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ABSTRACT

Debrisoquine and S-mephenytoin hydroxylation polymorphism was studied in

115 healthy unrelated Ethiopian volunteers after coadministration of debrisoquine
(10mg) with S-mephenytoin (100mg). The ratio of the S to the R enantiomers of
mephenytoin and of debrisoquine to 4-OH debrisoquine in (-8 hr urine samples were
determined using GC. Debrisoquine and S-mephenytoin are metabolized by CYP2D6
and CYP2C19 respectively. CYP2D6 and CYP2C19 show genetic polymorphism,
dividing the population into Extensive metabolizers (EMs) and Poor metabholizers
(PMs), The frequency of the PM phenotype is a subject of a pronounced inter-ethnic
difference,

Two subjects (1.7%) are classified as a PMs (MR >12.6) with respect to
CYP2D6. The debrisoquine MRs are trimodally distributed with a greater part of
the population located in the MR interval of 1 - 10. The low prevalence of PMs is
due to a lower frequency of a defective CYP2D¢6 allele. Using a combination of
RFLP, SSCP and PCR, subjects were genotyped for the known mutations in the
CYP2D6 locus. Using Xbal and EcoRI RFLP, 11.5kb, 44kb and 42kb haplotypes
associated with gene deletion, defective CYP2D locus and gene duplication respectively
were detected. Defective CYP2D6A, CYP2DGB and exon 1 mutations were detected
using PCR., SSCP and PCR were used to genotype the CYP2D6C mutations,

No individual had either the CYP2D6A or the CYP2D6C allele. The allele
frequencies for CYP2D6B, CYP2D6D and exon 1 mutation was 1.3%, 3% and 9.8%
respectively. The allele frequency of the duplicated CYP2D6 gene (42 kb allele) is
significantly higher (12.9%) among Ethiopians than in any other population studied.
Furthermore, the RFLP analysis indicated the existence of alleles carrying 3, 4 and
even 5 active CYP2D6 genes in tandem.

For S-mephenytoin hydroxylase (CYP2C19), six subjects (5.3%) with S/R
ratio greater than 0.9 phenotyped as PMs. Three of them were homozygous
(CYP2C19m1/CYP2CI9mI) and the rest heterozygous (CYP2C19m1/CYP2C19m2) for
mutated allele of CYP2CI19. CYP2C19m1 and CYP2C19m2 account for 75% and 25%
of defective alleles respectively in PMs. These results indicate that CYP2CI9
genotyping analysis for both CYP2C19mI and CYP2C19m2, enables one to apparently
predict about 1060% of the phenotypes.

X
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1. INTRODUCTION AND LITERATURE REVIEW

In animals drug metabolizing enzymes are responsible for the detoxification and
excretion of foreign chemicals. Many foreign compounds, such as drugs, plant metabolites
and environmental pollutants are non polar, dissolve readily in lipids but remain essentially
insoluble in water. The principal function of drug metabolizing enzymes is to convert
these chemicals into water soluble products that could easily be excreted in the urine or

bile.

This biotransformation process occurs in two steps: In the first step, (also called
phase 1), chemical modification(s) of the parent compounds take(s) place. The
modification(s) usually involving insertion of polar groups ontoe non polar parent
compounds by such mechanisms as oxidation, hydroxylation; reduction, hydrolysis...etc,
take place. In other cases, it may mean splitting off of alkyl groups from the parent
compounds. Invariably, this results in increascd.hydrophilicity and facilitates excretion of
the resulting products. Phase 1 reactions are catalyzed by different forms of cytochrome
P430, having unique but, sometimes, overlapping substrate specificities that enable them

to metabolize many different chemicals.

[n the second step, (phase 1), the polar groups of the intermediate metabolites
arising from phase 1 are conjugated to highly water soluble molecules such as glucuronic
acid, cysteine... etc, rendering the whole compound water soluble and consequently
amenable 1o renal excretion. The latter process involves the action of various types of

conjugating enzyme Systems.



L1, OCHROME P450 EM.

Cyvtochrome P450 as we know it today was first described by Klingenberg and
Garfinkle as a pigment found in the liver microsome (Klingenberg, 1958; Garfinkle,
1958). It was given the name cytochrome 'P450' by Omura and Sato, who observed that
the reduced CO-bound pigment complex had an unusual absorption maximum at a

wavelength of 450 nm (Omura and Sato, 1962).

Mammalian cytochrome P450 can be divided into two major categories: 1. P450s
that are involved in the oxidative metabolism of endogenous substances such as fatty acids,
prostaglandins, steroids ..etc, and 2. P450s, that are responsible for the metabolism of
exogenous substances such as drugs, carcinogens environmental pollutants ..etc. The
former class of P450 shows very high affinities for their substrates and are very well
conserved within species. In contrast, members of the later category have a much lower

substrate affinities and exhibit a relatively poor species structural conservation.

[n general derivatives arising from biotransformation are pharmacodynamically less
effective than the parent compounds from which they are derived (detoxification).
Although cytochrome P430 enzymes play an important role in the detoxification of many
drugs, chemical carcinogens and other toxic agents, it should be noted that they are also
often responsible for catalyzing the metabolic activation of some substrates to highly
reactive intermecdiates, which then attack cellular biomolecules, eventually initiating
carcinogenic events. Numerous procarcinogens are known to require P450-dependent

metabolic activation before they become carcinogenic (Nebert et af., 1987).

b2



1.1.1 STRUCTURE OF CYTOCHROME, P450

Cvtochrome P430s are membrane—bound heme containing enzymes containing
about 500 amino acid residues. The mammalian liver microsomal enzyme system consists
of two main components: cytochrome P450 itself and an NADPH-dependent cytochrome
P450 reductase. It requires both molecular oxygen and the reduced form of the pyridine
nucleotide, NADPH for 1its catalytic activity. Structurally all P450s are similar in the
region around the hemc cysteine forming the heme-thiolate. This accounts for the
characteristic absorbance of the reduced CO-bound state of P450. Additionally the
sequence, Phe-X-X-Gly-X-X-X-Cys-X-Gly (X denote any amino acid) close to the
carboxy terminal is present in 202 out of 205 P450 enzymes sequenced (Nelson et al.,
1993). Cytochrome P450 functions as a monoxygenase, peroxidase, oxidase and reductase.
It plays a critical rblc of binding substrate, activating oxygen and then catalyzing the
insertion of the activated oxygen into the substrate. It thus determines the substrate
specificity of the overall system as well as the structure of the product formed during

metabolism.

Cytochrome P450 enzymes are synthesized on ribosomes associated with the
endoplasmic reticulum (ER) and are co-translationally inserted into the ER membrane
(Bar-Nun et al., 1980). All microsomal P450 structures contain a very hydrophobic
stretch of about 20 amino acid residues at their N—-terminal, followed by one or two basic
amino acid residues (Nelson er al.,, 1988). This conserved character of the N—terminal
serves as the signal sequence for the membrane insertion and halt—transfer which causes

the rest of the P450 molecule to face the cytoplasmic side of the ER membrane. The



active site of P450s is part of a large cytoplasmic domain that may have one or two
additional peripheral contacts (Black., 1992). The substrate binding site is not shiclded by
lipids. allowing only the substrate in the lipid phase to gain access to the binding site.

Most subsirates of P4350 enzyme are largely hyvdrophobic (Imai ef al., 1967).

The active site of P450s contains an iron protoporphyrin IX moiety in a large
relatively open hydrophobic cleft or depression in the surface of the protein. The heme
~is bound, apparently somewhat loosely, by a combination of hydrophobic forces and
coordinate covalent bonds to the central metal ion. The iron is always penta— or hexa-—
coordinated, with four of the ligands contributed by the planar pyrrole nitrogens in the
heme ring { White et al., 1980). The 5th ligand, appears to be a thiolate anion contributed
by a cysteine residue of the polypeptide chain while the 6th coordination position of the
:iron is occupied by an easily ecxchangeable ligand, perhaps water, in the native substrate
free ferric state. Upon reduction of the iron, the 6th position becomes the site of
dioxygene binding. Other diatomic ligands, such as carbon monoxide, nitric oxide and

¢vanide, alternatively occupy the 6th position under appropriate conditions.

1.1.2 NOMENCLATURE OF CYTOCHROME P450

Cytochrome P450s are considered as belonging to a super family. According to
amino acid alignment studies, multiple isozymes of P450 are believed to have been derived
from a common ancestral gene via divergent evolution (Gonzalez ef al., 1990). Several

molecular mechanisms (gene duplication, gene conversion, gene amplification and



mutations) have been suggested to be invoived in the evolution of P450 genes. This
apparcntly resulted from co-cvolution with plants that produced toxins in order to avoid
being digested by animals. The development of new P450 genes under the conditions

served therefore as a molecular defence mechanism.

Cytochrome P450s have been divided into gene families based on the amino acid
sequence similarities of the protein molecules. P450 proteins having 40% or less amino
acid sequence similarity are considered to belong to different families. Thus within a
single gene family members have more than 40% amino acid sequence’"simi-larity. Each
gene family is further subdivided into gene subfamilies. Generally, in mammals ail
members of the gene subfamily exhibit more than 35 % amino acid sequence similarity.
It should be noted though that sequence similarity does not necessarily imply functional
simitarity. To date some 200 P450 genes and 7 putative pseudogenes have been identified
in 27 gene families (Nebert et a/., 1991) among which 12 are found in mammals

(Ingelman—Sundberg and Johansson, 1995).

Following the latest form of nomenclature (Nebert et al., 1991) every P450 is
named starting with the ‘root' name CYP in the case of human (cyp for mouse), followed
by an Arabic number denoting the family, a capital letter designating the subfamily (if
any), and finally an Arabic number representing the individual gene within the subfamily.
Accordingly CYP2D6 represents the human gene 6 belonging to family 2 and subfamily
D. Under the nomenclature, italicized names, denote genes and cDNA and non-italicized
names indicate the corresponding mRNA or protein. In most cases, all genes within a

given family have the same number of exons and similar intron—exon boundaries. Also



genes within the same subfamily have been found to lie within the same cluster on the
chromosome (Simmons er al.. 1983). P450 genes encoding proteins having greater than
97 % amino acid scquence similarity are considered as allelic variants of the same gene
(Nebert ef al., 1987), except when there arc differences in catalytic activity or when non-

translated regions are clearly divergent: situations indicating distinct genes.

1.2. D SO E HYDROXYLAS Y 6

The inter-individual variability in drug metabolism has been shown to be caused
by inter—individual variations in amount and/or activity of specific drug metabolizing
enzymes. One important drug metabolizing enzyme which has specially pronounced
variations in amount and activity between individuals is cytochrome P4502D6. The
variations are governed mainly by genetic factors and are not significantly affected by
environmental factors (Steiner et al., 1985). CYP2D6 alone is responsible for the
metabolism of more than 30 important drugs, including B-receptor blockers, neuroleptics,

tricyclic antidepressants. antiarthythmics and some analgesics (table 1).

1.2.1 CYP2D6 GENE STRUCTURE

CYP2D6 is localized on the long arm of chromosome 22 (Gonzalez, et al., 1988).
It contains 9 cxons and has been completely sequenced (Gonzalez et al., 1988). Two to
three additional highly homologous pseudogenes are located upstream of CYP2D6 within
the CYP2D locus. Two of these have been sequenced and designated as CYP2D7P and

CYP2D8P (Kimura et al., 1989) with CYP2D7P located downstream of CYP2DSP.



Table 1.  List of selected drugs the metabolism', of which, is -
catalyzed by the CYP2D6 enzyme. (Extracted from
Dahl and Bertlisson., 1993; Kim Brosen., 1993).

BETA BLOCKERS

Metoprolol
Propranolol
Timolol
Bufarolol
Alprenolol

ANTIARRYTHMICS

Encaimide
fFlecainide
Propafenone
Mexiletine

MISCELLANEQUS

Amiffamine
Perhexiline
Phenformin
Tomoxetine
Sparteine
Guanoxan

NEUROLEPTICS

Haloperidol
Perphenazine
Thicridazine
Zuclopenthixol
Remoxipride

ANTIDEPRESSANTS

Amitriptyline
Clomipramine
Desipramine
Fluoxetine
Imipramine
Nortriptyline
Paroxetine
Trimipramine

Fluvoxamine

OPIATES

Codeine
Dextromethorphan
Ethylmorphin



CYP2DSP contains several genc disrupting inscrtions, deletions and termination codons
within its exons. while CYP2D7P is apparently normal except only for the presence in the
first exon of an insertion that disrupts the reading frame. The three CYP2D genes display

92-97% nucleotide sequence similaritics with cach other across their introns and exons.

1.2.2 MUTANT ALLELES OF CYP2ZD6,

Mutations in CYP2D6 cause enzyme variants with higher, lower or no activity.
They may even lead to total absence of the enzyme molecule. Two molecular biological

techniques are currently used to detect the different mutant alleles:

(a). RFLP detectable CYP2D6 varjant alleles.

Restriction endonucleases recognize and cleave at specific nucleotide sequences.
Since mutations affect the order of such sequences, some mutations are likely to create
new restriction sites or eliminate existing ones. When the sizes of restriction fragments

are altered this wav it gives risc to Restriction Fragment Length Polymorphism (RFLP).

RFLP analysis of the CYP2D locus with restriction endonuclease Xbal frequently
produces a 29kb fragment (either normal: D6-wt, or mutated) and two mutated Xbhal
allcles of 44kb, 11.5kb respectively (Skoda et al., 1988). A 29kb Xbal fragment indicates
the presence a normal locus with one copy of CYP2D6 and rnwo pseudogenes (CYP2D7P
and CYP2DS8P). The 44kb Xbal fragment has a gene insertion and contains 4 instead of

thrce CYP2D genes (Heim and Meyer, 1992). In Caucasians, the 44kb allele contains 3



pseudogenes (CYP2DS, CYP2D7A, and CYP2D7B) and one CYP2D6 gene containing a
B type mutation, it is associated with the poor metabolizer (PM) phenotvpe.  In contrast
1o Caucasians, the Chinese 44kb allele contains the two pscudogenes and two functional
CYP2D6 pencs called, CYP2D6ch! and CYP2D6ch2 (Johansson ¢r f,1994) and is not

associated with the PM phenotype.

The allelic variant characterized by the 11.5kb Xbal fragment lacks the entire
CYP2D6 gene (CYP2D6D). 1t consists only of the two pseudogenes CYP2D7P and
CYP2D8P (Gaedigk ef al,, 1991). A Xbal 16 plus 9 kb DNA restriction fragment also
identifies a mutant allele for debrisoquine hydroxylase that is associated with the PM
phenotype (Evans et al., 1990). Another allcle of CYP2D6 characterized by a 42kb Xbal
fragment contains the two pseudogenes and two functionally active CYP2D6 genes
(CYP2D6L1 and CYP2D6L.2) in the CYP2D locus (Bertilsson ef al., 1993). The L allele
contains a silent mutation in exon 3 and two point mutations; one in exon 6 yielding a
Arg,q,——>Cys exchange and the other in exon 9 causing Ser,,,——>Thr (Johansson et al.,
1994). The resulting expression and catalytic properties of the encoded enzyme remains
the same as that in the wild type gene, however it appears as if CYP2D6L has an intrinsic

capacity for amplification.

Presence of two or more copies of an active gene in the CYP2D6 locus, causing
the expression of a higher amount of active enzyme is associated with ultrarapid
metabolism (UM) of debrisoquine (Johansson ef al., 1993). The allele frequency of the
42kb Xbal is about 1% in the Swedish (Dahl et al., 1995) but 7% in spanish populations

(Agiundez et al.,, 1995). Recently, a S4kb Xbal fragment indicating the presence of two



extra genes in the CYP2D6 locus and associated with the ultra rapid metabolizer phenotype
has been reported (Dhal et al., 1995). Figurc 1 shows the Xbal and EcoRI restriction sites

for the known variants of the CYP2D6 locus.

EcoRI digestion of the genomic DNA corresponding to the 29kb allele yields a 8.8
kb fragment (CYP2D8P), a 9.4kb fragment (CYP2D6) and a 15.1kb fragment (CYP2D7P).
The 44kb allele contains 4 CYP2D genes in the CYP2D locus and its EcoRI digestion
results in 4 fragment: 15.1 kb (CYP2D7AP), 13.7kb (CYP2D7BP), 9.4kb and 8.8kb.
Similarly the 42kb allele contains 4 genes and upon EcoRI digestion gives 4 fragments:
15.1kb, 12.1kb (CYP2D6L2), 9.4kb (CYP2D6LI), and 8.8kb. The 12.1kb and 9.4kb
fragments correspond to the two functional CYP2D6L genes. The allelic variant CYP2D6
gene cluster characterized by the 11.5kb Xbal fragments lacking the entire CYP2D6 gene

gives EcoRI fragments of slightly shorter sizes: 13kb (CYP2D7) and 8.8 kb.

(b). PCR detectable CYP2D6 alleles.

Allclic variants of CYP2D6 that do not cxpericnce any significant change in
fragment length are indistinguishable from the wild type gene by RFLP analysis. They
include: CYP2DA which has a single base pair deletion (Aj;,) in exon 5. The result is a
reading frame disruption and premature terminatjon of protein synthesis (Kagimoto ef al.,
1990) and CYP2D6B that contains multiple mutations, notably four base changes in exons
1, 2, and, 9 causing amino acid substitutions, two silent mutations and more importantly

a point mutation, G,g,,—>A, at the consensus scquence of the splice site of
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the 3rd intron and exon 4 (Hanioka er al., 1990). This single base pair change alters the
3' consensus (AG) splice site in the 3rd intron of CYP2D6 leading to an incorrectly spliced
primary transcript and a mRNA having a single base delction. The deletion presumably
disrupts the reading frame and causes a prematurely terminated polypeptidc_:. The aberrant
splicing of 2D6 mRNA explains the absence of P4502D6 enzyme in the livers of poor

metabolizers (Kagimoto ef al., 1990).

CYP2D6C contains a 3 base pair deletion between positions 2702 and 2706 which
corresponds to the 3' end of the CYP2D6 exon 5; the result is a mRNA that lacks a single
codon and a protein lacking a single amino acid, Lys,g, (Tyndale et al., 1991). CYP2D6C
is capable of producing an intact protein that has a slightly lower activity than the
corresponding wild type normal enzyme, suggesting that CYP2D6 does not cause a PM

phenotype.

The exon 1 mutation is associated with a base change (C,gq—>T) in exon 1. This
causes, a Pro ——=> Ser amino acid substitution in the highly conserved region consisting
of Pro-Gly-Pro sequence of all P430s belonging to gene families 1 and 2 (Nelson er
al.,1988). The result of such amino acid substitution is the cxpression of an unstable gene
product, a detrimental mutation rcsponsible for the reduced activity of the CYP2D6ch

genes (Johansson et al., 1994).



1.2.3 CYP2D6 GENETIC POLYMORPHISM.

The term genetic polymorphism defines a monogenic trait resulting in at [cast two
phenotypes, neither of which is rare, that exist in a normal population. The rarest
phenotype still occurs at a frequency of more than 1% (Vogel et al., 1979).

Genetic polymorphi.sm in drug metabolism gives rise to distinct populations differing in
their abilities to perform a certain drug biotransformation reaction. Individuals who are
able to metabolize the drug relatively rapidly are designated as extensive metabolizers
(EM) while those who are deficient in metabolic capabilities are referred to as poor

metabolizers (PM) (Eichelbaum, 1982).

Strikingly exaggerated responses or lack of effectiveness of drugs administered in
the usual dosage have been observed a.si manifestations of inherited genetic polymorphism
with respect to drug metabolism. The Debrisoquine/Sparteine type polymorphism probably
represents the best-studicd example of a genetic deficiency of a drug-metabolizing
enzyme. This polymorphism was independently discovered by two groups (Mahgoub er
al., 1977: Eichelbaum ef al, 1979). Figure 2 shows a diagrammatic representation of the
major pathway of dcbrisoquine mct;lbolisn1 by CYP2D6. The PM phenotype which is
monogenically inherited as an autosomal recessive trait (Evans ef al., 1980; Idle ef al.,
1979) is duc to complete absence or marked decrease in the amount or activity of the
CYP2DO6 enzyme in the liver (Zanger., 1988; Matsunaga., 1989). Clinical studies have
indicated that the PMs are at a greater risk of developing concentration dependent adverse
reactions to drugs administered at a routine dose {Eichelbaum et al., 1990). It was also

suggested that EMs may be more prone than PMs to develop cancer
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because theyv are better able to activate procarcinogens into active carcinogens by oxidation
(Idle er al.. 1981 Hirvonen e al.. 1993), although this remains a controversial issuc
(Duche er al.. 1991: Horsmans ¢f af.. 1991}, inviting further investigation. Studies with
different ethnic groups have demonstrated pronounced inter ethnic variations in the

incidence of the PM phenotype (sec table 2).

The capacity to d-hydroxylate debrisoquine, an antiadrenergic hypotensive drug,
is bimodally distributed in Caucasian populations in which 5-10 % are poor metabolizer
(PM) (Johansson et al., 1991; Nakamura et al., 1985). Three main types of defective
alleles have been found in this population: The most common mutant allele, CYP2D6B
accounts for 75% of the defective alleles, the rest being due to CYP2D6A (5%) and
CYP2D6D (11%)(Hirvonen et al., 1993). Among Caucasians about 1-7% belong to a
newly classified group, the ultrarapid metabolizers (UM). These individuals possess more
than one copy of the active gene in the CYP2D locus. Indeed 2 up to 13 active CYP2D6
gene copies appearing in tandem has been reported in one Swedish family (Johansson er
'ﬁ!., 1993). Using RFLP and PCR analysis, it is possible to corrcctly identify over 95%

of PMs among Caucasians (Heim, et al., 1990; Brolev er al., 1991; Dahl et af., 1992).

Among Orientals the corresponding frequency of PMs as defined for Caucasians
is very low (<1%) (Lou ef al., 1987; Nakamura ef al., 1985). The molecular basis of the
large inter—ethnic difference between Chinese and Caucasian populations with respect to
the frequency of PMs and the mutant alleles has been investigated (Yue et al., 1989),
Johansson et al., 1991). Apparently, the deleterious mutations in the CYP2D6 gene,

common among Caucasians, are absent in Orientals. The low frequency of PMs reported
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Table 2. INCIDENCE OF CYP206 AND CYP2C19 POOR METABOLISER -
PHENOTYPES AMONG DIFFERENT ETHNIC GROUPS. '

ETHNIC.-GROUP % PM-OF DEBRISOQUINE %PM OF MEPHENYTOIN

CAUCASIANS ' 5-10 2.5
ORIENTALS <2 18 - 23
BLACK. - -

AMERICANS <2 18.5
‘ZIMBABWEANS 1.5 4.0
ETHIOPIANS 1.7 5.2

PM: Poor Metabolizers
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among Chincse appears to be exclusively inhcrent in gene deletions (CYP2D6D). Another
interesting inter—cthnic difference is that the mutant Ybal 44kb allele is more common in
the Chinese populations (Yue ef al.. (1989). In contrast to Caucasian Xbal 44kb allele
which contains the B type mutation (CYP2D6B), the Chinese Xbal 44kb allele is
functional but with a reduced capacity to metabolize drugs that constitute substrates for

CYP2D6 (Johansson et af., 1991).

The frequency distribution of debrisoquine metabolic ratios (MRs) is skewed
towards higher values in Chinese EMs compared to Caucasian EMs, indicating a lower
metabolic capacity among Chinese (sec figure 3). Within the Chinese EM subjects those
with 44/44 kb have significantly higher MR than those with the 29/44 pattern (Wang et
al., 1993). Sequence analysis of the CYP2D locus from the Chinese 44kb allele has
revealed the presence of two slightly defective CYP2D6 genes designated as CYP2D6ch1
and CYP2D6ch2 that cause 2 and 8 amino acid substitutions respectively (Johansson et
al.,1994). The detrimental mutation of the CYP2D6ch genes is due to the presence of a
C,——>T transition in exon 1 which results in a Pro.,——>Ser amino acid substitution.
This, apparently, is responsible for the expression of a relatively unstable gene product,
probably accounting for the reduced activity associated with this allele (Johansson ef al.,

1994).

Significantly lower frequency of PMs (1.99%) has becen reported among Black
Americans as compared to Whites (7.7%) (Relling et al., 1991). Such a low prevalence
of PMs in Blacks is the result of significantly lower frequency of the CYP2D6 mutant

genes that are common among Caucasians (Evans er al., 1993). Also, the prevalence of
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FREQUENCY-DISTRIBUTION OF DEBRISOQUINE
METABOLIC RATIOS IN TWO POPULATIONS :
(A) CHINESE (B) CAUCASIANS (Reprinted from

~ Kalow ,1991)

Figure 3:

20 - Tn

of _miim,

NUMBER OF SUBJECTS

o0

40~ g

20

o od
n

0 . |
0.01 0.1 1 10 100

NUNBER OF SUBJECT

METABOLIC RATIO

18



PMs in Zimbabweans is reported to be 1.5% (Masimirembwa ef al., 1993). No individual
was found to be homozygous for the defective alleles amohg the 114 Zimbabwean subjects
analyzed (Masimirembwa er al., 1993). The prevalence of PMs of debrisoquine among
Ghanaians was reported to be 6% (Woolhouse er af., 1979). No PMs were observed for
the Nigerian population studied (Iyun er al., 1986). The molecular genetic basis for these
observations has however, not becn established, since only phenotype analysis were
conducted. In contrast to this extremely high prevalence of PMs (18%) was found within
African vendas, a South African tribe (Sommers et al., 1988), suggesting the heterogeneity
of the African population. Studies on African populations, similar to the Chinese, have
revealed a right shift in the distribution histogram of debrisoquine MRs (sec figure 4)
although the cause of the slow debrisoquine hydroxylation may be differem in the different
cases. In many black populations studied: Nigerians, African Venda, and Ghanaians a
strong tendency of right shift and trimodality is observed althoug;l-l the frequency of the

described mutations are expected to be low.

1.3. S-MEPHENYTOIN HYDROXYLASE (CYP2C19).

Inter—cthnic and Inter—individual variability with respect to the disposition of drugs
has been well characterized in human. Hydroxylation polymorphism of the anti-
convalescent drug Mephenytoin is also a reasonably well studied variation. Mephenytoin
exists as a 1:1 racematc mixture of the S and R enantiomers. The drug is extensively
biotransformed in man although small amounts (<5%) of orally administered dose is

excreted unchanged in the urine irrespective of phenotypic status (Wedlund et af., 1985).
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Two principal routes (sce figure 5) have been described for the mctabolism of
mephenytoin (Kupfer ef af., 1980). Onc of them is the slow oxidative N-demethylation
of both enantiomers to S and R =PEH (5-phenvi-3-cthvlhvdantoin) also called Ninvanol,
a pharmacologically active metabolite (Troupin ef al., 1976). Urinary elimination of PEH
is slower than its formation. Chronic administration of mephenytoin therefore results in
accumulation of PEH in the body. Alternatively, mephenytoin is hydroxylated at the para
position of the aromatic ring- to 4-hydroxy-mephenytoin (4-OH-M). This aromatic
hydroxylation is highly stereosclective and occurs exclusively with S-mephenytoin
(Kupfer, et al 1981). S—mephenytoin is thus quickly excreted as 4-OH mephenytoin with
a high metabolic clearance while the R- enantiomer is slowly eliminated as R—~PEH, the

major contributor to the therapeutic response (Kupfer et af., 1982).

Only stcreosclcc‘tiive S—-mephenytoin 4-hydroxylation is subjected to genetic
polymorphism (Jacqz er al., 1980), dividing the population into PMs and EMs. Since the
renal clearance of the two enantiomers is similar (Jacyz et al., 1986} and S-mephenytoin
is rapidly eliminated as 4-OH-mcphenytoin, the cnantiomeric ratio is not equal to unity.
On the other hand, the pharmacokinetics of the two enantiomers are more similar if 4-
hydroxylation is impaired, giving rise to a urinary ratio (S§/R) close to unity. As the ability
to 4-hydroxylate mephenytoin increases, the S/R ratio progressively becomes less and less
than unity. The $/R ratio in a 0-8 hrs urine sample after oral administration of racemic

mephenytoin is therefore used as a phenotype determinant (Jacqz, et al., 1986).



Figure5.- STEREOSELECTIVE METABOLISM OF (S)-
AND (R)- MEPHENYTOIN:
(A) 4-HYDROXYLATION
(B) N-DEMETHYLATION
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An acid labile metabolite of S—mephenytoin, excreted in the urine of EM but not
found in PM has been reported (Wedlund er al., 1987). Storage of urine in the unfrozen
state, and acidification secondary to bacterial growth causc the conversion of this acid
labile mectabolite back to S—mephenvtoin. As the storage time of frozen urine samples
increases the S/R ratio in EMs urine increases (Tybring et al., 1992), so the presence of
this acid labile metabolite in urine may lead to an artificially increased concentration of
S—-mephenytoin and misclassification of EM to PM. It is thus necessary to reconfirm the

S/R value before and after acid treatment of urine samples (Tybring et al., 1992)

1.3.1 MUTANT ALLELES OF CYP2CI9.

Two major genetic defects in CYP2CI9, responsible for the poor metabolizer
phenotype have recently been described. The first defect (CYP2C19m1) consists of a
single base pair (G-->A) transition within the coding sequence of exon 5 creating an
aberrant splice site (deMorais et al., 1994a). The aberrantly spliced mRNA lacks the first
4{) base pairs of exon 5. The reading frame of such a mRNA is altered starting with
amino acid 215 and leading to a premature stop codon 20 amino acids residues
downstream. The consequence of this is a truncated, non functional protein. CYP2C19m1
accounts for 75% of the defective alleles among both Caucasians and Orientals (deMorais

et al., 1994b) and also within the Zimbabwean population (Masimirembwa et af., 1994).



The second genetic defect (CYP2CI9m?2) consists of a single base pair mutation
(G-—>A) in cxon 4 of CYP2C19 (deMorais et al., 1994b). It introduces a frame shift that
crcates a premature stop codon and results in a truncated polypeptide product.
CYP2CI9m2 accounts for the remaining 25% of the defective alleles in Orientals. No

mutation of this kind has so far been reported in Caucasians and in Black populations,

1.3.2 CYP2C19 GENETIC POLYMORPHISM

Impairment-in mephenytoin hydroxylation implicating a genetic cause was first
recognized in a family study (Kupfer er al 1979). Subsequent studies revealed that S-
mephenytoin hydroxylation exhibited genetic polymorphism (Jacqz et al 1986). The
enzyme responsible for the 4-hydroxylation of S-mephenytoin (S-mephenytoin
hydroxylase) was found to be CYP2ZCI9 (Wrighton ef af., 1993: Goldstein et al., 1994).
Deficient metabolism of S—-mephenytoin arises from partial or complete absence of S-
mephenytoin hydroxylase in the liver of PMs (Meier et al., 1985). It has also been
demonstrated that there is a significant correlation between the amount of CYP2C19

elaborated and the ability to 4-hydroxvlate S—mephenytoin (Wrighton et af., 1993).

Besides S—-mephenytoin CYP2C19 metabolizes several commonlty used drugs (see
table 3). Family studies have indicated that S— mephenytoin hydroxylation is under a
monogenic control, that the PM phenotype is inherited as an autosomal recessive trait
(Inaba er al., 1986: Ward et al.,, 1987), and that it is determined by at least two alleles at

a single genc locus. Accordingly, the PM phenotype represents the homozygous



Table 3. LIST OF SELECTED DRUGS METABOLIZED BY

oynen. T
DRUGS REFERENCES
PROGUANIL Ward et al., 1991.
PROPRANOLOL Ward et al., 1989.
OMEPRAZOLE Chiba et al., 1993.
IMIPRAMINE Skijelbo er al., 1993.
HEXOBARBITAL Adedoyin et al., 1994.

DIAZEPAM Andersson et al., 1994,
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recessive genotype while the EM population is a mixed distribution of heterozygous and

homozygous dominant individuals.

Expression of S-mephenytoin hydroxylase displays pronounced inter—ethnic variation.
About 2-5% of Caucasians are known to be PMs with respect to CYP2C19 (Sanz er af,,
1989: Alvan et al., 1990) whereas significantly higher proportion of the Oriental
populations (18-23%) demonstrate complete deficiency of CYP2C19 activity, (Nakamura

et al., 1985: Horai et al., 1989).

Incidence of PM phenotype in Black populations seems to be variable. The prevalence
of PM phenotype in a limited sample (n = 27) of American Black population was found
to be 185 % (Pollock et al., 1991), the corresponding incidence of PMs among
Zimbabweans was found fo be 4% (Masimirembwa e al., 1994). Sigﬂificantly higher
incidence of poor metabolizer phenotype (35 %) has been reported in Kenyans using
proguanil as probe drug (Watkins, er al., 1990). A study done on Nigerians indicated
absence of bimodality in the distribution of S-mephenvtoin hvdroxylation (Iyun et al,,

1990).

The impression is entertained in some circles that blacks are evolutionarily distinct
from Caucasians and Orientals. Also, no extensive study relating to genetic polymorphism
of CYP2C19, in particular CYP2C19m2, has ever been carried out in a black population.
It is thercfore impcrative to start an investigation regarding the CYP2C19 status in Black
populations. 'The present study has as one of its aims to explore the situation with the
view to identifying both the genotypes (CYP2CI9mI and CYP2C19m2) as well as the

phenotypes of S-mephenytoin hydroxylase z;fnnng Ethiopians.
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2. IMS T U

Broadly, the aim of this study can be put as follows:

(A). To analyze the frequency of various CYP2D6 and CYP2C19 genotypes among

Ethiopians, in relation to reported cases for other ethnic groups.

(B}. To analyze the different phenotypes among Ethiopians with respect to

CYP2Dé6 and CYP2C19 activities.

(C). To examine the relationship between CYP2D6 and CYP2CI9 genotypes and
phenotypes among Ethiopians, and to evaluate the predictive value of genotype
analysis as a phenotype determinant within the Ethiopian population.

3. G CEOF'T 4]

(i). Therapeutic relevance.

Administration of drugs subject to genetic polymorphism to poor metabolisers may
result in accumulation of the parent drug and hence increased responsiveness with several

side ¢ffcets even at doses considered 'normal’ or 'standard'.

When the pharmacotogical effect of a drug is inherent in the metabolite form, as

is the casc with codeine (Mikus et al., 1994), the therapy for poor metabolisers will



inevitably be insufficient and possibly incffective. On the other hand, it is unlikely that
therapeutic plasma concentration of administered drugs will be attained in highly extensive
mctabolisers at doses normally considered routine.  Knowledge of a patient's phenotype
and/or genotype prior to treatment with drugs metabolized by the CYP2D6 and CYP2C19
systems {or for that matter any drug the metabolism of which is subject to genetic
polymorphism), will be of immense practical value for dose adjustment purposcs,

particularly, for those drugs that have narrow interval of therapeutic plasma concentration.

(if). Toxicological importance
The principal function of drug metabolizing enzymes is to facilitate excretion of
administered drug by way of chemical modification of the parent drug, rendering it more
water soluble. Toxic reactions to drugs are quite common. Study of the relationship
between genetically determined differences in the activity of drug metabolizing enzymes
and the risk of adverse drug reactions has immense value. With regard to susceptibility

of the two phenotypes, drug mediated toxicity can be anticipated in two ways:

(a). Where drug toxicity is caused by the parent drug compound and the
elimination of the drug proceeds cxclusively via polymorphic enzyme, the PM
pﬁcnotype is more likely to be prone to such type of toxicity. The drug will
accumulate due to impaired mctabolism.

(b). When toxicity 1s mediated by a rcactive intermediate, gencrated by a
polymorphic enzyme, EMs are at much higher risk than PMs to develop toxicity
or cancer. Knowledge of ones phenotype therefore will be of great value in

avoiding toxicity caused by administered drugs.



(iii). Implication for drug development.

In the development of new drugs. where the metabolism of a particular drug under
investigation is subjcct to different degrees of genetic polymorphism within different ethnic
groups, it may be Inappropriate to extrapolate pharmacokinetics and metabolic data
obtained from studies conducted solcly on one such ethnic group to another. The
discovery of important inter—-cthnic differences in drug metabolizing ability with reference
to dose would require that this phenomenon be given serious consideration in international

test protocols for new drugs by pharmaceutical companies.

4. MATERIALS AND METHODS

4.1. SUBIECTS

One hundred and fiftcen healthy Ethiopians (54 females and 61 males), aged
between 18 and 335, mostly recruited from among medical students of Addis Ababa
University (originally various regions of the country)., and staff members of Black Lion
Hospital, Addis Ababa volunteered as subjects for this studv. The study had been
approved by the cthics committces of Addis Ababa University Medical Faculty and of
Karolinska Institute of Sweden. Subjects were given a brief information about the study
including any possible side cffects that might arise from administration of Debrisoquine
and Mephenytoin (see appendix 1). All subjects had no recent illness as confirmed by
physical cxamination and were not receiving any other drugs during their period of

participation in the study.
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4.2, CHEMICALS

S—mephenytoin (Mesantoin) and debrisoquine tablets were obtained from Sandoz
and Declinax, Roche respectively. Restriction enzymes, Xbal, EcoRl, BamHI and Saml
were purchased from Bochringer Mannheim, Germany and heat stable DNA polymerase
with buffer from KEBO, Sweden. One for all buffer was obtained from Pharmacia.
c¢DNA was kindly provided by U.A. Meyer, Bascl, Switzerland and F. Gonzalez, Bethesda,
USA. Multiprime DNA labelling kit Code RPN 1601 Y and **P dCTP were purchased
from Amersham, UK. Agarose, NuSieve GTG and SeaKem LE, were from SIGMA.

Primers were bought from Scandinavian Gene Synthesis AB.
4.3. METHODS

4.3.1. GENOTYPING OF CYP2D6

(). Extraction of genomic DNA from whole blood:

Ten ml of blood was taken from cach randomly selected Ethiopian volunteer
in EDTA-containing vacutainer tube. leukocyte DNA was extracted by the Guanidine
isothiocynate method (Sambrook et al., 1989). (sce appendix 11 for details).

(ii). Restriction Fragment Length Polymorphism (RFLP) Analysis.

Seven ug of genomic DNA was digested with restriction endonuclease Xbal or
EcoRI to completion (sce appendix III for details). The resultiﬁg DNA fragments were
subscquently subjected to agarose gel electrophoresis (0.55% or 0.85% agarose at 0.5

V/em for 5 days or 1 V/em for 72 hrs respectively. After Southern blotting using
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Quiabrane membranes (see appendix [V for details), the membrane was prehybrdized for
2 hrs at 61°C. Hybridization was done with full length tadioactively labelled CYP2D6
¢DNA which recognizes CYP2D6 as well as the pseudogenes CYP2D7 and CYP2DS. The
probe was prepared using Multiprime DNA labelling kit and labelled with **P dCTP, as
recommended by the manufacturer (see appendix V.). The membrane was then washed
3 times and the different restriction fragment length patterns were analyzed after exbosing
the film for 2-7 days at 70°C.

(iii)._Polymerase Chain Reaction (PCR)-based allele specific analysis.

(a). Identification of CYP2D6A and CYP2DGB.

CYP2D6A and CYP2D6B mutations were studied using PCR-based allele specific
amplification of parts of the genes covering the spéciﬁc mutation as described by. Heim
and Mayer (1990). In brief the method consists of two consecutive steps: In the first step,
(PCR 1), DNA fragment of the CYP2D6 gene was amplified specifically using
oligonucleotide primers that are complimentary to unique CYP2D6 intronic sequences on
either side of the mutation of interest. Primers 142 and primers 3+4 (See table 4a for

primer sequences) were used to identify CYP2D6B and CYP2D6A, to give fragment B and

fragment A respectively (See figure 6).

In the second step, (PCR 2), 1 pl of the amplified product from PCR | was used
as a template. Fragment B was reamplified with primer 1 and wild type specific primer
7, and in a separate reaction tube with primer 1 and mutation specific primer 8. Similarly,
fragment A was reamplified with primer 4 and wild type specific primer 5, and also with
primer 4 and mutation specific primer 6. Typically, six reactions were carried out with

each isolated DNA sample to identify each mutation type.
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Table 4a.-

PRIMER'No: _

Primer 1
Primer 2
Primer 3
Primer 4
Primer §
Primer 6
Primer 7
Primer 8
Primer 9 -
Primer 10
Primer 108

Primer 11

Primer 12

.Sequence-of oligonucleotide primers used in the

Polymerase Chain Reaction (PCR) for the analysis of
CYP2D6A, CYP2D6B and Exon 1 (Cqgg -—>T).

OLIGONUCLEOTIDE
SEQUENCE '

5'-(ATTTCCCAGCTGGAATCC)-3
5-(GAGACTCCTCGGTCTCTC)-3'
5'-(GCGGAGCGAGAGACCGAGGA)-3'
6'-(CCGGCCCTGACACTCCTTCT)-3"

§'-(GCTAACTGAGCACA)3"

5'-{(GCTAACTGAGCACG)-J’

6'-(CGAAAGGGGCGTCC)-3"
§'-(CGAAAGGGGCGTCT)-3"
6-(ACTAGGCCCCTCCACCGG)-3'
5"-(TCTGTAGGGGAGTCTCAGC)-3'
5"-(GTGGTGGGGCATCCTCAGG)-3'

5'-(AGGGGGCCTGGTGG)-3'

5'-(AGGGGGCCTGGTGC)-3'

POSITION

1386 - 1402
2122 - 2139
2098 - 2117
3200 - 3181
2624 - 2637
2624 - 2637
1947 - 1934
1947.- 1934
196 - 179
321 - 302
J02 - 333

201 - G1gg

201 -C188
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Table4b.,

.PRIMERS

CYP2C19m1F*
CYP2C19m1R*
CYP2C19m2F*
CYP2C19m2R*

~Sequence of oligonucleotide primers used in the
Polymerase Chain Reaction (PCR) for aenotypina
the population for CYP2C19mT and CYP2C19m2

OLIGONUCLEOTIDE SEQUENCE

. 6"(AATTACAACCAGAGCTTGGC)3'
5'.(TATCACTTTCCATAAAAGCAAG)-3'
5" (TATTATTATCTGTTAACTAATATGA)-3"
5"-(ACTTCAGGGCTTGGTCAATA)-3'

F* : FORWARD PRIMER

R* : REVERSE PRIMER .

Note. The CYP2C19 gene is not yet fully $equenced
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Typically, about 200 ng genomic DNA was amplified by PCR in a total of 25 ui
reaction mixture containing 200 uM of dANTP, 1.0 mM MgCl,, 2.5 i of 10X reaction
buffer, 0.25 uM prnimers. In PCR 1, after an initial denaturation at 94°C for 1.5 min, the
PCR reaction was carricd out for 35 cycles under the following conditions: denaturation
at 94°C for 1 min; annealing temperature, 52°C for 1 min; extension period at 72°C for 1
min and finally 7 min elongation at 72°C. PCR 2 was performed for 15 cycles under the
fotlowing conditions; 94°C 1 min, 50°C 1 min, 72°C 1 min, with final extension time of

7 minutes at 72°C after the last cycle.

(b). Identification of C,——>T Mutation in Exon 1

Amplification and detection of exon 1 mutation was performed in two steps
according to Johansson ef al.,(1994), using primers 9 and 10 in PCR 1 and for PCR 2,
primers 9+11 for the wt and primers 9+12 for the mutated alleles. Because of the
possibility of having an exon 1 mutation in CYP2D6L (where a gene conversion event had
occurred in intron 1 as a result of part of the CYP2D7P gene being introduced into the
intron), amplification of exon 1 in PCR | using the usual primers for the 2D6wt gene
becomes impossible. Amplification in such cases was carried out using primer 9 and 10B.
The exon 1 mutation was then determined by a second PCR on the amplified products of
PCR 1 using primer 9+11 and primer 9412. In all cases 10 pl of the different reaction
products was analyzed by 1.2% agarose gel electrophoresis in 1 X TBE buffer. The gene
band pattern was visualized with ethidium bromide, fluoresced under a UV transilluminator
and photographed on a polaroid instant pack film for examination and subsequent statistical

analysis.




(c). Identification of CYP2D6C mutation

Prescnce of CYP2D6C allele (a deletion of the triplet nucleotide that codes for
LyS.g, Tyndale et al ,1991), was screencd by single stranded conformational polymorphism
(SSCP). The relevant DNA fragment containing exons 5 and 60, and obtained in PCR 1
for the CYP2D6A allcle using primers 3+4 as templates for PCR 2. In the second PCR,
a 320bp fragment was amplified using primers 2D8ex5F al‘.xd 2DGexSR. 10 pl PCR 2
product was analyzed on 1.5% agarose gel electrophoresis. Five ul of PCR 2 product was
denatured by heating at 95°C for 5 min and subjected to a non—denaturing polyacrylamide
gel. DNA fragments were visualized by silver staining according to the method of Blum
et al. ,(1987) (see appendix VI). As a positive control for the C-type mutation, DNA from
an individual who had been genotyped as CY2D6C by DNA sequence analysis was used.
Presence of C-mutation could clearly be confirmed from a fragment with a higher

mobility.
4.3.2. CYP2D6 PHENOTYPE ANALYSIS.

Ten mg of Debrisoquine (Declinax, Roche) was orally co—administered with 100mg
of racemic mephenytoin (Mesantoin, Sandoz) to volunteers together with a glass of water,
after they had emptied their bladder, preferably before bedtime. It had been established
that these two drugs are metabolized by two different P450 enzyme systems so the

question of metabolic interference between the two drugs does not arise.
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Concentrations of the parent drug (Debrisoquine) and its metabolite (4-OH-
Debrisoquine) was analyzed by gas chromatography according to Lennard et al (1977).
The procedure requires derivatization of the debrisoquine and 4-OH-debrisoqguine to
pyrimidine derivatives by overnight incubation of the urine samples with acetyl acetone
at 50°C followed by organic solvent extraction of the derivatives ( see appendix VII).
Urinary metabolic ratio (MR) was calculated as the ratio of debrisoquine recovered in urine
to that of the corresponding derivative 4-OH debrisoquine. T

Debrisoquine recovery in urine

MR Debrisoquine =

4-OH Debrisoquine recovery in urine
Log,, MR values were used in the graphs and phenotype assignment was made according
to previous reports on Caucasians: PMs and ultra rapid metabolisers (UMs) were defined

as subjects with MR >12.6 and <0.2 respectively.

4.3.3. CYP2C19 GENOQTYPING

Two mutations recently found in the CYP2CI9 gene: CYP2CI9mI and
CYP2C19m2, that account for deficient metabolism of drugs metabolized by this enzyme
were analyzed according to deMorais et al. (1994a, 1994b).  About 200ng of genomic
DNA was amplified by polymerase chain reaction in a total of 25 pl reaction mixture
containing 200 pM dNTP, 1.0mM MgCl,, 2.5 ul of 10X reaction buffer, 0.25uM primers
(CYP2C19m1F + CYP2C19mIR and CYP2C19m2F + CYP2C19m2R for the CYP2C19m1

and CYP2CI9m2 mutations respectively). PCR reaction cycles of
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denaturation, anncaling and extension temperature was as described in scction 4.3.1. for

CYP2D6 genotyping.

Eight 1l of each PCR product was clectrophoresed on a 3% agarose gel and stained
with ethidium bromide. For CYP2CI9ml analysis, 12ul of PCR product were digested
with Smal in a total of 23ul reaction mixture containing 0.3U of Smal, 6ul of buffer and
6l of water. After an overnight incubation at 25°C, the volume of the mixture was
reduced t.() half by vacuum drying and the sample was. analyzed on 3% agarose gel.
Analysis of CYP2C19m2 was carried out as follows: Bul of PCR product was digested
with 10 U of BamHI, Sul of One phor all buffer and water to make a total reaction
mixture of 50ul. After an overnight incubation at 37°C and vacuum drying to half the
original volume, the digested DNA was subjected to electrophoresis on a 3% agarose gel

in 1 X TBE buffer.

Figure 7. shows the strategy used to genotype CYP2C19m1 and CYP2C19m2 after
digestion of the amplified genc product with Smal and BamHI respectivelv. Presence of
CYP2C19m1 and CYP2CI9m2 climinates the restriction cleavage site for Smal and BamHI

respectively.

43.4. CYP2C19 PHENOTYPE

The concentration of S- and R-mephenytoin in urine was measured by
stereoselective gas chromatography according to the technique of Wedlund er al. (1984),

as modified by Sanz ef al (1989). 1 ml of thawed urine was placed in a glass tube to
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which was added 200 ul of chloroform. This was shaken vigorously for 15 min followed
by bench centrifugation at 3000 RPM for 10 min. Onc ul of the organic phase was
injected to the chiral gas chromatographv. All urine samples giving SR ratios greater than
(0.6 were reanalyzed after acid trearment by adding 25ul of concentrated HCl according to
Tybring et al. (1992). Subjects with S/R ratio greater than 0.9 and whose value did not

increase after acid treatment were classified as PM.

5. RESULTS

5.1. CYP2Dé6 PHENOTYPE

The frequency distribution of log,; MR in 0-8 hr urine samples of the 115 subjects
is shown in figur-e 8. Debrisoquine MRs appear trimodally distributed in the population
with a large part of them located within the range 1 — 10. The distribution histogram is
skewed to the right when compared to the corresponding situation for Caucasians. Two
subjects with UMR -“>1?..() (#ER9 female, MR = 132 and #E11 male, MR = 45.12
respectively) are assigned PM status. The prevalence of CYP2D6 PM among Ethiopians
as revealed by this study is 1.74%. This is within the range (0-2%) indicated for Black
populations (Relling ef al., 1991; Evans et al., 1993). Six subjects (5%) had UMR < 0.2

and are classificd as Ultrarapid metabolizers (UMs).
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5.2. CYP2D6 GENOTYPE

(i). RFLP analysis of CYP2D6:

Genomic DNA from all subjects were analyzed for the known variants of CYP2D6
by RFLP using both Xbal and EcoRI to detect the 11.5kb, 44kb and 42kb haplotypes
associated with gene deletion, defect CYP2D locus and duplication respectively. These
CYP2D6 haplotypes (see figure 9) as well as new multiduplicated types (54kb, 66kb and
78kb), indicative of three, four and five CYP2D6 genes respectively have been shown by
this study to be present in the Ethiopian population. It should be added here that the 66kb
and 78kb Xbal haplotypes are new variants of CYP2D6 identified by this study. The
frequencies of these, together with other variaht alleles as detected by RFLP among
Ethiopians arec summarized in table 5. For all subjects with MRs lower than 0.2 (n=6)
RFLP analysis of genomic DNA revealed the presence of extra genes as indicated by the
Xbal 42kb or 54kb fragment containing in all two and three functionally active CYP2D6

genes respectively (Table 6).

Interestingly the allele frequency of the Xbal 42 kb haplotype found in Ethiopians
is 12.9%, considerably higher compared to any other groups studied. Three subjects were
found to be heterozygous for the 54 kb allcle (E#17 (54/29, MR=0.05), E#24 (54/29, MR
= ().27) and E#25 (54/11.5, MR = 0.28). Two individuals were heterozygous for Xbal
66kb, and one with 78kb (MR = (0.2). In all these subjects, the EcoRI 12.1kb fragment had
a higher intensity when compared to the other fragments. The RFLP data are consistent

with the presence of alleles carrying two (42kb), three




FIGURE 9, AUTORADIOGRAM FROM Xbal RFLP ANALYSIS OF THE
CYP2D6 LOCUS OF GENOMIC DNA OF SOME ETHIOPIAN

SUBJECTS. NOTE THE PRESENCE OF ALL THE DIFFERENT
KNOWN Xbal HAPLOTYPES ( 11.5Kb, 29Kb, 42Kb, 44Kb, 54Kb )

AS WELL AS THE NEWLY IDENTIFIED (66Kb, 78Kb ) IN THE

ETHIOPIAN POPULATION
o .8 2 .

- - |
2282;222282828%828282%82332
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NUMBERS AT THE BASE INDICATE DIFFERENT SAMPLES
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Table 6.  Xbal HAPLOTYPES OF SUBJECTS WITH
DEBRISOQUINE METABOLIC RATIO LESS THAN

0.2
DAN Xbal DEBRISOQUINE
SAMPLE HAPLOTYPE METABOLIC RATIO
E5 f 42129 0.07
E17 ' 54120 0.05
E37 - 42/29 0.11
E85 42129 043
£93. 42129 0.12
E116: 42129 0.18
'E: ETHIOPIAN

45




(54kb), four (66kb) and cven five (78kb) active CYP2D6 genes in tandem. Figure 10.
shows the frequency distribution of  debrisoguine MR with respect to the different

CYP2D6 haplotvpes as detected by RFLP and PCR analvsis.

From the distribution histogram it can be inferred that more than one copy of
functionally active CYP2D6 genes are present and responsible for the expression of higher
amounts of the CYP2D6 enzyme. This probably is the reason for the lower MR. Three
Subjects (44/29) haplotype with relatively higher debrisoquine MR were found: E#14,
E#51 and E#89 with MR of 129, 0.87 and 13.2 respectively. All of them are
heterozygous for the exon 1 Cg—->T mutation. Table 7 summarizes the Xbal RFLP

results for the 113 Ethiopian EMs.

{(ii). PCR-based analysis_of CYP2D64 and CYP2D6B.

Using PCR all subjects were investigated for CYP2D64 and CYP2D6B. No
CYP2D6A allele was found (figure 11) and only three subjects were heterozygous for
CYP2D6B (figurc 12) one of the PMs, #E11 and two EMs, #E9 and #E87 with UMR 1.9

and 1.13 respectively. The allele frequency of CYP2D68B is thus 1.3 %.

(iii). PCR and SSCP analysis of CYP2D8C:
All subjects that have got MR > | were investigated further for the presence of
CYP2D6C allele, using PCR and SSCP. This was to see if the presence of CYP2D6C was

responsible for the right shift of the frequency distribution histogram. None of them

contained the CYP2D6C allele.
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Figure10,FREQUENCY DISTRIBUTION OF DEBRISOQUINE
URINARY METABOLIC RATIO WITH RESPECT TO
VARIOUS HAPLOTYPES AS DETECTED BY PCR AND

RFLP
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Table7. SUMMARY-OF-THE Xbal RFLP-RESULTS FOR THE
113 ETHIOPIAN EXTENSIVE METABOLISERS (EMs)
OF DEBRISOQUINE
Xbal NUMBER OF FREQUENCY MEDIAN  MEAN
HAPLOTYPES  SUBJECTS (%} MR MR
29023 76 664 0.95 1.47
- 42129 22 19.6 0.37 0.52
42142 3 C 27 0.13 0.16
44729 2 1.8 ~1.08 1.08
54/29 2 1.8 0.16 0.16
66/29 14 0.9 0.24 0.24
78729 i 0.9 0.20 0.20
11.5/29 5 | 4.4 1.55 5,19
11.5/42 1 0.9 0.25 0.25
11.5/54 | 0.28 0.28

MR: METABOLIC RATIO
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FIGURE 11. CYP2D6A ALLELE-SPECIFIC AMPLIFICATION OF
DNA (PCR-2). NO CYP2D6A ALLELE WAS FOUND IN THE
ETHIOPIAN POPULATION STUDIED AS SHOWN BY
CORRESPONDING REGIONS WITHOUT BANDS. EXTREME END
LANES REPRESENT MOLECULAR WEIGHT MARKER Viil. UPPER
AND LOWER PANELS REPRESENT DIFFERENT DNA SAMPLES
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(iv). Analysis of exon 1 (C ,,——>T):

The exon | (Cyg——>T) mutation commonly found among Orientals. and responsible
for the higher MR in Oriental EMs is also found in the Ethiopian population. This was
analvzed using two scts of primers in the PCR 1 (sce section 4.3.1.). In addition to the 115
~subjects that were phenotyped for debrisoquine, 7 additional subjects were also analyzed
for exon 1 mutation but not phenotyped. Twenty two subjects were found heterozygous
for this mutation. One individual was found to be homozygous mutated but we were
unable to trace him for phenotyping. The allele frequency of the exon 1 mutation in the
Ethiopian population is 9.8 %. Figure 13 shows the debrisoquine MR frequency
distribution with respect to CYP2D6 exon | mutation. Table 8 summarizes the frequencies
of PCR detectable CYP2D6 mutant alleles as compared to those of other ethnic groups in

which the mutation is more common.

5.3. CYpP2Cl9 PHENOTYPE

S—-mephenytoin hydroxylasc polymorphism was analyzed in 114 Ethiopians (for
some unknown reason. it was impossible to measure S—MP concentration from the urine
sample of the remaining one subject } using racemic mephenytoin as a probe drug. The
frequency distribution of the uninary S/R ratio obtained is shown in figure 14. The
distribution curve seems to be trimodal dividing the population in three groups with S/R
values as follows: 0.05 - 0.25, 1.25 - 0.75 and 0.9 -~ 1.2. Eight subjects had S/R ratio >
0.9. After acid treatment and reanalysis of these urinc samples two of them showed an
increase in S/R ratio (from 1.066 and 0.972 to 6.176 and 2.178 respectively), a
characteristic associated with EMs. They arc therefore assigned as EM phenotype. Three
female and three male subjects are assigned as PM. The incidence of poor metabolisers of

S-mephenytoin 1s 3.3% (6 out of 114). The lowest S/R ratio detected was 0.004.
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54. _CYP2CI9 GENOTYPE

All suhjects were investigated for CYP2CI9m 1. The result of this genotype analysis
is summarized in table 9. The SR ratio median value for homozygous and heterozygous
EMs cxcluding those that had S/R ratio > 0.9 is 0.19 and 0.32 rcspcctiy’ely. The
heterozygous EMs had S/R ratio higher than the homozygous subjects. There is a
statistically significant difference between them (P < 0.04) using Mann-Whitney two-
tailed t—-test, indicating genc dose—dependent hydroxylation of the drug. The allele
frequency of CYP2CI9m1 is 13.6%. Three out of the 6 PMs were hcterozygous
(CYP2CI9m1/CYP2CI9wf) and the rcmaining three homozygous mutated
(CYP2C19m1/CYP2C19m1). Only these 6 PMs were investigated for CYP2C19m?2 (sce
figure 15). Those who were heterozygous wt for CYP2ZCI19ml were also found to be
heterozygous for CYP2C19m2, whereas those h()nmzygous mt for CYP2C19m1 were found
to be homozygous wt for CYPICI9m2. Thus threc of the PMs contain a combination of
the two CYP2C19 defective alleles (CYP2C19m1/CYP2C19m2) and the remaining three

arc homozygous CYP2CI9mI mutated (CYP2CI9m1/CYP2CI9mI).

6. DISCUSSION

CYP2D6

Two out of 115 subjects were identificd as PMs of debrisoquine since they had
metabolic ratios greater than 12.6. The prevalence of CYP2D6 PM phenotype 1s thus

1.74%. Figure 8 shows the frequency distribution of the log,, metabolic ratio among

n
'




Table9. SUMMARY OF CYP2C19mT GENOTYPING

RESULTS FOR 114 ETHIOPIANS

GENOTYPES NUMBER OF NUMBEROF  NUMBER OF
SUBJECTS EMs PMs

wit/wt 86 26 0

wt/mt - - 25 22 3

mt/mt 3 0 3

TOTAL 114 108 | G

wi:  wild type

mt: mutated

EMs: Extensive metabolisers
PMs: Poor metabolisers
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FIGURE 11. — GENOTYPE ANALYSIS OF CYP2C19m7 AND CYP2C19m2
OF SIX ETHIOPIAN PMs OF S-MEPHENYTCIN,

THE CORRESPONDING PCR PRODUCT WAS DIGESTED WITH Smal AND BamH|
RESPECTIVELY. - UPPER PANEL SHOWS CLEAVAGE PATTERN OF BamHI DIGESTED
PCR AMPLIFIED DNA (CYP2C19m2 ANALYSIS) AFTER AGAROSE GEL '
ELECTROPHORESIS. LOWER SHOWS CLEAVAGE PATTERN OF Saml DIGESTED PCR
AMPLIFIED DNA (CYP2C19m1 ANALYSIS) FROM THE SAME SUBJECTS. LANES (A) AND
{H) MOLECULAR WEIGHT MARKERS.

ABCDEFGH

UPPER REGION
<—— ( Bam HIDIGESTION

OF EXON 4)
3 LOWER REGION
< (Sam IDIGESTION
OF EXON 5)
LANE SUBJECT GENOTYPE
B E1 CYP2C19mMI/ICYP2C19m2 !
C E2 CYP2C19m1/CYP2C19m2
D EGO CYP2C19m1/CYP2C19m2
E E32 CYP2C19m1/CYP2C19m1
F ES7 CYP2C19m1/CYP2C19m1
G E101 CYP2C19m/CYP2C19m1
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Ethiopians. The debrisoquine MRs are trimodally distributed with the larger part of the
population located in the MR interval 1 - 10, Apparently, the distribution histogram is
skewed to the right indicating that most of the Ethiopian EMs have a higher MR compared
to the case with Caucasian populations. The genotypes of the two PMs, E#11 (MR =
45.12; 29 29), is B/wt and E#89 (MR = 13.2, 44/29) exon | mut/wt. These genotypes are
however not considered to be responsible for the PM status of these individuals. 1t is
therefore proposed that another as yet unidentified mutation could be responsible for this

status in the Ethiopian population.

The genetics of CYP2D6 among Ethiopians appear to be significantly different from
that of Caucasians. Apart from the significantly lower frequency of PMs, the 44kb Xbal
RFLP fragment appears not to be associated with the B type mutation and therefore not
linked with the PM phenotype status. The low prevalence of PMs of debrisoquine among
Ethiopians is within the range (0-2%) of PM phenotype observed in other Black
populations studied to date (Relling ef al., 1991; Masimirembwa er al., 1995). As in other
African and American Black populations, the low prevalence of PMs among Ethiopians
is due to the lower frequency of CYP2D6 mutant allcle that predict the PM phenotype. The
allelc frequencies of CYP2D6B and CYP2D6A alleles was found to be 1.3% and 0%

respectively.

The exon 1 (C,—->T) mutation which is very common among Orientals (Lee et
al., 1994}, 1s strongly associated with a higher MR in EMs. This mutation was found to
be the determinant for the reduced activity of CYP2D6ch and explains the right shift of

the frequency distribution histogram in Oricntals (Johansson et al.,, 1994 ). There has




been no reported case of exon | mutation in a Black population. It is reported here, on the
basis of this investigation, that the exon 1 mutation docs occur in the Ethiopian population
with an allele frequency of 9.8%. Unlike in Orientals, the exon 1 mutation secems to have
a wider spread among the Ethiopian EMs (sce figure 9). [t appears as if this mutation is
not responsible for the right shift in the frequency distribution histogram observed among

Ethiopians. This however is yet to be fully determined.

The Xbal 44kb allcle is very common (37%) in Oriental EMs and is associated
with higher debrisoquine MR (Johansson ef al., 1991). The Chinese 44kb allele contains
two CYP2D6 genes designated CYP2D6chl and CYP2D6ch2 with reduced enzyme
activity. Genetic analysis of the Chinese CYP2D6 locus implicated the exon 1 Cige——>T
mutation as the cause for the diminished capacity for debrisoquine hydroxylation
(Johansson ef al., 1994). Three Ethiopian subjects were identified as having the 44kb
allele. Although, as in Orientals, the Ethiopian 44kb haplotype is associated with higher
MR and also contains an exon 1 mutation, the two populations differ significantly in the

frequency of this allele being higher in Chinese (37%) compared to 1.3% in Ethiopians.

The CYP2D6C allele which has a codon deletion in exon 5, has been identificd in
a Caucasian liver with deficient metabolism. It is estimated to account for about 1.3% of
CYP2D6 alleles in Caucasians. No corresponding frequency of the CYP2D6C allele has
as yet been reported in any African population. CYP2D6C, like cxon 1 mutation has a
reduced activity, but it is not associated with the PM phenotype (Tyndale ef al., 1991; Lee

et al., 1994). All subjccts that had MR > 1 were analyzed for CYP2D6C with the
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view to seeing if this allele is the cause for the higher MR among the Ethiopian EMs. No

such allcle was found among the Ethiopians investigated.

Another interesting result arising from this study is the demonstration of a very
high prevalence among Ethiopians of a duplicated CYP26D6 gene as confirmed by the
Xbal 42 kb allele. This oceurs to a significantly higher frequency (12.9%) than in any
other populations studied to date. The 42 kb allele frequency in Caucasians is between 1-
7% (Dahl et al, 1994; Agindez er al., 1995). Among Zimbabweans it is 2.2%
(Masimirembwa er al., 1993). In Caucasians the allele contains two duplicated or
amplified functional CYP2D6 genes which predicts the ultra rapid metabolizer phenotype.
In the Zimbabwean black subjects studicd, the CYP2ZD6B mutation is associated with the
42 Xbal haplotype. It has been suggested that the Zimbabwean 42kb Xbal allele may
contain a duplicated non functional CYP2D6 gene (Masimirembwa ef al., 1993). In
contrast to the Zimbabwean cxperience the Ethiopian 42kb allele is not associated with the
CYP2D6B mutation. It is found to contain two functional CYP2D6 genes. All the three

CYP2DB alleles found in this study are associated with the 2929 Xbal Haplotype.

Figure 10) shows that subjects carrying the 42/42 genotype are associated with lower
debrisoquine MR compared to those with 29/42 and 29/29 genotypes. The implication
is that the duplication or amplification of a functional CYP2D6 gene is responsible for the
higher hydroxylation capacity of the enzyme which then predicts the rapid metabolizer
phenotypes. Surprisingly. the MR of Ethiopian subjects carrying the 42kb Xbal allele and
those subjects carrying multiduplicated cop'ics of the CYP2D6 gene, is not as low as that

for Caucasians. The Caucasian 42kb haplotype is associated with
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extremely high CYP2D6 activity as indicated by the very low debrisoquine MRs (<0.2)
(Dahl er al.. 1995). The mdications arc that the Ethiopians 42kb Ybal may be somchow
different from that of Zimbabwceans and Caucasians. It was also possible to identify a new
CYP2D6 allcle in the Ethiopian population carrying four and even five active CYP2D6

genes.

From the distribution histogram of debrisoquine, obtained for Caucasians and
Chinese (scc figure 3), the right shift of the curve in the case of Chinese EMs is rather
obvious. Chinese EM subjects metabolize CYP2D6 substrates more slowly than do
Caucasians. This is supported by the fact that they generally have higher debrisoquine
MRs. Genetic analysis of the Chinese CYP2D6 locus as revealed by the frequency
distribution of the exon 1 mutation C,;3——>T explained the lower capacity among them to
metabolize drugs that arc substrate of CYP2D6 (Johansson ef al., 1994). Similarly the
distribution curve obtained for Ethiopians and for some other Black populations studied

(sce figures 4 and 7) is shifted to the right indicating that these EMs have higher MR.

Recently, the presence of a CYP2D6 mutation, the CYP2D6Z allele (frequency>
4(%) has been reported among Zimbabweans. CYP2D6Z has a mutation in exon 2 causing
a Thry, —-—> lIle amino acid substitution that gives rise to an unstable enzyme
(Masimirembwa et al., 1995). This was reported to be responsible for the right shift of
the Zimbabwean distribution curve and explains the slow metabolism of substrates of
CYP2D6 (Masimirembwa er al,, 1995). The allele frequency of CYP2D6Z among
Ethiopians is 11.2% meaning again that the presence of CYP2D6Z in Ethiopians cannot

alonc explain the right shift of the distribution curve for Ethiopians. It is thercfore
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suggested that another, as yet unidentified, mutation among Ethiopians could be
responsible for the trimodality and right shift of the distribution curve. This calls for
further investigation inctuding sequence analysis of the Ethiopians CYP2D6 locus. This
study has demonstrated new CYP2D6 vanant allcles among Ethiopians namély the 66kb
and 78kb Xbal haplotypes. These suggest-the presence of four and five active copics_ of
the CYP2D6 gene in tandem and indicate that duplicated (42kb) and multiduplicated (54kb,
66kb, and 78kb) CYP2D6 gencs are of common occurrence among Ethiopians. These
observations may have given a clue to the genetic heterogeneity of African Black
populations with respect to CYP2D6 pointing to the fact that Blacks should not be viewed
as one homogencous entity, and that extrapolation and application of results obtained in

one Black population to another need to be seriously discouraged.

CYP2C19

In this study 114 hcalthy unrelated Ethiopian subjects were phenotyped for
CYP2C19 activity using S-mephenytoin as the probe drug.” Figure 14 shows the frequency
distribution histogram with respect to S/R ratio. The EM status had carlier been confimed
by the increased S/R value after acid treatment of urine samples. The prevalence of
CYP2C19 PMs in the population is 5.3%. This compares with the result obtained with
Caucasians (2-5%) and some Black population studies (Zimbabweans, 4%) and is in
contrast to the Oriental (18-23%). The result of this study is inconsistent with the higher
incidence (18%) of PMs found in Black Amecricans (Pollock ef al., 1991) as well as in

Kenyans (35%) (Watkins ef al., 1990) and the lack of bimodality in Nigerians




(Iyun et al., 1990). This stresses the hetcrogencous nature of the different African

populations.

Impaired metabolism of S—mephenyvtoin and other drugs whose metabolism co-
segregates with S—-mephenytoin is caused by the genetic defect in CYP2C19, So far two
mutant alleles of CYP2CI9 that account for the PM phenotype are described.
CYP2CI9m1i is a G-->A transition in exon 5 of CYP2C19 that produce an aberrant splice
site resulting in the production of a non-functional protcin. The CYP2CI19mI mutant
allele accounté for 75% of the defective alleles in both Caucasians and Orientals (deMories
et al., 1994a) as well as in Zimbabweans (Masimirembwa et al., 1994). CYP2CI19m1 also
accounts for the 9 out of 12 (75%) defective alleles in Ethiopian PMs. This suggests that
this mutation is the major CYP2CI9 gene defect responsible for the PM phenotype in

many ethnic groups.

The second CYP2CI9 gene defect responsible for the PM  phenotype is
CYP2Ci9m2. It is a single base pair mutation (G-—>A) at position 636 of cxon 4 of
CYP2C19 which creates a premature stop codon. CYP2CI19m2 has not been detected in
Caucasian and Zimbabweans PMs. [t has however been found in Oricntals where it
accounts for the remaining 25% of defective allcles in the PMs (deMorais et al., 1995b).
As in Oricental populations CYP2C19m2 exists in Ethiopian populations and accounts for
the 25% (3 out of 12 allcles) of the dcfective alleles in the poor metabolizers.
CYP2C19ml and CYP2CI9m2 thus apparently account for about 100% of the available
PMs among Ethiopians. The relative proportions between the frequencies of the defect

alleles m1 and m2 is similar among Ethiopians and Orientals, but the frequency of PMs
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is about threefold higher in Oricntals. This study supports the view that predictive value
of CYP2C19 genotype analysis as a phenotype determinant among Ethiopians is strongly
suggestive.

Although the sample size may not have been large enough and might not be
representative of all the different tribes in Ethiopia, this study nevertheless provides a clue
to the genetic status of the two important and genetically polymorphic drug metabolizing

enzymes, CYP2D6O-and CYP2C19 among Ethiopians.

7. CONCLUSION.

Expression of CYP2D6 and CYP2C19 is polymorphic, displaying large inter-
individual variation among Ethiopians. The prevalence of the poor metabolizer phenotype
of CYP2D6 is lower compared to Caucasians, it is within the range (0-2 %) as found
among Oricntals, American Blacks and some other Black Africans. The low incidence of
PM among Ethiopians is the result of lower prﬁV'alcnce of CYP2D6 defective alleles.
CYP2D6 gcnm__\_'i;c analysis of Ethiopian PMs indicated that they are not homozygous for
the known CYP2D6 defective alleles that predict the PM phenotype. It is likely that there
is another Ethiopian mutation, yet to be identificd, in the CYP2D6 locus. Also the cause

for the majority of the EMs having a higher MR remains to be investigated.

In conclusion it has been shown that Ethiopians differ in a pronounced manner
compared to other ethnic groups in the constitution of the CYP2D locus. In particular, an
extremely high frequency of subjects carrying duplicated or multiduplicated active
CYP2D6 genes was found, indicative of very rapid drug metabolism. This fact has to be

considered during drug therapy using substrates for CYP2DG0, since therapeutic drug levels
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will not be reached at ordinary doses in these subjects.  Furthermore, the mean metabolic
ratio for debrisoquine in the major part of the population is higher than in Caucassians,

indicating lower capability for drug metabolism among the majority of subjects

The prevalence of PM phenotype of CYP2C19 among Ethiopians is comparable
to that of Caucasians and Zimbabweans but is in contrast to other Black populations and
Oricntals. There is a good correlation between the genotype and the phenotype analysis of
CYP2C19. The incidence of PMs among Kenyans and American Blacks is higher. Lack
of bimodality has been shown in Nigerian populations, confirming the heterogeneity of

Blacks.




8. APPENDICES

APPENDIX 1. INFORMATION TO VOLUNTEERS
Determination of the metabolic_capacity of Debrisoquine and = S-mephenytoin

Many drugs are metabolized in the body, preferentially in the liver, before excretion
in urine. The metabolic capacity for a number of drugs is subject to a high degree of
interindividual variation which will influence the rate of elimination of the drugs. There
arc pronounced Interethnic differences in the relative number of people that have increased

or, alternatively, very diminished ability to metabolize drugs.

Debrisoquine, an antihypertensive drug, and S-mephenytoin, an anticonvulsant drug
are mectabolized and the products eliminated in the urine. The capacity to metabolize these
two drugs is genetically determined and can be measured by a simple test procedures.
About 7% of Caucasians belong to the group of poor metabolizers (PM) debrisoquine. The
corresponding percentage of poor metabolizers among Africans is low. Studies on the
metabolism of these drugs have been carried out in a number of countries, it is our

intention to investigate the metabolism of these drugs among Ethiopians.

Debrisoquine (10 mg), a Roche product and S-mephenytoin (100 mg), are swallowed
-togcthcr with a glass of water just before bed time. The urinary bladder is emptied before
the tablets arc taken. All urine will be collected from () to 8 hours after intake for
phenotype analysis. Ten ml of blood will be also taken by a qualified personnel for the

determination of genetic characteristics of individuals to mctabolize the drugs.

Extensive rescarch work done by many groups revealed that there is very little side
cffect associated with the use of debrisoquine and S—mephenytoin. In very rare cascs
however, debrisoquine may causc dizziness when a person rises too quickly, this side
effect disappears within a couple of hours. The puncture of the vein during the blood

drawing operation is associated with very little pain lasting only a few scconds.
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Your participation in this study is voluntary and you can interrupt the trial at your
own volition whenever vou feel like it and without having any reason whatsoever. Your
contribution towards this excrcise is decply appreciated. Without Your cooperation only

somie of this study would have been possible.

RECEIVE OUR SINCEREST THANKS
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APPENDIX II. ISOLATION AND PURIFICATION OF GENOMIC DNA.

11} ml blood sample was transferred to a falcon tube and 135 ml of Solution A (sec
hetow ) was added. The resultant mixture was shaken and centrifuged at 4K for

10 min.

The supcrnatant was discarded, the pellet homogenized and 10 ml of solution B
(washing buffer) was added. The mixture was shaken and centrifuged at 2.5K, for

10) min. -

Supermatant was discarded and the pellet (nuclei fraction) washed again with 5 ml

of solution B and homogencously suspended by a whirlimixer.

10 ml Guanidium isothiocynate (GT) solution was added to the above homogenate
which was incubated at 37°C for 15 min. 0.7 ml of 7.5 M Ammoniunt acetate
(AmAc) was added, the mixture shaken and incubation continued for 2 hrs. The

tubes were shaken once cach half hour.

The DNA was precipitated with 10} ml of 95% cold Ethanol (EtOH), by - gently
turning the tube upside down. The precipitate was washed with 70% cold EtOH
and the DNA dissolved overnight in 2 ml of TE-buffer.

Onc mt of 5 M NaCl solution was addced followed by shaking in water bath for 30
min then cooled on ice for 30 minutes. After centrifugation at 2.5K for 15 min, the
supcrnatant was poured into a new tube and 300 pl of 3M sodium acetate (NaAc),

pH 5.2 was added with gentle mixing.

The DNA was precipitated with 5 ml of 95% cold EtOH, washed with 70% cold
EtOH and allowed to dissolve in (.7 ml TE-buffer at room temperature overnight.
DNA concentration was measured by reading absorbance at 260 nm using a UV

spcctrophotometry.
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Solution A (lysis buffer)

(.32 M sucrose

10 mM TRIS-HCL pH 7.6
5mM EDTA

5 % Triton X-100

Solution B (washing buffer)

(.32 M sucrose
10 mM TRIS-HCI, pH 7.6
5 mM EDTA

GT solution

4.2 M Guanidium-isothiocynate
100 mM TRIS-HCI, pH 8.0
10 mM EDTA

2 % (w/v) Sarcosyl.
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APPENDIX II. CLEAVAGE OF GENOMIC DNA WITH

7 pg of DNA, 10 nl of 10X-H buffer, 28 unit of the restriction enzyme and sterile
water to 100 pl was mixed gently in an eppendorf tube and incubated at 37°C

overnight,

The volume was then reduced to 15-20 ul with SpeedVac and S ul of loading
buffer was added, the digested DNA was subjected to agarose gel electrophoresis
(0.5% or 0.85% agarose at 0.5 V/em for S days or 1V/cm for 72hrs. respectively)
in 1 X TAE-buffer.

TAE-Buffer 50X

1.6M TRIS-BASE
0.8M Na(CH,C00).3H,0
10mM EDTA-Na,.2H,0

pH adjusted to 7.2 with glacial Acetic acid
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APPENDIX IV, SOUTHERN BLOTTING OF DNA.

Alkaline blotting of the gel was cffected in 0.4 M NaQH and 0.6 M NadCl
overnight using Quiabrane membrane. The membrane was neutralized in 0.5 M
TRIS-HCI, pH 7 and 1M NaCl and baked at 80°C in an oven in order to fix DNA

to the membrane.

The membrane was subsequently prehybridyzed in a prehybridization buffer
containing the following final concentrations: 6X SSC, 10X Denhardt’s solution,
1% SDS, 100ul/ml of ssDNA (ssDNA was boiled 10 min just before use) and
water to a total volume of 20 ml for hybridizing one membrane. The

prehybridization was performed in a Hybridization mini oven at 61°C for 2hr.

The membrane was further hybridized with **P-labelled CYP2D6 cDNA probe in
a hybridization buffer containing final concentration of 6X SSC, 1% SDS, 5%
Dextran Sulfate and water to a volume of 15 ml for one membrane. Hybridization
performed at 61°C over night. The probe was denatured by heating at 95°C for 3
min prior to addition to the hybridization buffer.

After hybridization the membranc was washed once in 2X SSC, 0.1% SDS, twice

in 0.1X SSC, 0.1% SDS, and once in 0.1X SSC each time at 61°C for 30 min.

The different restriction fragment length patterns obtained were analyzed after

autoradiography. The films were exposcd for 2-7 days at 70°C.
SSC 25X
3 M NaCl
(.3 M Na;.citrate.2ZH20

Water to make 1000 ml.
PH adjusted with 1 m HCL to 7.0
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Denhardt's solution 50X

¥ 3

gm Ficoll 400 (tvpe 400, Pharmacia)

vy

egm polyvinvl pyrolidone

T

gm bovine scrum albumen

Water 1o make 500 ml
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APPENDIX V. PREPARATION AND *P-LABELLING OF CYP2D6
cDNA PROBE
CYP2DO6 cDNA was diluted to a concentration of 3 ng/ul in 10mM TE buffer.

Primers (Sul) were added to Sul of ¢DNA in a microcentrifuge tube. The mixture

was denatured by heating to 95-100°C for 5 minutes in a boiling water bath.
The tube was briefly spun down and kept at room tcmperature for 10 minutes.

10ul of labelling buffer, 2ul of enzyme and Sul of a~**P-dCTP was added and the

mixture incubated at 37°C for 10 minutes.

The reaction was stopped by the addition of Sul of 0.2 M EDTA and the labelled
cDNA purified using Sephadex G~50 column chromatography

The labelled ¢cDNA was denatured by heating to 95-100°C for 5 minutes before

use.
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APPENDIX VI. SSCP ANALYSIS OF CYP2D6C

Preparation of Polvacrylamide Gel. To a 250ml Vacuum bottle. 25.2 ml of
acrylamide-bisacrylamide (49:1) solution, 1l m! of glvcerol-water (1:1), 12 ml of
10X TBE and 11.5 ml of water were mixed and degassed for 1{) min

42ul of TEMED and 420 of 10% freshly preparcd APS was added and mixed.
The mixture was quickly casted on a two dimensional gel electrophoresis apparatus
(protein slab gel,Bio-Rad).

After polymerization the gel was equilibrated by keeping in the cold room (4°C)
overnight. Sul of the second PCR product was mixed with Sul of the stop solution
(9.6 ml 95% formamide, Sml 0.05% bromopheno! blue, 5ml xylene cynanol FF
and 0.4ml of 0.5M EDTA) in an eppendorf tube. The mixture was heated to 95-
100°C in a boiling water bath and immediately the tube was transferred and kept
on ice. Bpl of it was applied on the gel for electrophoresis in the cold room at 270

V for 4 hrs.
TBE- er 10
Tris base 0.OM
Boric acid (0.5M

EDTA.Na, H20 10mM

Solutions used for Silver staining

The following solutions were prepared just before usc.

1. Solution 1. (0.5 lifre)
Methanol................ 250 ml

Glacial acetic acid.......60 ml
37% formaldchyde........250 ul

Water..ooovviennnan. 189.75 ml
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50% EtOH
3. Na,§,0,.5H,0 200 mg/l
4. Solution_2.(200m}}

ANOq...ooo 4 gm
37% Formaidehyde...150 ul

5. Solution 3. (0.5 litre)
Na,CO,....cooe.n. 30 gm
37% Formaldehyde...250 ul

Na,S,0,.5H,0......... 2 mg

6. 50% MeOH

7. Solution 4.
" McOH.o 50%
ACOH. ....o....... 1265

ilver staining of polyacrylamide gel

The gel was fixed in solution 1 overnight

Solution 1 was discarded and the gel was rinsed twice with 200 ml 50% EtOH for

20 min and then with 30% EtOH on a shaker.
The 30% EtOH solution was discarded. 200 ml Na,S,0; solution was added and
the gel shaken for 1 min. The Na,S,0; solution was discarded and the gel was

carefully washed three times with 200 ml of distilled water for 20 sec.

100 ml of solution 2 was added to the gel and it was shaken 20 min.




W

6.

The gel was washed with 200 ml of distilled water for 20 sec, 200 m| of solution

3 was added and it was shaken for 1) min.

The reaction was stopped by the addition of 200 ml of solution 4 followed by

further shaking for 10 min.

Finally the gel was incubated with 30% McOH on a shaker for 20 min, sealed with

a transparent sheet and vacuum dried.
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APPENDIX VII. : T DEBRISOQU -
DEBRISOQUINE FROM URINE SAMPLES.

Urinc was allowed to thaw and 1 ml of it was placed in glass tube,

0.5 ml of NaHCO.. 0.5 ml of methanol, 50ul of internal

standard (0.1 ng‘ul guanoxanchemisulfate) and 0.5 ml of acetyl acetone were
added.

The mixture was shaken and incubated in a 50°C water bath for 16 hrs,

The reaction mixture was extracted with 6 ml of diethylether for S min.

The ether phase was carefully separated and back-extracted with 0.3 ml 4M HCl

by vortex mixing for 15 scc.

The water phase was transferred to a new glass tube and shaken in a 56°C water

bath in order to allow the organic phase cvaporate.
0.4 ml of 4dM NaOH was added and vortex—-mixed.

1530 ul of CS. was added.  The mixture was vortex mixed for 15 sec. and

centrifuged at 3000 RPM for 5 min.
2ul of the CS, phase was injected for gas chromatographic analysis.
The pcak arca ratio of debrisoquine to guanoxan or of 4-OH debrisoquine to

guanoxan was calculated and the concentration ratio of debrisoquine to 4-OH

debrisoquine obtained.
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