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Abstract 

A simple, accurate and precise HPTLC-densitometry method for the 

simultaneous determination of abacavir, lamivudine and zidovudine in 

pharmaceutical tablets has been developed. Separation was performed on 

aluminum backed HPTLC plates (silica gel 60 F254 with 0.2 mm thickness, 

Camag, Muttenz, Switzerland) using methanol: chloroform: acetonitrile (4 : 8: 3 

v Iv) as a solvent system. Rf values were observed to be 0.38, 0.58 and 0.71 for 3-

TC, ABC and AZT respectively. Good sensitivity for all analytes was observed 

with UV detection at 275 nm and the solvent front and saturation time were 80 

mm and 25 minute, respectively. The method was validated for linearity, 

accuracy, precision, peak purity test and robustness. The method allowed 

quantitation over the 200-1450 ng/band range for all abacavir, lamivudine and 

zidovudine. Both linear and second order polynomial relationship were studied 

and second order polynomial fit was found to be more suitable, its residuals plot 

showed a much better fitting than that of linear model, indicating good 

correlation and determinations (r = 0.99995, 0.9998 and 0.9998 and r2 = 0.9999, 

0.9997 and 0.9996 for lamivudine, abacavir and zidovudine, respectively). The 

method has an accuracy of 99.35, 99.19 and 99.13 % for lamivudine, abacavir and 

zidovudine, respectively. The method is robust and has the potential to 

determine these drug substances simultaneously from the dosage forms with out 

any interference. 

x 
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1. Introduction 

1.1. HIVj AIDS 

Acquired immunodeficiency syndrome (AIDS), a degenerative disease of the immune 

system, is caused by the human immunodeficiency virus (HIV) and results in life

threatening opportunistic infections and malignancies (Diprio, et a!., 2005). As the world 

enters the third decade of AIDS epidemic, this pandemic has spread rapidly through the 

human population and become one of the leading causes of mortality worldwide (De 

Clercq, 2002). According to the Joint United Nations program on HIV / AIDS 2008 report 

on the global AIDS epidemic, there were an estimated 33 million people living with HIV 

in 2007, globally. In 2007, 2.7 million people became infected and 2 million people died 

of HIV. Sub-Saharan Africa remains the region most heavily affected by HIV, accounting 

for 67% of all people living with HIV and for 75% of AIDS deaths in 2007 (UNAIDS, 

2008). In Ethiopia, the Federal HIV / AIDS Prevention and Control Office (FHAPCO) 

estimated a 2.1 % of adult HIV prevalence in 2007 (FHAPCO, 2008). 

HIV is an enveloped single-stranded RNA virus and belongs to a family, Retroviridae 

(Klatt, 2008; Sharma and Kadhiravan, 2008). The life cycle of HIV is complicated but 

necessary to understand because the current strategies employed in the treatment of 

HIV target various points in this cycle (Jassim and Naji, 2003). The initial step of the HIV 

entry process is the interaction of the surface subunit gp120 with two cell surface 

molecules, CD4 and a chemokine receptor (De Clercq, 2004). Then, the virus loses its 

1 



outer envelope and releases its RNA genome. After uncoating, a complementary strand 

of DNA is copied fwt .... l viral RNA by HIV-DNA polymerase (reverse transcriptase) 

(Wong and Gallo, 1985). In the host cell, HIV DNA, or the provirus, integrates into the 

host chromosomes through the viral enzyme integrase. After integration viral DNA 

struts to direct the transcription and translation process to produce its RNAs and various 

viral proteins (Sakai, et aI., 1993). 

The resulting viral~proteins are produced as a single-large-polyproteirLprecunl'Ol- which 

is then transported to the host cell membrane for its assembly into daughter particles 

(Be'atrice, et a/., 1997). The assembled particles are released out of the host cell 

membrane. During or shortly after budding, the polyprotein precursor, inside the 

daughter particles, undergoes cleavage by a specific viral enzyme known as HIV 

protease (Harrison, 1998). The virus particles after the protease action have all the 

necessary constituents of mature virus and are capable of invading other TD4 cells and 

repeating the life cycle (Ahmed, 2005). 

1.1.1. Groups of antiretroviral agents 

Five drug classes have since been developed for the treatment of infection with HIV: 

Nucleoside/ Nucleotide reverse transcriptase inhibitors (NRTls), Non-nucleoside 

reverse transcriptase inhibitors (NNRTIs), Protease inhibitors, Fusion inhibitors and 

IIlt~ase inhibitor (Armagan, 2006). 
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1.1.1.1. Nucleoside! Nucleotide analog reverse transcriptase inhibitors 

Nucleoside/ Nucleotide analog reverse transcriptase inhibitors (NRTls) act by 

competitive inhibition of HIV -1 reverse transcriptase and can also be incorporated into 

the growing viral DNA chain to cause chain termination. They require intracytoplasmic 

activation as a result of phosphorylation by cellular enzymes to the triphosphate form. 

Most have activity against HIV-2 as well as HIV-1 (Krikorian and Rudorf, 2005). 

1.1.1.2. Nonnucleoside analog reverse transcriptase inhibitors 

Nonnucleoside analog reverse transcriptase inhibitors (NNRTls) bind directly to a site 

on the HIV-1 reverse transcriptase, resulting in blockade of RNA- and DNA-dependent 

DNA polymerase activities. The binding site is near to but distinct from that of the 

NRTIs. Unlike the NRTls group of agents, the NNRTIs neither compete with nucleoside 

triphosphates nor require phosphorylation to be active (Eugenio and Zeind, 2001). 

1.1.1.3. Protease inhibitors 

Protease is responsible for cleaving the precursor molecules to produce the final 

structural proteins of the mature virion core. By preventing cleavage of the polyprotein, 

protease inhibitors result in the production of immature, noninfectious viral particles 

(Krikorian and Rudorf, 2005; Armagan, 2006). 
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1.1.1.4. Fusion inhibitors 

Fusion inhibitors interfere with the binding of HIV to its receptor or coreceptor or by 

interfering with the fusion process. Some entry inhibitors target gp120 or gp41, the CD4 

protein, or the CCR5 or CXCR4 coreceptors (Orsega, 2007). The first member of this 

class, enfuvirtide, previously known as T-20 and targeting gp41, has been licensed for 

therapeutic use in 2003 (Schools, 2006; Adamson and Freed, 2008; Kuritzkes, et aI., 2008). 

1.1.1.5. Integrase inhibitors 

Integrase inhibitors are a new class of drug with a novel mechanism of action. The drug 

inhibits strand transfer of viral DNA and prevents the incorporation of the completed 

HIV DNA copy into the host DNA cell (Perno, et nl., 2008). The first integrase inhibitor 

licensed for clinical use, raltegravir, has only recently been approved in 2007 by FDA 

(De Clercq, 2008). 

1.1.2. Combination therapy 

The use of combination regimens of three or more antiretroviral, often referred to as 

highly active antiretroviral therapy (HAART) has proven extremely effective in reducing 

the morbidity and mortality associated with HIV infection (Eugenio and Zeind, 2001; 

A VERT, 2008). For the dual purpose of increasing the effectiveness of antiretroviral 

therapy and preventing the development of a therapy-limiting viral resistance, inhibitors 
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of reverse transcriptase are combined with each other and/ or with protease inhibitors 

(Uillmann, et aI. , 2000; Nguyen, 2009). 

The high pill burden associated with the standard triple therapy regimens may 

eventually lead to non-adherence to treatment. Adherence of patients is indeed a crucial 

point, as non-adherence to treatment has been identified as a predictive factor of failure 

to achieve viral suppression (Hammer, et al., 2008). Combinations of drugs are necessary 

to-treat-HIV-/-AIDS successfully and there is renewed-interest .inJixed-dose c.ombination 

products (FDCs) as a means of improving patient concordance and clinical outcomes. 

The WHO has endorsed the use of FDCs of antiretroviral drugs especially in developing 

countries (Regional Drug and Therapeutics Centre, 2008). Although there are around 30 

unique antiretroviral drugs approved by FDA, only a few are approved for use as FDC 

products (FDA, 2004; Nguyen, 2009). 

1. 2. Lamivudine, abacavir and zidovudine combined dosage form 

Lamivudine, abacavir and zidovudine combined dosage form (TRIZIVIR Tablets) are for 

oral administration and each film-coated tablet contains the active ingredients 300 mg of 

abacavir as abacavir sulfate, 150 mg of lamivudine, and 300 mg of zidovudine, and the 

inactive ingredients magnesium stearate, microcrystalline cellulose, and sodium starch 

glycolate. The tablets are coated with a film, hypromellose, polyethylene glycol, titanium 

dioxide, and yellow iron oxide (Tim and Caroline, 2003). 
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The physicochemical properties, class and mode of action of each of the drugs are 

described in the following manner: 

Abacavir sulfate: 

~ The chemical name of abaca vir sulfate is (IS, cis)-4-[2-amino-6-( cyclopropylamino)-

9H-purin-9-yl]-2-cyclopentene-l-methanol sulfate (salt). It has a molecular formula 

of (C14H1SN60)2 H2S04 and a molecular weight of 670.76 daltons and it is a white 

to off-white solid with a solubility of approximately 77 mg/ mL in distilled water at 

25°C (Budavari, 2001; Tim and Caroline, 2003). 

~ Abacavir is a carbocyclic synthetic nucleoside analogue and converted by cellular 

enzymes to the active metabolite, carbovir triphosphate, an analogue of 

deoxyguanosine-5'-triphosphate. Carbovir triphosphate inhibits the activity of HIV-

1 reverse transcriptase both by competing with the natural substrate 

deoxyguanosine-5'-triphosphate and by its incorporation into viral DNA and cause 

chain termination (Yuen, et al., 2001; Safrin, 2007). 

Abacavir 
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Lamivudine 

» The chemical name of lamivudine is (2R,cis)-4-amino-1-(2-hydroxymethyl-1,3-

oxathiolan-5-yl)-(lH)-pyrimidin-2-one. Lamivudine is the (-) enantiomer of a 

dideoxy analogue of cytidine. Lamivudine has also been refered to as (-)2',3'-

dideoxy, 3'-thiacytidine. It has a molecular formula of C
g
Hn N

3
0

3
S and a molecular 

weight of 229.3 daltons and it is a white to off-white crystalline solid with a 

solubility of approximately 70 mg/ mL in water at 20°C (Budavari, 2001; :rim and 

Caroline, 2003). 

» Lamivudine is a synthetic nucleoside analogue. Intracellularly, lamivudine is 

phosphorylated to its active 5'-triphosphate metabolite, lamivudine triphosphate. 

The principal mode of action of lamivudine triphosphate is inhibition of reverse 

transcriptase via DNA chain termination after incorporation of the nucleotide 

analogue (Yuen, et a/., 2001; De Clercq, 2002). 

Lamivudine 

Zidovudine 

» The chemical name of zidovudine is 3'-azido-3'-deoxythymidine. It is a white to 

beige, crystalline solid with a solubility of 20.1 mg/mL in water at 25°C, has a 
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molecular formula of CloHl3Ns04 and a molecular weight of 267.24 daltons 

(Budavari, 2001; Tim and Caroline, 2003). 

~ Zidovudine is a synthetic nucleoside analogue. Intracellularly, zidovudine is 

phosphorylated to its active 5' -triphosphate metabolite, zidovudine triphosphate. 

The principal mode of action of zidovudine triphosphate is inhibition of RT via 

DNA chain termination after incorporation of the nucleotide analogue (Yuen, et aI., 

2001; De Clercq, 2002; Safrin, 2007). 

Zidovudine 

1.3. High performance thin layer chromatography in pharmaceutical 

analysis 

Nowadays, pharmaceutical analysis generally employs some sort of analytical 

instrument that performs the actual analysis, while the data processing and instrument 

control are taken care of by software run on a computer (David, 2000). 

Thin layer chromatography (TLC), which is one of the oldest chromatographic methods, 

is commonly used in biochemical analysis, drug and food and environmental pollutant 

analysis. Although TLC is mainly used as a drug screening and confirmation tool, 
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quantitative pharmaceutical analysis by TLC has recently attracted considerable interest 

due to improved teclmologies with HPTLC (El-Gindy, et aI., 2001; Center for Drug 

Evaluation and Research (CDER), 1993). The principle is based on plane 

chromatography, and the mobile phase normally is driven by capillary action (Gawri, et 

ai., 2003). Modern instrumental HPTLC is a powerful analytical method suitable for 

qualitative and quantitative analytical tasks equally (Reich, et ai., 2002) . 

The-HPT1£ technique-has been improved to incorporate the followlng..£eatur.e.s: HPTLC 

grade stationary phase, automated sample application devices, automated developing 

chamber, computer controlled densitometry and quantification, and fully validated 

procedures (El-Gindy, et aI., 2001) . 

These features result in methods that are not only convenient, fast, robust, and cost 

efficient, but also reproducible, accurate and reliable (McCarthy, et ai., 1998). Further 

optimization of all aspects of the separation process in TLC are HPTLC plates for 

quantitative determination because these new layers require smaller sample sizes and 

shorter development distances to reveal their separation potential and to provide faster 

separation and better resolution (Eric-Jovanovic, et ai., 1998). 

Applications of HPTLC to the quantitative analysis of drug substances in biological and 

formulation matrices have been reported (Sulebhavikar, et aI., 2008; Argekar and Powar, 

2000). HPTLC methods with stability-indicating features have been utilized to assess the 
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impurity and degradation profile of bulk drug substances and drug formulations 

(Abdelrahman, et al ., 1994; Salo and Salomies, 1996). 

Advantages of HPTLC over the other quantitative chromatographic techniques such as 

HPLC include: 

• Provide visible chromatograms, and multiple samples are seen simultaneously, so 

that reference and test samples can be compared for identification (Leuenberger, 

2007) . 

• HPTLC is an offline technique: the subsequent steps are relatively independent, 

allowing parallel treatment of multiple samples during chromatography, 

derivatization and detection (Leuenberger, 2007). 

• There is generally less need for internal standards in HPTLC than in GC or HPLC 

and it is totally free from any interference of the mobile phase (Argekar, et a/., 

1996). 

1.4. Reported analytical methods for the analysis of lamivudine, abacavir 

and zidovudine 

A number of non official methods have been reported for the determination of 

zidovudine, lamivudine and abaca vir in dosage form and biological fluid when they are 

present as individual drugs or as a combination with each other or with other 

antiretroviral drugs. 

10 
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Liquid chromatography with UV detector has been employed in the official monographs 

of Ph. Eur. 2008 and USP 2008 for the analysis of lamivudine and zidovudine separately 

(Ph. Eur., 2008; USP, 2008). However, abacavir has not included in official monographs. 

The manufacturer utilizes HPLC with UV detection for the simultaneous determination 

of lamivudine, abaca vir and zidovudine in the assay of Trizivir. 

There have been several methods reported for the analysis of abacavir, lamivudine or 

zidovudine individu~ either from dosage form or biological fluids. Several 

spectrophotometric methods in bulk drug and in pharmaceutical preparations were 

described for the assay of zidovudine (Basavaiah, et a/., 2007a). A number of methods 

based on HPLC (Schrive, et ai., 1994; Tan, et aI., 2000; Lefebvre, et a/., 2007), LC-MS-MS 

(Mudigonda, et ai., 2008;), Flow-injection system (Checa, et ai., 2007), micellar capillary 

electrophoresis (Alnouti, et a/., 2004a), enzyme-linked immunosorbent assay and by 

time-resolved fluoroimmunoassay (Tadepalli, et a/., 1990) were known for the 

quantitative determination of zidovudine in biological matrices. 

HPLC methods have been developed and validated for the quantification of lamivudine 

in biological fluids (Bahrami, et a/., 2005; Kano, et a/., 2005) and in pharmaceutical 

preparations (Aboul-Enein, et a/., 2003; Kapoor, et a/., 2006b). UV-spectrophotometry was 

also described for the assay of lamivudine in bulk drug and in tablet dosage forms 

(Sankar, et a/., 2002; Kapoor, et ai., 2006a; Basavaiah, et ai ., 2007b). 
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A combined bio-analytical assay for abacavir based on reversed-phase liquid 

chromatography and both ultraviolet (UV) absorption and fluorescence detection, was 

reported (Sparidans, et al., 2001). HPLC-UV method has also been developed for the 

determination of abaca vir in human plasma (Ferrer, et al., 2004) 

Several methods have been reported for the simultaneous analysis of abacavir with 

latnivudine, abacavir with zidovudine or lamivudine with zidovudine; or each other in 

the presence of other antiretroviraLdl'ugs._ 

Estrela et al. (2004) reported SPE-LC/MS/MS method for simultaneous monitoring of 

concentration profiles of lamivudine and zidovudine in serum. Williams et al. (2003) 

described HPLC/MS method of lamivudine and zidovudine along with several 

toxicologically significant metabolites in mouse serum and spleen. Fan et al. (2002) 

developed an isocratic ion pair HPLC assay with UV detection for the simultaneous 

determination of lamivudine and zidovudine in the presence of neverapine in human 

plasma. Lamivudine and zidovudine have also been simultaneously determined using 

spectrophotometry (Uslu and Ozkan, 2002); HPLC-UV (Lee, et aI., 2003; Alnouti, et aI., 

2004b) and simultaneous determination of lamivudine and zidovudine in human plasma 

using HPLC-MS-MS (Pereira, et aI., 2000; Tarinas, et al., 2007) were developed. A HPTLC 

method for the simultaneous determination of lamivudine and zidovudine in binary 

mixture had been developed. The method developed was based on HPTLC and 
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separation was carried out on Merck HPTLC silica gel 60 F254 plates, using toluene: 

chloroform: methanol (1:6:3 v Iv) as mobile phase (Habte, et aI., 2009). 

Simultaneous determination of abaca vir and zidovudine from rat tissues and human 

plasma using HPLC with ultraviolet (Lewis, et aI., 2007) detection have also been 

reported. In the method by Donnerer et al. (2003) abacavir and zidovudine with other 

five antiretroviral drugs were analyzed in plasma by HPLC with UV detection. LC-MS

MS-method for simultaneous analysis of-abaGavir-and lamivudine.iILhuman plasma, and 

its application to a bioequivalence study has been investigated (Gomes, et aI., 2008). 

Some non official methods for the simultaneous determination of the three drugs (triple 

combination) or biological fluids have been reported. 

Chemometric optimization of a RP-HPLC method for the simultaneous analysis of 

abacavir, lamivudine, and zidovudine in tablets has been developed and validated on a 

CIS column with UV detection at 270 nm. The mobile phase composition that provides 

an optimal resolution of components is water : methanol (60 : 40 v Iv) + 0.2% TEA and 

pH = 3.20 (pH adjusted with BJP04) (Djurdjevic, et ai, 2004). 

A fully automated method for the simultaneous determination of abacavir, lamivudine 

and zidovudine in pharmaceutical tablets, human serum samples and drug dissolution 

studies has been developed. Separation was performed on a 5 )lm Zorbax® CIS column 

(150 x 4.6 mm ID) with methanol: water: phosphate buffer at pH 5.65 (80:10:10;v Iv Iv) 
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isocratic elution in less than 7 min with a flow rate of 0.6 mL min-l). Good sensitivity for 

all analytes was observed with UV detection at 275 nm. The method allowed 

quantitation over the 500-3,000 ng mL-l) range for abacavir and 500-5,000 ng mL-l) 

range for lamivudine and zidovudine (Savaser, et al., 2007). 

Abacavir, lamivudine and zidovudine were quantified with other four 

nucleoside/ nucleotide reverse transcriptase inhibitors in human plasma by HPLC-MS

MS. The chromatographic separation was performedw itnaT18cOlumn and a gradient 

mobile phase consisting of a mixture of water and acetonitrile, both containing 0.05% 

formic acid. Analytes quantification was performed by electro spray ionization triple 

quadrupole mass-spectrometry in the positive mode using selected reaction monitoring 

(Sauxa, et al., 2008). 

HPLC-UV method has been developed to quantify abacavir, lamivudine and 

zidovudine simultaneously with seven HIV protease inhibitors, four NRTls and two 

NNRTIs in human plasma. This method involved automated solid-phase extraction with 

Oasis HLB Cartridge 1 cc (divinylbenzene and N-vinylpyrrolidone) and evaporation in a 

water bath under nitrogen stream. The extracted samples were reconstituted with 100]lL 

methanol. The analytes were eluted on an analytical C18 SymmetryTM column 

(250 mm x 4.6 mm LD.) with a particle size of 5 ]lm. The mobile phase (0.01 M KH2P04 

and acetonitrile) was delivered at 1.0 mL/ min with linear gradient elution (Notari, et nl., 

2006). 
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LC-MS-MS method for simultaneous determination of zidovudine, abaca vir and 

lamivudine with other 14 antiretroviral drugs, has been described in human plasma. 

Analyte separation was accomplished using an Aquasil® C1S, 50 x 2.1 mm column, with 

a particle size of 5 rm (ThermoElectron, San Jose, CA, USA) . A gradient mobile phase 

method was used, composed of 0.05% formic acid in either water (v lv, mobile phase A) 

or methanol (v lv, mobile phase B) at a flow rate of 0.5 mLI min (Jung, et a/., 2007). 

Cremieux et al. (2001) examined steady-state pharmacokinetics of ABC, 3-TC, and AZT 

using HPLC method. MS/MS detection was used to measure 3-TC and AZT in serum. 

Serum concentration of ABC was measured with UV detection. 

So far no analytical method has been reported on for simultaneous quantification of the 

lamivudine, abacavir and zidovudine using HPTLC. 
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2. Objectives 

2.1. General objective 

~ To develop and validate a new, simple and sensitive method for simultaneous 

determination of abacavir, lamivudine, and zidovudine in combined dosage form 

(tablet) using high performance thin layer chromatography (HPTLC) -

densttorrrettytechnique. 

2.2. Specific objectives 

~ To optimize all the experimental conditions such as mobile phase, scan mode and 

wavelength of detection. 

~ To investigate the relation between the concentration of each of abacavir, 

lamivudine, and zidovudine versus peak areas of the spots and to develop the 

calibration curves and calculating the required parameters. 

~ To evaluate the characteristic validation parameters, obtained and comparing it 

with the reported methods. 

~ To apply the proposed methods in the determination of commercial dosage 

forms. 

~ To determine the stability of the drugs in the sample solution during the study. 
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3. Experimental 

3.1. Materials 

3.1.1. Instruments and glass wares 

Computerized Camag HPTLC system (Camag, Muttenz, Switzerland) consisting of a 

Camag Linomat V semiautomatic (Camag, Muttenz, Switzerland) spotting device 

connected to a nitrogen tank and WinCATS 1.4.0 software (Camag Muttenz, 

Switzerland), a Camag TLC scanner III densitometer (Camag, Muttenz, Switzerland) 

equipped with mercury, tungsten and deuterium lamp driven by the same WinCATS 

1.4.0 software, Micro syringe (Linomat syringe 695.0014, Hamilton-Bonaduz, Schweiz, 

Camag, Switzerland) , twin trough chamber 20x10 cm (Camag, Muttenz, Switzerland), 

saturation pad (Camag, Muttenz, Switzerland), aluminum backed HPTLC plates (silica 

gel 60 F254 20x20 cm with 0.2 mm thickness, Camag, Muttenz, Switzerland ), hair dryer 

(Philip lady 1000, Type HP 4312, Hong Kong), UV chamber (Camag, Muttenz, 

Switzerland) and Microsoft excel (2003) were used in the study. 

Different size of volumetric flasks, measuring cylinders (Technico, Class A, England); 

Sonicator (Model 22L400HSPL, PC!, India); digital analytical balance (Avery Berkel, 

E.C); Refrigerator (model UTV-37, FIOCCHETII, ITALY) and 0.45 ~m nylon syringe 

filters were also used during the study. 
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3.1.2. Chemicals 

3.1.2.1. Working standards and drug products 

Working standards of lamivudine, abacavir which were prepared by Strides Arcolab 

limited, India,; and zidovudine which was prepared by Aurobindo pharma. Limited, 

India, were obtained from Drug quality control and Toxicology Laboratory, (DACA) of 

Ethiopia. The working standards were certified to contain 99.4% of lamivudine (Batch 

No: ASD/WS/019/04, expiry date; 14 ocotber-2010), 99.1% of abacavir (Batch No: 

1928771 expiry date; 10 July-2009) and 98.5% of zidovudine (Batch No: MLN/RM/6214, 

expiry date; 8 August 2010) and used without further standardization. The working 

standards were stored according to the manufacturer recommendation at 2-8oC over the 

period of the study. Trizivir® Tablets (claimed labeled amount 150 mg lamivudine, 300 

mg abacavir sulphate and 300 mg zidovudine per tablet) (batch number: R 387871, 

manufacturing date; 10, 2008 and expiry date; 10, 2010) manufactured by 

GlaxoSmithKIine were used. 

3.1.2.2. Solvents 

HPLC grade methanol (Sigma-Aldrich, Germany), HPLC grade acetonitrile (Fisher 

scientific, UK) and HPLC grade chloroform (Fisher scientific, UK), were used. 
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3. 2. Methods 

3. 2. 1. Preparation of standard solutions 

Stock solutions of the reference standards were prepared by transferring 50 mg of 

lamivudine, 100 mg of abaca vir and 100 mg of zidovudine in to 100 ml volumetric flask 

and dissolved in about 80 ml of methanol with the aid of ultrasonication for 5 minutes. 

Then, it was diluted to volume with methanol to obtain a concentration of 0.5 mg/ml, 1 

mg/ ml and 1 mg/ ml for lamivudine, abacavir and zidovudine, respectively. The 

solutions were kept in a refrigerator (2-8 0C) until used. 

Working standard solutions were prepared by dilution of 20 ml of the stock solutions 

with 100 ml methanol to give a concentration of 200 pg/ml each of abacavir and 

zidovudine and 100 pg/ml of lamivudine. The final concentration ratio of abacavir to 

lamivudine to zidovudine was made to be the same as that of the dosage form. 

3. 2. 2. Preparation of sample solution 

Twenty tablets each containing 150 mg of lamivudine, 300 mg abacavir sulphate and 300 

mg of zidovudine were accurately weighed and powdered. A portion of the powdered 

tablets equivalent to the label claim for one tablet was weighed accurately and 

transferred in to 100 ml volumetric flask. The powder was mixed with about 80 ml of 

methanol and after 15 minutes of mechanical shaking and 5 minutes of ultrasonication, 
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the volume was made to the mark with methanol to give a 3.00 mg/ml of abacavir and 

zidovudine each and 1.5 mg/ ml of lamivudine. Finally, the solution was filtered 

through 0.45 Ilm syringe filter. 

Working sample solution was prepared by dilution of 10 ml of the above sample stock 

solution with 100 ml of methanol to give a concentration of 300 Jlg/ ml of abacavir and 

zidovudine each and 150 Jlg/ ml of lamivudine. 

3. 2. 3. Sample application 

The sample was applied using Camag Linomat V applicator and 100 III Camag syringe, 

10mm from the bottom and 10 mm from the side edges of the plate. It was applied in the 

form of band or streak with band length of 6 mm. The band was dried with the aid of an 

online nitrogen gas. 

3. 2. 4. Chromatogram development 

Ascending mode of development was employed throughout the course of the 

experiment and 20 X 10 cm twin trough Camag chamber was used for development of 

the chromatograms. 15 ml of the selected solvent system was placed in the chamber and 

it was divided in two portions by holding the chamber at 450, so that equal volume of 

the solvent was placed in the two troughs. The solvent in one of the two troughs was 

used for soaking of the saturation pad, whereas the other was used for development of 

the chromatograms. 
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3. 3. Method development and optimization 

3. 3.1. TLC plates 

Precoated silica gel TLC (5 X 10 cm) plates were used for optimization of the mobile 

phases. Precoated silica gel 60 F254 (20 cm x 10 cm with 200 ]lm thickness) plates were 

used for the remaining part of the experiment. 

3. 3. 2. Selection of mobile phase composition 

In optimization of the composition of the mobile phase, a number of trials were 

performed to get well separated, compact and resolved spots for the three drugs from 

their mixture. The trials were started with relatively non polar single solvents using 

chloroform, toluene, n-hexane or dichloromethane. Then, different compositions of 

binary solvent systems were tried by adding relatively polar solvents like methanol, 

acetonitrile, acetone and ethyl acetate to the above single solvent systems. Binary solvent 

systems that were tried include: toluene: methanol (2:3), toluene : acetonitrile (2:1), 

chloroform: methanol (1 :2), chloroform: methanol (2:1), chloroform : acetonitrile (1:2), 

n-hexane: methanol (2:1), n-hexane: acetone (2:1), and n-hexane: acetonitrile (3:2). 

Tertiary solvent systems were also tried by adding another additional relatively polar 

solvent in to the above binary solvent systems. Accordingly; the following trials were 

done: methanol: acetonitrile: chloroform (9:3:3, (3:9:3), (2:3:10), (4:3:8)), methanol 

acetonitrile : n-hexane (3:3:9), methanol : n-hexane : chloroform (4:3:8), n-hexane 

acetonih'ile: chloroform (9:3:3), methanol :acetone : chloroform (4:3:8). 
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3. 3. 3. Selection of working wavelength 

The UV-Visible spectra of the spots of lamivudine, abacavir and zidovudine were 

obtained in the range from 200 to 400 nm using the densitometer. The Amax and the 

intersection point with each other of lamivudine, abacavir and zidovudine were 

investigated. During the construction of the calibration curve, the chromatogram was 

scanned at the intersection point of each spectrum and their Amax wavelengths. The 

wavelength that gave considerably good response for the three drugs was selected as the 

working wavelength for the study in the subsequent experiment. 

3. 3.4. Determination of distance to be covered by the solvent front and 

saturation time 

The distances of the solvent front that gave best resolution were studied by developing 

up to different lengths of the plate. The solvent was allowed to cover 40 mm, 50 mm, 60 

mm, 70 mm, 75 mm, 80 mm and 85 mm of the plate height. Distance of solvent front 

that gave better resolution was selected as the development height. 

The plate was developed in a chamber that was saturated for 10, 15, 20, 25 and 30 

minutes. Then, the saturation time that gave best resolution with reproducible Rf values 

was selected. 
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3. 3. 5. Densitometric assessment of the chromatograms 

After the solvent front moved the required distance, the plate was taken out and dried 

with hair dryer for 20 to 25 seconds and in UV cabinet for 5 minute. Then, the plate was 

placed in the scanner and the chromatogram was inspected at the selected wavelength 

using deuterium lamp. Reflectance/ absorbance mode with slit width of 5 X 0.45 rom 

was employed. Data resolution of 100 !.lm/ step, filter factor of Savitsky - Golay 7, with 

spectral scan speed of 100 nm/s and data resolution of 10 nm/step and a scanning rate 

of 20 rom/ s were used. 

3. 3. 6. Sample solution stability study 

Sample solution was prepared as stated in section 3.2.2 and was kept at room 

temperature on a shelf protected from direct light. The solution was analyzed after 25 

minutes, 4 hours, 8 hours, 24 hours and 2 days. Because of the time needed for 

ultrasonication and filtration, the fastest possible analysis was carried out after 25 

minutes. Therefore, peak areas of the spots which were obtained after 25 minutes of the 

sample preparation were used as a reference value and the remaining test results were 

compared with it. Then, stability of the sample solution was evaluated (Kaul et aI., 

2004). 
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3. 4. Validation of the developed method 

The developed method was validated for its accuracy, precision (repeatability, 

reproducibility), linearity range, peak purity, detection and quantitation limits and 

robustness according to the guideline set under International Conference on 

Harmonization (ICH) (ICH, Q2B, 1996). 

3. 4. 1. Determination of linearity and range 

Linear relationship between peak area or peak height of the spots and concentration of 

the drugs were evaluated by making five measurements over the range of 

concentrations of 200-1450 ng/band for all drugs. Six different concentration levels of 

standard solutions were freshly prepared by serial dilution of 2, 4.5, 7, 9.5, 12 and 14.5 

ml of the stock standard solution of abacavir and zidovudine in to 20 ml and 4, 9, 14, 19, 

24 and 29 ml of the stock standard solution of lamivudine in to 40 ml using methanol as 

diluent to get 200, 450, 700, 950, 1200, 1450 ng/band, respectively for the three drugs. 

Calibration curve was constructed by plotting spot area or peak height (y-axis) against 

the amount of drug in ng/band (x-axis) . Linear and second order polynomial regression 

values such as determination coefficients, correlation coefficients, y-intercepts and 

slopes of the regression lines were calculated. 
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3. 4. 2. Precision studies 

Precision of the method was checked by using the following system and method 

precision parameters. 

• 

3. 4. 2. 1. System precision 

The repeatability of sample application and measurement of peak area were performed 

by the proposed method for system precision studies to determine variations due to the 

instrument. The repeatability of sample application was carried out by making six 

measurements on a single stock solution (lamivudine = 300 ng/band, abacavir=600 

ng/ band and zidovudine = 600 ng/ band). Repeatability of measurement of peak area 

was determined at the same concentration by scanning of the developed spot six times 

without changing the plate position. 

3. 4. 2. 2. Method precision 

Method repeatability was carried out by studying the intra-day and intermediate 

variation. The intra-day precision was performed by repeating the experiment six times 

in the same day. 

The intermediate precision was studied by considering inter-day precision and variation 

between analysts. For the inter-day precision, average of result of the experiments done 

for the intra-day precision was employed, and additional two further experiments were 
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prepared on different days within a week. The relative standard deviation (RSD) at each 

level was calculated. To study analysts' variation, three determinations of the dosage 

form at 600 ng/band for both abacavir and zidovudine and at 300 ng/band for 

lamivudine was carried out by three analysts. 

The intra-day and inter-day variation for determination of lamivudine, abacavir and 

zidovudine was carried out at three different concentration levels of 300, 600, 1200 

--ng/band. In all eases the relative standard deviatioILoLthe peak area of the spots was 

used to evaluate method precision. 

3. 4. 3. Accuracy/recovery studies 

In order to examine the accuracy of the method and to check the interference from 

excipients used in the studied formulation, recovery studies were carried out by 

standard addition method (Habte, et nl., 2009). These recovery studies were carried out 

by applying the proposed method on the drug sample to which known amount of 

lamivudine, abacavir and zidovudine standard corresponding to 80, 100 and 120 % of 

label claim had been added (standard addition method). At each level of the 

concentration five determinations were performed and the results obtained were 

compared with the theoretical amounts. 
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3. 4. 4. Detection and quantitation limits 

The detection and quantitation limits of the developed method were calculated using the 

following formulae (Qutab, et ai., 2007; Sathe, et aI., 2007): 

LOD = 3.3 a .. .. .. .................. ........ .... ........ (1) 
5 

LOQ = 10 a ..... .. ..... ........... .. .. .. .. ... .......... (2) 
5 

Wh~re a=-the standard deviation of the blank response 

5 = Sensitivity parameter 

In this work the standard deviation of the y-intercepts of the regression lines was used 

to express the standard deviation of the blank response U aU while the slope of the 

calibration curve was used as sensitivity parameter "5". 

3. 4. 5. Peak purity test 

Peak purity was evaluated by analysis of working standards and commercial dosage 

forms on the same plate. The spots for lamivudine, abaca vir and zidovudine in 

commercial dosage form were confirmed by comparing Rf values of sample with that of 

working standard developed on the same plate. The peak purity of drugs was assessed 

by comparing the spectra at three different levels, i.e., peak start (5), peak apex (M), and 

peak end (E) positions of the spot. Comparisons of spectra were performed 

automatically by win CATS version 1.4.0 software. 

27 



3. 4. 6. Robustness 

Parameters used to evaluate robustness of the proposed method were composition of 

mobile phase, volume of the mobile phase, time from spotting to development and from 

development to scanning. 

Composition of the mobile phase and the optimized volume of the mobile phase (15 ml) 

were increased and! or decreased by 10%. Time from spotting to development and from 

development to scanning were varied from the optimized times in the ranges of ± 20% 

and up to 1 hour period of time. The effect of these changes on Rfvalues and peak areas 

were evaluated by calculating the relative standard deviations (RSD) for each parameter. 

3. 5. Analysis of dosage forms 

For determination of lamivudine, abacavir sulphate and zidovudine in commercial 

dosage forms, sample solutions prepared as described in section 3.2.2 were analyzed 

following the developed method. 

Lamivudine, abacavir sulphate and zidovudine content in commercial dosage form 

(tablet) was determined using peak area of densitogram. Calibration curves, constructed 

as described in section 3.4.1., were used for determination of the actual contents of the 

three substances in these dosage forms so that the agreement of the results with the label 

of the manufacturer can be evaluated. 
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4. Results and Discussions 

4.1. Method development 

4.1.1. Selection of mobile phase 

Since all the drugs under investigation are polar (lamivudine being more polar 

compared to abacavir and abacavir in turn more polar than zidovudine) the mixture 

needs a mobile phase combination which is relatively polar for good separation of the 

drugs. This was clearly indicated in preliminary trials when using mobile phase's 

consisting of single non polar solvents like n-hexane, toluene, dichloromethane and 

chloroform, all the substances were not eluted from the site of application. Hence, the 

use of additional relatively polar solvents like ethyl acetate, methanol, acetone or 

acetonitrile was important. A combination of two solvents, one non polar and the other 

relatively polar also was not enough to separate the two most polar substances i.e. 

lamivudine and abacavir. Some of the combined binary solvent systems used upon 

optimization of the mobile phase were acetonitrile: chloroform, methanol: n-hexane, 

methanol: chloroform, acetone: chloroform, acetonitrile: n-hexane. Therefore, it was 

necessary to use a third solvent to separate the two most polar substances. Several trials 

were made using different solvent systems with different polarity and selectivity as 

shown in Table 1. 
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Table 1: Rf values of lamivudine, abaca vir and zidovudine in different solvent systems. 

Rf value 
solvent systems (V fV) 

3-TC ABC AZT 

Methanol: acetonitrile: chloroform (9:3:3) 0.86 0.79 0.52 

Methanol: acetonitrile: chloroform (3:9:3) 0.91 0.76 0.49 

Methanol: acetonitrile: chloroform (2:3:10) 0.35 0.59 0.60 

Methanol: acetonitrile: chloroform (4:3:8) 0.38 0.58 0.71 

Methanol: acetonitrile: n-hexane (3:3:9) 0.21 0.32 0.45 

Methanol: n-hexane: chloroform (4:3:8) 0.33 0.67 0.90 

n-hexane : acetonitrile: chloroform (9:3:3) 0.15 0.25 0.45 

Methanol :acetone: chloroform (4:3:8) 0.40 0.56 0.69 

Methanol: ethyl acetate: acetonitrile (5:3:7) 0.38 0.45 0.62 

Among the above mobile phase combinations tried, the composition with methanol: 

acetonitrile: chloroform (4:3:8) gave well separated as well as resolved bands of the drug 

mixture. All lamivudine, abaca vir and zidovudine traveled a suitable distance, 

appropriate position for scanning and hence good for quantification purpose and the Rf 

values were 0.38, 0.58 and 0.71 for lamivudine, abacavir and zidovudine respectively 

when methanol: acetonitrile: chloroform (4:3:8) were used. The mobile phase 
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combinations of methanol: n-hexane: chloroform (4:3:8) also gave a well separated bands 

of the mixture with Rf values of 0.33, 0.67, 0.90 for lamivudine, abacavir and zidovudine, 

respectively but zidovudine is closer to the solvent front as compared to the distance 

traveled by zidovudine in the composition with methanol: acetonitrile: chloroform 

(4:3:8) and this make the scanning process unacceptable. The solvent system methanol: 

acetone: chloroform (4:3:8) showed good resolution with Rf values of 0.40, 0.56, 0.69 for 

lamivudine, abacavir and zidovudine, respectively, but the compactness of the peak 

were not good enough for quantitative purpose. 

4.1.2. Selection of working wavelength 

The UV-Visible spectrum of lamivudine, abacavir and zidovudine were collected in the 

ranges from 200 to 400 nm. The Amax for lamivudine, abaca vir and zidovudine were 

obtained at 277 ± 2 nm, 288 ± 2 nm and 270 ± 2 nm, respectively. The intersection point 

between zidovudine and lamivudine was 275 ± 2 nm, between zidovudine and abacavir 

was 280 ± 2 nm, and between lamivudine and abacavir was 283 ± 2 nm (Fig.1). 

The peak areas for each drug were evaluated at these three intersection wavelengths and 

Amax for each of the drugs, and a significant difference in peak area was obtained at these 

wavelengths. By looking simply at the spectra, it seemed that the intersection point for 

zidovudine and abaca vir i.e. 280 ± 2 nm gave a good response. However, at this point 

the area response for zidovudine was so small for quantification purpose. A good 

response was obtained at the intersection point between zidovudine and lamivudine, i.e. 

31 

r 



275± 2 nm. Therefore, in this study, the intersection wave length of the zidovudine and 

lamivudine (275 nm) was selected as a working wavelength for the quantification of 

lamivudine, abaca vir and zidovudine. 
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Fig.I. UV-Visible spectra of lamivudine (3-TC), abacavir (ABC) and zidovudine 

(AZT) in mixture. 

4.1.3. Densitometric assessment of the chromatograms 

Quantitative determinations of lamivudine, abacavir and zidovudine were performed 

by scanning the spots at 275 nm using absorbance/ reflectance mode of the scanner. The 

TLC scanning instrument automatically corrects for any background noise of the 

densitogram and thus no interference could be introduced while quantifying the peak 

area (Fig. 2). 
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In this study composition of the mobile phase and chamber saturation were tried to be 

maintained, and, the results in Table 2 indicated that the Rf values had satisfactory 

reproducibility over the study period (2: 0.04, ± 0.02, ± 0.03 for lamivudine, abacavir and 

zidovudine respectively). 

Table 2: Reproducibility of Rf values for lamivudine, abacavir and zidovudine 
in the optimized solvent system. 

Substance Rf values (n=6) 

Lamivudine 0.38 ± 0.04 

Abacavir 0.58 ± 0.02 

Zidovudine 0.71 ± 0.03 

500.0 

AU 
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400.0 3·TC 

350.0 

3000 

250.0 

200.0 

100.0 
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Fig.2. Densitogram of lamivudine (3-TC), abacavir (ABC) and zidovudine (AZT). 

33 



4.1.4. Optimization of saturation time and distance by the solvent front 

The development chamber should be saturated with the mobile phase before placing the 

chromatoplate to develop. If the atmosphere of the development chamber is not 

saturated with the mobile phase, the mobile phase that is rising up the plate will 

evaporate in an attempt to saturate the atmosphere in the tank. This will lead to high Rf 

values and poor resolution (Kenyon, 1999). In this study, saturation was assisted by the 

use of lOX 15 cm saturation pad and chamber saturation time was found to be 25- T 
minutes at room temperature (20 ± 2oq. I 

It is so important to optimize the distance traveled by the solvent front because it has 

effect on the resolution of the spots (Kenyon, 1999). In this study the distance traveled by 

the solvent front was also optimized by making the solvent front move to different 

lengths. Best resolution between the three substances was obtained when the solvent 

front reached to 80 mm. In a properly saturated chamber, the solvent moved this 

distance with in 20 minutes. 

4.1.5. Sample solution stability study 

The time the sample was left to stand after preparation prior to chromatographic 

development may influence the stability of the drugs and is necessary to investigate. The 

procedure was also useful to check the degradation product of the marketed 

formulation, if any. Solution stability study was conducted using the dosage form over 
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two days period of time. The average peak areas and the relative standard deviation 

were presented in Table 3. 

Statistical comparison between the data obtained from the sample spotted immediately 

after preparing and the rest of the samples which were spotted some time after the 

solution was prepared and stored were performed. Since student t-test value of the 

average peak areas of lamivudine, abaca vir and zidovudine after 48 hours were (p= 0.05, 

tstat = 4.33, 6.91 and 5.06 for lamivudine, abacavir--<lnd zidovudine,J espectively) greateL

than that of 25 minute i.e. (p= 0.05, tcritica! = 2.36, 2.36 and 2.26 for lamivudine, abacavir 

and zidovudine, respectively), the average peak areas of lamivudine, abacavir and 

zidovudine after 48 hours were significantly varied from the average peak areas 

obtained after 25 minutes of sample preparation. No other new peak appeared to 

indicate presence of degradation product in the study time. 

Therefore, in order to decrease systematic errors because of test solution instability, the 

analysis should be carried out within 24 hours of sample preparation. If the analysis is 

undergone after 24 hours, the test result may not be the direct reflection of the original 

dosage forms. 
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Table 3: Stability study results of the dosage form Solution (n=5). 

Time of 3-TC (300 ngfband) ABC (600 ngfband) AZT (600 ngfband) 
analysis 

Area RSD (%) Area RSD(%) Area RSD (%) 

25 minutes 5299.45 0.79 8356.05 0.67 6443.71 1.28 

4 hours 5280.77 0.94 8339.15 0.85 6420.27 1.13 

8 hours 5256.67 1.26 8320.07 0.89 6399.11 1.36 

24 hours - 5H3.67 1.26 - 7987.49 1.48 6186.12 1.51 ~ 

48 hours 5455.23 2.38 5728.46 2.42 3832.94 2.57 
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4. 2. Validation of the developed method 

4.2.1. Linearity, range and calibration curves 

The relationship between the concentration of lamivudine, abacavir and zidovudine and 

peak area and peak height of the spot were investigated. The peak areas were found to 

have good relationship with the concentration than peak heights, thus the peak area was 

used through out the study. The linear relationship was tested and found to be less 

acceptable due to the minimal fitting of the residuals on the calibration line (Fig. 3.(A), 

Fig. 4.(A) and Fig. 5.(A) ), indicating lower precise correlations and determinations (r = 

0.9915, 0.9952 and 0.9915 and r2 =0.9831, 0.9905 and 0.983 for lamivudine, abacavir and 

zidovudine, respectively). So the linear model for fitting the data can be used but with 

less precise calculations. The characteristic parameters of the linear regression equation 

of the two drugs are shown in Table 4. 

The second order polynomial fit was found to be more suitable, its residuals plot 

showed a much better fitting (Fig. 3.(B), Fig. 4.(B) and Fig. 5.(B)) than that of linear 

model, indicating good correlation and determinations (r = 0.99995, 0.9998 and 0.9998 

and r2 = 0.9999, 0.9997 and 0.9996 for lamivudine, abacavir and zidovudine, 

respectively). The calibration graphs were constructed in the range of 200-1450 ng/spot 

for lamivudine, abacavir and zidovudine. The characteristic parameters of the second 

order polynomial regression equation of the three drugs are shown in Table 5. 
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Table 4: Characteristic parameters for the linear regression equations obtained from the HPTLC- densitometric method 

for the studied drug (n=5). 

Parameters 3-TC ABC AZT 

Linearity range (ng/band) 200-1450 ng/ band 200-1450 ng/band 200-1450 ng/band 

Determination coefficients (r2) 0.9831 0.9905 0.9830 

Correlation coefficients ( r ) 0.9915 0.9952 0.9915 

Coefficient of x ± 5.0 8.1820 ± 0.5358 8.6581 ± 0.2164 7.8405 ± 0.2600 

Intercept ± S.D. 3127.7 ± 117.8 2941.2 ± 151.08 1496.8 ± 141.53 

Linear regression equation 8.182x + 3127.7 8.6581x + 2941.2 8.18405x + 1496.8 
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Table 5: Characteristic parameters for the second order polynomial regression equations obtained from the HPTLC

densitometric method for the studied drug (n=5). 

Parameters 3-TC ABC AZT 

Linearity range (ng/band) 200-1450 ng/band 200-1450 ng/ band 200-1450 ng/band 

Determination coefficients (r2) 0.9999 0.9997 0.9996 

Correlation coefficients (r ) 0.9999 0.9998 0.9998 

Coefficient of x 2 ± 5.0 -0.0029 ± 0.00013 -0.0023 ± 0.00014 -0.0028 ± 0.00014 

Coefficient of x ± 5.0 13.007 ± 0.38 12.427 ± 0.3283 12.453 ± 0.2033 

Intercept ± S.D. 1670.3 ± 42.91 1803.1 ± 52.14 103.31 ± 43.38 

Linear regression equation -0.0029x2 + 13.007x + 1670.3 -0.0023x2 + 12.427x + 1803.1 -0.0028x2 + 12.453x +103.31 
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4.2.2. Precision 

The repeatability of sample application and the repeatability of measurement of peak 

area were performed as mentioned in section 3.4.2.1. The repeatability of sample 

application and measurement of peak area were expressed in terms of relative standard 

deviation and were found to be very low 0.45, 0.21 and 0.33 and 0.46, 0.19 and 0.24 for 

lamivudine, abacavir and zidovudine, respectively (Table 6) this indicting the 

reproQucible-performance-of thei nstrument. 

Repeatability and intermediate precision of the developed method were expressed in 

terms of relative standard deviation (RSD) of the peak area (Sathe, et al ., 2007). The 

results showed that intra- and inter-day variation of the results at three different 

concentration levels of 300,600,12000 ng/spot for lamivudine, abacavir and zidovudine 

was within the acceptable range. RSD for both the inter-day and intra-day precision of 

the method was found to be < 2 % for both drugs as indicated in Table 7. 

Effect on the results due to analyst variation was investigated by having the samples 

analyzed by three analysts within a day and the outcome revealed that there was good 

intermediate precision between analysts (Table 8) with relative standard deviation of 

1.06, 0.87 and 1.5 for lamivudine, abacavir and zidovudine, respectively. 
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Table 6: Results of system precision studies of the developed method (n=6). 

j 

Repeatability of sample application Repea1 bility of meamem~t of peak =a 

Area of 3-TC Area of ABC Area of AZT Area of 3-TC Areaf ABC Area of AZT 

No (300 nglband) (600 nglband) (600nglband) (300 nglband) (600nglband) (600nglband) 
I 

1 5287.98 8453.90 6487.85 5297.06 8481.78 6484.41 

2 5296.43 8467.07 6493.68 J 288.22 8476.64 6491.52 

3 5267.12 8425.35 6473.35 1273.93 8465.23 6476.21 

4 5259.54 8470.32 6469.83 5253.66 8454.29 6468.32 

5 5245.23 8445.55 6453.39 J 247.30 8446.38 6472.42 

6 5234.89 8434.88 6436.87 236.45 8441.58 6445.88 

Mean 5265.19 8449.51 6469.16 5266.1 8460.98 6473.13 

SD 23.86 17.74 21.26 24.1 16.31 15.76 

RSD(%) 0.45 0.21 0.33 0.46 0.19 0.24 
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Table 7: Results of method precision studies of the developed method 

Substance 

3-TC 

ABC 

AZT 

Amount 
(ng/band) 

300 

600 

1200 

300 

600 

1200 

300 

600 

1200 

Intra-day precision (n = 6) 

Mean peak 
area (AU) 

5284.76 

8457.39 

13017.78 

5275.98 

8456.58 

13122.71 

3540.68 

6547.82 

10970.67 

RSD 

1.6783 

1.4113 

1.9102 

1.1990 

1.2287 

1.4683 

1.3808 

1.3462 

1.3998 

J 

Inter-day precision (n = 3) 

Mean peak 
area (AU) 

5265.34 

8453.20 

13000.30 

5273.50 

8425.73 

13120.83 

3540.90 

6505.37 

10972.75 

RSD 

1.51 

1.01 

0.79 

1.24 

0.87 

1.17 

1.97 

1.47 

1.10 
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Table 8: Results for the study of variation between analysts (n=5). 

Analyst 
3-TC (300.00 nglband) ABC (600.00 nglband) AZT (600.00 nglband) 

Mean peak RSD (%) Mean peak RSD (%) Mean peak RSD (%) 
area (Au) area (Au) area (Au) 

1 5265.34 1.51 8425.73 0.78 6505.37 1.47 

2 5184.07 1.89 8545.50 1.35 6442.16 1.56 

3 5290.74 1.92 - 8368.78 1.28 6359.25 1.07 
-

RSD* 1.06 0.78 1.50 

RSD* is the relative standard deviation between analysts for each substance. 
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4.2.3. Accuracy 

In this study standard addition method was employed to demonstrate accuracy of the 

method. The standard addition method involves the spiking of equal amount of the 

drug product with three different amounts of the reference standard of the drug 

product. Then, the response for both spiked and non-spiked preparations has been 

measured. Accuracy of the method was calculated by percentage recovery. Percentage 

recovery Cfable '!I)- at each level- was- calculated and- found to be acceptable. Gooo- ~ 

recoveries ranging from 99.13 to 99.49 for lamivudine, from 98.93 to 99.39 for abacavir 

and from 98.69 to 99.43 for zidovudine were obtained. The results indicated the absence 

of interferences from the common pharmaceutical excipients used in the selected 

formulations. Recovery experiments from tablets also showed the reliability and 

suitability of the method and these acceptable recoveries with small relative standard 

deviation (1.3%, for all drugs) indicated that, the method provides sufficient accuracy. 

In order to demonstrate the applicability of the method, the recovery tests were also 

carried out by analyzing synthetic mixtures of lamivudine, abacavir and zidovudine 

with different composition ratios. After five repeated experiments, the recoveries from 

these synthetic mixtures were calculated for each compound as indicated in Table 10. 
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Table 9: Result of recovery study using standard addition technique for the develj ped method (n=5). 
I 

Theoretical 
Samples Amount 

(n!1band) 

300 

3-TC 300 

300 

300 

600 

ABC 
600 

600 

600 

600 

AZT 600 

600 

600 

Amount of 
standard added 
to the analyte (ng) 

0 

240 

300 

360 

0 

480 

600 

720 

0 

480 

600 

720 

% of standard 
added to 
the analyte 

0 

80 

100 

120 

0 

80 

100 

120 

0 

80 

100 

120 

Average 
response 
(area) 

52T 08 

7802.24 

I 
831 64 

891J1.39 

1 
8341.40 

I 
1241 92 

13303.51 

14112.99 

648I.90 

I 
10195.65 

I 
109317.67 

115917.79 

% recovery 

99.36 

99.40 

99.49 

99.13 

98.93 

99.19 

99.25 

99.39 

98.69 

99.11 

99.29 

99.43 

RSD (%) 

0.5786 

0.8249 

1.0170 

1.3040 

0.7664 

0.8267 

0.9479 

1.0894 

0.8386 

0.9862 

1.1490 

1.2282 
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Table 10: Result of recovery study of 3-TC, ABC and AZT in laboratory-made mixtures (n~3). 

I 
Added {nglband) Found {nglband) Recovery {%) RSD{%) 

3-TC ABC AZT 3-TC ABC AZT 3-TC ABC I AZT 3-TC ABC AZT 

300 600 600 5264.57 99.11 0.485 

600 600 600 8424.32 99.92 0.142 

1200 600 600 13118.88 100.12 1.02 

300 300 600 5291.45 99.38 0.236 

300 600 600 8445.55 100.16 0.53 

300 1200 600 13392.83 99.92 0.65 

300 600 300 3545.35 98.82 0.5365 

300 600 600 6535.75 99.51 0.2885 

300 600 1200 10991.24 99.77 0.8068 
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4.2.4. Peak purity test 

Figure 6 shows that the UV-spectrum of the three drugs from the standards and the 

dosage form spots were exactly superimposed with each other. This indicated that the 

dosage form peaks are specific for the substances of interest and any of the dissolved 

recipients did not interfere with the determination of the drugs. Figure 7 shows that 

three dimensional presentation of densitogram of the sample and standards. It has 

--shown-peaks-with-similar-Rf-values -and no additional peaks-were observed-except the 

assigned substance. Peak purity test of lamivudine, abacavir and zidovudine spots were 

I 

1 
assessed by comparing their respective spectra at peak start, peak apex and peak end 

positions of the spot (Sathe, et a/., 2007). The results indicated that the peaks are so pure 

and the respective correlation coefficients were (0.9998, 0.9999 and 0.9998 at peak start 

and apex, 0.9996, 0.9994 and 0.9995 at peak apex and peak end for lamivudine, abacavir 

and zidovudine, respectively). 
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Fig.6.UV spectra comparison of the spots of the standards (1, 3 & 5) and dosage form 

(2,4 & 6) for zidovudine, lamivudine and abacavir respectively. 
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Fig. 7. Three dimensional presentations of lamivudine (3-TC), abacavir (ABC) 

and zidovudine (AZT) peaks of the dosage form and standards. 
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4.2.5. Limits of detection and Limit of quantification 

The detection and quantitation limits of the developed method were calculated as 

described in section 3.4.4. Accordingly the limit of detection of lamivudine, abacavir and 

zidovudine were found to be 47.51,57.58 and 59.57 ng/band, respectively. And the limit 

of quantification of lamivudine, abacavir and zidovudine were found to be 143.97, 174.5 

and 180.51 ng/band, respectively. Lamivudine had the lowest limit of detection and 

quantification than the other two drugs. 

4.2.6. Robustness 

The effect of volume of the mobile phase, composition of the mobile phase, time from 

spotting to development and from development to scanning on Rf values and area of 

lamivudine, abacavir and zidovudine were used to study robustness of the proposed 

method. The standard deviation of peak areas and Rf values were calculated for each 

parameter and the average RSD was found to be less than 2% (Table 11). This indicated 

that the proposed method is robusted. From the studied parameters, a small deliberate 

10% variation in composition of the mobile phase resulted in larger RSD than the others 

and this revealed that composition of the mobile phase is a very sensitive parameter 

during the optimization process. The effect of a small and deliberate variation of the 

above parameters were observed revealing larger RSD in Rf values (2.73) than peak area 

(1.74). 

Summary of the developed method validation parameters are shown in table 12. 
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Table 11: Results of robustness study of the method (n=5). 

RSD (%) of Rf values RSD (%) of Average Area 

Parameters 
3-TC ABC AZT 3-TC ABC AZT 

(300 nglband) (600 nglband) (600 nglband) (300 nglband) (600 nglband) (600 nglband) 

Composition of mobile phase 2.73 1.94 1.07 1.74 1.06 1.22 

Volume of mobile phase 1.79 2.04 1.99 1.65 1.11 1.65 

Time from development to 2.13 1.44 1.01 1.30 0.93 1.17 

scanning(5 to 60 minutes) 

Time from spotting to 1.39 0.94 0.63 1.55 0.09 1.28 

development (5 to 60 minutes) 
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Table 12: Summary of method validation parameters 

Parameter Lamivudine Abacavir Zidovudine 

Linearity range (ng/band) 200-1450 200-1450 200-1450 

Correlation coefficients 0.99995 0.9998 0.9998 

Determination coefficients 0.9999 0.9997 0.9996 

Limit of detection (ng/ spot) 47.51 57.58 59.57 

Limit of quantitation (ng/ spot) 143.97 174.5 180.51 

Accuracy (% recovery ± S.D.) 99.35 ± 0.16 99.04 ± 0.48 99.13 ± 0.32 

Precision (RSD %) 

Repeatability of application (n=6) 0.45 0.21 0.33 

Repeatability of measurement (n=6) 0.46 0.19 0.24 

Intra-day (n = 6) 1.67 1.30 1.37 

Inter-day (n = 3) 1.10 1.09 1.51 

Between analysts 1.06 0.87 1.5 

Robustness Robust Robust Robust 

The intention of this study was also to compare the validation parameters of the 

developed method with that of reported method (HPLC). However, the internal 

standard used in the reported method was expired and it couldn't be found in the 

country. So, it was not possible and fair to compare the methods in the absence of the 
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internal standard. Instead of comparison of the methods, the stability of the drugs in the 

sample solution during the study was determined which was not part of this study. 

4.3 Analysis of the marketed formulation 

The proposed method was applied to the determination of lamivudine, abacavir and 

zidovudine in commercial tablets of Trizivir. Five replicate determinations were made 

and good results were obtained for all drugs and were in agreement with the label 

claims. As indicated in Table 13 the drug content was found to be 99.20 % ± 0.98 (RSD = 

0.98),99.04% ± 1.44 (RSD = 1.45) and 98.64% ± 1.56 (RSD = 1.58) for lamivudine, abacavir 

and zidovudine, respectively. The low RSD indicated the suitability of this method for 

routine analysis of lamivudine, abaca vir and zidovudine in pharmaceutical dosage 

forms. 

Table 13: Assay results of the commercial dosage forms (n=5) 

Parameters 3-TC ABC AZT 

Label claim (mg! tablet) 150 300 300 

Drug content (%) ± S.D. 99.20 ± 0.98 99.04 ± 1.44 98.64 ± 1.56 

RSD (%) 0.98 1.45 1.58 
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5. Conclusion 

The developed HPTLC method provides simple, precise and accurate analytical method 

for the simultaneous determination of lamivudine, abacavir and zidovudine in the 

combined dosage form (Tablet). Statistical analysis proved that the method was 

repeatable, accurate, robust and specific for the analysis of lamivudine, abaca vir and 

zidovudine in pharmaceutical formulations (Tablet). 

The method can minimize the cost of reagents and time for analysis and it employs the 

use of simple but careful steps for the sample treatment. It also utilized the advantage of 

applying several sample spots of a given solution on HPTLC plate, different analyst can 

apply at the same time, which may be more advantageous for regulatory quality control 

laboratories especially to facilitate the post marketing surveillance program. 
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6. Recommendations 

This method could be useful if tried for the simultaneous determination of clinically 

relevant levels of lamivudine, abacavir and zidovudine in human serum to support 

clinical studies for Trizivir tablet. 

It could also be beneficial to try this developed method as stability indicting method for 

the determination of the shelf life of the drug mixture. 
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