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Abstract 

Abstract 

Selective antiretrovira! (ARV) drugs are primarily metabolized by cytochrome P450 

(CYP) enzymes, characteristically predisposed to variation, and are therefore 

primarily responsible for ARV pharmacokinetic variability and associated drug 

interactions. For the majority of ARV drugs, the therapeutic window is narrow and 

imminent toxicities due to CYP inhibition or sub-therapeutic drug levels as a result of 

CYP induction is inevitable. Animals provide a metabolism replica to conduct detailed 

investigations. We endeavoured to establish a rat model to screen for variability in 

metabolism of selective ARV drugs responsible for treatment failure and drug 

interactions, over time in the liver and serum. 

Male Sprague-Dawley rats (n = 24) were divided into 6 groups: methylcellulose, 

160mg/kg/day (n = 24) (control); efavirenz, 160mg/kg/day (n = 18); ritonavir, 

20 mg/kg/day (n = 18); ritonavir, 20 mg/kg/day and verapamil 5 mg/kg/day (n = 18); 

Kaletra® (ritonavir/lopinavir), 20 mg/kg/day, (n = 18); Kaletra® (ritonavir/lopinavir), 

20 mg/kg/day and verapamil 5 mg/kg/day (n = 18). Treatment duration varied from 

one day (single dose), 7 or 21 days. Blood samples were collected after decapitation 

on days 1, 7 and 21. 

A sensitive and rapid liquid chromatograph (LC) interfaced to a quadrupoie mass 

spectrometer (MS) and coupled with electrospray ionization (ESI) method was 

employed for the blood sample determinations. One single injection was required to 

simultaneously quantify efavirenz, lopinavir and ritonavir within the linear 

concentration range of 78 - 5000 ng/ml. 

Efavirenz blood levels increased statistically significantly (p < 0.05) from day 1 to day 

21 with distinct steady state achievement prior to day 7. The levels of ritonavir 

increased statistically significantly (p < 0.05) from day 7 to 21 when administered 

alone and statistically significantly (p < 0.01) from day 1 to 21 when administered as 

the ritonavir/lopinavir combination. The levels of lopinavir also increased statistically 

significantly (p<0.01) from day 1 and 21 in the ritonavir/lopinavir combination. 

However, the inclusion of a P-glycoprotein inhibitor, verapamil, increased both the 
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ritonavir (administered alone) and lopinavir blood levels significantly (p < 0.05) at day 

1. The ritonavir levels were also significantly increased on day 21 (p < 0.05). When 

verapamil was added to the ritonavir/lopinavir combination the levels of ritonavir 

increased statistically significantly (p < 0.01) from day 1 to 21. 

A rat model can be used to detect changes in metabolism over time as measured by 

blood levels. The influence of drug interactions, such as verapamil, on ARV drug 

metabolism can be investigated by this model. These results will be substantiated by 

PCR liver results in the future. 

Keywords: Antiretroviral therapy, blood levels, cytochrome P450, P-glycoproteln, 

metabolism variability, rats, treatment failure 
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Opsomming 

Selektiewe antiretrovirale (ARV) middels word hoofsaaklik gemetaboiiseer deur 

sitochroom P450 (CYP)-ensieme wat kenmerkend tot variasie geneig is en dus 

grootliks verantwoordelik is vir die farmakokinetiese variasie en meegaande 

geneesmiddelinteraksies van ARV's. Die terapeutiese venster van die meeste ARV-

middels is nou en die dreigende toksisiteit vanwee CYP-remming of subterapeutiese 

vlakke is onvermydelik. Diere verskaf 'n model vir metabolisme wat vir ondersoeke 

gebruik kan word. Ons wou 'n rotmodel vestig om variasie in metabolisme oor tyd in 

die lewer en serum te meet van selektiewe ARV-middels verantwoordelik vir 

mislukking van behandeling en vir geneesmiddelinteraksies. 

Manlike Sprague-Dawley-rotte (114) is in 6 groepe verdeel: metielsellulose, 

160mg/kg/dag (n = 24) (kontrole); efavirens, 160mg/kg/dag (n = 18); ritonavir, 

20 mg/kg/dag (n = 18); ritonavir, 20 mg/kg/dag en verapamiel 5 mg/kg/dag (n = 18); 

Kaletra® (ritonavir/lopinavir), 20 mg/kg/dag, (n = 18); Kaletra® (ritonavir/lopinavir), 

20 mg/kg/dag en verapamiel 5 mg/kg/dag (n = 18). Die duur van behandeling was 

vir 1 dag (enkeldosis), 7 of 21 dae. Bloedmonsters is op dae 1, 7 en 21 na 

dekapitasie verkry. 

'n Sensitiewe en vinnige metode met 'n vloeistofchromatograaf (VC) gekoppe! aan 'n 

kwadrupoolmassaspektrometer (MS) met elektronsproei vir ionisasie (ESI) is vir 

bloedanalises gebruik. 'n Enkele inspuiting was voldoende om efavirens, lopinavir en 

ritonavir in die lineere konsentrasiegebied van 78 - 5000 ng/ml gelyktydig te bepaal. 

Vlakke van efavirens in die bloed het statisties beduidend (p < 0.05) van dag 1 tot 

dag 21 verhoog met gelykvlakke duidelik voor dag 7. Die vlakke van ritonavir het 

statisties beduidend (p < 0.05) van dag 1 tot dag 21 verhoog toe dit alleen toegedien 

is en statisties beduidend (p < 0.01) van dag 1 tot dag 21 toe dit in kombinasie met 

lopinavir toegedien is. Die vlakke van lopinavir in kombinasie met ritonavir het ook 

statisties beduidend (p < 0.01) van dag 1 tot dag 21 verhoog. Insluiting van die P-

glikoprote'ienremmer verapamiel het die bloedvlakke van ritonavir (alleen) en 

lopinavir op dag 1 beduidend verhoog (p < 0.05). Die vlakke van ritonavir op dag 21 
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was ook beduidend hoer (p < 0.05). 'n Statistiese beduidende verhoging in die 

konsentrasie van ritonavir kon waargeneem word toe verapamie! by die kombinasie 

van ritonavir/lopinavir gevoeg is (p < 0.01). 

'n Rotmodel kan gebruik word om veranderings in metabolisme oor tyd op te spoor 

deur bloedvlakke te meet. Die invloed van geneesmiddelinteraksies, soos van 

verapamiel op metabolisme van ARV-middels, kan met hierdie model ondersoek 

word. Hierdie resultate sal in die toekoms met PKR van lewermonsters gestaaf 

word. 

Sleutelwoorde: antiretrovirale behandefing, bloedvlakke, sitochroom P450, P-

glukoprote't'en, variasie in metabolisme, rotte, mislukking van 

behandeling 
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Chapter 1: Introduction 1 

Introduction CHAPTER 1 Introduction Introduction 

1.1 Problem statement 

UNAIDS/WHO estimated that AIDS claimed 320 000 lives in South-Africa in 2005 -

that is more than 800 every day, more than 1 person every second minute. South 

Africa has the largest prevalence of seropositive HIV citizens in the world, currently at 

5.6 million. AIDS remains the primary cause of death in South Africa (UNAIDS & 

WHO 2007). AIDS is treated with antiretroviral (ARV) drugs which are used as 

regimes of 3 - 4 drugs and is termed highly active antiretroviral therapy (HAART). 

This combination attempts to assail diverse elements of HIV or combat fusion in an 

attempt to slow disease progression to AIDS. The advent of HAART has 

revolutionized ARV treatment whereby they have prolonged and improved the quality 

of life of patients with HIV/AIDS. For the majority of ARV drugs, the therapeutic 

window is narrow, and toxicities and sub-therapeutic drug levels are imminent (Back 

et al. 2000, van Heeswijk et al. 2002, Soldin et al. 2003, van den Bout-van den 

Beukel et al. 2008). Plasma concentrations of antiretroviral agents vary greatly 

among individual patients, frequently more than 10-fold (Gibbons et al. 2000, 

Marzolini et al. 2001). Large interindividual variation in the cytochrome P450 (CYP) 

enzymes has been shown to be responsible for modified effects of certain drugs 

(Gonzalez ef al. 1994). Genetic and environmental factors often result in variable 

CYP expression, leading to variations in drug metabolism and an individual's 

predisposition to toxiciry or sub-therapeutic drug levels (Manke ef al. 1996, 

Wojnowski ef al. 2004). 

HAART is unfortunately, in addition to their side effects, associated with a high 

potential for drug interactions. Drug interactions may be pharmacokinetic in nature, 

manifesting as altered absorption, distribution, metabolism and elimination (Hongjian 

ef al. 2007) or pharmacodynamic, responsible for agonistic or antagonistic 

therapeutic and/or side effects (Williams ef al. 2002). Bearing in mind that other 

interactions are important, most ARV drug interactions are pharmacokinetic in nature, 
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presenting as increased or decreased plasma concentrations due to inhibition or 

induction of drug metabolizing enzymes (Walubo et al. 2007). Adequate drug 

concentrations may not reach the HIV replication site because of poor adherence, 

mediocre absorption, increased metabolism and/or elimination. The most important 

and most common pharmacokinetic drug interactions include inhibition or induction of 

metabolism (Rakhmanina et al. 2004). 

Non-Nucleoside Reverse Transcriptase Inhibitors (NNRTI) and Protease Inhibitors 

(PI) are primarily metabolized by CYP, and are therefore mostly responsible for the 

pharmacokinetic drug interactions. 

NNRTI are eliminated from the body by hepatic metabolism. Efavirenz is cleared via 

oxidative metabolism, mainly by CYP2B6 and to a lesser extent by CYP3A4 (Smith 

et al. 2001). Efavirenz is a moderate inducer of hepatic drug-metabolizing enzyme 

CYP3A4 (Flexner et al. 2006) and this is responsible for the drug interactions owing it 

to pharmacokinetic variability. As a result of the moderate induction effect of 

efavirenz, notable auto-induction has been observed. 

Protease inhibitors are substrates for the CYP P450 oxidative metabolism, 

predominately CYP3A4 (Eaglings et al. 2002). The majority of the Pis are CYPs 

inhibitors (Flexner et al. 2006) and responsible for frequent toxicities common to HIV 

protease inhibitors and the potential for metabolic drug interactions. Most of the Pis 

inhibit CYP3A4 specifically (Piscitelli et al. 2001) with ritonavir being one of the most 

potent known inhibitors of CYP3A4, markedly increasing the plasma concentration 

and prolonging the elimination of many concomitant drugs (Flexner et al. 2006). Not 

only are Pis substrates for CYPs, but also for the MDR1 multidrug transporter (P-

glycoprotein, or P-gp), an efflux pump responsible for extracting substrate drugs from 

the site of absorption, limiting intracellular drug accumulation and contributing to 

treatment failure (Lee et al. 1998). 

With rival ARV pharmacokinetic variability and augmenting drug-resistant viral 

strains, multiple studies have demonstrated an increased frequency in ARV 

treatment failure in subjects with established infection (Richman et al. 1994, D'Aquila 

et al. 1995, Schuurman et al. 1995, Rey et al. 1998). Subsequent to evaluation of the 

criteria set out by the World Health Organization to identify antiretroviral treatment 

failure (Mee ef al. 2008), the cohort study among adult South Africans concluded that 

a vast 28.2% of the study population experienced treatment failure. Relevant to the 

South African context where 5.6 million citizens are HIV seropositive, hypothetical^ 
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speaking that if all of them were on ARV treatment, over 1 million patients will 

experience treatment failure. 

Patients with HIV/AIDS are prone to drug interactions due to concomitant drug use 

prescribed by HAART, where combination ARV regimes are employed as well as the 

use of other drugs for the treatment of opportunistic infections and co-morbid 

conditions. Drug interactions may lead to increased drug toxicity or side effects, sub -

therapeutic levels, non-compliance and ultimately treatment failure (Walubo ef al. 

2007). 

Premature detection of ARV metabolic alterations due to pharmacokinetic variability 

would benefit the patient considerably. Revealing potential side effects of drug 

interactions and preventing transformation to adverse effects would address 

adherence problems as a result of alterations in metabolism, currently contributing to 

ARV treatment failure (Austin et al. 1999, Descamps et al. 2000). It is difficult to 

study this variability in a patient population due to factors such as the severity of 

illness, non-compliance to treatment, social and economic problems. Therefore, the 

significance of this study was to establish a rat model to screen for pharmacokinetic 

variability responsible for ARV treatment failure due to alterations in metabolism and 

drug interactions over time. The importance of this model include the disclosure of 

the predicaments associated with antiretroviral treatment and would establish a 

distinguished model for untimely detection of prospective treatment complications. 

1.2 Study objectives 

This study's primary objectives were: 

i) To develop and optimize a responsive liquid chromatographic/mass spectrometry 

(LC/MS/MS) method for the simultaneous detection of efavirenz, lopinavir and 

ritonavir in low concentrations. This validated LC/MS/MS method would serve the 

purpose to investigate whether alterations in metabolism due to pharmacokinetic 

variability could be detected in blood levels post treatment, measured over a time 

period. 

ii) To investigate the possible detection of modifications in metabolism in the drug 

levels of lopinavir and ritonavir due to the introduction of a P-gp inhibitor, 

verapamil, as a possible drug interaction. 
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iii) To establish a rat model screening for variation in ARV metabolism and drug 

interactions, responsible for treatment failure over time. 

A secondary objective was to develop a real-time reverse transcriptase polymerase 

chain reaction (RT2-PCR) method to determine molecular alterations in CYP mRNA, 

relating to metabolism changes in rat livers over time. 

1.3 Project layout 

The study design embraced six different treatment groups, consisting of a control, 

efavirenz (NNRTI), ritonavir (PI) and the combination formula ritonavir/lopinavir (PI). 

The dosing period was divided into two phases: 

Phase 1: Seventy-two rats were treated with ritonavir, ritonavir/lopinavir and 

verapamil. Ritonavir was administered alone (n = 18) and in combination with the P-

glycoprotein inhibitor, verapamil (n = 18). The ritonavir/lopinavir was also 

administered alone (n = 18) and in combination with the P-glycoprotein inhibitor, 

verapamil (n = 18). Subject animals were allocated into groups according to the day 

they would be sacrificed, determining their treatment duration. Rodents were treated 

and blood and liver samples were collected after 1 day of treatment (single dose, n = 

6 per treatment group), after 7 days of treatment (Day 7, n = 6) and after 21 days of 

treatment (Day 21, n = 6). Drug exposure time of 21 days was selected to allow 

plasma steady state levels to be reached. 

Phase 2: Forty two rats comprised the control and efavirenz groups. The control 

group consisted of 24 rats, 18 rats in accordance with 6 rats per collection date (day 

1, day 7, and day 21), and 6 rats for baseline studies. The control served the purpose 

of placebo subjects and baseline exploration. Efavirenz (n = 18) was administered 

with a methylcellulose vehicle for 1 day (single dose, n = 6 per treatment group), for 7 

days (Day 7, n = 6), and for 21 days (Day 21, n = 6), after which blood and liver 

samples were collected respectively. Drug exposure time of 21 days was selected to 

allow plasma steady state levels to be reached. 
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1.4 General points 

This dissertation is written and submitted in the article format for thesis/dissertation 

submission, as approved by North-West University. This format includes an 

introductory chapter, a chapter covering the relevant literature overview, and a 

chapter containing a full-length article for submission to a peer-reviewed, accredited 

AIDS journal. Carefully selected, novel and high impact data from the study will be 

used for this submission. To this end, the article will be prepared according to the 

house style and author instructions of that particular journal. This house style and the 

instructions to authors are provided in Addendum A. All other work performed during 

this study, including additional validations, list of general reagents, as well as work 

performed during the course of the study but not included in the journal article, are 

also provided in the addendums. 
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2.1 Introduction 

2.1.1 The global pandemic 

"No war on the face of the Earth is more destructive than the AIDS pandemic. I was a 

soldier. But I know of no enemy in war more insidious or vicious than AIDS. Will 

history record a fateful moment in our time, on our watch, when action came too 

late?" 

U.S Secretary of State Colin Powell in address to the UN General Assembly special 

session on HIV/AIDS, June 2001. 

AIDS (acquired immunodeficiency syndrome) is a global pandemic. At the dawn of 

2008, an estimated 33.2 million people around the globe were known to be HIV 

seropositive with 2.5 million people newly infected in 2007. With a mysterious origin, 

this controversial virus is responsible for 2.1 million deaths (UNAIDS & WHO 2007) in 

2007 alone, not to take into account the amount of suffering and pain, the number of 

orphans created and millions of currency spend, only to see an African economy 

suffering under its influence. 

Southern Africa is the most seriously affected. This sub-region accounts for 35% of 

all people living with HIV and almost one third (32%) of all new HIV infections and 

AIDS deaths globally in 2007. An international guiding principle was introduced to 

classify a region as a crisis area when their national HIV prevalence exceeds 15%. 

Eight Southern African countries, including South Africa, fall under this criterion, 

currently documented as the highest prevalence figures in the world (UNAIDS & 

WHO 2007). 
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2.1.2 The South-African context 

South-Africa is the country with the largest number of HIV infections in the world, 

currently at 5.6 million (UNAIDS & WHO 2007). Condition inclemency has reached 

the pinnacle where significant depressive behaviour has been found in patients who 

suffer from HIV-AIDS (Schlebusch 2005) and a 36-fold increase in risk for suicidal 

behaviour in HIV-AIDS patients compared to the general population (Schlebusch et 

al. 2004). KwaZulu-Natal, Mpumalanga and the Free State are the three provinces 

worst struck, each with a prevalence exceeding 30%. The Western Cape has the 

lowest prevalence at 15%. The report by the Department of Health that reviewed 

"National HIV and Syphilis Sero-prevalence Survey in South-Africa 2000" (Makubalo 

et al. 2003) looked at data from antenatal clinics to estimate HIV prevalence among 

pregnant women. 

In 2005 the Nelson Mandela Foundation commissioned a National HIV survey, which 

served the purpose of determining the gross HIV infection through sampling a 

proportional cross-section of society, including a large number of people from each 

geographical, racial and other social group (Shisana et al. 2005). The overall 

conclusions are resented in Table 2.1 below. 

Table 2.1: HIV prevalence among South-Africans aged two years and older, by sex and race 

Sex and race Number surveyed Prevalence % 

Male 6342 8.2 

Female 9509 13.3 

African 9950 13.3 

Caucasian 1173 0.6 

Coloured 3382 1.9 

Indian 1319 1.6 

Adapted from the "South-African National HIV Prevalence, HIV incidence, Behaviour and 
Communication survey, 2005" (Shisana et al. 2005). 

From this survey, we can conclude that HIV prevalence is most widely spread in the 

African community. The study served the purpose of identifying the target population 

group that is in desperate need of not only ARVs, but primarily education concerning 

intercourse, protection and prevention. 
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UNAIDS/WHO estimated that AIDS claimed 320 000 lives in South-Africa in 2005 -

that's more than 800 every day, more than 1 person every second minute. AIDS 

remains the primary cause of death in sub-Saharan Africa (UNAIDS & WHO 2007). 

2.2 HIV/AIDS: a brief overview 

2.2.1 Pathogenesis 

The pathogenesis of HIV disease, from a virological and immunological point of view, 

has been studied intensively and defined progressively over the past two decades 

(Fauci et al. 1996, Rowland-Jones et al. 2003). The pathogenic mechanisms of HIV 

disease are extremely complex and multifactorial (Fauci et al. 1993). Prior to HIV 

identification, it was recognized that an apparent paradox existed whereby the 

immune system was aberrantly activated at the same time that the individual was 

experiencing immune deficiency (Fauci et al. 1988). Depletion of CD4+ T cells was 

recognized as a hallmark of disease early on (Gottlieb et al. 1981, Masur et al. 1981), 

even before the classic demonstration in 1984 that the CD4 molecule was the 

primary receptor for the virus on a subset of T cells and monocytes (Dalgleish et al. 

1984, Klatzmann et al. 1984). In addition, research recommendations suggested that 

auxiliary dynamics were necessary for HIV fusion and entry, but these putative 'co-

receptors' remained elusive for several years (D'Souza et al. 1996). 

In the mid-1990s, a number of diverse areas of investigation elucidated the roles of 

the chemokine receptors CXCR4 and CCR5 in the efficient binding and entry of two 

different strains of HIV-1 called X4 and R5, respectively (Fauci et al. 1996, D'Souza 

et al. 1996). This recognition that HIV could use different co-receptors also helped to 

explain the occurrence of syncytial (CXCR4-using) and nonsyncytial (CCR5-using) 

variants of HIV (Fauci et al. 1996). With better comprehension of viral host entry, this 

fashioned room for opportunity into pathogenetic and pharmaceutical research. 

Studies of lymphoid tissue in individuals infected with HIV revealed the disseminated 

nature of HIV infection and the fact that lymphoid tissue is indeed the chief target and 

reservoir of HIV infection (Embretson et al. 1993, Pantaleo et al. 1993). With 

lymphoid tissue being the primary target, seroscreening could serve as surrogate 

marker for infection. The ability to measure plasma viremia precisely led to the 

classic viral dynamics studies of Ho and Shaw in 1995, which characterized the 

enormous turnover of virus in HIV disease and the delicate balance between virus 
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production and T cell dynamics (Ho et al. 1995, Wei et al. 1995). These studies led to 

a cascade of insights into HIV pathogenesis, among them an appreciation of the 

direct relationship between virus replication and disease progression and the 

association of a given viral set point in an untreated individual with the prognosis for 

disease progression (Mellors et al. 1995). The latter observation has been essential 

in the design of therapeutic strategies and has guided clinicians in decisions 

regarding the initiation and modification of therapeutic regimens (Dybul et al. 2002). 

The finding of latent reservoirs of HIV, particularly in the resting subset of CD4+ T 

cells, has had a sobering effect on hopes of eradicating HIV in individuals whose viral 

load is rendered 'undetectable' by antiretroviral therapy (Blankson et al. 2002). 

Indeed, simple but defining studies have shown that even in individuals in whom 

plasma viremia is driven by antiretroviral therapy to levels of less than 50 copies of 

RNA per ml (undetectable) for up to 3 years, the viral reservoir persists and the virus 

rebounds from this reservoir within weeks of discontinuing therapy (Chun et al. 

1999). 

Clearly, individuals in whom HIV infection has been established cannot eliminate the 

virus from their bodies, accelerating disease progression into more developed stages 

of HIV and eventually AIDS if treatment is postponed (Blankson et al. 2002, Chun et 

al. 1999). 

2.2.2 Diagnosis 

Being diagnosed with HIV has been associated with great anxiety (Schlebusch et al. 

2004). The most commonly used screening method for HIV is ELISA (Enzyme-

Linked Immuno Sorbent Assay), which detects antibodies raised against HIV-1 and is 

both highly sensitive and specific. This product has a low cost and is readily 

accessible, making it ideal to perform generalized population screening (Tarn et al. 

1990). Positive ELISAs are performed in duplicate. If one or both of the tests score 

positive, a confirmatory test is to be performed, most commonly a western blot, as 

the final diagnosis. 

2.2.3 HIV 

In order to classify a HIV positive patient, the appropriate criteria need to be 

developed that encompass the entire scope of the condition. The World Health 
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Organisation (WHO) and the Center for Disease Control (CDC) in the USA has 

individually developed the necessary criteria to categorize HIV seropositive patients. 

To elucidate this, the specifications set out by the WHO are presented below 

(adapted from Evian et al. 2006). 

STAGE 1: Primary HIV Infection 

This stage of infection lasts for a few weeks and is often accompanied by a short flu

like illness. In up to about 20% of people the symptoms are serious enough to 

consult a doctor, but the diagnosis of HIV infection is frequently missed. During this 

stage seroconversion follows. 

Clinical Stage I: 

• Asymptomatic 

• Persistent generalized lymphadenopathy 

Performance scale 1: asymptomatic, normal activity 

(adapted from Evian et al. 2006) 

STAGE 2: Clinically Asymptomatic Stage 

This stage lasts for an average of ten years and, as its name suggests, is free from 

major symptoms, although there may be swollen glands. The level of HIV in the 

peripheral blood drops to very low levels but people remain infectious and HIV 

antibodies are detectable in the blood, so antibody tests will show a positive result. 

Research has shown that HIV is not dormant during this stage, but is very active in 

the lymph nodes. A test is available to measure the small amount of HIV that 

escapes the lymph nodes. This test which measures HIV RNA is referred to as the 

viral load test, and it has an important role in the treatment of HIV infection. 

Clinical Stage II: 

• Moderate unexplained weight loss (under 10% of presumed or measured 

body weight) 

• Recurrent respiratory tract infections (sinusitis, tonsillitis, otitis media, 

pharyngitis) 

• Herpes zoster 

• Recurrent oral ulceration 
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• Papular pruritic eruptions 

Performance scale 2: symptomatic, normal activity 

(adapted from Evian et al. 2006) 

STAGE 3: Symptomatic HIV Infection 

Over time the immune system becomes severely damaged by HIV. This is thought to 

happen for three main reasons: 

• The lymph nodes and tissues become damaged or 'burnt out' because of the 

years of activity; 

• HIV mutates and becomes more pathogenic, in other words stronger and 

more varied, leading to more T helper cell destruction; 

• The body fails to keep up with replacing the T helper cells that are lost. 

Symptoms develop as the immune system fails. Initially many of the symptoms are 

mild, but as the immune system deteriorates the symptoms worsen. 

Clinical Stage III: 

• Unexplained severe weight loss (over 10% of presumed or measured body 

weight) 

• Unexplained chronic diarrhoea for longer than one month 

• Unexplained persistent fever (intermittent or constant for longer than one 

month) 

• Persistent oral candidiasis 

• Pulmonary tuberculosis 

Performance scale 3: bedridden < 50% of the day during the last month 

(adapted from Evian et al. 2006) 

STAGE 4: Progression from HIV to AIDS 

As the immune system becomes increasingly damaged the illnesses that occur 

become progressively more severe, eventually leading to an AIDS diagnosis. 

Clinical Stage IV: 

• HIV wasting syndrome 
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• AIDS defining opportunistic infections and cancers 

• Symptomatic HIV-associated nephropathy or HIV-associated cardiomyopathy 

Performance scale 4: bedridden > 50% of the day during the last month 

(adapted from Evian et al. 2006) 

2.2.4 AIDS 

The Center for Disease Control and Prevention (CDC) defines a person with AIDS 

when presenting with a CD4 count below 200 lymphocytes/ul or otherwise projected 

as a percentage of CD4 T lymphocytes below 14% of the total lymphocytes, or 

developing an AIDS-defining opportunistic infection or cancer (Evian et al. 2006). 

When the immune system is compromised by HIV, the body will be susceptible to 

opportunistic infections, and the associated opportunistic infections are related to a 

specific CD4 T lymphocytes count, represented in figure 2-1. HIV promotes 

malignant cell growth, responsible for various cancers (Kramer-Hammerle et al. 

2001). The development of certain opportunistic infections and cancers are directly or 

indirectly related to the level of CD4 lymphocytes. 

As HIV advances to AIDS, the virus continues to replicate. It is necessary to monitor 

this replication, especially to observe the efficacy when drug treatment is initiated. 

The viral load test quantifies viremia by measuring the amount of viral RNA. Viral 

load can be used as a prognostic factor to monitor disease progression and the 

effects of treatment. The methods used most commonly for determining the amount 

of HIV RNA is reverse transcriptase polymerase chain reaction (RT PCR) or 

branched DNA (bDNA) (Fletcher et al. 2003). 

The number of CD4 lymphocytes in the blood is a surrogate marker of disease 

progression. The normal adult CD4 lymphocyte count ranges between 500 and 1600 

cells/ul, or 40% to 70% of all lymphocytes (Fletcher et al. 2003). 
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Figure 2-1: Natural history of opportunistic infections associated with HIV infection. 
(adopted from Fletcher et al. 2003) 

In figure 2-2 viral load, CD4 lymphocyte count and diagnosing AIDS are explained 

through illustrative use. 

Viral load: The primary infection (top left corner) indicates the start of the infection, 

where about 2-3 weeks later HIV RNA (viral load) starts to proliferate. Prompt 

replication follows as illustrated, with the result being comprehensive viremia 

dissemination. This rate of replication soon decreases, as seeding takes place within 

the lymph nodes. Replication continues inside the nodes during latency. Viral 

proliferation occurs at a rate faster than that of CD4 lymphocytes, having the 

consequent increase in HIV RNA, to the extent of opportunistic infection and 

tragically death (Fletcher et al. 2003). 

CD4 lymphocyte: The normal CD4 count plummets at the primary infection, giving 

way to dissemination, being the principal host. The CD4 count recovers from the 

initial decline as the viremia spreads to the lymph nodes, only to begin decreasing 

during latency as the HIV RNA replicates faster than CD4 lymphocytes production. 

As CD4 count plummets due to it being the principal host to HIV RNA, it gives way to 

AIDS. 
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AIDS: When the CD4 count drops below 200 cells/ul or opportunistic infection sets in, 

and the condition can be diagnosed as AIDS (Fletcher et al. 2003). This can be seen 

between 7 - 8.5 years after primary infection. 

1200 
Primaiy 
Infection 

Acute HIV syndrome 
Wide dissemination of virus 
Seeding of fymphoid organs 

Death 

3 6 9 

Weeks 
Figure 2-2: Relationship between CD4 counts and HIV RNA (viral load) over the average 

course of untreated HIV infection (adapted from Holmes et al. 2003) 

2.2.5 Treatment overview in South Africa 

Eradication of HIV infection cannot be achieved with available antiretroviral regimens. 

This is chiefly because the pool of latently infected CD4 T-cells is established during 

the earliest stages of acute HIV infection (Chun et al. 1998) and persists with a long 

half-life, even with prolonged suppression of plasma viremia (Chun et al. 1997, Finzi 

et al. 1997, Wong et al. 1997, Finzi et al. 1999). The goals set to achieve when 

initiating antiretroviral therapy is (Bartlett et al. 2008): 

Primary goal: 

• maximally suppress viral load, and 

Secondary goals: 

• prevent vertical HIV transmission 

• reduce HIV-related morbidity and prolong survival 

• improve quality of life 

• restore and preserve immunologic function (increase CD4 lymphocytes). 
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Treatment is recommended for all HIV-infected patients with symptomatic disease or 

CD lymphocytes counts <200 cells/pl. Treatment should be considered for patients 

with CD4 counts between 200 and 350 cells/ul. Treatment should also be considered 

in individuals with plasma HIV RNA >30 000 copies/ml by bDNA or >55 000 

copies/ml real-time polymerase chain reaction (RT PCR) (Fletcher et al. 2003). 

There are more than 20 approved antiretroviral drugs across six mechanistic classes, 

with which to design combination regimens. These six classes include (Bartlett et al. 

2008): 

1. nucleoside/nucleotide reverse transcriptase inhibitors (NRTI), 

2. non-nucleoside reverse transcriptase inhibitors (NNRTI), 

3. protease inhibitors (Pis), 

4. fusion inhibitors, 

5. CCR5 antagonists and 

6. integrase inhibitors. 

Current South African regimes available to the public consist only of NRTIs, NNRTIs 

and Pis (South Africa 2006). Regimen 1 consists of two nucleoside reverse 

transcriptase inhibitors (stavudine and lamivudine) plus a non-nucleoside reverse 

transcriptase inhibitors (efavirenz or nevirapine). The two NNRTI are equal in 

potency but diverse in toxicities. The teratogenic effect of efavirenz is contra-

indicated in pregnancy. Definite cross-resistance exists between efavirenz and 

nevirapine, and there is no point in switching between them when virological failure 

occurs. Concluding regimen 1: 

• stavudine, oral, 40 mg 12 hourly 

If < 60 kg: 30 mg 12 hourly. 

AND 

• lamivudine, oral, 150 mg 12 hourly 

PLUS 

• efavirenz, oral, 600 mg at night 

OR 

nevirapine, oral 200 mg daily for the first 2 weeks increasing to 200 mg 12 hourly 

thereafter 
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Regimen 2 consists of two alternative nucleoside reverse transcriptase inhibitors 

(zidovudine and didanosine) plus the protease inhibitor combination 

(lopinavir/ritonavir). The small dose of ritonavir in this preparation acts as a potent 

enzyme inhibitor in order to boost the level of lopinavir. Concluding regimen 2: 

• zidovudine, oral, 300 mg 12 hourly 

AND 

• didanosine, oral, 400 mg once daily 

If < 60 kg: 250 mg 12 hourly 

PLUS 

• lopinavir/ritonavir oral 400/1 OOmg 12 hourly 

With the rising tide of HIV resistance emerging, new drug possibilities is a life saving 

medical tool. Fusion inhibitors, integrase inhibitors and CCR5 antagonists 

encompass these life altering abilities, welcoming the long awaited vital change in 

HIV regimes. 

2.2.6 Challenges in HIV treatment 

Following the initiation of therapy, patients are usually monitored at intervals of 3 

months with clinical, virologic (HIV RNA) and immunologic (CD4) assessments. 

During assessment, there are two general indications to change therapy (Fletcher et 

al. 2003): 

• significant toxicity 

• treatment failure 

Currently as a general guide, the following events should prompt consideration for 

changing therapy (Fletcher et al. 2003): 

• less than a 1log 10 reduction in HIV RNA 1 month after the initiation of 

therapy, or a failure to achieve maximal suppression of HIV replication within 

4 to 6 months. 

• a persistent decline in the CD4 cell count or a return to the pre-treatment 

value or an increase in HIV RNA of 0.3 to 0.5 log10 copies/ml from nadir. 

• clinical disease progression, usually the development of a new opportunistic 

infection. 
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Specific criteria to indicate treatment failure have not been established, but possible 

elucidation includes (Fletcher et al. 2003): 

• non-adherence to medication 

• resistance development 

• intolerance to certain drugs 

• drug-drug interactions 

• pharmacokinetic variability 

Empirical observation noted that the majority of ARV drug interactions involve drugs 

that interact with hepatic metabolizing enzymes, especially the cytochrome P450 

(CYP) enzymes. The Pis and NNRTIs are the most implicated in ARV drug 

interactions, because of the fact that they are metabolized by CYP isoenzymes. 

Because Pis and NNRTIs can also inhibit and induce some of the CYP isoenzymes, 

they often interfere with the metabolism of several drugs eliminated by CYP 

isoenzymes, contributing in this fashion to pharmacokinetic variability (Walubo et al. 

2007). 

Adequate drug concentrations may not reach the HIV replication site because of 

drug-provoked CYP induction (Rakhmanina et al. 2004), or toxic drug levels due to 

inhibition that will produce intolerable adverse effects (Cressey et al. 2007). With 

altered metabolism as a result of drug disposition, the most important and most 

common drug interaction include inhibition or induction of drug metabolizing 

enzymes, and this pharmacokinetic variability contribute to ARV treatment failure 

(Rakhmanina et al. 2004). 

2.3 Metabolic contributions to treatment failure 

2.3.1 Liver CYP P450 metabolism 

Metabolism is the enzymatic conversion of one chemical compound into another. The 

liver is the main organ responsible for metabolism and is accountable for the majority 

of compound conversion (Gonzalez et al. 1990), although some processes occur in 

the gut wall, lungs and blood plasma (Komura et al. 2007). 
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2.3.1.1 Stages of Metabolism 

The liver handles the majority of the body's metabolic processes. It is capable of 

metabolizing many drugs, generally producing compounds that are more polar and 

more easily excreted. Enzymes in the liver are able to form conjugates, hydrolyze, 

reduce and oxidize drugs. One of the liver's most important functions is to convert 

non-polar (water-insoluble) drugs into polar (water-soluble) compounds that can be 

excreted into urine or bile. 

The liver uses a multitude of enzyme systems. These are usually described as phase 

1 and phase 2 (Wilkinson et al. 2008). 

The main enzymes involved in drug metabolism belong to the cytochrome P450 

cluster. These are a large family of related enzymes housed in the smooth 

endoplasmic reticulum of the cell (Watkins et al. 1992). 

Phase 1 metabolism 

Phase 1 metabolism can involve oxidation, hydroxylation, reduction or hydrolysis of 

the drug, but the most common biochemical process that occurs is oxidation. 

Oxidation is catalyzed by cytochrome P450 enzymes and results in the loss of 

electrons from the drug. The drug is now oxidized and after phase 1 reactions, the 

resulting drug metabolite is still often pharmacologically active (Wilkinson et al. 

2008). 

Phase 2 metabolism 

Phase 2 metabolism involves the addition of a new functional group to the 

compound, called conjugation. These groups include glutathione, methyl or acetyl 

groups. These metabolic processes usually occur in the hepatocyte cytoplasm. 

The attachment of an ionized group renders the metabolite more water soluble. This 

facilitates excretion and also decreases pharmacological activity (Wilkinson et al. 

2008). 

2.3.1.2 Introduction to the cytochrome P450 system 

2.3.1.2.1 Prologue 

The biochemistry of cellular metabolism is a complex array of enzymes and 

metabolic products serving the purpose to generate energy for life. For humans these 
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activities occur in a hostile environment where continued exposure to a wide variety 

of xenobiotics is common practise. Plants and animals that serve as food sources 

consumed by humans are rich in their diversity of chemical constituents, the current 

life style of humans fosters the use of disposable items leading to pollution, industrial 

advances are often associated with a proliferation of new synthetic chemicals, and 

the growth and acceptance of the pharmaceutical industry has introduced the general 

use of therapeutic drugs and other xenobiotics, to name but a few examples. Daily 

exposure to foreign compounds anticipates a highly effectual metabolizing system. 

Mammalian life sustains such high demands by harnessing the power of metabolic 

enzymes. In the centrepiece of xenobiotic metabolism, is a unique hemeprotein 

called cytochrome P450 (CYP). 

2.3.1.2.2 What are CYP? 

The cytochrome P450 proteins are a family of heme proteins resulting from 

expression of a gene super-family that currently contains around 1000 members in 

species, ranging from animals to bacteria. These CYP play critical roles by catalyzing 

reactions in: 

a) metabolism of drugs, xenobiotics and environmental pollutants 

b) biosynthesis of steroid hormones 

c) oxidation of unsaturated fatty acids 

d) metabolism of fat-soluble vitamins (Nebert et al. 1987). 

Cytochrome P450s are intracellular hemeproteins that "activate" molecular oxygen 

for oxidative metabolism. What sets the P450s apart from other cellular hemeproteins 

is the role of a thiol-group from a cysteine of protein which serves as a ligand to the 

heme-iron. Most heme proteins in mammals (e.g., peroxidases, cytochrome b, 

haemoglobin) have a nitrogen atom from the imidazole group of histidine which 

serves as a similar ligand. The role of the thiol group as a ligand alters the electron 

density of the resonant porphyrin ring of the heme thereby providing an electronic 

centre for activation of molecular oxygen (Hasler et al. 1999). 

2.3.1.2.3 CYP disposition 

The P450s are members of the class of enzymes called oxygenases. Specifically 

they distinguish between either mono-oxygenases (Hayaishi et al. 1962) or mixed 

function oxidases (Mason et al. 1957). 
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Figure 2-3: NADPH - an electron carrier 

NADPH (Figure 2-3) serves as an electron carrier catalyzing oxidative metabolism. 

The molecule exists in two forms that vary in whether or not it carries electrons. 

NADPH is the reduced form of the electron providing molecule. NADP+ is the 

oxidized form of the same molecule (Anon 28/06/2008). 

P450 dependant oxygenation reactions 

NADPH + 0 2 + XH2 + H+->NADP+ + XHOH + H20 

Figure 2-4: The equation for P450-dependant mixed-function oxidise 

In most instances mammalian P450 enzymes catalyze reactions for the oxidative 

conversion of a chemical following the equation illustrated in Figure 2-4. Two 

electrons originating from NADPH are transferred to the hemeprotein by a 

flavoprotein (or a flavoprotein/iron sulphur protein) in the presence of organic 

chemical or molecular oxygen. The organic chemical is oxidized and one atom of 

molecular oxygen is incorporated into the chemical product. 

Central to the operation of the P450 cycle is the need to provide electrons from 

NADPH. Mammalian tissues have two types of electron transport systems operative 

for different P450s. One type is located in the endoplasmic reticulum of many cell 

types where a unique flavoprotein containing both FAD and FMN as cofactors 

functions (Figure 2-5). This type is frequently referred to as the microsomal-type of 

P450 system. The second type is associated with the mitochondria and consists of 

an FAD-containing reductase and an iron-sulphur protein (called ferredoxin or 

adrenodoxin). This mini-electron transport system is similar to that found in bacteria 

where a P450 may be functioning to break down chemicals as an energy source for 

growth. 
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Microsomal P450reactions 

NADPH -> Flavoprotein (FAD/FMN) -> P450-» 02 

Figure 2-5: Electron transport carrier system for the microsomal P450. 

In undemanding terms, the P450s serve as the common interaction site for the 

chemical substrate to be oxidized, electrons donated from reduced pyridine 

nucleotides (NADPH or NADH), atmospheric oxygen, and protons contributed by the 

solvent so that chemistry involving hydrogen abstraction, oxygen activation, and 

specific stereo- and regio-oxygenation can occur (Hasler etal. 1999). 

2.3.1.2.4 CYP nomenclature 

When studies of P450 were first undertaken in the early 1960s it was not recognized 

that so many different P450s existed. The advent of molecular biology provided 

techniques that permitted one to identify and characterize the plethora of P450s that 

we now know. This deluge of information continues today as interest in P450s 

present itself in a variety of scientific methodologies. The proliferation of the P450s 

identified the need for developing a logical means of categorizing these 

hemeproteins so that a common and readily understood language was available to 

permit scientific communication. Nebert et al. (1987) published a recommended 

nomenclature for the P450 gene super-family. This classic article brought order to the 

confusion jargon of trivial names that previously confused most workers. 

Nebert and co-workers (1987) developed a classification system which is logical 

though scientifically functional. They divided the P450s into families, subfamilies and 

individual genes. Denoting cytochrome P450s, an Arabic number designating the 

P450 family, a letter indicating the subfamily when two or more subfamilies are 

known to exist within that family, and an Arabic number representing the individual 

gene. 

For example: 2B1 

2 —> family 

B —► subfamily 

1 —> individual gene 
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Recommendations suggested that the italicized root symbol for cytochrome, CYP, 

should be included in the nomenclature, a proposal that favours current use (Nebert 

et al. 1991). Fulfilling the above mentioned example: CYP2B1. 

After the method of classification was ratified, scientists were confronted to engineer 

a technique to distinguish when an individual cytochrome gene is to be allocated into 

a specific family. Subsequent reason and logic debate saw the commencement of 

the legendary "40% Rule" (Nebert et al. 1987). The protein sequence is aligned with 

a representative sequence from each family and subfamily, and the percent identity 

is determined. These percentages only reflect comparisons of overlapping portions of 

the sequences, unmatched ends and gaps are not counted in the overall length. If 

the sequence is less than 40% identical to all other sequences, the new sequence 

constitutes the first member of a new family. If the new sequence is at least 40% 

identical to any other sequence, then the new sequence belongs in that family. 

Once the family or subfamily is identified, the new sequence is compared with that of 

all other members in the group. P450s that display >59% similarity are assigned to 

the same gene family (Gonzalez et al. 1990). If the new sequence is only a few 

(^$%) amino acids different from a known sequence, it is given the same name, 

unless it can be shown to be a distinct gene. If the sequence is a new member of the 

subfamily or family, numbering follows chronologically. 

Interestingly, research observations indicated that over half (nine) of families of 

human P450s are associated with cholesterol and steroid hormone metabolism. Four 

families of P450s are located with mitochondria and therefore use the mini-electron 

transport chain containing an iron sulphur protein. However, the largest number of 

human P450s is in the families CYP1 to CYP4 with CYP2 containing as many as 

eight subfamilies (Hasler et al. 1999). The P450s participate in many key roles 

essential for maintaining the health and well being of an individual. Currently most 

research emphasis focuses on the role P450s play in the metabolism of drugs and 

other xenobiotics (Pavek et al. 2008). It has been recognised for many years that 

some individuals are rapid metabolizers of some drugs, while other individuals are 

slow metabolizers (Cressey et al. 2007). The varied response is due, in many 

instances, to differences in the amount of P450 expressed in the intestine and the 

liver. To a large extent, your predisposed genetic composition determines your 

metabolizing authority. Individualized genetic variation is known as your genotype. 

The physical presentation thereof through its biochemical functioning is described as 

your phenotype (Belle et al. 2008). 



Chapter 2: Literature Review 26 

Apart from genetic disposition, there are auxiliary factors contributing to fluctuations 

in drug response as discussed in the section on ARV treatment failure {2.4.3). 

2.3.1.2.5 Prevalence 

Although the liver does contain the largest concentrations of P450 isoenzymes, they 

do exist in other tissue too. Families CYP1, CYP2 and CYP3 involved in xenobiotic 

metabolism are also expressed in a range of extrahepatic tissues: intestine, brain, 

kidney, placenta, lung, adrenal gland, pancreas, skin, mammary gland, uterus, ovary, 

testes and prostate. Extrahepatic isoenzymes of importance are in the intestine, 

kidney, lung, placenta and skin, because they are involved in drug distribution and 

clearance or are in direct contact with environmental xenobiotics. Since the 

expression of the majority of the isoforms appears to be very low in the extrahepatic 

tissues in comparison with predominant expression in adult liver, the role of the 

enzymes in overall biotransformation and total body clearance is minor. However, 

basal expression and up-regulation of extrahepatic CYP enzymes can significantly 

affect local disposition of xenobiotics or endogenous compounds in peripheral tissues 

and thus modify their pharmacological/toxicological effects or affect absorption of 

xenobiotics into systemic circulation (Pavek et al. 2008). 

2.3.1.2.6 Role of CYP in drug metabolism 

First-pass metabolism is a phenomenon of drug metabolism whereby the 

concentration of a drug is greatly reduced before it reaches the systemic circulation, 

a theory first described by Grant Wilkinson and David Shand in 1975. 

After a drug is swallowed, it is absorbed from the digestive system and enters the 

liver via the hepatic portal vein. The liver metabolizes some drugs to such an extent 

that only a small amount of active drug emerges from the liver to be distributed to the 

rest of the body (Figure 2-6). This first pass effect of the liver may greatly reduce the 

bioavailability of the drug (Wilkinson et al. 2008). 
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Figure 2-6: Lower bioavailabitity of orally administered drugs due to first-pass metabolism. 
(adapted from van de Waterbeemd et a/. 2003) 

Alternative administration routes (intravenous, intramuscular, inhalation and 

sublingual) avoid first-pass metabolism as the drug is absorbed directly into the 

systemic circulation. This then accounts for a faster onset of action and a theoretical 

100% bioavailability, 

The inter-individual variation in hepatic metabolic capacity partly explains the wide 

inter-individual variation in the bioavailability of drugs. Certain orally administered 

drugs undergo definite first-pass metabolism, including efavirenz (Balani et al. 1998), 

ritonavir and lopinavir (Oldfield et al. 2006). 

In humans and other mammalian species including rats, CYP1, CYP2 and CYP3 

families are primarily associated with the Phase 1 metabolism of exogenous 

compounds. Twelve CYPs (CYP1A1, 1A2, 1B1, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 

2E1, 3A4, and 3A5) are known to be important for metabolism of xenobiotics (Pavek 

ef al. 2008). Over 90% of the primary oxidative metabolism of xenobiotics is P450-

mediated, stressing the critical important role CYPs play in drug metabolism. (Hasler 

era/. 1999). 

CYPs have a tremendous capacity to metabolize a large number of structurally 

diverse chemicals. This aspect can be described to multiple forms of CYPs and to 

the capacity of a single CYP to metabolize many structurally distinct chemicals. A 

single chemical compound can be metabolized by different CYPs, albeit at different 

rates. 
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In addition, CYPs can metabolize a single compound at different positions on the 

molecule. In contrast to enzymes in the body that carry out highly specific reactions 

involved in the biosynthesis and degradation of important cellular constituents in 

which there is a single substrate and one or more products or two simultaneous 

substrates, for example the biosynthesis of steroid hormones and metabolism of fat-

soluble vitamins, the CYPs are considered promiscuous in their capacity to bind and 

metabolize multiple substrates. This property, which is due to large and fluid 

substrate binding sites in the CYP, sacrifices metabolic turnover rates; CYPs 

metabolize substrates at a fraction of the rate of more typical enzymes involved in 

intermediary metabolism and mitochondrial electron transfer. This CYP disposition is 

responsible for drugs having half-lives in the order of 3 to 30 hours, while 

endogenous compounds have half-lives of the order of seconds or minutes, for 

example dopamine and insulin. Even though CYPs have slow catalytic rates, their 

activities are sufficient to metabolize drugs that are administered at high 

concentrations in the body (Nath et al. 2008). 

This unusual feature of extensive overlapping substrate specificities by the CYPs is 

one of the underlying reasons for the predominance of drug-drug interactions. When 

two co-administered drugs are both metabolized by a single CYP, they compete for 

binding to the enzyme's active site. This can result in the inhibition of metabolism of 

one or both of the drugs, leading to elevated plasma levels. If there is a narrow 

therapeutic index for the drugs, the elevated serum levels may elicit unwanted 

toxicities. Drug-drug interactions are among the leading causes of adverse drug 

reactions (Foisy et al. 2000). 

2.3.1.2.7 CYP responsible for drug interactions 

A drug interaction is the modification of the effect of one drug by prior or concomitant 

administration of another drug. 

Drug interactions may be characterized by pharmacokinetic variability, manifesting as 

altered absorption, distribution, metabolism and excretion, or pharmacodynamic, 

leading to agonistic or antagonistic effects. The majority of ARV drug interactions are 

due to their pharmacokinetic disposition, presenting as increased or decreased 

plasma concentrations owing this effect to either induction or inhibition (Walubo et al. 

2007). The concomitant administration of CYP inducers and inhibitors with other 

drugs that are also metabolized by CYP450 can result in their distorted metabolism in 

the gastrointestinal tract and/or liver. The clinical importance of such interactions 
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includes induction leading, to sub-therapeutic levels or failed treatment and in the 

case of inhibition to toxicity (Jana et al. 2007). 

In most cases drugs are oxidized to several metabolites involving different CYP. 

However, if a drug is oxidized extensively by a single CYP, inhibition or induction 

would have a major impact on therapy with the drug (Hasler et al. 1999). This 

inhibition or induction of CYP isoenzymes via therapy by prior or concomitant 

administration, contribute to the formation of drug-drug interactions. 

Drug interactions may lead to increased toxicity or side effects, non-compliance, 

therapeutic failure and increased cost of healthcare (Walubo et al. 2007). Drug-drug 

interactions are among the leading causes of adverse drug reactions. (Gonzalez et 

al. 2005, Jana et al. 2007). Contemporary research indicates that there is an 

increase in adverse drug reactions due to the concomitant use of highly active 

antiretroviral therapy (HAART) and co-morbid medications (Foisy et al. 2000). 

Pharmacovigilance, the collective term for the scientific activities concerned with the 

detection, assessment, understanding and prevention of adverse drug reactions, 

should be the concern of every healthcare worker. Within the South African context, 

the Medicines Control Council (MCC) has a responsibility to ensure the safety, 

efficacy and quality of all medicines used by the South African public. The National 

Pharmacovigilance Program is coordinated by the MCC and has two dedicated units 

responsible for the monitoring of the safety of medicines. The National Adverse Drug 

Event Monitoring Centre (NADEMC) in Cape Town monitors the safety of all 

registered medicines in South Africa. In addition, a focused surveillance unit at 

MEDUNSA is responsible for monitoring the safety of anti-retroviral (ARV) medicines 

and complementary medicines. The unit at MEDUNSA is also responsible for 

monitoring the safety of unregistered medicines used during clinical trials. 

2.3.1.2.8 CYP isoenzymes 2B6 and 3A4 

2.3.1.2.8.1 CYP2B6 and 3A4 prologue 

CYP2B6 and 3A4 form part of the 12 major CYP enzymes recognized for their 

importance of the metabolism of xenobiotics (Pavek et al. 2008). They are also 

primarily indicated in the metabolism of antiretroviral drugs used in this study; 

efavirenz (2B6) (Smith et al. 2001), ritonavir and lopinavir (3A4) (Eaglings et al. 

2002). 
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CYP2B6 is an enzyme thought initially to be expressed only in special populations, 

with absence in the majority (Wrighton et al. 1992). This remained the understanding 

until recent evidence indicated that nearly all livers do express the enzyme, although 

at low levels (Ekins et al. 1998). Today, it is thought that 2B6 is responsible for in 

vitro metabolism of more than 70 diverse xenobiotics (Ekins ef al. 1999). To date, 

CYP2B6 is known to have numerous substrates, inhibitors, and according to recent 

research, a predisposition to induction. Variability among 2B6 activity does exist, 

accounted for by environmental factors and interindividual variation (Madan ef al. 

1997). This once mysterious enzyme, is signifying its importance in contemporary 

xenobiotic metabolism and more frequently contributing to ARV drug metabolism 

(Smith et al. 2001). 

CYP3A4 is the most abundant drug metabolizing enzyme accounting for 

approximately 30 - 40% of the total CYP content (Watkins et al. 1987), and 

participates in the metabolism of more than 50% of all commercially available drugs 

(Wrighton et al. 2000). Interindividual variation for this isoenzyme varies extensively, 

where research has indicated a 10-fold variation in CYP3A4 expression levels 

(Schuetz et al. 1994). Responsible for the majority of xenobiotic metabolism, 

modulation of CYP3A4, whether it entails enzyme induction or inhibition, is renowned 

for its drug interaction capabilities. CYP3A4 is particularly responsible for drug 

interactions in the treatment of HIV/AIDS, where combination antiretroviral therapy 

and concomitant co-morbid medications are most prone to modulate the enzyme and 

generate interactions and subsequent adverse interactions (Hariparsad et al. 2004). 

2.3.1.2.8.2 Human and rat isoenzyme extrapolation 

The use of in vivo pre-clinical pharmacokinetic data to predict human 

pharmacokinetic properties is common practice in the pharmaceutical industry (Ings 

et al. 1990, Pogessi et al. 2004). Animal models for metabolic screening have been 

validated and used extensively, applying the pharmacokinetic principles by means of 

extrapolation of animal data to humans (Uehleke et al. 1973, Gillette et al. 1976, Rico 

et al. 1978). However, since the introduction of animal-to-human extrapolation, the 

applicability of the results was questioned and the speculation contentious 

(Benesova et al. 1982). 

With pre-clinical animal models, it is imperative to recognize that humans differ from 

animals with regard to isoform composition, expression and catalytic activities of 

drug-metabolizing enzymes (Martignoni et al. 2006). Focussing on the primary 
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metabolic enzymes and their influence on metabolism and pharmacokinetics of 

xenobiotics, CYP species-specific isoforms CYP1A, -2C, -2D and -3A indicated 

appreciable interspecies variation, including their subsequent inhibition and induction 

(Zuber et al. 2002, Martignoni ef al. 2006). Because of these enzyme variations, 

caution should be exercised when extrapolating metabolism data from rodent models 

to humans (Turpeinen et al. 2007). 

Due to inter-species variations (Zuber et al. 2002, Martignoni et al. 2006), rat and 

human isoforms do differ, however their respective activities do resemble 

significance (Miksys et al. 2000, Komura et al. 2007). 

In the 1980s it was discovered that rat CYP2B6 and CYP2B1 share a sequence 

similarity of 76% and 75% respectively, and is today supported by subsequent 

research (Phillips et al. 1988, Wolf et al. 1988). Anti-rat CYP2B1 antibody recognized 

CYP2B6, positively identifying the CYP2B6 protein (Yamano et al. 1989). Polyclonal 

antibodies (rabbit-anti-rat) for CYP2B1 also recognized human CYP2B6 proteins 

(Ekins et al. 1997). Quantified rat CYP2B1 mRNA also identified CYP2B6 as its 

human homologue (Miksys et al. 2000). This discovery introduced significant 

prospective research. With a human-rat CYP enzyme correlation, substrate 

metabolism could be successfully screened by means of an animal model in rodents. 

With CYP3A4 being the drug metabolizing enzyme of principal importance (Watkins 

ef al. 1987, Wrighton ef al. 2000), in vivo pre-clinical investigation for metabolism are 

indispensable in clarifying the pharmacokinetic disposition in animal species and 

predicting the effect of metabolism in humans. Rat CYP3A62 showed the highest 

similarity to human CYP3A4, and the nucleotide sequence of the CYP3A62 proximal 

promoter region provided evidence very comparable with that of the CYP3A4 genes 

(Matsubara ef al. 2004, Komura ef al. 2007). Interspecies CYP3A4/3A62 variability 

has clinical relevance, where in vivo metabolic activities are higher in humans than in 

rodents, responsible for longer half-lives specifically in rodent models (Komura ef al. 

2007). This rodent enzyme disposition is beneficial, reducing the pill burden of twice 

daily dosage forms for humans (e.g. ritonavir and lopinavir) to a single daily dose. 

Rodent models for pre-clinical investigations of antiretroviral drugs are frequently 

used for pharmacokinetic screening, including the NNRTI efavirenz (Balani ef al. 

1998, Berruet ef al. 2005) and the Pis ritonavir and lopinavir (Yamaji ef al. 1999, 

Kageyama ef al. 2005, Uedo-Garcia ef al. 2006, Cunha ef al. 2007, Kumar ef al. 

2004). 
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Furthermore, rodents present with metabolic polymorphisms (Gonzalez ef a/. 1990) 

that can be appropriately researched, enabling more detailed metabolic research. 

2.3.1.2.9 Genotype and phenotype 

It is estimated that that genetic factors account for 20 to 90 percent of patient 

variability in response to treatment (Kalow et al. 1998). An individual's genotype 

(genetic makeup) will, together with environmental factors, predispose him/her to a 

certain metabolic phenotype (expressed organism with its functioning). Naturally 

occurring variants in gene structure are called genetic polymorphisms, which may 

influence therapy by altering the pharmacokinetics or pharmacodynamics (Belle et al. 

2008). 

CYP2B6 polymorphisms may have a significant effect on substrate (e.g. efavirenz) 

metabolism. It has been shown that HIV patients on efavirenz, genotyped as P450 

286*6/*6 (Q172H and K262R) have significantly higher mean plasma efavirenz levels 

than patients who are *6 heterozygous or an absence of *6 alleles (Tsuchiya et al. 

2004). The converse is also true, where the CYP2B6-516-G/G polymorphism is 

characterized by enhanced metabolic function and subsequent lower substrate 

concentrations, having a 50 to 70% probability of developing sub-therapeutic trough 

levels of efavirenz (ter Heine et al. 2008). 

Eighty single nucleotide polymorphisms (SNPs) of CYP3A4/5 have been reported 

since these two CYP proteins have overlapping substrate specificities, including 

ritonavir and lopinavir. CYP3A4 alleles with minimal function compared to wild type 

include the CYP3A4*6 and CYP3A4M7. Alleles with moderately decreased or altered 

activity include: CYP3A4*2, *8, *11, *12 *13, *16, and *18 (Lee et al. 2005). Within 

this range of polymorphisms, certain genotypes will induce metabolism and the 

responsible phenotype present with sub-therapeutic blood levels. Several other 

genetic variants will inhibit metabolism forcing toxicities as phenotypical behaviour. 

Evidently, genotyping and phenotyping of the appropriate CYP do unquestionably 

contribute to ARV treatment failure (Brindeiro et al. 2002). Prospective 

pharmacogenetic testing will facilitate understanding for health care professionals 

and steer better decisions about therapy. 
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2.3.1.3 The future of P450 research 

Genetic influences on drug metabolism interact with other intrinsic and extrinsic 

characteristics of a person to determine the outcome from treatment with any 

pharmacologic agent. The breakthrough in polymorphism research concluded that 

we can identify genetic variances responsible for defects in metabolism. Recognizing 

slow or fast metabolizers will insure compliance with different aspects of the 

pharmacodynamic process. Although still in its infancy, the field of pharmacogenetics 

and pharmacogenomics already provides useful clinical information to enhance 

patient care and offers a growing potential to individualize drug therapy and improve 

clinical outcomes. 

Continuous research contained by this methodology would provide the scientific 

community with new insight regarding inter-individual variability. Ultimately, this 

understanding may shift the medical paradigm to highly individualized therapeutic 

regimens. 

2.3.2 P-glycoprotein (P-gp) 

2.3.2.1 Introduction into P-gp 

The majority of commercially available drugs are taken orally and absorbed from the 

gastrointestinal tract. Subsequent to absorption and first-pass metabolism, drugs are 

distributed through the body, and therefore poor absorption and enhanced 

metabolism are premier contributors to low oral bioavailability. Until recently, poor 

oral bioavailability partly because of the physical-chemical properties of drugs 

(solubility, hydrophilicity and lipophilicity) was responsible. This has implications for 

combination therapy, where one drug may alter the absorption and metabolism of the 

concomitant drug. Recently, remarkable progress has been made in the field of oral 

drug bioavailability alterations in multidrug regimes. Predisposed drug interactions 

may occur due to pharmacokinetic and pharmacodynamic changes resulting from 

two important key factors, xenobiotic efflux pumps and metabolizing enzymes. 

Numerous orally administrated drugs are limited by efflux and enterohepatic 

recycling, elucidated by Figure 2-7. Drug efflux proteins, P-glycoprotein, multiple drug 

resistance associated proteins (MRPs) and CYP are the major contributors to 

treatment failure (Pal et al. 2006). 



Chapter 2: Literature Review 34 

2.3.2.2 What is P-gp? 

This 170 kDa multidrug resistance 1 transmembrane efflux transporter (Westerlund 

ef a/. 2008) regulates the bioavailability of endogenous and exogenous compounds 

through serving as a biological barrier by extruding toxins and xenobiotics to 

extracellular fluid (Pal ef a/. 2006). 

Dose Absorption 

► Bioavailability 

To faeces P-gp efflux P-gp efflux 

Figure 2-7: Enterohepatic P-gp efflux into extracellular fluid. 

(adapted from van de Waterbeemd et al. 2003) 

2.3.2.3 History and classification 

The predicament encompassing multidrug resistance (MDR) in human cancer cells 

led to the discovery more than 30 years ago of a single protein P-glycoprotein, 

capable of arbitrating resistance to a multitude of structurally diverse drugs (Juliano 

ef at. 1976). Subsequent to the discovery, P-gp became the archetypal eukaryotic 

ABC (ATP-binding cassette) transporter gene and research into the basic 

mechanistic understanding proceeded (Sheps ef al. 2007). Four large subfamilies 

exist: ABC 1, MDR/TAP, MRP/CFTR, ALD (Owen ef al. 2005), in total coding for 48 

individual transporters (Stieger ef al. 2007), including P-gp which is the product of 

MDR 1 gene coding (Westerlund ef al. 2008), rearing definite clinical significance, 

where 18 human ABC genes have been associated with genetic diseases (Dean ef 

al. 2005). Mammalian interspecies homology is approximately 60-65% (Pal et al. 

2006), and Sprague-Dawley rats have served numerous P-gp experiments 

(Westerlund ef al. 2008), indicating the genetic importance throughout evolution 

particularly because of their significance in xenobiotic trafficking. This further benefits 

metabolic research, proving beneficial for the use of animal models to extrapolate 

pharmacokinetic results to humans. 
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MDR 1 is nearly ubiquitously expressed, whereas P-gp is more restricted to tissues 

participating in absorption and secretion, including tissue such as the intestine, liver, 

kidney, pancreas and adrenal gland (Gottesman et al. 1993). Concerning the 

intestine, P-gp is localized exclusively within the brush border region of the apical 

surface of mature entrecotes, contributing significantly to the efflux of orally 

administered P-gp substrates (Watkins et al. 1997). High levels of P-gp is expressed 

in the endothelial cells in the blood-brain-barrier and choroid plexus, stressing the 

critical importance of this drug trafficking barrier in normal physiological health 

(Ambudkar era/. 1999, Lin era/. 2003, Yu et al. 1999). 

2.3.2.4 P-gp implications in HAART 

The effect of P-gp efflux on protease inhibitors is substantial (Jones et al. 2001, 

Williams et al. 2002), although some reports do exist claiming that P-gp has no 

impact on antiretroviral activity (Srinivas et al. 1998). Despite the contentious nature, 

it is general belief that P-gp decreases plasma concentrations of the protease 

inhibitors in a dose-dependant manner (Lee et al. 1998). 

The effect of protease inhibitors on P-gp efflux on the other hand, is much more 

controversial. Reports extend from protease inhibitors being responsible for P-gp 

induction (Huang et al. 2001) to the Pis ritonavir and lopinavir being responsible for 

inhibiting P-gp efflux (Storch et al. 2007). Peer-reviewed research even produced 

results indicative of Pis exerting no effect on P-gp expression (Lucia et al. 2002). 

However, ubiquitous consciousness about the importance of P-gp in restraining 

bioavailability of co-administrated drugs coupled with evidence that P-gp is involved 

in limiting CYP3A4 first pass metabolism (by decreasing access of the drug to CYP 

metabolism), has contributed to the conclusion, and now the majority belief, that 

protease inhibitors do induce P-gp expression (Andreana et al. 1996, Huang et al. 

2001). 

The effect of P-gp efflux on virological considerations is supported by growing 

evidence, suggesting that P-gp may also affect replication of enveloped viruses 

(Owen et al. 2005). The intellectual ember originated from empirical research into 

influenza viruses in cell lines over-expressing P-gp. The subsequent over-expressing 

of P-gp blocked the insertion of the influenza virus fusion protein into the plasma 

membrane, prohibiting consequent membrane fusion and inhibiting viral infectivity 

(Raviv et al. 2000). Contemporary investigations into the successive application in 

HIV are in the throes of continuance (Lee et al. 2000, Speck et al. 2002). In 
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summary, these data indicate that the dynamics of drug efflux and viral entry may be 

related. 

The effect of HIV on P-gp efflux affects the function of P-gp in Natural Killer (NK) 

cells, and signified to be decreased in HIV positive patients regardless of no 

difference in the expression of the protein being detected (Lucia et al. 1995). 

Functional disparities like these attribute to morphological differences in the P-gp 

expressed on NK cells from healthy and HIV positive individuals. This impacts the 

lytic function of these cells and inevitably contributes to a already compromised 

immune system (Cauda et al. 1998). 

Despite empirical disagreement, the holistic effect P-gp has on ARV therapy is 

authentic. Enquiries into the possibility that variation in P-gp expression may have an 

impact on treatment outcomes of HAART (Owen et al. 2005) raised interest that 

MDR 1 shares in the liability responsible for treatment failure (Sheps et al. 2007). 

2.3.2.4 Dual drug interactions: P-gp plus CYP3A4 substrates 

Recently, the concept of P-gp and CYP3A4 reciprocally contributing to dual drug 

interactions has received substantial interest (Choi et al. 2008, Etheridge et al. 2007, 

Grimm et al. 2006, Neuvonen et al. 2006, Ma et al. 2003, Lemahieu et al. 2005, 

Benet et al. 2004, Benet et al. 2003, Cummins et al. 2002). This dynamic interplay is 

significantly relevant to combination antiretroviral therapy. 

The combination of efflux proteins and metabolic enzymes interact simultaneously in 

determining the pharmacokinetics of administered xenobiotics (Katoh et al. 2001). 

Remarkably, the majority of compounds which are substrates for P-gp efflux are also 

substrates for CYP3A4 metabolism, with both P-gp and CYP3A4 mutually expressed 

in the liver, enterocytes and kidney. As a consequence of co-expression and the 

overlapping substrate specificities, it is conceivable that both P-gp and CYP3A4 

crucially participate in comprehensive pharmacokinetic functioning (Owen et al. 

2005). It has been indicated that the similarity in substrate specificity for both P-gp 

and CYP3A4 appears to act synergistically (Chiou et al. 2000). 

Initially it may appear that both P-gp and CYP3A4 are working in tandem to control 

the bioavailability of orally administered xenobiotics as they are absorbed by the 

gastrointestinal tract. However, in a multi-strategy combination such as HAART, the 

complexities to comprehend the nature of pharmacokinetic interactions are 

challenging and combination therapy exercises a profound influence on both the 
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transporter and the appropriate enzymatic systems (Prakash et al. 2003, Holtzman et 

al. 2006, McDonnell etal. 2005, Lemahieu etal. 2005, Benet et al. 2001, Hochman et 

al. 2000). 

Protease inhibitors' interdependence on P-gp and CYP3A4 has been empirically 

proven by the co-administration of indinavir with dexamethasone, and produced a 

significant increase in intestinal metabolism (34%) in relation to the control (6%) in 

rats (Osterberg et al. 2000). The pre-treated dexamethasone cohort resulted in a 2.5-

fold rise in both CYP3A4 and P-gp expression in the rat intestine. However, the 6-fold 

increase in indinavir's first-pass metabolism cannot be elucidated by a 2.5-fold rise in 

CYP3A4 activity. Further studies found a 6-fold increase in the metabolism of 

indinavir only when the drug solution was added to the apical part of the intestine, 

rather than the basolateral side, indicating that P-gp mediated efflux enhanced the 

protease inhibitors metabolism (Chiba et al. 1996). Recent findings reported that P-

gp inhibition could possibly have a superior influence over CYP3A4 modification in 

altering pharmacokinetics (Choi ef al. 2008). 

Concluding from the findings above, enhanced P-gp and CYP3A4 expression with 

elevated P-gp mediated efflux resulted in increased intestinal metabolism of the PI 

indinavir in rats. The coordinated response of active efflux and metabolism is 

responsible for pharmacokinetic variability (Watkins et al. 1997, Wacher et al. 1995). 

Empirically based, it is apparent that multidrug regimens possess the potential to 

alter the concentration of the co-administered through modulated P-gp and CYP3A4, 

having tremendous significance on treatment outcomes of HAART (Owen ef al. 

2005). 

2.4 ARV treatment failure 

2.4.1 Introduction 

The mid-nineties saw a revolution in HIV treatment. Initiation of strategies with 

concomitant drug use commenced, and regimens routinely consisted of 2-3 

antiretroviral drugs. This became known as HAART, and it was found to inhibit HIV 

proliferation more profoundly and durably than preceding antiretroviral strategies, 

without the subsequent resistance development. Novel diagnostic tools emerged 

that could accurately measure levels of HIV RNA in peripheral blood, today 
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recognized as viral load and probably the strongest clinical indicator of disease 

progression to AIDS and dejectedly, death. 

However, current strategies and technology do not provide a cure, and perpetual 

ARV treatment is the sole approach to enhanced quality of life (Chun et al. 1997, 

1998, Finzi et al. 1997, Wong et al. 1997, Finzi et al. 1999). There are many reasons 

why treatment fails. Poor patient adherence is the most cited cause (van Heeswijk et 

al. 2002, Descamps et al. 2000, Austin et al. 1999, Dasgupta et al. 2001). 

Nevertheless, it is not the only reason for treatment failure. Inability to tolerate 

toxicities as a result of compound accumulation by the relevant metabolizing enzyme 

being inhibited does greatly contribute to ARV treatment failure (Cressey et al. 2007). 

Sub-therapeutic drug concentrations due to induction of the relevant metabolizing 

enzymes are responsible for inadequate concentrations of antiretroviral agents and 

subsequent resistance development with treatment failure (De Maat et al. 2003). 

Interpatient pharmacokinetic variability does also contribute to treatment failure 

(Gibbons et al. 2000, Marzolini et al. 2001). Contemporary incidence of ARV 

treatment failure advocates prospective research and a better understanding of the 

complex and challenging clinical predicament. 

2.4.2 Selective drugs of this study indicated in ARV treatment failure 

For a condition that has been transformed from almost uniformly fatal to a 

manageable disease over decades, the impact of treatment has proven substantial, 

providing durable virologic, immunologic and clinical benefits while simultaneously 

minimizing toxicities and resistance development and permit a normal life span. In 

the unfortunate event of being HIV positive, life long treatment is prescribed and the 

subsequent result thereof have contributed to factors responsible for treatment 

failure. 

Efavirenz 

The non-nucleoside reverse transcriptase inhibitors (NNRTI) bind to a hydrophobic 

pocket in the p66 subunit of the HIV-1 reverse transcriptase, but this binding pocket 

is not essential for the function of the reverse transcriptase enzyme and is distant 

from the active site. NNRTI induce a conformational change in the spatial structure of 

the enzyme, responsible for significant reduction in viral activity, acting as non-

competitive inhibitors (Spence et al. 1995). Beneficial over NRTI, NNRTI do not 

require intracellular phosphorylation to attain activity. NNRTI are virus-strain-specific 

due to their binding site specificities and are only active against HIV-1, not HIV-2 or 
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other retroviruses and their use will be a futile attempt (Harris ef al. 2000). Efavirenz 

(Figure 2-8) is effective, transiently decreasing plasma HIV RNA concentrations by 

two orders of magnitude or more when used as sole agent (Havlir et al. 1995, Wei et 

al. 1995). 
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Efavirenz 
Figure 2-8: Efavirenz structure. 

(Flexner et al. 2006) 

The NNRTI are the most susceptible class of antiretroviral drugs to high-level drug 

resistance, for the reason that a single amino acid change in the NNRTI-binding 

pocket (usually in codons 103 or 181) renders cross resistance to all available drugs 

in the NNRTI class. Given as monotherapy, resistance and virologic relapse can be 

induced within a few days or weeks, unlike nucleoside analogs or protease inhibitors 

(Weiefa/. 1995). 

The use of efavirenz in HAART is associated with elevated CD4 lymphocyte counts 

and favourable long-term suppression of viremia (Harris etal. 2000). In recognition of 

its convenience, tolerability and potency, efavirenz is routinely employed in the initial 

regimens for treatment-naive patients. Short term side effects include rashes, and 

after long-term use fat accumulation can be seen (Mallal et al. 2000, Heath et al. 

2001). 

Efavirenz is eliminated from the body by hepatic metabolism, cleared via oxidative 

metabolism primarily by CYP2B6 and to a lesser extent CYP3A4 (Smith et al. 2001). 

The steady-state elimination half-lives of efavirenz are greater than 40 hours in 

humans and less than 2 hours in rodents (EMEA 2008). Efavirenz is a moderate 

inducer of hepatic drug-metabolizing enzymes including CYP3A4 (Flexner et al. 

2006), making pharmacokinetic drug interactions an important consideration and 

represent potential toxicity. Due to the moderate induction of CYP3A4, efavirenz has 

noted auto-induction (Leung ef al. 2008). 
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Ritonavir and lopinavir 

HIV protease inhibitors are peptide-like chemicals and their disposition encompasses 

competitive inhibition of the virus aspartyl protease. These compounds prevent 

proteolytic cleavage of HIV gag and pol polyproteins that result in the malfunction of 

essential structural and enzymatic components of the virus, ultimately preventing 

metamorphosis of the HIV virus particles (Flexner et al. 1998). HIV positive patients 

treated with protease inhibitors exclusively, experienced a decrease in plasma HIV 

RNA similar in magnitude to that produced by an NNRTI (Ho et al. 1995). Pis 

resistance development occurs at a pace between that of nucleoside analogs and 

NNRTI (Flexner et al. 1998). 

HIV protease inhibitors produce durable long-term viral suppression, elevation of 

CD4 lymphocyte counts, a definite reduction in disease progression and improved life 

span when introduced in a HAART regimen (Flexner et al. 1998). These 

characteristics are ideal for treatment-experienced patients struggling to cope with 

viral resistance and treatment limiting options. However, the virologic benefits of 

these drugs must outweigh the inevitable toxicities associated with Pis (Garg et al. 

2004). 

UMNAVUR RITONAVIR 

Figure 2.9: Lopinavir and ritonavir structure. 

(Flexner et al. 2006J 

HIV protease inhibitors clearance is principally through hepatic oxidative metabolism. 

Ritonavir and lopinavir (Figure 2-9) are substrates predominately for CYP3A4. 

Elimination half-lives of the HIV protease inhibitors range from 1.8 to 10 hours in 

humans, and less than 2 hours in rodents (Lledo-Garcia et al. 2007). Their 

pharmacokinetic properties are exemplified by high interindividual variability, which 

may mirror the discrepancy in activity of hepatic and intestinal CYP450 isoforms 

(Back et al. 2002; Rendic et al. 1997). Taken into account that ritonavir inhibits 

CYP3A4, this once thought side effect is today utilized in a low dose to take 

advantage of the remarkable inhibition capacity to boost the concentrations of 

concurrently administered CYP3A4 substrates (Flexner et al. 2000). Although the 
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approved dose of ritonavir for antiretroviral treatment is 600 mg twice daily, doses of 

100 or 200 mg twice daily are sufficient to inhibit CYP3A4. In addition, lower doses of 

ritonavir are much better tolerated. Lopinavir is available only in a co-formulation with 

ritonavir (Kaletra®) that is designed to take advantage of this beneficial 

pharmacokinetic drug interaction. Unfortunately, the majority of HIV protease 

inhibitors are substrates for the P-glycoprotein drug transporter (Lee et al. 1998), 

responsible for efflux of the substrates and eventually sub-therapeutic drug levels. 

The potential for metabolic drug interactions is a contemporary issue regarding 

HIV protease inhibitors, involving toxicities and sub-therapeutic drug levels. The 

majority of these compounds inhibit CYP3A4 at clinically achieved concentrations, 

varying significantly, with ritonavir undoubtedly the most potent (Piscitelli et al., 

2001). In addition, the hepatic enzymes are moderately induced by ritonavir, 

including CYP3A4 and glucuronosyl S-transferase. Vigilance should be exercised 

concerning the prospect of clinically significant pharmacokinetic drug interactions in 

patients receiving Pis. 

Empirical use of NRTI in HAART has demonstrated excellent adherence compliment 

to low pill burden and a low potential for drug interactions (Kuhlmannd et al. 2005). 

Conversely, non-nucleoside reverse transcriptase inhibitors and protease inhibitors 

are primarily metabolized by CYP enzymes (Joly et al. 2002), making them very 

susceptible for alterations in metabolism and are therefore primarily implicated in 

pharmacokinetic ARV drug interactions. 

2.4.3 Interpatient variability responsible for treatment failure 

Antiretroviral agents vary considerably in concentration amid individual patients, and 

frequently more than 10-fold (Gibbons et al. 2000, Marzolini et al. 2001). The cause 

of such significant interpatient pharmacokinetic variability is multifactorial and 

described below. 

• Drug-food interactions 

The bioavailability of ARV drugs may be reduced significantly with the consumption 

of foods indicated to have this potential (Yeh et al. 1998). The "boosting" effect of 

simultaneous use of a Pis has proven to partially overcome this predicament (Saah 

etal. 2001). 
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• Gender 

Recently, women illustrated higher antiretroviral exposure when compared to men, 

indicative of a superior probability to virological success (Fletcher et at. 2004). 

Additionally, elevated zidovudine and lamivudine plasma levels have been reported 

in women compared to men (Anderson et al. 2006). 

• Pathological - hepatic disease 

Significant data is available representative of hepatic impairment altering 

antiretroviral drug pharmacokinetics (Wyles et al. 2005). CYP oxidation is 

tremendously sensitive to hepatic alteration, accountable for the subsequent changes 

in metabolism (Wiles et al. 2008). 

• Pathological - renal disease 

Chronic renal failure has proven to reduce the non-renal clearance of drugs 

considerably by affecting hepatic metabolism. Empirical evidence indicated a down 

regulation in some of the CYP isoenzymes (Wiles et al. 2008). 

• Pregnancy 

Selective antiretroviral drugs illustrated an inferior plasma concentration during the 

second and third trimester of pregnancy when compared to postpartum or to non-

pregnant women (Stek et al. 2004). 

• Age 

Hepatic microsomal activity is immature in neonates, but adult levels were achieved 

at the age of 6 months. Conversely, aging is associated with a reduction in the first-

pass effect as a result of reduction in hepatic perfusion (Wiles et al. 2008). 

• Obesity 

Minimal alterations in drug metabolism by obese individuals were observed. 

Increased hepatic perfusion was marked but no difference in enzyme activity was 

found (Wiles et al. 2008). 

• Pharmacological - genetic variation 

Genotyping for CYP3A4/5 produced eighty single nucleotide polymorphisms (SNPs), 

and their representative phenotype is responsible for induction or inhibition of the 
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hepatic metabolizing enzyme, resulting in marked interpatient pharmacokinetic 

variability (Lee et al. 2005). 

Holistically, even with strict patient adherence, clinical research has found that the 

appropriate drug levels are not always achieved, attributable to interpatient 

pharmacokinetic variability. This pharmacokinetic variability as a result of alteration in 

metabolism do contribute significantly to treatment failure, either directly through sub-

therapeutic drug levels (induction) which increase the risk of a poor virological 

response, or indirectly when toxic levels produce intolerability (inhibition), both 

leading to poor adherence and ultimately treatment failure (Cressey et al. 2007). 

2.4.4 Drug interactions responsible for treatment failure 

Drug-drug interactions are also a major contributor to pharmacokinetic variability 

(Cressey et al. 2007). The introduction of HAART shaped the HIV environment, 

where seropositive patients became capable of living a quality and lasting life with 

strict adherence, previously beyond their reach. Unfortunately, combination 

antiretroviral therapy elevated the probability of drug-drug interactions. The majority 

of alterations in metabolism as a result of CYP expression are mediated through 

exogenous compound input (Manke et al. 1996, Wojnowski et al. 2004). Drug-drug 

interactions are defined as the modification of the effect of one drug by prior or 

concomitant administration of another drug (Walubo et al. 2007). Drug interactions 

may be either pharmacokinetic or pharmacodynamic. Pharmacokinetic drug 

interactions manifest as altered absorption, distribution, metabolism and elimination 

(Hongjian et al. 2007) altering the appropriate drugs accordingly. Pharmacodynamic 

drug interactions are responsible for agonistic or antagonistic therapeutic and/or side 

effects (Williams et al. 2002). Bearing in mind that other interactions are also 

important, the majority of ARV drug interactions are pharmacokinetic in nature, 

exhibiting as increased or decreased plasma concentrations due to inhibition or 

induction of drug metabolizing enzymes (Rakmanina et al. 2004, Walubo et al. 2007). 

On account of the NNRTI or PI being responsible for moderate to potent induction 

and inhibition of cytochrome P450 enzymes, the associated compounds are the most 

implicated for antiretroviral treatment failure (Rakmanina et al. 2004). 
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2.4.5 Endogenous contributions 

2.4.5.1 Inhibition 

Characteristical of HIV/AIDS patients is their hyperactive immune system, which is a 

physiological response to the viral infection (Walubo et al. 2007). During the acute 

phase of inflammation the body produces and secretes surplus amounts of cytokines 

(Assenat et al. 2004). Cytokines are known inhibitors of the cytochrome P450 

metabolizing enzyme system (Walubo et al. 2007), and the endogenous interaction 

results in significantly lower CYP expression in vivo and subsequent compound 

accumulation leading to toxicities (Assenat et al. 2004). This has been empirically 

proven in the clinical environment, when the co-administration of the cytokine IL-2 

and indinavir resulted in an 88% increase in the AUC of indinavir in eight of the nine 

patients (Piscitelli et al. 1998). 

2.4.5.2 Induction 

Stress stimulates the hypothalamic-pituitary-adrenal axis, resulting in elevated levels 

of glucocorticoid hormones (Tesfaigzi et al. 2001). Endogenous glucocorticoids are 

distinguished CYP inducers, particularly CYP3A4 (Pacifici et al. 2001). Cortisol is 

susceptible to MDR 1 efflux, decreasing its intracellular concentration (Farrell et al. 

2002). With the co-administration of a P-gp inhibitor, intracellular accumulation of 

cortisol ensues, particularly in the intestines and T-lymphocytes. As mammalian 

stress is controlled by cortisol, the associated handling of subject animals evoke 

stress (Fatemeh et al. 2008), releasing endogenous cortisol. This signifies prominent 

increases in cortisol levels and subsequent CYP induction. Compounds awaiting 

CYP metabolism, particularly CYP3A4 prone drugs, will now experience induced 

metabolism, ultimately resulting in sub-therapeutic drug levels. 

Concluding the above, the initial cytokine release in response to the hyperactive 

immune system, responsible for inflammation, resulted in marked inhibition of CYP 

metabolizing enzymes. The endogenous response to inflammation stimulates the 

release of glucocorticoids, reducing the inflammation and suppressing the response 

mediated by the cytokines (Tesfaigzi et al. 2001), ultimately inducing CYP enzymes. 

However, one could hypothesize that the inhibition and induction effects of these 

endogenous mediated processes have cancelled each other, producing a zero net 

effect. Conversely, empirical research indicted detrimental consequences. In a 

chronic stressed individual, the immune responsiveness was eventually negatively 

affected and their capacity for toxicant metabolization reduced (Quabius et al. 2005). 
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The ripple effect of endogenous contributions to the HIV/AIDS patient is crippling an 

already compromised immune system and contributing to alterations in xenobiotic 

metabolism. 

2.4.6 HAART hospitalization 

Combination antiretroviral therapy is successfully utilized to prolong the progression 

of HIV to AIDS and extend life, even in relatively advanced stages of the infection. 

However, these therapies are still fraught with toxicities (Hammer et al. 1997, Pallela 

et al. 1998, Hogg et al. 1998). To compound issues further, the advent of HAART 

introduced an increased probability to drug-drug interactions due to the metabolic 

disposition of ARV drugs, especially the NNRTIs and Pis. Their disposition to 

induction and inhibition are speculated to have multiple hundreds of potential drug-

drug interactions (Tseng et al. 1997, Tseng et al. 1999). With the treatment options, 

disease complexity and co-morbid conditions increasing, the HIV positive patient is at 

an elevated risk of experiencing significant drug associated morbidity and possibly 

even mortality. 

After the introduction of HAART, HIV related hospitalization decreased by 

approximately 30% (Foisy et al. 2000, Paul et al. 1998, Cohn et al. 1998). In an 

investigation into the prevalence of adverse drug reactions (ADR) from 1966 to 1989, 

the ADR related hospital admissions varied from 0.2% to 21.7% (Eianrson et al. 

1993). On average, 5% of hospital admissions are drug related, of which 4% are 

fatal. The mean increase in adverse drug reactions worldwide is partially because of 

the global increase in HIV infections and their predisposition to drug toxicities 

(Bayard et al. 1992). The higher ADR related fatality rate is frequently observed 

during the pre-HAART phase, explained by an advanced stage of the disease, the 

inclusion of more toxic medication and the lack of HAART (Foisy et al. 2000). 

However, with the escalating use of antiretroviral use post HAART, a proportional 

increase in adverse drug reactions as the result of HAART was witnessed (Foisy et 

al. 2000). Today, this effect is even more pronounced because of the extensive use 

of HAART, salvage therapies and novel antiretroviral strategies being introduced 

(Montaner et al. 1998, Youle et al. 1999, Havlir et al. 1998). The speculation of the 

possibility of augmented incidence in hospitalization secondary to drug interactions is 

anticipated, due to the widespread use of ARV drugs (Foisy et al. 2000). 

In addition to ADR related morbidity, the influence of adverse drug reactions on 

HAART adherence and eventual treatment failure has been documented. Numerous 
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studies found that drug toxicities account for 11 to 35% of non-adherence to therapy 

(Beardsell et al. 1999, Wu et al. 1999, Tuldra et al. 1998, Piroth et al. 1998), 

ultimately contributing to treatment failure. 

Despite noteworthy drug related morbidities in patients being treated with highly 

active antiretroviral therapy, the survival benefits still outweigh the risks in the 

majority of cases. Eliminating any possible cause responsible for treatment failure 

should be promptly attempted. One study provided evidence that in the general 

population, 60% of ADR related hospitalizations in a tertiary teaching hospital can be 

avoided (Dartnell et al. 1996). In the first year subsequent to the advent of the 

protease inhibitors, HAART significantly impacted the incidence and nature of 

adverse drug reactions (Foisy et al. 2000), emphasizing the need to premature 

identification of alterations in metabolism that could lead to toxicities and eventually 

treatment failure. 

2.4.7 Conclusion 

The majority of ARV drugs have a very narrow therapeutic window and slight 

alterations in the respective pharmacokinetics may lead to toxicities (inhibition) or 

sub-therapeutic drug levels (induction) (Back et al. 2000, van Weeswijk et al. 2002, 

Soldin et al. 2003, van den Bout-van den Beukel et al. 2008). The fact that non-

nucleoside reverse transcriptase inhibitors and protease inhibitors are principally 

metabolized by CYP enzymes and the efflux transport responsiveness of the Pis, 

indicate them primarily for the ARV pharmacokinetic variability. 

With rival ARV pharmacokinetic variability, due to alterations in metabolism and drug 

interactions, empirical research has verified an increased frequency in ARV 

treatment failure (Richman et al. 1994, D'Aquila et al. 1995, Schuurman et al. 1995, 

Rey et al. 1998). Subsequent to a cohort study that analyzed antiretroviral treatment 

failure among adult South Africans (Mee et al. 2008), the result proclaimed that a 

vast 28.2% of the study population experienced treatment failure. In South Africa 

where 5.6 million citizens are HIV seropositive, hypothetically speaking that if all of 

them were on ARV treatment, over 1 million patients will experience treatment failure. 

Patients living with HIV/AIDS are vulnerable to pharmacokinetic variability due to 

concomitant drug use prescribed by HAART, where combination ARV regimes are 

employed as well as the use of other drugs for the treatment of opportunistic 

infections and co-morbid conditions. This may lead to increased drug toxicity or sub-

therapeutic levels, non-compliance and ultimately treatment failure. In one study, 
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26.9% of the investigated cohort changed their protease inhibitor regimen within the 

first two months of therapy due to toxicities (Piroth et al. 1998). These empirical 

observations render the benefit of establishing a rodent model to screen for ARV 

treatment failure as a result of pharmacokinetic variability, caused by alterations in 

metabolism and drug interactions. 
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Abstract 

Objectives 

To establish a rat model screening for variation in ARV metabolism and drug 

interactions, responsible for treatment failure over time. 

Design 

Male Sprague-Dawley rats (114) were included in the study, divided into 6 groups: 

vehicle, 160 mg/kg/day (n = 24) (control); efavirenz, 160 mg/kg/day(n = 18); ritonavir, 

20 mg/kg/day (n = 18); ritonavir, 20 mg/kg/day and verapamil 5 mg/kg/day (n = 18); 

Kaletra® (ritonavir/lopinavir), 20 mg/kg/day, (n = 18); Kaletra® (ritonavir/lopinavir), 20 

mg/kg/day and verapamil 5 mg/kg/day (n = 18). Treatment duration varied from one 

day (single dose), to 7 or 21 days. Blood samples were collected after decapitation 

on days 1, 7 and 21. 

Methods 

A sensitive and rapid liquid chromatograph (LC) interfaced to a quadrupole mass 

spectrometer (MS) method was employed for the plasma determinations. 

Simultaneous detection of efavirenz; Iopinavir and ritonavir followed within the linear 

concentration ranges of 78 - 5000 ng/ml. 

Results 

Efavirenz blood levels increased statistically significantly from day 1 to day 21 

(p < 0.05). The levels of ritonavir and Iopinavir increased statistically significantly 

from day 1 to 21 (p < 0.01) when administered as the ritonavir/lopinavir combination. 

However, the inclusion of the P-glycoprotein inhibitor verapamil, increased the 

ritonavir and Iopinavir blood levels significantly at day 1 (p < 0.05), day 21 (p < 0.05) 
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and decreased between days 1 and 7 (p < 0.05) respectively when administered 

alone. 

Conclusion 

A rat model can be used to detect alterations in metabolism and drug interactions, 

over time as measured by plasma. 

Keywords Antiretroviral therapy, blood levels, cytochrome P450, P-glycoprotein, 

metabolism variability, rats, treatment failure 
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1. Introduction 

Protease inhibitors (Pl)'s and non-nucleoside reverse transcriptase inhibitors 

(NNRTI)'s form an integral part of combination antiretroviral therapy (ART). These 

drugs are primarily metabolized by cytochrome P450 (CYP) enzymes in the liver [1] 

making them very susceptible for metabolic alterations. 

Efavirenz, a NNRTI, is metabolised mainly by CYP P450 oxidative enzymes including 

CYP2B6 and to a lesser extent by CYP3A4 [2]. Efavirenz is a moderate inducer of 

CYP3A4 [3] and this can result in drug interactions and pharmacokinetic variability. 

Due to the moderate induction of CYP3A4, efavirenz has noted auto-induction [4]. 

Efavirenz is metabolized in the rat by the human CYP 2B6 homologue CYP2B1 [5]. 

In vivo and in vitro studies have shown that all the metabolites identified in humans 

are also found in rats. The main distinction is that the half-life in rats is approximately 

0.8-1.9 hours compared to more than 40 hours in humans [6]. 

Pis, such as ritonavir and lopinavir, are substrates for the CYP P450 oxidative 

metabolism, predominantly CYP3A4 [7].Most of the Pis inhibit CYP3A4 specifically 

[8], ritonavir being one of the most potent known inhibitors of CYP3A4, markedly 

increasing the plasma concentration and prolonging the elimination of many 

concomitant drugs [5]. The lopinavir /ritonavir combination was designed based upon 

this boosting capability. Ritonavir inhibit the CYP3A4 metabolism of lopinavir, 

resulting in increased lopinavir levels. The bioavailability of lopinavir was lower than 

25% if administered alone in rats. In combination with ritonavir, an increase in 

maximum plasma concentration (Cmax) and area under the curve (AUC) for both 

ritonavir and lopinavir was noticed in rats [6]. Not only are Pis substrates for CYP, but 

also for the multidrug resistance transporter (MDR 1) P-glycoprotein (P-gp), an efflux 

pump responsible for extracting substrate drugs from the site of absorption, limiting 

intracellular drug accumulation and contributing to treatment failure [9]. 
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P-gp is an ATP-dependant membrane transporter with broad substrate specificity, 

capable of mediating efflux to a variety of structurally diverse drugs [10]. P-gp is 

expressed in a multitude of organs such as the liver, intestinal epithelial cells, kidney 

and blood-brain barrier [11, 12] in human and Sprague-Dawley rat counterparts [13]. 

The expression has implications for limiting drug absorption and penetration in the 

related organ, creating the potential for sub-therapeutic drug levels and feasible 

resistance [14]. NRTIs and NNRTIs drugs are not particularly susceptible to MDR 1 

efflux [15], where pragmatic research indicated that Pis are highly predisposed to 

MDR 1 transportation [9]. Controversy relating to the effect Pis have on the P-gp 

transport system widely exists, extending from protease inhibitors being responsible 

for P-gp induction [16], the Pis ritonavir and lopinavir being P-gp inhibitors [17] to 

reports that Pis exert no effect on P-gp expression [18]. Contemporary research has 

utilized verapamil as a P-gp inhibitor to scrutinize the effects ARV drugs and P-gp 

efflux exercise on each other [9, 19]. 

Despite empirical disagreement, the effect P-gp has on ARV therapy is significant. 

Investigations into the possibility that variation in P-gp expression may have an 

impact on treatment outcomes of HAART [15], raised interest that MDR 1 shares in 

the liability responsible for treatment failure [10]. In a study performed by Usansky et 

al. [20], the absorption of saquinavir was increased 20-fold when the P-gp expression 

was inhibited in a rat model. The study also revealed that the interindividual variability 

decreases with inhibition. 

The use of animal models to investigate ARV drug metabolism is well documented in 

the literature. In certain studies in vitro models for P-gp interactions were developed 

[21]. In another study the investigators were able to show the induction of CYP3A in 

Sprague-Dawley rats and the measurement of ritonavir activity at the blood-brain 

barrier and in intestinal mucosa [22]. 
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Patients with HIV/AIDS who are on HAART are prone to pharmacokinetic variability 

due to concomitant drugs being prescribed as well as the use of other drugs for the 

treatment of opportunistic infections and co-morbid conditions. This may lead to 

increased drug toxicity or side effects, sub-therapeutic levels, non-compliance and 

ultimately treatment failure. The explained empirical observations render the benefit 

of establishing a rodent model to screen for ARV treatment failure as a result of 

pharmacokinetic variability, caused by metabolic alterations and drug interactions. 

2. Materials and Methods 

2.1 Subject population and study layout 

2.1.1 Animals 

Male Sprague-Dawley rats (n = 114), weighing 250 - 350 grams ( 6 - 1 0 weeks old) 

sourced from the Animal Research Centre of North-West University, were grouped 

as six rats per cage, housed in identical cages. Rodents were raised on commercial 

pellet diet with access to water provided ad libitum. All animals were handled 

according to the code of ethics in research, training and testing of drugs as laid down 

by the Animal Ethics Committee of the North-West University (Ethics approval 

number: NWU-00029-07-S9). 

2.1.2 Drugs and dosages 

The animals were divided into six dissimilar treatment groups. Efavirenz (EFV: 

Stocrin™ 600 mg), ritonavir (RTV: Norvir® 80 mg/ml, 90ml,), Kaletra® (KAL: 

ritonavir/lopinavir 1:4) and verapamil (VRL: Vasomil® 80 mg) were purchased from a 

local retail pharmacy. All of the drugs were orally administered through a special 

technique known as oral gavage to allow for the first-pass effect to be included [23] 

(Hayes era/. 2001). 
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Efavirenz was instilled once daily, dosed at 160 mg/kg/day [24-25]. Being 

inadequately soluble in water, it was administered with a methylceiiulose vehicle 

which enhances its solubility [24, 26]. The control cohort received the vehicle only 

(methylceiiulose) at 160 mg/kg/day. Ritonavir was instilled once daily, dosed at 20 

mg/kg/day, which is in relation to the ritonavir found in the combination product 

Kaletra®, sharing consistent ritonavir ratios [27, 28]. Verapamil was administered at 5 

mg/kg/day once daily as the p-glycoprotein inhibitor (P-gp). [29, 30]. 

2.1.3 Study layout 

The study design embraced six different treatment groups, consisting of a control, 

efavirenz (NNRTI), ritonavir (PI) and Kaletra® (PI) group. The dosing period was 

divided into two phases: 

Phase 1: Seventy two rats, treated with ritonavir, Kaletra® and verapamil. Ritonavir 

was administered alone (n = 18) and in combination with the P-glycoprotein inhibitor, 

verapamil (n = 18). Kaletra® was also administered alone (n = 18) and in combination 

with the P-glycoprotein inhibitor, verapamil (n = 18). Subject animals were allocated 

into groups according to the day they would be sacrificed, determining their treatment 

duration. Rodents were treated and blood and liver samples were collected after 1 

day of treatment (single dose, n = 6 per treatment group), after 7 days of treatment 

(Day 7, n = 6) and after 21 days of treatment (Day 21, n = 6). The animals were 

exposed to phase 1 drugs for 21 days for the pharmacokinetic alterations to emerge 

[27, 28]. 

Phase 2: Forty two rats comprised the control and efavirenz groups. The control 

group consisted of 24 rats, 18 rats in accordance with 6 rats per collection date (Day 

1, Day 7, and Day 21), and 6 rats for baseline studies. The control served the 

purpose of placebo subjects and baseline exploration. Efavirenz (n = 18) was 

administered with a methylceiiulose vehicle for 1 day (single dose, n = 6 per 
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treatment group), for 7 days (Day 7, n = 6), and for 21 days (Day 21, n = 6), after 

which blood and liver samples were collected. The animals were exposed to phase 2 

drugs for 21 days for the pharmacokinetic alterations to emerge [24-26]. 

2.1.4 Method of sacrifice 

Rodents were sacrificed by decapitation. Traditionally, prior to decapitation the 

animal would be euthanized by a lethal dose of Euthapent® (barbiturate) or slightly 

anaesthetized, however, this technique is not appropriate for metabolic studies. 

Anesthetization of rats prior to decapitation has been shown to alter most liver 

metabolites markedly [31]. 

Decapitation is less stressful to the animal and excludes the metabolic effects of 

drugs used during euthanasia and is therefore the ideal method of sacrifice. [31, 32] 

2.1.5 Sample collection and storage 

Blood collection occurred directly after decapitation. The blood was collected in 

EDTA (ethylenediaminetetraacetic acid) vacutainers with the blood volume varying 

from individual rats (3.5 ml ± 500 pi). After collection, the vacutainer was capped and 

slightly tilted for a few seconds. Centrifugation followed, comprising of 5000 rpm for 

10 min [33]. There-after the plasma was extracted and pipetted in duplicate into 

micro centrifuge tubes and frozen at -80 °C. 

2.2 Analytical quantification 

2.2.1 Chemicals 

Solvents used as eluents were high purity water, methanol and acetonitrile (HPLC 

grade Burdick and Jackson Laboratory Co.), acetic acid (SAARCHEM), and 

ammonium acetate (Merck). Reserpine (10 mg/ml in dimethyl sulfoxide/DMSO) was 

used as internal standard (IS), acquired from Fluka. Substances utilized for plasma 
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protein precipitation included methanol and zinc sulphate. Ritonavir and lopinavir 

reference standards were a kind gift from Abbott, Italy and efavirenz was sourced 

from the WHO Collaborating Centre for Chemical Reference Substances. 

2.2.2 Liquid chromatographic tandem mass spectrometer instrumentation 

An Agilent 1200 series liquid chromatographic system interfaced to a 6410 triple 

quadrupole mass spectrometer and coupled with ESI (electrospray ionization) was 

used for blood sample determinations. The analytes were separated on a cation-

exchange column (Column Zorbax SB-C3 100 mm x 3 mm x 3.5 urn (PN: 861954-

309), Agilent Technologies, Waldbronn, Germany.). The LC/MS/MS is an appropriate 

and very sensitive instrument for screening major drug-metabolizing CYP alterations 

[34]. The method optimization and development was based on a previously published 

method by Koal et al. 2005 [35], the novelty and benefits of this modified and 

validated LC-MS-MS method include that the MS was operated in positive MRM 

mode only, allowing sufficient highly selective and sensitive detection. Small 

quantities of plasma (100 pi) are suitable for quantification, requiring only a single 

injection to quantify efavirenz, ritonavir and lopinavir within 8 minutes. Isocratic 

separation was performed at a flow rate of 0.5 |il/min. Retention time was 3.9, 3.9 

and 2.1 min respectively for ritonavir, lopinavir and efavirenz. The mean intra- and 

inter-day precisions were 9.1% for two quality control samples repeatedly injected. 

The limit of quantification for each of the three compounds was 78 ng/rril. 

2.2.3 Statistical analysis 

Data are expressed as means ± SD with p < 0.05 regarded as statistical significant. 

Assessment for statistical significance was processed by means of two-way analysis 

of variance (ANOVA). Binary sample comparisons were analysed by the Mann-

Whitney U test, and the Kruskal-Wallis test for multiple sample comparisons. 
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Analyses were performed using GraphPad Prism (version 5.01 for Microsoft 

Windows, GraphPad Software, San Diego, CA, U.S.A.). 

3. Results 

3.1 Ritonavir (Kaletra®) 

The ritonavir concentration as part of the Kaletra® (ritonavir + lopinavir) combination 

was calculated at day 1 (0.098 ± 0.0635 ug/ml; n = 6); day 7 (0.1669 ± 0.0369 ug/ml; 

n = 5) and day 21 (0.7087 ± 0.5537 ug/ml; n = 6). When verapamil was added to the 

regimen, the ritonavir concentration was calculated at day 1 (0.1048 ± 0.0517 ug/ml; 

n = 6) day 7 (0.3728 ± 0.4698 ug/ml; n = 6) and day 21 (0.6215 ± 0.2477 ug/ml; n = 

6). A graphic representation of data is available in figure 1(a). The graphic 

representation of the change in concentration overtime is available in figure 1(b). 

Using the Mann-Whitney U test, no statistical significant differences were found 

comparing ritonavir plasma concentrations with ritonavir plus verapamil on similar 

sample collection day:; 1, 7 and 21 (Figure 1a). 

The Kruskal-Wallis test produced statistical significant increases in plasma 

concentration between day 1 and day 21 for unaccompanied ritonavir (p = 0.0014) 

and ritonavir plus verapamil (p = 0.0061) (Figure 1b). 
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Figure 1 (a): The effect of verapamil 
on ritonavir (Kaletra®) plasma 
concentrations as measured on days 1, 
7 and 21 in Sprague-Dawley rats (n = 
6). Data were analyzed statistically by 
the Mann-Whitney U test. 

Figure 1 (b): The effect of time on 
ritonavir (Kaletra®) and ritonavir 
(Kaletra®) plus verapamil plasma 
concentrations as measured in Sprague-
Dawley rats (n = 6). Data were analyzed 
statistically by the Kruskal-Wallis test, 
statistical significance indicated as p < 
0.01(**). 
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3.2 Ritonavir (Norvir®) 

The unaccompanied ritonavir concentration was determined at day 1 (0.1358 ± 

0.0909 ug/ml; n = 6), day 7 (0.1077 ± 0.0260 ug/ml; n = 6) and day 21 (0.2615 ± 

0.0915 ug/ml; n = 6). The accompanying verapamil cohort's plasma concentration 

were calculated at day 1 (0.6632 ± 0.3619 ug/ml; n = 6), day 7 (0.1910 ± 0.1045 ug/ml; 

n = 6) and day 21 (0.5746 ± 0.1695 ug/ml; n = 6). The graph representing the data is 

shown in Figure 2(a). The graphic representation of the change in concentration over 

time is available in Figure 2(b). 

Using the Mann-Whitney U test, statistical significant differences were found 

comparing ritonavir plasma concentrations with ritonavir plus verapamil on day 1 (p = 

0.0064) and day 21 (p = 0.0064) (Figure 2a). 

The Kruskal-Wallis test produced statistical significant increases in plasma 

concentrations between day 7 and day 21 for unaccompanied ritonavir (p = 0.124) 

and ritonavir plus verapamil at both days 1 and 7 (p = 0.0124) and days 7 and 21 (p 

= 0.0147) (Figure 2b). 
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Figure 2 (a): The effect of verapamil on 
ritonavir (Norvir®) plasma concentrations 
as measured on days 1, 7 and 21 in 
Sprague-Dawley rats (n = 6). Data were 
analyzed statistically by the Mann-
Whitney U test statistical significance 
indicated asp < 0.01(**). 

Figure 2 (b): The effect of time on ritonavir 
and ritonavir plus verapamil plasma 
concentrations, as measured in Sprague-
Dawley rats (n=6). Data were analyzed 
statistically by the Kruskal-Wallis test, 
statistical significance indicated as p < 
0.05(*). 
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3.3 Lopinavir (Kaletra®) 

The lopinavir concentration as part of the Kaletra® (ritonavir + lopinavir) combination 

was determined at day 1 (0.0468 ± 0.0743 ug/ml; n = 6), day 7 (0.2075 ± 0.0658 

ug/ml; n = 6) and day 21 (0.8018 ± 0.7217 ug/ml; n = 6). The accompanying 

verapamil cohort's plasma concentration were calculated at day 1 (1.3878 ± 1.1899 

ug/ml; n = 6), day 7 (0.4150 ±0.5341 ug/ml; n = 6) and day 21 (0.6657 ± 0.2347 

ug/ml; n = 6). The graph representing the data is shown in Figure 3(a). The graphic 

representation of the change in concentration over time is available in Figure 3(b). 

Using the Mann-Whitney U test, a statistical significant difference was found 

comparing lopinavir plasma concentrations with lopinavir plus verapamil on day 1 (p 

= 0.0037) (Figure 3a). 

The Kruskal-Wallis test produced statistical significant increase in plasma 

concentration between day 1 and day 21 for unaccompanied lopinavir (p = 0.0024). 

A statistical significant decrease was observed between day 1 and 7 (p = 0.448) for 

lopinavir plus verapamil (Figure 3b). 

Days 

Figure 3 (a): The effect of verapamil on 
lopinavir plasma concentrations as 
measured on days 1, 7 and 21 in 
Sprague-Dawley rats (n = 5/6). Data 
were analyzed statistically by the Mann-
Whitney U test statistical significance 
indicated as p < 0.01(**). 

Days 

Figure 3 (b): The effect of time on 
lopinavir and lopinavir plus verapamil 
plasma concentrations as measured in 
Sprague-Dawley rats (n = 5/6). Data 
were analyzed statistically by the 
Kruskal-Wallis test, statistical 
significance indicated as p < 0.05(*) and 
p < 0.01(**). 
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3.4 Efavirenz 

Efavirenz concentrations were determined at day 1 (0.3633 ± 0.5053 ug/ml; n = 6), 

day 7 (1.4130 ± 0.9393 ug/ml; n = 5) and day 21 (1.5095 ±0.7658 ug/ml; n = 5). 

The graph representing the data is shown in Figure 4. 

The Kruskal-Wallis test produced statistical significant increase in plasma 

concentration between day 1 and day 21 for efavirenz (p = 0.302). 
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Figure 4: The effect of efavirenz plasma 
concentrations measured over time, in 
Sprague-Dawley rats (n = 5/6). Data 
were analyzed statistically by the 
Kruskal-Wallis test, statistical 
significance indicated as p < 0.05(*). 
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4. Discussion 

In the present study we investigated variation in metabolism in rats over a time 

period, screening for metabolic alterations and drug interactions due to CYP 

induction and inhibition subsequent to dosing Kaletra® (ritonavir and lopinavir), 

ritonavir alone and efavirenz. In addition, we report on the response of the P-gp 

inhibitor verapamil concurrently administered with the protease inhibitors ritonavir 

and lopinavir found in Kaletra® and ritonavir (Norvir®) administration. 

The influence of the P-gp inhibitor, verapamil, on the metabolism of ritonavir and 

lopinavir was investigated on days 1, 7 and 21 and is represented in Figures 1(a); 

2(a) and 3(a). The influence of time on metabolism was investigated in all the groups 

and is represented in Figures 1(b); 2(b) and 3(b). 

Comparing samples of ritonavir (Kaletra®) to the verapamil cohort from similar 

collection days 1, 7 and 21 rendered no statistical significant increase in plasma 

concentration. The trend for an increase on day 7 was not statistically significant 

{Figure 1a). Comparing samples of ritonavir alone with verapamil, a significant 

increase was observed on day 1 (p = 0.0064) and day 21 (p = 0.0064) {Figure 2a). 

The lopinavir (Kaletra®) plus verapamil combination also showed a statistically 

significant increase on day 1 (p = 0.0037) (Figure 3a). In two of the three study 

treatments, verapamil increased the drug concentration on day 1 statistically 

significantly and also on day 21 when ritonavir was administered alone. 

Contemporary research signifies that the use of verapamil as a P-gp inhibitor has a 

rapid onset of P-gp inhibition [36]. This may justify the witnessed time-dependant [37] 

physiological inhibition of P-gp and the rapid effect as a result thereof. These data 

suggest novel information concerning the initial physiological blocking with a P-gp 

inhibitor co-administrated with Pis in rats, indicating specific sensitivity to preliminary 

dosing. We also conclude that lopinavir is a substrate for P-pg efflux, profoundly on 



Chapter 4: Synopsis 85 

day 1, corresponding to recent findings in the literature [38-40]. A statistically 

significant increase in ritonavir plasma concentration was found on day 21 for the 

unaccompanied ritonavir vs. the verapamil cohort (Figure 2a). This observation was 

also found in the literature. The authors argued that the function of P-gp in the gut 

cells or bile duct was enhanced by repeated administration of ritonavir, or that the 

quantity of P-gp in these tissues was elevated due to the induction of P-gp by 

ritonavir [41-43]. 

The influence of the lopinavir/ritonavir combination on each other was documented in 

the literature and confirmed with the results from this study. It was documented in the 

literature that both levels increase in combination [6]. Empirical knowledge indicates 

that protease inhibitors (ritonavir and lopinavir) are known to have low metabolic 

clearance rates in humans and in rats [44-47] resulting in easy in vivo compound 

accumulation. In addition to this effect ritonavir, and to a lesser extend lopinavir, are 

eminent CYP3A inhibitors [3, 8], further contributing to elevated Pis plasma levels. 

Over time, this presents as chronic self-inhibition [48] and eventually higher plasma 

levels. Due to the short half-lives of the Pis in rodents [49], steady-state 

concentrations should have been reached prior to day 7 and therefore the steady 

increase observed [50]. Recent research indicates that CYP induction or inhibition 

has been witnessed from as early as day 3 in rats [51] and marked induction on day 

7 [48]. The auto-induction of ritonavir [48] could be responsible for the lower 

concentration on day 7 when administered alone. 

The influence of a p-gp inhibitor over time is complex, as can be seen from the 

results of this study. It is also difficult to differentiate between P-gp effects and 

enzyme inhibition/induction. Figures 1(b), 2(b) and 3(b) give a comparison of the time 

influence on metabolism alterations without P-gp inhibition (first part of the graph), 

and metabolism change with P-gp inhibition (second part of graph). As stated above, 

a large increase in ritonavir (alone) and lopinavir levels on day 1 was observed when 
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P-gp was blocked. The effect was not observed at day 7 and the levels at days 7 and 

21 followed the same trend as the levels without Pg-p blocking. The levels of ritonavir 

(Kaletra®) followed the same trend with and without Pg-p blockage. Verapamil is 

extensively used as a P-gp inhibitor [9, 52-53], and is a known CYP3A4 inhibitor [54, 

55]. The overlapping specificity guarantees marked CYP3A4 inhibition and reduced 

metabolic clearance, inevitably leading to increased Pis in the plasma. 

Recent studies found that P-gp inhibition could possibly have a superior influence 

over CYP3A4 modification in altering pharmacokinetics [56]. Over time, superior P-gp 

efflux masked the early onset induction and contributed to elevated PI plasma levels, 

and supports the findings from this study. Alternative elucidation includes elevated 

cortisol secretion as a result of stress, evoked by initial animal handling [57]. 

Endogenous glucocorticoids are distinguished CYP inducers, particularly CYP3A4 

[58]. Cortisol is susceptible to MDR 1 efflux, decreasing its intracellular concentration 

[59]. With preceeded P-gp inhibition by verapamil, we can speculate that intracellular 

cortisol was increased, executing marked induction of CYP3A4 compounds and 

being responsible for inferior plasma levels at day 7. Behavioural changes indicated 

that after a week of handling, the animals adapted to touch and continuous handling 

evoked less stress, responsible for higher plasma levels at subsequent day 21. 

Efavirenz revealed a considerable increase in plasma concentrations subsequent to 

the initial dose (Figure 4). Concentrations between day 7 and day 21 are very similar. 

Bearing in mind that efavirenz has a short half-life in rodents (t/2 = ± 2 h) [24] in 

comparison with human counterparts (t/2 = > 40 h) [60, 61], which provides the 

rationale that plasma steady-state has been achieved at day 7. However, the 

disposition of efavirenz suggests saturation of metabolism and/or prolongation of 

absorption [62, 63]. This delayed gastric emptying may contribute to a slower release 

of the dose from the stomach as a consequence of changes in peristalsis and 

migrating motor complex [64, 65], subsequently absorbed in small packets. This 
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metering characteristic of the stomach and consequent absorption would lead to 

sustained plasma concentration levels reaching a plateau [24], suggesting a possible 

elucidation for our results Figure 4). 

The literature states that efavirenz has noted auto-induction capabilities [7] because 

of its moderate CYP induction [3] The required time needed to witness efavirenz 

provoked auto-induction varies between 14 -21 days [66]. Findings from this study 

contradict contemporary research and signify otherwise, a possible explanation being 

that the size of treatment group was too small to identify significant metabolic 

induction. 
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Synopsis CHAPTER 4 Synopsis Synopsis 

4.1 Prospective studies 

The main objectives achieved in this study were: 

(1) to establish a rat model to screen for pharmacokinetic variability responsible 

for ARV treatment failure due to alterations in metabolism and drug 

interactions, over time in blood. These results can then be extrapolated to the 

clinical setting to predict certain outcomes. 

(2) to develop and optimize a responsive liquid chromatographic/mass 

spectrometer (LC/MS/MS) method for the simultaneous detection of 

efavirenz, lopinavir and ritonavir in low concentrations. 

The verification of alterations in metabolism by RT2PCR could not be 

achieved and provides opportunity for further studies. 

Primary prospect 

In order to discuss metabolism holistically, hepatic changes need to be correlated 

with the associated plasma concentration levels. Non-Nucleoside Reverse 

Transcriptase Inhibitors (NNRTIs) and Protease inhibitors (Pis) are eminent 

cytochrome P450 inducers and inhibitors. Even before this predisposed nature of the 

compounds is evidently visible through blood level measurements, reputable 

molecular changes have been made. With the liver implicated as the primary organ 

assigned to metabolism, hepatic samples could quantify early molecular (mRNA and 

associated proteins) modifications, providing an indication of possible preliminary 

pharmacokinetic variability. Real-time reverse transcriptase polymerase chain 

reaction would quantify these molecular modifications and data could be correlated 

with results from the robust LC/MS/MS method, further validating metabolic 

screening. 
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Secondary prospect 

The possibility of measuring of CYP status prior to treatment by means of a liver 

biopsy would benefit the patient by minimizing toxicity (inhibition) or preventing sub-

therapeutic drug levels (induction). But this analysis for every patient is unattainable. 

Contemporary research has indicated the presence of mRNA in peripheral blood 

(Baron er al. 1998, Dey er al. 2001, 2002, 2005, 2006, Horiike er al. 2005). Thus, if 

blood mRNA levels correlate with hepatic mRNA levels, a surrogate marker for liver 

CYP enzyme status could be found, making screening a more public possibility. 

Prospective studies could investigate the possibility of the use of blood as a non-

invasive surrogate marker to screen for CYP status in an animal model. 

4.2 Summary 

Empirical research and contemporary belief provide evidence that selective 

antiretroviral drugs are primarily metabolized by cytochrome P450 (CYP) enzymes, 

typified by their predisposition to variation. The use of non-nucleoside reverse 

transcriptase inhibitors and protease inhibitors which are primarily metabolized by 

cytochrome P450 enzymes in the liver makes ritonavir, lopinavir and efavirenz very 

susceptible for alterations in metabolism and are therefore primarily responsible for 

ARV pharmacokinetic variability and associated drug interactions. For the majority of 

ARV drugs, the therapeutic window is narrow and imminent toxicities due to CYP 

inhibition or sub-therapeutic drug levels as a result of CYP induction are inevitable. 

This study encompassed the predicament of ARV treatment failure, investigating a 

possible rat model to screen for variability in metabolism and drug interactions 

responsible for treatment failure, over time. 

In summary, concrete and speculated findings were made within the progress of this 

study. Through vigilant research the author provided concrete evidence that 

verapamil has a rapid onset of P-gp inhibition that may partly describe the witnessed 

time-dependant physiological inhibition of P-gp, indicating specific sensitivity to 

preliminary dosing. The inhibition was profound when ritonavir was administered 

alone, but not when ritonavir was administered in the ritonavir/lopinavir combination. 

From the presented data we can also conclude that lopinavir is a substrate for P-pg 

efflux and higher levels was observed after acute administration. We provide prove 

that steady-state achievement prior to day 7 is attainable in rats, due to the 
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significant short half-lives of ARVs in rats. The documented influence of the 

combination ritonavir/lopinavir on the individual plasma concentrations has been 

confirmed, where the author showed that ritonavir levels increase after chronic 

administration in combination with lopinavir. Predisposed chronic self-inhibition of the 

protease inhibitor has also been demonstrated. 

Speculated findings are subject to further investigation prior to conclusion, and 

include the conjecture that the function of P-gp in the gastrointestinal tract or bile duct 

was enhanced by repeated administration of ritonavir, or that the quantity of P-gp in 

these tissues was elevated due to the induction of P-gp by ritonavir. Further 

investigation is needed to validate that ritonavir may compete for the binding moiety 

of plasma proteins and even displace lopinavir, whereby 'free' fraction of ritonavir and 

lopinavir is inverse proportionally influenced. The documented possibility that P-gp 

inhibition could possibly have a superior influence over CYP 3A4 modification in 

altering pharmacokinetics and contributing to elevated PI plasma levels, is subject to 

additional research, even though findings from this study supports the hypothesis. 

The influence of stress-evoked cortisol release and associated CYP induction is an 

interesting metabolic influence and requires supplementary investigations prior to 

concrete conclusion. 

4.3 Conclusions 

Identifying treatment failure as a result of pharmacokinetic variability through 

utilization of a rat model requires the identification of subsequent CYP inhibition, 

induction and drug interactions. Although the changes in enzyme concentrations 

could not be correlated with the liver enzyme status through real time reverse 

transcriptase polymerase chain reaction, certain trends were successfully observed 

in this study. CYP inhibition, identifying self-inhibition at chronic doses for Kaletra® 

(ritonavir and lopinavir), and between days 7 and 21 for the ritonavir cohort, resulting 

in a steady increase of blood levels could be detected. Successful drug interaction 

screening was established through identifying significant verapamil-provoked P-gp 

inhibition within the ritonavir and lopinavir cohort with acute treatment (day 1), which 

would contribute to increased plasma level concentrations. 

We can conclude that the established rat model is a valuable tool in screening for 

pharmacokinetic variability due to variation in metabolism and drug interactions, 
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acting preventative against ARV treatment failure due to toxicity (inhibition) or sub-

therapeutic levels (induction). 
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A.1 Journal 

AIDS 

A.2 Regulated author instructions 

These instructions comply with those formulated by the International Committee of 

Medical Journal Editors, as described in the following article: International Committee 

of Medical Journal Editors. "Uniform Requirements for Manuscripts Submitted to 

Biomedical Journals", New England journal of medicine 1997; 336:309-315. 

A.3 Publication scope 

A.3.1 Introduction 

AIDS publishes papers reporting original scientific, clinical, epidemiological and 

social research which are of a high standard and contribute to the overall knowledge 

of the field of the acquired immune deficiency syndrome. The Journal publishes Field 

Notes, Original Papers, Concise Communications, Research Letters and 

Correspondence, as well as invited Editorial Reviews and Editorial Comments. All 

manuscript submissions to the regular issues and supplements of the journal are 

peer-reviewed. Case Reports are not encouraged but may be considered as 

Correspondence letters. 

A.3.2 Field Notes 

Articles describing experiences with diagnosing and treating HIV infection and its 

accompanying opportunistic infections and cancers will be considered for this section 

of the journal. These contributors should report personal experiences and give insight 

into the way culture and medical care within a particular part of the world influences 
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the approaches taken for HIV/AIDS. Preference is given to individuals working in 

developing countries. The length should be no longer than 1500 words and can have 

up to 4 illustrations. Please indicate this section when submitting the manuscript. 

A.3.3 Original papers 

Manuscripts should be concise and not be more than 3500 words, with up to five 

figures or tables. Papers will be returned if they exceed the maximum stated. The 

word limit refers to the main body of the text and does not include the abstract, 

references or figure legends. 

A.3.4 Concise Communications 

Original research findings that do not require a full paper, but are completed studies, 

may be submitted as Concise Communications. Papers should not exceed 1800 

words, and may be accompanied by a maximum of two inserts only (figures/tables). 

Papers submitted for consideration as Concise Communications should be clearly 

identified in the author's covering letter. 

A.3.5 Research letters 

Research Letters provide a forum for original research results, excluding case 

reports, and observations that merit publication and can be reported succinctly. 

Research letters will be peer-reviewed by two external referees. Research letters 

should include a summary of up to 75 words, not exceed 1000 words (excluding 

summary) and not have more than one figure or table. 

A.3.6 Correspondence 

The correspondence section is reserved for case reports, and letters that are 

addressing issues or exchanging views on topics arising from published articles in 

the journal. Correspondence should not exceed 750 words and not have more than 

one figure or table. These letters are subject to review by the Editors, and may be 

rejected without written explanation. In some instances, correspondence will be peer-

reviewed. 

A.3.7 Editorial policy 

According to AIDS Editorial policy, the Editors will not enter into direct 

correspondence regarding a submission to the journal. Where clarification about a 
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decision is requested, all communications should be made in writing and directed to 

the journal office in London. The Editors endorse the guidelines from the Committee 

on Publication Ethics (COPE) on good publication practice. 

A.4 Points to consider prior to submission 

A.4.1 Cover letter 

The provided standard covering letter should accompany any submission. When 

submitting careful, consideration should be made in association with the following 

points and the appropriate declarations made. 

A.4.2 Redundant publication 

Submissions are accepted on the understanding that they have not been published in 

their current form or a substantially similar form (in print or electronically, including on 

a web site), that they have not been accepted for publication elsewhere and they are 

not under consideration by another publication. The International Committee of 

Medical Journal Editors has provided details on the criteria for redundant publication. 

When in doubt (particularly in the case of material that you have posted on a web 

site), please proceed with the submission, but include a copy of the relevant 

previously published work or work under consideration by other journals. 

A.4.3 Conflicts of interest 

Authors must state all possible conflicts of interest, including financial, consultant, 

institutional and other relationships that might lead to bias or a conflict of interest. If 

there is no conflict of interest, this should be explicitly stated. All sources of funding 

should be acknowledged in the paper. Some of our journals will print your statement; 

others at present do not. For reference, view an editorial in the British Medical 

Journal on Beyond conflict of interest. Important, all sources of funding should be 

acknowledged in the paper. 

A.4.4 Permissions to reproduce previously published material 

Authors should include with their submission, copies of written permission to 

reproduce material published elsewhere (such as illustrations) from the copyright 
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holder. Authors are responsible for paying any fees to reproduce material. The 

publisher cannot send your paper to press without these permissions. 

A.4.5 Subject consent forms 

Subjects have a right to privacy that should not be infringed without informed 

consent. Identifying details (written or photographic) should be omitted if they are not 

essential, but subject data should never be altered or falsified in an attempt to attain 

anonymity. Complete anonymity is difficult to achieve and a consent form should be 

obtained if there is any doubt. For example, masking the eye region in photographs 

of subjects is inadequate protection of anonymity. When informed consent has been 

obtained, it should be indicated in the published article. A sample patient consent 

form is available here if required. 

A.4.6 Ethics committee approval 

All authors must sign a declaration that the research was conducted within the 

guidelines below and under the terms of all relevant local legislation. Please also look 

at the latest version of the Declaration of Helsinki. The Editors reserve the right to 

judge the appropriateness of the use and treatment of humans or animals in 

experiments for publication in the journal. 

Human experiments: All work must be conducted in accordance with the Declaration 

of Helsinki. Papers describing experimental work on human participants who carry a 

risk of harm must include (1) a statement that the experiments were conducted with 

the understanding and the consent of each participant and (2) a statement that the 

responsible ethical committee has approved the experiments. 

Animal experiments: In papers describing experiments on living animals, include (1) 

a full description of any anaesthetic and surgical procedure used and (2) evidence 

that all possible steps were taken to avoid animals' suffering at each stage of the 

experiment. In experiments involving the use of muscle relaxants, describe the 

precautions taken to ensure adequate anaesthesia (Journal of physiology 1990; 

420:xii—xiii). 

Experiments on isolated tissues: Indicate precisely how you obtained the donor 

tissue. The NIH guide for the care and use of laboratory animals (National Institutes 

of Health Publications No. 80-23, revised 1978) gives guidelines for the acquisition 

and care of animals. 
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A.4.7 Clinical trials and behavioural evaluations 

Authors reporting results of randomized controlled trials should include with their 

submission a complete checklist from the CONSORT statement, see Journal of the 

American medical association 1996; 227:637. For behavioural and public health 

evaluations involving non-randomized designs, authors should include with their 

submission a complete checklist from the TREND statement, see American journal of 

public health 2004; 94:361-366. 

A.4.8 Authorship 

All authors must sign the document accompanying their submission to confirm that 

they have read and approved the paper, that they have met the criteria for authorship 

as established by the International Committee of Medical Journal Editors, that they 

believe that the paper represents honest work, and that they are able to verify the 

validity of the results reported. You might also be interested to read the debate on 

authorship in general in the British Medical Journal's Authorship collection. 

Many of the points covered above are discussed in the New England journal of 

medicine's collection of papers entitled 'Editorial policies'. 

The journal discourages long lists of authors and more than 10 must be justified. 

Persons listed as authors must be able to justify their participation in the study and 

should have substantially contributed to the study's conception, design, and 

performance. An Appendix of additional study sites and participants, in addition to the 

authors, may be included after the References. 

A.4.9 Copyright assignment 

Papers are accepted for publication on the understanding that exclusive copyright in 

the paper is assigned to the Publisher. Authors are asked to sign a copyright 

assignment form after acceptance of their papers. They may use material from their 

paper in other works published by them. 

A.4.1 OSubmissions 

Authors are strongly encouraged to submit their manuscripts through the web-based 

tracking system at http://aids.edmgr.com/. Signed author forms may be included in 

the submission as a 'supporting document' or mailed to the journal office. The site 

contains instructions and advice on how to use the system. Authors should NOT in 

addition then post a hard copy submission to the editorial office, unless you are 

http://aids.edmgr.com/
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supplying artwork, letters or files that cannot be submitted electronically, or have 

been instructed to do so by the editorial office. For those authors who have no option 

but to submit by mail please send one copy of the article, plus an electronic version 

on disk or CD-ROM to: The Editors, AIDS, AIDS Editorial Office, 250 Waterloo Road, 

London SE1 8RD, UK, Tel: +44 20 7981-0600, Fax: +44 20 7981-0601. Or 

alternatively via: AIDS Editorial Office (London), Lippincott Williams & Wilkins, Penn 

Mutual Building, 530 Walnut Street, Philadelphia, PA 19106, USA. Include the 

following where appropriate: subject consent forms; transfer of copyright form; 

permission to reproduce previously published material; checklist. 

Double spacing should be used throughout the manuscript, which should include the 

following sections, each starting on a separate sheet: title page, abstract (when 

required) and keywords, text, acknowledgements, references, individual tables and 

captions. Margins should be at least 3 cm. Pages should be numbered consecutively, 

beginning with the title page, and the page number should be placed in the top right-

hand corner of each page. Abbreviations should be defined on their first appearance 

in the text; those not accepted by international bodies should be avoided. The word 

count should be clearly stated on the title page. Manuscripts sent by post should be 

submitted on high quality white paper and on a word-processing disk. 

Authors are invited to list up to four potential reviewers, including their full addresses, 

telephone and fax numbers, and e-mail addresses. 

A.4.11 Disks and CD-ROMS 

All submissions should include electronic files using either floppy disks or CD ROMs. 

Put only the latest version of the manuscript on the disk; name the file clearly; label 

the disk with the format of the file and the file name; provide information on the 

hardware and software used. 

A.5 Presentation of papers 

A.5.1 Title page 

The title page should carry the full title of the paper (not more than 120 characters) 

and a short title (not more than 40 characters) to be used as a 'running head' (and 

which should be so identified). The first name, middle initial and last name of each 
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author should appear. If the work is to be attributed to a department or institution, its 

full name should be included. Any disclaimers should appear on the title page, as 

should the name and address (and email) of the author responsible for 

correspondence concerning the manuscript and the name and address of the author 

to whom requests for reprints should be made. Finally, the title page should include 

the sources of any support for the work in the form of grants, equipment, drugs, or 

any combination of these. 

A.5.2 Abstracts 

The abstract should not exceed 250 words and should follow one of the following two 

styles: 

a. Articles concerning original scientific research should include a structured 

abstract with the following headings and information: 

Objective(s): State the primary objective of the paper (if appropriate). 

Design: State the principal reasoning for the procedures adopted. 

Methods: State the procedures used. 

Results: State the main results of the study. Numerical data should be kept to 

a minimum. 

Conclusions: State the conclusions that can de drawn from the data given. 

b. Articles containing original data concerning the course, cause, diagnosis, 

treatment, prevention or economic analysis of a clinical disorder or an 

intervention to improve the quality of health care should include a structured 

abstract with the following headings and information: 

Objective: State the main question or objective of the study and the major 

hypothesis tested, if any. 

Design: Describe the design of the study indicating, as appropriate, use of 

randomisation, blinding, criterion standards for diagnostic tests, temporal 

direction (retrospective or prospective), etc. 

Setting: Indicate the study setting, including the level of clinical care (for 

example, primary or tertiary: private practice or institutional). 
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Subjects, participants: State selection procedures, entry criteria and numbers 

of participants entering and finishing the study. 

Intervention: Describe the essential features of any interventions including 

their method and duration of administration. 

Main outcome measure(s): The primary study outcome measures should be 

indicated as planned before data collection began. If the hypothesis being 

reported was formulated during or after data collection, this fact should be 

clearly stated. 

Results: Describe measurements that are not evident from the nature of the 

main results and indicate any blinding. Absolute values should be indicated 

when risk changes or effect sizes are given. 

Conclusions: State only those conclusions of the study that are directly 

supported by data, along with their clinical application (avoiding over 

generalisation). Equal emphasis must be given to positive and negative 

findings of equal scientific merit. 

A.5.3 Keywords 

The abstract should be followed by a list of 5-7 keywords or short phrases which will 

assist the cross-indexing of the article and which may be published. The terms used 

should be from the Medical Subject Headings list of the Index Medicus 

(http://www.nlm.nih.gov/mesh/meshhome.html). Include terms from the AIDS 

classifications that appear on the Fast Track submission form at the back of each 

journal issue and on the submission website at http://aids.edmgr.com/. 

A.5.4 Text 

Full papers of an experimental or observational nature may be divided into sections 

headed Introduction, Methods (including ethical and statistical information), Results 

and Discussion (including a conclusion), although reviews may require a different 

format. 

A.5.5 Acknowledgements 

Acknowledgements should be made only to those who have made a substantial 

contribution to the study. Authors are responsible for obtaining written permission 

http://www.nlm.nih.gov/mesh/meshhome.html
http://aids.edmgr.com/
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from people acknowledged by name in case readers infer their endorsement of data 

and conclusions. Sources of funding should be placed in this section. 

A.5.6 References 

References should be numbered consecutively in the order in which they first appear 

in the text. They should be assigned Arabic numerals, which should be given in 

brackets, e.g. [17]. References should include the names of all authors when six or 

fewer; when seven or more, list only the first six names and add et al. References 

should also include full title and source information. Journal names should be 

abbreviated as in the Index Medicus. 

A.5.7 Articles in journals 

Standard journal article: 

Valori RM, Kumar D, Wingate DL. Effects of different types of stress and of 

'prokinetic' drugs on the control of the fasting motor complex in humans. 

Gastroenterology 1986; 90:1890-1900. 

More than six authors: 

Gentilini P, Laffi G, La Villa G, Romanelli RG, Buzzelli G, Casini-Raggi V, et 

al. Long course and prognostic factors of virus-induced cirrhosis of the liver. 

Am J Gastroenterology 1997; 92:1-7. 

Supplements: 

Goulis J, Burroughs AK. Role of vasoactive drugs in the treatment of bleeding 

oesophageal varices. Digestion 1999; 60(Suppl 3):25-34. 

Letter/Abstract: 

Ozsoylu S, Kocak N. Naloxone in hepatic encephalopathy [Letter]. Am J Dis 

CW/CM985; 139:749-750. 

Lankisch PG, Assmus D, Pflichtohofer D.: The burden of pancreatic disease 

in a well-defined population [Abstract]. Gastroenterology 1998; 114:A24. 
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A.5.8 Books 

Book: 

Whitehead WE, Schuster MM, Gastrointestinal Disorders. Behavioural and 

Physiological Basis for Treatment. Orlando: Academic Press; 1985. 

Chapter in a book: 

Blackshaw AJ. Non-Hodgkin's lymphomas of the gut. In: Recent Advances in 

Gastrointestinal Pathology. Wright R (editor). New York: Saunders; 1980. pp. 

213-240. 

Personal communications and unpublished work should not feature in the reference 

list, but should appear in parentheses in the text. Unpublished work accepted for 

publication, but not yet released, should be included in the reference list with the 

words 'in press' in parentheses beside the name of the journal concerned. 

References must be verified by the author(s) against the original documents. 

A.5.9 Tables 

Each table should be typed on a separate sheet in double spacing. Tables should not 

be submitted as photographs. Each table should be assigned an Arabic numeral, e.g. 

(Table 3) and a brief title. Vertical rules should not be used. Place explanatory matter 

in footnotes, not in the heading. Explain in footnotes all non-standard abbreviations 

that are used in each table. Identify statistical measures of variations, such as 

standard deviation and standard error of the mean. 

Be sure that each table is cited in the text. If you use data from another published or 

unpublished source, obtain permission and acknowledge the source fully. 

A.5.10 Illustrations 

References to figures and tables should be made in order of appearance in the text 

and should be in Arabic numerals in parentheses, e.g. (Fig. 2). If hard copies of 

figures are submitted they should have a label pasted to the back bearing the figure 

number, the title of the paper, the author's name and a mark indicating the top of the 

figure. Illustrations should not be mounted. Half-tone illustrations should be 

presented as glossy prints to a width of 82 mm; line illustrations should be presented 

as original artwork or prints to a width of 82 mm or, when the illustration demands it, 

to a width of 173 mm. Photomicrographs must have internal scale markers. If 
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photographs of people are used, their identities must be obscured or the picture must 

be accompanied by written consent to use the photograph. If a figure has been 

published before, the original source must be acknowledged and written permission 

from the copyright holder for both print and electronic formats should be submitted 

with the material. Permission is required regardless of authorship or publisher, except 

for documents in the public domain. Figures may be reduced, cropped or deleted at 

the discretion of the editor. Colour illustrations are acceptable, but authors will be 

expected to cover the extra reproduction costs (for current charges, contact the 

publisher). 

1.5.11 Legends for illustrations 

Captions should be typed in double spacing, beginning on a separate sheet of paper. 

Each one should have an Arabic numeral corresponding to the illustration to which it 

refers. Internal scales should be explained and staining methods for 

photomicrographs should be identified. 

1.5.12 Units of measurement 

Measurements of length, height, weight, and volume should be reported in metric 

units (metre, kilogram, or litre) or their decimal multiples. Temperatures should be 

given in degrees Celsius. Blood pressures should be given in millimetres of mercury. 

All haematologic and clinical chemistry measurements should be reported in the 

metric system in terms of the International System of Units (SI). Editors may request 

that alternative or non-SI units be added by the authors before publication. 

1.5.13 Abbreviations and symbols 

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full 

term for which an abbreviation stands should precede its first use in the text unless it 

is a standard unit of measurement. 

1.5.14 Offprints 

Offprints may be purchased using the appropriate form that will be made available 

with proofs. Orders should be sent when the proofs are returned; orders received 

after this time cannot be fulfilled. 
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Materials & Methods Addendum Q Materials & Methods Materials & Methods 

B.1 Introduction 

This appendage describes the pragmatic execution of the research project, 

encompassing the subject population and study layout, analytical methods (LC/MS 

and PCR) and statistical analysis performed to attain significance. 

B.2 Subject population and study layout 

B.2.1 Animals 

Male Sprague-Dawley rats (n = 114), weighing 250-350 grams (6-10 weeks old) and 

provided by the Animal Research Centre of North-West University, were grouped six 

rats per cage, housed in identical cages. The rats were kept at constant conditions of 

temperature (21 ± 5 °C), relative humidity (50 + 5%) with access to food and water 

provided ad libitum. Full spectrum cold white light (350 - 400 lux) was provided over a 

12 hour light/dark cycle. Positive air pressure was maintained in the facility with air 

filtration 99,7% effective for a particle size of 2 micron and 99,9% for a particle size of 

5 micron. All animals were handled according to the code of ethics in research, 

training and testing of drugs as laid down by the Animal Ethics Committee of the 

North-West University (Ethics approval number. NWU-00029-07-S9). 

B.2.2 Drugs 

The animals were divided into six dissimilar treatment groups receiving diverse 

medication. Efaviren? (Stocrin® 600mg 30 tabs batch nr. RO50800, expiry date 

12/2009), ritonavir (Norvir® 80 mg/mt 90ml, batch nr. 58599VA, expiry date 05/2008, 

List nr. M171), Kaletra® (ritonavir/lopinavir 1:4, batch nr. 60357VA, expiry date 

12/2009, List nr. 3956) and verapamii (Vasomil® 80mg, batch nr. E705641, expiry 

date 05/2011). These drugs were purchased through Potchefstroom Medi-Clinic 
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pharmacy. The prescription for the drugs, intended for research purposes only, were 

obtained from a clinician within the School of Pharmacy, North-West University. The 

methylcellulose was kindly sponsored by the Department of Pharmaceutics of the 

North-West University. 

Administering medication orally to rodents requires a special technique identified as 

oral gavage (Hayes et al. 2001). Liquid compounds may be administered directly into 

the stomach of rats via oral gavage. In this procedure a bulb tipped gastric gavage 

needle is attached to a pipette or syringe and used to deliver the compound into the 

stomach. The bulb tip helps prevent trauma to the mouth and oesophagus as the 

needle is introduced. The correct needle length is equal to the distance from the 

mouth to just beyond the last rib (Hayes et al. 2001). 

The animal was firmly restrained to immobilize the head. Maintaining the animal in a 

vertical position, the gavage needle was inserted through the side of the mouth. 

Following the roof of the mouth, the needle advanced into the oesophagus and 

toward the stomach. After the needle passed to the correct length, the compound 

was injected. 

All rodents were dosed within the same time frame, from 08:00 in the morning, 

presenting the dosing time as a constant and controlling the variances. 

Efavirenz was instilled once daily, dose at 160 mg/kg/day relating to contemporary 

research (Balani et al. 1998, Berruet et al. 2005). Being inadequately soluble in 

water, this non-polar compound is administered with a methylcellulose vehicle which 

supports its solubility and therefore increases its bioavailability. The methylcellulose 

is prepared to a 0.5% strength using double distilled water as liquid base. The 

efavirenz tablet was crushed in a mortar and pestle, where after the efavirenz powder 

and 0.5% methylcellulose was homogenized to attain homogeneous and fluid 

texture. (Balani et al. 1998; Mutlib et al. 1999). 

The control cohort received the vehicle only (methylcellulose) as placebo substance 

instead of saline, controlling the variances. Methylcellulose was administered to the 

control group at 160 mg/kg/day once daily in the morning. 

Ritonavir (Norvir® 80 mg/ml 90ml), was instilled once daily, dose at 20 mg/kg/day, 

which is in relation to the 1:4 ritonavir/lopinavir (20 mg/kg/day: 80 mg/kg/day) ratio 

under which Kaletra® is dosed (Denissen et al. 1996; Kageyama et al. 2004). This 

fresh mint suspension has an orange colour but a bitter taste and intricate viscosity. 
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Kaletra (ritonavir/lopinavir 1:4), was instilled once daily. The concentration ratio 

ritonavir/lopinavir is 20 mg ritonavir and 80 mg lopinavir for every 1ml Kaletra®. 

Kaletra™ was dosed in relation to Norvir™ (ritonavir), at 20mg/kg/day. Kaletra® is 

characterized by its transparent colour and high fructose smell. 

Due to low bioavailability and a very low half-life in humans, protease inhibitors are 

prescribed as a twice daily regime. In rodents however, this medication needs only to 

be administered once daily as a result of the increased plasma half-life in rodents. 

(Cunha etal. 2006, Kabbesh etal. 2004). 

Verapamil (Vasomil® 80mg) was administered at 5 mg/kg/day once daily. (Pussard et 

al. 2007; Cousein et al. 2007). The verapamil tablet was crushed in a mortar and 

pestle, where after the powder was mixed with the appropriate volume of double 

distilled water to maintain the correct concentration. This mixture was homogenized 

to attain homogeneous and fluid texture. 

B.2.3 Study layout 

The study design embraced six different treatment groups, consisting of a control, 

efavirenz (NNRTI), ritonavir (PI) and Kaletra® (PI) group. The dosing period was 

divided into two phases: 

Phase 1: Seventy two rats, treated with ritonavir, Kaletra® and verapamil. Ritonavir 

was administered alone (n = 18) and in combination with the P-glycoprotein inhibitor, 

verapamil (n = 18). Kaletra® was also administered alone (n = 18) and in combination 

with the P-glycoprotein modulator, verapamil (n = 18). Subject animals were 

allocated into groups according to the day they would be sacrificed, determining their 

treatment duration. Rodents were treated and blood and liver samples were 

collected after 1 day of treatment (single dose, n = 6 per treatment group), after 7 

days of treatment (Day 7, n = 6) and after 21 days of treatment (Day 21, n = 6). Drug 

exposure time of 21 days was selected to allow adequate time for pharmacokinetic 

alterations to emerge. Phase 1 dosing explained in Figure B-1. 
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Figure B-1: Quantity of rats per treatment group for 
phase 1. 

Phase 2: Forty two rats comprising the control and efavirenz groups. The control 

group consisted of 24 rats, 18 rats in accordance with 6 rats per collection date (day 

1, day 7, and day 21), and 6 rats for baseline studies. The control served the purpose 

of placebo subjects and baseline exploration. Efavirenz (n = 18) was administered 

with a methylcellulose vehicle for 1 day (single dose, n = 6 per treatment group), for 7 

days (Day 7, n = 6), and for 21 days (Day 21, n = 6), after which blood and liver 

samples were collected respectively. Drug exposure time of 21 days was selected to 

allow adequate time for pharmacokinetic alterations to emerge. Phase 2 dosing 

explained in Figure B-2. 
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Figure B-2: Quantity of rats per treatment group for 
phase 2. 

The schematic layout of the project is presented in the table below (Table B-1). 
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Table B-1: Schematic study layout 

1 2 3 4 

Control Efavirenz Ritonavir Ritonavir + Verapamil Kaletra Kaletra + Verapamil 

Dosages vehicle only 160mg/kg 20mg/kg 20mg/kg/5mg/kg 80/20mg/kg 80/20mg/kg/5mg/kg 

Group total 24 18 18 18 18 18 

Total rats 114 

DayO 

Baseline Sacrifice : 06 

Total rats 108 

Day 1 

Single dose Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

Total rats 72 

Day 
7 Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

Total rats 36 

Day 
21 Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

0 LC/MS 

Sacrifice : 06 

Total rats 0 
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B.2.4 Method of sacrifice 

Investigating metabolism as a primary objective, the animals need to be sacrificed in 

order that the appropriate blood and liver samples can be collected. The North-West 

University comply with the standards set by the Animal Research Centre. 

The 114 Sprague-Dawley rats used in this study were sacrificed by method of 

decapitation. Traditionally, prior to decapitation the animal would be euthanized by 

lethal dose of Euthapent® (barbiturate) or slightly anaesthetized. This method is, 

however, not appropriate for metabolic studies. Anaesthetization of rats prior to 

decapitation has been shown to alter most liver metabolites markedly (Faupel et al. 

1972). Even more dramatic changes in liver metabolite concentrations were 

observed when rats were euthanized with diethyl ether, barbiturates or means other 

than decapitation (Faupel et al. 1972). Effects of anaesthesia on liver metabolites can 

be attributed to tissue hypoxia as well as to hormone-mediated changes in enzyme 

activities. Catecholamine release is undoubtedly increased during anaesthesia, as 

evidenced by a twofold decrease in the glycogen content of liver of fed rats when 

decapitation was preceded by anaesthesia with either pentobarbital or diethyl ether 

relative to that in liver of rats decapitated without anaesthetic (unpublished 

observations). In addition to the regulation of glycogen metabolism (Hers et al. 1976), 

catecholamine alter the activity of regulatory enzymes in many metabolic processes, 

including glycolysis (Clark et al. 1984), gluconeogenesis (Hutson et al. 1976), 

lipogenesis (Ly et al. 1981) and lipid mobilization (Fain et al. 1977). Decapitation can 

reduce if not circumvent the metabolic effects of euthanasia, particularly if the rats 

are maintained in a tranquil environment, because of the rapidity with which tissue 

can be obtained (Faupel et al. 1972). 

Derr et al. 1991 reported "However, anaesthesia alters the concentration of many 

metabolites (Allred et al. 1986) and if rats are kept in a tranquil environment 

decapitation can reduce if not circumvent the metabolic effect of euthanasia (Allred et 

al. 1986) because tissue can be obtained rapidly (Faupel et al. 1972). If decapitation 

per se is humane it would be the method of choice in many experiments." 

After authentic research, Allred et al. (1986) and Derr et al. (1991) provided evidence 

that decapitation may be considered humane per se. Preceding research reported 

that decapitation is the method that exhorts the least stress to an animal that is 

sacrificed (Bush et al. 1971). 
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These contributions contributed to the use of decapitation as the method of choice to 

sacrifice rodents intended for metabolic research. 

B.2.5 Sample collection and storage 

The samples of interest relating to metabolic studies due to pharmacokinetic 

alterations, is peripheral blood and liver samples. 

Blood 

Directly after decapitation, the rodents' corpse was drained of its blood content via 

the decapitated cavity. The blood was collected in EDTA (ethylenediaminetetraacetic 

acid) vacutainers by means of a trough. EDTA is a chelating agent, responsible for 

the anti-coagulant effects needed to collect blood. EDTA vacutainers are compatible 

and safe for the use of both RNA (Ambion 2008) and PCR (Hanscheid et al. 2002). 

Heparin tubes are a known PCR inhibitor (Perch-Nielsen et al. 2003) and were not 

recommended for the methodologies encompassed in this project. 

The volume of blood collected varied from individual rodents (4ml ± 500ul). After 

collection, the vacutainer was capped and slightly tilted for a few seconds to 

guarantee efficient fusion of the blood and EDTA producing the anti-coagulant effect. 

The vacutainer is then held on ice until all the vacutainers are filled for the 

appropriate experiment. 

Subsequent to filling the vacutainers, centrifugation ensued. The centrifugation 

protocol was followed as stipulated by Lledo-Garcia et al. (2006), comprising of 5000 

rpm for 5 minutes. After 5 minutes the separation was not optimum and the 

centrifuge time was doubled to 10 minutes. Thereafter the plasma was extracted and 

pipetted into Epindorph micro centrifuge tubes in duplicate. Labelling of the 

Epindorph tubes with the correct data followed. The tubes were then frozen at -80°C. 

Liver 

Once the blood has been collected and the carcass drained of its blood content, a 

section of liver was removed. 

Prior to remotion of tissue, the instrumentation should be sterilized and the necessary 

procedures should be in place for rapid sterilization between procedures. General 

tweezers and a surgical scissor were routinely used for the procedure. These 

instruments would be rinsed in hydrogen peroxide 10 volume (3%) followed by a 70% 
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ethanol wash to sterilize the equipment. The excess alcohoi on the instruments' 

surface was evaporated through exposure to an open flame. To ensure that no 

hydrogen peroxide or ethanol contaminated the sample, a last washing step was 

introduced by flushing the instruments with double distilled water. This antiseptic 

step was completed prior to every remotion. 

The Standard Abscission Protocol of the Animal Research Centre of North-West 

University was followed. The decapitated rodent was laid down on the dorsal side, 

abdomen facing up. The point of incision is just below the abdomen median line, 

where the surgical scissors are introduced to the skin. Once the incision has been 

made, identify the membrane between the skin and the organs and gently make an 

incision, exercising caution not to incise organs positioned tightly against the 

membrane. Subsequently pull back the skin and organ membrane using the 

tweezers and sever open the upper abdominal half to the left and right, splitting the 

abdomen open and revealing the liver tucked in tightly against the diaphragm (Figure 

B-3). With the liver cavity open, abscission may commence. 

— Cardiac cavity 

— Liver cavity 

— Cavity opening contours 

j - Lower median incision line 

— Digestive organs 

— Abdomen 

Figure B-3: Schematic Abscission procedure. 

With the animal laying on its dorsal side, the median superior lobe of the liver was 

routinely used to eliminate potential alterations because of diverse liver regions. The 

lower quarter of the median superior lobe was used consistently. 
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A standard piece of ± 100 mg rat liver was cut. This process was completed in 

duplicate, providing providently. The section of liver removed, is rapidly stored in a 

micro centrifuge tube filled with the appropriate volume of RNA/afer®. This is an 

aqueous tissue storage reagent that stabilizes and protects cellular RNA in intact, 

unfrozen tissue samples. RNA/afer® eliminates the need to immediately process 

tissue samples or to freeze samples in liquid nitrogen for later processing. Tissue 

pieces can be harvested and submerged in RNAlater® for storage without 

jeopardizing the quality or quantity of RNA obtained after subsequent RNA isolation, 

eliminating concern for cell rupture and release of RNases since the RNases have 

already been inactivated. The dissected tissue should be less than 0.5 cm in any one 

dimension. Simply submerged the tissue in approximately 5 volumes of RNA/ater® 

(e.g., a 0.5 g sample requires about 2.5 ml of RNA/afer®) at room temperature. 

Incubate the submerged tissue overnight at 4 °C. The sample can then be stored 

indefinitely at -20 °C (the tissue does not freeze), at 4 °C for up to a month or at 

25 °C for up to a week. For RNA isolation, the tissue is simply removed from 

RNA/afer® and treated as though it had just been harvested. Most tissues can be 

transferred directly to a lysis buffer and homogenized. RNA/afer® is compatible with 

one-step RNA isolation methods, such as QIAzol® Reagent. 

After collection in RNA/afer®, the sample was held on ice until sample collection were 

completed, incubated overnight at 4 °C, followed by freezing at -80 °C. 
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2.3 Analytical methods 

The analytical methods covered in this research project, embrace liquid 

chromatography (LC) coupled with electrospray mass spectrometry (MS) and real

time reverse transcriptase polymerase chain reaction (RT2-PCR). 

B.3.1 Liquid chromatography / mass spectrometry (LC/MS) 

B.3.1.1 Chemicals 

Solvents used as eluents were high purity water, methanol and acetonitrile (HPLC 

grade Burdick and Jackson Laboratory Co.); acetic acid (SAARCHEM), and 

ammonium acetate (Merck). Acetic acid and ammonium acetate was added to the 

high organic eluent, consisting of water and methanol. Reserpine (10mg/ml in 

dimethyl sulfoxide/DMSO) was used as internal standard (IS), acquired from Fluka 

(batch nr. 1325032). Substances utilized for plasma protein precipitation included 

methanol and zinc sulphate. Reference standards were: 

• Ritonavir (Abbott nr. 1359566-AX (A-845538.0)). 

• Lopinavir (Abbott nr. 1359562-AX (A-157378.0)). 

• Efavirenz (World Health Organization: International Chemical Reference 

Substances, batch nr 104229). 

All chemicals were reserved at the appropriate storage temperatures and conditions, 

excluding under experimental condition where room temperature was status quo 

(22 °C±2). 

B.3.1.2 LC/MS instrumentation 

An Agilent 1200 series liquid chromatographic system interfaced to a 6410 triple 

quadrupole mass spectrometer and coupled with ESI (electrospray ionization) was 

used. The method optimization and development was based on a previously 

published method by Koal et al. (2005). The novelty and advantages of this modified 

and validated LC-MS-MS method are: 

• The MS was operated in positive MRM mode only. 

• Small quantities of plasma (100 ul) are suitable for quantification. 

• A single injection is required to quantify efavirenz, ritonavir and lopinavir 

within 8 minutes. 
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The chromatographic system consisted of an Agilent G1312A binary pump, a 

G1379B micro vacuum degasser and a thermostatted autosampler fitted with a six 

port injection valve with a 100 ul loop capillary. The analytes ritonavir, lopinavir, 

efavirenz and internal standard reserpine were separated on a cation-exchange 

column (Column Zorbax SB-C3 100mmx 3 mm x 3.5 urn (PN: 861954-309), Agilent 

Technologies, Waldbronn, Germany.). The temperature of the column was 

maintained at 30 °C. 

The most abundant fragment ion was selected for each compound by performing a 

product ion scan. Multiple reaction monitoring (MRM) transitions of the precursor ion 

to the product ion for ritonavir was +722/296, +722/268; lopinavir: +630/447, 

+630/155; reserpine (IS) +610/195, +610/174 and efavirenz: +316/244, 316/232, and 

chosen according to the most abundant fragment ion. Since ritonavir, lopinavir, 

efavirenz and reserpine are positively ionized, MRM was performed in positive 

electron spray ionisation (ESl) mode, allowing sufficient high selective and sensitive 

detection. The collision energy voltage, fragmentation voltage and capillary voltage 

were adjusted to give the highest sensitivity with the injection program and set at 

voltages of 0, 160 and 4000 respectively. Nitrogen was used as nebulizer gas and 

desolvation gas. The gas temperature (°C), gas flow (l/min) and nebulizer pressure 

(psi) were set at 300, 12 and 40 respectively. 

The mobile phase (eluent B) was prepared to a total volume of 1 litre, consisting of 

970ml methanol (97%), 30ml water (3%), 1ml acetic glacial acid (<0.1%), 10mM 

ammonium acetate (770.9mg) and 2 drops of 100% acetonitrile. 

The binary LC pump system supplied eluent A (H20) and eluent B (97:3 MeoH/H20 
(v/v), 0.1% acetic acid, 10mM NH4Oac) for analysis. Prior to sample injection, it was 

standard acquisition to flush the injection needle for 5 seconds in 100% methanol. At 
zero time an aliquot of the supernatant (sample preparation: 5 pi) of each prepared 
sample was injected. A high organic solvent solution comprised of 75% eluent B and 
25% eluent A. The LC system was purged with increased eluent flow before 

adjusting the flow to 0.5 ul/min for sample analysis with isocratic elution. Total run 
time consisted of 8 minutes; 5 minutes consumed for normal run time and 3 minutes 

for a post run and column re-equilibration. During this time the analytes were 

chromatographicalty eluted from the LC column and detected by the MS. The highly 

selective MS detection in MRM detection mode is very convenient for simultaneous 
detection of several analytes. 
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B.3.1.3 Calibrators 

Stock solutions were prepared in Methanol (MeOH). 10 mg of each compound 

(ritonavir, lopinavir, efavirenz and reserpine) were weighed and dissolved in 10 ml 

methanol and frozen at -20 °C. From the stock solutions, working solutions were 

prepared: 1 ml were taken and dissolved in a mixture of 4 ml MeOH and 5 ml H20, 

producing a 10% or 100 ug/ml concentration. Of this 10 ml (10%) solution, 10x1 ml 

aliquots were made and routinely used as calibrating standards (Figure B-4). 

Standard calibrators (methanokwater) within the concentration range 0.078 - 5.0 ug 

were prepared (Koal ef al. 2005). Within this concentration range there were 7 

calibration points at concentrations illustrated in Figure B-4. 

Figure B-4: Preparation of calibration standards (methanoliwater) with organic eluent. 

Solubility of certain compounds in water was a great issue, especially efavirenz and 

lopinavir. When introduced to water, the 10% solution immediately precipitated. At 

the first step of the serial dilution, 700 pi of dilution factor should be added. In the 

case of water, precipitation followed. Water volume was restricted to the minimum by 

adding methanol, exercising caution to limit premature protein precipitation. A 50:50 

solution of MeOH/water provided sufficient solubility without compromising protein 

precipitation. 
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Figure B-5: Linear regression of 7 ritonavir calibrators (Methanol:Water). 
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Figure B-6: Linear regression of 7 efavirenz calibrators (Methanol .Water). 
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Figure B-7: Linear regression of 7 lopinavir calibrators (Methanol:Water). 

Once the organic standards produced a regression line that satisfied a l v a l u e >0.98 

(Figures B-5/6/7), plasma calibrators were spiked with the 10% working solution (100 

ug/ml) solution and exactly prepared as described above for the methanoNwater 

calibrators. The plasma was obtained from untreated Sprague-Dawley rats. The 

linear regression of ritonavir spiked plasma is presented in Figure B-8. 
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Figure B-8: Linear regression of 7 plasma calibrators spiked with ritonavir. 
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Plasma greatly exceeds water in cellular content, expecting the signal to noise ratio 

(S/N) to differ largely. High peaks with low S/N ratios and r2 regression values 

exceeding 0.98 was the indication that the plasma sample can be injected. 

In the figure below (Figure B-9) the qualitative analysis report of the three reference 

standards and IS can be seen. 

Total ion current (TIC) 
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Figure B-9: Qualitative analysis report depicting the various MRMs of each of the plasma 
standards of a medium strength concentration (0.625pg/ml). 

B.3.1.4 Sample preparation 

100 ul of a plasma sample was treated with 200 pi precipitation reagent (80:20 

methanol/0.2 M ZnS04 (v/v)) including 500 ng/ml reserpine (IS, retention time: 2 

minutes) (40 pi) in polypropylene tubes. The samples were immediately vortexed for 

10 seconds, flipped upside down and vortexed again for 10 seconds, prior to 

centrifugation for 10 minutes at 20800 x g (15062 rpm) at 4 °C. Then 180 pi of the 

supernatant was transferred into a 1.5 ml sample vial with a 200 pi volume micro-

insert, of which 5 pi were injected for analysis. The samples were reserved 

accurately at 4 °C during analysis, using the temperature-controlled autosampler to 

allow constant experimental conditions. 
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B.3.1.5 Validation 

The necessary validation is summarized in Table B-2. 

Table B~2: Supportive LC-MS-MS validation data ofritonavir; lopinavir and efavirenz. 

Ritonavir Lopinavir Efavirenz 

Retention Time (min) 3.9 3.9 2.1 

Linear range (ug/ml) 0.078-5.0 0.078-5.0 0.078-5.0 

LOD (ug/ml)A 0.00654 0.00654 0.00654 

LOQ (ug/ml)B 0.078 0.078 0.078 

Linearity ( R ^ c 0.9932 0.9907 0.9921 

Accuracy (QC:0.3125 ug/ml) [n=5] (%) 87-100 78-93 77-114 

Accuracy (QC:1.25 ug/ml) [n=5] (%) 80-95 80-97 77-102 

RSDU Intra-day (0.3125 ug/ml) [n=8] (%) 6.10 8.13 12.43 

RSDU Inter-day (0.3125 ug/ml) [n=5] (%) 7.00 7.14 15.72 

RSDU Intra-day (1.25 |jg/ml) [n=8] (%) 7.10 5.67 10.3 

RSDU inter-day (1.25 ug/ml) [n=5] (%) 8.90 8.72 12.84 

Recovery" (%) 83.16 93.64 67.3 

A LOD : Limit of detection. 
8 LOQ ; Limit of quantification. 
c Concentration : 0.078-5 pg/ml. 
0 RSD : Relative Standard Deviation. 
E Plasma calibrator recovery. 

B.3.2 Real-time reverse transcriptase polymerase chain reaction 

B.3.2.1 Introduction 

Real-time reverse transcriptase polymerase chain reaction (RT2-PCR) is a laboratory 

technique used for the simultaneous amplification and quantification of a specific 

gene (or other section) of DNA or RNA (to be converted to cDNA). This assay is used 

to determine whether or not a specific complementary DNA (cDNA) sequence is 

present in a sample (qualitative), and if present, the absolute or relative number of 

copies (quantitative) in the sample (Potgieter ef a/. 2007). 
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B.3.2.2 Chemicals 

Prior to mRNA amplification, the subsequent RNA was isolated from the rat liver by 

means of QIAzol® Isolation kit (Qiagen). Supplementary chemicals for RNA isolation 

was chloroform (Fluka Biochemika), isopropanol (Fluka) and 99.5% Ethanol 

(SAARCHEM). The cytochrome P450 sequencing primer and master mix was 

imported from Primer Design™ (Southampton, Hampshire, United Kingdom). 

Quantitect® Primer Assays designed for SYBR green (Qiagen) primers for p-acim 

and GAPD were used as reference standards (housekeeping genes). Reverse 

transcription of the isolated RNA to cDNA was done through the use of iScript® cDNA 

Synthesis kit (Bio Rad®). External well factor plate solution and lyophilized DNase I 

enzyme was purchased from Bio Rad®. PCR grade, nuclease free water was 

obtained from Bio Rad® (Nuclease-free water), Sigma (PCR reagent) and Bioline 

(PCR grade). 

B.3.2.3 Consumables 

Majority of the experiments were prepared in Eppendorf® micro centrifuge tubes 

(safe-lock 1.5 ml). All the laminar flow hood experiments were conducted with 

Thermo Scientific Finnpipettes with Finntip Sterile filter tips. Bio Rad® iCycler iQ 96 

well plates were used (0.2 ml certified DNase and RNase free,) and the 

corresponding PCR Microseal "B" film optically clear adhesive sealing tape. PCR 0.2 

ml 8-tube strips were also used for reaction purposes, sealing them with 0.2 ml 

optically clear flat cap strips. Kruuse® Green soft" disposable arm length examination 

gloves were worn as base layer in the fight against skin, hair and sweat rich DNase 

and RNase contamination. Inner coated, natural latex examination gloves 

(Sempercare®) were used to double glove. 

B.3.2.4 Primer efficiency (CYP 2B1) 

A dilution sample was prepared by adding an equal volume of RNA from each 

sample collection stage (Figure B-10). This concerted mixture was used to determine 

the existing, specific RNA concentration using Quant-iT fluorescence technology 

(Qubit quantitation platform, Invitrogen™, refer to section 2.3.2.8). This useful 

application certified that precise RNA concentrations would be quantified, 

guaranteeing accurate serial dilutions. 
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Figure B-10: Original dilution sample constitution to test primer efficiency. 

For each of the three primers (CYP2B1, /?-actin and GAPD), 2 micro centrifuge tubes 

received satisfactory RNA quantity for subsequent cDNA synthesis (normal RT 

reaction). After successful reverse transcriptase one of the tubes is reserved as the 

strong concentration, while the second is used as the first dilution in the successive 

serials to follow by adding 20 ul of DNase and RNase free water. In this way the 

concentration is halved, creating the required serial dilution. This was repeated for 

dilutions 3 and 4 (Figure B-11). 
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Figure B-11: Serial dilution after R'f-PCR. 
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After RT2-PCR analysis, graphs were constructed for each primer by plotting CT 

value against the Log function of the dilution factor. The slopes of the latter graphs 

were used to determine the efficiency of the each primer by means of the following 

equation: 

E = (10-1/slope-1)x100 

Where E is the primer efficiency and the slope is the gradient of the CT value against 

the Log of the dilution factor graph (van Niekerk et al. 2007). 

B.3.2.5 Pre-assay preparations 

The day before RT2-PCR, sufficient quantity of Eppendorf® micro centrifuge tubes 

was DEPC (Diethyl pyro carbon ate, Calbiochem) treated to ensure DNase and 

RNase free status. This procedure commenced by foreseeing that the micro 

centrifuge tubes are steamed overnight in a 0.1% DEPC filled container in the water 

bath at 40 °C, ensuring sufficient DEPC contact with the tube. The following morning 

the tubes were closed, subsequent to being autoclaved at 121 °C for 15 minutes, 

eliminating the possibility of contamination and transferred to the laminar flow 

cabinet. 

The preparation for RT2-PCR was initiated in the laminar flow cabinet by cleaning 

with 70% ethanol followed by hydrogen peroxide 10 volume (3%). The cabinet was 

also radiated with ultra violet light for one hour prior to every assay to guarantee 

DNase and RNase free conditions. 

B.3.2.6 RNA isolation 

QIAzol® lysis reagent is a monophasic solution of phenol and guanidine thiocyanate, 

designed to facilitate lysis of fatty tissues and inhibit RNase. Tissue samples were 

homogenised in QIAzol® lysis reagent. After the addition of chloroform, the 

homogenate was separated into aqueous and organic phases by centrifugation. RNA 

partitions to the upper aqueous phase while DNA partitions to the interphase and 

proteins to the lower, organic phase. RNA was precipitated from the aqueous phase 

by the addition of isopropanol. The pellet was then washed with ethanol and 

redissolved in DNase and RNase free water. 

A standard 100 mg of liver tissue was used through out the procedure, adding 1 ml of 

QIAzol® lysis reagent per reaction. The tissue and reagent were immediately 

homogenized at 4 °C ± 2 °C until uniformly homogeneous for 60 seconds at 3000 
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U/min (Heidolph-Elektro KG glass/Teflon homogenizer). Liver matter contains a 

relatively high content of fat, proteins, polysaccharides and extracellular material and 

constitutes further centrifugation of the homogenate at 12,000 x g for 10 minutes at 

4 °C, in order to remove insoluble material. The supernatant was carefully transferred 

into a new collection tube, and reserved on the bench top for 5 minutes at room 

temperature. For every 1 ml of QIAzol® used in the first step, 0.2 ml of chloroform 

was added to the homogenate and flickered vigorously for 15 seconds. The 

homogenate was placed on the bench top for 2 - 3 minutes at room temperature, 

followed by centrifugation at 12,000 x g for 15 minutes at 4°C. After centrifugation, 

the sample separated into 3 separate layers: upper aqueous RNA phase (±60%), 

white DNA interface and a red organic protein phase. The upper aqueous phase 

was transferred to a new collection tube and 0.5 ml isopropanol was added for every 

1 ml of QIAzol® used in step 1, vortexing the mixture thoroughly. Reservation on the 

bench top followed for 10 minutes at room temperature. There after the mixture was 

centrifuge at 12,000 x g for 10 minutes at 4 °C. The supernatant was carefully 

aspirated and discarded, revealing the gel-like or white RNA pellet at the bottom of 

the tube. For every 1ml of QIAzol® used in step 1, 1 ml of 75% ethanol was added to 

the RNA pellet and centrifuged at 7500 x g for 5 minutes at 4 °C. Occasionally the 

pellet floats or sticks to side, where after an additional centrifugation step (12,000 x g 

for 5 minutes at 4 °C) was completed to ensure that the pellet is at the bottom of the 

tube. The supernatant was completely removed and the pellet was briefly air-dried. 

The desiccated pellet was redissolved in an appropriate volume of RNase-free water, 

completing the RNA isolation. Concentration determination followed by the use of 

Quant-iT fluorescence technology (Qubit) subsequent to RNA integrity calculation by 

means of nanodrop 260/280 absorbance measurement. 

B.3.2.7 Nucleic acid concentration determinations 

The Qubit Quantitation Platform is a revolution in DNA, RNA and protein quantitation 

for the molecular biology laboratory. Using Quant-iT fluorescence technology, the 

Qubit Platform gives you the highest accuracy and sensitivity, leading to better 

results in downstream experiments. 

The Qubit fluorometer tube set up requires 2 tubes for the standards when RNA 

operational, and one tube for every sample. Formulate the Quant-iT working solution 

by diluting the Quant-iT reagent 1:200 in Quant-iT buffer. 200ul of working solution 

are required for each sample and standard. Assay tubes were prepared according to 

the table below (Table B-3) and illustrated in Figure B-12. 
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Table B-3: Assay solution preparation. 

Standard assay tubes Sample assay tubes 

Volume working solution 190 pi 190 pi 

Volume of standard 10pl -

Volume of sample to add - 10 pi 

Total volume in each tube 200 pi 200 pi 

After constituents were mixed, all the tubes were vortexed for 2-3 seconds followed 

by incubation for 2 minutes at room temperature. The standards and samples can 

now be quantified. 
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Figure B-12: Pragmatic scheme of the nucleic acid concentration measurement preparation 

(adapted from Invitrogen Corporation 2007). 

B.3.2.8 DNase I treatment 

RNA isolation is filled with the potential for genomic DNA contamination, which 

provides sufficient rationale for treating isolated RNA with DNase I, attempting the 

elimination of genomic DNA contamination. Complying with industry standards, 2U 

DNase per 10 pg RNA were used as concentration reference (Ambion 2008). One 

unit is the amount of enzyme required to completely degrade 1 pg DNA in 10 minutes 

at 37 °C and is equivalent to 0.04 Kunitz units, 
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The reverse transcriptase step has a concentration limit of 1 ug when converting RNA 

to cDNA. This provided the concentration to calculate the quantity of DNase to 

include. 

2 U DNase/10 jug RNA {Ambion 2008) 

HJ-SpgRNA 

0.5 U^2,5 yg RNA 1 

2 fjl DNase -^4 U {Ambion 2008) 

= 1 fjl DNase ->2U 

= 0.5 ulDNase-*1 U 

0.5 U ->2.5 M RNA 1 

= 1 U^SygRNA 

= 0.5 /J/ DNase -*1 U : 200% DNase concentration 

=1 pi DNase + 1fjl DNase and RNase free water 

A master solution, comprised of the appropriate volume DNase I, water and RNA 

sample were made for all the RNA to be converted to cDNA (reverse transcriptase 

reactions) to eliminate individual pipetting errors. 2 u! DNase I and 1 pi DNase and 

RNase free water were pipetted into a micro centrifuge and spiked with RNA, 

vortexed, centrifuged and then incubated on heating block (Stuart Scientific) at 42 °C 

for 5 minutes to activate the DNase I enzyme to wipe out genomic DNA 

contamination. Enzyme deactivation followed by incubating the mixture at 75 °C for 

15 minutes. The micro centrifuge tubes were immediately set on ice to cool down. 

The deactivation step caused evaporation of the content due to high temperature 

ramping, responsible for condensation in the tube. To ensure that the drops caused 

by condensation do contribute to the total reaction volume, the tubes are centrifuged 

in a micro centrifuged and set on ice. Reverse transcriptase follows immediately. 

B.3.2.9 Reverse transcriptase 

The iScript® cDNA Synthesis kit (Bio Rad®) synthesis kit is a sensitive first-strand 

cDNA synthesis. It contains RNase H+ Moloney Murine Leukemia Virus (MMLV) 

reverse transcriptase for sensitivity, a premixed RNase inhibitor to prevent 
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indiscriminate degradation of RNA template, and a unique blend of oligo (dT) and 

random primers. These components are optimized to yield sensitive and unbiased 

RNA sequence representation over a broad dynamic range. The Bio Rad® iScript® 

cDNA synthesis kit includes 5x iScript® reaction mix, iScript® reverse transcriptase 

and nuclease free water mixed according to the following ratio: 

Reverse Transcriptase 

5x iScript® reaction mix 

iScript® reverse transcriptase 

RNase-free water 

DNase treated RNA (3 ul +4 uQ 

Total 20|JI J 

A master solution comprised of 5x iScript® reaction mix, iScript® reverse transcriptase 

and nuclease free water was made for all the reactions to follow in an attempt to 

eliminate individual pipetting errors. 

After the stock solution was pipetted into individual reverse transcription reaction 

tubes, the DNase I treated RNA was spiked. It is important to never vortex reverse 

transcriptase enzymes, instead, flicker them for 5 seconds and micro centrifuge to 

collect the drops from the tube wall. Different incubation temperatures ensure the 

conversion of RNA to cDNA, commencing for 5 minutes at bench top temperature. 

The commencement was pursued by 30 minutes at 42 °C, and concluding the cDNA 

synthesis with 5 minutes at 85 °C to denaturize the polymerase enzyme, responsible 

for cDNA formation, The micro centrifuge tubes were immediately set on ice to cool 

down since the 5 minutes at 85 °C step caused evaporation of the content due to 

high temperature ramping, responsible for condensation in the tube. To ensure that 

the drops caused by condensation do contribute to the total reaction volume, the 

tubes are centrifuged. This reaction is kept on ice in anticipation of 96 well plate 

spiking for RT2 PCR, 

B.3.2.10 RT2-PCR amplification and quantification 

A primer stock solution was made for each primer used. The primer with the 

sequence for the cytochrome 2B1 and 3A62 enzyme had the following composition: 

4ul 

1ul 

8ul 

7ul 

x1 cDNA conversion reaction 
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• SYBR Green® 2x Precision master mix -12.5 pi 

• Primer - 1.3 pi 

• RNase free water - 5.2 ul 

• Total 19 pi 

The 2 reference standards (/?-actin and GAPD) were similarly compiled: 

• SYBR Green® 2x Precision master mix -12.5 pi 

• Primer - 2.5 pi 

• RNase free water - 4 pi 

• Total 19 pi 

The DNase treated cDNA (6 pi) were spiked at the last possible moment, to prevent 

any form of contamination, adding the total reaction volume to 25 pi. 

Negative controls were included to scrutinize for any contamination. One reverse 

transcriptase blank ("RT blank") per 96 well plate was included to monitor 

contamination from the cDNA conversion step. 19 pi of a random primer stock 

solution was added to 6 pi DNase treated cDNA. Two extra micro centrifuge tubes 

were marked as "PCR blanks" (no cDNA was added to these samples), and enough 

of the above mentioned primer stock solution was prepared to include these two 

samples. Since no cDNA was loaded, an equalizing volume of 6 pi RNase free water 

was added. The PCR plate was then sealed using optically clear adhesive tape. 

Empirical research from this project indicated the possibility of cross contamination 

when using the optically clear adhesive sealing tape. PCR runs were also conducted 

in 0.2 ml 8-tube strips sealing them with 0.2 ml optically clear flat cap strips. 

Centrifugation followed at 3000rpm (1238 x g) at 4 °C for 1 minute. 

The PCR run time protocol was adapted to be compatible with SYBR Green® 2x 

Precision master mix supplied by Primer Design™ by preparing an external well 

factor plate once a week. The implemented iCycler® conditions are stipulated below 

(Table B-4). 
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I 
Table B-4: iCycler run conditions as performed. 

Ampl i f i ca t ion condit ions using Pr imerDesign 2X Precision™ Mastermix. 

Cycling xSO 

SLep 
Ei/yiii i; .iciivaiion 

Time 
lOmin 

Temp 
95'C 

Denauration 15s 95' C 
D A T A C O L L E C T I O N * 60; 60°C 
Melt Curve** 

'Fluorogenrc daw siv. jid be ^^ feet during this step through the SYBR" gfcen channel. 
""A post PCR lun nek curve can be used to prove the specificity of the primers. Sec the manufactures 
instructions for your hardware platform 

B.3.2.11 Determination of gene expression 

The RT2-PCR data was standardised according to the primer efficiency value of the 

respective primers. The relative gene expression was determined by means of the 

following equation: 

R 
/■p \ACP target (control-sample) 
\ C ' target / 

fC \ACP target (control-sample) 

Where R is the relative expression ratio of the study gene to the implicated control, 

Esarget is the efficiency of the implicated gene in the study sample and Eref is the 

efficiency of the reference gene ((3-actin or GAPD) in the study sample. The CT 

values were obtained from RT2-PCR analysis (Potgieter ef al. 2007). 

B.3.3 Agarose gel 

B.3.3.1 Introduction 

Subsequent to real-time reverse transcriptase polymerase chain reaction, gels were 

run occasionally to view PCR amplification and compared with the real-time results. 

B.3.3.2Chemicals 

TRIZMA® base (TRIS-Sigma), Borax (Sigma) and EDTA (Sigma) were mixed to 

produce a 10x strength TBE buffer solution. The pH of the buffer was instilled at 8.3 ± 

0.1 using Hydrochloric Acid (SAARCHEM). Whitehead Scientific low melting point 

Agarose (LM-Sieve) was used to cast the gel, ensuring fluorescence with ethidium 

bromide (MP Biomedicals). The gel loading buffer (Fermentas 6 x Loading Dye 
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solution) and associated glycerol (Fluka Glycerol anhydrous) were a generous gift 

from the Department of Biochemistry, North-West University Potchefstroom Campus. 

B.3.3.3Pre-assay preparation 

TBE (Tris, Borax and EDTA) buffer solution was used for gel electrophoresis. 

• Tris 108g 

• Borax 55g 

• EDTA 9.3g 

• Double distilled water 1 litre 

All the constituents were mixed together to produce a 10x strength TBE buffer 

solution, and the pH of the buffer was instilled at 8.3 ± 0.1 using hydrochloric acid. 

Subsequent to mixing, the 1 litre 10x strength solution was diluted to a 1x strength 

solution, aliquoted in 250 ml and sterilized (autoclaved) at 121 °C for 15 minutes. The 

product was then stored at room temperature awaiting casting and electrophoresis. 

B.3.3.4Protocol 

Standard protocol of the Laboratory of Applied Molecular Biology (LAMB) prescribes 

the use of 1.5% agarose. 1 litre 1x strength TBE buffer was prepared for casting and 

electrophoresis. 100 ml TBE was mixed with 1.5 g agarose and stirred until milky 

opaque. This solution was microwaved for 1 minute followed by immediate stirring. 

The solution was microwaved again for 20 - 30 seconds until the solution started to 

boil. Subsequent to stirring, the solution was crystal clear and was reserved on the 

bench top to cool down, where after the addition of the fluorescent agent, ethidium 

bromide followed. The final solution was left to further cool down to prevent 

instrument damage, prior to casting in a Bio Rad® wide mini-Sub® cell GT. Casting 

prevailed with the solution just above ambient temperature, followed by a 30 minutes 

setting period. 

Prior to run commencing conditions, the Bio Rad® wide mini-Sub® cell was filled with 

1x strength TBE buffer, providing medium for the electrophoresis. A gel loading 

buffer and glycerol stock solution was prepared in a 50:50 relationship and aliquoted 

into 3 pi aliquots. 10 ul of the PCR product was added to the 3 ul gel loading buffer/ 

glycerol solution and vortexed, pursued by well transfer. Bio Rad® Basic PowerPac 

(041BR25066) supplied the electrical current at electrophoresis optimized rates. The 

run conditions embraced 45 minutes at a voltage of 100V. 
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B.3.3.5Product analysis 

After the 45 minutes, the mini-sub cell was relieved from electrical current and 

reserved on the bench top to cool down. The gel was then transferred to the 

ChemiDoc™XRS (Bio Rad® 170-8070) for examination after the loading tray was 

cleaned with 70% ethanol. Observation analysis was completed under ultraviolet 

(UV) conditions. The UV optimization protocol required optical filter lens 1 and 

customised time exposure. Photographs were taken and saved as jpeg files for 

reference purposes. 

B.4 Statistical analysis of ritonavir; lopinavir and efavirenz blood level 

results 

All statistical analyses procedures were done in discussion with the Statistical 

Consultation Services of the North-West University by Professor F Steyn. Data were 

analysed using Statistica Data Analysis Software System (Statsoft, Inc. 2001). 

Presented herewith is a short summary and discussion of the various nonparametric 

statistical analysis incorporated due to the data being not normally distributed. 

B.4.1 Ritonavir (Norvir®) 

B.4.1.1 Binary sample comparison 

For the binary sample comparison, ritonavir (RTV) and ritonavir plus verapamil (RTV 

+ VRL) samples were compared to each other in relation to the specific collection 

day, for example: day 1 single dose (RTV) vs. single dose (RTV + VRL). Day 1, day 

7 and day 21 were compared respectively. 

Utilization of a normal probability plot (Figure B-13) verified whether the results were 

distributed within the data range. This would identify the need for parametric or non-

parametric statistical analysis. 
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i 
Ritonavir Ritonavir + Verapamil 

Figure B-13: Ritonavir (Norvir®) normal probability plot for binary sample comparison. 

From this graph it is evident that the data is not normally distributed (i.e. the points 

deviate from the straight lines), and that for binary sample comparison the non-

parametric Mann-Whitney U-Test, is preferred over the parametric equivalent 

Student t-test. 

B.4.1.2 Multiple sample comparisons 

For multiple sample comparisons, ritonavir samples of day 1/single dose, day 7 and 

day 21 were intra-compared to each other to explore statistical significance within the 

specific treatment group. This was repeated for the ritonavir plus verapamil samples, 

A normal probability plot (Figure B-14) was employed to verify normally distributed 

data to identify parametric or non-parametric statistical analysis. 
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Figure B-14; Ritonavir (Norvir®) normal probability plot for multiple sample comparison. 

This graph represents non-normally distributed data, recommending the Kruskal-

Wallis non-parametric statistical test followed by multiple comparisons, over the 

parametric equivalent analysis of variance (ANOVA), followed by the Tukey multiple 

comparison test. 
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B.4.2 Ritonavir (in combination with Lopinavir in Kaletra ) 

B.4.2.1 Binary sample comparison 

The binary sample comparison for ritonavir (in the combination product Kaletra®), 

the ritonavir (RTV) and ritonavir plus verapamil (RTV + VRL) samples were inter-

compared to each other, comparing day 1: single dose (RTV) vs. single dose (RTV + 

VRL). In this fashion day 1, day 7 and day 21 were compared apiece. 

Employing a normal probability plot (Figure B-15) will verify whether the binary 

samples were normally distributed within the data range, identifying the need for 

parametric or non-parametric statistical analysis. 

Ji : 

~i—l 1 V ' " T" ' I ' 

■ 

Kaletra® Kaletra® + Verapamil 
Figure B-15: Ritonavir (Kaletra®) normal probability plot for binary sample comparison. 

From this graph it is apparent that the data distribution is non-normal (i.e. the points 

deviate from the straight lines) and calls for the non-parametric Mann-Whitney U Test 

over the parametric equivalent Student t-test for binary sample comparison. 

B.4.2.2 Multiple sample comparisons 

For multiple sample comparisons, the samples (Kaletra®) were intra-compared to 

each other (day 1 vs. day 7 vs. day 21) to search for intra-statistical significance. This 

was completed for ritonavir and ritonavir plus verapamil samples. 

A normal probability plot (Figure B-16) was applied to verify normally distributed data 

to recognize the use of either parametric or non-parametric statistical analysis. 
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Figure B-16: Ritonavir (Kaietra } normal probability plot for multiple sample comparison. 

Signifying scattered data and not normally distributed, the non-parametric Kruskal-

Wallis test for multiple sample comparison is recommended, over the parametric 

equivalent analysis of variance (ANOVA), followed by the Tukey multiple comparison 

test. 

B.4.3 Lopinavir (in combination with ritonavir in Kaietra®) 

B.4.3.1 Binary sample comparison 

Lopinavir in the combination product Kaietra®, was compared to lopinavir plus 

verapamil samples, comparing two (binary) samples. For example: day 7 (LOP) vs. 

day7 (LOP + VRL). Respectively, day 1, 7 and 21 were compared. 

Utilizing a normal probability plot (Figure B-17) will indicate normal data distribution 

within the statistical range, separating parametric from non-parametric statistical 

analysis. 

Kaietra® Kaietra® + Verapamil 
Figure B-17: Lopinavir (Kaietra®) normal probability plot for binary sample comparison. 

Obvious irregular data distribution (the points deviate from the straight lines) specifies 

the use of Mann-Whitney U Test (non-parametric) over the corresponding parametric 

Student t-test for the binary sample statistical analysis. 
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B.4.3.2 Multiple sample comparisons 

The lopinavir and lopinavir plus verapamil samples were scrutinized for intra 

statistical significance by comparing every sample collection day to each other, thus 

fulfilling a multiple sample comparisons (day 1 vs. day 7 vs. day 21). 
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Figure B-18: Lopinavir (Kaletra®) normal probability plot for multiple sample comparison. 

The normal probability plot (Figure B-18) illustrated non-normally distributed data and 

recognized the use of the Kruskal-Wallis test for multiple sample comparison (non-

parametric) analysis of variance (ANOVA), followed by the Tukey multiple 

comparison test. 

B.4.4 Efavirenz (Stocrin®) 

B.4.4.1 Multiple sample comparison 

For multiple sample comparisons, the efavirenz samples of the single dose, day 7 

and day 21 were intra-compared with each other to investigate statistical significance 

within the specific treatment group. 

A normal probability plot (Figure B-19) was employed to verify non-normally 

distributed data to identify parametric or non-parametric statistical analysis. 
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Figure B-19: Efavirenz normal probability plot for multiple sample comparison. 

Symptomatic of non-normally distributed data (points deviate from the straight line), 

non-parametric statistical analysis is recommended indicating the Kruskal-Wallis test 

for multiple sample comparison over the parametric equivalent analysis of variance 

(ANOVA), followed by the Tukey multiple comparison test. 
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RT2PCR: 

Results & Optimization 
Addendum Q 

RT2PCR: 

Results & Optimization 

RT2PCR: 

Results & Optimization 

C.1 Introduction 

The following results and discussions are included to support the secondary objective 

of this study which was not successfully reached, though valuable experience and 

knowledge was obtained by the author. This section exemplifies the completed 

RT2PCR results and offer various detailed explanations and reasons why the 

methodology did not succeed. This was a novel technique attempted at the 

Department of Pharmacology, North-West University. The exact protocol of the RT2 

PCR method is described in section 2.3.2 of addendum B. Brief chronological order 

in which the methodology was done: 

• RNA isolation 

• DNase I treatment 

• Reverse transcriptase 

• Real-time PCR 

C.2 Optimization of RT2PCR method. 

In the optimization of the method, a number of problems were encountered. The 

problems are going to be addressed under the following headings: 

C.2.1: Reverse transcriptase 

C.2.2: Contamination during DNase I experimentation 

C.2.3 Atypical CT values 

C.2.4: Primer temperature efficiency 

C.2.5: Primer efficiency 

C.2.6: Concluding primer efficiency 
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C.2.1 Reverse transcriptase 

The initial RT2PCR experimentation results are presented in Figure C-1. 
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Figure C-1: No RT2-PCR product. 

From Figure C-1 it is evident that no functional PCR product has formed. Out of the 

total possibilities of 15 reactions only 8 amplified, the majority at very high CT values. 

Two sequencing primers and double reference standards ((3-actin and GAPD) were 

used. Contamination from the reverse transcriptase step was noticeable, however, 

the PCR blank was uncontaminated. The experiment was repeated in duplicate to 

exclude experimental error. 

A lack of cDNA conversion was identified as a possible reason that no functional 

PCR product has formed. 

This was investigated in the following experiment regarding incubation temperature. 

cDNA conversion protocol requires different incubation temperatures to ensure the 

conversion of RNA to cDNA. Commencing for 5 minutes at bench top temperature, 

immediately followed by 30 minutes at 42 °C, and concluding the cDNA synthesis 

with 5 minutes at 85 °C to denaturize the polymerase enzyme, responsible for cDNA 

formation. Previous conversion included that the micro centrifuge tubes were kept in 

the heating block through the ramping phase extending from 42 °C to 85 °C. This 

step was excluded to observe the effect the temperature ramping had on the reverse 

transcriptase. The effect is shown in Figure C-2 below. 
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Fipure C-2: Reverse transcriptase problem elimination. 

As illustrated by the above graph (Figure C-2), the lack in cDNA conversion was 

indeed due to excessive exposure to temperature ramping and excluded from the 

RT2-PCR protocol. 

C.2.2 Contamination in DNase I experimentation 

Imminent from the results presented above, contamination was identified as an 
enormous problem. 

In the optimization, experiments were conducted to establish a DNase I enzyme 

concentration sufficient to eliminate genomic DNA contamination. The results can be 

seen in Figure C-3/4/5/6. 
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Figure C-3: 1 ul DNase unsuccessful in eliminating contamination. 

Figure C-4: Gel illustrating that 1JJI DNase is unsuccessful in eliminating contamination. 

Using 1 ul DNase as shown in Figure C-3, contamination evidently amplified. This 

emphasized the use of a more concentrated DNase I enzyme and in the following 

experiment concentrations of 2 ul, 4 ul and 6 ul were used. 
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Figure C-5: 2pl - 6pl DNase I eliminate contamination possibilities. 

The use of a more concentrated DNase I enzyme strength contributed to 

contamination free RT blanks, as presented in Figure C-5. The reagent sparing 

option of 2 ul was chosen to suppress genomic DNA contamination. 
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Picture C-6: R~fPCR meltcurve for the reaction illustrated by graph 4. 

Figure C-6 is indicative of product specificity (similar product melt points) and zero 

primer-dimers (no other meltcurves present). The PCR blank has amplified genomic 

DNA, and the meltcurve proves this. Contaminated product has fewer base pairs 

than primer specific amplicons, thus the contaminated product will meit at a lower 

temperature than the longer primer specific amplicons. This effect is indicated in 
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figure C-5. Although the PCR blank was still contaminated, it was noted to exercise 

caution in the future to improve the technique required for contamination free PCR. 

C.2.3 Atypical CT values 

Through optimization of the reverse transcriptase and DNase I concentration, 

empirical observation illustrated consistent high CT values, exemplified by Figure C-7, 
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Figure C-7: Empirical observed high CT values. 

Experimental error and to low gene expression were stated as possible reasons for 

high C T values in the literature (Lu ef a!. 2008). This was investigated in the study as 

follows: 

(1) Experimental error 

RT2PCR was repeated in duplicate and presented in Figure C-8. 
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Figure C-8: Consistent atypical high CT values. 

Figure C-8 indicates lower CT values than Figure C-7, but still high in relation to other 

CT values found in the literature (Lu et al. 2008). It could be concluded that 

experimental error could not be exclusively responsible for the high CT values. 

(2) RNA concentration 

RNA concentrations can be determined either by a fluorometer (Qubit™ Quantitation 

Platform Quant-iT fluorescence technology) or Nanodrop ™. 

The Nanodrop ™ cannot distinguish between DNA and RNA, the reading on the 

Nanodrop ™ was routinely in excess of 2100 ng/(jl because the isolated RNA 

samples had baseline genomic DNA contamination, influencing the Nanodrop ™ 

interpretation. The Qubit™ fluorometer and associated reagents binds explicitly to 

RNA, responsible for fluorescence and RNA specific concentrations. Using the 

Qubit™, the RNA concentration dropped dramatically compared to that of the 

Nanodrop ™, consistently 700 ng/ul ± 50. With the concentration being 3-fold weaker 

than our calculation, the high CT values were explained by low concentration RNA 

input and the subsequent problem solved. Figure C-9 illustrates the improved effect 

after a PCR run was completed using the fluorometer. 
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Figure C-9: Improved CT values. 

C.2.4 Primer temperature efficiency 

Manufacturers' run conditions specified that the optimum annealing temperature is 

60 °C. Laboratory conditions vary around the globe and the necessity to assess the 

optimum annealing temperature exists. This would further optimize the RT2PCR 

protocol and eliminate potential obstructions. 

Investigation into the optimum temperature for annealing, 5 temperatures above and 

below the optimum temperature specified by the manufacturer were chosen to 

search for the optimal temperature (60 °C ± 5). A normal RT2PCR run was completed 

and the products were spiked on a 1.5% agarose gel to observe which temperature 

yielded optimally. Figure C-10 illustrates this. 

Figure C-10: 60"C yielded the optimum product. 
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From this experiment it is evident that 60 °C is the optimum temperature for the 

primers to anneal. This contributed to the RT2PCR protocol optimization and 

progress could be made to evaluate primer efficiency. 

C.2.5 Primer efficiency 

As described in section 2.3.2.5 (addendum B), a serial dilution of the converted 

cDNA was prepared to evaluate primer efficacy. The initial primer efficiency runs 

resulted in confusion, illustrated by Figure C-11/12. 
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Figure C-11: Preliminary primer efficiency. 
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Figure C-12: Perplexing primer efficiency data (repeat). 
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These results were repeated by different individuals to exclude inter-person 

variability. The same results were generated, as can be seen in Figure C-11 and C-

12. 

After RT2-PCR analysis, graphs were constructed for each primer by plotting CT 

value against the log function of the dilution factor. The slopes of the latter graphs 

were used to determine the efficiency of the each primer by means of the following 

equation: 

E = ( i r j 1 / s l o p e - 1 ) x100 . 

Where E is the primer efficiency and the slope is the gradient of the CT value against 

the log of the dilution factor graph (van Niekerk et al. 2007). 
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Table C-1: R'f-PCR data prior to analysis for primer efficiency 

Primer Dilution factor CT value Reagent CT value 
1 2 3 CYP 2B6:1 48.4 1 2 3 

CYP 2B6:2 24.9 
1 2 3 

CYP 2B6:3 20.8 
CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 

CYP 2B6:4 20.4 CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 

PCR blank 37.8 
CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 

GAPD:1 37.6 

CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 

GAPD:2 23.9 

CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 

GAPD:3 17.9 

CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 

GAPD:4 17.7 

CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 

CYP 2B6:1 35.2 

CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 

CYP 2B6;2 19.6 

CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 

CYP2B6:3 18.4 

CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 

CYP 2B6:4 19.2 

CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 
CYP 2B6:1 37.9 

CYP 2B1 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

48,4 35.2 37.9 

24.9 19.6 19.2 

20.8 18.4 19.7 

20.4 19.2 19.9 CYP 2B6:2 19.2 
CYP 2B6:3 19.7 

B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 

CYP 2B6:4 19.9 B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 

RT blank 47.3 
B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 

B-actin:1 43.5 

B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 

B-actin:2 8.3 

B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 

B-actin:3 17.7 

B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 

B-actin:4 18,5 

B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 

B-actin:1 39.9 

B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 

B-actin:2 23.5 

B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 

B-actin:3 18.5 

B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 

B-actin:4 18.6 

B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 
water 35.8 

B-actin 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

43.5 39.9 37.3 

8.3 23,5 23.6 

17.7 18.5 18.6 

18.5 18.6 18.7 B-actin :1 37.3 
B-actin:2 23.6 

GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 

B-actin: 3 18.6 GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 

B-actin :4 18.7 
GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 

GAPD:1 39.6 

GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 

GAPD:2 22,9 

GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 

GAPD:3 17,6 

GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 

GAPD:4 17.7 

GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 

GAPD:1 39.7 

GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 

GAPD:2 22.6 

GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 

GAPD:3 18.7 

GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 

GAPD:4 17.7 

GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 
PCR blank 39.6 

GAPD 

1500 ng/ul 

750 ng/ul 

375 ng/ul 

172.5 ng/ul 

39.6 39.7 37,6 

22.9 22.6 23.9 

17.6 18,7 17.9 

17.7 17.7 17.7 PCR blank | 36.1 

Graphs constructed from the data in Table C-1 commenced by plotting CT value 

against the log function of the dilution factor for a specific primer, as illustrated in 

Figure C-13. 
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Primer efficiency: CYP 2B1 
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Figure C-13: CYP 2B1 primer efficiency graph. 

Statistical analysis through GraphPad Prism (linear regression) provided the slopes 

of the graphs and this data instrument was used to determine the efficiency of the 

each primer through the provided equation. The respective gradients for the primer 

CYP 2B1 were 27.85 ± 12.67, 15.50 ± 9.006 and 16.86 + 10.78 for the original 

sample, duplicate and triplicate (Table C-2). Including these slopes into the equation 

delivered primer efficiency. 

E = (10"1 's lope-1)x 100 

Table C-2: Primer efficiency results for CYP2B1. 

Sample Efficiency % 

Original sample -7.93 

Duplicate -13.80 

Triplicate -12.76 

Optimum primer competence should fit in the range between 90% and 112% 

suggesting that the primer efficiencies for CYP2B1 are of extremely poor quality. 

In this fashion, the efficiencies were calculated for the primers B-actin and GAPD 

accordingly, shown in Figure C14/15 and Tables C3/4. 
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Figure C-14: B-actin primer efficiency graph. 

Table C-3: Primer efficiency results for /3-actin. 

Sample Efficiency % 

Original sample -10.60 

Duplicate -10.02 

Triplicate -11.28 
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Figure C-15: GAPD primer efficiency graph. 
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Table C-4: Primer efficiency results for GAPD. 

Sample Efficiency % 

Original sample -9.74 

Duplicate -9.88 

Triplicate -10.47 

Efficiencies for the reference standards were of no better quality in relation to the 

cytochrome P450 specific primer. Prior to drawing any conclusions, the primer 

efficiencies were repeated in duplicate in order to rule out experimental flaw. The 

exact same protocol was followed to perform the follow-up efficiencies and is 

presented in Figure C-16 to C-21 and Tables C-5 to C-12. 
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Table C-5: Primer efficiency data (first repeat). 

Primer Dilution factor CT value Reagent CT value 
1 2 3 CYP2B1:1 59.1 1 2 3 

CYP2B1:2 0.3 
1 2 3 

CYP2B1:3 20 
CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 

CYP2B1:4 19.7 CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 

PCR blank 2.6 
CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 

GAPD:1 36.9 

CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 

GAPD:2 36.1 

CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 

GAPD:3 36 

CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 

GAPD:4 37.3 

CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 

CYP2B1:1 50.3 

CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 

CYP2B1:2 0.5 

CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 

CYP2B1:3 17.7 

CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 

CYP2B1:4 18.3 

CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 
CYP2B1:1 44.4 

CYP 2B1 

1500 ngl\i\ 

750 ng/pl 

375 ng/u! 

172.5 ng/ul 

59.1 50.3 44.4 

0.3 0.5 0.4 

20 17.7 17.8 

19.7 18.3 18.6 CYP2B1:2 0.4 
CYP2B1:3 17.8 

B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 

CYP2B1:4 18.6 B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 

RT blank 33.1 
B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 

B-actin:1 N/A 

B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 

B-actin:2 0.8 

B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 

B-actin:3 18 

B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 

B-actin:4 18.2 

B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 

B-actin:1 37.2 

B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 

B-actin:2 N/A 

B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 

B-actin:3 N/A 

B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 

B-actin:4 N/A 

B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 
PCR biank 32.6 

B-act in 

1500 ng/jJl 

750 ng/jjl 

375 ng/|jl 

172.5 ng/ul 

0 37.2 39.4 

0.8 0 40.9 

18 0 0.6 

18.2 0 18.7 B-actin:1 39.4 
B-actin:2 40.9 

GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 

B-actin:3 0.6 GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 

B-actin:4 18.7 
GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 

Water 15.8 

GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 

GAPD:1 53.8 

GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 

GAPD:2 0.5 

GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 

GAPD:3 16.1 

GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 

GAPD:4 2.7 

GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 

GAPD:1 50.6 

GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 

GAPD:2 21.3 

GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 

GAPD:3 16.9 

GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 
GAPD:4 3.2 

GAPD 

1500 ng/ul 

750 ng/pl 

375 ng/ul 

172.5 ng/ul 

53.8 50.6 36.9 

0.5 21.3 36.1 

16.1 16.9 36 

2.7 3.2 37.3 PCR blank 33.5 
PCR blank 35.1 
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Primer efficiency: CYP 2B1 
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Figure C-16: CYP 2B1 primer efficiency graph (first repeat). 

Table C-6: Primer efficiency results for CYP 2B1 (first repeat). 

Sample Efficiency % 

Original sample -7.19 

Duplicate -8.93 

Triplicate -11.60 

Primer efficiency: B-actin 

Legend 
Legend 
Legend 

Log [cDNA] 

Figure C-17: B-actin primer efficiency graph (first repeat). 
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Table C-7: Primer efficiency resuits for {3-acttn (first repeat). 

Sample Efficiency % 

Original sample + 10.60 

Duplicate -6.33 

Triplicate -6.91 

Primer efficiency: GAPD 

— Sample 

Duplicate 

— Triplicate 

M 1 " — i 1 
2.0 2.5 3.0 3.5 

Log [cDNA] 

Figure C-18: GAPD primer efficiency graph (first repeat). 

Table C-8: Primer efficiency results for GAPD (first repeat). 

Sample Efficiency % 

Original sample -5.12 

Duplicate -4.80 

Triplicate N.A 
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Table C-9: Primer efficiency data (duplicate repeat). 

Primer Dilution factor CT value Reagent CT value 
1 2 3 Cyp2B1:1 43.4 1 2 3 

Cyp2B1:2 26.5 

1 2 3 

Cyp2B1:3 21,5 
CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 

Cyp2B1:4 21 CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 

PCR blank 38.9 
CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 

GAPD:1 27.3 

CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 

GAPD:2 43.6 

CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 

GAPD: 3 19.9 

CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 

GAPD:4 19.7 

CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 

Cyp2B1;1 38.9 

CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 

Cyp2B1:2 23.7 

CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 

Cyp2B1:3 20.3 

CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 

Cyp2B1:4 20.2 

CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 

172.5 ng/pl 

43.4 38.9 35 

26.5 23.7 21.9 

21.5 20.3 20.6 

21 20.2 20.7 
Cyp2B1:1 35 

CYP2B1 

1500 ng/pl 

750 ngl\i\ 

375 ng/pl 
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Primer efficiency: CYP 2B1 
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Figure C-19: CYP 2B1 primer efficiency graph (duplicate repeat). 

Table C-10: Primer efficiency results for CYP 2B1 (duplicate repeat). 

Sample Efficiency % 

Original sample -9.59 

Duplicate -11.52 

Triplicate -15.21 

Primer efficiency: B-actin 
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Figure C-20: B-actin primer efficiency graph (duplicate repeat). 
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Table C-11: Primer efficiency results for 0-actin (duplicate repeat). 

Sample Efficiency % 

Original sample -7.81 

Duplicate -7.84 

Triplicate -12.97 

Primer efficiency: GAPD 
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Figure C-21: GAPD primer efficiency graph (duplicate repeat). 

Table C-12: Primer efficiency results for GAPD (duplicate repeat). 

Sample Efficiency % 

Original sample 14.73 

Duplicate -7.93 

Triplicate -14.26 

C.2.6 Concluding primer efficiency 

Subsequent to supplementary primer efficiency with no success, valuable 

conclusions could be made. The majority of the slopes presented in Figure C13 to C-

21 had positive gradients, providing the stereotypical graph, presented below (figure 

C-22). 
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Primer efficiency 
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Figure C-22: Positive slope graph. 

The equation describing primer efficiency; 

E = (10" l / s l o p e -1)x100 

is functional when the slope is negative, because the product of the exponent (10A) 

will be positive when two negatives are calculated. Providing that the conventional 

primer efficiency graph should appear as figure C-23 below indicates. 

Primer efficiency 

4-

| 3 H 

> 
I - 2H u 

1-

2 3 
Log [cDNA] 

Figure C-23: Negative slope graph. 

The reason presented graphs obtained a majority positive slope, concluded that the 

data amplified inversely. With the highest concentration RNA in the serial dilution 
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producing the highest CT value and the lowest concentration RNA in the serial 

dilution producing the lowest CT value, which produced proportionally inverse graphs 

as illustrated in Table C-13. 

Table C-13: Reproduction of table 9; primer efficiency data (duplicate repeat). 

Dilution factor CT value, 

Highest [ ] + 
1500 ng/pl 43.4 38.9 35 

750 ng/pl 26.5 23.7 21.9 

375 ng/jjl 21.5 20.3 20.6 

Lowest [ ] + Cy 172.5 ng/pl 21 20.2 20.7 

In an attempt to exclude instrument error, the experiment was repeated on a Bio 

Rad® real-time iQ5 iCycler (Department of Nutrition North-West University), 

illustratively presented in Figure C-24/25. 

Amplification Chart 

0 5 10 15 20 25 30 35 
Cycle 

Figure C-24: RT2PCR instrument amplification on iQ5 iCycler. 

40 
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• Standard ) t Unknown 

Log Starting Quartity, nanograms 

Figure C-25: Serial dilution plot. 

Primer efficiency: -17.8% 

Utilizing updated software that automatically calculates the primer efficiency, the 

conclusion was made with relative certainty that the source of error was not 

originating from our Bio Rad® iQ4 iCycler real-time instrument. 

C.3 Concluding RT2PCR predicament findings 

The encompassing methodology requires working with reagents that are highly 

sensitive, product specific, target optimized, genomic grade and contamination free, 

Concluding RT2PCR, the possible contributors to methodology failure include: 

• Contamination 

• Inhibitors 

• Primers 

• Reverse transcription 
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C.3.1 Contamination 

The possibility that genomic DNA could result in the unlikely phenomenon 

encountered is regarded as a definite possibility and sufficient time would scrutinize 

the origin of contamination. 

C.3.2 Inhibitors 

The accidental inclusion of environmental RNA/DNA inhibitors is taken into account 

and could be equally responsible, especially since the highest concentration cDNA 

yielded the highest CT value, indicating a direct proportional relationship between the 

cDNA concentration and the subsequent inhibiting. 

C.3.3 Primers 

The majority of R T 2 P C R difficulties lie with the primers not working correctly. In an 
attempt to test the quality of the primers, the indicated primer sequence was blasted 
(BLAST: Basic Local Alignment Search Tool) using the NCBI database (Hirasawa et 

al. 2005). 

CYP2B1 gene sequence. 

gtggttacaccaggaccatggagcccagtatcttgctcctccttgctctccttgtgggcttcttgttac 
tcttagtcaggggacacccaaagtcccgtggcaacttcccaccaggacctcgtccccttcccctcttgg 
ggaacctcctgcagttggacagaggaggcctcctcaattccttcatgcagtttcgcgaaaaatatggag 
atgtgttcacagtacacctgggaccaaggcctgcggtcatgctatgtgggacagacaccataaaggagg 
ctctggtgggccaagctgaagatttctctggtcggggaacaatcgctgtgattgagccaatcttcaagg 
aatatggtgtgttctttgccaatggggaacgctggaaggcccttcggcgattctctctggctaccacga 
gagactttgggatgggaaagaggagtgtggaagaacggattcaggaggaagcccaatgcttggtggagg 
aactgcggaaatcccagggagccccactggatcccaccltcctctcccagtgcatcacagccaacatca 
tctgctccattgtgtttggagagcgctttgactacacagaccgccagt'icctgcgcctgttggagctgt 
tctaccgqaccttttccctcctaagttcattctccagccaggtgtttgagttcttctctgggttcctga 
aatactttcctggtgcccacagacaaatctccaaaaacctccaggaaatcctcgattacattggccata 
ttgtggagaagcacagggccaccttagaccccagcgctccacgagacttcatcgacacttaccttctgc 
gcatggagaaagtgagtcctgcatggatgagagaggagaagtcgaaccaccacacagagttccatcatg 
agaacctcatgatctccctgctctctcLcttcctcgctggcactgagaccggcagcaccacactccgct 
atggtttcctgctcatgctcaagtacccccatgtcacagagaaagtccaaaaggagattgatcaggtga 
ttggctctcacaggccaccatcccttgatgatcgtaccaaaatgccatacactgatgcagtcatccacg 
agattcagagatttgcagatcttgccccaattggtttaccacacagagtcaccaaagacaccatgttcc 
gagggtacctgctccccaagaacactgaggtgtatcccaccctgagttcagctctccatgacccacagt 
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actttgaccatccagacaccttcaatcctgagcacttcctggatgccgatgggacactgaaaaagagtg 
~agcttttatgcccttctccacaggaaagcgcati;tgtcttggcgaagccattgccccaa5i;c.%attgt 
tcctcttcttcaccaccatcctccagaacttctctg^gtcaagccatttggctcccaaggacattgacc 
tcacgcccaaggagagtggcattgcaaaaatacctccaacataccagatctgcttctcagctcggtgat 
cgggctgaggcagccaggtgccccagttctgttgggaatggcctcatgtttctgcctctgggggacctg 
ctgaaaaccaggctcaaggccactgctcacatcttcctattgcagttctccaaagtcccaaggcttgtt 
cttat-cc~gtgaatggcactgaagaagtcaatcgactgtcttai;tttgacatgtgaacagagatttca 
~gagtacacatctcatgctgagtcacttccctcttcctcctaatagcccacgtccccacttatcagccc 
tccatggtctgtgatctgtgctaatggaccctgtatatggtctcagtgctatgtctacagacttacata 
gtatgtatggttcaggtaaacagaatcacagagtgtgtga 

IDT® Oligo Analyzer was utilized to compare the design precision with the data 

provided by the manufacturers and was found fit in accordance with the certificate of 

analysis provided by Primer Design® (Table C-14). 

Table 14: CYP 2B1 primer details as provided by the manufacturer. 

Primer Details 

GC% 

47.6 

Sense Primer Position Tm GC% 

47.6 

3dG Dimcr 

: c i - V K A U O ^ I C A T C - - 535 57 3 

GC% 

47.6 -4.6 

3'dG 

■3.7 

o 

Dimcr 

-0.6 

Anti-sense Pnrner Posit-on Tin GC% 

-4.6 

3'dG 

■3.7 

o 

Dimcr 

-0.6 AGA.ATCAAC STAC6AO.":G AAA.ACC 654 57.1 4I.7 

-4.6 

3'dG 

■3.7 

o 

Dimcr 

-0.6 

Lastly the quality of the forward and reverse primer combination was rated utilizing 

Beacon Designer® software. Beacon Designer® gave the primer a plausible 64% and 

a "good" rating. However, in relation with common laboratory practice, any primer 

rating below 70% is subject to robust testing prior to acceptation. This may contribute 

to the obstacles encountered in the RT2PCR method and requires further 

investigation. 

C.3.4 Reverse transcription 

With the highest concentration RNA in the serial dilution producing the highest CT 

values and the lowest concentration RNA in the serial dilution producing the lowest 

CT values, cDNA conversion may definitely contribute to proportionally inverse primer 

efficiency. 
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In summary, to accurately investigate the gene expression CYP2B1 and CYP3A62 in 

the liver of rats, more accurately designed primers are required. Uncontaminated 

cDNA is crucial and needs more investigation. 
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Blood level results Addendum Q Blood level results Blood level results 

D.1 Data 

The data employed to construct the results and subsequent conclusions are included 

in this section (Tables D-1 to D-9). The concentrations are supplied as ug/ml. 

D.1.1 Ritonavir single dose 

Table D-1: Ritonavir single dose (day 1), 

Ritonavir alone Ritonavir + 
verapamil 

Kaletra® alone Kaletra(al + 
verapamil 

0.143559379 1.2549381 0.051606476 0.109546296 

0.109127806 0.7561232 0.057112914 0.204281223 

0.08481422 0.4924046 0.05245418 0.06434869 

0.314852522 0.3853222 0.201675806 0.074226752 

0.080677132 0.2608286 0.152757612 0.075329154 

0.081780056 0.8300903 0.074338442 0.101241463 

Sample Mean Minimum 
value 

Maximum 
value 

Standard 
Deviation 

RTV 0.135802 0.08067713 0.314852522 0.09098 

RTV + VRL 0.663284 0.26082863 1.254938068 0.36192 

KAL 0.098324 0.05160648 0.201675806 0.06357 

KAL + VRL 0.104829 0.06434869 0.204281223 0.05171 
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D.1.2 Ritonavir day 7 

Table D-2: Ritonavir day 7. 

Ritonavir alone Ritonavir + 
verapamil 

Kaletra® alone Kaletra®* 
verapamil 

0.125435 0.1220932 0.153713294 0.076362791 

0.10217 0.2164739 0.108855808 0.31179984 

0.135409 0.1263695 0.186608215 1.306258494 

0.075723 0.2254086 0.202665528 0.322300899 

0.128567 0.3714009 0.182939267 0.099405662 

0.079123 0.0846234 DEATH 0.120776101 

Sample Mean Minimum 
value 

Maximum 
value 

Standard 
Deviation 

RTV 0.107738 0.07572347 0.135409366 0.02603 

RTV + VRL 0.191062 0.08462338 0.371400919 0.10452 

KAL 0.166956 0.10885581 0.202665528 0.03697 

KAL + VRL 0.372817 0.07636279 0.202665528 0.46984 
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D.1.3 Ritonavir day 21 

Table D-3: Ritonavir day 21. 

Ritonavir alone Ritonavir + 
verapamil 

Kaletra® alone Kaletra® + 
verapamil 

0.205531523 0.56024451 1.049239257 0.246896 

0.196854179 0.47801868 0.337910025 0.575621184 

0.274937542 0.86538863 0.601085784 0.839271421 

0.167313947 0.38824679 0.256035183 0.893475587 

0.311614817 0.6642255 1.670809039 0.444531412 

0.413275715 0.49181048 0.337525989 0.729705675 

Sample Mean Minimum 
value 

Maximum 
value 

Standard 
Deviation 

RTV 0.261588 0.16731395 0.413275715 0.09155 

RTV + VRL 0.574656 0.38824679 0.865388631 0.16953 

KAL 0.708768 0.25603518 1.670809039 0.55378 

KAL + VRL 0.621584 0.246896 0.893475587 0.24773 
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D.1.4 Lopinavir single dose 

Table D-4: Lopinavir single dose (day 1). 

Lopinavir alone Lopinavir + 
verapamil 

0 2.2186506 

0 0.3605374 

0 1.075132 

0.166933892 0.6650588 

0.11359521 3.4100727 

0.000410959 0.597631 

Sample Mean Minimum 
value 

Maximum 
value 

Standard 
Deviation 

LOP 0.046823344 0 0.1669339 0.07431879 

LOP + VRL 1.387847089 0.3605374 3.4100727 1.1899287 
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D.1.5 Lopinavir day 7 

Table D-5: Lopinavir day 7. 

Lopinavir alone Lopinavir + 
verapamil 

0.157828836 0.164456384 

0.267517698 0.233502804 

0.202981595 1.494900861 

0.27952613 0.32082838 

0.12971253 0.17284834 

DEATH 0.10360314 

Sample Mean Minimum 
value 

Maximum 
value 

Standard 
Deviation 

LOP 0.207513358 0.1297125 0.2795261 0.06581872 

LOP + VRL 0.415023318 0.1036031 1.4949009 0.53411102 
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D.1.6 Lopinavir day 21 

Table D-6: Lopinavir day 21. 

Lopinavir alone Lopinavir + 
verapamil 

1.353493 0.2496265 

0.354422 0.6423985 

0.566692 0.8668972 

0.239115 0.8637116 

2.011068 0.5824018 

0.286096 0.7894702 

Sample Mean Minimum 
value 

Maximum 
value 

Standard 
Deviation 

LOP 0.801814513 0.2391152 2.0110684 0.72175917 

LOP + VRL 0.665750952 0.2496265 0.8668972 0.23477934 
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D.1.7 Efavirenz single dose 

Table D-7: Efavirenz single dose (day 1) 

Efavirenz 

0.944280299 

0.145471235 

0.266181206 

0.216344194 

0.157177871 

0.450923686 

Sample Mean Minimum 
value 

Maximum 
value 

Standard 
Deviation 

EFV 0.363396415 0.1454712 0.9442803 0.30534562 

D.1.8 Efavirenz day 7 

Table D-8: Efavirenz day 7 

Efavirenz 

2.677713601 

1.801161379 

1.533354978 

0.836819136 

0.215971946 

DEATH 

Sample Mean Minimum 
value 

Maximum 
value 

Standard 
Deviation 

EFV 1.413004208 0.2159719 2.6777136 0.93935026 
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D.1.9 Efavirenz day 21 

Table D-9: Efavirenz day 21 

Efavirenz 

5.89645171 

1.69025954 

2.02689316 

0.80624562 

2.39294889 

0.631514 

Sample Mean Minimum 
value 

Maximum 
value 

Standard 
Deviation 

EFV 2.240718819 0.631514 5.8964517 1.91747424 
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