


2. REVIEW OF LITERATURE 

2.1. Human immunodeficiency viruses (HIV) 

The human immunodeficiency virus (HIV-1) was first identified 

in 1979 and was found to be the cause of i\cquired Imrnune 

Deficiency Syndrome (AIDS) in 1981. Since that time, AIDS had 

become a serious worldwide epidemic that continues to expand. The 

Joint United National Program on HIV I AIDS estimated that by the 

end of 2005, a total of 40.3 million people worldwide were living with 

HIV I AIDS, the majority having been infected through heterosexual 

contact. is estimated that in 2005, more than 3.1 million people 

di of AIDS, and 4. 9 million new cases of HIV were diagnosed, 

including more than 700,000 children (WHO 2005). The incidence of 

the disease varies by location, with sub-Saharan Africa having the 

highest incidence. Because it 1s sexually transmitted, a high 

percentage of infected individuals are young adult workers, and as 

such, the disease has a significant economic impact in some regions. 

In addition, infected Mother-To-Foetus Transmission occurs between 

13 and 40% of the time. Although a variety of drugs have been 

developed for treating patients with AIDS, none has proven to be 

successful in curing the disease. The basic difficulty experienced with 
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this viral infection 1s the ability of virus to mutate, leading to rapid 

drug resistance. 

The HIV -1 genome consists of two identical, 9.2-kb, single

stranded RNA molecules within the virions, each of which contains 

information for only nine genes. Following infection of the host cell, 

the persistent form of the HIV-1 genome is proviral double stranded 

DNA. Mature HIV virions are spherical and consist of a lipid bilayer 

membrane surrounding a nucleocapsid that contains genomic RNA, a 

viral protease, RT, an integrase, and some other cellular factors. The 

HIV life cycle is depicted in Figure 8, and begins when the viral 

extracellular protein gp 120 attaches to the CD4 receptor on T 

lymphocytes. Following attachment, the viral envelope and host cell 

membrane are fused, and the nucleocapside released in to the 

cytoplasm. The nucleocapsid is uncoated, and the resulting RNA 

serves as a substrate for RT, producing a proviral double-stranded 

DNA that migrates to the nucleus and is incorporated in to host DNA 

integrase. This DNA is not expressed in resting T lymphocytes, but 

when the cell is activated, proviral DNA is transcribed by host RNA 

polymerase II. The viral RNA and proteins are transported to the cell 

membrane, where they assemble, from a viral bud, and are released 

from the lymphocyte membrane. This produces an immature virion, 
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and processmg of the viral surface proteins by HIV protease then 

affords the mature, infectious virus. Approximately 50% of HIV 

infections are asymptomatic, whereas the other 50% produce flu-like 

symptoms within 4 weeks. During this initial phase, viral titers are 

very high but then decline as specific antibodies are formed. The 

latent period is mediated by factors that are not well understood and 

can last several years. During this time, viral replication continues, 

and the level of the patient's immune system becomes compromised, 

resulting in a variety of opportunistic infections. RT sometimes makes 

mistakes reading the viral RNA sequence, leading to mutations in the 

virus changes the structure of the surface proteins. Thus, 

vaccmes, which induce the production of antibodies that recognize 

and bind to very specific viral surface molecules, are unlikely to be 

effective HIV therapy. As will be discussed below, other viral 

processes, such as reverse transcription and proteolytic processing 

are viable targets for small molecule therapy. 

Human immunodeficiency v1ruses (HIV) are lentiviruses, a 

family of mammalian retroviruses evolved to establish chronic 

persistent infection with gradual onset of clinical symptoms. Unlike 

herpes viruses, replication is constant following infection, and 

although some infected cells may harbor no replicating but infectious 
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virus for years, there generally is no true period of viral latency 

following infection (Greene and Peterlin, 2002). Humans and 

chimpanzees are the only known hosts for these viruses. 

There are two maJor families of HIV. Most of the epidemic 

involves HIV -1; HIV -2 is a close relative whose distribution IS 

concentrated in western Africa. HIV--1 is genetically diverse, with at 

least five distinct subfamilies or clades. HIV -1 and HIV -2 have similar 

in vitro sensitivity to most antiretroviral drugs, although the non-

nucleoside reverse transcriptase inhibitors (NNRTis) are HIV -1-specific 

and have no activity against HIV -2. Within HIV -1 isolates, clade per se 

does not seem to have a major effect on drug sensitivity. 

Figure 1 Virus Structure 

HIV is a typical retrovirus with a small RNA genome of 9300 

base pairs. Two copies of the genome are contained in a nucleocapsid 
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core surrounded by a lipid bilayer, or envelope that is derived from 

the host cell plasma membrane Figure 1. The viral genome encodes 

three major open reading frames: gag encodes a polyprotein that is 

processed to release the major structural proteins of the virus; pol 

overlaps gag and encodes three important enzyme activities an RNA

dependent DNA polymerase or reverse transcriptase with RNAase 

activity, protease, and the viral integrase; and env encodes the large 

transmembrane envelope protein responsible for cell 

nding and ent . Several smali genes encode regulatory 

proteins that enhance vi on produc on or com bat host 

defences. ese include tat , rev, nef, and vpr (Greene and 

Peterlin, 2002). 

2. L 1. Replicative cycle of HIV-1 showing the sites of action of 

available antiretroviral agents. 

Available antiretroviral agents are shown in blue. Key: 

RT, reverse trans ptase; c NA, complement DNA; 

mRNA, messenger RNA; RNase H, bonuclease H; gp120 + 

gp41, extracellular and intracellular domains, respectively, 

of envelope glycoprotein. 

D'Aquila, 1993.) 

(Adapted from Hirsch and 
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HIV tropism is controlled by the envelope protein gpl60 (env) 

Figure 1. The major target for env binding is the CD4 receptor present 

on lymphocytes and macrophages, although cell entry also requires 

binding to a coreceptor, generally the chemokine receptor CCRS or 

CXCR4 (Greene and Peterlin, 2002). CCRS is present on macrophage 

lineage cells. Most infected individuals harbor predominately the 

CCRS-tropic virus; it is believed that this virus is responsible for 

sexual transmission of HIV and that the initial cells infected in sexual 

transmission express this co-receptor. A shift from CCRS to CXCR4 

utilization Is associated with advancing disease, and the affinity of 

HfV-- 1 for CXCR4 ows infection of T -lymphocytes (Berger et al., 

1999). A phenotypic switch from CCRS to CXCR4 heralds accelerated 

loss CD4+ helper T cells and increased risk of immunosuppression. 

co switch is a cause or a consequence of advancing 

disease is still unknown. Following fusion, full-length viral RNA enters 

the cytoplasm, where it undergoes replication to a short-lived RNA

DNA duplex; the original RNA is degraded by RNase H to allow 

creation of a full-length double-stranded DNA copy of the virus. 

Because the HIV reverse transcriptase is error-prone and lacks a 

proofreading function, mutation is quite frequent and estimated to 

occur at approximately three bases out of every full-length (9300-

base-pair) replication (Coffin, 1995). Virus DNA is transported into the 
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nucleus, where it is integrated into a host chromosome by the viral 

integrase in a random or quasi-random location (Greene and Peterlin, 

2002). Following integration, the virus may remain in a quiescent 

state, not producing RNA or protein but replicating as the cell divides. 

'When a cell that harbors the virus is activated, viral RNA and proteins 

are produced. Structural proteins assemble around full-length 

genomic RNA to form a nucleocapsid. The transmembrane envelope 

and other structural proteins assemble at the cell surface, 

concentrated in cholesterol-rich lipid rafts. The nucleocapsid cores are 

directed to these sites and bud through the cell membrane, creating a 

new HIV particle containing two complete single-stranded 

RNA genomes. Reverse transcriptase is incorporated into this particle 

so that replication can begin immediately after the virus enters a new 

cell (Greene Peterlin, 2002). 

2.1.2. How the Virus Causes Disease 

Sexual acquisition of HIV infection is thought to be mediated 

one or, at most, a handfuJ of · s particles. Soon after 

infection, there is a rapid burst of replication peaking at 2 to 4 weeks, 

with 109 or more cells becoming infected. This peak is associated with 

a transient dip in the number of peripheral CD4+ (helper) T

lymphocytes. As a result of new host immune responses and target 
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cell depletion, the number of infectious v1nons as reflected by the 

plasma HIV RNA concentration (also known as viral load) declines to a 

quasi-steady state. This level of virus activity has been termed the set 

point and reflects the interplay between host immunity and the 

pathogenicity of the infecting virus (Coffin, 1995). Most viruses are 

derived from CD4+ cells that turn over with a half-life of 2.2 days 

(Perelson et al., 1996). Thus, in the average infected individual, 

several billion infectious virus particles are produced every few days. 

Eventually, the host CD4+ T-lymphocyte count begins a steady 

decline, accompanied by a rise in the plasma HIV RNA concentration. 

Once the peripheral CD4 cell count falls below 200 cellsjmm3, there 

1s an increasing risk of opportunistic diseases and ultimately death. 

Sexual acquisition of CCR5-tropic HIV-1 is associated with a median 

time to clinical disease (usually an opportunistic Infection such as 

Pneumocystis carinii pneumonia) of 8 to 10 years. Some patients, 

termed long-term nonprogressors, can harbor HIV for more than two 

decades without significant decline in peripheral CD4 cell count or 

clinical immunosuppression; this may reflect a combination of 

favourable host immunogenetics and immune responses (Fauci, 

1996). An important question ·relevant to treatment is whether HIV 

disease is a consequence purely of CD4+ lymphocyte depletion or 

other factors. Most natural history data suggest the former, although 
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both the amount of virus measurable in the patient's circulation and 

the CD4 cell count are independent predictors of disease progression 

(Mellors et al., 1996, 1997). Regardless, successful therapy is based 

on inhibition of HlV replication; treatments designed specifically to 

boost the host immune system without exerting a direct antiviral 

effect have had no reliable clinical benefit. 

2.1.3. History of Antiretroviral Therapy 

The rapid discovery and development of combinations of 

antiretroviral agents capable of long-term control of HIV replication 

were remarkable achievements. Cooperation between government 

academic researchers, the pharmaceutical industry, and regulatory 

agencies in the ·united States and Europe quickly converted bench 

observations into new treatment modalities. The identification of HIV 

as the causative agent of acquired immune deficiency syndrome 

(AIDS) 1985 and immediate availability of its complete genome 

(Fisher ct al., 1985) paved the way for the development of selective 

inhibitors. The effective agent, Zidovudine, was 

synthesized by Horwitz in 1964 as a false nucleoside with 

disappointing anticancer activity. The drug was shown by Osterag in 

1972 to inhibit the in vitro replication of a murine type D retrovirus. 

Mitsuya and Broder, working in Bethesda in 1985, reported that this 
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drug had potent in vitro anti-HIV activity (Mitsuya et al., 1985). 

Clinical studies of Zidovudine began that same year, and by 1987 this 

drug was approved and marketed for the control of HIV infection 

based on the results of a small but definitive randomized clinical trial 

(Fischl et al., 1987). Large numbers of nucleoside analogs already had 

been synthesized as potential anticancer and immunomodulatory 

drugs, and this made it possible for similar compounds to be tested 

efficiently and approved. Selective nonnucleoside reverse 

transcriptase inhibitors (NNRTis) were identified by iterative screening 

using purified viral enzyme et aL, 1990). The clinical 

development of these drugs was hindered by the rapid emergence of 

drug resistance (Wei et al., 1995). However, three drugs in this 

category were approved by 1998 Table 1. HIV protease inhibitors were 

products of rational drug design, relying on technology developed 

to identify transition-state peptidomimetic antagonists of proteases in 

the renin-angiotensin cascade (Flexner, 1998). Highly selective 

antagonists of the HIV protease were reported as early as 1987. Phase 

1 trials of the first of these drugs, Saquinavir, began in 1989, and this 

drug was approved for prescription use in 1995. Two additional 

protease inhibitors, Ritonavir and Indinavir, were approved within the 

next 4 months. 
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Table 1 Classification of Antiretroviral Drugs 

GENERIC NAME [U.S. TRADE 

NAME] 
ABBREVIATION; CHEMICAL NAMES 

Nucleoside reverse transcriptase inhibitors 

Zidovu.dine [RETROVIRJ* 

Lamivudine [EPIVIRJ* 

Abacavir [ZIAGENJ* 

ZDV; azidothymidine (AZT) 

3TC; dideoxythiacytidine 
----------------------------------------

ABC; cyclopropylaminopurinylcyclopentene 

Tenofovrr d1soproxilfumarate I 
[~~~AD]* ----~phosphmylmethoxypropylademne (PM~A~--l 

Emtricitabine [EMTRIVAJ* I FTC; jluorooxathiolanyl cytosine ~ 
-- ___________________________ _] _________________________ , _____________________________ _ 

Nonnucleoside reverse transcriptase inhibitors 

NVP 

EF'V 

DLV 

1-------- -----------=c=-c-=c:=c--=-:=:c-_-,--=c=-;·----r------------- --------------- ----------------------- · --- --------------
SQV 

Indinavir fCRIXIVAN} IDV 

Ritonavir (NOR VIR} RTV 

Atazanavzr[REYATAZ} ATV 
--------------------------------4 

FosAmprenavir [LEXIVAJ FPV 

Fusion inhibitor 

A fixed-dose coformulation of Zidovudine + Lamivudine is available as COMBIVIR; a fixed-

dose coformulation of Zidovidine + Lamivudine + Abacavir is available as TRIZIVIR; a fixed-

dose coformulation of Abacavir with Lamivudine is available as EPZICOM; a fixed-dose co 

formulation of Tenofovir with Emtricitabine is available as TRUVADA and DUOVIR-N 

combination of Lamivudine, Zidovudine and Nevirapine. 
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Lopinavir 1s only available as part of a fixed-dose co

formulation with Ritonavir (KALETRA). Innovation 1n drug approval 

and regulation facilitated the availability of multiple agents capable of 

fighting this infection. In 1989, the U.S. Food and Drug 

Administration (FDA) agreed to make promising agents available to 

patients with advanced disease through an expanded access program. 

The capacity to assess plasma HIV RNA concentration and CD4 cell 

count and proof of the relevance of those measures in place of 

mortality and morbidity (Mellors ct al., 1996), made it possible to 

collapse the time frame for clinical drug development. The most 

promising drug combinations were identified by their effect on these 

surrogate endpoints 

duration. 

clinical trials as short as 6 months in 

Today, a detailed understanding of the molecular basis drug 

resistance guides the search for new agents and informs the selection 

of combination strategies for existing drugs. The large number of 

possible drug combinations has given patients more chances at virus 

control but also complicates the practice of HIV medicine. Current 

challenges include access to effective long-term treatment in resource

poor countries and identification of new drugs for treatment

experienced patients with resistance to approved drugs. Although 

many steps in the virus life cycle are potential points for antiviral 
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intervention, only three are targeted by available agents: virus-cell 

fusion, reverse transcription, and proteolytic processing Figure 2. 

2.1.4. Principles of HIV Chemotherapy 

Current treatment assumes that all aspects of disease derive 

from the direct toxic effects of HIV on host cells, mainly CD4+ T

lymphocytes. This viewpoint is based on studies demonstrating the 

importance of high plasma HIV RNA concentration (Mellors et al., 

1996) and low CD4+ lymphocyte count (Mellors et al., 1 997) as 

predictors of disease progression and mortality. Validation has come 

evidence that treatment regimens associated with long-term 

suppression of HIV replication (as measured by decreased plasma HIV 

RNA) and repletion of peripheral CD4+ cells are clinically beneficial 

(Lee et al., 2001). The goal of therapy is to suppress virus replication 

as much as possible for as long as possible. 

Deciding when to start antiretroviral therapy has been a shifting 

target during the epidemic. Zidovudine, the first antiretroviral drug, 

was approved initially only for patients with advanced, symptomatic 

disease. In this population, Zidovudine monotherapy dramatically 

reduced HIV -associated mortality after only 6 months of treatment 

compared with placebo (Fischl et al., 1987). The clinical benefit of this 

drug in patients with less advanced disease or no symptoms was more 
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difficult to demonstrate, and two large comparative trials showed no 

benefit of early versus delayed initiation of therapy (Hamilton et al., 

1992; Concorde Coordinating Committee, 1994).The more substantial 

antiretroviral effects of the HIV protease inhibitors and NNRTis (Wei et 

al., 1995) prompted a new look at early and widespread treatment of 

infected persons. Because these agents caused a rapid 99% to 99.9% 

decline in plasma HIV RNA concentration (as opposed to the 70% drop 

caused by Zidovudine), it was thought erroneously that combining 

these drugs with nucleoside analogs might eradicate the virus from 

infected individuals after only a few years of treatment (Perelson et al., 

1996). Because newer agents increased CD4 counts to normal or 

near-normal levels, some felt that earlier institution of therapy might 

preserve the immune system before it could be further ravaged by the 

. The concept of early, hit hard" led many patients to seek 

combination therapy regardless of disease stage or symptoms. First, a 

number of studies indicated the low likelihood that HIV could be 

eradicated with drug therapy. A reservoir of long-lived quiescent T 

cells harboring infectious HIV DNA integrated into the host 

chromosome was identified independently by several groups of 

investigators (Chun et al., 1998). Infectious HIV could be produced by 

these quiescent cells after chemical activation (and presumably if the 

cells were activated by immune stimuli in vivo), but the non-
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replicating form of the viral genome was not susceptible to drugs. 

Recent estimates suggest that at least some of these cells will survive 

for decades and probably for the life of the patient (Siliciano et al., 

2003) regardless of treatment. More recent natural history studies 

point to the low risk of short-term disease progression when the CD4 

cell count is greater than 350 cells/mm3 or plasma HIV RNA 

concentrations are less than 50,000 copiesjmL (Phair et al., 2002). 

The toxic risks of long-term combination chemotherapy, the need for 

perfect adherence to prescribed regimens, the inconvenience of 

some regimens, and the high cost of lifelong treatment point to a risk-

benefit ratio that favours treating only patients with low CD4 counts 

and I or very high load Higher incidence of lipoatrophy, 

hyperlipidemia, and mitochondrial toxicities reported with d4T than 

with NRTis AIDS-defining illness per Centres for Disease 

Control, 1993. Severe symptoms include unexplained fever or 

diarrhoea > 2-4 weeks, oral candidiasis, or > 10% unexplained weight 

loss. Low-dose ( 100-400 mg) Riton day. The triple-NRTI 

regimen had reduced efficacy compared with NNRTI-based regimens 

in one large controlled clinical trial and should be used only when an 

NNRTI- or PI-based 

linetherapy. 

regimen cannot or should not be used as first-
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Table 2 U.S. Department of Health and Human Services Guidelines for Initiating Therapy in Treatment-Naive 
.----~--:---=-------·-,---'H=IV-"---'-I=n=~=-=e-=c-==t--'-e__:c__d. Patients, 2004. Patient Characteristics 

Clinical Category I CD4 CoUit -- . _ t __ --+--_Plasma HIV RNA • Recommendation 
AIDS-defining illness* or severe I Any value 

symptoms , ____ _ 
I -~ <200 cells/m 

1 Any value _ Treat. 

Asymptomatic I 

Asymptomatic 

I 
Asymptomatic 1 

. I 
Asymptomatic 

--1 
I NNRTI-based 

>200 cells/mm3, b 
cells/mm3 

>350 cells/m 

>350 cells/m 

m3 i 
! Any value Treat. 

ut <350 I' An--~~ Offer treatment, following full discussion of pros and 
yva ue ·th h · cons w1 eac patient. 

m 3 > 100,000 cop1esjml '1 Most phys1c1ans recommend defernng therapy, but 
. some Will treat . 

m:J I <100,000 copies/ml Defer therapy. 
I __ ___[ ______ . 

B. Preferred and Alternative Regtmens 

I -t--s . Number of Pills per Day 
C) + (A.ZT or TDF) (not for use in first 1 

mcy or in women with high pregmmcy I 2-3 
paten tial) . 

/r + (3TC or FTC}+ A.ZT _....:8:....-c:.9 _______ . 
ns Number of Pills per Day 

I PI-based I LPV 

Preferred Regimen 
EFV + (3TC or FT 

trimester of pregna 

NNRTI-based 

PI-based 

Alternative Reg~ 

j EFV + f3TC 
I NVP + (3TC or 

1

FTC 
I 

ATV + (3TC or FTC) 

FosAPV + (3TC or F~ 
FosAPV /RTV + (3TC 

IDV /RTV + (3TC o 

LPV /r + (3TC o 
NFV + (3TC or FTC 

SQV/RTV + (3TC o 

or FTC) + (ABC or dd! or d4T) ------j 2
-

4 

+ (A.ZT or d4T or ddl or ABC or TDF) J 3-6 

f- (A.ZT or d4T or ABC or ddl) or (TDF + I 
RTV 100 mg/ d) 

-~3--6~-------

C) + (A.ZT or d4T or ABC or TDF or ddl) 5-8 
Jr FTC) + (A.ZT or d4T or ABC or TDF or 

dd!) 
5-8 

FTC) + (AZT or d4T or ABC or TDF or 
ddl) 

l 7-12 
F1'C) + (d4T or ABC or TDF or ddi) 
+ {AZT or d4T or ABC or TDF or ddl) 
FTC) + (A.ZT or d4T or ABC or TDF or 7-10 

ddl) 
5-8 
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L 13-16 1 
ABC + AZT + 3TC, only when a preferred or an alternative 11 

2 
- - ~- -

NNRTJ- or a PI-based regimen cannot or should not be .:::-U_::Se:::d:o._L _______________________ -1 

I 
AZT ~ d4T I Pharmacologic antagonism between AZT and d4T I 

---~-+ 

3 NRTI-based' 

ABC + TDF + 3TC once da1ly as a triple-NRTI regimen 

I 
High rate of early virological non response seen m treatment-naive patients 

TDF • ddt • 3TC combination oocc daily M a triplc~NRTI ,·cgim:nl- High rate of early virological non response seen in treatment-naive patients 

ATV ~ lDV 

ddl + DDC 

FTC~ 3TC 

3TC ~ DDC 

SQV hard-gel capsule as smgle protease inhibitor 

d4T + DDC 

Potential additive hyperbilirubinemia 

Additive peripheral neuropathy 

Similar resistance profile with no potential benefit 

In u1tro antagonism 

Poor oral bioavailability and inferior antiretroviral actiVJty when compared with 
other protease inhibitors 

~---·---- I 

I Additive peripheral neuropathy I 
I 

Abbreviations: EFV, Efavirenz; 3TC, Lamivudine; AZT, Zidovudine; TDF, Tenofovir Disoproxil Fumarate; d4T, Stavudine; LPV /r, 

Lopinavir /Ritonavir coformulation; FTC, Emtricitabine; NVP, Nevirapine; ddl, Didanosine; ATV, Atazanavir; fosAPV, FosAmprenavir ; RTV, 

Ritonavir; IDV, Indinavir; NFV, Nelfinavir; SQV, Saquinavir 
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Source: Adapted from Panel on Clinical Practices for Treatment of HIV 

Infection, 2004. Drug resistance is also a more extensive and serious 

problem than imagined originally. There is a high likelihood that any 

infected individual will harbour viruses with single-amino-acid 

mu~tations conferring some degree of resistance to any kno,;vn 

antiretroviral drug because of the high mutation rate of HIV and the 

tremendous number of infectious virions (Coffin, 1 995). As a 

consequence, treatment with only a single antiretroviral drug 

inevitably provokes the emergence of drug-resistant virus, in some 

cases within a few weeks (Wei et al., 1995). Drug therapy does not 

cause mutation but provides the necessary selective pressure to 

promote growth of drug-resistant viruses that arise naturally (Coffin, 

1 995). A combination of active agents therefore is required to prevent 

drug resistance, analogous to strategies employed the treatment of 

tuberculosis. Intentional drug holidays, also known as structured 

treatment interruptions, allow the virus to replicate a new and increase 

the risk of drug resistance and disease progression and therefore are 

not recomn1ended. This reflects the ability of the virus to persist 

indefinitely in the face of effective therapy. As more clinical safety data 

accumulate, there may be further exploration of treatment 

interruptions as a strategy for lowering drug costs and toxicity in 

selected patients. At present, all antiretroviral therapy outside the 
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research setting is combination therapy. The current standard of care 

is to use at least three drugs simultaneously for the entire duration of 

treatment Table 2. The expected outcome of initial therapy in a 

previously untreated patient is an undetectable viral load (plasma HIV 

RNA of less than 50 copiesjmL) within 24 weeks of starting treatment 

(Department of Health and Human Services, 2004). In prospective 

comparative trials, two-drug regimens were more effective than single

drug regimens (Fischl et al., 1995; Hammer et al., 1996; Saag et a!., 

1998), and three-drug regimens are more effective still (Collier et al., 

1996 Hammer et al., 1997). Mathematical models of HIV replication 

suggest three is the minimum number of agents required to 

guarantee effective long-term suppression of HIV replication without 

resistance (Muller and Bonhoeffer, 2003). treatment-naive patients, 

a regimen containing a nonnucleoside plus two nucleoside reverse 

transcriptase inhibitors was as effective as a regimen containing an 

additional nucleoside, indicating the equivalence of these three-drug 

and four-drug regimens. Four or more drugs often are used 

simultaneously in pre-treated patients harboring drug-resistant virus 

(Piketty et al., 1999), but the number of agents a patient can take is 

limited by toxicity and inconvenience. Pharmacodynamic synergy is 

probably not an important consideration 1n regimen selection, 

although most prescribers prefer to use drugs that attack at least two 
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different molecular sites. This could include nucleoside reverse 

transcriptase inhibitors that target the active site of the enzyme 

combined with a nonnucleoside inhibitor that binds to a different site 

on the same enzyme or an inhibitor of a different enzyme, the HIV 

protease Table 2. The preceding regimens have similar long-term 

efficacy. However, a three-drug regimen containing a single drug class 

is not as effective as a two-class regimen in treatment-naive patients. 

In one large randomized, controlled trial, 89% of patients taking two 

nucleoside analogs plus an NNRTI's had undetectable plasma HIV 

RNA at 32 weeks as compared with 79% of those taking three 

nucleosides et al., 2004). Whether this reflects the inferiority 

of attacking only a single viral target or the inferiority of the specific 

drugs involved 

single-class therapy 

to determined. Nonetheless, enthusiasm for 

limited at present. Regimens containing three 

or four different drug classes are reserved for treatment-experienced 

patients who have failed multiple prevwus regimens. This 

acknowledges the benefit of reservmg at least one drug class for 

future treatment in case of failure. Failure of an antiretroviral 

reg1men involves a persistent mcrease m plasma HIV RNA 

concentrations in a previously undetectable patient despite continued 

treatment or failure to reduce plasma HIV RNA significantly in a 

patient who has taken a prescribed regimen for more than 12 weeks 

29 



(Department of Health and Human Services, 2004). This indicates 

resistance to one or more drugs in the regimen and necessitates a 

change in treatment. Once resistance occurs, resistant strains remain 

in tissues indefinitely, even though the resistant virus may not be 

detectable in the plasma. The selection of new agents 1s including 

management of hyperlipidemias as recommended by the American 

Heart Association. Lipodystrophy has been associated with an 

increased risk of in myocardial infarction in virologically controlled 

patients, emphasizing the importance of cardiovascular risk factor 

reduction (Sekhar et al., 2004), informed by the patient's treatment 

history, as well as viral resistance testing, preferably obtained while 

the patient is still taking a failing regimen to facilitate proper recovery 

and characterization of the patient's v1rus (Kuritzkes, 2004). 

Treatment failure generally requ1res the implementation a 

completely new combination of drugs. Adding a single agent to a 

three-drug regimen sometimes is employed as a form of treatment 

intensification for patients whose viral load has fallen but 1s not 

undetectable. However, adding a single effective agent to a failing 

regimen is functional monotherapy if the patient is resistant to all 

drugs in the regimen. The risk of failing a regimen depends on the 

percent of prescribed doses taken in any given period of treatment. 

After a median of 6 months of treatment, virologic failure occurred in 
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22% of those taking 95% or more of their antiretroviral doses but in 

more than half of those taking less than 95% of prescribed doses. This 

places an important educational burden on the health care provider 

and requires exceptional patient responsibility. Resistance owing to 

poor adherence probably is inescapable for a virus that is persistent, 

prolific, and error-prone in its replication because these three 

qualities nearly guarantee drug resistance if drugs are not taken as 

recommended. Despite the availability of highly effective and well-

tolerated drugs, long-term success, as defined by the perce11t of 

patients with undetectable plasma HIV RNA after 1 year, is only 30% 

to 50% patients treated outside clinical trials in the United States 

(Lucas et al., 1999). This relatively low effectiveness reflects in part 

type of patient seen in urban clinical care settings but also 

indicates extreme degree of adherence to prescribed medications 

needed to maintain suppression of HIV. One recent concern of long

term therapy 1s the development of a metabolic syndrome 

characterized by insulin resistance, fat redistribution, and 

hyperlipidemia and known as the HIV lipodystrophy syndrome. 

Lipodystrophy occurs in 10% to 40% of treated patients and has been 

seen with most drug combinations used in clinical trials. The 

pathogenesis is somewhat mysterious but involves phenotypic and 

metabolic changes similar to those seen with other human 
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lipodystrophy syndromes. Clinical features include peripheral fat 

wasting (lipoatrophy), central fat accumulation including enlarged 

breasts and buffalo hump, insulin resistance and hyperglycaemia, 

and elevations in serum cholesterol and triglycerides. Switching from 

one drug regimen to another may not reverse the symptoms, 

demonstrating its ubiquitous nature and possible role of HIV 

infection. Treatment is symptom-directed and should Nucleoside and 

Nucleotide Reverse Transcriptase Inhibitors The HIV -encoded, RNA-

dependent DT"~A polymerase, also called reverse trar1scriptase, conv·erts 

viral RNA into proviral DNA that then incorporated into a host cell 

chromosome. Available inhibitors of this enzyme are either 

nucleoside/nucleotide analogs Figure 2 or Table 3 or nonnucleoside 

inhibitors. 

2.1.5. Structures and mechanism of nucleoside and nucleotide 

reverse transcriptase inhibitors. 

Like all available antiretroviral drugs, nucleoside and nucleotide 

reverse transcriptase inhibitors prevent infection of susceptible cells 

but have no impact on cells that already harbor HIV. Nucleoside and 

nucleotide analogs must enter cells and undergo phosphorylation to 

generate synthetic substrates for the enzyme Table 3. 
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Table 3 Pharmacokinetic Properties of Nucleoside and Nucleotide Reverse Transcriptase Inhibitors 

PARAMETER I ZIDOVUDINE LAMIVUDINE STAVUD~:-j-:DANOSINE ABACAVIJR TENOFOVIR 
i 

I 
Oral bioavailability, % 

l 
64 86-87 86 42 83 25 

-
Effect of meals on AUC I 24% (high fat) 

I 

55'% (acidity) 40%(high fat) 

Plasma tv.elim, hours 1.0 5-7 1.1-14 1.5 0.8-1.5 14-17 

I 
I 

Intracellular t''.elim of 3-4 12-18 3.::, 

I 
25-40 21 10-50 

triphosphate, hours 

<5-t-Plasma protein binding, % 20-38 <35 <5 50 <8 
I 

Metabolism, % 60-80 <36 ND 50(purine >80 ND 

(glucuronidation) metabolism) (dehydrogenation & 

glucuronidatwn) 

Renal excretion of parent 14 71 39 18-36 <5 70-80 

drug,% 
I -· - L__ 

ABBREVIATIONS: AUC, Area Under plasma Concentration-time curve; tYoelim, Half-life of elimination; increase; decrease; no effect; ND, Not 

Determined. *Reported mean values in adults with normal renal and hepatic function. Parameters reported for the Stavudine capsule formulation. 

tParameters reported for the Didanosine chewable tablet formulation. 
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The fully phosphorylated analogs block replication of the viral 

genome both by competitively inhibiting incorporation of native 

nucleotides and by terminating elongation of nascent proviral DNA 

because they lack a 3-hydro:xyl group. 

All but one of the drugs in these classes is nucleosides that 

must be triphosphorylated at the 5' -hydroxyl to exert activity. The sole 

exception, Tenofovir, is a nucleotide monophosphate analog that 

requires two additional phosphates to acquire full activity. These 

compounds inhibit both HIV-1 and HIV-2, and several have broad

spectrum activity against other human and animal retroviruses; 

emtricitabine, Lamivudine, zalcitabine, and Tenofovir are active against 

hepatitis B virus (HBV) in vitro, and Tenofovir also has activity against 

h erpesviruses Clercq, 2003}. 

The selective toxicity of these drugs depends on their ability to 

inhibit the HIV reverse transcriptase without inhibiting host cell DNA 

polymerases. Although intracellular triphosphates for all these 

drugs have low affinity for human DNA polymerases and some are 

capable of inhibiting human DNA polymerase which 1s the 

mitochondrial enzyme. As a result, the important toxicities common to 

this class of drugs result in part from the inhibition of mitochondrial 

DNA synthesis. These toxicities include anemia, granulocytopenia, 
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myopathy, peripheral neuropathy, and pancreatitis. Lactic acidosis 

with or without hepatomegaly and hepatic steatosis 1s a rare but 

potentially fatal complication seen with Stavudine, Zidovudine, 

Didanosine, and Zalcitabine, it IS probably not associated 

independently with the other drugs (Tripuraneni et al., 2004). 

Phosphorylated emtricitabine, Lamivudine, and Tenofovir have low 

affinity for DNA polymerase and are largely devoid of mitochondrial 

toxicity. 

Most nucleoside and nucleotide reverse transcriptase inhibitors 

are eliminated from the body primarily by renal excretion. Zidovudine 

and Abacavir, however, are cleared mainly by hepatic glucuronidation. 

Most of the parent compounds are eliminated rapidly from the 

plasma, with elimination half-lives of 1 to 10 hours Table 3. Tenofovir, 

however, has a plasma half-life of 14 to 17 hours. Despite rapid 

clearance from the plasma, the critical pharmacological pathway for 

these agents is production and elimination of the intracellular 

nucleoside triphosphate or nucleotide diphosphate, which is the 

active anabolite. In general, the phosphorylated anabolites are 

eliminated from cells much more gradually than the parent drug is 

eliminated from the plasma. Estimated elimination half-lives for 

intracellular triphosphates range from 2 to 50 hours Table 3. This 
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allows for less frequent dosing than would be predicted from plasma 

half-lives of the parent compounds. All approved nucleoside and 

nucleotide reverse transcriptase inhibitors are dosed once or twice 

daily, with the exception of zalcitabine, which is dosed every 8 hours. 

2.1.6. Intracellular activation of nucleoside analog reverse 

transcriptase inhibitors. 

Drugs and phosphorylated anabolites are abbreviated; the 

enzymes responsible for each conversion are spelled out. The active 

antiretroviral anabolite shown in the blue box. Key: 

ZDV, Zidovudine; d4T, Stavudine; ddC, Dideoxycytidine; 

Emtricitabine; 3TC, Larnivudine; ABC, Abacavir; CBV, Combivir; ddi, 

Didanosine; ddA, Dideoxyadenosine; DF, Disoproxil Fumarate; MP, 

Monophosphate; DP, Diphosphate; TP, Triphosphate; AMP, Adenosine 

Monophosphate; CMP, Cytosine Monophosphate; dCMP, 

Deoxycytosine Monophosphate; IMP, Inosine 5'-monophosphate; 

PRPP, Phosphoribosyl Pyrophosphate; NDP, Nucleoside Diphosphate. 

These drugs generally are not involved in clinically significant 

pharmacokinetic drug interactions because they are not substrates 

for hepatic cytochrome P450 enzymes (CYPs). However, Tenofovir 

increases concentrations of concurrent Didanosine by 25% to 40% 
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perhaps through inhibition of purine nucleoside phosphorylase, and a 

reductioh of the Didanosine dose is recommended. Tenofovir also may 

reduce the concentrations of some concurrently administered HIV 

protease inhibitors by 25% or more, although the pharmacological 

mechanisms responsible for these drug interactions are unknown. 

High-level resistance to nucleoside reverse transcriptase 

inhibitors, especially thymidine analogs, occurs slowly as compared 

with NNRTI' s and protease inhibitors. Zidovudine resistance was 

noted in only one-third of treated subjects after 1 year of monotherapy 

(Fischl et ., 1995). High-level resistance can occur rapidly with 

Lamivudine and emtricitabine. In most cases, high-level resistance 

requires accumulation of a minimum of three to four codon 

substitutions, although a recently described two-amino-acid insertion 

is associated with resistance to all drugs in this class (Gallant et al., 

2003). Cross-resistance is common but often confined to drugs having 

similar chemical structures for example, Zidovudine is a thymidine 

analog, and a Zidovudine-resistant isolate is much more likely to be 

cross-resistant to the thymidine analog Stavudine than to the 

cytosine analog Lamivudine. When used investigationally as 

monotherapy, most of these drugs induce only a 30% to 90% mean 

peak decrease in plasma concentrations of HIV RNA; Abacavir, 
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however, can cause up to a 99% decrease (Hervey and Perry, 2000). 

CD4 lymphocyte count increases are also modest with nucleoside 

monotherapy (mean increases of 50 to 100 cellsjmm3 , depending on 

disease stage). Nonetheless, these drugs remain a critical component 

of therapy, and nearly all patients taking antiretroviral therapy are 

currently taking at least one agent from this class. Although modest 

in their own antiviral potency, several nucleoside analogs have 

favorable safety and tolerability profiles and are useful in suppressing 

the emergence of HIV isolates resistant to the more potent drugs in 

combination regimens. 

2.1. 7. Epidemiology 

The United National Program on HIV I AIDS estimated that 

2005, a total of 40.3 million people worldwide were living 

with HIV j AIDS, the majority having been infected through 

heterosexual contact. It is estimated that in 2005, more than 3.1 

million people died of AIDS, and 4. 9 million new cases of HIV were 

diagnosed, including more than 700,000 children (WHO, 2005). 

Sub-Saharan Africa remains by far the worst-affected region, 

with an estimated 21.6 to 27.4 million people currently living with 

HIV. Two million [ 1.5-3.0 million] of them are children younger than 

15 years of age. More than 64% of all people living with HIV are m 
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sub-Saharan Africa, as are more than three quarters of all women 

living with HIV. In 2005, there were 12.0 million [10.6-13.6 million] 

AIDS orphans living in sub-Saharan Africa 2005 (Joint United Nations 

Programme on HIV I AIDS, 2006). South & South East Asia are 

second-worst affected with 15% of the total. AIDS accounts for the 

deaths of 500,000 children in this region. South Africa has the largest 

number of HIV patients in the world followed by Nigeria (McNeil, 

2008). India has an estimated 2.5 million infections (0.23% of 

population), making India the country with the third largest 

population of HIV patients. In the African nations with the highest 

prevalence, average life expectancy is 48.3 years-6.5 years less than it 

be without the disease (UN AIDS). 

The latest evaluation report of the World Bank's Operations 

Evaluation Department assesses the development effectiveness of the 

World Bank's country-level HIV I AIDS assistance defined as policy 

dialogue, analytic work, and lending with the explicit objective of 

reducing the scope or impact of the AIDS epidemic (World Bank, 

2005) This is the first comprehensive evaluation of the World Bank's 

HIV I AIDS support to countries, from the beginning of the epidemic 

through mid-2004. Because the Bank a1ms to assist in 

implementation of national government programmes, their experience 
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provides important insights on how national AIDS programmes can be 

made more effective. 

The development of HAART as effective therapy for HIV infection 

and AIDS has substantially reduced the death rate from this disease 

in those areas where these drugs are widely available. This has 

created the misperception that the disease has vanished. In fact, as 

the life expectancy of persons with AIDS has increased in countries 

where HAART is widely used, the number of persons living with AIDS 

has increased substantially. In the United States, the number of 

persons with AIDS increased from about 35,000 1988 to over 

220,000 1996 and 312,000 in 2002 (Centres, 2002). In Africa, the 

number of MTCT and the prevalence of AIDS are beginning to reverse 

decades of steady progress in child survival. Countries such as 

Uganda are attempting to curb the MTCT epidemic by offering VCT 

(Voluntary Counselling and Testing), PMTCT (Prevention of Mother

To-Child Transmission) and ANC (Ante-Natal Care) services, which 

include the distribution of antiretroviral therapy. 

It is estimated that 2-3 million Indians are currently living with 

HIV-1 (Cochen, 2007 and UNAIDS, 2008), heterosexual intercourse is 

the primary mode of transmission. Although the epidemic in India 

was first detected in specific populations with higher risk of exposure 
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to HIV, such as female sex workers, truck drivers and Injecting Drug 

Users (IDU) infection has now spread into the general population in 

both urban and rural areas. Three quarters of HIV infected women in 

India become infected within a few years of marriage and married 

monogamous women have increasingly reported to antenatal testing 

with HIV infection. 

2.2. Drug profiles 

2.2.1. Lamivudine 

Lamivudine [(-) 2', 3'-dideox:y, 3'-thiacytidine, 3TC] is a cytosine 

analog reverse transcriptase inhibitor that active against HIV -1, 

HIV -2, and HBV. The molecule has two chiral centres and is 

manufactured as the pure 2R, cis (-)-enantiomer. The racemic mixture 

from which Lamivudine originates has antiretroviral activity but is 

less potent and substantially more toxic than the pure (-)-enantiomer. 

Compared with the (+)-enantiomcr, the phosphorylated (-)-cnantiomcr 

is more resistant to cleavage from nascent RNA/ DNA duplexes by 

cellular 3'-5' exonucleases, which may contribute to its greater 

potency (Skalski et al., 1993). The ICso of Lamivudine against 

laboratory strains of HIV-1 ranges from 2 to 670 nM, although the 

ICso in primary human peripheral blood mononuclear cells is as high 

as 15 pM (Perry and Faulds et al., 1 997). 
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Figure 3 Lamivudine 

2.2.2. Chemical data: (IP, 2007& Merck index) 

Formula - uN303S; Mol. Mass - 229.26 gmjmoL; Melting 

Point - 160 to 162°C pKa= 4.3, Hydrophilic; Physical Description -

White crystals boiling ethanol (or) white solid methanol/ 

ethyl acetate; Solubility - Soluble water (20°) ~70mg/ mL . 

2.2.3. Pharmacokinetic data: 

Oral bioavailability -- 80%; Protein binding - Less than 36%; 

Half life- 5 to 7 hours; Excretion- Renal (70%); Routes- Oral. The oral 

bioavailability of Lamivudine is greater than 80% and is not affected 

by food. Although Lamivudine was marketed originally with a 

recommended dose of 150 mg twice daily based on the short plasma 

half-life of the parent compound, the intracellular half-life of the 

Lamivudine 5'-triphosphate is 12 to 18 hours, and the drug is now 

approved for use once daily at 300mg (Moore et al., 1999). Lamivudine 
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1s excreted primarily unchanged 1n the unne, and the dose 

adjustment IS recommended for patients with a creatinine clearance 

of the less than 50 mL per minute (Jayasekara et al., 1999). 

Lamivudine does not bind signifigantly to plasma proteins and freely 

crosses the placenta into fetal circulation. Like Zidovudine, 

Lamivudine concentrations are higher in the male gential tract than 

peripheral circulation, suggesting active rapport or trapping. Central 

nervous system (CNS) penetration appears to be poor, with a CSF-

plasma concentration ratio of 0.15 or less (Perry and Faulds et al., 

1997). clinical significant of the low CSF penetration is unknown. 

2.2.4. Mechanism of action and resistance: 

ivudine enters cell by passive diffusion, where it is 

converted to the monophosphate by deoxycytidine kinase, 

and undergoes further phosphorylation by deoxycytidine 

monophosphate kinase and nucleoside diphosphate kinase 

to yield Lamivudine 5'-triphosphate, which is the active 

metabolite (Perry and Faulds et al., 1997). The intracellular 

triphosphate acts as a competitive inhibitor of reverse 

transcriptase and is incorporated into HIV DNA to cause 

chain termination. 
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2.2.5. Drug interactions and precautions: 

Lamivudine inhibits the intracellular phosphorylation of the 

cytosine analog zalcitabine (Veal et al., 1996) and antagonizes 

zalcitabine's antiretroviral activity m vitro (Merrill et al., 1996), 

although the clinical significance of this interaction is unknown. Since 

Lamivudine and emtricitabine have nearly identical resistance and 

activity patterns, there is no rational for their combined use. 

Lamivudine is synergistic with most other nucleoside analogs in vitro 

(Merrill et al., 1996; Veal et al., 1996). Trimethoprime-sulfamethoxazole 

increases the Lamivudine plasma AUC by 43% presumably through 

inhibition renal tubular secretion (Moore et aL, 1996). However, 

the effect on intracellular triphosphate concentrations 1s unknown, 

and dose adjustment is not recommended. 

2.2.6. Therapeutic Uses 

In early monotherapy studies, initial declines in plasma HIV -1 

RNA concentrations of to 90% occurred within 14 days 

rebounded rapidly with emergence of Lamivudine-resistant HIV (Perry 

and Faulds et al, 1997). Patients randomized to the combination of 

Lamivudine plus Zidovudine had substantially better mean decreases 

in plasma HIV -1 RNA at 52 weeks (97% versus 70% decrease in 

copies/ mL) and increases in CD4+ lymphocyte counts (+61 verses -53 
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cells/ mm3) compared with those receiving Zidovudine alone (Eron et 

al., 1995). In a large randomized, double-blind trial, combining 

Lamivudine with Zidovudine or Stavudine caused about a twelvefold 

further decline in viral load at 24 weeks compared with Zidovudine or 

Stavudine monotherapy (Kuritzkes et al., 1999); in the same trial, 

combining Lamivudine with Didanosine coferred no additional 

benefits. Many trials have confirmed the value of using in three-drug 

regimens with other nucleoside analogs, protease inhibitors, and/ or 

NNR'ITs. Lamivudine has been effective in combination with other 

antiretroviral drugs both treatment-naive and experienced patients 

(Perry and Faulds et al., 1997). 

2.3. Zidovudine 

2.3.1. Chemistry and Antiviral Activity 

Zidovudine (3'-azido-3'-deoxythymidine) lS a synthetic 

thymidine analog with potent in vitro activity against a broad 

spectrum of retroviruses including HIV-1, HIV-2, and human T-cell 

lymphotrophic viruses (HTLV) r and II (McLeod and Hammer, 1992). 

It's ICso against laboratory and clinical isolates of HIV -1 ranges from 

10 to 48 nM. Zidovudine is active in lymphoblastic and monocytic cell 

lines but is substantially less active in chronically infected cells 

(Geleziunas et al., 1993) probably because it has no impact on cells 
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already infected with HIV. Zidovudine appears to be more active m 

lymphocytes than in monocyte-macrophage cells because of enhanced 

phosphorylation in the former. For the same reason, the drug is more 

potent in activated than in resting lymphocytes because the 

phosphorylating enzyme, thymidine kinase, is S-phase-specific (Gao 

et al., 1994). 

J l NH 

HO 

~ + 
N=N=N 

N~ 

Figure 4 Zidovudine 

2.3.2.Chemical data: (IP, 2007& Merck index} 

267.242 gjmol; 

Melting Point 124°C; pKa= 9.7, Slightly Liphophilic; 

Physical Description - white to yellowish (or) brownish 

odourless crystalline powder; Solubility - It is sparingly 

soluble in water, freely soluble in alcohol and soluble in 

dehydrated alcohol. 
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2.3.3. Pharmacokinetic data: 

Bioavailability - 65% (range 52 to 75%); Protein binding - 30 to 38%; 

Metabolism -Hepatic; Half life - 0.5 to 3 hours; Excretion - Renal 

2.3.4. Absorption, Distribution, and Elimination 

Zidovudine is absorbed rapidly and reaches peak plasma 

concentrations within 1 hour (Dudley, 1995). Like other nucleoside 

analogs, the elimination half-life of the parent compound (about 1 

hour) 1s considerably shorter than that of the intracellular 

triphosphate, which is 3 to 4 hours. Failure to recognize this led to 

serious overdosing of the drug when it was first approved; the 

recommended dose was 250 mg every 4 hours in 1987, compared 

with 300 mg twice a day presently. Zidovudine undergoes rapid first

pass hepatic metabolism by conversion to 5-glucuronyl Zidovudine. 

This limits systemic bioavailability to about 64%. Food may slow 

absorption but does not alter the AUC (area under the plasma 

concentration-time curve) and the drug can be administered 

regardless of food intake (Dudley, 1995). Total urinary recoveries of 

Zidovudine and its glucuronide metabolite are 14% and 74%, 

respectively. The pharmacokinetic profile of Zidovudine is not altered 

significantly during pregnancy, and drug concentrations in the 

newborn approach those of the mother (Watts et al., 1991). 
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Zidovudine is not bound to plasma proteins to a significant degree. 

Parent drug crosses the blood-brain barrier relatively well and 

achieves a cerebrospinal fluid (CSF)-plasma ratio of approximately 

0.6. Zidovudine also is detectable in breast milk, semen, and fetal 

tissue (Gillet et al., 1989; Watts et al., 1991). Zidovudine 

concentrations are higher in the male genital tract than in the 

peripheral circulation, suggesting active transport or trapping 

2.3.5. Mechanism of Action and Resistance 

Intracellular Zidovudine is phosphorylated by thymidine kinase 

to Zidovudine 5'-monophosphate, which is then phosphorylated by 

thymidylate kinase to the diphosphate and by nucleoside diphosphate 

kinase to Zidovudine 5'-triphosphate (Furman et al., 1986). Because 

the conversion Zidovudine 5'-monophosphate to diphosphate is 

very inefficient, high concentrations of the monophosphate 

accumulate inside the cell (Slusher et al., 1992) and may serve as a 

precursor depot for formation of triphosphate. As a consequence, 

there little correlation between extracellular concentrations of 

parent drug and intracellular concentrations of triphosphate (Dudley, 

1995), and higher plasma concentrations of Zidovudine do not 

increase intracellular triphosphate concentrations proportionately. 

Zidovudine 5'-triphosphate terminates the elongation of proviral DNA 
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because it is incorporated by reverse transcriptase into nascent DNA 

but lacks a 3'-hydroxyl group. The monophosphate competitively 

inhibits cellular thymidylate kinase, and this may reduce the amount 

of intracellular thymidine triphosphate (Furman et al., 1986). 

Although this latter effect could increase antiviral activity, it also may 

contribute to toxicity. Zidovudine 5'-triphosphate only weakly inhibits 

cellular DNA polymerase, but 1s a more potent inhibitor of 

mitochondrial polymerase-Resistance to Zidovudine is associated with 

mutations at reverse transcriptase codons 41, 44, 67, 70, 118, 210, 

215, and 219 (Gallant ., 2003). These mutations are referred to as 

thymidine analog mutations (TAMs) because of their ability to confer 

to other thymidine analogs such as Stavudine . Two 

clusters of resistance mutations occur commonly. Using the single-

letter amino-acid symbols: the pattern of 41 210W, and 215Y is 

associated with high-level resistance to Zidovudine, as well as cross 

resistance to other drugs in this class, including Tenofovir and 

Abacavir. pattern 67N, 70R, 215F, and 219Q is less common and 

is also associated with lower levels of resistance and cross-resistance. 

TAMs associated with resistance to Zidovudine and Stavudine 

promote excision of the incorporated triphosphate anabolites through 

pyrophosphorolysis (Naeger et al., 2002). Mutations accumulated 

gradually when Zidovudine was used as the sole antiretroviral agent, 
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and clinical resistance developed in only 31% of patients after 1 year 

of Zidovudine monotherapy (Fischl et al., 1995). Cross-resistance to 

multiple nucleoside analogs has been reported following prolonged 

monotherapy and has been associated with a mutation cluster 

involving codons 62, 75, 77, 116, and 151. In addition, a recently 

described mutation at codon 69 (Typically T69S) followed by a two

amino-acid insertion produces cross-resistance to all current 

nucleoside and nucleotide analogs (Gallant et al., 2003). 

2.3.6. Untoward Effects 

Patients Zidovudine treatment often complain of 

fatigue, malaise, myalgia, nausea, headache, and insomnia. 

These symptoms usually resolve within the first few weeks of 

treatment. Bone marrow suppression, mainly anemia and 

granulocytopenia, occurs most often in individuals with advanced HIV 

disease and very low CD4 counts and also was more common with the 

higher doses used when the drug was first approved. In such patients, 

anemia may develop within 4 weeks of starting therapy and probably 

reflects toxic effects on erythroid stem cells. Anemia can be managed 

by administering recombinant human erythropoietin. Erythrocytic 

macrocytosis is seen in approximately 90% of all patients but usually 

is not associated with anemia. Neutropenia is uncommon but can be 

50 



managed with recombinant granulocyte or granulocyte-macrophage 

colony-stimulating factors. 

Chronic Zidovudine administration has been associated with 

nail hyperpigmentation. Skeletal muscle myopathy can occur and is 

associated with depletion of mitochondrial DNA, most likely as 

consequence of inhibition of DNA polymerase, (Arnaudo et aL, 1991). 

Serious hepatic toxicity, with or without steatosis and lactic acidosis, 

is rare but can be fatal. Risk factors for the lactic acidosis-steatosis 

syndrome include female sex, obesity, and prolonged exposure to the 

drug (Tripuraneni et al., 2004). 

2.3. 7. Drug Interactions and Precautions 

Zidovudine is not a substrate or inhibitor of CYPs. However, 

probenecid, fluconazole, atovaquone, and valproic acid may increase 

plasma concentrations of Zidovudine probably through inhibition of 

glucuronosyl transferase (Dudley, 1995). The clinical significance of 

these interactions is unknown because intracellular triphosphate 

levels may be unchanged despite higher plasma concentrations. 

Zidovudine can cause bone marrow suppression and should be used 

cautiously in patients with pre-existing anemia or granulocytopenia 

and in those taking other marrow-suppressive drugs. Stavudine and 

Zidovudine compete for intracellular phosphorylation and should not 
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be used concomitantly. Three clinical trials found a significantly worse 

virologic outcome in patients taking these two drugs together as 

compared with either agent used alone (Havlir et al., 2000). 

2.3.8. Therapeutic Uses 

Zidovudine is FDA approved for the treatment of adults and 

children with HIV infection and for preventing mother-to-child 

transmission of HIV infection; it 1s also recommended for post 

exposure prophylaxis in HIV -exposed health care workers, also in 

combination with other antiretroviral agents. Zidovudine is more 

when combined with other antiretroviral drugs. Zidovudine 

combined with Lamivudine, Didanosine, or Zalcitabine is more 

Zidovudine alone (Hammer et aL, 1996). Greater benefit 

is achieved when Zidovudine combined with two nucleoside analogs 

(Saag et al., 1998). The current standard of care for treatment-naive 

patients is to combine Zidovudine with a potent protease inhibitor and 

another nucleoside analog (Hammer et al., 1997) or with an NNRTI 

and another nucleoside analog (Staszewski et al., 1999). The M 184 V 

substitution in the reverse transcriptase gene associated with the use 

of Lamivudine or Emtricitabine greatly restores sensitivity to 

Zidovudine (Gallant et al., 2003). The combination of Zidovudine and 

Lamivudine produces greater long-term suppression of plasma HIV 
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RNA than does Zidovudine alone (Eron et al., 1995). As a result, this 

agent is often combined with Lamivudine in clinical practice. 

Zidovudine monotherapy reduced the risk of perinatal 

transmission of HIV by 67% (Connor et al., 1994), and combining 

Zidovudine with other antiretroviral drugs is even more efficacious in 

this setting. Zidovudine is also recommended as a component of 

combination therapy administered to healthcare workers soon after 

exposure to contaminated blood or body fluids to prevent HIV 

transmission (Cardo et al., 1997). Despite being the oldest 

drug, Zidovudine remains a popular component of 

combination regimens. This is a consequence of broad experience with 

the drug and its well-known tolerability, toxicity, and efficacy profiles. 

Zidovudine is available co-formulated tablets with Lamivudine or 

with Lamivudine and AAbacavir. 

2.4. Nevirapine 

Nevirapine a dipyridodiazepinone NNRTI with potent activity 

against HIV-1. The in vitro ICso of this drug ranges from 10 to 100 nm. 

Like other compounds in this class, Nevirapine does not have 

significant activity against HIV-2 or other retro-viruses (Harris and 

Montaner et al., 2000). 
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Figure 5 Nevirapine 

2.4.1. Chemical data: (IP, 2007& Merck index) 

Formula C1sH14N40; MoL Mass - 266.298 gmjmoL; Melting Point -

24 7 to 249°C, pKa= 2.8, Slightly Lipophilic; Physical Description -

White to off-white crystalline powder; Solubility- It is highly soluble in 

water 0.1 mg/mL at neutral pH and highly soluble at pH less than 3. 

2.4.2. Pharmacokinetic data: 

Bioavailability 93% ± 9%; half life 45 hours; Excretion Renal- < 

6% (Parent drug). Nevirapine is well absorbed, and its bioavailability is 

not altered by food or antacids (Smith et aL, 2001). The drug readily 

crosses placenta and has been found breast milk, a feature that 

has encouraged use of Nevirapine for prevention of mother-to- child 

transmission of HIV (Mirochnick et al., 1998). Nevirapine is eliminated 

mainly by oxidative metabolism involving CYP3A4 and CYP2B6. Less 

than 3% of the parent drug is eliminated unchanged in the urine 
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(Smith et al., 2001). Nevirapine has a long elimination half life of 25 to 

30 hours at steady state. The drug is a moderate inducer of CYPs, 

including CYP3A4; thus the drug induces its own metabolism, which 

decreases the half-life from 45hours following the first dose to 25 to 

30 hours after 2 weeks. To compensate for this, it is recommended 

that the drug be initiated at a dose of 200 mg once daily twice for 14 

days, with the dose then increased to 200 mg daily if no adverse 

reactions have occurred. Because its long half-life, current clinical 

studies are investigating once daily dosing of Nevirapine. 

2.4.3. Mechanism of actions: 

Nevirapine is a non-competitive inhibitor that binds to a site on 

the HIV-1 reverse transcriptase that is distant from the active site, 

inducing a conformational change that disrupts catalytic activity. 

2.4.4. Drug interactions and precautions: 

Because Nevirapine induces CYP3A4, this drug may lower 

plasma concentrations of co-administrated CYP3A4 substrates. 

Methadone withdrawal has been reported In patients receiving 

Nevirapine (Altice et al., 1999), presumably as a consequence of 

enhanced methadone clearance. Plasma ethinyl estradiol and 

norethindrone concentrations decreased by 20% with Nevirapine and 

alternative methods of birth control are advised (Smith et al., 200 1). 
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Nevirapine also can reduce concentration some co-administrated HIV 

protease inhibitors. 

2.4.5. Therapeutic uses: 

Nevirapine is FDA approved for the treatment of HIV -1 infection 

in adults and children in combination with other antiretroviral agents. 

In original monotherapy studies, a rapid fall in plasma HIV RNA 

concentrations of 99% or greater was followed by a return toward 

baseline within 8 weeks because of rapid emergence of resistance 

(Havlir et , 1995; Wei et al., 1995). Nevirapine therefore never 

should be used as a single agent or as sole edition to a failing 

regimen. The three drug regimen of Nevirapine, Zidovudine, and 

Didanosine reduced the plasma HIV RNA concentration to 

undetectable levels 400 copies/mL) 52% of antiretroviral- naive 

adults (Montaner et ' 1998). 

Single-dose Nevirapine has been used commonly in pregnant 

HIV infected women to prevent mother- to-child transmission. A single 

intrapartum dose 200 mg Nevirapine followed by a single dose 

given to the new born reduced neonatal HIV infection to 13% 

compared 21.5% infection with a more complicated Zidovudine 

regimen (Guay et al., 1999). Although this regimen is very inexpensive 

and generally well tolerated the high prevalence of N evirapine 
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resistance following the single oral dose (Eshleman et al., 2004), 

coupled with the recent recognition of fatal Nevirapine hepatitis, has 

prompted are examination of the role this regimen should play in the 

prevention of vertical transmission. 

Developed and validated for the quantification of Zidovudine m 

rat plasma, Followed solid-phase extraction, the analytes were 

separated using an isocratic mobile phase on a reverse phase column 

and analyzed by MS/MS m the multiple reaction monitoring mode 

using the respective [M + ions, m/z 268/127 for Zidovudine and 

112 

of 

of less than 8c>s. 

armacokinetic studies of 

method exhibited a. 

rat plasma. The 

Cl 

validated method was applied 

novel drug systems of 

Zidovudine in rat (Koteshwara et al., 2008). 

The simultaneous estimation was developed for Lamivudine, 

Zidovudine and Nevirapine in pharmaceutical dosage forms, a Gemini 

ODS C1s column (4.6 mm X 25cm i.d., 5 ).lm particle size) in isocratic 

mode, with mobile phase acetonitrile, ortho phosphoric acid buffer 

(pH 3.5) and methanol (15:60:25) (v/v/v) the flow rate was 1 mL/min 

and effluent was monitored at 265 nm. The approximate retention 
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time for Lamivudine, Zidovudine and Nevirapine were 3.36, 5.30 and 

9.28 min, respectively (Hari Krishnan et al., 2008). 

Simultaneously quantified for Lamivudine (3TC), Stavudine 

(d4T) and Nevirapine (NVP) in human plasma using metaxalone as 

internal standard (IS) after solid phase extraction (SPE), the ana1ytes 

and the IS were chromatographed on a Symmetry C1s (150 mm x 3.9 

mm i.d., 5 J.1 particle size) column using 5 }JL injection volume with a 

run time of 4.5 min. An isocratic mobile phase consisting of 0.5% 

glacial acetic acid water: acetonitrile (20:80, v /v) was used to 

separate all these drugs (Mistri et al., 2007). 

simultaneous Zidovudine (AZT) and its mono-

phosphate (AZTMP) in cell extracts has been developed using high 

performance liquid chromatography (HPLC) with on-line solid-phase 

extraction and 2-aminoethyl-3- do-2, 3--dideoxythyrnidin -· 

5-yl phospho diester sodium salt as internal standard(IS) 

(Lefebvre et al., 2007). 

Determined the Larnivudine, Tenofovir disoproxil in a solid 

dosage form (300/245 mg tablet) by external standard method, the 

chromatographic separation was performed on Inertsil ODS 3V 

stainless steel column (150mn X 4.6mm ID, particle size 5mcm). The 

analytes were resolved by using mobile phase 50:50 mixture of 

Acetonitrile: Buffer (7.8 g of sodium dihydrogen orthophosphate 
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dehydrate in 1000mL with distilled water. Added 1mL of Triethanol 

amine, adjust pH to 2.3 ± 0.05 with H3P04) and UV 260nm as 

detection wavelength (Mangaonkar et al., 2007). 

The HPLC method has been developed for the estimation of 

Lamivudine, Zidovudine and Nevirapine from tablets by standard 

method. The analytes were resolved by using mobile phase of 50:50 

mixture of methanol: buffer (0.1 M ammonium acetate in 0.5% glacial 

acetic acid) on an Inertsil ODS 3V (250 X 4.6 mm, 5 J..l) column as a 

stationary phase and UV 270 nm as detection wavelength (Nandini et 

al., 2007). 

simultaneous determination of Abacavir and 

Zidovudine rat plasma, amniotic fluid, fetal, and placental 

tissues, and chromatographic separation was performed using a Cs 

column (150 mm x 4.6 mm, 5 1-1). mobile phase consisted of 12% 

acetonitrile in 25 mM sodium phosphate buffer (adjusted to pH 7 with 

sodium hydroxide) for the fetus, placenta, plasma and amniotic fluid 

samples at a flow rate 0.8 mL/min (Lewis et al., 2007). 

The developed simultaneous method of Abacavir, Lamivudine 

and Zidovudine in pharmaceutical tablets, human serum samples 

and drug dissolution studies has been developed separation was 

performed on a 5 11m Zorbax Cl8 column (150 x 4.6 mm ID) with 

methanol: water: phosphate buffer at pH 5.65 (80: 10:10 v jv jv) 

59 



isocratic elution in less than 7 min with a flow rate of 0.6 mL/ min. 

Good sensitivity for all analytes was observed with UV detection at 

275 nm (Savaser et al., 2007). 

Developed a mitochondria specific microarray, MitoChip, to 

measure transcripts of mitochondria associated genes in various 

diseases and drug-induced toxicities in the mouse, the array consists 

of 542 Oligonucleotides that represent genes from the mitochondrial 

and nuclear genomes associated with mitochondrial structure and 

functions. The expression of mitochondrial genes was measured in the 

liver of both p53 haplodeficient (+I_) and wild-type (+I+) C3B6F 1 

female mice exposed to antiretroviral agents, Zidovudine (AZT) and 

Laniivudine (3TC). Among genes whose expression was significantly 

altered, a set was selected for real-time PCR analysis to verify their 

differential gene expression. The real-time PCR data confirmed the 

observations by microarray analysis suggesting that the Mito Chip 

may be an important tool for examining mitochondrial involvement in 

diseases and drug-induced toxicities (Varsha et al., 2007). 

Developed cartridge-LC-MSIMS method, the quantitation range 

was 2.5-250 pgl _1 for 3TC-TP, 0.1-10.0 pgl _1 for ZDV-TP and 0.05-

5.00 pgl _1 for CBVTP. This corresponds to 0.1-11.0 pgmol 3TC-TP 

per million cells, 4-375 fmol ZDV-TP per million cells and 2-200 fmol 
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CBV-TP per million cells, extracted from 10 million cells (Brian et al., 

2007). 

Simultaneous determination of plasma Zidovudine and 

Nevirapine with UV detection at 260 nm this method involves liquid

liquid extraction with ethyl acetate and using 3-isobutyl 1-methyl 

xanthine as internal standard. The system requires a C 1s column (150 

mm x 4.6 rrim I.D.) and a mobile phase composed of potassium 

dihydrogen phosphate (15 mM; pH 7.5) and acetonitrile in the ratio of 

80:20 (v/v). The assay was linear from 0.025 to 10.0 11/mL for 

Zidovudine and 0.05 to 10.0 11/mL for Nevirapine (Ramachandran et 

al., 2006). 

There are two methods for the simultaneous method determined 

for Lamivudine (3TC) and Stavudine (d4T) in combined 

pharmaceutical tablets. The first method depends on first derivative 

UV-spectrophotometry with zero-crossing measurement technique. 

The first derivative absorbances at 280 and 300 nm were selected for 

the determination of Stavudine and Lamivudine, respectively. The 

second method is based on the separation of both drugs by high 

performance liquid chromatography using methanol: water (20:80) as 

the mobile phase at 0.6 mL/min on a reverse phase column with . 

detection at 270 nm (Kapoor et al., 2006). 
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Developed Simultaneously seven HIV protease inhibitors 

(Amprenavir, Atazanavir, Indinavir, Lopinavir, Nelfinavir, Ritonavir, 

and Saquinavir; Pis) seven nucleoside reverse transcriptase inhibitors 

(Abacavir, Didanosine, Emtricitabine, Lamivudine, Stavudine, 

Zalcitabine, and Zidovudine; NRTs), and two non-nucleoside reverse 

transcriptase inhibitors (Efavirenz and Nevirapine; NNRTis) in human 

plasma. The volume of the plasma sample was 600 /J.L. this method 

involved automated solid-phase extraction with Oasis HLB Cartridge 

lee (Di vinyl benzene and N-vinylpyrrolidone) and evaporation in a 

water bath under nitrogen stream. The extracted samples were 

reconstituted 1 Twenty of these samples were 

injected into a HPLC-UV system, the analytes were eluted on an 

analytical 1s symmetry TM column (250 mm X 4.6 mm D) with a 

particle size of 5 iJ.ffi. The mobile phase (0.01 M KH2P04 and 

acetonitrile) was delivered at LO mL/min with linear gradient elution. 

The total run time for a single analysis was 35 min, the anti-HIV 

drugs were detected by UV at 240 and 260 nm (Stefaina et al., 

2006). 

AZT was investigated in the pH range 6.2-7.2, experimental 

design strategy was used to study the influence of several parameters 

(CD and phosphate buffer concentration, methanol content of the 
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electrolyte, injected volume, capillary length, electric field and 

separation temperature) on the separation and find suitable analytical 

conditions for monitoring the prodrugs m cell extracts. The 

diastereoisomers of the three t-BuSATE phenylphosphotriester 

derivatives of AZT studied could be fully resolved within short analysis 

time less than 10 min (Catherine Perrin et al., 2006). 

Determination of pharmacokinetics, an anion exchange 

isolation of Zidovudine triphosphate (ZDV-TP) from human peripheral 

blood mononuclear cells (HPBMC), coupled with dephosphorylation, 

desaltation, and detection by liquid chromatography-tandem mass 

spectroscopy (LC-MS-MS) was validated. HPBMCs were harvested 

from whole blood, analysed, and a suspension of intracellular ZDV-TP 

was produced. ZDV-TP was isolated from ZDV, ZDV-monophosphate 

(ZDV-MP), and ZDV-Cliphosphate (ZDV-DP), which were all present 

the cell lysate, by performing a salt gradient anion exchange SPE. 

Isolated ZDV -TP was dephosphorylated with acid phosphatase to its 

parent drug form, ZDV. ZDV was then desalted and concentrated for 

tandem mass spectral detection. An LC-MS-MS methodology was 

developed and validated for the determination of molar ZDV directly 

corresponding to the intra HPBMC molar ZDV-TP concentration. ZDV

TP concentrations were determined in femtomoles per million 

HPBMCs (fmoL/ 106 cells) (Tracy King et al., 2006). 
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The simultaneous quantification of Stavudine (SV), Lamivudine 

(LV) and Nevirapine (NV) in tablets by UV spectroscopy, reverse phase 

HPLC (RP-HPLC) and HPTLC methods were developed. In the UV 

multi-component spectral method, SV, LV and NV was quantified at 

266, 271 and 315 nm, respectively. In the RP-HPLC method, the 

drugs were resolved using a mobile phase of 20 mM sodium 

phosphate buffer (containing 8 mM 1-octanesulphonicacid sodium 

salt): acetonitrile (4: 1, v jv) with pH adjusted to 3.5 using phosphoric 

acid on a C18-0DS-Hypersil (5 ,u, 250 mm x 4.6 n1m) column 

isocratic mode. The retention time of SV, LV and NV was 2.85, 4.33 

and 39 min, respectively ( Anbazhagan et al., 2005). 

The simultaneous quantification of Amprenavir, Indinavir, 

Lopinavir, Nelfinavir (and M8 metabolite), Ritonavir, Saquinavir, 

Efavirenz, and Nevirapine were assayed after diethyl ether liquid

liquid extraction from 250 !JL plasma samples. Chromatographic 

separation was achieved on an X-TERRA column using 58% water 

(with 3 mM pyrrolidine) and 42% acetonitrile mobile phase; 240 nm 

ultraviolet wavelengths was used for detection (Tribut et al., 2005). 

The simultaneous quantification of Lamivudine, Stavudine, 

Nevirapine, Zidovudine, methyl paraben and propyl paraben in solid 

and liquid drug formulations was developed and validated. The 

separation was achieved using a Waters Symmetry Cs column, using 
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a mobile phase gradient comprising 50 mM NaH2P04 (pH 3.8) and 

acetonitrile (95:5 to 45:55, v /v) and a flow gradient (0.5 to 1.0 

mL/min). The limits of detection and quantification were below 19 

ng/mL and 55 ngjmL respectively. The intra and inter-day assay 

precisions were within 4.4% relative standard deviations (Schuman et 

al., 2005). 

The simultaneous determination of the anti human 

immunodeficiency virus agent, Zidovudine (AZT), and its major 

metabolite (the 5'-0-glucuronide) in serum samples were first mixed 

with an internal standard (a stereoisomer of AZT), then prepared for 

solid -phase and chromatographed 

using a reversed-phase analytical column. !socratic elution with a 

mobile phase of 15% acetonitrile, buffered to pH 2.70 with ammonium 

phosphate, gave resolution of the three analytes and endogenous 

serum components. The HPLC analysis time required per sample was 

34 min (Goossens et al., 2005). 

The micellar electro kinetic chromatographic (MEKC) method for 

the simultaneous separation and determination of Lamivudine (LMV) 

and Zidovudine (ZDV) in pharmaceutical formulation, the factors that 

affect the separation, such as buffer pH, surfactant concentration 

(sodium dodecyl sulfate, SDS); organic solvents and applied voltage 

were optimized. Buffer consisting of 12.5 mM sodium tetraborate 
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decahydrate and 15 mM boric acid adjusted at pH 10.8; containing 90 

mM SDS and 5% (v jv) acetonitrile (ACN) was found to be suitable for 

the separation of the drugs. p-Aminobenzoic acid (PABA) was used as 

internal standard (I.S.). Detection of analytes and I.S. was performed 

at a wavelength of 210 nm (Sekar et al., 2005). 

The liquid - liquid extraction of Lamivudine and internal 

standard (famotidine) using dichloromethane-isopropyl alcohol ( 1: 1, 

v jv) as an extracting solvent and salting out approach. The mobile 

phase was a mixture of phosphate buffer (0.05 M) containing 

triethylamine (1 mL/ vjv; pH 3.5) and methanol (91:9, vjv) at a flow 

rate 2.2 The analysis was performed on a column (150 

mm x 6 mrn i.d.) which was packed with 5 tJ particles ODS packing 

material (Bahrami et al., 2005). 

Developed a reversed-phase high-performance liquid 

chromatography (HPLC) method to facilitate pharmacokinetics studies 

and for the analysis of antiretroviral drugs in rat plasma for 

Zalcitabine (ddC), Lamivudine (3TC), Didanosine (ddi), Stavudine 

(d4T), Carbovir (CBV), Zidovudine (AZT), Tenofovir (PMPA) and its 

administrated form (Tenofovir diisoproxyl fumarate, TDF), are 

nucleosides currently approved in HIV therapy. The method involved a 

quantitative recovery of these drugs from rat plasma by solid-phase 

extraction on Oasis HLB Waters cartridges followed by optimised 
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HPLC separation on an Atlantis dC1s column with acetic acid

hydroxylamine buffer (ionic strength 5mM, pH 7) acetonitrile elution 

gradient. Quantitation was performed by HPLC/UV at 260 nm (Bezy 

et al., 2005). 

Developed Stability-Indicating Assay Method (SIAM) for 

Zidovudine (3'-azido-3'-deoxythymidine) subjecting in to forced 

decomposition under hydrolysis, oxidation, photolysis and thermal 

stress conditions the drug decomposed under hydrolytic stress upon 

refluxing, and also on exposure to light. It v;as stable to oxidation and 

thermal stress. The same major decomposition product could be seen 

all decomposed solutions, which was identified as thymine 

through comparison with the standard. Separation of drug from major 

and minor degradation products was successfully achieved on a C 1s 

column utilizing water-methanol in the ratio of 77:23. The detection 

wavelength was 265 nm (Dunge et al., 2005). 

Developed and validated for the simultaneous determination of 

rat amni 

placental, and fetal tissues, samples were processed by acetonitrile 

precipitation. Chromatography was performed using a C1s column 

(5mm, SOx 3.9mm i.d). The mobile phase consisted of 30% methanol 

and 7.5mM ammonium acetate (pH 6.5). The method was validated in 
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the range of 0.05-25 mgjmL for both 3TC and AZT in the four 

biological matrices. Finally, the method was applied to a study 

involving fetal transport following co-administration of these 

compounds at a dose of 25 mgjkg each in a pregnant rat (Alnouti et 

al., 2005) 

The method involved solid-phase extraction with Oasis MAX 

cartridges from plasma for Lamivudine, Didanosine, Stavudine, 

Zidovudine and Abacavir, followed by high performance liquid 

chromatography with a SymmetryShield RP C1s column and 

ultraviolet detection set at a wavelength of 260 nm (Verweij et al., 

2005). 

The simultaneous determination of Zidovudine and Lamivudine 

in from tablet dosage form, a BDS Hypersil C1s (5 1J 25 em x4.6 mm) 

column from Thermo isocratic mode with mobile phase o-

phosphoric acid : methanol (70:30) buffered and adjusted to pH 5 by 

using triethylamine. The flow rate is 1.4 mL/min and effluent is 

monitored at 220 nm (Palled et al., 2005). 

The simultaneous quantification of Zidovudine (AZT) and 

Lamivudine (3TC) in rat plasma, amniotic fluid and placental and fetal 

tissues in samples was processed by solid-phase extraction using C2 

cartridges. Chromatography was performed using a phenyl column (5 

/J, 150 x 2 mm i.d.) under a flow rate of 0.2 mL/min. The mobile 
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phase consisted of 8% acetonitrile in 5 mM 1-heptane sulfonic acid 

dissolved in 30 mM ammonium formate buffer (pH 3.3) (Alnouti et 

al., 2004). 

Developed and validated Zalcitabine, Lamivudine, Didanosine, 

Stavudine, Zidovudine, and Abacavir with the non-nucleoside reverse 

transcriptase inhibitor Nevirapine in human blood plasma. The new 

Polarity dC C1s silica column used in this method provides better 

resolution and peak shape than all other columns tested. Also, four 

different ultraviolet wavelengths were used for accurate and specific 

quantitation of the analytes (Rezk et al., 2004). 

Developed a method for therapeutic drug monitoring of 

atazanavir, a novel protease inhibitor and of all other protease 

inhibitors (PI) non- neudeoside reverse transcriptage inhibitors 

(NNRTI) which are used to treat HIV patients. All drugs are 

extracted after a liquid-liquid extraction and separated on a C1s 

column with a binary gradient elution except Lopinavir which is 

separated without this gradient. absorbance is measured at 259 

nm except for Lopinavir (205 nm) and Nevirapine (320 nm) (Daily et 

al., 2004). 

A high-performance liquid chromatographic (HPLC) method to 

quantitatively determined Zidovudine and its prodrugs, N3-

pivaloylxymethyl-3-azido-2,3-dideoxyuridine (I), 5- pivaloylloxymethyl-
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3-azido-2, 3-dideoxyuridine(II), 5-0-valinyl-3-azido 2,3 ,dideoxyuridine 

hydrochoride (III) and 5-0-phenylalanyl-3-azido-2,3-dideoxyuridine 

hydrochloride (IV), in rat plasma. AZDU and its prodrugs were 

analyzed using an octadecyl silane column with a mobile phase 

consisting of 0.04 1-1M sodium acetate buffer, pH 5.0, and acetonitrile, 

running in a segmented gradient manner at a flow rate of 2 mljmin. 

Acetonitrile was increased from 10 to 50% during the first 8 min by 

5% per min, followed by 10% per min until it reached 90% 

acetonitrile. 3-Azido-2, 3-dideoxy-5-ethyluridine (CS-85) was used as 

an internal standard (251-!g/ml). Compounds were detected by UV 

absorption at 261 nm. Extraction recoveries for all com pounds were 

greater than 80%. Retention times of AZDU, CS-85, prodrugs I, III 

and IV were 3.3, 5.2, 9.1, 8.8, 6.3 and 7.3 min, respectively (Kong et 

al., 2003). 

The pharmacokinetics and placental transfer of acyclovir and 

Zidovudine monotherapies and acyclovir-Zidovudine combination 

therapy were compared in the pregnant rat. Timed-pregnancy 

Sprague-Dawley rats were used for the study. Doses of 60 mg of each 

drug/ kg of body weight in monotherapy and in combination therapy 

were given by intravenous bolus, and samples of maternal plasma, 

amniotic fluid, fetal tissue, and placental tissue were collected over a 

period of 8 h post dose. Concentrations of each drug in the various 
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matrices were measured by high -performance liquid chromatography 

(Brown et al., 2003). 

The simultaneous determination of Lamivudine and Zidovudine 

in tablets, a micro Bondapak C1s 101-1m column (300x3.0mm ID) was 

used in isocratic mode, with mobile phase composed of 0.02 M tri

sodium citrate and methanol in the ratio of 70:30. The flow rate was 

1.0 mL/min and effluent was detected at 266 nm (Nerurkar et al., 

2003). 

Determination of Zidovudine and Nevirapine in human plasma 

by reversed-phase liquid chromatography with UV detection at 265 

nm was . A solid-liquid extraction procedure with internal 

standard was applied to the samples prior to analysis. The system 

requires a Zorbax 1s column, 250 x 4.6 mm I.D. and a mobile 

composed dihydrogen phosphate (10 mM; pH 

6.5)-acetonitrile (83: 17, v jv) (Marchei et al., 2002). 

A simultaneous determination of Zidovudine (AZT)/Lamivudine 

(3TC)/Nevirapine in human plasma samples were treated using a 

solid-phase extraction procedure. The compounds were separated 

using a mobile phase of 20 mM sodium phosphate buffer (containing 

8 mM 1-octanesulfonic acid sodium salt)-acetonitrile (86: 14, v jv) with 

pH adjusted to 3.2 with phosphoric acid on an octylsilane column 
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(150x 3.9 mm ID) with UV detection at 265 nm. Aprobarbital was 

chosen as the internal standard (IS) (Bin Fan and stewart., 2002). 

The simultaneous quantification of Amprenavir, Indinavir, 

Lopinavir, Nelfinavir (and its M8 metabolite), Ritonavir, Saquinavir, 

Efavirenz, and Nevirapine, assays were performed after diethyl ether 

liquid-liquid extraction from 250}JL plasma samples. Chromatographic 

separation was achieved on an X-TERRA column using a 58% water 

(with 3 mM pyrrolidine) and 42% acetonitrile mobile phase; 240 nm 

ultraviolet wavelengths was used for ataza..'l.avir detection (Tribut et 

al., 2002). 

quantitative determination of HIV- protease 

inhibitors (Pis) (Indinavir, Amprenavir, Saquinavir, Nelfinavir, 

Ritonavir, Lopinavir) and non -nucleoside reverse transcriptage 

(NNRTis) and Efavirenz) human 

blood plasma is described. The method provides, excellent resolution 

and peak shape for nine analytes through a linear gradient (36-86%) 

of 25% phosphate buffer (pH 4,5), 60% acetonitrile, 15% methanol, 

and ml TFA, with a gradietmobile phase flow rate (0. 9-1.1 ml) 

over 30 min run time (Rezk et al., 2002). 

The Zidovudine concentration in rat maternal plasma, amniotic 

fluid, placental and fetal tissue sample has been developed and 

validated. Tissue sample were homogenized in distilled water, protein 
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precipitated and extracted using a Cis solid-phase extraction (SPE) 

method prior to analysis. Plasma and amniotic fluid samples were 

protein precipitated with 2M perchloric acid prior to analysis. Baseline 

resolution was achieved using a 4.5% acetonitrile in 40Mm sodium 

acetate (PH 7) buffer mobile phase for amniotic fluid, placenta and 

fetus samples and with a 5.5% acetonitrile in buffer solution for 

plasma at flow-rates of 2.0 mL/min. The HPLC system consists of a 

Hypersil ODS column (150x4.6 mm) with a Novapak Cis guard 

column with detection at 263nm" The method yields retention time of 

6.2 and 12.2 min fir AZDU and AZT in plasma and 8.3 and 17.6 min 

fetal and placental tissues (Clark 

et al., 2001). 

A 30-mm long column for assaying Nevirapine in human serum, 

after deproteinization 200.uL serum samples with 50% 

trichloroacetic acid, the supernatant was injected into a reversed

phase Cis column, using 10 mM phosphate buffer (pH 5)-acetonitrile 

(82: 18, v /v) as the mobile phase. Peak was performed 240 

nm. Nevirapine retention time was 2 min (Lopez et al., 2001}. 

Therapeutic drug monitoring of 5 HIV protease inhibitors 

(Indinavir, Amprenavir, Saquinavir, Ritonavir, Nelfinavir) and a non

nucleoside reverse transcriptase inhibitor (Nevirapine) m human 

plasma. After liquid-liquid extraction in a mixture ethyl acetate-

73 



hexane, compounds are separated on a C1s column with a gradient 

elution of solvent A [acetonitrile and 0.025 M tetra methyl ammonium 

perchlorate in 0.2% aqueous trifluoro acetic acid (55:45 v fv) and 

solvent B [methanol 0.025 M tetra methyl ammonium perchlorate in 

0.2% aqueous trifluoro acetic acid (55:45 v jv). The compounds are 

detected at various wavelengths: 320 nm (Nevirapine), 259 nm 

(Indinavir), 254 nm (Amprenavir , Nelfinavir, Saquinavir) and 239 nm 

(Ritonavir} (Dailly et al., 2001). 

The simultaneous determination of protease inhibitors (Pis), 

nucleoside and non -nucleoside reverse transcriptase inhibitors 

(NRTis, NNRTis) using a single 1 plasma samples. A solid-liquid 

extraction procedure without internal standard was coupled with two 

separate reversed-phase HPLC systems; one for the determination of 

Am prenavir, Nelfinavir, Ritonavir, Saquinavir 

(run time==32 min) and one for the determination of Abaca vir, 

Didanosine, Lamivudine, Stavudine, Nevirapine, Zidovudine (run 

time=40 min). The first requires a mobile phase containing sodium 

phosphate buffer+ ion pair-acetonitrile (50: 50, v jv) through a cl8 

Symmetry column (250 x4.6 mm I. D., 5 ~n particle size), ustng 

variable wavelengths (241, 254 and 261 nm). The second system 

requires three mobile phases (potassium phosphate buffer+ ion pair

acetonitrile) for different elution through a C 1s Symmetry Shield 
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column (250 x 4.6 mm I.D., 5 J..!), using a single wavelength (260 nm) 

(Aymard et al., 2000). 

To measure the levels of the HIV-1 non-nucleoside reverse 

transcriptase inhibitor Nevirapine in human plasma, the sample pre

treatment consists of a protein precipitation with perchloric acid. A 

Hypersil ODS column is used at ambient temperature and a 

wavelength of 280 nm is used for ultraviolet detection. The mobile 

phase contains acetonitrile and a 60 mM phosphate buffer pH 4. 5 

(30:70, v jv). The detection limit the method is 0. 05 mg/ L using 150 

)JL of plasma. The lower and upper quantitation is 0.1 mg/ L 

and 10 mgf L, respectively (Hollanders et al., 2000). 

The performed high-performance liquid chromatography (HPLC) 

utilizing triple quadrupole mass spectrometry (MS) detection 

was developed and validated for the simultaneous measurement of the 

intracellular nucleoside 5'-triphosphate anabolites of Zidovudine 

(ZDV-TP), Lamivudine (3TC-TP), and Stavudine (d4T-TP). These 

compounds were extracted from patient peripheral blood mononuclear 

cells (PBMCs) which are the sites of HIV replication and drug action. 

Ion-exchange solid phase extraction (SPE) followed by enzymatic 

digestion with alkaline phosphatase was utilized to yield the 

measurable nucleoside forms of the nucleotides. Reversed phase C1s 

SPE with addition of a nucleoside internal standard, 3'-azido-2',3'-
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dideo:xyuridine (AzdU) allowed for the indirect measurement of the 

original 5'-triphosphate concentration by HPLC/MS/MS (Moore et 

al.., 2000). 

High performance liquid chromatography (HPLC) with tandem 

mass spectrometry (MS) has been developed and validated for the 

simultaneous determination of clinically relevant levels of Zidovudine 

(AZT) and Lamivudine (3TC) in human serum. The method 

incorporates a fully automated ultrafiltration sample. preparation step 

·that replaces the solid-phase extraction step typically used for H.PLC 

with UV detection. The calibration range of the dual-analyte LC-MS: 

MS method is 2.5-2500 and 2.5-5000 ng ml_l for AZT and 3TC, 

respectively, using 0.25 ml of human serum. A cross-validation study 

demonstrated that the LC-MS: MS method afforded equivalent results 

to established methods consisting of a radioimmuno-assay for AZT 

and an HPLC-UV method for 3TC (Kathryn et al., 2000)· 

High-performance liquid chromatography (HPLC) method 

utilizing triple quadrupole mass spectrometry (MS) detection was 

developed and validated for the simultaneous measurement of the 

intracellular nucleoside 59-triphosphate anabolites of Zidovudine 

(ZDV-TP), Lamivudine (3TC-TP), and Stavudine (d4T-TP). These 

compounds were extracted from patient peripheral blood mononuclear 

cells (PBMCs) which are the sites of HIV replication and drug 'action. 

76 



Ion-exchange solid phase extraction (SPE) followed by enzymatic 

digestion with alkaline phosphatase was utilized to yield the 

measurable nucleoside forms of the nucleotides. Reversed phase C-18 

SPE with addition of a nucleoside internal standard, 39-azido-29, 39-

dideoxyuridine (AzdU) allowed for the ind}rect measurement of the 

original 59-triphosphate concentration by HPLC/MS/MS. 

Quantitation was performed from calibration curves generated from 

authentic 59-triphosphate standards spiked in PBMCs from healthy 

volunteers. Analytical range for the three 59-triphosphates was 

equivalent to 50-45,000 pg (Jeff et al., 2000). 

The validation of a specific, sensitive, and stability-indicating 

high-performance liquid chromatography method for the assay and 

determination of related organic impurities in Nevirapine drug 

substance this method used with a Supelcosil LC-ABZ column, a 

mobile phase of 20:80 (v jv) acetonitrile-25mM NH4H2P04 (pH 5.0), 

and ultraviolet detection at a wavelength of 220 nm (Li et al., 2000). 

The measurement of (-)-2'-deoxy-3'-thiacytidine (3TC) in human 

serum, includes that precipitation of serum proteins by trichloroacetic 

acid (20%, w jv) treatment followed by centrifugation. The resulting 

supernatant was directly injected ap.d 3TC was isocratically 

chromatographed on a reversed-phase C1s column using a mixture of 
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phosphate buffer and methanol (88.3: 11. 7. v jv) and monitored at 280 

nm (Zhou et al., 1994). 

The analysis of a small volume of perfusion solutions from an 

isolated perfuse rat kidney study, the method involved separation of (

)-2'-droxy-3'thiacytidine (3TC) from the matrix by dialysis with 10Mm 

potassium phosphate buffer pH 3.0.3 Lamivudine was subsequently 

separated from the dialysate as it flowed through a sex cation

exchange cartridge. The trapped 3TC was then eluted with a mobile 

phase of 50 mM ammonium acetate buffer (pH 5.5) methanol 

(90.5:9.5, vjv) at a flow- rate of 1.0 mLjmin for 2 min. The eluent was 

directed to the HPLC system and chromatography with a BDS C1s 

analytical column at a temperature of 45°C. Detection of 3TC was 

carried out by UV absorption at 274 nm (Hsyu et al., 1994). 

To determine the levels of 3' -amino-3'-deoxythymidine (AMT), a 

cytotoxic metabolite of 3'-azido-3'-deoxy-thymidine (AZT, Zidovudine), 

in human plasma, the sample pretreatment involved solid-phase 

extraction using cation -exchange extraction columns. 

Chromatography was carried out on a C8 column, using a mobile 

phase of methanol-0.01 M ammonium acetate (pH 5)-0.25 M sodium 

dioctylsulfosuccinate (60:40:4, v jv jv) and ultraviolet detection at 265 

nm (Burger et al., 1993). 
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Analyzed the levels of the antiretroviral agent 3'-azido-3'-deoxythymidine 

(AZr, Zidovudine) in serum, milk and tissue extracts, after methanol precipitation, 

serum samples mulct be injected directly into the HPLC apparatus, whereas tissue 

extracts required further clarification. Remvery of AZr was virtually mmplete. 

!socratic elutiop. with a mobile phase consisting of 6% acetonitrile and 0.1 M 

ammonium acetate, pH acljusted to 4.5 with glacial acetic acid, resulted in good 

resolution of AZf and its metabolites; retention times for AZr and the internal 

standard, p-nitro phenol, were 20 and 37 min respectively (Ruprechtetal.,1990). 

2.5. Chromatography 

Chromatography is a group of methods for separating molecular mixtures 

that depend on the differential affinities of the solutes between two immiscible 

phases. One of the phases is a fixed bed of large surface area termed as stationary 

phase while the other, mobile phase moves continuously in given direction through 

or over the surface of the fixed phase (Bailey, 2000). 

Chromatographic methods can be classified by two ways: 

)> According to physical means by which the stationary and mobile phases are 

brought in to contact. 

)> Column chromatography. 

)> Planar chromatography (paper and thin layer chromatography). 

);> According to the nature of the stationary and mobile phases. 
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Figure 6 Types of Chromatography 
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Selection of suitable method for estimation of drug in dosage forms is an 

impending challenge for an analytical chemist. The method so selected should 

provide analytical data as accurate as required, technically sound, defensible vvith 

low level of uncertainty and aoove all amenable to routine laboratory use and 

capable of giving reproducible results. High-Performance liquid chromatography 

(HPLC) has become the back bone of the bioteclmology and pharmaceutical 

industries where it is used to identifY, characterize, and purifY molecules at all stages 

of a process, from R&D to quality assurance and validation. The rapid growth of 

HPLC has been facilitated by the development of reliable, moderately priced 

instrumentation and efficient columns. Its simplicity, high specificity and vvide range 

of sensitivity make it ideal for the analysis of drugs in both dosage forms and 

biologicalfluids 
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Table 4 Classification of column chromatographic methods (Skoog et al., 1998) 

General classification T Specific method Stationary Phase 
I 

Type of Equilibrium 

I 

Liquid-liquid, or partition Liquid adsorbed on a solid Partition between immiscible liquids 

I 
I Organic species bonded to a Partition between liquid and bonded 

Liquid-bonded phase 
[ solid surface surface 

Liquid chromatography(L C) 

Liquid-solid, or adsorption Solid Adsorption 
(Mobile Phase: Liquid) 

I Ion exchange Ion exchange resin Ion exchange 
I 

I Liquid in interstices of a 
Size exclusion 

L 
Partition I sieving 

polymeric solid 

Gas-liquid 

I 
Liquid adsorbed on a solid Partition bev.veen gas and liquid 

Gas Chromatography (GC) Organic species ended to a Partition between liquid and bonded 
Gas-bonded phase 

(Mobile phase: Gas) solid surface :surface 

Gas-solid Solid Adsorption 

Supercritical-Fluid 

Chromatography (SFC) I Organic species bonded to a Partition between supercritical fluid and 

(Mobile phase: Supercritical solid surface bonded surface 

L_ fluid) 
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2.5.1. Types ofHPLC 

In the normal phase mode, the stationary phase is a polar substance, such 

as polyethylene glycol or the untreated silica surface itself, and the mobile phase is 

nonpolar (e.g. hexane). Under these circumstances polar compounds retarded 

preferentially and nonpolar substances elute more quickly. 

In reversed-phase mode, the stationary phase is nonpolar (e.g. ODS) and the 

mobile phase is polar, usually a mixture of water, methanol, and/or acetonitrile. 

Nonpolar compounds are retained more strongly, while polar solutes elute frrst 

Reversed- phase separations are the most frequently used methods in HPLC 

(Bailey, 2000). 

2.5.2. Reversed phase liquid chromatography 

reversed phase liquid chromatography the stationary phase is non polar 

and the mobile phase is polar. Retention is the result of interaction of the non polar 

components of the solutes and the nonpolar stationary phase so that nonpolar 

compounds are retained more strongly, while the polar elute first (Bailey, 2000). 

2.5.3. Stationary phases for Reversed Phase Liquid Chromatography 

Most commonly used adsorbent for RPHPLC is silica gel. Silica 

based packing is made by covalently bonding an organosilane or by 

depositing a polymeric organic layer on the support surface. Many 

bonded-phase packings are made with monofunctional reagents (A). 
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Some commercial packing use a polymerized surface layer resulting 

from the reaction of trifunctional (sometimes bifunctional) silanes with 

the silica surface (B and C). The approach in Cis typically carried out 

with R groups that would react with chlorosilanes (e.g. amino or diol 

phases). These reactions usually involve trifunctional silanes (e.g. 

(Et0)3-Si-(CH2)3-NH2) (Snyder et al., 1997). 

Figure 7 Model Diagram of HPLC 
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2.5.4. Types of elution mode in RPHPLC: 

Jsocratic: In the iscx::ratic mode the composition of the mobile phase is not changed 

during the course of development of the chromatogram. 

Gradient: In the gradient mode composition and strength of the mobile phase is 

constantly changed during the analysis (Bailey, 2000). 

2.5.5. Mobile Phase 

Mobile phase is the most important parameter in reversed-phase HPLC. 

TYPe of mobile phase used may have a big effect on t.lte retention. It can. promote or 

suppress an ionization of the analyte molecules and it can also shield an accessible 

residual silanol or any other active adsorption centers on the adsorbent su:rtace. The 

main requirement for the mobile phase is that it has to dissolve the analyte up to the 

concentration suitable for the detection and to provide a reasonable competition for 

the adsorption sites for the analyte molecules (Kazakevich et al., 1996). 

2.5.6. Validation of Analytical Procedures 

Owing to increasing interdependence among the countries during the last 

few years it has become necessary for the results of many analytical methods to be 

acceptable internationally. Consequently, to assure a common (minimum) 

level of quality, the need for and use of validated methods has 

increased. Analysis is one of the branches of analytical science that 

requires method validation. In 1990, a conference was held in 

Washington to discuss what a validation of analytical methods should 
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consist of, i.e. which analytical parameters (bias, precision, etc.) need 

to be documented to validate a method employed in bioavailability, 

bioequivalence and pharrnacokinetic studies in man and animals. 

Moreover for some of these parameters minim urn acceptance 

requirements were given. Although this was a good start to 

standardise validation in analysis, several of the recommendations 

given during this meeting and gathered in a conference report (Shah 

et al., 1992) are subject to critique. The critique concerns both the 

usefulness of some of the recommendations and the lack of advice for 

the practical execution of a validation study. 

2.5. 7. Terminology 

A harrnonised validation terminology 1s the rn1n1rnum basis 

required for a discussion between scientists of the same or different 

analytical fields. A consensus on a common terminology for all 

analytical fields is therefore required. For the moment it is not yet 

possible to propose a validation terminology which is also in 

agreement with the recommendations of important international 

organisations such as ISO (International Organization for 

Standardization), IUPAC (International Union of Pure and Applied 

Chemistry) and AOAC (Association of Official Analytical Chemists), 

since differences exist between their documents or draft documents. 
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For the validation of pharmaceutical drug formulations the discussion 

on a consensus terminology is relatively advanced. It is suggested to 

follow in general the proposal elaborated for the validation of drug 

formulations by the joint initiative of the pharmaceutical industry and 

the regulatory agencies of the three major regulatory authorities (the 

European Union, the USA and Japan), the International Conference 

on Harmonisation (ICH). 

For the validation of pharmaceutical drug formulations the 

discussion on a consensus terminology is relatively advanced. It 

suggested to follow in general the proposal elaborated for the 

validation of drug formulations by the joint of 

pharmaceutical industry and the regulatory agencies of the three 

major regulatory authorities (the European Union, the USA and 

,Japan), the International Conference on Harmonisation (ICH) .. The 

AOAC terminology instead of that used by ICH for the description of 

systematic error. Although AOAC and ISO do not agree on the exact 

definition of 'accuracy', they both agree that accuracy is the 

combination of systematic and random error components, whereas 

the estimate of the pure systematic error should be indicated with 

'bias' (Association of Official Analytical Chemists, 1995: IOS, 1994). It 

seems preferable not to use at all the term 'accuracy' (Van de Vaart, 

1992) or to consider, as AOAC does, the terms 'accuracy' and also the 
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less frequently used term 'trueness' as estimates of the bias 

(Association of Official Analytical Chemists, 1995) obtained under 

defined conditions, m the same way that 'repeatability' and 

'intermediate precision' are measures of 'precision' obtained under 

specific conditions (Association of Official "~ ... •.1.alytical Chemists, 1995: 

lOS, 1994). Discussions are going on in the field of pharmaceutical 

analysis to additionally evaluate the 'robustness' of a method. This 

becomes important when one laboratory develops methods, which are 

then transferred to other laboratories, as described (Brooks and 

Weinfeld, 1985), but also when a method will be used over a longer 

period of time and small changes in the application of the method are 

likely to occur. A systematic investigation of parameters which need to 

be carefully controlled (robustness testing) reduces the probability of 

having problems during the routine application of the method. It is 

therefore, also in analysis, useful to evaluate the robustness in such 

cases. The term 'reproducibility' is reserved for inter-laboratory 

studies (Van de Vaart, 1992). For completeness, 'reproducibility' is 

still mentioned in Table 5 as in a former draft of the ICH (Artiges, 

1993) However, in analysis it does not seem necessary to perform 

systematic inter-laboratory studies when an intermediate precision 

measure has been evaluated. According to ISO, intermediate precision 

measures can further be classified. Depending on the factors 
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investigated, specific M-factor different intermediate 

precision measures are evaluated. A one-factor different 

intermediate precision measure (i.e. M= 1) is, for example, 

determined when the precision is measured over a longer 

time period by one operator with only one equipment. This 

measure is called 'time-different intermediate precision'. In 

analysis, it is suggested to add 'stability' to the ICH list of 

the parameters which are to be evaluated. The stability of 

an analyte in biological matrices is a much more critical 

factor than it is for pharmaceutical drug formulations and 

this fact is in practice more and more taken into account. 

Notice that the term stability is also specifically considered 

in the validation strategy for analytical methods which is 

currently prepared by the French group SFSTP (Socie'te' 

Franc,aise des Sciences et Techniques Pharmaceutiques 

2. 5. 8. Hypothesis tests 

The validation experiments are usually analysed 

statistic ly and this eventually requires hypothesis tests. It 

is not as evident as it might seem which hypothesis should 

be tested. There are two fundamentally different approaches 

that are possible. 
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Table 5 Performance characteristics to be considered during the 
validation of a quantitative method in analysis 

Method parameters Short description 

Bias ct Systematic difference between the true method mean and the true 
(reference) value 

Precision Random error of the method 

Repeatability Precision measured under the best condition possible (short 
period, one analysL..) 

Intermediate Precision measure of the within-laboratory variation due to 
Precision a different days, analysts, equipments, etc. 

Robustness Capacity of a method to remain unaffected by small variations in 
the method parameters as could Possibly occur during the normal 
use of the method (pH, mobile phase composition, ... ) 

Reproducibility Precision measure determined by interlaboratory studies 

Specificity b Ability to determine the analyte in presence of other compounds 

Limit of detection c Lowest sample concentration that can be detected 

Limit of quantitation Lowest sample concentration that can be quantified with suitable 
bias and precision 

Linearity Ability of the method to obtain test results which are proportional 
to the concentration in the sample 

Rangee Concentration interval within the method has a documented 
suitable performance 

Stability Absence of an influence of time on the concentration of the analyte 
in a sample 

.. 
a In cases where the reproduc1b1hty has been performed, mtermed1ate preClsiOn 1s not 
needed. 
b Lack of specificity of an analytical procedure could be compensated by other supporting 
analytical procedure(s). 
c May be needed in some cases. 
ct Accuracy: difference of individual values from the 'true' or 'assigned' or 'accepted' value; 
Trueness: difference of an average for group of individual values from the 'true' or 'assigned' 
or 'accepted' value; Bias: 'long term' or expected difference from an average of many groups of 
individual values from the 'true' or 'assigned' or 'accepted' value. 
e Is defined as the concentration range in the measurement samples and not as the 
concentration range of the calibration standards 
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One can follow the classical approach of point hypothesis 

testing, as, for example, applied in the well documented validation 

approach for the analysis of pharmaceutical drug formulations by the 

French group SFSTP (Caporaf-Gautier, 1992). The null hypothesis 

tested is that there is no bias, i.e. that the bias is zero. A method is 

declared free of bias and accepted when there is not enough statistical 

evidence that the method bias is significantly different from zero. This 

means that one only pays attention to the probability to wrongly 

decide that there is a bias. However, it is more and more frequently 

recognised that a small bias should not lead to rejection of the 

method. This is certainly true for analysis. According to the 

Washington conference report [Shah et al., 1992], the maximum bias 

for a method should be 5915% (and at the limit of quantitation 59 

20%). How such acceptance limits should be taken into account 

during the data evaluation is, however, not specified. Frequently, one 

tests the hypothesis that there is no bias and when the test indicates 

a significant bias one simply compares the estimated bias with the 

limit value, e.g. 915% (920%). The probability of obtaining a bias 

estimate 5915% has been calculated for several combinations of true 

bias and precision (Hartmann et al., 1994). This study indicated that 

an evaluation based on this approach is not reliable. The other 

approach uses statistics as they are applied for the evaluation of 
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bioequivalence studies. As one of the major purposes of analysis is to 

carry out pharmacokinetics, one might as well apply the same 

statistical approach. This was recently studied for analytical method 

validation (Hartmann et al., 1995). The hypothesis testing is based on 

the philosophy that the b error needs to be fixed. In terms of the 

evaluation of the bias, the b error is the probability of concluding that 

there is no bias, when in reality the method is biased. 

The b error clearly is at least as important as the a error in a 

method validation context. To fix the b error, the bias estimate must 

be tested against the acceptance limits. This can be done by 

performing interval hypothesis testing and reformulating in an 

appropriate way the (classical) null and alternative hypotheses. A 

method then is accepted when the probability is satisfactory that the 

true method bias within specified acceptance limits (e.g. the 915% 

(920%) limits of the Washington conference report. This second 

approach is now also preferred by the SFSTP group in their draft 

document on the validation of analytical methods. 

2.5.9. Strategy fo:r validation 

Validation can be defined as the process of documenting that 

the method under consideration is suitable for its intended purpose. 

In this definition two aspects should be stressed. The first is that any 
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Table 6 Simplified experimental set-up for an ideal validation situation of 

quantitative chromatographic methods to be used in one laboratory 

Parameters to be Experimental approach for an ideal situation 
validated 

Calibration model: One sequence of aJl experiments 
linearity 

Four evenly spread levelsnine independent 
replicates. 

Precision: repeatability Three concentrations precision Eight days two 
and (time different) independent replicates 
intermediate precision 

Bias* Evaluation from experiments performed to 
document the method precision. 

Specificity Combined with the bias evaluation. 

Limit of quantitation First guess from linearity experiments, 
(LOQ) _confirmation by precision and bias experiments 

(Assay} Range Deduced from the precision and bias experiments 

Stability Two concentrations (top and bottom of bias and 
precision)Approximately four test conditions 
About six replicates for 'fresh' and 'stability' 
samples 

Robustness Recommended for methods for long-term use 
and: or interlaboratory use. Depending on the 
number of factors to be evaluated, fractional 
factorial, or Plackett-Burman design. 

*Forms basis for on-gmng quality assessment of prec1s10n and btas as 
the method is applied in routine 
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decision must be written down, i.e. one must be able to provide 

documented evidence that the conclusion is correct. In general one 

should have statistical reasons for the acceptance (or rejection) of a 

method. The second is, that the required extent of a validation must 

only go as far as it is needed for the goal of the application of the 

method, for example, depending on the stage of drug development 

[Braggio etal., 1996: Buicket al., 1990: Lang et al., 1991). This means 

that only the analytical parameters need to be validated that are of 

importance for the routine application. Only a minimal number of 

validation experiments are, for example, performed for the first 

toxicological whereas bioequivalence studies it 

both to exactly know the method performance and to reach tighter 

requirements than in the beginning of the method validation in order 

to limit the number subjects required fot a reliable conclusion. This 

documents that the extent of a validation is not only influenced by 

safety considerations but also by reasons of benefits and costs. As 

mentioned above, it makes sense, therefore, for example, to add 

stability to the list of Table 6, whereas it will not be necessary to 

document the reproducibility of a candidate method in many cases. 

Analogously, the imposed acceptance requirements should be based 

on what is needed for the intended application. Specifying minimum 

requirements either on general or on in-house consensus can provide 
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a guideline. Care has; however, to be taken by a analyst not only to 

consider the imposed minimum requirements, but to make sure that 

the aims of the future study can be reached with a feasible workload. 

A full method validation requires a rather high workload and should 

therefore only start when promising results are obtained for the 

explorative validation performed during the early drug development 

phase, i.e. when the preliminary experiments indicate that the 

required quality (for precision, range, etc.,) will be reached. The latter 

experiments are very important to give insight in the possibilities and 

limitations of the analytical method. It for example, recommended 

to verify a sufficient resolution can be reached between closely 

eluting substances. The main focus during this early stage of the 

validation then be on the study of the calibration range in 

order to provide the basis to select an appropriate calibration model 

and to define the concentration range within which it is likely that the 

method will satisfy the acceptance requirements. It is suggested to 

consider rather many calibration levels with only a limited number of 

replicates and to mainly visually evaluate the experimental data. 

A first (coarse) estimate of precision and the quantitation 

limit(s) of the analytical method can be deduced from replicate 

measurements of the calibration standards and the results of these 

experiments can be used to define the calibration range to be 
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considered as the SFSTP approach for analytical methods. Based on 

the results obtained during the exploratory validation, it then is 

recommended to follow a certain validation strategy to take all the 

performance criteria appropriately into account and to document 

during the full validation that the expectation (e.g. about the 

calibration model) and the specific acceptance requirements on the 

method (e.g. on the precision) are fulfilled. The evaluation of all these 

experiments allows them to exactly formulate the analytical procedure 

as it is to be applied in the 

preparation of the reference standards and reagents, the design and 

formulae of the calibration function but also to specify how long 

and at which conditions a sample may be stored prior to analysis. For 

the validation, the following sequence of experiments is suggested 

Figure 8. This approach tries to make maximum use of resources in 

the laboratory. If a method fails to meet the acceptance criteria, using 

this scheme the analytical procedure will be rejected quickly. It 

should, however, be noted that a specific experimental situation can 

require a deviation from the proposed sequence of the validation 

experiments. A simplified summary of the experiments of such a full 

method validation is presented in above Table 6. 
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2.5.10. Linearity and selection of the calibration model 

Definition 

The term linearity is generally accepted, but not very clear. 

According to the ICH -definition 'the linearity of an analytical 

procedure is its ability (within a given range) to obtain test results 

which are directly proportional to the concentration (amount) of 

analyte in the sample' (Commission of the European Communities, 

1994). This definition can be interpreted in two ways. The linearity 

study can be considered as being part of the bias investigation, if it 

understood as being the linear relationship between found and known 

concentrations. The linearity can, however, also be considered as 

being the study of the calibration line (ICH, 1996). If the bias 1s 

acceptable, linearity in that sense is then also acceptable. It IS 

more to evaluation of the linearity to the verification of 

an assumed calibration modeL 

2.5.11. Problems in analysis 

For many analytical methods, the concentration ranges are 

usually rather broad, e.g. 100, 1-1000 (Arnoux P and Morrison, 

1992) or even wider. In broad calibration ranges even relatively small 

deviations from an assumed model, e.g. a straight line, can lead to 

substantial errors in the predicted concentrations at the extremes of 

the calibration range. The analysis is also complicated, because there 
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Figure 7 Analytical method validations. Strategy for the full validation 

of quantitative chromatographic methods to be used in one laboratory 

Method development and 
optimisation 

Robustness 

(Hartmann et al., 1998) 

Preliminary validation experiments 

Final description of analytical procedure 
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are often interactions with matrix components. The calibration lines 

are, therefore, usually prepared in the sample matrix. It must be 

mentioned that the precision of the calibration line then in general is 

worse than the precision of a calibration line based on aqueous 

standards and that this affects the time-different intermediate 

precision of the method (Hartmann, 1994). Nevertheless, accepted 

practice in analysis is to prepare standard curves in biological matrix 

and to compare like with like. 

2.5.12. Sequence of the linearity evaluation 

The principles of evaluating a calibration function in analysis 

are to other fields and are for all models alike. Both the 

behaviour of the variance and the goodness-of-fit of the model must 

be documented. following evaluation steps are recommended as 

soon as one has an indication that the precision at the intended 

concentration levels will be acceptable: 

);;> Selection of the design during the exploratory validation or the early 

phase of the full method validation 

);;> Performing the experiments 

);;> Visual evaluation of the selected model 

Y Purging the data from outliers 

Y Defming the behaviour of the variance over the calibration range 

-, Statistically testing the model fit. 
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2.5.13. Visual evaluation 

Frequently the visual evaluation is merely based on the 

classical regression plot alone. Detect more easily deviations from the 

assumed model one should preferably also evaluate the residual plot. 

(A residual is the difference between the measured and the predicted 

response for a given calibration standard) Deviations from the 

expected homogeneous pattern of the residuals around zero can give 

hints of a lack-of-fit of the model or of outliers in the replicates at one 

level. The residual plot also provides an indication how the 

measurement 

(IOS 1996). 

2.5.14. Outliers 

changes concentration variance function 

Most statistical tests to examine the behaviour of the vanance 

and goodness-of-fit of the assumed calibration model require that 

the data are normally distributed. This can hardly be tested, but is 

usually true when the data are not affected by outliers. For the 

regressiOn analysis one must make a clear distinction between 

'regression outliers', i.e. outliers with respect to the model, and 

outliers in the replicates at one concentration level. It is expected that 

the regression outliers will be detected while testing the goodness-of

fit of the model. Only outliers in the replicates will therefore be 

discussed here, i.e. aberrant values in the group of measurements 
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performed at one concentration level. A possible approach to detect 

outliers, recommended in a recent ISO document], is to apply the 

single and paired Grubbs' outlier tests. The removal of outliers is a 

two-step process. First one screens for values that are significant at 

a_5%, so-called stragglers. If a reason is found (e.g. a transcription or 

a spiking error), that does not affect the remaining measurements 

(lOS, 1996), the values may be corrected or discarded. These values 

should otherwise be retained for the calculations unless they are also 

significant at the 1% significance level, i.e. when they are considered 

as 'outliers'. More than four replicates are required to reliably detect 

stragglers by the single Grubbs outlier test and even more than six 

replicates are needed for the detection of pairs of stragglers 

(Penninckx et al., 1996). Not only the elimination of possible outliers 

should carefully be considered, also the total number of outliers must 

be controlled. The frequency of outliers is informative to show if the 

method works well (Penninckx et al., 1996) suggested accepting no 

more than two stragglers during the evaluation of the calibration 

model. One could also reason that when outliers occur in the 

calibration line, large errors are also likely to occur in the analysis of 

the samples and that therefore, one should not allow outliers at all. A 

general consensus on how to handle outliers would be useful. 
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Anyway, if many values are outlying the reason should be looked for 

and the experiments should be repeated. 

2.5.15. Linearity experiments 

To reliably test a calibration model all calibration standards 

must be prepared and analysed independently Table 6, since a 

representative estimate of the measurement variance is required. Care 

must also be taken to analyse all standards randomly and to perform 

the chromatographic analysis in the shortest time possible (one 

sequence, Table 6. Therefore, the often followed practice of using the 

calibration experiments to obtain an estimate of an intermediate 

, unfortunately, cannot be recommended. Moreover the 

experiments should be performed by a single analyst, who is familiar 

with analytical procedure. In practice this is usually the method 

developer or a of the team who has developed the method. 

Additionally to the above indicated experiments one should also 

analyse at least one matrix blank to confirm that the matrix blanks 

are pure and that there is no interfering impurity in the mobile phase 

or in the reagents used. The results of these blanks should, however, 

only visually be evaluated and not be considered for the calculations. 

Notice that blank samples should not only be run during the method 

validation but also during the routine analysis, e.g. a blank for each 

subject of a bioequivalence study 
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2.5.16. Precision and bias 

When the results of the linearity study are acceptable one can 

start to evaluate the precision and the bias. Both are important 

performance characteristics used to decide on the acceptance of a 

method. Consequently, the minimal requirements imposed by 

regulatory agencies concern mainly these two parameters. The 

Washington conference report also only specifies limits for precision 

and bias. Sometimes the recovery is considered as an additional 

parameter as recovery can be measured in the same experiments as 

precision and bias. In the draft of SFSTP on analytical methods it 

is, example, stated that recovery experiments are important during 

exploratory validation and might indicate that further method 

development is required. It is, however, not obvious which acceptance 

requirements should be imposed. In general, it is most important to 

reach a reproducible recovery, which is high enough to satisfy the 

require1nents of detecting and or quantifying low sample 

concentrations, even when the recovery itself is low. There seems 

therefore no need to require a minimum recovery of, e.g. 70% as used 

by Braggio et al., 1996. Eventually the recovery is reflected by the bias 
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Figure 9 Flowchart for the evaluation of the calibration function 
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and the specificity) of the method and, therefore, during the full 

validation, it is considered sufficient to evaluate the bias. 

2.5.17. Sequence of the evaluation 

The steps for the evaluation of precision and bias data are 

similar to the ones described in the section on linearity. After setting 

up the experimental design and carrying out the experiments, it is 

recommended to visually evaluate the data scatter. A more 

sophisticated visual evaluation can, for example, be based on box 

plots (Haswell, 1992), when several replicates are available at a given 

concentration level Figure 9, or on a plot proposed by Bland and 

Altman, 1986 when several samples are measured with each of two. 

After statistical evaluation, the results for precision and bias must 

be compared with the imposed acceptance requirements. The 

validation is either continued or the test method is rejected since it 

requires further development. In this section again the usually applied 

point null hypothesis will be considered. However, it is recommended 

consider also the b error when setting up the experimental designs 

to reduce the risk to accept methods that do in fact not fulfil the 

imposed quality requirements. 

2.5.18. Precision estimates 

As the concentration ranges are usually rather wide in analysis, 

it is necessary to document the precision, at least, at three 
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concentration levels, namely near the lowest level where 

quantification is required, the median level (or simply the middle of 

the range) and near the highest concentration expected in the 

measurement samples. The extent of the evaluation of the different 

prec1s10n estimates (repeatability, M-factor-different intermediate 

prec1s10n measures and reproducibility) depends on the purpose of 

the method. For many bioequivalence studies it is sufficient to Figure 

9. Examples of box plots. Several replicates (n=6) are performed at 

each of the studied three concentration levels. There is a tendency of 

an Increase of the spread of the measurement responses 

(heteroscedasticity) an outlier in the data at the concentration 

level SOOng/ mL. Consider the repeatability and the time-different 

intermediate precision. 

these situations it is suggested to analyse during eight days 

at least two replicates from the same sample pool Table 3. The data of 

each concentration level are evaluated by a one-way ANOVA. The 

suggested 8 days two replicates are m line with the ISO 

recommendations. This design is more balanced than the more 

classical designs with a comparable total number of observations (e.g. 

six replicates 3 days), i.e. the degrees of freedom are similar for both 

the repeatability and the time-different intermediate precision (seven 

for days, eight for repeatability in the eight two design and two for 
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days, 15 for repeatability in the SIX three design). The 8 days two 

replicates design requires more experiments and work than the five 

determinations per concentration level suggested in the Washington 

conference report. However, increasing the quality of the validation 

experiments helps to avoid problems later during the routine 

application of the method. Furthermore, for methods that do not 

reach the imposed quality requirements the eight two design allows to 

identify more reliably the precision component (e.g. repeatability and: 

or time-different component) that is responsible for the unacceptable 

precision. one wishes, more factors can be evaluated, such 

as the effect of the sample preparation step, different operators, etc. It 

is then recommended to perform the experiments according to a fully 

nested design. Such a design is, for example, performed when each of 

operators analyses over 4 days two replicates each A practical 

application of a fully nested design has, for example, been described 

by Yang et al., 1995. The reproducibility evaluation of the method 

should (when required) only start after completion the full 

validation in one laboratory and preferably robustness tests should be 

performed first. Reproducibility is determined in inter-laboratory 

studies. These studies should be performed according to available 

guidelines, such as those of ISO. 
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2.5.19. Precision experiments 

Which samples should be measured depends mainly on their 

availability. To obtain realistic estimates of the precision, it is, 

however, always necessary to analyse independently prepared 

samples that were taken through the whole procedure and to perform 

the measurements in a random order. 

For the bias evaluation by regression analysis it is also 

recommended to limit the number of concentration levels studied and 

to have many replicates per level, although this approach is less 

affected by the number levels studied (Hartmann et al., 1997). 

When the regression line between the predicted concentrations an_d 

the known concentrations used to spike blank matrix is calculated, a 

straight relationship is expected with a slope not significantly 

different from 1 and an intercept not significantly different from 0. 

Visually, one should evaluate the regression plot as well as the 

residual plot. The statistical evaluation of the coefficients of the 

ordinary least squares line can give valuable information, since a bias 

in the slope (proportional bias) is frequently due to matrix effects and 

a bias in the intercept (constant bias) can usually be ascribed to 

blank problems. For the detection of a proportional bias the number 

of data points required to detect a given true bias with given a and b 

errors, depends on the ratio of bias and precision and increases in an 
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inversely proportional way with the vanance of the sample 

concentrations in the measurement range. The relatively large ranges 

usually considered in analysis are therefore an advantage in this case. 

This means also that for comparable ranges and precision the 

workload to detect a given bias. A drawback of the regression analysis 

is, however, that the probability of detecting a constant bias is also 

affected by the mean concentration of the samples analysed, the 

sample sizes required for the detection of a constant bias is larger 

than that for a similar proportional bias. The differences become 

when mean of the range shifted from zero. It has, 

therefore, been suggested to perform additionally a t-test at the 

extremes the measurement range to verify the absence of bias. 

Owing to the correlation of slope and intercept, the individual 

confidence intervals for slope and intercept do not overlap completely. 

It is therefore recommended to evaluate the deviations from the 

expected slope 1 and intercept 0 not only by individual tests, but also 

by the joint test proposed by Mandel and Linnig, 1957. With this joint 

test a more reliable conclusion (smaller b error) is possible when a 

specified bias must be detected with a given total number of 

measurements or alternatively fewer experiments need to be 

performed to reach a given b error. 
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2.5.20. Standard addition 

For some compounds (e.g. for certain endogenous compounds) 

no blank matrix is available. The bias can then be evaluated by the 

method of standard additions. A sample pool is divided in sub

samples of equal volumes, which are spiked by adding a constant, 

small volume with an increasing amount of analyte. A necessary 

condition is that homogeneous mixtures can be prepared. The 

standard addition line then is the line calculated between the 

measurement responses and the k..'l.o'vvn added concentrations. When 

calibration standards are not matrix-matched is then possible to 

evaluate the bias by comparing the slopes of the standard addition 

line and the calibration line. It is suggested to consider three 

concentration levels for both lines. The number of measurement 

points required to detect a given true bias by comparing the slopes of 

both lines can be calculated for given a and b errors as proposed by 

Penninckx et al., 1995. For a second order model it is more difficult 

to compare two lines. As for the linearity evaluation, more 

concentration levels need then to be considered than for a straight 

line relationship. For the data evaluation it has been suggested to 

apply a linearization procedure so that eventually straight lines can be 

compared. With the standard addition approach it is not possible to 

detect a constant bias. The latter is, however, not a limitation for 
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certain drug interaction studies. When a constant bias has to be 

evaluated one can use reference materials with known concentrations. 

Certified reference samples are, however, not always available. The 

constant bias must then be evaluated by a method comparison. 

2.5.21. Regression analysis. 

For method comparisons both regression variables are the 

results of measurements. Both are therefore subject to error. Since 

one of the key assumptions of the ordinary applied Least Squares (LS) 

regression calculations is that the x-variable error--free, LS should 

not be applied and the orthogonal least squares regression line must 

be calculated instead (Hartmann et al., 1993). Care must be taken to 

consider sample sizes that make it probable to detect a relevant bias 

(i.e., that the b error is low). Formulae have been proposed to estimate 

the sample sizes required to detect a specified proportional or 

constant bias with given a and b errors by testing slope and intercept 

individually. Some examples for sample sizes required are shown in 

Table 6. The data evaluation of the orthogonal regression analysis is 

analogous to the one described above for LS. The data should first be 

evaluated visually Hartmann et al., 1994) and the regression 

coefficients should not only be evaluated individually, but the joint 

test on slope and intercept should be performed to increase the 

probability to detect a real bias. 
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2.5.22. Specificity 

State of the art 

In analysis often many substances (endogenous substances, 

metabolites, degradation products, co-administered drugs, etc.) can 

potentially interfere in the determination of the analyte of interest. 

The extent of the specificity experiments is mainly determined by the 

application of the method, but also by the instrumental technique 

used. Several validation documents only require six different sources 

of blank matrices to be analysed. One must demonstrate that there is 

no interference in the chromatographic region of the analyte and, if 

used, of the internal standard. Sometimes, however, a certain 

percentage of contaminated samples or a certain level of interference 

expressed as percentage of the expected measurement response, e.g. 

of the expected maximum concentration Cmax, IS considered 

acceptable. 

2.5.23. Critique on the current practice 

Suppose that it is accepted that during a proposed study of 20 

samples up to 10% of the samples may be contaminated. To reach a 

94% probability of detecting in at least two samples (i.e. in 10%) an 

interfering substance during the validation, a true contamination 

incidence of 21% is required. With a lower contamination incidence, 

that, however, still is larger than the allowed 10% there is a large risk 
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that less than two samples will be detected to be contaminated. Owing 

to these large sample sizes required to reach a high probability of 

detecting an interferent, it can be deduced that the probability of 

detecting interference is rather low when only six blanks are analysed. 

Accepting an interference level in ~·lank samples which is related to 

the results of future analyses gives problems, too, since these values 

(e.g. the Cmax) are often not yet known during the validation phase. 

2.5.24. Recommended approach 

For the evaluation of the specificity against known possible 

interferents, the following approach recommended. A method that 

lacks specificity results in a systematic error, a bias. Recalling that 

usually a certain (limited) bias can still lead to acceptance of the 

method, the specificity of the method is sufficient as long as the bias 

is not affected to a relevant extent (Dadgar and Burnett, 1995). 

seems therefore more sensible to judge the specificity of a method on 

the resulting bias and to include the experiments to document the 

method specificity in the bias evaluation Table 6. In general it can be 

expected that the extent of interference increases with the 

concentration of the interferent, although there are exceptions. 

Therefore, it is assumed that the largest influence of an interferent 

will be noticed at the lowest analyte concentration. Consequently, to 

evaluate the specificity against substances which are expected to be 
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present and could possibly interfere, it is suggested to spike the 

lowest concentration level of the samples for the bias evaluation with 

the highest expected concentration of the possibly interfering 

substance (e.g. co-administered drugs) and to document whether the 

b · ·11 "h h 1 · · A ~ · ++. 1 · • 1as stlu. reac.ues t e acceptance ilmlts. ululCU.Lt s1tuat10n occurs 

when one needs to investigate the specificity against substances 

which are usually present in the sample, so that no matrix free from 

interferent can be used. The results obtained with a matrix pool 

spiked with a high concentration of the suspected interferent then are 

compared with the ones of a pool which contains an average level of 

the suspected interferent, i.e. some kind method comparison study 

needs to be performed (NCCLS 1986). However, one does not only 

need to investigate known likely interferents, one should also exclude 

that any other substance would interfere. Documenting the specificity 

against substances of indeterminate origin, which are always present 

or present only in a limited number of samples (e.g. due to circadian 

rhythms), is more complex. The latter is additionally complicated, 

when the calibration standards are prepared in the matrix, as it is 

usually done in analysis. Since it is impossible to test against all 

possible interferences, a compromise needs to be found between the 

workload and the attempt to unequivocally establish the specificity of 

the analytical procedure. It is suggested to spike different sources of 
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blank matrices with the lowest concentration of the analyte that needs 

to be quantified. Each of these samples should then be analysed by 

the method under consideration and additionally also with an already 

validated method or at least with a different analytical procedure. 

Based on the comparison of the two series of results the specificity 

(the bias) of the newly developed method can then be evaluated. 

2.5.25. Range (Assay) 

The sample that can be quantified with suitable prec1s10n 

and bias (sometimes called the upper limit of quantitation, ULOQ) 

needs to be indicated. The interval between these two extreme 

concentrations defines the (assay) range. It should be stressed 

that the assay range must not coincide with the concentration 

range the calibration standards. In analysis, it is quite usual to 

dilute or up-concentrate, since the concentration differences in 

the measurement samples can be extremely large. Such a dilution 

(or up-concentration) must of course be carefully validated as 

well. To clarify, the assay range then corresponds to the interval 

between the lowest sample concentration (before up-

concentration) and the upper limit (before dilution) for which it 

has been documented that the quality of the method precision 

and bias is acceptable Table 6. 
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2.5.26. Quantitation limit (LOQ) 

The information obtained during the evaluation of the bias and 

the precision gives the basis to specify, the (lower) limit of 

quantitation ((L) LOQ). Some organisations, e.g. IUPAC 1995, require 

only an evaluation of the precision but not of the bias at the LOQ. 

Since at all other levels where quantification is intended one must 

document precision and bias, it seems more sensible that at the LOQ 

also both parameters are evaluated. The level of quality which is 

needed at the LOQ depends on the goal of the analysis. If the 

requirements are not fulfilled at the tested concentration one can 

evaluate a higher concentration level which still complies with the 

concentration range requirements for the method. Otherwise one 

must go back to the method development. To avoid this latter 

inconvenience, in the draft on analytical method validation of SFSTP, 

it is recommended to evaluate the LOQ during the exploratory 

validation phase (even when at this time usually no bias experiments 

are performed). In the SFSTP approach, the LOQ then is, together 

with the calibration model, the main point investigated. 

2.5.27. Detection limit (LOD) 

If needed, one can investigate at which concentration the 

analytical procedure allows to detect (but not necessarily to quantify) 

the analyte, i.e. the limit of detection (LOD) can be evaluated. 
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According to the ICH it is in general not necessary to evaluate the 

detection limit for quantitative methods, because most interest is 

given to determine the lowest level at which quantification is possible 

(LOQ). Since it can also become useful to know the LOD for 

quantitative methods (e.g. for a pharmacokinetic study) it will be 

discussed briefly. 

2.5.28. Chromatographic methods 

For chromatographic methods, there are additional problems to 

estimate the LOD. Currently the LOD is estimated from a certain ratio 

(in general three) of the analyte response, measured in peak height, 

fluctuation of the background noise measured over a 

certain distance (20 times the peak width at half height) (Knoll, 1985: 

Carr and Wahlich 1990). However, for analytical methods often many 

peaks occur even blank matrices. These peaks can interfere with 

the background noise and lead to an overestimation of the noise 

amplitude and consequently also of the LOD. This approach is 

therefore not appropriate analytical methods. Moreover, cannot 

be taken for granted either that the peak height is the optimal 

decision basis. The determination of the sample concentration is 

frequently based on the response measured as peak area. Since blank 

samples do usually not give measurable peak areas, one cannot apply 

the procedure recommended by IUPAC 1995. For a CE (capillary 
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electrophoresis) method, used for the determination of mineral 

elements in food and botanical materials, it has therefore been 

suggested to spike reagent blanks at (or to consider real samples of) a 

low concentration level, e.g. the LOD as estimated from the approach 

based on the peak height. Replicate analyses are performed and the 

concentration corresponding to three times the standard deviation of 

the peak areas is then considered as the LOD. All these limitations 

and problems indicate that there is a need for a consensus on how to 

determine the LOD for analytical methods to make possible a 

of the LOD results of different laboratories. 

2.5.29. Analyte stability in the matrix 

When the above described experiments fulfil the acceptance 

requirements and when it is known what is actually feasible with a 

given method, the analyte stability in the matrix can be evaluated. Of 

course, one must avoid that the above described experiments are 

affected by not stable reagent solutions and: or a possible instability 

the solutions ready to be injected. The latter stability experiments 

should therefore be performed as early as possible during a validation 

or appropriate precautions must be taken into account to avoid that 

the validation experiments are affected. The stability of the analyte is 

often critical in biological matrices even during relative short time 

periods. Degradation is not unusual even when all precautions are 
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taken to avoid specifically known stability problems of the analyte 

(e.g. light protection). It is, therefore, important to verify that there is 

no relevant degradation between the time of the collection of the 

samples and their analysis that would compromise the results of the 

study. It should also be stressed that important differences of the 

stability of a substance can exist in corresponding matrices of even 

very close species. Unfortunately no guidance is provided how the 

stability should be investigated. 

2.5.30. Test conditions 

In the Washington conference report, it is recommended to 

establish stability of the analyte in the biological matrix at the 

intended storage temperature and to study the influence of thaw-and

freeze cycles. A possible degradation of the analyte should, however, 

also be controlled in other situations. It seems advisable to investigate 

the following stability conditions Table 6: 

(i) The bench top stability of the analyte in the matrix at ambient 

temperature (i.e. the stability of the analyte before processing a 

sample) to decide if a preservative regime has to be included in the 

sam piing procedure, 

(ii) The stability of the analyte in the final extract during the 

anticipated maximum analysis time and the time needed to repeat the 
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analysis (if enough volume 1s available), which, for automatic 

injections. 

(iii) The stability of the analyte during three (or more) thaw-and-freeze 

cycles (a cycle consisting, for example, of thawing the sample, letting 

it stand during 1 h at ambient temperature and freezing it for at least 

24 h), and (iv) The (long-term) stability of frozen samples prior to the 

analysis. 

2.5.31. Robustness 

The robustness evaluation is not mentioned in the Conference 

report and it is not considered in most validation guidelines. However, 

considering the amount of time wasted for problem-solving during a 

routine application, robustness testing has certainly an impact for 

analytical methods that are used over longer periods of time and: or in 

different laboratories Table 6. In contrast to the method development 

where one looks for the optimal method conditions and therefore 

needs to screen a larger experimental region, during the validation 

phase only the effects of small changes in the experimental conditions 

need to be studied by robustness tests. The latter experiments are 

aimed at defining the steps of the established and validated analytical 

procedure that need to be controlled carefully during the routine 

application in order to generate good quality data. For extraction steps 

one should, e.g. evaluate the influence of slight changes in the pH, in 
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the ionic strength or in the volume mixture of the organic and the 

aqueous phase, an important factor for evaporation steps is the 

temperature whereas for chromatographic methods the effect of slight 

changes in the mobile phase composition, in the pH of the buffer, in 

the ambient temperature and in the detection wavelength could be 

investigated. In the field of pharmaceutical applications, robustness 

studies have, e.g. been described by Vander Heyden et al., 1995. 

2.5.32. System Suitability Tests 

These tests are based on the concept of the equipment, 

electronics, analytical operations and samples to be analyzed 

constitute an integral system that can be evaluated as such. System 

suitability is the checking of a system to ensure system performance 

before or during the analysis of unknown. Parameters such as plate 

count, tailing factors, resolution and repeatability (RSD, retention 

time and area for six repetitions) are determined and compared 

against the specifications set for the method (Shabir et al., 2003). 

2.5.33. Linking validation and routine application 

It should be reminded that the effort of a method validation is 

undertaken to guarantee during the routine analysis a quality of the 

measurement data as needed for the given application. For the 
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Table 8 System suitability parameters and recommendations 

Parameters Recommendations 

Capacity factor(k') The peak should be well-resolved from other peaks and 

the void volume, generally k' >2.0 

Repeatability RSD s 1% for N ~ 5 is desirable. 

Relative retention Not essential as long the resolution is stated. 

Resolution (Rs) Rs of > 2 between the peak of interest and the closest 

eluting potential interference (impurity, excipients, 

degradation product, internal standard etc). 

Tailing factor (Tr) Trofs 2 

Theoretical plates(N) N > 2000 

moment, however, a validation too frequently considered as an 

additional burden imposed by regulatory agencies and far too rarely 

one tries to include the knowledge gained during a validation in (the 

quality control of) the routine application. Only one point shall be 

mentioned Considering the same concentrations for the quality 

control samples as studied during the validation experiments for 

precision and bias, facilitates the on -going assessment of precision 

and bias as the method is applied. It helps, for example, to specify 

acceptance limits for a run that really reflect the quality of the method 
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used. The estimates of the bias and the prec1s10n measures can, for 

example, be used to determine the initial limits of the control charts, 

such as already mentioned by Lang and Bolton, so that a reliable 

control is possible from the first run of the routine analysis. At this 

moment the time spent on defining appropriate requirements with 

respect to the specification limits is re-paid as well, since only then it 

is possible to routinely reach a required quality level with an 

acceptable proportion of falsely accepted and falsely rejected runs the 

proposal by Selinger, 1995. 

2.6. Pharmacokinetic studies in vitro 

Analytical methods employed for the quantitative determination 

of drugs and their metabolites in dissolution and biological samples 

play a significant and interpretation of bioavailability and 

pharmacokinetic data. It is essential to employ well characterized and 

fully validated analytical methods to yield reliable results. 

Drug dissolution testing is an integral part of pharmaceutical 

development an.d routine quality control monitoring of drug release 

characteristics (USP 2000]. The profiles, obtained from dissolution 

rate studies at different pH level, have also been used in an attempt to 

characterize of in-vitro behaviour of drugs with success. They have to 

be performed under precisely specified conditions (i.e.; temperature, 
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volume, and stirring rate) that mimic process in the gastrointestinal 

tract.The pharmacokinetic core parameters can be used to establish a 

flow chart for the in ADME profiling of compounds Figure 8. The 

relevant calculations are summarized. Based on this analysis, 

predictions can be made on the pharmacokinetic behaviour of a drug 

and its potential interactions at the level of each ADME process. 

Based on this analysis, predictions can be made on the 

pharmacokinetic behaviour of a drug and its potential interactions at 

the level of each ADME process. 

Figure 8 The flow chart of in vivo pharmacokinetic profiling of 

drugs. 
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AUC, area under the plasma concentration-time curve from t=O tot~ 

oo ! 1 ;V, volume of distribution; fu, unbound fraction of drug in 

plasma; fuT, unbound fraction of drug in tissue; F, bioavailability 

(bioavailable fraction of dose); t1 I 2olZ:P , terminal half-life (in most 

cases identical to the biological half-life, i.e., the half-life relevant for 

therapy); CL, total body clearance; fe, fraction of drug absorbed that is 

excreted unchanged into the urine; CLR, renal clearance; CLNR, 

nonrenal clearance; CLH, hepatic clearance (for a first estimate 

CLNR); QH, hepatic blood flow; E, extraction ratio; ffp, fraction of dose 

absorbed available systemically; fa, fraction of dose absorbed. 

Table 9 Calculations for profiling of drugs 
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2.7. In-Vivo Kinetic of Drug Release 

In order to under the mechanism and kinetics of drug release 

by rabbits animal studies in different groups, the drug release data of 

the in-vivo study of tablets were analyzed with various kinetic models 

like Zero order (% drug release V j s time), First order (log % remaining 

to release V / s time), Higuchi models (% drug release VIs Sq.root of 

time) and Korsmeyer & Peppas models (log mtl mco VIs lnt) 

(Brahmankar, 1995). 

2.8. Calculation for Pharmacokinetic Data's 

Pharmacokinetic parameters such as peak plasma 

concentration (Cmax), time to peak concentration (T max), area under 

curve (AUC o-12 &AUC o-CQ), elimination half life (t 112 ) were calculated 

separately (Brahmankar, 1995). 

2.8.1. Peak plasma concentration (C max) 

The point of maximum concentration of drug in plasma is called 

as the peak and the concentration of drug at peak is known as peak 

plasma concentration. It is also called as peak height concentration 

and maximum drug concentration. C max is expressed in IJglmL. 

125 



2.8.2. Time of peak concentration (T max) 

The time for drug to reach peak concentration in plasma (after 

extra vascular administration 1s called as the time of peak 

concentration. It is expressed in hours and is useful in estimating the 

rate of absorption. Onset time and of action are dependent upon T max· 

2.8.3. Area under Curve (AUC) 

It represents the total integrated area under the plasma level

time profile and expressed the total amount of drug that comes in the 

systemic circulation after its administration. 

AUC is expressed in ~Jg/mL X hours. 

2.8.4. Volume of distribution (V d) 

Clearance and apparent volume of distribution are two separate 

and independent pharmacokinetic characteristics of a drug .since 

they are closely related with the physiologic mechanism in the body, 

they are called as primary parameters. 

s =Amount of drug in the body/ plasma drug concentration 

2.8.5. Clearance (CL) 

Clearance is defined as the theoretical volume of body fluid 

containing drug (i.e. that fraction of apparent volume of distribution) 

from which the drug is completely removed in a given period of time. 

Cl = Dose/ AUC 
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2.8.6. Half life (t112) 

Half life is defined as the time period required for the 

concentration of the drug to decrease by one -half. It is expressed in 

hours or minutes. 

h;2 = 0.693/Cl xVct 

It is necessary to plan the development, validation study and its 

evaluation in detail. The goals of the analytical method and minimum 

requirements imposed by official organizations must be taken into 

account and balanced with the needs on experimental 

designs that allow a reliable conclusion about the quality of the data 

produced. would be useful to achieve a consensus on such 

compromises. The terminology should be harmonised and a 

consensus also needed on how to take into account minimum 

acceptance requirements. It is realised that proper method validation 

requires a lot of work. However, this effort is re-paid by the time saved 

when running the method routinely and also to be applied to 

pharmacokinetic in-vitro & in-vivo studies. The present study was 

carried out to set up a simple, efficient, and cost-effective analytical 

procedure for monitoring plasma concentrations under steady state 

conditions of a number of antiretroviral drugs with high-performance 
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liquid chromatography (HPLC). A total of three drugs, the NRTis 

Lamivudine and Zidovudine, the NNRTis Nevirapine, were analyzed. 

It is hoped that it might be helpful in obtaining a cheaper, more 

acceptable method of validation of antiretroviral compounds thereby 

helping to improve their therapeutic success in the management of 

HIV infections. 
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