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ABSTRACT

INTRODUCTION : Interindividual variability to drug response is aeliv known
phenomenon and dates back to the 1950s with isdnia&’hen the same dose of the same
drug is given to different individuals, some magpend well, while others may respond but
with side effects, whilst others may not even resbat all. In a number of instances, this
variability has been shown to be due to genetitedihces. The best documented are
pharmacokinetic differences due to polymorphism dofig metabolising enzymes, in
particular CYP2D6 which metabolises about 25% ofichlly used drugs. The frequencies
of these mutations have been studied to a greahekt Caucasians and Orientals, and some
have shown to be variable among different ethnaugs. Africans have also been studied
but to a much lesser extent, yet they may be evae niverse. We sought to investigate the
frequencies of mutations of some drug metaboligingymes in Zimbabwean ethnic groups
and the impact o€YP2D6 polymorphism in psychiatric patients on routinegltherapy in a
naturalistic setting.

MATERIALS AND METHODS: The study was approved by the Medical Research
Council of Zimbabwe and the volunteers gave writteformed consent. Seventy-eight
Shona volunteers were recruited from the UnivemsitgZimbabwe Medical School whilst 63
San volunteers were recruited from the Plumtred&ricisn Zimbabwe. Fifty psychiatric
patients were interviewed at the Parirenyatwa Habkgtsychiatric unit. Five mL blood
samples were drawn from all volunteers and storedniaus 20 °C until required for
genotyping. An additional 5 mL blood sample waawdr from each of the psychiatric
patients and the plasma was stored at minus 20ntiCraquired for analysis. PCR-RFLP
methods were used to genotype fovP2C19*2, CYP2B6*6, CYP2D6*4, *17 and *29
mutations. LC-MS was used for the measurement laflsnpa concentrations of
chlorpromazine, thioridazine, fluphenazine, halapmr amitriptyline and nortriptyline.
Drug plasma levels were then correlated ag&iY&2D6 genotype.

RESULTS: Frequencies fo€YP2C19*2, CYP2B6* 6, CYP2D6*4, *17 and*29 in the Shona
were 0.16, 0.38, 0.05, 0.22, and 0.16, whilst & $an they were 0.12, 0.40, 0.10, 0.22 and
0.02 respectively. Differences between drug commagans stratified byCYP2D6 genotype
were observed for thioridazine verd0¥P2D6*29 and for fluphenazine vers@®yP2D6* 17
genotypes. No significant correlations were fotordhe other drugs.

DISCUSSION: Genetic polymorphism of the drug metabolising enegmCYP2B6,
CYP2C19 and CYP2D6 was similar between the Sartten&hona, except for the frequency
of, CYP2D6* 29, an African-specific mutation, which was virtuapsent in the San. The
most prevalent mutation in both populations Wi$22B6*6, which has implications for a
lower population-specific dose of the antiretrovidaug efavirenz to avoid central nervous
system side effects. Carriers@YP2D6* 29 andCYP2D6* 17 mutations need lower doses of
thioridazine and fluphenazine respectively to awsiak effects related to high drug plasma
levels.

CONCLUSION: We investigated frequencies of mutations of theloWwihg drug
metabolizing enzyme gene€P2D6, CYP2C19 and CYP2B6 in the Shona and the San
Although clear relationships betwe€&YP2D6 genotype and thioridazine and fluphenazine
concentrations were observed, these did not refatistical significance due to the limited
samplesize.
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LIST OF DEFINITIONS

Allele — Alternative or variant form of the same gene. Haorbaings usually have 2 alleles
of each gene, one paternal and one maternal.

Extensive metabolizer (EM) —individuals who express normal enzyme in normal ams,
hence have normal (extensive) drug metabolism.

Fast acetylator —ultrarapid metabolizer of isoniazid.

Genetic polymorphism —mutation in the population existing at a frequeontwt least 1%.
Genotype —the DNA sequence based at a particular gene Iddus.represents the heritable
trait which can be associated with the observedtianal trait (phenotype).

Heterozygous -an individual with different genotypes for the kelds.

Homozygous -an individual with the same genotype for both abel

Intermediate metabolizer (IM) — an individual with decreased enzyme activity and
diminished drug metabolism.

Phenotype -the observed functional measure of a variable. tdaitthe pharmacogenetics of
drug metabolism, it would be the capacity to meliabdhe drug of interest.

Poor metabolizer (PM) —an individual with significantly decreased, or napacity to
metabolize the probe drug. This usually occurs tuean inactive or a dysfunctional
metabolic enzyme.

Slow acetylator —-poor metabolizer of isoniazid.

SNP- single nucleotide polymorphism. The most commenegic variability at a gene locus
is usually a single base pair change referred s SNP.

Ultrarapid metabolizer (UM) — individuals with higher than normal amounts of emzy(or
higher than normal enzyme catalytic activity), usualue to gene duplications (this
definition is for pharmacogenetic usage, hence mezinduction is not considered). The

consequence will be subtherapeutic drug conceotrsti
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1. INTRODUCTION

The practice of medicine has undergone major achsaitthe past two decades. This has
mainly been driven by the realization that varidpiln drug response is not only due to
traditional variables such as gender, age, weightenvironmental factors but also due to
genetic factors. Starting with the early studiegtte metabolism of the anti-tubercular drug,
isoniazid in the 1950s (Bonicke and Reif 1953),ibitton of cholinesterase by the local
anaesthetic, dibucaine in the 1950s (Kalow and &eh®857) and the metabolism of the
muscle relaxant, suxamethonium by pseudocholiresgefliddell 1962; Liddekt al. 1963;
Liddell et al. 1968), more genetically based variabilities ingdexposure and response were
discovered in the 1970s through to the 1990s. Alsbeidiscussed later, these include those
of beta-blockers and antipsychotic drugs due teetievariability of the enzyme CYP2D6,
that of mephenytoin due to genetic variability o¥R2C19 and that of warfarin due to
variability of CYP2C9. The increasing realizatior the clinical relevance of genetic
variability partly gave impetus to the Human GenoRmject which culminated in the
complete sequencing of the human genome in 200Bgd)&tates National Human Genome
Research Institute, 2003). With that, Genomic Miedi was officially born. Its research and
clinical realization is being explored through theciences and technologies of

pharmacogenetics and pharmacogenomics

Pharmacogenetics versus pharmacogenomics

Pharmacogenetics is the study of interindividuaialality to drug response. The United
States Food and Drug Administration (FDA) defindsanmacogenetics as the study of
variations in deoxyribonucleic acid (DNA) sequemserelated to drug response and defines
pharmacogenomics as the study of variations of DA ribonucleic acid (RNA)
characteristics as related to drug response (FDAdaBge for Industry, 2008).
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Pharmacogenomics is more recent and is broader ghammacogenetics but there is no
internationally accepted consensus depicting anymaséc differences between
pharmacogenetics and pharmacogenomics, and inigaathe two terms are used
interchangeably. However it seems that most waidd pharmacogenetics to depict the
study of single genes and their effects on inteviddal differences in drug metabolising
enzymes, and pharmacogenomics to depict the sfudyt gust single genes but the functions
and interactions of all genes in the genome in diaerall variability of drug response,
whether this is caused by pharmacokinetics, phasthaamics or both

(http://www.iuphar.org/pdf/hum_27.pdf We therefore consider our study to be in tleddfi

of pharmacogenetics, although there is significeetrlap between the two terms.

Drug variability is not new but has been known fieany years now. Many drug targets
contain SNPs that translate to amino acid changascan result in secondary and tertiary
structure change of proteins that can affect pnoignction (Chasman and Adams 2001). In
1953 it was noted that the antitubercular drugiesd was excreted in a metabolized form in
different amounts in some people, with some exugetiwice as much as others and
distinguished slow acetylators (SA) and rapid dettys (RA) (Bonicke and Reif 1953). A
few years later, genetic control of isoniazid metedn in humans was noted. The acetylator
trait was one of the first human hereditary traféecting human drug response to be
identified. It has been known since 1963 that ydagon of isoniazid is catalyzed by N-
acetyltransferase (NAT) (Evans and White 1964). tha late 1970s and 1980s clinical
problems were noted, particularly systemic lupugthematosus (SLE), associated with
polymorphic acetylation of procainamide, which istabolized by NAT-2. Slow acetylators
were found to be at increased risk of developinge,Stompared to rapid acetylators
(Reidenberg and Drayer 1986; Woosétwl. 1978). These earlier phenotyping studies have

now been complemented by genotyping studies. Eheence and analysis of the human
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genome has provided a map for gaining a betterrstateding of the genetic basis of human
diversity (Liggett 2001). A genetic basis for intelividual variability with respect to drug

response is now known, giving rise to what is knagnpharmacogenetics. Until the late
ninety’s, focus on pharmacogenetics research waslynan metabolic proteins and

especially cytochrome P450s (CYPs). With the kmalgk of the molecular mechanisms of
diseases, polymorphic targets of drug action ae abw under investigation. Environmental
factors can also lead to variability in drug resgoriGonzalez and Idle 1994). From the
pharmacogenetic studies done so far, it is clesrahone size fits all’ method of drug dosing

is not always applicable for some drugs.

Before genotyping can be used as a screeningdoeliktensive metabolizers (EMs) and poor
metabolizers (PMs), a relationship between the typeoand the phenotype must exist i.e. a
gene-dose relationship. In other words, a PM basead genetic test must also be a PM
based on the metabolic ratio and this was showBdglayet al, for perhexiline (Barclagt

al. 2003). It must however be noted that there caa descordance between the genotype
and the phenotype due to environmental factors fyiodi the phenotype. For example,
enzyme inhibitors can show a person to be a PMsivtie genotype classifies them as EM, a

phenomenon refered to as phenocopying (GardineBagd 2006).

1.0.1 THE CLINICAL IMPACT OF PHARMACOGENETICS
In a clinical setting, there are three main typiesatients:

o0 Those who respond to treatment with no adversetstfaNe would like most patients
to lie within this group as this is the desiredeeff Such patients would be expected
to have drug concentrations within the normal thewic range and will be EMs with
respect to the drug concerned.

o Those who respond to treatment with adverse effeStsch patients are likely to be

PMs or intermediate metabolizers (IMs). Thereftie,drug of interest is expected to
3



accumulate and may reach toxic levels resultingide effects. An example is the
oral antidiabetic drug phenformin which had to béhdrawn from the market due to
lactic acidosis (Roberet al. 2002a).

o Those who do not respond to treatment, with or authadverse effects. These
patients are probably ultra-rapid metabolizers (UMSonsequently, they will rapidly
eliminate the drug such that the minimum effectteacentration may not be reached
and therefore no therapeutic benefit can be expecibis has been demonstrated for
the antidepressant drug nortriptyline whereby addg times the normal daily dose
had to be given to an UM to achieve therapeutig @ancentrations (Bertilssaa al.
1985). UMs might also generate a non-therapeuwicatitive metabolite which is
however toxic and can lead to the patient havirtgeased adverse effects. This is
particulary common with the metabolism of procaogens to reactive metabolites

that result in mutagenesis (Shimada and NakamuB@; Mamazaket al. 1995).

A number of factors govern the absorption, distity metabolism and elimination
(ADME) processes. Some of these factors are baselde properties of the drug, and others
based on the physiological properties of the hutmady. Variations in drug ADME and
pharmacodynamics may result in one of the threeastes listed above. At one level or
another of ADME, proteins are involved. This leadsto the ‘central dogma’ of molecular
biology, i.e. proteins are polypeptides translaten mRNA which is transcribed from
DNA. It is now appreciated that the genes thatrasponsible for some of the processes of
drug ADME can exist polymorphically. Examples wmé¢ multi-drug-resistance (MDR-1)
gene,NAT-2 and theCYPs among others which will be described later. Somaations in
these genes lead to altered drug response andsmal concentrations. Ultimately then,
genes (sequence of DNA with an open reading fra@f®RH) coding for a specific protein)

will affect the ADME processes.



At the level of absorption from the gastrointedtisgstem as well as intracellularly, p-
glycoprotein (P-gp), among other transport protenes/ play a role. This efflux protein is
encoded by thé/IDR-1 gene (Uedat al. 1986). Interest in this gene arose when it was
discovered that tumour cells which were resistantytotoxic drugs had an over-expression
of the gene (Roninsom,t al. 1986). The high levels of P-gp resulted in efihg the
cytotoxic drug to such an extent that it could mamhieve a high enough intracellular
concentration. Some studies have shown that tipfa a potent inhibitor of P-gp
synergistically improved treatment of some leukasmivhen combined with the cytotoxic
anthracyclines (Medeiroat al. 2007). Because of the importance of P-gp’s ml&rug
absorption and brain uptake, many pharmaceuticapenies have begun to incorporate P-gp
drug transport screening into their drug discoyangcess. Over the last 15 years or so, our
understanding of the efflux function of P-gp hasgsessed significantly, and recent results
from animal and clinical studies have called int@stion the overriding importance of P-gp
in pharmacokinetics (Lin and Yamazaki 2003a, 2003bhas also been proposed that P-gp
polymorphisms may have a bearing on the intraagllobncentration of some HIV protease
inhibitors and hence their therapeutic benefit ads be discussed later (Choa al. 2000;

Jonest al. 2001).

The major drug metabolising enzymes are the CYRerfammily which has many sub-
families. They are mainly located in the liver lawé also found in other parts of the body
e.g. the intestine, kidney and brain. They arpaasible for phase | drug metabolism, which
mainly serves to make the drug molecule more hydligp or to prepare it for phase I
metabolism, with the ultimate purpose of elimingtih from the body. As aforesaid, the
enzymes are polypeptides translated from mRNA trdmsd from DNA. Hence each

enzyme sub-family is regulated by the relev@yP gene. CYP2D6 has an abundance of
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only 2% in the human liver. The CYP2C family has aundance of 20%. The most
abundant CYP in the liver is CYP3A4 (30%) (Rendimd &Di Carlo 1997). The relative
abundances of these enzymes may be variable, degemdthe level of enzyme induction or
inhibition present. Over 90% of human drug oxidatcan be attributed to CYP1A2 (4%),
2A6 (2%), 2C (12%), 2E1 (2%), 2D6 (30%) and 3A4%E0 It is interesting that CYP2D6 is
present in a relatively low amount but metabolisksost one-third of drugs metabolised by
the CYPs (Rendic and Di Carlo 1997). This couldekplained by the fact that medicinal
chemists once exploited a chemical space for Hetzkérs and anti-psychotics which had a
pharmacophore for CYP2D6 substrates (Walffal. 1985). Because of the problems
associated with the genetic polymorphsim of CYP2bdicinal chemists have learnt to
avoid chemistries that are associated with metatmoby this enzyme. As a result most new

drugs are not substrates of this enzyme.

It can be postulated that, for a drug whose maiuterf elimination is metabolism by a
particular enzyme, an absolute or relative deficyeaf that enzyme will lead to increased
plasma drug levels. An absolute deficiency canltésom total absence or disruption of the
gene responsible for coding the enzyme, or hepftilture e.g. liver cirrhosis, the
consequence of which would be decreased enzymésleverelative deficiency can result
from the enzyme being present in normal or evern ldgounts, but the activity of the
enzyme is decreased for various reasons includimgynee inhibition and mutations.
Individuals with a deficient enzyme may metabolike drug at a slower rate leading to a
decreased elimination rate. It follows that whéw tdrug levels are higher than the
‘therapeutic window’, toxicity results. Side efteacan also be more severe, or occur more
frequently at higher plasma concentrations tharoatr concentration, even within the
therapeutic range. For pro-drugs however, PMs avawdt achieve the same therapeutic

benefit as EMs since the active drug will be praglm lower amounts. An example is the
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N-demethylation of codeine to morphine (Poulseral. 1996; Suscet al. 2006), and the

metabolism of proguanil to cycloguanil (Birkettal. 1994; Wrightet al. 1995). It must be

stressed that these findings would most likely oceith a drug whose main route of
elimination depends upon metabolism by that pddicanzyme. In other words, the more
the drug depends upon the enzyme of interest, tbatey the clinical significance of the
enzyme being deficient. Conversely, if an indidbias a normal drug metabolising
enzyme, but in higher than normal amounts, drugabwdism will occur at a faster rate and
may lead to sub-therapeutic concentrations andntiera failure. Such people would benefit
from higher drug doses in the case that the matabslinactive. However, these individuals
are at risk of toxicity if a toxic metabolite isibg produced, since it will be produced at a

faster rate.

1.1 RATIONALE

Pharmacogenetics is a rapidly evolving field andbtaof information regarding genetic
polymorphism is being generated for many ethnicugsp particularly Caucasians and
Orientals. However, data on African populationd &mbabweans is still sparse. African
samples used for genetic analysis from one locatiorcountry may not be adequately
representative of all Africans because of the dingrof the African continent. There is a
need to fill the gap in pharmacogenetic knowledgegining to our Zimbabwean population
and ethnic groups. The Shona have been studigohte extent (Masimirembweal. 1995;
Masimirembwaet al. 1996b; Masimirembwaet al. 1993) hence we studied them as a
reference group since they are a major populatitm.our effort to understand previous
phenotypic studies in the San (Sommetral. 1988, 1989), we sought to genotype them as
well and compare them to the Shona. Since thequs\studies in the Shona found a high

frequency of a detrimental polymorphis@YP2D6* 17), we sought to investigate its effect in



patients on CYP2D6 substrates, such as psychip#tiients on psychotropic medication,

most of which are CYP2D6 substrates.

In Zimbabwe, all the registered medicines we use Haeen developed and optimised in
Caucasian populations. Using Caucasian-based glasgimens found in drug package
inserts may not always give the desired therapeuiicome because of some mutations,
particularly of drug metabolising enzymes whiclealirug response in our population e.g.
CYP2D6 which metabolises a variety of antipsychotind antidepressants, and CYP2B6
which metabolises efavirenz. There is a need oy @t studies to determine the extent of
variability of drug response in Zimbabweans in diore to optimise our drug doses and

hence therapeutic benefit whilst minimising sidieef to drugs.

1.1.1 NULL HYPOTHESES
- there is no difference between the frequencies @fnporphisms of drug
metabolizing enzymes between the San and the Shatimbabwe
- there is no difference in the drug plasma concéotrs between patients with and

without mutations o€YPD6 who are taking psychotropic medication.

1.2 RESEARCH AIM
To investigate genetic variations of drug-metalajsenzymes @YP2D6, CYP2C19 and
CYP2B6) between the San and the Shona in Zimbabwe, ardktermine the impact of

CYP2D6 polymorphisms on drug concentrations of some psyopic drugs.



1.3 OBJECTIVES

1. To investigate the frequency o€YP2D6, CYP2C19 and CYP2B6 genetic
polymorphism in the Shona population, who are th& wmajority, and San population
(some of the earth’s earliest inhabitants) of Zike.

2. To investigate the frequency 6fYP2D6 mutations in psychiatric patients on routine
drug therapy in Zimbabwe.

3. To determine whether there is a link betw&&rP2D6 genotypes and drug plasma
concentrations in psychiatric patients on seleaetipsychotic or antidepressant

drugs.



2. LITERATURE REVIEW
The literature on the pharmacogenetic aspects ofnees of importance and affected drugs

will be reviewed in this section.

2.1 CYP2D6 VARIABILITY

CYP2D6 has 497 amino acids. It accounts for a@étitof all hepatic P450s but its role in
drug metabolism is extensively higher than itstredéacontent, metabolizing about 20-30% of
all drugs on the market. In other words, it carcakled a high-affinity low capacity enzyme.
The polymorphism ofCYP2D6 was independently discovered in three differerisla
(Mahgoubet al. 1977; Tuckeset al. 1977; Eichelbaunat al. 1979). When the same dose of
nortriptyline, debrisoquine and sparteine was giteemdividuals, 2 distinct phenotypes were
discovered in the late 1970s. The genetic bass elacidated 10-15 years later. In 1988,

Gonzalezt al characterized the genetic defect in PMs (Gonzeailakz 1988).

CYP2D6 is a highly polymorphic gene locus with more th&® variant alleles

(http://www.cypalleles.ki.se/cyp2d6.htinwhich lead to a wide range of enzymatic activit

So-called PMs are carriers of any two non-functiatiales of theCYP2D6 gene and usually
have a metabolic ratio (MR) of urinary debrisoquh®H debrisoquine greater than 12.6
(Masimirembwaet al. 1996a; Llerenat al. 2004a). Those with the wild-type enzyme are
known as EMs. Dextromethorphan, metoprolol andtspee can also be used as probe drugs
for in vivo phenotyping (Eichelbaurat al. 1979; Franket al. 2007). When it comes to
CYP2D6 we get a sub-group of individuals known #&s lin whom the MR of both
debrisoquine and sparteine is somewhat betweenoth&BMs and PMs (Bertilssost al.
2002). The IMs usually have an enzyme that isaiefe, but still partially active. We also
have UMs who may have multiple copies of (DéP2D6 gene, and an individual with 12

copies has been described (Johanss@h. 1993). Null alleles do not encode a functional
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protein, and in the case of CYP2D6 there is noddalde residual enzyme activity (Dady
al. 1995). Null alleles result in the PM phenotypeailly if present in a homozygous fashion
(Dahlet al. 1992). Most null alleles are a result of singgese pair insertions or deletions that
interrupt the reading frame or that interfere witbrrect splicing leading to prematurely
terminated proteinsQYP2D6*3, *4, *6, *8) (Stuvenet al. 1996). CYP2D6*5 results in

deletion of the entir€YP2D6 gene (Steent al. 1995).

There are several clinical examples of the clinitedévance of CYP2D6. One which we
discussed earlier, is the N-demethylation of coeléinmorphine, which is the compound that
provides the greater analgesic effect. In thisecd3Ms may not experience adequate
analgesia because they do not form as much morgimeh is about six times more potent
than codeine) as EMs (Desmeuésl. 1991). Phenformin is an oral antidiabetic drugtth
was abandoned from the market many years ago diectic acidosis. It has now been
replaced by the renally excreted metformin. Thaidaacidosis is now thought to be due to

increased phenformin concentrations due to PM si{@obertst al. 2002a).

A study carried out by Llerera al (2004) under steady state conditions showed tleaddise
corrected plasma concentrations of fluoxetine veaexall significantly related to the number
of active CYP2D6 genes i.e. the more the number of actt¥P2D6 genes, the lower the
plasma concentrations of fluoxetine. The authawdver did not find a relationship for
norfluoxetine, the active metabolite, though thdgoafound a correlation between the
fluoxetine/norfluoxetine ratio an@YP2D6 metaboliser status. When fluoxetine levels were
compared tacCYP2C9 genotype status, individuals withG¥P2C9*2 or CYP2C9*3 mutation
had higher plasma levels of fluoxetine and thevactoiety than wild-type patients. There
was however no difference in the metabolic rataesting doubt over the significance of

these findings with respect @YP2C9 (Llerenaet al. 2004b). Another study also showed
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lower plasma concentrations of the acetylcholimasteinhibiting drug donepezil @YP2D6
UMs but this was not of statistical significanceolpably due to their small sample size (total
of 42 patients with 2 UMs) (Varsaldt al. 2006). CYP2D6 UM metaboliser status has
traditionally been linked to duplication of tk&¥P2D6 gene. However, there have been some
individuals found with a UM phenotype but no duption of CYP2D6 was found in them. A
role for 31G>A and -1584C>G has been investigatetithese alleles were found at a high
frequency in UMs (Lovliest al. 2001). A study involving the antiarrythmic drugdainide

in 58 Japanese patients showed ®dP2D6 genotype (includingcYP2D6*10 which has a
frequency of 39% in Japanese and leads to inteateednetaboliser status), age, sex and
serum creatinine influenced its pharmacokinetia#) wge having the greatest impact. Even
encompassing all these factors, the authors conlg explain 50% of the variability in

pharmacokinetics of the drug (Dadtial. 2006).

A number of the HI-antihistamine drugs are metaalieither mainly (e.g.promethazine) or
partly (e.g. chlorpheniramine) by CYP2D6. PMs héeen found to have lower clearance
and higher AUCs than EMs (Yasudgal. 2002). CYP2D6*10 mutations resulted in more
cases of sleepiness in a Japanese study and thaisshweavn to be a risk factor for
hypersomnia associated with use of H1-antihistam{Baruwatargt al. 2006). CYP2D6*10
has also been shown to result in increased plasonaentrations of the beta blocker
metoprolol, and to a much lesser extent for marge{Otaniet al. 2003; Taguchiet al.

2003).

In a study on Japanese psychiatric patients, it fwasd that there was no significant
difference in haloperidol plasma levels betweenepét without anyCYP2D6*10 allele,
those with one or those with tvi@yP2D6*10 alleles (Someyat al. 2003). This is interesting

because there is a small but significant differencine metabolic ratios &@YP2D6*10 and
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CYP2D6*1 when debrisoquine is used as a probe drug (Detlah 2003; Rohet al. 1996).
This may suggest th&@YP2D6*10, like CYP2D6*17 and CYP2D6*29 is a mutation that
leads to an enzyme with altered substrate affifgnnerholmet al. 2002). However, at a
higher dosage (>10mg per day) patients with @®2D6*10 alleles had significantly higher
plasma levels of reduced haloperidol than thosh GMP2D6*1 (Someyaet al. 2003). This
could mean that CYP2D6 is of greater importancth@metabolism of reduced haloperidol
than of haloperidol per seCYP2D6*5 was however associated with higher plasma lestls

haloperidol as well as reduced haloperidol (Sonetwh 2003).

Functional alleles have a frequency of about 71%ancasians from the studies done so far
(Ingelman-Sundberg 2005). Between 5-10% of Caanasare PMs, reflecting the 26%
frequency of non-functional alleles in this popidat CYP2D6*4 is the most common non-
functional allele present at a frequency of up @862 being responsible for 75% of PMs in
CaucasiansCYP2D6*3, *4 and % account for 93-98% of Caucasian PMs (Ingelman-
Sundberg 2005). Below is a table showing soméeditequencies in different ethnic groups:

Table 1. CYP2D6 Allele frequencies in Caucasians, Asians and AfscgAdapted from
(Ingelman-Sundberg 2005)

CYP2D6

ALLELE CAUCASIANS % ASIANS % AFRICANS%
*1 or *2 71 52 86.5

*3 2 0 0

*4 12-20 <1 2.5

*5 5 4-6 3.8
*10 2 40-50 5.6
*17 0.1 0 22
Duplications 1.1 0.5(Japanese) 2.5

*29 0.1 0 20
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CYP2D6*29 has been found to occur at a frequency of 20%aimz&nians (Wennerholet

al. 2001), bringing to a median frequency of 41% toi@ah-functional and reduced function
alleles for black African populations. It can bees from the above table that allele
frequencies differ amongst different populationshe fact that theCYP2D6*29 allele was
identified in only one out of 672 subjects (0.1%)Emropean descent (Marez al. 1997)
shows that it is African specific, and the samgus for CYP2D6*17, whilst CYP2D6*10 is
Asian specific andCYP2D6*4 is Caucasian specific. This has implicationghe average
drug dose that is given in a particular populatidfor example, the Oriental populations
generally use lower doses of some psychotropicdtbgn Caucasians (Lou 1990). Few
studies have been carried out in African populationThe clinical significance of drug
metabolising enzyme polymorphisms in Africans hias aot been studied to any significant
extent. In 2003, two novel haplotypes of B¥P2D6 gene were identified in a Japanese
population (Yamazaket al. 2003). BothCYP2D6*44 and *21B alleles caused splicing
errors leading to impaired CYP2D6 function. Theqgirencies of the two mutations were
0.6% and 1.7% respectively. Twenty nine percerEtbiopians (Aklilluet al. 1996), 10%
Spaniards and 10% of the populations in Italy anck&y are UMs, whereas UMs are 1-2%
in Northern Europe, 5.5% in Western Europe andresdly absent in Asia. This shows that
there is heterogeneity among the Caucasians theesseMean CYP2D6 activity in Asians
of the EM phenotype is lower than in Caucasianiis i mainly due t€YP2D6*10 C100T
mutation leading to a Pro34Ser amino acid subsiituand the formation of an unstable
enzyme with decreased activity (Nakameral. 2002). CYP2D6* 10 allele has been found
to have an effect on the pharmacokinetics of laiatin Chinese subjects with homozygotes
having higher AUC and Cmax than heterozygotes & type individuals (Yinet al. 2005).
The results of this study suggest the presence Y'#2D6 dependent pharmokinetics of
loratadine in Chinese subjects. Despite some apdyetween wild type, heterozygotes and

homozygotes in clearance and metabolic ratiosfgignt correlations between the number
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of CYP2D6*10 alleles versus loratadine clearance or MR vadreerved, indicating a gene-
dose effect (Yinet al. 2005). It must however be noted that there weresignificant
differences in pharmacokinetic parameters betwedh type and heterozygotes. This may
mean genotyping may only be beneficial for homotggainless the drug of interest has a

really narrow therapeutic window.

The CYP2D6*17 and CYP2D6*29 variants lead to an enzyme with altered substra
specificity (Wennerholnet al. 2002). This means the binding of certain drugdh&enzyme

and their metabolism is altered for some drugs rimit for others. It is hence not very
accurate to classify individuals with this alleke I8s or PMs for all drugs that depend upon

the CYP2D6 gene for their elimination from the body.

It would be expected that UMs would need higheredas active drug to achieve therapeutic
plasma concentrations than EMs. This would applgremto drugs with an inactive
metabolite. If the metabolite is active, they naually need a lower dose of the parent
compound since they will be forming more of the\ecimetabolite than EMs. On the other
hand, IMs as well as PMs would need lower dosesdriig whose main route of elimination
is by CYP2D6 metabolism. Conversely, they may egpee treatment failure if it concerns

a pro-drug whose therapeutic effect depends updabuoksm to an active metabolite.

Since CYP2D6 is a highly polymorphic enzyme andilaih wide variability, drug design

schemes that avoid compounds from being high &ffsubstrates for CYP2D6 would be key
to a successful product on the market. This metudies to determine whether a drug is a
CYP2D6 substrate or not are necessary in the sglys of the drug development process.

Drug companies nowadays screen drugs in the eanglopment process and drop likely
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CYP2D6 substrates where they have alternatives atetequipotent and have reasonable

pharmacology (Ingelman-Sundberg 2005).

2.2 CYP2C9 VARIABILITY

CYP2C9 is the major enzyme responsible for the badiem of the anticoagulant drug,
warfarin (Joffeet al. 2004). A cytosine to thymine (C>T) transvers@nnucleotide 430
encodes for a cysteine substitution at amino aegidue 144, producing the Argl44Cys
(CYP2C9*2) a variant allele (Stubbing al. 1996). An adenine to cytosine transversion at
nucleotide 1075 encodes for a leucine substitudibramino acid residue 359, producing
lle359Leu CYP2C9*3) (Stubbinset al. 1996). Also, a null polymorphismC¥{P2C9*6)
containing an adenine base-pair deletion at nude®&18 has been identified, which leads to
a premature stop codon and a truncated, inactovipr(Kiddet al. 2001). CYP2C9*2 and
CYP2C9*3 are reported to show 12% and 5% lower activitypeetively, of wild-type
enzyme activity apparently as a result of the anaicid substitutions altering the activity of
the enzyme with CYP oxidoreductase (Aitkahl. 1999). A study on 150 Africans revealed
that 94% of them were homozygous wild type, 4% G3&2C9*2, 2% had theCYP2C9*3
genotypes (Scordat al. 2001). None of them had the homozygoD¥P2C9*2 or
CYP2C9*3 or CYP2C9*2/*3 mutation. In contrast, the frequency of CYP2C%i2and
CYP2C9*3 in Caucasians is 15% and 8% respectivdiylst the polymorphisms exist at low

frequencies in the Chinese, similar to Africansr{iyet al. 2003)

Phenytoin is metabolised to a great extent by CYPad partly by CYP2C19 and it is one
of the drugs that normally requires therapeutiogdmonitoring (TDM) to maintain plasma
concentrations within the therapeutic window (Genteet al. 2001). This is because it has a

narrow therapeutic window with a small concentmatdifference between sub-therapeutic
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and toxic drug plasma levels. Van der Wedllaal (2001) studied the effect @YP2C9
genotype on phenytoin dose requirement in relatophenytoin serum concentration on 60
Dutch epileptics receiving long term phenytoin tneant. The highest mean plasma
concentration was found in the two patients with @YP2C9*2/ *3 genotype, and yet they
were actually given the lowest dose of phenytoitven though 47 of the patients were on
concomitant anti-convulsant medication (phenoban@i carbamazepine or sodium
valproate), the authors claim the mean requirechytioen dose for carriers and non-carriers
of CYP2C9 mutant alleles did not markedly differ between difeerent comedication groups,
including those on phenytoin alone (van der Weatdal. 2001b). It however seems that
CYP2C9 enzyme activity is much more dependent ergdnotype than enzyme induction or
inhibition. The impact of the CYP2C family on theetabolism and plasma concentration of
phenytoin has been investigated in Japanese mitietit epilepsy by Mamiyat al (1998).
Decreased rates of metabolism were observed irerpatiwith CYP2C9 or CYP2C19
mutations (Mamiyaet al. 1998). However, the statistical power of obseguhe effect of the
CYP2C9 mutations was limited because the frequency ofribtations was found to be very

low (just over 2%), yet the sample size was 13#&ptt (Mamiyaet al. 1998).

Based onCYP2C9 genotype, PMs have been shown to require loweesdts achieve the
required amount of anti-coagulation with warfaridd number of warfarin studies have
demonstrated significant associations between dlssgssion of one or mo&yP2C9 alleles
and low dose requirements (Linghal. 2009; Oner Ozgost al. 2008; Sconcet al. 2005).

In most cases, the dose was lowest WG¥R2C9*3 was present. However, findings related
to adverse effects of anti-coagulation are lesarcleAlternatively, warfarin resistance has
also been documented, with some individuals reaginvery high doses to achieve the
necessary anti-coagulation (Nevreizal. 2009). A number of possible explanations exist,

one of which is that the metabolism of warfarin hggher in such individuals, or
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malabsorption may be taking place (Sad&oél. 2009). Indeed, low plasma concentrations
have been found in some people, even when givem thoges. Another explanation is a
variation in vitamin K epoxide reductase complebkusit 1 (VKORC), the enzyme which

warfarin inhibits as a means of exerting its ardguant effect (Hildebrandt and Suttie
1982). It is thus well known that any individual warfarin therapy needs to be monitored,
as is indeed the case with the international nasedlratio (INR) being used as an indicator
of the extent of anti-coagulation achieved. Sonsefavin dosing algorithms have been

proposed, encompassing CYP2C9 and VKORC, age aghtl{&conceet al. 2005).

Irbesartan is a potent antihypertensive drug whicis as an angiotensin Il receptor blocker.
It is primarily metabolized through oxidation by €XC9 and its pharmacokinetics and
therapeutic effect were examined in Chinese hypsite patients (Hongt al. 2005). It was
shown that there was no significant interactionMeein environmental factors (age, gender,
smoking status, body mass index) and the plasmeeoctration of irbesartan (Horg al.
2005). However, th&€YP2C9*3 allele was found to result in significantly hgyhdrug
plasma levels. On the other hand, this did natstede to therapeutic differences, as there
was no significant difference in blood pressureuctidn betweerCYP2C9*1 carriers and
CYP2C9*3 carriers (Honget al. 2005). Also, the relationship between CYP2C9nplygoe
and genotype was investigated in vitro as wellaalthy Turkish subjects. The authors found
that theCYP2C9*3 genotype, but not th€YP2C9*2 genotype significantly impaired the

metabolism of losartan (thus impaired enzyme agjiyBabaogluet al. 2004).

2.3 CYP2C19 VARIABILITY

CYP2C19 has been shown to be polymorphic, with populatiogisng divided into poor and
extensive metabolizers. Ethnic variations existhv2-5% of Caucasians being PMs, 6%

Africans being PMs and 13-23% Asians being PMs d&einet al. 1997). One of the major
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molecular defects in poor metabolizers is a sibgige pair (G>A) mutation at position 681 in
axon 5. The mutationCYP2C19*2) creates an aberrant splice site which produces a
premature stop codon and a truncated 234 aminopaotdin which lacks the heme-binding
region and is therefore inactive. About 60% of PMe homozygous for this allele. A
second alleleCYP2C19*3 consists of a G>A transition at position 636 whattanges the
codon for tryptophan at position 212 to a premastiop codon. The result is a truncated 211
amino acid polypeptide containing only the firseXbns of theCYP2C19. This also leads to
an inactive enzyme (De Moragt al. 1994a; de Moraist al. 1994b). Other null mutations
include a mutation in the initiation codon (CYP2€G4Pand a splice mutation in intron 5
(CYP2C19*7). Many other mutations most of whictadeto an enzyme with lowered
catalytic activity have been discovered to datet@@YP2C19*17). Most, if not all of these
mutations were discovered by sequenc§2C19 in individuals who had been classified as
PMs with either S-mephenytoin or omeprazole, whiels been investigated as a possible

probe drug.

In a study conducted on 84 Shona black Zimbabweaamss found that 77% (n=65) were
homozygous for the wild type gene, 19% were ofGN€2C19*1/*2 genotype and 4% were
homozygousCYP2C19*2 (Masimirembwaet al. 1995). TheCYP2C19*3 allele was not
found in this population, and neither is it found Caucasians. Three out of 251 (0.4%)
Tanzanian subjects were however heterozygous foratlele. CYP2C19*3 on the other
hand, accounts for about 20% of Asian PMs. Ab@&atdt Japanese people were found to be
homozygous for th€YP2C19*3 allele, and 25% had tHe&YP2C19*1/*3 genotype. A meta-
analysis showed that subjects of African ancesameha low frequency of the CYP2C19 PM
phenotype and genotype; that the defeciY®2C19 alleles are uncommon, and that a small
proportion of heterozygotes exists in the EM sulypagon (Xie et al. 1999a; Xieet al.

1999b). Interestingly, 5538 individuals from 24pptations on 16 different islands of
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Vanuatu were genotyped in one study. Of these, Baéloba PM genotypeClyP2C19*2/*2,
*2/*3 or *3/*3) with substantial variation among eéhpopulations (38-79%). The overall
frequencies ofCYP2C19*1 (wild-type), CYP2C19*2, and CYP2C19*3 were 0.223, 0.633,
and 0.144, respectively. This suggests that thprtaof Pacific Islanders metabolize a
wide variety of clinically important drugs e.g. gu@nil to a significantly lower degree than
the average European (Kanedtal. 1999). Interestingly in that study, the CY2C14 Rad
comparable or better therapeutic response to pralgUdis further supports the suggestion
that proguanil itself also possesses antimalaffakes through a mechanism not similar to
the antifolate cycloguanil. This negates the psapan that CYP2C19 PMs would be at risk
of reduced therapeutic response or promote thetamiedrug resistant malaria parasites. A
novel allele CYP2C19*17) carrying -806C>T and -3402C>T has recently beemd with a
frequency of 18% in both Swedes and Ethiopians4#din Chinese subjects. This allele
was found to be associated with ultra-rapid metaboland predictions revealed that
CYP2C19* 17 homozygotes would attain 35% to 40% lower omegdeaacea-under-the-curve
(AUC) than subjects homozygous 0¥P2C19* 1 taking standard doses of omeprazole (Sim

et al. 20086).

The effects of theCYP2C19*2 heterozygote genotype on nelfinavir pharmacokosets
discussed later on (Burgetral. 2006). In a study of the AUC of the proton pumipibitors
omeprazole, rabeprazole and lansoprazole in theeShj several fold higher AUCs were
noted in PMs compared to EMs with a 7.5 fold deéfere for omeprazole (Qiab al. 2006).
CYP2C19 polymorphism has also been said to affect curesratf Helicobacter pylori
infection when omeprazole was used in combinatioth ® antibiotics. Individuals who
were CYP2C19*2 heterozygotes and homozygous for MDR-1 3435T Ttation had better
cure rates than other patients (Gawronska-Szidaar. 2005). The effect of th€YP2C19

genotype on omeprazole bioavailability has alssistadied in the Japanese and they once
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again found that PMs had a much higher absolutavbitability than EMs (Unet al. 2007).
A CYP2C19 gene-dose effect for the oxidation of proguanil dgcloguanil and 4-
chlorophenylbiguanide in the Chinese was obserwetidiskinset al (2003). Their results
confirm an important role folCYP2C19 in the formation of both cycloguanil and 4-

chlorophenylbiguanide in vivo (Hoskiresal. 2003).

2.4 PHARMACOGENETICS IN PSYCHIATRY AND SIDE EFFECTS
OF DRUGS

Antipsychotics are drugs used in the managemenpsytchoses but the conventional
antipsychotics are associated with side effectstdidockade of some receptors as shown in
the table below:

Table 2: Side effects of antipsychotics due to receptockaoe (Lynn Crismon and Dorson,

1997).
Receptor type Side effects
Histamine H Sedation, weight gain
Muscarinic Urinary retentiaagnition effects, sinus tachycardia, dry mouthytad vision
Alphal adrenergic Orthostatic hypotensrefiex tachycardia, potentiation of antihyperieas
Dopamine D2 receptor Extrapyramidal sideafeprolactin elevation

A potential area for the clinical application of gslhhacogenetics is psychiatry. This is
expected as a number of psychoactive drugs areboleted mainly by CYP2D6 e.g.
amitriptyline, whose half life is known to rangeiin 9-27 hours, the basis of which is not
well documented. Diminished CYP2D6 activity hasi@roposed to explain why Orientals
experience side effects to psychotropic medicatiuis et al. 1991) when prescribed in
doses established in Caucasians (Lou 1990). Fropirieal observations of drug efficacy
and side effects, clinicians in Oriental populasidrave been prescribing some psychotropic
drugs at doses lower than in Caucasians. It is postulated that, besides possible

differences in other pharmacokinetic parameteneoeptor-drug interactions, the difference
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in metabolism of the drugs is the basis of lowesafoin the Chinese. As a result of such
observations, the Japanese regulatory authoribesotl depend on pharmacokinetic studies
done in Caucasians to optimize drug doses buttitisey be done with Japanese subjects

(Shah 1993).

Prolonged sedation as an adverse effect of diazepamvell known occurrence and this may
be due to polymorphism irCYP2C19, the major enzyme responsible for diazepam
metabolism (Bertilssost al. 1989). This may also be surprising; when onesictans the fact
that diazepam is N-demethylated to desmethyldiamepdich is an active metabolite with a
half life of about 100 hours (Hoffman-La Roche, Mal product monograph, 2008).
Phenytoin is a commonly prescribed anticonvulsamntgdhat has a narrow therapeutic
window and actually requires therapeutic drug narimt during treatment (Buet al. 2000).

An association betwedYP2C9 genotype and phenytoin dose requirements haddbemmn,
with patients carrying at least one mut&¥P2C9 allele having a mean phenytoin dose
required to achieve a therapeutic serum conceotrabout 37% lower than the mean dose

required by wild-type individuals (van der Weieeal. 2001a, 2001b).

In clinical practice, the antipsychotic drug thaazine is contraindicated in patients known to
have a genetic defect leading to decreased le¥edstvity of CYP2D6 (British National
Formulary, 2001). A number of antipsychotics haegrow therapeutic ranges and some
studies have shown a link between high plasma etratens and incidences and severity of
adverse effects. One study by showed that PMs neghect taCYP2D6 had a substantially
increased risk of being prescribed antiparkinsomadications to counter EPS. This was
only observed in drugs whose major route of elimamais CYP2D6 i.e. haloperidol,
zuclopenthixol, perphenazine, and thioridazine {|&stoort et al. 2002). A major setback in

antipsychotic drug administration is the developtneh tardive dyskinesia (TD), which
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occurs to a similar extent with most conventionatigsychotics but less so with atypical
antipsychotics (Margoleset al. 2005). It may occur due to up-regulation of duopee
receptors in the nigrostriatal pathway (B#ral. 1989; Casey 2004). However, the incidence
of extrapyramidal symptoms (EPS) varies dependmthe chemical class of the drug and its
potency. The more potent antipsychotics have sbewn to cause more incidences of EPS.
TD is characterized by involuntary movements predamtly in the orofacial region and
develops in about 20 % of patients (5% cumulatimaual incidence) during long term
treatment with typical antipsychotics (Jeste andigiiai 1993). A number of variables
including ageing, duration of treatment, female dg¥nare associated with an increased
propensity to develop TD. The high prevalence bfdnd its potential irreversibility are an
important limitation of treatment with typical apsiychotics (Quitkinet al. 1977). The
identification of factors contributing to developmieof TD may be beneficial for
individualized treatment with antipsychotics (Maegeet al. 2005). It has been shown in
several studies that there is a genetic basisdmop-to-person variability in the risk for TD
e.g. dopamine D3 receptor polymorphisms (Bastilg. 1999; Lovlieet al. 2000; Steeret al.
1997), serotonin receptors (Segnehal. 2001; Segmast al. 2000) i.e. at pharmacodynamic
levels as well as at pharmacokinetic level. Atpharmacokinetic level, higher drug plasma
concentrations may put patients at higher riskdeveloping TD, hence this depends on
CYP2D6 activity. It must however be noted that ¢oatribution of CYP2D6 to disposition
of antipsychotics and other substrates is compaigitreduced during multiple versus single
dose drug administration and considerable overlape distribution of antipsychotic serum
concentrations between EMs and PMs at steady-Btebeen noted. Some studies have
actually failed to demonstrate any impact GfYP2D6 or dopamine D3 receptor
polymorphism on the likelihood of developing TD {Ga-Barceloet al. 2001; Mihareaet al.

2002).
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In 2000, a study by Basikt al found that the Bsp120I(C>A) polymorphism in thesffintron

of the CYP1A2 gene was significantly associated with typical@syichotic induced TD. A
higher mean AIMS (Abnormal Involuntary Movementsafgg score in patients homozygous
for the C allele was found compared to heterozygyatel homozygotes for the C allele. The
mean AIMS score in patients with the CC genotypesdaiated with reduced CYP1A2
inducibility) was 2.7 and 3.4 fold greater than g@owith the A/C or AA genotype
respectively. The same pattern was observed wihergtoups were divided by ethnicity
(Caucasian or African-American) or by smoking stagsmokers or non smokers). Patients
with the CC genotype fo€YP1A2 were at an increased risk to develop more severe TD

compared with heterozygotes or homozygotes foAthéele (Basileet al. 2000).

Of particular concern is torsades de pointes dymedtbngation of the QTc interval as a result
of high plasma levels of thioridazine. This potally fatal side effect has led to the
withdrawal of thioridazine from the market in sealezountries by its manufacturer, Novartis
in 2005. This is because the drug has been assdaiath prolongation of the QTc interval
in a dose-dependent manner (World Health Orgaonisd&®harmaceuticals Newsletter No. 4,
2005). An association has been found between tihhg plasma levels, prolongation of the
QTc interval and CYP2D6 debrisoquine hydroxylatstatus. This means PMs are at a
greater risk of cardiotoxicity when given the sadose of thioridazine as EMs because they
achieve higher plasma concentrations (Lleremnal. 2002b). Interestingly though, another
study failed to find an association betw&gYP2D6 genotype and frequency of adverse drug
reactions to nortriptyline or fluoxetine, showiriglé clinical relevance of genotype in this
regard (Robertgt al. 2004). Neither was an association between thectet serotonin
reuptake inhibitors (SSRIs) fluoxetine or paroxetinduced hyponatraemia a@¥P2D6
genotype (Stedmast al. 2002). Polymorphism dVIDR-1 has been linked to a risk for

nortriptyline-induced postural hypotension. Indwals homozygous for the C3435T
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polymorphism had a greater frequency of posturglotgnsion than those heterozygous for
this allele, who also had a higher frequency thHaosé without the allele (Roberés al.
2002b). The authors did not find an associationveen CYP2D6 genotype and postural
hypotension, even though nortriptyline is primanihetabolized by CYP2D6. Neither did
they find an association between nortriptyline doseplasma concetrations af@¥P2D6
genotype. The postural hypotension is attributedx-tl receptor blockade in both the
autonomic and central nervous systems. The auftrorzose that the mutation affects the
activity of P-gp such that an accumulation of riptyine or its metabolites occurs in the

brain, leading to the greater postural hypotenéiRwbertset al. 2002b).

2.5 HIV PHARMACOGENETICS

The one-size-fits-all regimen of antiretroviral (XR therapy results in important
interpersonal variation in drug concentrations afifferences in susceptibility to drug
toxicity. As much as one third of patients on wasd antiretrovirals (protease inhibitors or
non nucleoside reverse transcriptase inhibitorsg Heeen found to have drug plasma levels
outside the therapeutic range i.e. either aboveetow. Inappropriate adherence could only
explain 35% of sub-therapeutic drug concentratiwhgch means that there are many other

factors to consider, such as genetic factors (Mailab. 2007).

A good example of particular relevance to Africaiss the non-nucleoside reverse
transcriptase inhibitor (NNRTI), efavirenz. Thigud is mainly metabolized by CYP2B6 and
partly by CYP3A4. TheCYP2B6*6 (G516T) mutation leads to decreased expressiaidev
and function of the enzyme (Lamgal. 2001) and results in high plasma concentratidns o
efavirenz. This mutation occurs at a frequencglwdut 49% in Zimbabweans and has been

shown to be associated with high drug levels, akibeetherapeutic margin, in a routine
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clinical setting. A reduction of the 600mg dailgsg by about 35% has been suggested for
homozygous carriers of this mutation to maintaieirthdrug concentrations within the
therapeutic window (Nyakutiret al. 2008). One study showed that 40% of patients thi¢h
516TT genotype had efavirenz concentrations abdwe therapeutic limit of 4pg/mL,
compared to 19% heterozygotes and 5% wild typaerar(Rodriguez-Novoat al. 2005).
Additionally, this mutation has been shown to b&oagted with greater incidences of central
nervous system side effects of efavirenz, sucHesp glisorders and fatigue, due to the high
plasma concentrations (Hagtsal. 2004; Rotgekt al. 2005). OtheCYP2B6 mutations have
been identified but occur at frequencies of onlg%-at most (Kleiret al. 2005). Another
CYP2B6 mutationCYP2B6*16 (983T>C) has been found in Africans at a frequesicy%o,
and 4% in Turks, whilst it was absent in Swedeshis Tmutation leads to decreased
expression of CYP2B6, although catalytic activéyniot greatly affected. Individuals with
this mutation were found to have impaired metaboksd thus higher plasma concentrations

of efavirenz (Wangt al. 2006).

Another study investigated nelfinavir and its aetimetabolite, nelfinavir hydroxyl-t-
butylamide (M8). Burgeet al (2006) found a significant difference between thkl wype
and heterozygotes fo€YP2C19*2 with respect to the metabolic ratio but indicatedt
further studies were needed to check for differennevirological responses since both are
pharmacologically active. The heterozygotes hddwer M8/nelfinavir ratio, indicating

higher nelfinavir plasma levels than the wild-tyBeirgeret al. 2006).

SomeMDR-1 allelic variants have predicted the rate of immeacovery (increase in CD4
cells) after the start of antiretroviral therapyigfhunderscores the relevance of transporters
for access of ARVs to privileged pharmacologicampartments. Patients with a TT3435

genotype showed a greater rise in CD4-cell couet aifeatment with nelfinavir, a substrate
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for P-gp, for 6 months than patients with CC3433C313435 (Fellayet al. 2002). On the
other hand, another study reported no influenceMBiR G2677T/A and C3435T or the
haplotype on the virological and immunological @sge in treatment naive HIV positive
patients (Winzeret al. 2005). It must be noted that some of the amtiveials that the
patients were on were not substrates of P-gp. Maal (2003) analyzed data of 149
treatment naive patients who were treated with gtepse inhibitor containing regimen
(n=106) or NNRTI-containing regimen (n=46) and fduno association betweeéviDR-1
genotype at position 3435 and the CD-4 cell conoteases or plasma viral load decreases
during the first 6 months of treatment (Nasal. 2003). These conflicting results show that

MDR-1 polymorphism is not yet fully understood and regsifurther investigation.

Certain genotypes have also been shown to incthagesk of individuals getting side effects
to ARVs. APOC3 gene, which codes for apolipoprot€ill, polymorphisms have been
associated with hyperlipidemia with some proteasébitors e.g. ritonavir. Tamt al (2005)
conducted a study and found that the effects admaeglleles of APOE on plasma cholesterol
and triglyceride levels, and of APOC3 on plasmglyderide levels, were comparable to
those in the general population. However, wheatée with ritonavir, individuals with
unfavourable genotypes of APOC3 and APOE were #emme risk of triglyceridaemia.
They had median plasma triglyceride levels of m880ol/L compared with 3.08 mmol/L in
the absence of ART. Therefore, genetic analysig identify patients at high risk for severe

ritonavir-associated hypertriglyceridaemia (Tetral. 2005).

A genetic link to abacavir hypersensitivity hasoatseen shown. The presence of HLA-

B*5701, HLA-DR7, and HLA-DQ3 genotypes had a pestpredictive value of 100% for

hypersensitivity to abacavir (Mallat al. 2002). Genotyping for the HLA-B*5701 prior to
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prescribing abacavir appeared to be cost-effedtiveme instances in one study (Hugbes

al. 2004).

2.7 THE FUTURE OF PHARMACOGENETICS

Pharmacogenetics is slowly paving its way into irutlinical practice, although it is better
appreciated and understood by pharmaceutical caegaihe companies have moved from
thinking about whether or not they should incluthnnacogenetics in drug development, to
how they can actually implement it. Some comparas now performing clinical
pharmacogenetics trials e.g. Daiichi pharmacewicélJapan ran clinical trials of genetic
tests to identify patients most likely to experiersevere adverse reactions to the anticancer
drug, irinotecan. The issue of population specihiescribing is gaining increasing
recognition as evidenced by clinical trials andgdriahat have been registered for specific
groups. A good example is Bidil®, a combinationsasorbide dinitrate and hydralazine for
treatment of heart failure in black patients (Taybal. 2004). The FDA recently approved
labelling changes for Coumadin® (warfarin) to irddua dosing algorithm that encompasses
genotyping forCYP2C9 and VKORC-1. It approved the Nanosphere Verigene Warfarin

Metabolism Nucleic Acid Test which detects someiards of both genes (FDA 2007,

http://www.fda.gov/NewsEvents/Newsroom/PressAnneuoments/2007/ucm108984.him

In addition to concentrating on single genes, nesean all pathways affecting drug response
is required to understand the causes behind phakimatic and pharmacodynamic inter-
individual variation. Also, pharmacogenetics reskars in the past have focused on
inherited genetic variation and ignored somatid peitations and other epigenetic effects
e.g. DNA methylation or histone modification thancalter gene expression of the cells
(Nakajimaet al. 2003; Sissungt al. 2006). The future of pharmacogenetic and genomic
research will be a mixture of genome-wide SNP axpression analysis in appropriately
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designed clinical studies, and this will have to dmmbined with in vitro and ex vivo
pharmacogenomic research with human cells and modghnisms and with human
pharmacological research. Finding the right comatbam of research tools may be the most
important demand. Due to the ever-increasing nasgharmacogenetic information,
medical information technologies including bioinfaatics will be essential in the future of
clinical pharmacogenetics (Brockmoller and Tzvetl208). The FDA has also recently
approved changes to the package labels for 6-nmemapne (metabolised by TPMT) and
irinotecan (metabolised by UGT1A1l) but the inforioat falls short of specific dose
reduction strategies for individuals who are fouade heterozygous or homozygous PMs,
due to lack of clear cut clinical data, showing tieed for further clinical studies. The
revised labels also did not specifically requirea@gping patients before administering drugs
because there was little information pertainingchiaical outcomes of individuals without
dose adjustments, particularly heterozygotes why moh require dose reduction (Hagaal.

2006).

An important development required to bring pharngageoetics to the clinic, apart from the
SNP demonstrating clinical effect, is a reliablagtostic tool that can be used routinely e.g.
the Roche Amplichip® (Jain 2005) fa@YP2D6 and CYP2C19 mutations, Elucigene™
manufactured by Orchid Cellmark for cystic fibrosmsutation testing, among others
(Feldmannet al. 2001). These tests must then be marketed apptelyri by the
manufacturers. FDA approval of the diagnostic vestild also be an added advantage (Jain
2005). Genotpying before drug prescription is @ak implement when relevant for chronic
diseases where the patient can afford to wait fdayor two before the genotyping results
become available. For acute cases where treatmast be given as soon as possible,
pharmacogenetics may have to wait until an age wdemotyping results can be made

available instantly.
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In summary, there are several examples showing pthtential for the application of
pharmacogenetics but few studies have been casteth routine clinical settings, let alone
in African patients. Most studies have been siulgise studies carried out healthy Caucasian
volunteers. Such results must be interpreted watltion when it comes to routine clinical
settings, and Africans in particular bearing in dhthe genetic differences with Caucasians
mentioned above. In addition, there may be sewmalonmental factors that may influence
drug response, apart from genetic factors. Heho#ies in the relevant population in the
relevant setting are required to determine thaadlrsignificance of pharmacogenetics. This
is especially so considering the high prevalencethaf CYP2D6*17 polymorphism in
Africans. Africans may also differ among themsehrecause of the great diversity of the
African continent. Hence different ethnic groupmamgst Africans may have different

frequencies of polymorphisms and this also needsstigation.

2.8 TECHNOLOGICAL PLATFORM

PCR is a revolutionary technology developed by Kduolis in the 1980s based on using the
ability of DNA polymerase to synthesize a new sirahDNA complementary to the offered

template strand hftp://www.ncbi.nlm.nih.gov/projects/genome/prolmel echPCR.shtrl

PCR technology has advanced over the years. Nowaeal-time PCR is available which
permits the analysis of the products while the tteacis actually in progress. This is
achieved by using various fluorescent dyes whieletrevith the amplified product and can be
measured by the instrument. This also facilitaté®e tquantitation of the DNA

(http://www.horizonpress.com/pe¢r{Arikawa et al. 2008; Pagliarulaet al. 2004). Hotstart

technology that prevents DNA polymerase extensiuil sufficiently high temeperatures are
reached is another advancement in PCR technol®dlis approach enables higher specificity

of the PCR amplification and reduce formation of-tafget products (Koukharevet al.
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2008; Lebedewt al. 2008). DNA sequencing is another method developed forroete the
sequences of bases in DNA. Its origins date badkd 1970s where by the Maxam-Gilbert
methods (Maxam and Gilbert 1977) and the chainitation methods (Sanger and Coulson
1975; Sangeket al. 1977) were described. Nowadays new sequencirthodmgies have
enabled discovery of novel polymorphisms and higiloughput DNA sequencing for both
human and microbial genetic material (Chan 2003| 22807). Microarray technology for
the analysis of tens to thousands of SNPs on dgighe current platform of choice to
multiplex the simultaneous analysis of some SNNsrious types exist from the medium
size and subject specific chips e.g the Roche Ashigito the high density llumina chip

which analyzes over 6000 SNPs (Jain 2005; Katasd. 2006; Liet al. 2008).

High performance liquid chromatography (HPLC) i @f the most widely used analytical
techniques in the pharmaceutical industry becatigs celiability and superior performance
(Zhanget al. 2008). Several types of detectors for HPLC asxludepending on the type of
assay including atomic absorption detectors, flsogace detectors, ultraviolet light (UV)
detectors, electrochemical detectors and massrepegtic detectors (MS) (LaCourse 2002).
The most widely used is probably the UV detectbiowever, MS is nowadays the premier
tool for in vitro andin vivo assays that are part of new drug discovery (Kacfrea 2005).

MS detection has allowed analysis times to be redidoy up to 80% making it an attractive

choice in industry (Plumét al. 2008) where high throughput assays are essential.
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3. MATERIALS AND METHODS

The thermocyclers used for the PCR reactions weese@Smp 2700® from Applied
Biosystems (Singapore) and a PTC-1b®Programmable Thermal Controller from MJ
research (Watertown, MA, USA). Viewing of the agse gels was done using the
GelPhotoSystem GFS1000 from Fran Techtum Lab (ABedgn), as well as GeneFlash
from Syngene Bioimaging (Cambridge, United Kingdom) The UV-Visible
spectrophotometer (Model UV-160) was manufacturgdShimadzu Corporation (Kyoto,

Japan).

Ethidium bromide, EDTA and JumpstartRedAccutaqLAADpblymerase were bought from
SIGMA (St Louis, MO, USA). Agarose gel, Trizma ba25 mM magnesium chloride, Smal
restriction enzyme and Molecular Weight Marker VMere purchased from Roche
Diagnostics (Mannheim, Germany). The Fermentas O&dker mix was sourced from
Fermentas Life Sciences (Ingaba Biotechnical IntesstSouth Africa). The PCR primers
and other restriction enzymes were from Eurogent@gbneva, Switzerland) and New
England Biolabs, NEB (Beverly, Massachusetts, U&pectively. For some nested PCRs,
Tag DNA polymerase used was obtained from the TabaResearch Board (Harare,
Zimbabwe). dNTPs were purchased from Boeheringaniiein (Mannheim, Germany).
All reagents used were PCR grade. The refereaoglatds for chlorpromazine, thioridazine,
fluphenazine, haloperidol, amitriptyline and ngtyline were a generous donation from
AstraZeneca, Gothenburg, Sweden. The drug analygssdone on an API4000 LC-MS-MS

machine (Applied Biosystems, USA). Mobile phaskeats used were of HPLC grade.
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3.1 ETHICAL APPROVAL

Ethical approval to carry out the study was obtaiftiem the Joint Parirenyatwa Hospital and

College of Health Sciences Ethics Committee as aglthe Medical Research Council of

Zimbabwe.
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Figure 1: Geographic recruitment locations of the Sona and San volunteers in
Zimbabwe

3.2 RECRUITMENT OF VOLUNTEERS

As mentioned above, a genetic polymorphism is e@efias a variation in a DNA sequence
occurring in at least 1% of the population. Heunsmg the equation:

n = tzxpz(l-g)

m
where n = required sample size

t = confidence level at 95% (standard value of 1.96

p = estimated prevalence of genetic polymorphisahgegst 1% i.e. 0.01)

m = margin of error at 1.5% (value of 0.015),
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it can be seen that a sample size of about 16f8esllwill enable us to state the
presence/absence of genetic polymorphisms in tirecegjroups. Since each individual has 2

alleles, we need about 85 patients in each ethoigpg

The Shona are the majority of Zimbabwe’s popula{er0%). Blood samples for the Shona
participants were obtained from 78 University oinbBabwe medical students after they gave
written informed consent. Medical students wereseim because of their convenient location
at Parirenyatwa hospital. This was very close he tollaborating African Institute of
Biomedical Science and Technology (AIBST) laborgtevhere all samples were processed.
The close proximity reduced transport costs andlenaaintenance of the integrity of the
samples. Self identification as Shona was theusich criteria. The subjects also had to
confirm that both their maternal and paternal gpaments were Shona. Failure to meet the
above requirements was the exclusion criteria. hkelptomist would draw blood samples
into vacutainers, containing EDTA as the anticoagylwhich were then put in a cooler box
with ice. The samples were then transported tolaheratory, where they were aliquoted

into cryotubes and stored at -20 °C until needed.

The San live as isolated communities in the wespams of Zimbabwe. Apart from the
above-mentioned bodies, approval to visit the $aAlumtree district was obtained from the
Provincial Medical Director for Matebeleland Sou#is well as the Plumtree District
Administrator and the village heads. Althoughstbtudy was driven by ethnicity and not
geographical location, we went to Plumtree distbetause we were interested in the San
population, and consultations with historians lsda find the San in Plumtree. In selecting
the San volunteers, self identification of bein@an, including both maternal and paternal
grandparents was used as inclusion criteria. Alghothe possibility of dishonesty and

intermarriages cannot be ruled out, the isolatiedtlyle of the San minimizes the possibility
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of intermarriages. We gathered from our visitheit community that they do not even go to
schools or clinics in surrounding areas and theyegdly do not mix with anyone outside
their villages. A nurse from the district hospisagrved as the translator between the study
team and the San people. The blood samples weatett just like those of the Shona. We
recruited 63 San volunteers from 2 villages in Rhedistrict. These were the only villages
reported to have the San residing in them, heneere ttvere no more San volunteers in the

area we could obtain to reach our target of 85.

We tried very hard to obtain volunteers from théoaced community of Zimbabwe. After
approaching more than 200 different individualdydiB volunteered to donate 5ml of their
blood for genotyping, giving a response rate of liggn 6.5%. We tried several methods of
getting to talk with the coloureds including visits several shopping centres, going to
churches in coloured neighbourhoods (Arcadia arsk8de), going to clinics in these areas,
high schools, old peoples homes etc, but noneesfetlavenues were successful. Our trouble
here was the exact opposite of what we experiemgtdthe Shona, where we had a long
gueue of medical students (mainly in their fourtHifth year) waiting to donate their blood
and we were literally overwhelmed by their respon3é@e coloureds seemed to understand
and agree with most of what we were saying witlpees to the need for a database on
genotypes of Zimbabwean ethnic groups, but wheante to the part about drawing a 5 mL
blood sample, most of them flatly refused. Thefusal perhaps may have been because of
fear of getting tested for HIV, even though we s$8l that we were not going to test their
blood for HIV as well as anonymising the blood séeap There were also no coloureds

amongst the medical students or the psychiatriepist

Our failure to obtain enough coloureds for a megiuihanalysis was a major setback as we

believe we would have found interesting resultsabnee of their admixture. Novel mutations
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and unique allele distributions have been foundfimcan-Americans (Gaedigkt al. 2005)

and very recently in South African coloureds (Ggkdind Coetsee 2008).

3.3 PSYCHIATRIC PATIENTS

Apart from the above-mentioned bodies, approval alas obtained from the Parirenyatwa
Hospital Department of Psychiatry. Once againir®ayatwa Hospital was chosen because
of its close proximity to AIBST. This was even raocritical because blood samples
containing drug for drug concentration determinati@ve to be processed and frozen within

the shortest possible time.

The patients were from a routine health care gpmmour sample was representative of the
general patient population in that particular settin terms of the average age and gender
distribution. 70% of our patients (35 out of 50re outpatients and these were patients who
were in a generally stable condition and who wal/é@ come for a monthly review and refill
of their prescriptions. We excluded those whom pigchiatrist deemed were unable to
make an informed decision on their own and/or wheesd of kin were either unavailable or
refused to give consent. In a few instances wéuded patients because we failed to draw
blood from them due to extremely violent behaviand some were just not cooperative.
Blood samples from 50 psychiatric patients werdectéd over a period of about 10 weeks.
Time did not permit the study team to go beyondwBgks since the drug concentrations
needed to be measured thereafter, as well as thetypeng to be done. A total of 66
individuals were interviewed but only fifty agretmtake part in the study, giving a response
rate of 76%. Each volunteer had blood drawn onamwasion. The study team went to the
hospital 4 days a week when the psychiatrists wbelgresent for evaluating the patients.

After the patient’'s routine medical examinationdasmhen the doctor was through with his
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routine job, we would approach the patient forrtisensent to take part in the study. Written
informed consent was given either by the subjectheir next-of-kin if the subject was
unable to make their own decision. The time thatpgatient last took their medication and
the time the blood sample was drawn were recorddx blood samples were then drawn by
the doctor into two 5 mL vacutainers per patierd aansported to the lab. One of each was
then centrifuged and the plasma was stored at C®&ithin 2 hours of drawing the blood,
until required for drug analysis. The other bleealild also be stored at -20 °C until required

for genotyping.

Since the psychiatric patients were from a routilical setting, various dosing regimens
were used and it was necessary to adjust for tHesage variations for our analysis of
results. The dose-corrected plasma drug concentsatvere obtained by dividing the total
daily dose of drug for each patient, by the plasmacentration i.e. a concentration/dose ratio
was used (Grasmadetral. 2004). The patients underwent a routine medigamination as
per current practice and no active liver or kidmeglfunction was recorded by the medical
personnel. None of the patient records had argrnmédition about hepatic or renal function

thus we therefore assumed the patients had nompalic and renal function.

Figure 2 below is a flow diagram showing experinaémroceduress for the ethnic group

volunteers as well as the psychiatric patients.
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Figure 2: Flow chart of sample processing

3.4 GENOTYPING PROCEDURES

DNA was extracted from the blood samples usingQiagen Inc. QlIAamp DNA blood mini
kit (Hilden, Germany). The DNA would then be stbether at 4 °C (short term storage) or
-20 °C (long term storage) depending on how longiauld be stored before being used.
After each extraction, DNA concentration and pufidy a few samples from the batch was
measured using a UV spectrophotometer (ShimadzpdZation, Model UV-160). The ratio

of absorbance at 260 nm to 280 nm was used tondiekethe purity.

3.4.1 PREPARATION OF AGAROSE GEL FOR ELECTROPHORESIS

A 50X stock solution of tris acetate EDTA was pregpbby mixing 242.28 g trizma base and
18.6 g EDTA. These were dissolved in about 900walter. The pH was then adjusted to
8.0 with acetic acid and the volume made up to 1@QO0with distilled water. This TAE

buffer would be diluted 1:50 with water to prepar&X working solution.
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To check amplification of the 5.1 kBYP2D6 gene, 60 mL of a 0.7% agarose gel was
prepared by mixing 0.42 g agarose with 1X TAE buififebeaker to a total volume of about
60 mL. For smaller fragments like the nest€¥P2D6 or CYP2C19 or CYP2B6
amplification, a 3% gel was prepared by mixing Qgarose with 300 mL 1X TAE buffer.
The volume of the gel prepared depended on the eausdmples to be analyzed, larger gels
being used for a greater number of samples. Theoag was then dissolved by boiling in a
microwave. In labs without a microwave, a hotplatn be used. We chose to use a
microwave because it is faster and more conveniéfiier the solution had cooled to about
50-60 °C, 10 mg/mL of ethidium bromide was added wolume corresponding to between
5-10 pL per 100 mL of gel. The solution would thes poured into a suitable mould to
solidify. The gel would then be placed into theatlophoresis tank so that samples can be

loaded and then electrophoresis can take place.

3.4.2 CYP2D6 GENE AMPLIFICATION

The CYP2D6 gene and the upstreadYP2D7pseudogene are highly homologous. Therefore
to avoid interference and unspecific amplificatioom the CYP2D7 gene, it is necessary to
specifically amplify theCYP2D6 gene first. Since the number @¥P2D6 copies will now
have by far outnumbered the few unamplif@dP2D7 copies, the subsequent PCRs to detect
specific CYP2D6 mutations can be successfully carried out, withmiérference from
CYP2D7. The 5.1 kbCYP2D6 gene was amplified using a method modified fronedgk,
Marcucciet al, 2003 (unpublished). The primers 5’-CCAGAAGGCTTTASGGCTTCAG-

3" and 5-ACTGAGCCCTGGGAGGTAGGTAG-3' were used tamplify the 5.1 kb
fragment using the following conditions: initialrduration at 94 °C for 3 minutes, followed
by 35 cycles at 94 °C for 20 seconds, 58 °C fos&fbnds and 72 °C for 10 minutes. A final
extension step at 72 °C for 15 minutes completedehction. The PCR mixture consisted of

1 uL of DNA, 2.6 pL Accutaq LA buffer, 0.75 mM dNTmRixture, 0.5 mM of each primer,
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3.5% DMSO, 2.5 mM magnesium chloride and 1.2 U Xtarp RedAccutaq LA DNA

polymerase. The above were made up to a totamlof 20 pL with water.

After the amplification was over, 3 pL of the PCRquct was loaded onto a 0.7% agarose
gel in an electrophoresis tank with 1X TAE bufférhe gel was then run at about 4.0 V/cm
until the molecular weight marker was well resolvedVhen good amplification was
observed, the PCR product was diluted one hundiedofy mixing 1 pL of the product with
99 uL of water. This diluted product was then etbat 4 °C to be used for the subsequent
PCRs. The undiluted product was stored at -20 it tequired for another dilution. In
some instances, the amplification was not visibléhe gel. However, the nested PCRs were
still visible and successful, whether or not theiah PCR product had been diluted or not.
However, using undiluted product resulted in noeesffic amplification being seen on the
nested PCR product, though it did not interferehwésults. The typical gel photo for this

reaction is shown in Fig 4 in the results section.

3.4.3 CYP2D6 ALLELE GENOTYPING

The subsequent nested PCRs used to déde2D6 mutations *4, *10, *17 and *29 were

performed using methods slightly modified from GgkdMarcucciet al, 2003. The primers

and annealing temperatures used in each PCR wigeeedi and specific for each mutation
being investigated as shown in table 3 below. fin@ers were used to amplify the various
fragments using the following conditions: initiakrhturation at 94 °C for 3 minutes,
followed by 35 cycles at 94 °C for 20 seconds, ahng for 10 seconds and 72 °C for 20
seconds. A final extension step at 72 °C for 6uteis completed the reaction. In addition to
0.8 pL of diluted PCR product from tHeYP2D6 gene amplification, each PCR reaction

contained 1.5 pL 10X PCR buffer, 0.16 mM dNTP migtlD.2 mM of each primer, 2.5 mM
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magnesium chloride and 0.04 U Taqg DNA polymerashe above were made up to a total

volume of 16 pL with water

To check if amplification was successful, 2 pL loé PCR product were loaded and ran on a
3% agarose gel. If the amplification was succéssigestion with restriction enzymes was
then performed to detect mutations. The reactionfan the digestions consisted of 1.35 pL
of 10X buffer and 0.08-0.2 U of the restriction wme made up to 12 puL with water. At
times the volume of restriction enzyme would bereased if the digestions were not
The above mixture would then be addethéo PCR product and incubated

complete.

overnight at the required temperature as showalilet3.

Table 3: Primer sequences used for PCR, mutations to lecteel, annealing temperatures,
primer positions and incubation temperatures fgestiion.

Primer Sequences Mutation | Annealing | Primer Incubation
temp/°C positions | Temp/°C
(Kimura)
5-CCAGAAGGCTTTGCAGGCTTCAG-3’ CYP2D6 58 1279-1302 N/A
3
6372
5-AGATGCGGGTAAGGGGTCGCCTTCC-3'| CYP2D6*29 | 58 3242-32771 60
and and 3430-
> 3454
TATGGGCCAGCGTGGAGCGAGCAGAGGG
GC-3
5GTCGTGCTCAATGGGCTGGCGGCCGTG CYP2D6*17 | 58 2557-2592 37
CGCGAGGCG-3' and and 2785
5-GGTTTCTTGGCCCGCTGTCCCCACTC-3
2810
5-CAGAGACTCCTCGGTCTCTCG-3 and | CYP2D6 *4 | 58 3263-3284 60
5-AGAGGCGCTTCTCCGTGTCCA-3 and 3635-
3654

The primers were designed according to the worledpnGaedigk, Marcucet al and were

then ordered from Eurogentech. The positions @fpifimers are as shown in the table above.
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Genotyping for theCYP2D6*4 allele required incubating the PCR product wiistNI
restriction enzyme at 60 °C for at least 5 houféie digestion product was then run on an
agarose gel to yield results as shown in Fig hiéresults section. The 392 bp PCR product
would be digested in wild type individuals to 191 and 37 bp fragments to give two
visible fragments as shown above. CAP2D6*4 mutation would result in digestion to 355
and 37 bp fragments only, leading to one visibledbaThe 37 bp fragment was not visible

on our gels due to its very small size.

Genotyping for th&€YP2D6*17 allele required incubating the nested PCR pecoeitith Foki
restriction enzyme overnight at 37 °C. Wild typéividuals remain with undigested product
as can be seen from the 254 bp fragment (Fig ésults section), whilst a mutation results in

digestion to two fragments of 180 bp and 74 bp mspectively.

Genotyping for theCYP2D6*29 allele required incubating the nested PCR pcodumith
BstUI restriction enzyme at 60 °C for at least fJudso Wild type individuals have PCR
product digested to two fragments 178 bp and 3migize. Only the 178 bp fragment was
visible and the 35 bp fragment could not be seem wuits small size (Fig 7 in results
section). A mutation resulted in the 213 bp PC8&dpct fragment remaining undigested as

can be seenin Fig 7.

3.4.4 CYP2C19*2 GENOTYPING

The CYP2C19* 2 genotyping was performed according to a methodifireddrom de Morais
et al, 1994. The primers 5-AATTACAACCAGAGCTTGGC-3' and 5'-
TATCACTTTCCATAAAAGCAAG-3’ were used to amplify a B6bp fragment using the
following conditions: initial denaturation at 94 ¥ 3 minutes, followed by 35 cycles at 94

°C for 10 seconds, 53 °C for 10 seconds and 722 seconds. A final extension step at
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72 °C for 6 minutes completed the reaction. Initamdto 1 pL of DNA, each PCR reaction
contained 2.5 pL 10X PCR buffer, 0.3 mM dNTP migtud.4 mM of each primer, 2.5 mM
magnesium chloride and 0.05 U Tag DNA polymerashe above were made up to a total

volume of 25 pL with water.

Successful amplification would be followed by dij@s at room temperature (about
25°C).The digestion mixture was comprised of 2 |0X buffer A (from Roche) and 0.5 U
Smal restriction enzyme made up to 5 pL with wat€he mixture would then be added to
the PCR mix in each tube, mixed and then incubaldt samples were then loaded on a 3%
gel which would then be run at around 4-6 Voltsientil the molecular weight marker was
adequately resolved. The typical gel photo follogvdigestion of PCR product with Smal
restriction enzyme at 25 °C overnight is shown i & in the results section. The wild type
results in digestion of the 169 bp PCR product tato fragments of 120 bp and 49 bp, whilst

the mutant remains undigested.

3.4.5 CYP2B6*6 GENOTYPING (Modified from Rotgeet al, 2005)

The CYP2B6*6 genotyping was performed according to a methodifireodfrom Rotgeret

al, 2005. The primers 5-GGTCTGCCCATCTATAAAC and 5'-
CTGATTCTTCACATGTCTGCG-3' were used to amplify a 52p fragment using the
following conditions: initial denaturation at 94 ¥ar 3 minutes, followed by 35 cycles at 94
°C for 20 seconds, 58 °C for 20 seconds and 72°C minute. A final extension step at 72
°C for 6 minutes completed the reaction. In additio 1 pL of DNA, each PCR reaction
contained 1.5 pL FastStart0X PCR buffer, 0.2 mM dNTP mixture, 0.2 mM of bamimer,
3.3 mM magnesium chloride and 0.05 U Fast8taeq DNA polymerase. The above were

made up to a total volume of 15 pL with water.
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Successful amplification was followed by Bsrl dityes for 5 hours at 60 °C. To make the
digestion reaction mixture, 0.3 U of Bsrl were ndxwith 1.5 pL of 20X NEB buffer 3 and
made up to 5.9 pL with water. Digestion of the $#6PCR amplification product for the
wild-type allele resulted in three fragments of 2§¥ 236 bp and 23 bp in size. The 23 bp
fragment was not visible. A mutation resulted igedtion to 2 fragments only, of 503 bp and
23 bp, but only the 503 bp band was visible. k& gel photo (Fig 9 in results section), the

last three wells show 516GG, 516GT and 516TT gerestyespectively.

3.5 DRUGS PATIENTS WERE RECEIVING

The table below shows the drugs that are commamlygoibed for psychiatric conditions in
Zimbabwe, and that some of our study participarggeweceiving. The table also shows the
common dosage, indication and typical side effettie drugs.

Table 4: Dosages, indications and side effects of drugs contyrprescribed for psychiatric
conditions (adapted from the British National Folany, September 2001)

Drug Dose Indication Typical side effects

Amitriptyline 25-200 mg | Depressive iliness Dry mouth, sedation,, blurred
daily vision, constipation

Chlorpromazine | 75-300 mg | Schizophrenia and | Extrapyramidal symptoms,

(CP2) daily other psychoses drowsiness

Thioridazine 50-600 mg | Schizophrenia Extrapyramidal symptoms,
daily drowsiness, QT interval

prolongation

Haloperidol 5-30 mg Schizophrenia and | Extrapyramidal symptoms
daily other psychoses

Fluphenazine 12.5-100 mg| Schizophrenia and | Extrapyramidal symptoms,

Decanoate monthly other psychoses systemic lupus erythematosus

Figure 3 below shows the chemical structures efditugs, as well as those of nortriptyline

(active metabolite of amitriptyline) and mesoridez{active metabolite of thioridazine).
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Figure 3: Chemical structures of the psychotropic dugs and some metabolites

3.6 LC-MS METHOD FOR MEASURING DRUG PLASMA
CONCENTRATIONS

Plasma samples were sent to AstraZeneca, Swedenhifgr performance liquid
chromatography with mass spectrometry detectionLE4RIS) to determine the plasma
concentrations of the psychotropic drugs in samfotes patients and the method is outlined

below.

3.6.1 Preparation of the standards
Drug standards were diluted into the same tube WAP6 acetonitrile (ACN) to obtain
solution A of the following concentrations: 30 puMhigrptyline, 30 uM nortriptyline, 3 uM

haloperidol, 30 uM CPZ, 150 uM thioridazine and @M fluphenazine.

Two hundred microlitres of solution A was then tiid to 2000 pL and labelled solution B.
Solution B was then serially diluted by a factor3oWith blank plasma to obtain 6 levels of

concentration of each of the drugs to be analyzed.
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3.6.2 Extraction

One hundred microlitres of the spiked plasma stah@ad 100 puL of the samples were
separately precipitated by addition of 600 uL afled ACN. Samples were then left for 30
mins at 4 °C to ensure complete precipitation. S&maples were then centrifuged at 20000g
for 10 mins at 4 °C. Two hundred microlitres o€ tsupernatant liquids was drawn and then
diluted with 200ul purified water for analysis dietrest of the drugs except for thioridazine
which was further diluted. For thioridazine 200 glipernatant was diluted with 800 pL of

50% ACN.

3.6.3 CHROMATOGRAPHIC CONDITIONS

The HPLC system model was Agilent HP1100 and thedéit®ctor model was AP14000. A
10 cm, C18 column was used. The mobile phase dseapof 45 parts 1% glacial acetic acid
in water, and 55 parts acetonitrile. The flow ratas 1mL per minute. The acquisition

parameters are as shown in table 5 below:

Table 5: Acquisition parameters

DRUG NAME Q1(m/z) Q3(m/z) DP(V) CE(V) CXP(V) RT(mins)
Amitriptyline 278.2 233.2 50 2 15 3.46
Nortriptyline 264.3 2331 42 2 15 3.42
Haloperidol 375.9 165.2 50 34 15 3.12
CkPz 319.2 86.2 50 33 17 3.55
Thioridazine 371.2 126.3 60 33 10 3.82
Fluphenazine 438.1 171.2 80 36 12 3.62

Ql=parent ion; Q3=daughter ion; DP=Declusteringepbél; CE= Collision energy;
CXP= collision cell exit potential; RT=retentiomne.
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4 RESULTS

4.1 TYPICAL PCR-RFLP RESULTS FOR CYP2D6, 2C19 AND 2B6

Samples in 0.7% agarose gel

MWM
Fermentas DNA
Ladder mix

5.1kb 2D6 fragments

Figure 4: CYP2D6 gene amplification gel photo.

Samples on 3% agarose gel

Roche MWM VIl

N =_
161 bp = "TReTmTExE =@ s - 194bp

Figure 5: CYP2D6*4 BstNI digestion results gel photo

\ﬁﬁChe MWM Samples on 3% agarose gel
254bp
180bp
s dnasdEnaEne
b ..
74bp

Figure 6: CYP2D6*17 digestion results gel photo
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Samples on 3% agarose gel

Roche MWM
VIII

213bp

178bp

Figure 7: CYP2D6*29 digestion results gel photo

Samples on 3% agarose gel

Roche MW

VI
169bp
120bp
49bp

Figure 8: CYP2C19*2 digestion results gel photo

Samples on 3% agarose gel

MWM 03bp

Fermentas DNA

Ladder Mix 67bp
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Figure 9: CYP2B6*6 digestion results gel photo
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4.2 FREQUENCIES OF MUTATIONS IN THE SHONA AND SAN

The table below shows the actual numbers of vokrateith each genotype in the Shona and
the San. The frequencies are shown in table 7.

Table 6: Numbers of individual genotypes in the Shona and Sa

CYP2D6
— R CYP2C19 CYP2B6
N A
o N\ N N
Ethnic | *17 | *17 | *17 | *29 |*29 |*29 |*4 *4 *4 *2 *2 *2 *6 *6 *6
group | -/- +/- ++ | -/- +/- ++ | -/- +/- ++ | -/- +/- ++ | -/- +/- +/+
Shona | 51 21 6 58 15 5 71 5 2 57 18 3 29 3B 11
San 40 18 5 61 2 0 52 106 1 49 13 1 2( 36 7
KEY

-/- = homozygous wild type
+/- = heterozygote
+/+ = homozygous mutant

From the table above, all the genotype frequengiese in Hardy-Weinberg equilibrium
using the equation:

p*+2pq+ =1

wherep? is the frequency of the homozygous wild type,

2pq is the frequency of the heterozygotes,

andg®is the frequency of the homozygous mutant.

(www.anthro.palomar.edu/synthetic/synth_2.hB@03).

Table 7. Frequencies of the€CYP2C19*2, CYP2D6*4, CYP2D6*17, CYP2D6*29 and
CYP2B6*6 mutations from 78 Shona and 63 San volunteers.

Allele Frequency in ShonaFrequency in Sahp-value <0.05
CYP2C19*2 | 0.16 0.12 No

CYP2D6*4 | 0.05 0.10 No
CYP2D6*17 | 0.22 0.22 No
CYP2D6*29 | 0.16 0.02 Yes (<0.0001)
CYP2B6*6 | 0.38 0.40 No

For the medical students and the San, demograptaomation was not collected because it

does not affect genotype
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4.3 PSYCHIATRIC PATIENTS

Information pertaining to the patient demographi@that may affect drug plasma
concentrations), genotypes, and drug plasma comtems can be found in appendices 3 to
8. It must be stressed that environmental fac{erg. age, sex, diet) do not affect the
genotype, since it is hereditary and does not ahangan individual. Hence we did not
collect information about the geographical origfritee patients. The mean age was 39 years
(Standard Deviation = 15 years) and the age rarage M-73 years. Twenty-three patients
were female and 27 were male. Twenty-seven patieete on the antiparkinsonian drug,
benzhexol to counter the extrapyramidal side edfettthe antipsychotics. Of these, for the
23 where we had the genotypes, 16 (70%) had eat6&P2D6*17 or CYP2D6*29 mutation.

For those 22 patients who were not on benzhexal53%) had a mutation.

2D6*17 genotypes of psychiatric patients

number of
patients

CcC CT T

2D6*17 genotype

Figure 10: Distribution of the 1023 C/T (CYP2D6*17) genotypes in psychiatric patients

Twenty-three of the 50 patients had the wild-tygeé @enotype. Fifteen of the 50 patients
were heterozygous for tH@YP2D6*17 mutation whilst 2 were homozygotes. The gepety
of 5 patients (3 males and 2 females) could natdiermined due to low PCR amplification.
This is probably due to the presence of inhibitoomponents from the DNA extraction

process interfering with the PCR amplification m@ss in these particular subjects. Thus the
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frequency of theCYP2D6*17 mutation was 21%, consistent with what we obsérin the

medical students (Shona) in this study.

number of patients with 2D6*29 mutations

40+
35+
30+

2
number of
patients

GG GC CcC
2D6*29 genotype

Figure 11: Distribution of 1661G/C (CYP2D6*29) genotypes in psychiatric patients

Thirty-six of the 50 patients had the wild-type @énotype. Thirteen were heterozygous for
the CYP2D6*29 mutations whilst one patient was homozygoushe Trequency of the
CYP2D6*29 mutation was 15%, consistent with what we obserin the Shona population in

this study.

4.4 CHLORPROMAZINE

The figure below shows the CPZ plasma concentratstratified by genotype in box and
whisker plots. Since the patients were on a wanétloses, we divided the plasma
concentration by the dose each patient was recgiviobtain the dose-corrected
concentrations. These concentrations were thethtosgenerate the box and whisker plots
and perform statistical analyses. The y-axis hasbncentrations on a logarithmic scale.
Logarithmic transformation was necessary to norzedle data for CPZ because of the very

wide range of concentrations we observed. Thiseeg variability may also be responsible
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log dose corrected CPZ conc (nM/mg)

for our failure to observe a significant effectgeinotype on CPZ concentrations. From the
plots, and from a Mann-Whitney U test, it is evitédrat there is no difference in CPZ

concentration between individuals with and thostheuit aCYP2D6* 17 or CYP2D6* 29

mutation.
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Figure 12: Dose-corrected CPZ plasma concentrationagainst CYP2D6*17 and
CYP2D6*29 genotypes

Table 8 below shows the CPZ raw plasma concentiatstratified by patien€YP2D6* 17
andCYP2D6* 29 genotype. As mentioned above, the raw conceobtstare not as useful as
the dose corrected concentrations, hence they maréncluded in the statistical analysis.
The high variability in CPZ concentrations is evidédrom the ranges (lowest and highest
concentrations when concentrations are arrangexsdéending order) and the high standard

deviation in the table.
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Table 8: Chlorpromazine plasma concentration (not dosessefjl) compared bZYP2D6

genotype

CYP2D6*29 Number of| Average plasma | Range Std dev

Genotype patients Concentration (nM) (lowest and highest
concentrations, nM)

GG 11 132 4.4-515 174

GC 5 124 5.3-466 193

CC 0

CYP2D6*17 Number of| Average plasma | Range Std dey

Genotype patients Concentration (nM)

CC 8 105 4.4-466 156

CT 5 141 11-515 213

TT 1 74

4.5 THIORIDAZINE

Figure 13 shows box and whisker plots of the doserected thioridazine plasma

concentrations. The plot on the left shows a alygsnotype-concentration relationship that is

proportional to the number o€CYP2D6*29 alleles.

For heterozygotes the median

concentration is actually double that of patienthhwo mutation, whilst for homozygous

mutants, the concentration was 3 times that ofutih@ type individuals. This however did

not reach statistical significance. A trend waws/@eer not observed f@YP2D6*17.

55



Thioridazine plasma conc

against 2D6*29 genotype Thioridazine plasma concentration

against 2D6*17 genotype

(=) 12
Euq T
= 4 T
(= - ()]
< 10 £ 104
£ s
5 91 =
o = 99
c g Q
e o 84
8 74 | o 7]
o £
L 64 N
= f,; 6- —_
S S 5
= <
S 4 5 4
= 8
g g 3
g 21 § 24
= ()
8 11 é 1- I
§ 04 —_ —_ 0- —1
o
1 T T T -1 T T T
GG GC CcC CcC CT TT
2D6*29 genotype 2D7*17 genotype

Figure 13: Dose-corrected thioridazine plasma concentration agnst CYP2D6*17
and CYP2D6*29 genotypes

Table 9 shows the average raw plasma concentrsttiatified by patien€CYP2D6 genotype.
From the table, it may appear as though the simglesidual who was homozygous for
CYP2D6*17 had higher drug concentrations, but this caratbebuted to the higher dosage
the patient was receiving. This difference fellagwvhen the concentration was adjusted for

dose, showing the importance of this procedur@adéourate interpretation of results.

Table 9: Thioridazine plasma concentration (not dose ad@)sctompared byCYP2D6
genotype

CYP2D6*17 | Number of| Average plasma | Range Std dev
Genotype patients Concentration (nM)

CC 12 2478 5.3-5984 2082
CT 6 2135 464-4264 1430
TT 1 3874

CYP2D6*29 | Number of| Average plasma | Range Std dev
Genotype patients Concentration (nM)

GG 15 2377 9-5984 1789
GC 4 2143 5-4229 2216
CC 1 3670
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4.6 HALOPERIDOL

Figure 14 shows dose corrected haloperidol plasomzentrations stratified by genotype.
The box and whisker plot on the left shows thatfretygous individuals fo€YP2D6*17
tended to have lower haloperidol concentrationspraewhat paradoxical effect. However,
this can be expected because haloperidol is métadaio reduced haloperidol by CYP2D6
as well as CYP3A4 (Fang al. 1997). This reduced haloperidol is also metakedliback to
haloperidol by CYP2D6 (Tyndalet al. 1991), although CYP1Al1 and CYP3A4 have been
reported to play a role as well (Fagtgal. 2001). Nevertheless, the trend was not stagibfic
significant. No trend was observed for an effett @¥P2D6*29 polymorphism on

haloperidol concentrations in our study.
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Figure 14: Dose-corrected haloperidol plasma concéation against CYP2D6*17 and
CYP2D6*29 genotypes
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Table 10 below shows the raw haloperidol plasmaeotnations in the patients. The trend
towards increasing concentrations WAEtYP2D6* 17 genotype is the opposite of the dose-
adjusted trends shown in Figure 14. This is bezdugher doses were coincidentally given
to those with polymorphism. No patient on haloperitreatment was a homozygote for
CYP2D6* 29.

Table 10:Haloperidol plasma concentration (not dose adj)stechpared by"YP2D6
genotype

CYP2D6*17 | Number of| Average plasma | Range Std dev
Genotype | patients Concentration (nM)

CC 12 24.3 6.8-62.7 14.9
CT 9 30.5 2.5-96.7 35.5
TT 1 49.7

CYP2D6*29 | Number of| Average plasma | Range Std dev
Genotype | patients Concentration (nM)

GG 15 28.3 3.5-96.7 27.3
GC 7 19.7 2.5-49.7 15.4

4.7 FLUPHENAZINE DECANOATE

As can be seen from Figure 15, there is a geneecdration relationship for fluphenazine
with CYP2D6*17 genotype. The more polymorphisms an individuad, hthe higher the
fluphenzine concentration. This was however nateolred forCYP2D6*29. This is the
opposite of the trend for thioridazine above, whigs observed fa€YP2D6* 29 but not for
CYP2D6*17. As for all the drugs, these concentrations wedpisted for the dose the
patients were receiving to counteract the variationdosage that may have had implications

on drug plasma concentrations.
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Figure 15: Dose-corrected fluphenazine plasma congtation against CYP2D6*17
and CYP2D6*29 genotypes

Table 11 shows the unadjusted fluphenazine corat@nis, but there is no consistent trend,

probably due to the various doses patients wersvieg.

Table 11:Fluphenazine plasma concentration (not dose adjusi¢ compared byCYP2D6

genotype

CYP2D6* 29 Number of| Average plasma | Range Std dev
Genotype patients Concentration (nM)

GG 15 1.00 0.22-3.70 1.05
GC 6 0.49 0.13-0.94 0.35
CC 1 0.58

CYP2D6*17 Number of| Average plasma | Range Std dev
Genotype patients Concentration (nM)

CC 11 0.50 0.13-0.94 0.30
CT 8 1.35 0.20-3.70 1.36
TT 1 0.79

4.8 DRUG CONCENTRATIONS BY GENDER

As drug concentrations may differ by gender, figuté show dose adjusted drug

concentrations stratified by sex. The median cotmagons for fluphenazine and thioridazine

were higher in females than in males.

No trendsewabserved for the other drugs.
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CPZ conc versus sex

) .
g Fluphenazine conc versus sex
= 10 40
2 g
~ o
—
Qo X
i =)
3 1 £
© S 301
£ £
g g
= 0.1+ S
N g
% § 201
fe) 0.01-4 o
e B
8 =
= 8
o 0.001+ o 10-
© o
) o}
(7)) o
g 2
o 0.0001 T T 3
3 F M 0 T T
F M
sex sex
Thioridazine dose corrected )
plasma conc against sex Haloperidol plasma conc versus sex
5 2.25
814 g
£ 111 S 2.001
= £
£ 101
o 2 1.754
c O- 8
]
5 o £ 150-
E 3
© 71 2 1251
o [e]
v 6 2
= g 1.00-
S 5 S
= o015
S 754
24 i
3 © 0504
S 2 S
Clt.) 3)) 0.254
3 1 S
o] 0.00
@ 04 I': I\'/I
© . T sex

F M

Figure 16: Dose corrected plasma concentrations d@PZ, fluphenazine, thioridazine
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4.9 AMITRIPTYLINE (AMT)

Figure 17 shows the dose corrected amitriptylingceatrations for the 9 patients receiving
this drug. It may appear as though individual$waitpolymorphism have higher

concentrations but this was not statistically digant.

Amitriptyline plasma conc
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Figure 17: Dose corrected AMT plasma concentration versu€YP2D6*17 and
CYP2D6*29 genotypes

Table 12 shows the unadjusted AMT concentratiorgatrents with the different genotypes.
None of the differences were of statistical sigrmifice possibly due to the small numbers of
patients receiving AMT.

Table 12: AMT plasma concentration (not dose adjusted) caortbhyCYP2D6 genotype

CYP2D6*17 Number of| Average plasma Range Std dev
Genotype patients Concentration (nM)

CC 6 349 22-893 346
CT 3 453 2.0-1293 728
TT 0

CYP2D6*29 Number of| Average plasma Range Std dev
Genotype patients Concentration (nM)

GG 5 463 2.0-1293 526
GC 4 284 22-892 409
CC 0
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We managed to measure the drug concentrations @f attiive metabolite of AMT
nortriptyline. The concentration of the metaboétene is not very informative; hence table
14 shows the AMT/nortriptyline metabolic ratio. gmaller ratio is indicative of faster
metabolism. Unfortunately, few patients were reiog AMT, hence none of the trends was
significant. We also do not expect a lower met@batio for patients withCYP2D6* 17

ploymorphism, although this is what the resultsespgo indicate.

Table 13:Nortriptyline plasma concentration (not dose adjdstompared b€YP2D6

genotype

CYP2D6*17 Number  of| Average plasma | Range Std dev
Genotype patients Concentration (nM)

CC 6 187 13-187 181
CT 3 309 0-868 485
TT 0

CYP2D6*29 Number  of| Average plasma | Range Std dev
Genotype patients Concentration (nM)

GG 4 354 197-868 344
GC 4 158 13-518 241
CC 0

Table 14 AMITRIPTYLINE/NORTRIPTYLINE metabolic ratio (notlose adjusted)
compared byCYP2D6 genotype

CYP2D6*17 Number  of| Average Range Std dev
Genotype patients metabolic ratio

CC 6 2.1 0.80-4.85 1.18
CT 2 1.3 1.09-1.49 0.28
TT 0

CYP2D6*29 Number  of| Average Range Std dev
Genotype patients metabolic ratio

GG 4 1.73 0.8-3.25 1.06
GC 4 2.07 1.09-3.85 1.22
CC 0

The two most commonly prescribed drugs were CPZthindidazine, hence we performed a
secondary analysis to determine whether the presenabsence of a mutation had an effect
on the drug concentrations, regardless of its etygget. Once again for CPZ, no trend was

observed (Figure 18). For thioridazine, there vaasigher median concentration for
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individuals with a polymorphismQYP2D6* 17 or CYP2D6*29) as shown in figure 19. This

is probably mainly due t€YP2D6*29 as mentioned above.

Comparison of plasma CPZ conc against Thioridazine plasma conc against
presence or absence of 2D6 mutation presence of 2D6 mutation
107 12
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Figure 18: Comparison of dose corrected Figure 18: Comparison of dose

CPZ plasma concentration against presence ~ corrected thioridazine plasma
or absence dEYP2D6%17 or CYP2D629 concentration against presence or absence
mutations ofCYP2D6*17 or CYP2D6*29 mutations
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5. DISCUSSION

The first part of this thesis is a population stwdhereby we sought to investigate the
frequency of polymorphisms of various drug metating enzymes. Since we observed a
high frequency o€YP2D6*17 andCYP2D6* 29, we then sought to investigate the clinical
impact of these polymorphisms on their substratgsir A suitable group of patients on

CYP2D6 substrates would be psychiatric patientpsychotropic drugs

5.1 FREQUENCY OF MUTATIONS IN THE SAN AND THE SHONA

CYP2B6, CYP2C19 andCYP2D6 mutations were genotyped for in the San and Shooar
study, contributing to filling the gap in knowledgé the frequencies of these mutations in
Africans, and in particular, Zimbabwe. The Shoma the vast majority of Zimbabwe’s

population (over 70%) http://www.questconnect.org/africa_zimbabwe htmThe Shona

volunteers were mainly medical students at the &hsity Of Zimbabwe College Of Health
Sciences. Since this is an institution of higlearhing that accepts students from all parts of
the country, getting unrelated volunteers was ay ¢éask. The San are one of the earliest
inhabitants on the earth, where they have livedfdeast twenty thousand years

(http://www.africaguide.com/culture/tribes/bushmeém)y In Zimbabwe, only about 200 are

left, and we found 63 volunteers from Plumtreerdistnear the Botswana border. There are

more San people in Botswana and Namibia.

The frequency of th€YP2C19* 2, CYP2D6* 17 andCYP2B6* 6 mutations were similar in the
San to what we observed in the Shona people irsthdy. The frequency of tli&YP2D6*4

mutation was double that found in the Shonas (1@pared to 5%), though statistical
analysis showed that this difference was not sicgnit. It is however different from what is

seen in Caucasians, where the mutation can be fatuinequencies of up to 20% (Gaedggk
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al. 1999). Our most striking observation was the dsmwy of theCYP2D6*29 mutation in
the San. Out of 63 individuals, we found only taagterozygous carriers of this allele, giving
an allele frequency of 2%. This is in stark cositta what we found in the Shona and other
Africans (16-20%). This difference was statistigakignificant.  Interestingly, for
CYP2D6*17, another African specific mutation was foundadtequency of 22% in both the
Shona and the San. Previous phenotyping studidsiisan using debrisoquine as a probe
drug showed 19% poor metabolisers and a low frequéff) using metoprolol (Sommers
et al. 1988, 1989). It has previously been shown thetividuals homozygous for
CYP2D6*17 were slower metabolizers when debrisoquineextrmethorphan were used as
probe drugs than when metoprolol or codeine werd,ushowing a different substrate
specificity for CYP2D6*17. That same study also found tf@YP2D6*29 led to reduced
metabolism of metoprolol and dextromethorphan, bat for debrisoquine or codeine
(Wennerholmet al. 2002). Thus it can be concluded that metoprofotation is greatly
decreased IrCYP2D6*29 carriers whilst debrisoquine oxidation is lowier CYP2D6*17
mutants. Our genotyping study could therefore rdoute to explaining the phenotyping
results by De Sommers in the sense that the 4% ) found for metoprolol were
probablyCYP2D6*29 carriers, whilst the 19% PMs we@YP2D6*17 carriers. Discordance
of debrisoquine and metoprolol hydroxylations wk® anoted in Shonas where it was found
that some individuals who were EMs for debrisoquimygroxylation were also PMs for
metoprolol hydroxylation (Masimirembwat al. 1996a). This dissociation was also noted in
a phenotyping study in Zambians (Simoagaal. 1993). In 2001, Wennerholet al also
showed that bufuralol hydroxylation was greatlyueed byCYP2D6*29, but to a lesser
extent when debrisoquine was used. The very logguency of theCYP2D6*29
polymorphism in the San compared to the Shona allay fears of the possibility of

intermarriages between the San and the Shona tyajorithe possibility that they may not
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be true San. As mentioned above, our findingsraagreement with the phenotyping studies

performed in the San by De Sommetral in 1989.

Our results of frequencies of mutations in the $hare comparable to those found in other
African populations, particularly those found in nihiabweans in earlier studies

(Masimirembweet al. 1995; Masimirembwat al. 1996b; Masimirembwaet al. 1993).

As mentioned earlier, the frequencies of @4°2D6 mutations we found in the Shona are
similar to those we found in the psychiatric pasenThe idea was to check the prevalence of
these mutations in the general population so tratcan extrapolate the magnitude of the
importance of the mutation, towards bringing pharoggnetics into the clinical setting. A
mutation which results in marked differences inrdipeutic outcome, but which is occurs
very rarely, would not justify genotyping thousardgatients to find one with the mutation.
On the other hand, if the mutation is more comntben we have better reason to genotype

patients routinely, before prescribing the affealeays.

CYP2B6 is an important enzyme in the metabolisra abmmonly prescribed antiretroviral
drug, efavirenz. Our study shows that @¥P2B6*6 allele occurs at a frequency of 38-40%
in the general population of Zimbabwe. This hapontant implications in the prescription
of this drug in our African setting because thistation has been associated with lower
clearance and higher drug plasma concentrationsevweral studies. In a study recently
carried out by Nyakutirat al (2007), about 50% of patients were found to halasmpa

concentrations above the MSC of 4 mg/L a@dP2B6 genotype and sex were major

predictors of efavirenz pharmacokinetics.
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5.2 PSYCHIATRIC PATIENTS

5.2.1 FREQUENCY OFCYP2D6 MUTATIONS IN PSYCHIATRIC PATIENTS

The response rate was relatively high, and this beylue to the fact that the only major
procedure was a single draw of blood, apart frokmtaother information pertaining to the
patient’s medication history.  Unfortunately, whee decided to commence the study, this
was a time when the government had just introdacedsh upfront system for payment of
hospital charges. This resulted in what used t@mevercrowded psychiatric unit being
nearly empty and it took us ten weeks just to @epatients. Funds and time available in the
study period did not permit us to recruit more @@is hence our small sample size as will be
discussed in the limitations section.The frequenoikboth theCYP2D6 *17 and CYP2D6

*29 mutations were consistent with what we obserwvethe general Shona population of
Harare. This means that these mutations had mactedh the likelihood of having mental
iliness. Also, if one had mental iliness, havihgde mutations probably did not increase the
risk of being hospitalised due to side effects.wideer, the percentage of patients who had
mutations who were being given the antiparkinsoianzhexol was higher than those who
were not on benzhexol (70% compared to 55%). Tagpears that if one had a mutation,
one was at higher risk for developing extrapyramgyanptoms (EPS). Observation of this
effect may have been dampened by the routine alirpcactice in our setting whereby
patients on high doses of antipsychotics or on reg¢wrugs can be given antiparkinsonian

medication as prophylaxis, before they even showssof developing EPS.

5.3 INDIVIDUAL DRUGS

A few of the psychiatric patients were on concontitanedication including antiretrovirals,
antibiotics, antihypertensives (hydrochlorothiazitCT) and antidiabetics (glibenclamide).

To our knowledge, these drugs do not interact v@tfiP2D6 or inhibit it, hence drug
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interactions with the concomitant medication isikely. Unfortunately, none of the
psychiatric patients was coloured so this did redp lin our efforts to recruit members of the

coloured community.

5.3.1 CHLORPROMAZINE

The average plasma concentration of CPZ was highleeterozygou€YP2D6*17 carriers,
though it was well below the maximum safe concéiana(MSC) of 940 nM. The higher
drug levels in the patients with tl@&P2D6*17 mutation is consistent with our hypothesis.
Only one patient was a homozygous carrielC¥P2D6*17 but their plasma concentration
was actually below the therapeutic range of 94-9¥0 A number of possible explanations
exist. The fact that an intermediate or poor maiabr may experience side effects to the
drug such that they no longer adhere to their regirmannot be excluded. The plasma
concentrations of CPZ in this study varied to aagextent (117 fold variation), with most
patients below the minimum effective concentragiBtEC). Actually, only 5 out of the 18
patients on CPZ had plasma levels above the MEItho#dgh this may suggest that patients
are severely underdosed, this is probably an adbernssue since most of the patients were
on at least 100 mg daily. There are many possikianations for the wide variability, one
of which is that, absorption of the drug is itsalfatic, with 10-80% of the oral dose reaching
the systemic circulation due to considerable fpass metabolism (Sanofi-Aventis, 2005).
This means that a number of patients were supppsedmedication yet in actual fact they
probably were not benefiting from it. Added to sthis the issue of concomitant
administration of antipsychotics and possible didugg interactions. Out of 18 patients
given CPZ, only one patient was not on other agtibstics showing the high frequency of
prescription of this antipsychotic drug. Thus oahe patient was on CPZ alone (patient ID
number 7 in appendix 8). In other words, patiemése rarely given CPZ on its own, but

rather in combination with other antipsychoticshall CPZ was studied in its real clinical
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usage rather than controlled trials that do natdigte to reality is a major strongpoint of our
study. The other 17 patients were usually givdog®idol and/or fluphenazine decanoate as
well. Thus if a patient was getting better, it sahbe assumed that CPZ played a significant
role, except perhaps for boosting the plasma cdratéan of the co-administered drug by
inhibiting its metabolism by CYP2D6. For CPZ, wailéd to observe a statistically

significant relationship between tkP2D6 genotype and drug plasma concentration,

No significant difference was found between pasiemith zero or on€YP2D6*29 mutation

in terms of the CPZ plasma concentration. The saxpéanations as those fGYP2D6*17
can be offered. In addition, ti&YP2D6*29 mutation leads to altered substrate specificity
such that the mutation affects some, but not algsirmetabolised b€YP2D6, and it may
affect some drugs more than others. It is posdid¢ theCYP2D6*29 mutation does not
greatly affect the efficiency a@€YP2D6 in metabolising CPZ. We then analysed drug plasma
levels compared to the combined presence or abs#re€YP2D6 mutation. We found a
very slight difference, which was not statisticadlignificant, whether an individual had a
CYP2D6*17 or CYP2D6*29 mutation or not, as shown in Fig 18, contrarytir hypothesis
that individuals with mutations leading to diminggh2D6 activity would have higher drug
levels. Apart from the adherence issue, it is pbdd that CPZ was metabolised by
alternative routes (particularly CYP1A2) in thesgignts, since over 75 different metabolites
have been identified in blood and urin€€YP2D6*29 may have actually dampened the
results ofCYP2D6*17 sinceCYP2D6*29 did not previously show any effect. There was

patient homozygous f&€YP2D6*29 who was on CPZ.

5.3.2 THIORIDAZINE

Thioridazine is a drug that has been withdrawn frarmumber of markets due to the

potentially fatal side effect of torsades de pa@ntghich has been associated with high drug
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plasma levels. Thioridazine causes prolongatiothef QTc interval in a dose dependent
manner. It is possible that those at the highsktare CYP2D6 poor metabolisers. In 2002,
Llerenaet al reported a correlation between thioridazine dpéasma concentrations and
CYP2D6 hydroxylation capacity, with the risk for Qinterval prolongation (Llerenet al.

2002a, 2002b).

In our study, for thioridazine, there was no sigaiht difference between plasma
concentrations for wild-type patients and heterotgg forCYP2D6*17. However, for the
single homozygous carrier, their plasma level waghmhigher than the other two means.
Since it was only one patient, they could not beluded in the statistical calculations.
Looking at the box and whisker plot f@YP2D6*29, it is clear that the median dose
corrected concentration for heterozygotes is mioae twice that of the wild-type, whilst that
for the homozygousCYP2D6*29 carrier is almost 3 times that of the wild-typdt is
therefore possible that thioridazine metabolismgieatly affected by theCYP2D6*29
mutation but much less so I8YP2D6*17, just like the way metoprolol behaves as wél b

explained later.

Just like for CPZ, there was great variability Ire tplasma concentrations among patients
which can be due to drug-drug interactions and poberence to medication. Excluding two
patients who had almost O nM thioridazine plasn@ceatrations, there was almost 16 fold
variation in the dose corrected plasma concentrat{0.69-11.1 nM/mg). This is comparable
to the 23 fold variation found in another thiorideez study (Bereczt al. 2003). These
authors carried out a study on in-patients on ithé@ine monotherapy and found a
relationship between dose-corrected thioridaziresmph concentratiorCYP2D6 genotype

and tobacco smoking.
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Out of 22 patients on thioridazine, 3 had drug eom@tions above the maximum safe
concentration of 5391 nM and 5 patients had platweals below the MEC of 539 nM.
Interestingly, none of these three patients Ga&2D6*17 or CYP2D6*29 mutations. This
does not mean they did not ha@¥P2D6 mutations. It is possible that these patients had
other CYP2D6 mutations which are not common in Africans heneedi not genotype for
them e.g.CYP2D6*4 which results in an inactive enzyme and PM statOne of these
patients was also on six other drugs, increasieglikelihood of drug interactions which
result in decreased clearance of thioridazine. e highest dose corrected plasma
concentrations were found in two of these patiesttewing that there is more to their high

drug concentrations than the dosage.

Of the five patients below the MEC, one of themually had an undetectable level of
thioridazine, showing that they were not takingrtineedication at all. This can be assumed
because the number of hours between the time tienpéas reported to have taken their last
dose and the sampling time (24 hours maximum)asstwrt for them to have cleared all the
drug to reach undetectable levels. Three othedseither aCYP2D6*17 or CYP2D6*29
mutation, and these may not have been taking thedication due to side effects they may
have experienced as a result of elevated drug plasmcentrations. One patient had even
been prescribed 300 mg daily and this high dosamehmave been an attempt by the clinician
to achieve therapeutic effect. Four of these figéents had also been prescribed benzhexol,
to counter the extrapyramidal symptoms, usually@ssed with high drug concentrations
and they were also on other antipsychotics. Wesnred the haloperidol concentration in
one of these patients and it was undetectablehdurshowing their non-compliance.
However, in two of these patients, the haloperiwimicentration was within the therapeutic

range.
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5.3.3 HALOPERIDOL

Previous studies in in-patients demonstrated a wealelation between the number of active
CYP2D6 genes and haloperidol clearance. Poor metab®lisave been shown to be at
increased risk of EPS due to high plasma levelspagh genetic variation explained only a
fraction of the side effects. Interestingly, tlaene study showed that PMs had higher plasma
concentrations of reduced haloperidol than EMs, rmitt for the parent haloperidol itself
(Brockmolleret al. 2002). The drug is mainly metabolised by CYP2Dé &YP3A. The
dose corrected plasma concentrations from our sshdwed lack of effect dYP2D6*17 or
CYP2D6*29 on haloperidol levels. This could be due tee thresence of CYP3A
compensating for CYP2D6 inactivity. For some readbere was no patient who was on
haloperidol monotherapy. The drug was usually dastd with chlorpromazine and/or
fluphenazine decanoate. Five out of the 22 patikatl haloperidol concentrations above the
MSC. Two of these patients had 01@&/P2D6*17 mutation and another had two
CYP2D6*17 mutations. One patient did not have @P2D6*17 or CYP2D6*29 mutation
and unfortunately, for the fifth patient we wereable to determine the genotype. Three of
these five patients were taking 10 mg haloperidiadd daily; one patient was on 15 mg three
times daily, whilst one patient was on 5 mg twicdlhd Looking at the dose adjusted
concentrations, the patient on 10 mg daily hadhilgbest level out of all the 22 patients,
showing that the daily dosage did not play a sigaift role in these patients’ high plasma

concentrations. The other 4 patients also had thigle corrected concentrations.

Eight patients (36%) had plasma levels below theCMiE 13.3 nM. Four of these patients
had been prescribed 5 mg at night only, and angiagent was on 2.5 mg at night. From
this, it is possible that when 5 mg once dailynsspribed in our population, it is insufficient
for achieving any therapeutic benefit. Most of freients with drug concentrations above
the MEC were on a least 10 mg daily, with some ga@s high as 15 mg three times daily.
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During our interview with one patient who was présed 10 mg daily, we gathered that the
patient was not adhering to their medication, hehe& plasma concentration was below the
MEC. Looking at the box and whisker plot fG¥P2D6*17, it appears as though the dose
corrected plasma concentration was lower in heygaes than in wild-type patients.

However, a two tailed non-parametric Mann-Whitnest showed that this difference was not

significant (P>0.05).

5.3.4 FLUPHENAZINE DECANOATE (FD)

In Zimbabwe fluphenazine is usually given intramuady as the decanoate, a long acting
oily injection with a serum half-life of 7-10 dayshich becomes longer with chronic dosing,
about 14.3 days (Jaret al. 1985). Twenty-three patients in our study wereengng one
injection per month. Only 3 of these patients Haay concentrations within the therapeutic
window of 0.5-2.5 ng/mL (1.1-5.7 nM) according teet Modecate product information
published by Bristol-Myers Squibb. The rest hadspla concentrations below 1.1 nM.
Therapeutic concentrations as low as 0.34 nM hiseeleeen suggested (Jagtral. 1985) in
which case 18 of our patients would be within tierapeutic range. Doses that can be given
vary from a starting dose of 12.5 mg to a maximdni@ mg, based on patient response
(Bristol-Myers Squibb, Modecate product informatid2004). The 25 mg dosage was
prescribed the most with 15 patients receivingOine of the two patients receiving 12.5 mg
per month had a drug concentration below the treerapminimum of 0.34 nM. None of the
patients had a toxic FD concentration. Drug adimdo FD is not a major concern in our
study population since the patients would recedneeinjection when they present at the clinic
for their monthly visits. Most patients would corfag their visits and hence receive their
dose. FD in our setting is usually given for thpaéients who have problem with adhering to
their oral medication and thus need a long actmipsaychotic. Two of the three patients

with concentrations above 1.1 nM had d¢P2D6*17 mutation. These two patients also
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belonged to the few patients receiving 50 mg FDmpenth. We were unable to determine

the genotype for the third patient.

Of the 5 patients who had haloperidol concentrat@imove the MSC, three of them were also
on FD, suggesting a drug-drug interaction whichultes in FD increasing the plasma
concentration of haloperidol. Fluphenazine is avim inhibitor of CYP2D6, one of the main
enzymes which metabolizes haloperidol, thus it nmaye decreased the clearance of
haloperidol in these patients. Thirteen males were=D, whilst 10 females were on the
drug. From our data, it appeaP2D6*17 affects fluphenazine metabolism more than
CYP2D6*29. The median dose corrected fluphenazine cdreteon was higher in patients
with one or two CYP2D6*17 mutations than those without this mutation, lsthifor

CYP2D6*29 there was not much of a difference.

5.3.5 AMITRIPTYLINE

The tricyclic antidepressant, amitriptyline (AMT)a® not commonly prescribed at the
psychiatric clinic, since the most common clinicandition was schizophrenia and not
depression. Nine patients were given AMT and efs#) two were above the therapeutic
range of 288-719 nM. One of these two patients taksig 150 mg per day; a rather high
dosage (recommended maximum dose is 200 mg). peisnt also was heterozygous for
both CYP2D6*17 andCYP2D6*29 mutations. In addition, the patient was on GBRXP2D6
inhibitor), haloperidol and benzhexol thus inhitwtiof AMT CYP2D6 metabolism by CPZ
may also have contributed to the high plasma cdraton of 1293 nM, almost double the
MSC. The metabolism of tricyclic antidepressastsripaired by chlorpromazine, increasing
the risk of toxicity (Balant-Gorgia and Balant 1987The second patient was taking only 50
mg AMT and 5 mg haloperidol but had M@YP2D6*17 or CYP2D6*29 mutations.

Interestingly, this patient actually had, by fae thighest dose adjusted concentration. It is
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possible that this patient had otl@YP2D6 mutations which we did not genotype for. Six
other patients on AMT had plasma concentrationevbehe MEC of 288 nM. For one
patient, this could be explained by poor adhereswoee they had not taken their previous
night's dose and 37.5 hours had elapsed sincelés¢yook a dose and the time blood was
drawn from them. Out of these 6 patients, 3 wera aaily dose of 100 mg, 2 were taking
75 mg and one was on 50 mg, so the doses they nweetving were reasonable. Poor
adherence could also be an issue for these patidtdsvever, another patient was also on
phenobarbitone and carbamazepine, known enzymeensland they may have accelerated
AMT metabolism by CYP1A2 and other enzymes. As barseen from our scatter plots,
there were just too few patients on AMT for us o dble to observe any difference in the
drug levels compared to genotype. For AMT, we walde to measure the plasma
concentration of the active metabolite, nortriptgli This would give us more accurate
interpretation of the impact of the mutations, byirgy us information with respect to the
amount of metabolism that is taking place. With tbw samples we had, it can be seen that
there was a higher AMT/nortriptyline ratio @YP2D6*29 carriers compared to wild type
individuals, showing less formation of the metat®oln CYP2D6*29 carriers. The reverse
occurred for theCYP2D6*17 mutation but the results cannot be useful beeaf the small

numbers involved.

5.4 DRUG CONCENTRATIONS VERSUS GENDER

Figure 16 shows the drug concentrations stratifigdender for CPZ, thioridazine, F.D., and
haloperidol. There were not enough patients on Ablihake a meaningful analysis. There
was no significant difference in plasma levels ket males and females thus it can be

concluded that gender does not have a signifidétteon CPZ pharmacokinetics.
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In our study, plasma thioridazine concentrationsengenerally higher in females than in
males. This could be as a result of cigarette sngo&n the part of males. Although, our
analysis does not include data on smoking patténesfrequency of smoking was probably
much higher in males than in the females, simiathe general Zimbabwean population. In
addition to CYP2D6, thioridazine is metabolised ®YP1A2 as well and lower plasma
concentrations have been found in smokers comgaradn-smokers due to the inducibility

of CYP1A2 by smoking (Bereaz al. 2003).

Gender did not have an effect of haloperidol plaswrcentrations, with males and females
having the roughly the same average concentratimsrary to other reports (Jaehal.

2001).

The median dose corrected FD concentration wasehigh females than in males (14.1
compared to 10.2 nM/mg). Although this differengas not statistically significant, it is

consistent with our smoking theory, meaning matasked more than the females, and this
resulted in the males having higher FD clearanides agrees with previous data which says
cigarette smoking has been found to be associatedav2.3 fold increase in the clearance of

fluphenazine decanoate (Jaatral. 1985).

5.5 LIMITATIONS OF PHARMACOGENETICS

At present, there is clearly a gap between thenstizknowledge in pharmacogenetics and
its poor development in routine medicine. An igsieg number of examples describing
differences in drug response as a result of gepeligmorphisms have been published, but
most of these reports lack explicit statements @n to translate this information for use in

routine therapy. To date, the use of pharmacogetesting in routine clinical practice is not
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very common. In Australasia, a study showed thaarmacogenetic testing for drug
metabolizing enzymes is quite rare (Gardiner an@gB2005). Phenotypic tests were
undertaken more frequently than genotypic testsbiotit tests were rarely done and were
mainly for TMPT and pseudocholinesterase. Gerteits are used more often for research
than for clinical benefit to the patient. The lalinical usage reflects a poor evidence base,
unestablished clinical evidence, and in the fewesagith strong rationale, a slow translation
to the clinical setting (Gardiner and Begg 200B8ringing pharmacogenetic knowledge to
the bedside is not progressing as rapidly as eggaghen compared to scientific activity in
this area (Valdest al. 2003). Most pharmacogenetic studies have bedorpesd to show
the effect of genotype on drug plasma concentratioRlowever, it does not necessarily
follow that the effect of a drug (pharmacodynamieg) always be different and this
represents one of the major pitfalls of pharmaceties. This has clearly been shown for a
number of antiretroviral drugs where differences ptasma concentrations due to
polymorphism of drug metabolizing enzymes were m@nslated to differences in
immunological or virological response e.g. a studyich analyzed nelfinavir + nelfinavir
hydroxyl-t-butylamide (M8) plasma concentrationsThe authors found a significant
difference between wt/wt and wt/*2 f@YP2C19*2 with respect to the metabolic ratio but
indicated that further studies were needed to cliecklifferences in virological responses
(Burgeret al. 2006). Another example is a study which showdg ammarginal difference in
blood pressure between EMs and UMs when the betké&l metoprolol was used, yet the
clearance and drug plasma concentrations differedkedly between EMs and UMs
(Kirchheiner et al. 2004). A retrospective study in also showed @#P2D6 genotype
contributes to clinically relevant variability ingsma concentrations of antidepressants but

probably not antipsychotics in daily clinical priaet(Mulderet al. 2006).
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Oftentimes though, the magnitude of the variatiorthie pharmacokinetics of a drug due to
genetic factors far exceeds the range consideredhcasptable when comparing the
bioavailability of 2 drug formulations. Some auth@ropose that, in those cases where
differences in pharmacokinetic parameters amonfgréifit genotype groups fall within the
acceptable range for stating bioequivalence, thenparphism can be considered negligible
with no genotype-specific dosing being necess&tgwever, if pharmacokinetic differences
cause the drug exposure to fall outside the acbkptaange for the corresponding
bioequivalence measurement, then adjusting dosagpending on genotype could be
beneficial, unless sufficiently powerful studiesahow that the pharmacokinetic differences
do not affect the clinical outcome. This is neeegdecause, although there is little doubt
that genetic variability causes clinical complioas, it is not certain how much variability in
drug effects can be alleviated by compensatingtiiese differences (Kirchheinet al.

2005).

As aforesaid, a number of pharmacogenetic studige Bhown pharmacokinetic differences
between different genotypes but have been lackingleace of pharmacodynamic
differences. Other studies have shown t68&P2D6 genotype contributes to clinically
relevant variability in plasma concentrations oftidepressants but probably not
antipsychotics in daily clinical practice, yet wotlt investigating therapeutic response. A flat
dose-response relationship can also explain laeffe€t of genotype on therapeutic response
for some drugs, despite clear differences in plalewals based on genotype. It is also well
appreciated that there are many sources of vatialltreatment response to antidepressants
including severity of illness, concomitant medioati psychosocial factors etc and genotype
alone cannot explain all variability. Further toat, some studies have failed to show a
relationship between genotype and treatment regpoAgart from the confounding factors

mentioned above, the authors attributed this tofdlee that most of the drugs did not have
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well defined therapeutic ranges (Grasmaetesl. 2004). However, side effects have been
correlated with high drug plasma levels and sideces in several other studies. In some
studies, frequencies of genotypes have been sibalaveen patients and healthy volunteers,
but in others, frequencies of PMs were higher evelothan in the general population. A
lower frequency may indicate that the patientsnaréonger taking antidepressant medication
because they previously encountered side effectthdodrugs (Grasmadeast al. 2004).

Alternatively, a higher frequency may indicate tRMs are experiencing more side effects

that require additional visits to the clinic.

On a supportive note, thiopurine S-methyltransierd$PMT) genotyping allows the
identification of patients with high risk of sevetexicity if treated with thiopurine drugs.
One study reported a higher frequency of haemagtipdxicity in patients who had TPMT
deficiency and those who were heterozygous forfaaantional alleles (Schwadt al. 2002).

In 2001, Evanst al found a similar phenomenon in patients who wererretl for evaluation
of thiopurine haematotoxicity, 70% of whom had avetwo non-functional TPMT alleles
(Evanset al. 2001). TPMT-deficient patients with Acute Lympledtic Leukaemia (ALL)
could also be successfully treated with 5-15% ef ¢bnventional dose of mercaptopurine
(Evanset al. 1991). TPMT genotyping is now available from soméerence labs as a
Clinical Laboratory Improvement Act-certified moldar diagnostic that is being used to
individualize therapy with thiopurine drugs in thkSA. This is driven by the fact that, for
the small number of thiopurine drugs metabolizedrBYT, its polymorphisms are a major

determinant of severe and potentially fatal haetataty (Evans 2002).

79



6. CONCLUSION

Our study shows that the frequencie€dP2B6* 6, CYP2C19*2 andCYP2D6* 17 are similar
among the Shona, San and the Psychiatric patiefise frequency ofCYP2D6*29 is
however lower in the San compared to the Shonadaf that might explain the previously
reported discordant phenotype results in the Samgudebrisoquine and metoprolol. The
high frequency of th€YP2B6*6 allele could have clinical implications in the safse of the
CYP2B6 substrate drug, efavirenz in African popala. Association studies of the major
CYP2D6 variants,CYP2D6* 17 andCYP2D6* 29 with plasma concentrations of antipsychotic
and antidepressants did not show significant caticels though some genotype-
concentration trends were observed for thioridazared fluphenazine. Carriers of
CYP2D6*29 and CYP2D6*17 mutations may need lower doses of thioridazine and

fluphenazine respectively to avoid side effectatesl to high drug plasma concentrations.
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7. LIMITATIONS AND SCOPE FOR FURTHER STUDIES

The results of our study suggest that there is geadon to carry out further work in larger
populations of at least 100 patients per drug tttebedetermine the significance of
pharmacogenetics in a routine outpatient clinicosMof the differences we saw were quite
marked and clear gene-dose relationships existadjcplarly for thioridazine versus
CYP2D6*29 as well as fluphenazine versG¥P2D6*17, but not statistically significant due
to the small sample sizes. For non-parametiests (Mann-Whitney) it may be difficult to
prove a difference when the samples are small, abemhow big the difference is. A major
reason for the lack of significance is the smalinber of patients who had homozygous
mutations. From a population perspective, thegenat very common (2-3%) and most
people with mutations are usually heterozygouss tie would need a large population to
get a sufficiently high number of homozygotes foeamingful statistical analysis. Apart
from genotype, gender differences need further stigation particularly for thioridazine

where females had higher drug concentrations cosdpgarmales.

For the genotyping, genotyping for other mutatiollse CYP2D6*5, CYP2D6*10,
CYP2D6*41 as well as sequencing the wha[26 gene would help explain patients with high
plasma concentrations yet they do not h&2D6*17 or CYP2D6*29 mutations. We
chose to genotype for these two mutations as aityrioecause they occur at the highest
frequency in Africans and thus would have greasegtificance on a population level. 1t is
our opinion that genotyping for rare mutations st wery useful for routine practice,
particularly for resource-limited settings like surHowever, it would make the analysis of
our results more accurate. Genotyping for otheigdnetabolising enzymes e QYP1A2,

which may affect the pharmacokinetics of the psymoc drugs, would also be beneficial.
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Perhaps the most important work that needs to heiedaout is investigating the
consequences of the differences in pharmacokindi&tseen individuals with different
genotypes, i.e. pharmacodynamic differences, whetiey are differences in therapeutic or
toxic responses. A good example would be to meaQurc interval prolongation for the
patients on the phenothiazine-based antipsychsetich as thioridazine. We actually made
some attempts to bring an electrocardiograph fioenliniversity Of Zimbabwe Department
Of Physiology to the Parirenyatwa Hospital Psyatadtnit for use in our patients but failed
to obtain the necessary approvals. Several pé&eees mentioned the possibility of increased
risk of extrapyramidal symptoms and other side atfeof the drugs but have not actually
done studies to show these differences. In owystwe briefly discussed the prescription of
benzhexol and limitations of using it in our anadyas mentioned above. Genotyping for
mutations of the drug receptors e.g. dopamine tecemvould also help explain differences
in therapeutic responses with regard to drug plaewels. In other words, out of the three
billion base pairs comprising the human genomendryo explain different drug responses
amongst individuals, cannot be explained to thé&es$tlby analysing one or two positions
along the genome. Oftentimes however, one posianexplain almost all the variability
observed, particularly bimodal tendencies, but iexgl would usually need further
investigation.  Genotyping all genes that affece tdrug’'s absorption, distribution,

metabolism, elimination and its mechanism of actimuld give us the best answers.

Investigating the binding site of CYP2D6 may alsplain why we observed differences in
plasma concentrations for some, but not all dregswing the altered substrate affinity for

some mutations of this enzyme, as also describ&fdaynerholnet al in 2002.

Investigating the metabolic ratios would also offestter explanations for some of the

differences we observed among genotypes, partigusaice some of the patients were on
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different drug doses. Unfortunately, we were uadbl secure metabolite standards for LC-

MS analysis in our study, apart from nortriptyline.
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8. APPENDICES

Appendix 1. Sample Medical Research Council of Zimbabwe (MIR&pproved consent
form.

Page 1 [of 3] MRCZ No0.1283

INFORMED CONSENT FORM

PROJECT TITLE: Genetic polymorphism of drug metabolizing enzymesn major
ethnic groups of Zimbabwe and the clinical impact b CYP2D6 polymorphism on
efficacy and safety in the use of psychotropics

Principal Investigator Dr Collen Masimirembwa, (RHIPhil)
Phone number: (04)710564

What you should know about this research study:

- We give you this consent so that you may read atbmupurpose, risks, and
benefits of this research study.
Routine care is based upon the best known treatarehis provided with the
main goal of helping the individual patient. Thaimgoal of research studies
is to gain knowledge that may help future patients.
We cannot promise that this research will benefit.y Just like regular care,
this research can have side effects that can bmusesr minor.
You have the right to refuse to take part, or agpaake part now and change
your mind later.
Whatever you decide, it will not affect your regutare.
Please review this consent form carefully. Ask auestions before you
make a decision.

* Your participation is voluntary.

PURPOSE

You are being asked to participate in a reseanatlysof how the genetic makeup of
different types of people in Zimbabwe varieIhe purpose of the study is determine
hereditary factors that can affect a person’s nespdo medicatianYou were selected as a
possible participant in this study because of ygeographical location as well as your
ethnicity. A total of about 600 Zimbabweans sipalfticipate in this study.

PROCEDURES AND DURATION

If you decide to participate, all you will undergoa needle-prick to take a 5ml blood
sample for genetic analysis. We hereby declareytinar blood sample shall not be tested for
anything else, such as HIV (Human Immunodeficievicys).

RISKS AND DISCOMFORTS
You will experience minimal risk as a result of fi@pating in this study.
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BENEFITS AND/OR COMPENSATION

This study is mainly for general medical advanaatsdould also benefit you as an individual
should your genetic status be associated with tesigonse and risk of side effects of certain
drugs that you may be given in future (not in thiisdy), or may be taking. The use of the
DNA (genetic material) extracted from your bloodliwbe the responsibility of the
Consortium for the study of Pharmacogenetics inicafis (CoPhA)'s committee and
principal investigator. The analysis of your samphay be used for the creation of
commercial products from which you may not be &dito a financial reward. In the event
of injury resulting from your participation in thistudy, treatment can be obtained at any
Hospital/Clinic and the costs of such treatment el our responsibility.

CONFIDENTIALITY

If you indicate your willingness to participatetims study by signing this document,
we plan to disclose the results of the study tdtheauthorities and journals. By results, we
mean the number (percentage) of Zimbabweans of rtiregenetic makeup. Any
information that is obtained in connection withstistudy that can be identified with you will
remain confidential and will be disclosed only wyibur permission.

ADDITIONAL COSTS
All costs are borne by the study. There are natiathdl costs to participating in this study.

IN THE EVENT OF INJURY
In the event of injury as a result of participatimgthis study, contact Emmanuel
Chigutsa on 091921016 or Dr. Collen Masimirembved, 822951.

VOLUNTARY PARTICIPATION

Participation in this study is voluntary. If yoecide not to participate in this study,
your decision will not affect your future relatiomsth the University of Zimbabwe, nor the
African Institute of Biomedical Science and Techluyy, its personnel, and associated
hospitals. If you decide to participate, you areefto withdraw your consent and to
discontinue participation at any time without pé&yal

OFFER TO ANSWER QUESTIONS
Before you sign this form, please ask any questmmany aspect of this study that is
unclear to you. You may take as much time as sacgs$o think it over.

AUTHORIZATION

You are making a decision whether or not to pgodiee in this study. Your signature
indicates that you have read and understood tleniation provided above, have had all
your questions answered, and have decided to ipetic
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The date you sign this document to enroll in thisdg, that is, today's date, MUST fall
between the dates indicated on the approval stdimpdto each page. These dates indicate
that this form is valid when you enroll in the sguldut do not reflect how long you may
participate in the studyEach page of this Informed Consent Form is staipendicate the
form’s validity as approved by the MRCZ.

Name of Research Participant (please print) Date

AM
Signature of Participant or legally authorized esgntative Time PM

Relationship to participant:

YOU WILL BE GIVEN A COPY OF THIS CONSENT FORM TO K&P.

If you have any questions concerning this studgarsent form beyond those answered by
the investigator, including questions about theeaesh, your rights as a research subject or
research-related injuries; or if you feel that ymave been treated unfairly and would like to

talk to someone other than a member of the resdasrh, please feel free to contact the
Medical Research Council of Zimbabwe on telephd®&/92 or 791193.

Appendix 2. Questionnaire for psychiatric patient details
STUDY ASSIGNED NUMBER: ZWP.......

DATE: ..........

AGE: .......years

GENDER: ..... Male or Female

DRUG DOSING REGIMEN DATE DATE AND TIME
COMMENCED LAST DOSE TAKEN

TIME OF BLOOD DRAW: .......
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Appendix 3: Demographic informatiorGYP2D6 genotypes, and drug plasma levels for
patients on Chlorpromazine.

Patient
number

ZWP21
ZWP40
ZWP13
ZWP3

ZWP29
Z\WP42
Z\WP38
ZWP19
ZWP1

Z\WP43
Z\WP26
ZWP2

ZWP30
ZWP20
Z\WP7

ZWP15
ZWP35

dose

adjusted

CPz
CPZ plasma | conc
conc /nM nM/mg
0.083257 0.000531
5.3253 0.008493
4.3841 0.013984
21.689 0.034592
11.344 0.036185
43.404 0.069225
22.84 0.072855
30.48 0.097225
123.48 0.098469
33.318 0.106278
46.735 0.149075
74.036 0.236159
79.989 0.255148
414.93 0.66177
465.52 0.742456
176.21 0.74983
514.52 1.641212

CYP2D6 CYP2D6

*17
cc
cc
cc
cc
cc

cT
cc
cT
cT
cc
T
cc

cc
cc
cT

*29
GC
GC
GG
GG
GG
GG
GC
GG
GG
GG
GC
GG
GC
GG
GC
GG
GG

age /years
46
51

20
49
25
56
37
20
42
30
21
32
35
67
50
32

sex

Appendix 4: Demographic informatiorGYP2D6 genotypes, and drug plasma levels for
patients on Thioridazine

Patient
number

Z\WP27
ZWP32
ZWP16
ZWP5

ZWP31
ZWP1

Z\WP44
Z\WP47
ZWP17
ZWP23
ZWP13
ZWP12

dose

adjusted
Thioridazine thioridazine
plasma conc
conc nM (nM/mg)
5.262 0.006508
8.7912 0.03262
272.22 2.019436
372.9 0.691708
464.17 0.861009
1184.7 2.197551
1216.6 2.256724
1275.9 1577912
1482.7 2.750325
1636.9 6.07384
19445 2.404774
2134.9 7.921707

CYP2D6
*17

cC

CC

CC
CcT
CcT
CC
CcT

CC
CC
CcC

CYP2D6
*29
GG
GC
GC
GG
GG
GG
GG
GG
GG
GC
GG
cc

age /years
66
46
18
37
23
20
31
27
28
33

sex

MMM T T LI L
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ZWP14
ZWP3
ZWP9
Z\WP4
ZWP2
Z\WP28
ZWP10
Z\WP8
Z\WP6

2392.3 4.437581 CT
2655.3 3.283824 CcC
3229.9 5.991282 CcT
3670.3 4.53908 CC
3873.9 4.790873 T
4228.9 7.84437 CC
4263.6 5.272817 CcT
5871.5 7.261316 CC
5984.3 11.10054 CcC

GG
GG
GC
GG
GG
GC
GG
GG
GG

20

34
21
24
20

33

T L LL

Appendix 5: Demographic informatiorGYP2D6 genotypes, and drug plasma levels for
patients on Haloperidol

Patient
number

ZWP39
Z\WP38
Z\WP37
ZWP22
Z\WP18
Z\WP42
Z\WP43
ZWP33
ZWP31
ZWP25
ZWP24
ZWP50
ZWP11
ZWP19
ZWP32
ZWP26
Z\WP28
Z\WP49
Z\WP6

ZWP14
ZWP2

ZWP20
Z\WP4

Z\WP47
ZWP10

dose

adjusted
Haloperidol haloperidol
plasma conc
conc /nM (nM/mg)
2.5317 0.380707
3.5258 0.132549
6.2199 0.467662
6.8048 0.511639
10.071 0.757218
114 0.428571
12.098 0.909624
12.814 0.481729
14.881 0.279718
16.337 0.614173
18.215 0.684774
19.291 0.362613
19.683 1.479925
20.086 1.510226
21.196 1.593684
21.609 0.812368
25.109 0.943947
27.27 1.370352
41.959 1.577406
45 0.56391
49.717 0.93453
53.126 1.997218
62.666 1.177932
80.668 1.516316
96.722 0.808037

CYP2D6*17 CYP2D6*29

cT
cT
cT
CcC

CcC
cT
CT
CT
cC
CcC
cC
CcC

cC
CcC
cC
CcC
cC
CT
TT

CcC
cT
CT

GG
GC
GG
GG
GG
GG
GG
GG
GG
GG
GC
GG
GG
GG
GC
GC
GC
GG
GG
GG
GG
GG
GG
GG
GG

age
/years
73
56
38
23
69
25
42
27
23
39
43
28
46
37
46
30
24
36
33

21
35
34
27
20

sex

LT LT T T LTI T T T L
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Appendix 6: Demographic informatiorGYP2D6 genotypes, and drug plasma levels for

patients on Fluphenazine Decanoate (FD)

Patient
number

Z\WP28
ZWP31
ZWP24
ZWP32
ZWP36
Z\WP42
Z\WP45
Z\WP49
Z\WP4

Z\WP27
ZWP18
ZWP43
ZWP34
ZWP29
Z\WP37
ZWP17
ZWP21
ZWP30
Z\WP47
ZWP40
ZWP20
ZWP10
ZWP14

Fluphenazine
plasma conc
/nM

0.13075

0.20427

0.22002

0.22193

0.2293

0.33079

0.34075

0.57499

0.57756

0.58309

0.59849

0.6826

0.78822

0.7888

0.82285

0.83077

0.83251

0.90598

0.91469

0.94151

2.0428

3.3284

3.6979

Fluphenazine

dose
adjusted

conc X1000

(nM/mg)
2.289842
2.386332
3.85324

7.787018
4.015762
5.79317

5.967601
20.17509
6.747196
10.21173
10.48144
11.95447
13.8042

13.81436
14.41068
14.54939
14.57986
15.86655
8.023596
16.48879
23.86449
29.19649
32.43772

age

/years

24
23
43
46
64
25
44
36
34
66
69
42
21
49
38
28
46
32
27
51
35
20

sex

LLLTLL TLL TL T "

b e e o e o R |

LKL

CYP2D6*17 CYP2D6*29

cc
cT
cc
cc
cc
cc
cT
cc
cc
cc

cT
T
cT
cT

cc
cc
cT
cc

cT
cT

GC
GG
GC
GC
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GG
GC
GC
GG
GC
GG
GG
GG

Appendix 7: Demographic informatiorGYP2D6 genotypes, and drug plasma levels for
patients on Amitriptyline

Patient
number

Z\WP46
Z\WP48
ZWP39
ZWP30
ZWP41

Amitriptyline
plasma conc
/nM

1.9605

21.716

63.97

158.37

159.53

Dose
adjusted
AMT conc
(nM/mg)
0.007261
0.060322
0.355389
0.439917
0.590852

age

/years

45
66
73
32
48

sex

*17
cT
cc
cT
cc
cc

*29
GG
GC
GG
GC
GG

Nortriptyline
plasma
conc /nM

<0

13.344
58.727
197.18
41.438
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ZWP24 | 196.26 0.726889 43 F cC GC 144.6
ZWP25 | 666.5 2.468519 39 F cC GG 205.04
ZWP11 | 892.47 4.958167 46 M cC GG 518.24
ZWP38 | 1292.6 2.393704 56 F cT GC 867.77
Appendix 8: Drug regimens of psychiatric patients
SAMPLE DRUGS TIME ___FROM | Steady
NUMBER LAST DOSE/hrs | state
(ZWP) Y/N
01 THIORIDAZINE 200mg N 22 Y
CHLORPROMAZINE 200mg bd 8 N
02 THIORIDAZINE 100am, 200mg N 9 Y
CHLORPROMAZINE 100 im stat N
(29/03/06) 9 N
HALOPERIDOL 10mg b.d.
03 THIORIDAZINE 100mg am, 200mgN |9 Y
CHLORPROMAZINE 200mg im (9/0421 N
and 18/04/06)
HALOPERIDOL 10mg bd 6 Y
CARBAMAZEPINE 200mg tds
BENZHEXOL 5mg bd
04 THIORIDAZINE 100am, 200mg N 6 Y
HALOPERIDOL 10 mg bd 6 Y
F.D. 37.5mg im 123 N
BENZHEXOL5mg od
05 THIORIDAZINE 200mg N 19 Y
SULPIRIDE 200mg tds
LITHIUM CARBONATE 750mg N
06 THIORIDAZINE100mg bd 6(smpl A)2(B) Yes
HALOPERIDOL 5mg bd 6(smpl A)2(B) for B
AMOXYCILLIN, STEROLINS, sample
STALANEV 40
07 CHLORPROMAZINE 200mg N 15 Y
08 (A) THIORIDAZINE 200mg N 15 N
B THIORIDAZINE 100mg am, 200mg N 12 N
C THIORIDAZINE 100mg am, 200mg N 12 Y
09
10 THIORIDAZINE 100mg bd 200mg N 1 Y
HALOPERIDOL 15mg tds 1 Y
F.D. 50mg im stat 72 N
CARBAMAZEPINE 200mg tds
BENZHEXOL 5mg od
11 HALOPERIDOL 5mg N 14 Y
AMITRIPTYLINE 50mg N 14 Y
12 SODIUM VALPROATE 200mg tds

COTRIMOXAZOLE, STALANEV
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SULPIRIDE

THIORIDAZINE 100mg N 14 Y
BENZHEXOL 5mg od

13 THIORIDAZINE 100am 200mg N 2 N
CHLORPROMAZINE 100mg am 2 Y
HALOPERIDOL 10mg bd 2 N

14 F.D. 50mg im stat 288 N
HALOPERIDOL 10mg tds 2 Y
THIORIDAZINE 200mg N 14 Y

15 CHLORPROMAZINE 75mg N 13.5 Y
HYDROCHLOROTHIAZIDE 25mg od
GLIBENCLAMIDE 10mg bd

16 PHENOBARBITONE 90mg N
CARBAMAZEPINE200mg bd
THIORIDAZINE 50mg N 13.5 Y

17 LITHIUM CARBONATE 500mg N
THIORIDAZINE 200mg N 15.5 Y
F.D. 25mg im 28 days Y
BENZHEXOL 5mg od

18 HALOPERIDOL 5mg N 39 Y
BENZHEXOL 2.5mg bd
SODIUM VALPROATE 200mg N
F.D. 25mg im 25days Y
PROPRANOLOL 40mg od

19 CHLORPROMAZINE 100mg N 14 Y
HALOPERIDOL 5mg N 14 Y
BENZHEXOL5mg N

20 CHLORPROMAZINE 200mg N 16 Y
HALOPERIDOL 5mg bd 2 Y
F.D. 37.5mg im 28days Y
BENZHEXOL 5mg od

21 CHLORPROMAZINE 50mg N 14 Y
F.D. 25mg im 30days (and Y

90min earlier)

22 CARBAMAZEPINE 400mg N
HALOPERIDOL 5mg N 16.5 Y
BENZHEXOL5mg N

23 THIORIDAZINE 100mg N 14.5 Y
BENZHEXOL 5mg N

24 HALOPERIDOL 10mg N 14.5 Y
CARBAMAZEPINE 200mg bd
BENZHEXOL 5mg od
F.D. 25mg im 15 days Y
AMITRIPTYLINE 75mg N 14.5 Y

25 AMITRIPTYLINE 75mg N 14 Y
TRIFLUOPERAZINE 10mg N Y

26 CHLORPROMAZINE 100mg N 14.5 Y
HALOPERIDOL 10mg N 14.5 Y
BENZHEXOL 5mg od

27 TRIFLUOPERAZINE 5mg bd Y
CARBAMAZEPINE 200mg bd Y
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THIORIDAZINE 300mg N 15.75 Y
F.D. 25mg im 28 days N
BENZHEXOL 5mg od
SALBUTAMOL,
HYDROCHLOROTHIAZIDE

28 HALOPERIDOL 5mg bd 3.5 Y
CARBAMAZEPINE 200mg N Y
F.D. 25mg im 28days Y
THIORIDAZINE 200mg N 14 Y

29 CHLORPROMAZINE 100mg N 13.3 Y
F.D. 25mg i.m. monthly 35 days Y

30 CHLOPROMAZINE 100mg N 13.5 Y
AMITRIPTYLINE 100mg N 14 days ago Y
F.D. 25mg im ? Y

31 F.D. 37.5mg im 28 days Y
HALOPERIDOL 10mg bd 2.5 Y
THIORIDAZINE 200mg N 14 Y
CARBAMAZEPINE 200mg am 400mg N Y
BENZHEXOL 5mg od

32 F.D. 12.5mg im 28 days Y
HALOPERIDOL 5mg N 17 Y
THIORIDAZINE 100mg N 17 Y
BENZHEXOL

33 CHLORPROMAZINE200mg N 12 Y
HALOPERIDOL 10mg N 12 Y
CARBAMAZEPINE 200mg bd
BENZHEXOL 5mg N

34 CARBAMAZEPINE 400mg N
TRIFLUOPERAZINE 15mg N
BENZHEXOL 5mg od
F.D. 25mg im 24 days Y

35 CHLORPROMAZINE 100mg N 13.5 Y
HALOPERIDOL 10mg N 135 Y
CARBAMAZEPINE 200mg bd
LITHIUM CARBONATE 1000mg N
BENZHEXOL 5mg od

36 THIORIDAZINE 100mg N 14.5 Y
HALOPERIDOL 5mg am, 5mg afternoon 20.5 Y
F.D. 25mg im 28 days Y
BENZHEXOL 5mg od

37 F.D. 25mg im 28 days Y
HALOPERIDOL 5mg N 12.75 Y
BENZHEXOL 5mg od
PHENOBARBITONE 120mg N
PROPRANOLOL 20mg bd

38 CHLORPROMAZINE 100mg N 14 Y
HALOPERIDOL 10mg N 14 Y
AMITRIPTYLINE 150mg N 14 Y
BENZHEXOL 5mg od

39 CARBAMAZEPINE 200mg N

PHENOBARBITONE 90mg N
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HALOPERIDOL 2.5mg N 13.3 Y
BENZHEXOL 5mg N
ATENOLOL 50mg N
AMITRIPTYLINE 50mg N 13.3 Y

40 F.D. 25mg im 28 days Y
CHLORPROMAZINE 200mg N 13.5 Y
BENZHEXOL 5mg N

41 AMITRIPTYLINE 75mg N 15.5 Y
CHLORPROMAZINE 100mg N 15.5 Y
HYDROCHLOROTHIAZIDE 25mg od
NIFEDIPINE 10mg bd
INDOMETHACIN 25mg tds

42 CHLORPROMAZINE 200mg N 13.75 Y
HALOPERIDOL 10mg N 13.75 Y
F.D. 25mg im 21 days Y
PHENOBARBITONE 120mg N

43 CHLORPROMAZINE 100mg N 14 Y
HALOPERIDOL 5mg N 14 Y
F.D. 25mg im 28 days Y
BENZHEXOL 5mg od

44 THIORIDAZINE 200mg N 15 Y

45 F.D. 25mg im 60 days Y

46 AMITRIPTYLINE 75mg N 37.5 Y

a7 F.D. 50mg im 32 days Y
HALOPERIDOL 10mg bd 4 Y
THIORIDAZINE 300mg N 38 Y
BENZHEXOL 5mg od

48 HALOPERIDOL 10mg N 15 Y
AMITRIPTYLINE 100mg N 15 Y

49 F.D.12.5mg im 28 days N
HALOPERIDOL 7.5mg N 15 Y
BENZHEXOL 5mg od

50 CHLORPROMAZINE 200mg N 15.5 Y
HALOPERIDOL 10mg bd 4.5 Y

BENZHEXOL 5mg od
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Appendix 9: MRCZ ethical approval

Medical Research Council of Zimbabwe

Josiah Tongogara / Mazoe Street

P. O. Box CY 573
Telephone: 791792/791193/792747

Telefax:  (263) -4 - 790715 Causeway
E-mail:  mrcz@mrczimshared.co.zw Harare
MRCZ APPROYAL LETTER

Ref: MRCZ/A/1283
XRef: MRCZ/B/S

Prof. T. E. Chigwedera §
Box 2294 b
Harare '

RE: “Genetic Polymorphism On Drug Metabolizing Enzymes In, Major Ethnic Groups Of
Zimbabwe And Clinical Impact Of CYP2D6 Polymorphism On' Efficacy And Safety In
The Use Of Psychotropics”

Thank you for the above titled proposal that you submitted to the Medical Research Council of
Zimbabwe (MRCZ) for review. Please be advised that the Medical Research Council of Zimbabwe has
reviewed and approved your application to conduct the above titled study.

The above details should be used on all correspondence, consent forms and documents as

appropriate.
« APPROVAL NUMBER :MRCZ/A/1283
e APPROVAL DATE : 28 Setember 2006
¢ EXPIRATION DATE :This approval expires on 27 September 2007

After this date, this project may only continue upon renewal. For purposes of renewal, a progress
report on a standard form obtainable from the MRCZ Offices, should be submitted one month
before the expiration date for continuing review.

» SERIOUS ADVERSE EVENT REPORTING :All serious problems having to do with subject
safety must be reported to the Institutional Ethical Review Committee (IERC) as well as the MRCZ
within 10 working days using standard forms obtainable from the MRCZ Offices.

e MODIFICATIONS: Prior MRCZ and IERC approval using standard forms obtainable from the
MRCZ Offices is required before implementing any changes in the Protocol (including changes in
the consent documents).

¢ TERMINATION OF STUDY: On termination of a study, a report has to be submitted to the
MRCZ using standard forms obtainable from the MRCZ Offices.

« QUESTIONS: Please contact the MRCZ on Telephone No. (04) 791792, 791193 or by e-mail on
mrez@mrczimshared.co.zw.

¢ Other:

o Please be reminded to send in copies of your final research results for our records as well as for
Health Research Database

e You're alsc encouraged to submit electronic copies of your publications in peer reviewed journals
that may emanate from this study.

Kind regards from the MRCZ Secretariat.

mendebiisisasBstIsIssaRadtaNsasiOsTOBERIBIITE

PROMOTING THE ETHICAL CONDUCT OF RESEARCH
Executive Committee: Ms G.N. Mahlangu (Chairperson), Prof E. Gomo (Vice Chairperson), Mrs S. Munyari
{Secretary), Dr T. Chipato (Executive Member)
Registered with the USA Office for Human Research Protections (OHRP) as an International IRB
(IRB Number IRB00002409 TORG0001913)
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Appendix 10: Approval from Provincial Medical Director for Matebeleland South

Tel: 263-9-6834

- 263-9-62914 MINISTRY OF HEALTH
AND CHILD WELFARE
Fax: 263-9-77915 MATABELELAND
‘ SOUTH P Bag A 5225
ZIMBABWE BULAWAYO

31 October 2006

School of Pharmacy
P O Box MP 167
Mount Pleasant
Harare

Attention Emmanuel Chigutsa

REQUEST TO CARRY OUT STUDY IN PLUMTREE DISTRICT

I am in receipt of your request to carry out a study in Plumtree District on
Drug Metabolizing Enzymes in major ethnic groups of Zimbabwe and clinical
impact of CYP2D6 Polymorphism on efficacy and safety in the use of
Psychotropics.

I am also aware that your proposal was passed through University of
Zimbabwe College of Health sciences Ethics Committee as well as Medical
Research of Zimbabwe (BDCZ)

I have no objection in you carrying out the study.

Dr J Ndlovu
PROVINCIAL MEDICAL DIRECTOR MATABELELAND SOUTH

/gd
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