2 Raltegravir 30 – 150 y = 24312x+50932 0.999 
Table No.3: The Accuracy results of Lamivudine 

S.No % Concentration 
(at specific level) 

Amount 
Added (μg/ml) 

Amount 
Recovered (μg/ml) 

% Recovery % RSD 

1 50 7.5 7.61 100.58 0.33 
2 100 15 14.88 99.18 0.81 
3 150 22.5 22.98 100.60 0.81 

Table No.3: Results of LOD and LOQ for Lamivudine and Raltegravir 
S.No Drugs LOD(μg/ml) LOQ(μg/ml) 

1 Lamivudine 1.69 2.96 
2 Raltegravir 0.46 3.12 

Table No.4: The Accuracy results of Raltegravir 

S.No 
% Concentration 
(at specific level) 

Amount 
Added (μg/ml) 

Amount 
Recovered (μg/ml) % Recovery % RSD 

1 50 15 14.84 98.94 0.65 
2 100 30 29.90 99.67 0.81 
3 150 45 45.48 101.07 0.81 
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Table No.4: Typical Robustness results of Lamivudine and Raltegravir 
S.No Conditions Lamivudine Raltegravir 

  USP 
plate 
count 

USP 
tailing 

%RSD 
USP 
plate 
count 

USP 
tailing 

%RSD 

1 Flow rate minus 1596 1.07 0.6 1807 1.02 0.3 
2 Flow rate plus 2641 1.08 1.2 2769 1.00 0.2 
3 Organic composition minus 1569 1.09 1.4 1717 1.07 1.5 
4 Organic composition plus 1681 1.07 0.34 1853 1.06 0.26 
5 Temperature minus 2267 1.02 0.22 2283 1.04 0.72 
6 Temperature plus 1765 1.00 0.23 1844 1.04 1.09 

Table No.5: Precision results were summarized for Lamivudine and Raltegravir 
S.No Injections Lamivudine(Area) Raltegravir ( Area) 

1 1 45921 213936 
2 2 47289 219057 
3 3 46249 218423 
4 4 47758 222496 
5 5 47193 219155 
6 6 46619 216019 
7 Mean 46838.17 218181 
8 SD 694.5 2935.6 
9 % RSD 1.48 1.35 

 

 
Figure No.1: Structure of Lamivudine 

 
Figure No.2: Structure of Raltegravir 
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Figure No.3: Standard chromatogram of Lamivudine and Raltegravir 

 
Figure No.4: Linearity graph of Lamivudine 

 
Figure No.5: Linearity graph of Raltegravir 
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CONCLUSION 
A simple, specific, accurate, precise, reproducible 
and efficient reverse phase high performance liquid 
chromatography (RP-HPLC) method has been 
developed and validated as per ICH Q2 (R2) for 
Lamivudine and Raltegravir in bulk and dosage 
form, which can be used accurately for quantitative 
estimation of Lamivudine and Raltegravir for 
routine analysis of individual and combination of 
drugs. 
 
ACKNOWLEDGEMENT 
The authors wish to express their sincere gratitude 
to Department of Pharmaceutical Analysis, Lydia 
College of Pharmacy, NH-16, Ravulapalem, East 
Godavari, Andhra Pradesh, India for providing 
necessary facilities to carry out this research work. 
 
CONFLICT OF INTEREST 
We declare that we have no conflict of interest. 
 
BIBLIOGRAPHY 

1. www.accessdata.fda.gov/drugsatfda_docs/la
bel/2015/206510lbl.pdf.  

2. Nandimandalam H and Gowri Sankar D. 
Simultaneous RP-HPLC method 
development and validation for Lamivudine 
and Raltegravir in bulk API dosage forms, 
American Journal of Pharm Tech Research, 
5(5), 2015, 249-256.  

3. Sockalingam A, Narayanareddy I, 
Shanmugapandiyan P and Seshaiah K S. 
Simultaneous quantification of Stavudine, 
Lamivudine and Nevirapine by UV 
spectroscopy, reverse phase HPLC and 
HPTLC in tablets, Journal of 
Pharmaceutical and Biomedical Analysis, 
39(3-4), 2005, 801-804.  

4. Deepali G and Elvis M. UV 
spectrophotometric method for assay of the 
anti-retroviral agent Lamivudine in active 
pharmaceutical ingredient and in its tablet 
formulation, Journal of young pharmacist, 
2(4), 2010, 417-419.  

5. Karunakaran A, Kamarajan K and 
Thangarasu V. Development and validation 
of first-derivative spectrophotometric 
method for the simultaneous estimation of 
Lamivudine and Tenofovir disoproxil 
fumerate in pure and in tablet formulation, 
Der Pharmacia Lettre, 2(5), 2010, 221-228  

6. Manikanta K A, Sandhya B N, Nasare M, 
Prasad V V L N and Diwan P V. 
Development and validation of UV 
Spectrophotometric method for 
simultaneous estimation of Lamivudine and 
Efavirenz in the Pharmaceutical dosage 
form, Journal of Advanced Pharmaceutical 
Technology and Research, 2(4), 2012, 210-
214.  

7. Baig M V, Kapse G S and Raju S A. 
Spectrophotometric Determination of 
Lamivudine, Asian Journal of Chemistry, 
13(1), 2001, 185-189.  

8. Appalaraju S, Karadi A B, Kamalapurkar G 
S and Sarasambi P S. Spectrophotometric 
determination of Lamivudine, Asian Journal 
of Chemistry, 14(1), 2002, 475-478.  

9. Shalini S, Shanooja V P, Jameel S A, Harilal 
K K, Rajak H and Ravichandran V. 
Application of UV-spectrophotometric 
methods for estimation of lamivudine in 
tablets. Digest Journal of Nanomaterials 
and Biostructures, 4(2), 2009, 357-60.  

10. Rajesh P V, Karunasree C P, 
Dharmamoorthy G, Padmini K and Sudeer 
C H. Development and partial validation of 
the Lamivudine drug in bulk and solid 
dosage form by UV spectroscopy, 
International Journal of Pharmaceutical 
Development and Technology, 2(1), 2012, 
15-19.  

11. Bahrami G, Mirzaeei S, Kiani A and 
Mohammadi B. High- performance liquid 
chromatographic determination of 
Lamuvidine in human serum using liquid-
liquid extraction; application to 
pharmacokinetic studies, Journal of 
Chromatography B, 823(2), 2005, 213-217.  



    

Lavanya K. et al. / Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry. 5(1), 2017, 49- 59. 

Available online: www.uptodateresearchpublication.com        January - March                                                 57 

 

12. Sibel A O and Bengi U. Rapid HPLC assay 
for Lamuvidine in pharmaceutical and 
human serum, Journal of Liquid 
Chromatography and Related Technologies, 
25(9), 2002, 1447-1456.  

13. Kano E K, dos Reis Serra C H, Koono E E 
M and Schramm S. Determination of 
Lamuvidine in human plasma by HPLC and 
its use in bioequivalence studies, Journal of 
Pharmaceutical and Biomedical Analysis, 
4(3), 2006, 761-765.  

14. Vanaja P, Anusha N and Giri Prasad V S. 
Development and validation of RP-HPLC 
method for the simultaneous estimation of 
Tenofovir disproxil fumerate and 
Lamuvidine in combined dosage form, 
International Journal of Pharmacy and 
Pharmaceutical Sciences, 5(3), 2013, 116-
121.  

15. Chopperla S K, Vijay Kumar B and Gouri 
Shankar D. Method development and 
validation of RP-HPLC method for the 
simultaneous estimation of tenofovir 
disproxil fumerate and Lamuvidine in 
combined dosage form, International 
Journal of Pharmaceutical Research and 
Development, 4(11), 2013, 110-118.  

16. Krishnareddy N V, Phani R S and Ramesh R 
R. New RP - HPLC Method Development 
for Analysis and Assay of Lamivudine in 
Formulation, International Journal of 
Research in Pharmaceutical and Biomedical 
Sciences, 2(1), 2011, 220-223.  

17. Verweijvan Wissen C P, Aarnoutse R E and 
Burger D M. Simultaneous determination of 
the HIV nucleoside analogue reverse 
transcriptase inhibitors Lamivudine, 
Didanosine, Stavudine, Zidovudine and 
Abacavir in human plasma by reversed 
phase high performance liquid 
chromatography, Journal of 
Chromatography. B, 816(1-2), 2005, 121-
129.  

18. Habte G, Hymete A and Mohamed A M I. 
Simultaneous separation and determination 

of Lamivudine and Zidovudine in 
pharmaceutical formulations using the 
HPTLC method, Analytical. Letters, 42(11), 
2009, 1552-1570.  

19. Balaji M, Srikanth R, Ashok Kumar V, 
Ulaganathan C and Muneer S. Method 
development and validation of HPTLC 
method for quantitative estimation of 
Tenofovir disproxil fumerate and 
Lamuvidine in combined dosage form, 
International Journal of Pharmaceutical 
Research and Development, 4(6), 2011, 23-
29.  

20. Pereira S A S, Kenney K B and Cohen M S. 
Simultaneous determination of Lamivudine 
and Zidovudine concentrations in human 
plasma using high-performance liquid 
chromatography and tandem mass 
spectrometry, Journal of Chromatography. 
B, 742(1), 2000, 173-183.  

21. Brian L, Robbins A, Philip F and Erin F. 
Simultaneous measurement of intracellular 
triphosphate metabolites of zidovudine, 
Lamivudine and Abacavir (Carbovir) in 
human peripheral blood mononuclear cells 
by LC-MS, Journal of Chromatography. B, 
850(1-2), 2007, 310-317.  

22. Kore P P, Gamepatil M M, Nimje H M and 
Baheti K G. Spectrophotometric estimation 
of Raltegravir potassium in tablets, Indian 
Journal of Pharmaceutical Sciences, 76(6), 
2014, 557-559.  

23. Sudha T and Raghupathi T. RP-HPLC and 
UV spectrophotometeric method for 
estimation of Raltegravir Potassium in bulk 
and tablet dosage form, Global Journal 
Medical Research, 11(2), 2011, 9-15.  

24. Siddartha B and Sudheer I. UV - 
Spectrophotometric method for estimation 
of Raltegravir in bulk and tablet dosage 
form, International Journal of 
Pharmaceutical, Chemical and Biological 
Sciences, 4(4), 2014, 807-811.  

25. Bhavar G B, Pekamwar S S, Aher K B and 
Chaudhari S R. Simple Spectrophotometric 



    

Lavanya K. et al. / Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry. 5(1), 2017, 49- 59. 

Available online: www.uptodateresearchpublication.com        January - March                                                 58 

 

Method for Estimation of Raltegravir 
Potassium in Bulk and Pharmaceutical 
formulations, Journal of Applied 
Pharmaceutical Sciences, 3(10), 2013, 147-
150.  

26. Satyanarayana L, Naidu S V, Narasimha R 
M, Ayyanna C and Alok K. Estimation of 
Raltegravir in tablet dosage form by RP-
HPLC, Asian Journal of Pharmaceutical 
Analysis, 1(3), 2011, 56-58.  

27. Nicastri E, Bellagamba R, Tempestilli M, 
Pucillo L P, Narciso P and Ascenzi P. 
Simultaneous Determination of Maraviroc 
and Raltegravir in human plasma by HPLC-
UV method, International Union of 
Biochemistry and Molecular Biology, 61(4), 
2009, 470-475.  

28. Sudha T and Raghupathi T. Reverse Phase–
High Performance Liquid Chromatography 
and Ultra Violet Spetrophotometric Method 
for the Estimation of Raltegravir Potassium 
in Bulk and in Tablet Dosage Form, Global 
Journal of Medical Research, 11(2), 2011, 
8-16.  

29. Lakshamana Rao A and Raghu Ram M S. 
Validated Reverse Phase HPLC Method for 
Determination of Raltegravir in 
Pharmaceutical Preparation, International 
Journal of Research in Pharmacy and 
Chemistry, 2(1), 2012,  217-221.  

30. D’Avolio A, Baietto L, Siccardi M, Simiele 
M, Oddone V, Bonora S and Di Perri G. An 
HPLC-PDA method for the simultaneous 
quantification of the HIV integrase inhibitor 
Raltegravir, the new nucleoside reverse 
transcriptase inhibitor Etravirine, and 11 
other antiretroviral agents in the plasma of 
HIV infected patients, Therapeutic Drug 
Monitoring, 30(6), 2008, 662-669.  

31. Rezk N L, White N and Kashuba A D. An 
Accurate and Precise High Performance 
Liquid Chromatography method for the 
rapid quantification of the novel HIV 
integrase inhibitor Raltegravir in human 
blood plasma after solid phase extraction, 

Analytica Chimica Acta, 628(2), 2008, 204-
213.  

32. Rami Reddy B V, Reddy B S, Raman N V V 
S S, Jyothi G, Subhash Chander Reddy, K 
and Rambabu C. Validated stability-
indicating UPLC assay method and 
degradation behavior of Raltegravir 
Potassium, International Journal of 
Pharmacy and Technology, 4(1), 2012, 
4045-4059.  

33. Merschman S A, Vallano P T, Wenning L 
A, Matuszewki B K and Woolf E J. 
Determination of the HIV integrase inhibitor 
MK- 0518 (Raltegravir) in the human 
plasma using 96-well liquid-liquid 
extraction and HPLC-MS/MS, Journal of 
Chromatography B Analytical Technology 
and Biomedical Life Sciences, 857(1), 2007, 
15-24.  

34. Long M C, Bennetto-Hood C and Acosta E 
P. A sensitive HPLC-MS-MS Method for 
the determination of Raltegravir in the 
human plasma, Journal of Chromatography 
B Analytical Technology and Biomedical 
Life Sciences, 867(2), 2008, 165-71.  

35. Sudha T and Shanmugasundram P. 
Development and validation of RP-HPLC 
and HPTLC chromatographic method of 
analysis for the quantitative estimation of 
Raltegravir Potassium in Pharmaceutical 
dosage form, Research Journal of Pharmacy 
and Technology, 4(11), 2011, 1746-1750.  

36. ICH Q2 (R1) Guideline, Validation of 
Analytical Procedures, Text and 
Methodology, ICH, Geneva, Switzerland, 
2005, 1-13.  

37. Valliappan K, Kannan K, Manavalan R and 
Muralidharan C. Application of 
chemometrics in chromatography, Indian 
Journal of Chemistry, 41A(7), 2002, 1334-
1340.  

38. Myers R H and Montgomery D C. Response 
surface methodology process and product 
optimization using designed experiments, 



    

Lavanya K. et al. / Asian Journal of Pharmaceutical Analysis and Medicinal Chemistry. 5(1), 2017, 49- 59. 

Available online: www.uptodateresearchpublication.com        January - March                                                 59 

 

John Wiley and Sons, Inc, New-York, USA, 
2nd edition, 2002.  

39. Sivakumar T, Manavalan R, Muralidharan C 
and Valliappan K. Multicriteria, decision 
making approach and experimental design 
as chemometric tools to optimize HPLC 
separation of domperidone and 
pantoprazole, Journal of Pharmaceutical 
and Biomedical Analysis, 43(5), 2007, 1842-
1848.  

40. Monks K, Molnar I, Rieger H J, Bogati B 
and Szabo E. Quality by Design, 
Multidimensional exploration of the design 
space in high performance liquid 
chromatography method development for 
better robustness before validation, Journal 
of Chromatography A, 1232(2), 2012, 218-
230.  

41. Beg S, Kohli K, Swain S and Hasnain M S. 
Development and validation of RP-HPLC 
method for quantitation of amoxicillin 
trihydrate in bulk and pharmaceutical 
formulations using Box-Behnken 
experimental design, Journal of Liquid 
Chromatography and Related Technologies, 
35(3), 2011, 393-406.  

42. Rozet E, Ziemons E, Marini R D, Boulanger 
B and Hubert P. Quality by design 
compliant analytical method validation, 
Analytical Chemistry, 84(1), 2012, 106-112. 

43. Nethercote P and Ermer J. Quality by design 
for analytical methods, implications for 
method validation and transfer, 
Pharmaceutical Technology, 36(10), 2012, 
74-79.  

44. Harang V, Karlsson A and Josefson M. 
Liquid chromatography method 
development and optimization by statistical 
experimental design and chromatogram 
simulations, Chromatographia, 54(11), 
2001, 703-709.  

45. Manish S, Kanchan K and Mushir A. 
Stability Indicating RP-HPLC Method for 
Analysis of Ketoprofen in Bulk Drug and 
Eugenol Containing Nanoemulsion Gel 
(NEG) Formulation Using Response Surface 
Methodology, Current Pharmaceutical 
Analysis, 10(2), 2016, 135-144.  

46. Kumar N S, Kumaraswamy R, Paul D. QbD 
Based RP-HPLC Method for Screening and 
Analysis of Telapravir and 7 Other 
Antiretroviral Agents, Indian Drugs, 52(2), 
2015, 20-30. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Please cite this article in press as: Lavanya K et al. RP-HPLC method development and validation for 
simultaneous estimation of Lamivudine and Raltegravir in bulk and pharmaceutical dosage form, Asian Journal of 
Pharmaceutical Analysis and Medicinal Chemistry, 5(1), 2017, 49-59. 


