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523 Questions to address 1 : number of patients

« By using PGx test, will the number of
patient in clinical trial be reduced ?

« How about safety ?

. How about in different phase ?

- How about in post marketing stage study/
trial ?
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7, ¥4 Q2:responder / non-responder
(2) VDZIZXAF322 i LARGE—C/ e What will the reduction of NNT
L AR — (number needed to treat)?

2o0HDy T AF 3 i, outcome I
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A0 CL L 9 » 2 NNT &id (Number
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(number needed to screen) ?
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TEST +
TEST

<i Treatment
Target Population TEST - No_Treatment
— e D -
NO TEST

<t Treatment

1 Cost-effectiveness Study design for patient
screening using PGx test identifying responder
patients

[ AE ()
EO o e
3 ~AEQ)
PGx test []
AE@®)
E () [

56 ABC)
(4 ./ Fundnd
e _AE 5]
ARG
E() g g

[] \AEE—) 4

B2 Study design for Patient screening using PGx
test identifying PM/EM

4
/IE—I——Q Ne_Treatment

TEST : TEST.

Target Population Treatment

\NO TEST

< Treatment

3 Study design for patient screening using PGx
test identifying high risk of adverse events

RND Treatment Follow_up

Population TEST + v
D\No Treatment
__..—______q

Follow_up

4 Long term study design in responder patients
(Test +)

TEST +

Diagnostic test A Treatment
TEST -
/ ———

Iﬂl'(,.,et F Opul'ﬂﬁﬁn No_Treatment
e e
TEST +

\Diagnostic test B/ < Treatment
T O\ TEST -
No_Treatment

5 Prospective study design to assess Diagnostic
test properties

THEDIEFVADENWERY, BRMZEREGVIE-TEI T, ME2002E0KRKTORE
EEPRIE IS & 4T, HE O University of Sheffield @ G.T.Tucker 564 %% “Genetic variability in
cytochromes P450 — How good is the evidence for clinical relevance?” & L TRAFHEZ I
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2002 FE DEEOWERE FREICH o 72 E» D proceeding 1213 PGx test @ BV 72 b OAT164FA
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NFE L7 TNBOEOEZIIAL D %6 Grade of evidence—study design

BrLE L7z, JSCPT 2002
(L)case repot & 1 b L < i3 EHI O 1. Case Report 0

&, TNE0MTY, (2PK studyld 9 i, 2. PK Study 9

(3)PK/PD study i 3 #f, (4)Cross-sectional 3. PK-PD Study 3
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0 #@o (5) Retrospective clinical analysis, 5. Retrospective Clinical Analysis 4
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HLVRHE L ADOTEEFEL Lo Ts 7. Prospective Clinical trial 0
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test REEDRFE, L) ILTT, (6)2 o Quality control/

LOTTETNY 0/ TT . quality assurance
FTLOFTTE, 20020 HARBERER :

ELELTE, PK study B —FF <, * Publication bias
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# 5 research question {23 L THEZED 2 SN, JWRBLDPERSINZWVWE V) I LD
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IBDTT, HRIIZVODPDOREADH Y 25, ZrL2rBEENIEVEIEA,
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Z DY AT AT “Registration of clinical %8 (Q4:Payment
trials using pharmacogenetics in Japan”
(PGx]) LTI P EBoTwET, L
LI DFEZMD BV OREEPLEFEDNITIC
Fvl, [9—A] EBoT, BEHIZR
BIEVINRBINBY TLA, TN ¢ Who should pay PGx test in “healthy”
A S I condition ? Tax, insurance company, or

FHOROFEE [77—=aT 2274 public ?
JAEAYRYTAT] B LIZDTEH,
COEFNETAVS I LRI VY
FATEEZBIERTERREEZT
WIY, BRA, MPHMERS-7-LBE « Direct cost

* Who should pay PGX test in “disease”
condition ? Tax, insurance company, or
patient ?

%9 Q5 Costfor what ?

LWizZ&7nwTd, Drug cost

o TR LEDEZIWITED T B Pharmacogenetic test
BEWVEWVWIDLEYFTOT, To7u Cost for data storage and retrieval
Yxs MVIEBCEDZTFETT, Cost saving

LI EAS, PGx test B\ 7z &, /54 unnecessary and inadequate drug use
7 ADMIE, ERE (accuracy) 205 time and expense for treatment of ADR

- - o o EEEA o number of clinic visit, instead of “try and see”
T EELTOBETT, ’ '

* Indirect cost
sick leave
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company 7o = & TIXEWEBRTOLRMLRERE D EAT T, HIVITEENES TELIDTT,
T 72 PGx test SEBOFHHESICHBEVLNT T, BELZVWERZRETHELNLEDTY,
FAVO B EIPH I D ENI T L BELLRETT,
T, BilE o THERBO VAT LAPELRLZDT, HBOBIIHIFA, TNEFNOE
PEEILER HRETT,

(5) VTAFz>5 X b

T, —FENRZEIVITA MOV THRTWEDTLEI D, TNV RHBEDLDHE
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Pharmacokinetic Evaluation of Anticonvulsants
in a Patient with Porphyria
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The aim of this study was to establish the appropriate regimen of anticonvulsants for a female patient
with porphyria by pharmacokinetic evaluation of the influence of anticonvulsants on porphyria. The
pharmacokinetics of phenytoin, carbamazepine, clonazepam, and clobazam were estimated by the Bayesian
method. The drinary 68-hydroxycortisol/cortisol (68-OHF/F) ratio was also evaluated as an index of
hepatic CYP3A4 induction.

The phenytoin concentrations in the toxic area fitted the predicted value for CYP2C9*1/*3 better than
that for CYP2C9*1/*1 (her genotype). The concomitant phenytoin altered the clearance of carbamazepine
considerably. The clearances of clonazepam and clobazam were not altered, although hepatic CYP3A4
induction was implied from the value of the urinary 68-OHF/F ratio.

From the pharmacokinetic evaluations, the following were concluded : (1) phenytoin was not the
proper medication for this patient,(2) carbamazepine can be used safely within a relatively small dose, 500
mg/day, (3) the combination of clonazepam and carbamazepine can be used, and (4) a concomitant small
dose of clobazam with carbamazepine can also be used.

Key words : anticonvulsant, porphyria, cytochrome P450, Bayesian method, urinary 64-hydroxycortisol/
cortisol ratio

eters of the anticonvulsants used in the patient
during two hospitalizations (phenytoin, carbam-
azepine, clonazepam, and clobazam) were retro-
spectively evaluated by the Bayesian method®®. We
established the effective and safe dose of anti-
convulsants for her seizures based on the alteration
of the estimated pharmacokinetic parameters and
the measurement of the urinary 68-OHF/F ratio.

Introduction

Although many anticonvulsants are known to
deteriorate porphyria, some patients with porphyr-
ia have seizures and require anticonvulsant ther-
apy. Part of the deteriorating mechanism has been
conjectured to cause an imbalance of heme protein
biosynthesis, which is due to the induction of cyto-
chrome P450 (CYP) by anticonvulsants. We previ-
ously demonstrated that the measurement of the
human urinary 68-hydroxycortisol/cortisol (64-
OHF/F) ratio is a useful indicator of safe medica-

Case

A female in her twenties was diagnosed with rare
dual porphyria involving partial §-aminolevulinate

tion in a patient with hereditary coproporphyria.
The previous results implied that hepatic CYP
induction was profoundly related to her condition
of porphyria.

In the present paper, the pharmacokinetic param-

dehydratase deficiency with epilepsy. She had been
treated with sodium valproate, phenytoin and car-
bamazepine when she was admitted to our hospital
on June 24, 1998. Sodium valproate was dis-
continued because of abdominal side effects. For

Address for correspondence : Azuma J, MD. Clinical Evaluation of Medicines and Therapeutics, Graduate School of
Pharmaceutical Sciences, Osaka University, 1-6 Yamadaoka, Suita, Osaka 565-0871, Japan
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better control of the epilepsy, phenytoin was in-
creased from 100 to 125 mg/day and carbamazepine
was gradually increased from 800 to 1200 mg/day.
However, her condition deteriorated, and the serum
concentrations of phenytoin were within the toxic
range. The frequency of her seizures decreased
eventually by discontinuing phenytoin, gradually
reducing carbamazepine, and adding clonazepam.
She was discharged from our hospital after four
months.

She was re-hospitalized 2 years later (March 22,
2001) for reevaluation of the medication for epi-
lepsy. She had been treated with carbamazepine,
clobazam, and zonisamide. Zonisamide was dis-
continued. The clobazam dose, 15 mg/day, was not
changed. The carbamazepine dose was gradually
increased from 450 to 500 mg/day. The frequency of
her seizures decreased 2 weeks after receiving
modified treatment. The urinary 68-OHF/F ratio
gathered over 24 hours was measured and compar-
ed with the value from before she left our hospital
the first time?.

Methods

The patient’s genotype of the metabolic enzymes
of phenytoin had been judged to be CYP2C9*1/*1
and CYP2C19*1/*2VY. The pharmacokinetic
parameters of phenytoin were estimated from
serum phenytoin concentrations in the toxic area,
with the use of subpopulation parameters of
CYP2C9*1/*1 and CYP2C9*1/*3%. The typical
predicted dose of phenytoin was calculated from
equation (1) (below), based on these estimated
parameters. The percentage of deviation between
the predicted dose and the administered dose was
calculated from equation (2) (below).

Each alteration of carbamazepine and clonaze-
pam clearance was estimated to evaluate the phar-
macokinetic influence of these agents on porphyria.
In the second hospitalization, the alteration of
carbamazepine and clobazam clearances was esti-
mated. The alteration of the N-desmethylcloba-
zam/clobazam ratio was also evaluated, because
clobazam is metabolized to N-desmethylclobazam
by CYP3A4. The original data used for this study
were obtained as described previously?.

Her pharmacokinetic parameters of anticonvul-
sants were estimated by the software PEDA (para-
meter estimation and dosage adjustment)® incor-

porating the Bayesian method, using the population
pharmacokinetic parameters described in the litera-
ture*®~®, The phenytoin dose was calculated by the
following equation from the observed concentra-
tion of phenytoin :

DOSe,pre = VmEXCSS/ (K:m + CSS) (1)

where Viax, Km, D0s€,pre, and Cgs are the maximal
elimination rate of the Michaelis-Menten eguation
(mg/day), the Michaelis-Menten constant (ug/
mL), the serum concentration of phenytoin at a
steady state (ug/mL), and the predicted dose
(mg/day), respectively. The deviation between the
dose predicted from equation (1) and the actual
dose was calculated by the following equation :

Dev= (Dose,act —D0Se,pre) /D0SE, et (2)

where Dev, Dose, s, and Dose,re are the deviation,
the actual dose, and the predicted dose, respective-
ly. The plasma concentrations of carbamazepine,
clonazepam, and clobazam were calculated by the
following equations . '

C=D-K,/Vd/K,—K,) *
{Exp(—Ket) —Exp(—K,t) } (3)
C.s=D/CL (4)

where D, C, and C are the dosage (mg), carbama-
zepine or clobazam concentration in plasma (ug/
mL), and plasma clonazepam concentration at a
steady state (ug/mL), respectively ; and K., K.,
Vd, t, and CL are the elimination rate constant
(hr~Y), absorption rate constant (hr~!), apparent
volume of distribution normalized with
biocavailability (L), time from initial administra-
tion (hr), and apparent total body clearance nor-
malized with bicavailability (L/hr), respectively.
From this point on, the term “clearance” will be
used for “apparent total body clearance normalized
with bioavailability”. Equation (3) was used for
carbamazepine and clobazam, and equation (4)
was used for clonazepam.

Results

The pharmacokinetic parameters of phenytoin in
CYP2C9*1/*1 were estimated by the Bayesian
method, as follows : Vamax=3.8 mg/kg/day and
Kn=5.6 ug/mL. The typical predicted dose of
phenytoin was calculated to be approximately 141
mg/day. The percentage of deviation was approxi-
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mately 11%. The estimated parameters in
CYP2C9*1/*3 were also calculated, as follows :
Vimax=3.3mg/kg/day and K,=4.1ug/mL. The
typical estimated dose was approximately 129 mg/
day. The percentage of deviation was about 3%.
Therefore, the predicted dose for CYP2C9*1/*3
better fits the model used [equation(1)] than that
for CYP2C9*1/*1 (Fig.1).

Carbamazepine clearance was altered between
1.7 and 3.4 L/hr, whereas clonazepam clearance
was almost unaltered (Fig.2). Although the car-
bamazepine dose was decreased by 80%, from 1200
to 1000 mg/day, the plasma concentration in-
creased by 1.2 times when carbamazepine was
combined with phenytoin, in the relationship
between the daily dose and plasma concentration of
carbamazebi_ne. The clearance decreased by 50%
based on the alteration. However, clonazepam
clearance did not show a remarkable alteration
even when clonazepam was combined with carbam-
azepine and phenytoin.

The alteration of carbamazepine and clobazam
clearances and the N-desmethylclobazam/clob-
azam ratio after re-hospitalization are shown in
Table. The carbamazepine and clobazam clear-
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Fig. 2 Alteration of carbamazepine and clonazepam
clearances

Open and closed circles represent carbamazepine and clon-
azepam clearances, respectively.

Table ~Alteration of the N-desmethylclobazam/clob-
azam ratio and the clearance of clobazam and

carbamazepine
April 3, May 11,

2001 2001
Carbamazepine clearance (L/hr) 2.54 2.22
Clobazam clearance (L/hr) 2.25 2.25
Clobazam (ug/mL) 0.26 0.26
N-desmethylclobazam (ug/mL) 3.52 3.95
N-desmethylclobazam/ 13.8 15.49

clobazam ratio

ances remained almost wunaltered. The N-
desmethylclobazam/clobazam ratio was unaltered.
The measured value of the urinary 63-OHF/F ratio
was 20.2.

Discussion

1. Discrepancy between the patient’s genotype
and phenotype of phenytoin metabolism

The patient was an extensive metabolizer of
CYP2C9, which is the main metabolizing enzyme of
phenytoin?. Her genotype was CYP2C9*1/*1,
whereas her phenotype as indicated by the behavior
of her serum phenytoin concentration was identical
to that of CYP2C9*1/*3. CYP2C9*3 is generally
known to be a genetic polymorphism that decreases
the enzyme activity. In addition, she had no in-
hibitor of CYP2C9 in her medications. The reason
underlying the discrepancy between her genotype
and phenotype of phenytoin metabolism remains an



294 ORIGINAL

area of considerable interest. One proposal is that
phenytoin as an inducing agent of CYP3A4 might
have destroyed the equilibrium of her abnormal
heme pathway and depleted CYPs. Her metabolism
of phenytoin might have been saturated by the
reduction of CYP synthesis.

2. Alteration of the clearance of carbamazepine
and clonazepam

The decrease in carbamazepine clearance (Fig.
2) leads us to conjecture that the suppression of
CYP biosynthesis was brought on by a mechanism
similar to that of the metabolic saturation of
phenytoin by the concomitant phenytoin. In addi-
tion, an increase in carbamazepine clearance was
transiently observed (Fig.2), which might have
been due to a high blood concentration of carbam-
azepine resulting from the improvement of the
equilibrium of CYP biosynthesis, because a month
had passed after the discontinuation of phenytoin.
The results suggest that phenytoin markedly
affected CYP biosynthesis in this patient with por-
phyria. The influence on CYP might have caused
saturation of phenytoin metabolism and an exces-
sive decrease in carbamazepine clearance.

The clonazepam clearance (CL/F) was esti-
mated to be approximately 4.3 L/hr as the mean
value (Fig.2). The total body clearance (CLiy) is
calculated to be 4.4 L/hr because the bioavailab-
ility of clonazepam is reported to be approximately
0.98%. The product of the value of unbound fraction
and the hepatic intrinsic clearance was calculated
to be 4.4 L/hr from equation (5) when the absorp-
tion ratio was regarded to be 1.0 according to the
high bicavailability (see “Appendix”). The gene-
ral value of hepatic blood flow is about 90 L/hr.
Therefore, the hepatic extraction ratio of clonaze-
pam was calculated to be approximately 0.05 from
equation (7) (see “Appendix”). Clonazepam is
considered to be a metabolic capacity-limited
agent, according to the calculated value of the
hepatic extraction ratio. Carbamazepine is a simi-
lar type agent. Carbamazepine clearance seems to
be excessively affected by the alteration of hepatic
CYP3A4 activity, whereas the clonazepam clear-
ance was not altered in spite of concomitant
phenytoin.

The metabolic pathway of clonazepam proceeds
by nitroreduction, acetylation, and hydroxylation.

The acetylation is reported to be affected by the
polymorphic N-acetyltransferase (NAT)that deter-
mines the acetylation phenotype of the individual*®.
This patient was considered to be an intermediate
acetylator since her genotype was NAT2%4/%6.
There has been no report of a relationship between
the NAT?2 genotype and a phenotype of clonazepam
pharmacokinetics. The influence of the NAT2 geno-
type on the alteration of clonazepam clearance was
unclear. _

Seree et al, suggested that the nitroreduction of
clonazepam is catalyzed by CYP3A4', Therefore,
clonazepam metabolism might also be affected by
the suppression of CYP biosynthesis (Fig. 2). How-
ever, the alteration of clonazepam and carbamaze-
pine clearances was different. Binding plasma pro-
teins of phenytoin, clonazepam, and carbamazepine
is 90-95%, 80-90%, and 70-80%, respectively'®,
This result implies that the difference in the affinity
ratio of binding to plasma proteins affects the
alteration of these clearances.

3. Pharmacokinetic evaluation of anticonvul-
sants after the second hospitalization

The patient’s medication after the second hospi-
talization was evaluated according to the altera-
tion of carbamazepine clearance, clobazam clear-
ance, and the N-desmethylclobazam/clobazam
ratio (Table). The carbamazepine and clobazam
clearances and N-desmethylclobazam/clobazam
ratio were unaltered after re-hospitalization. How-
ever, the measured value of the urinary 63-OHF/F
ratio was slightly high compared with the value
(15.4) before the patient left our hospital the first:
time?,

Her condition had not improved with a carbam-
azepine dose of 450 mg/day (see “Case”), whereas
the frequency of seizures decreased by increasing
the carbamazepine dose to 500 mg/day. Carbam-
azepine was considered to be effective and safe at a
dose of 500 mg/day. The dosage regimen after the
second hospitalization was considered to have been
appropriately modified as a result.

4 . Conclusions

From the pharmacokinetic evaluations for this
patient, the following conclusion was established :
phenytoin was not a proper medication. Carbam-
azepine was effective and safe, within a moderate



dose. In addition, the clearance of clonazepam was
not affected by carbamazepine. Therefore, the con-
comitant use of carbamazepine and clonazepam
was also considered effective. Clobazam and car-
bamazepine might be used safely for controlling
seizures of porphyria within relatively small doses,
at 15 mg/day for the former and at 500 mg/day for
the latter.

The influence of anticonvulsants on porphyria
was pharmacokinetically evaluated by estimating
the clearance of anticonvulsants, in addition to the
measurement of urinary 68-OHF/F. We obtained
information on effective and safe medications for
porphyria on the basis of estimation of pharmaco-
kinetic parameters.
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Appendix

The total body clearance (CL..) for a drug is generally expressed as follows, when a drug is
mostly eliminated in the liver :

CLtot=1fup * CLxm.h/Fa (5)

where F, is the absorption ratio of the drug ; {u, is the unbound fraction in the blood ; and CL;ns
is the hepatic intrinsic clearance. Furthermore, the hepatic clearance (CL,) and hepatic extrac-
tion ratio (ER,) of drugs are expressed as follows :

CLh:Qh ° Jfub ° CLlnl,h/ (Qh +fub - Cant.h) (6)
ER,=fy * CLingn/ (Qu+Tup * CLints) ™ .

where Q, is the hepatic blood flow ; fy, is the unbound fraction in the blood ; and CL,y, is the
hepatic intrinsic clearance. A drug with an ER,, of more than 0.8 is classified as an agent of the
hepatic flow-limited type!**®. A drug with an ER,, of less than 0.2 is classified as an agent of the
metabolic capacity-limited type.

An oral drug absorbed in the gut passes the liver via the portal vein. Only a drug which passes
to the liver flows in circulating blood. Therefore, such a drug can be described by the following
equation :

AUCp=Fy - Fy - AUC, (8)

where F, is the hepatic availability ; F, is the fraction absorbed into the portal vein from the
gut ; and AUC,, and AUC,, are the areas under the blood concentration-time curve after intra-
venous bolus and oral dosing, respectively.

AUC,, is expressed as a function of dosage (D) and total body clearance after oral dosing
(CLtot,p0) as follows :

AUCp=D/CListp0 9
The following equation is obtained from equations (8) and (9) :

CLtotpo = CLitot,v/ (Fy * Fa) . (10)
F, is described by the following equation according to the literature!*!® :

Frn=Qu/(Q * fup * CLintn) 1)

CLiotv assumes CL;, as the hepatic clearance, and equation (5) is obtained from equations (6),
(10), and (11).
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Abstract

Metabolic activities toward endogenous substrates in the brain, progesterone and p-tyramine, by cytochrome P450 2D6.2 (CYP2D6.2),
CYP2D6.10A, CYP2D6.10C, and P34S, G42R, R296C, and S486T mutants expressed in recombinant Saccharomyces cerevisiae were
compared with those by CYP2D6.1 (wild-type) in order to clarify the effects of genetic polymorphism of CYP2D6 on the metabolism of
neuroactive steroids and amines in the brain. For the 6p-hydroxylation of progesterone, the ¥, values for CYP2D6.2, CYP2D6.10A, and
the P34S and G42R mutants, were less than half of those for CYP2D6.1, and CYP2D6.10C had a higher K, and a lower V., than the wild-
type. The ¥ a/K,, values for CYP2D6.10A, CYP2D6.10C, and the P34S and G42R mutants were 12-31% of that for CYP2D6. The 16c-
hydroxylation and 21-hydroxylation of progesterone by CYP2D6.10A, CYP2D6.10C, and the P34S and G42R mutants were not detected,
and the R296C mutant had a higher K, for the 16a-hydroxylation and a lower ¥, for the 21-hydroxylation than those for CYP2D6.1. For
dopamine formation from p-tyramine, the K, values for CYP2D6.2 and the R296C mutant were higher than those for CYP2D6.1,
CYP2D6.10A, and CYP2D6.10C had a higher X, and a lower V,,,, than the wild-type. The ¥,,.,/K, values for CYP2D6.2, CYP2D6.10A,
CYP2D6.10C and the P34S, G42R and R296C mutants were less than 45% of those for the wild-type. These results suggest the possibility
that the polymorphism of CYP2D6, including CYP2D6*2, CYP2D6*10 and CYP2D6* 12, might affect an individual behavior and the central
nervous system through endogenous compounds, such as neuroactive steroids and tyramine, in the brain,
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction variety of xenobiotic chemicals including drugs, carcino-

: gens, and steroids [10,12,35]. In spite of the fact that

Cytochrome P450s (P450 or CYP) comprise a super- CYP2D6 constitutes only 2-9% of constitutively expressed

family of enzymes that catalyze the oxidation of a wide hepatic P450s among humans [17,36], it plays important

roles in the metabolism of a wide range of therapeutic

— o , agents including drugs affecting the central nervous system
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product from CYP2D4, the predominant CYP2D isoform in
rat brain, is more abundant in cerebellum, striatum, pons,
and medulla oblongata [21]. However, the physiclogical and
pharmacological functions of CYP2D isoforms in the brain
are still unknown.

Progesterone not only is one of the female steroid
hormones secreted from the placenta and corpus luteum
but also has various functions in the central nervous system
as a neurosteroid in the brain [2,19]. For example,
progesterone has the ability to increase myelin-specific
protein levels and to enhance y-aminobutyric acid (GABA)-
induced chloride current [19,39], and the progesterone
metabolites, 3a-hydroxy-5a-pregnan-20-one (allopregnano-
lone) and 3o, Sa-tetrahydrodeoxycorticosterone, act as
positive allosteric modulators of GABA type A receptors,
and thereby reduce brain excitability and elicit sedative-
hypnotic, anxiolytic, and anticonvulsant effects [32].
Recently, we have shown that CYP2D6 catalyzes the 23-,
6p-, 16a-, and 21-hydroxylation of progesterone [15,29],
and that progesterone 23- and 21-hydroxylation activities in
rat brain microsomes are completely inhibited by CYP2D

antibodies, suggesting that CYP2D may be involved in the -

regulation (metabolism and/or synthesis) of endogenous
neuroactive steroids, such as progesterone and its deriva-
tives, in the brain [15]. Additionally, we have reported that
the 21-hydroxylation of allopregnanolone as well as
progesterone and 17a-progesterone is catalyzed by CYP2D
isoforms in the brain [9,20].

Tyramine is not only an exogenous compound, which is
found in fermented foods such as cheese and wine, but also
an endogenous compound, which exists in the brain,
Tyramine is especially present in the basal ganglia or limbic
systems, which are thought to be related to an individual
behavior and emotion [33], and dopamine is a neuro-
transmitter and a precursor of norepinephrine and epinephr-
ine [14]. Previous studies conducted in this laboratory
demonstrated that dopamine is formed from p-tyramine as
well as m-tyramine by CYP2D6 [14].

CYP2D6 is one of the most extensively characterized
polymorphic drug-metabolizing enzymes; the CYP2D6
gene is highly polymorphic, with more than 70 allelic
variants [4,6,26]. Interestingly, it has been shown that
CYP2D6 polymorphism has some relationship with an
individual behavior [3,24]. Five to ten percent of Caucasians
[1] and less than 1% of Japanese and Chinese [16] lack in
vivo metabolic activity toward CYP2D6 substrates esti-
mated by use of the urinary metabolic ratio, and are referred
to as poor metabolizers. The CYP2D6*12 allele, which is
associated with a deficient activity and consequently with
the poor metabolizer phenotype, carries three functional
mutations, G42R, R296C, and S486T {6,26]. On the other
hand, in spite of the very low prevalence of CYP2D6 poor
metabolizers in Asians, these groups display less CYP2D6
activity, and this has been atiributed to the high frequency of
the CYP2D6.10 enzyme [40]. That is, the CYP2D6*10
allele, including both CYP2D6*104 and CYP2D6*10B

variants, is widely observed in Japanese (31-38%) [22,28]
and Chinese (51%) [18], and has two amino acid
substitutions, P348 and S486T [6,26]. Additionally,
CYP2D6*10C has the gene conversion in exon 9 derived
from CYP2D7 and has 13 base substitutions more than
CYP2D6*10B [18]. Fukuda et al. [8] reported that the K,
values of CYP2D6.10A and CYP2D6.10C for bufuralol 1/ -
hydroxylation and venlafaxine O-demethylation were
higher than those of CYP2D6.1, and Tsuzuki et al. [37]
reported that the substitution G42R increased the K, and
decreased the V., for debrisoquine 4-hydroxylation,
whereas it increased both Vi, and K, for bunitrolol 4-
hydroxylation. Recent studies have shown that CYP2D6.10A.
had a higher K, and/or a lower V., than CYP2D6.1 for
various exogenous substrates, including dextromethorphan,
methamphetamine, and amitriptyline [34]. On the other
hand, it has been reported that the R296C and S486T
substitution (CYP2D6.2) affected only minimally the
metabolim of dextromethorphan, bufuralol, and debriso-
quine [25]. Furthermore, a number of investigators have
proposed the key residues of CYP2D6 for exogenous
substrates containing a basic nitrogen {7,13,38]. However,
the key residues of CYP2D6 for the metabolism of other
substrates, including the endogenous chemicals, which exist
in the brain, and non-nitrogen containing compounds, are
still unknown,

The present study was designed to elucidate the effects of
CYP2D6 polymorphism, especially P34S, G42R, R296C,
and S486T substitutions such as CYP2D6.2, CYP2D6.10A,
and CYP2D6.10C, on CYP2D6 activities toward endoge-
nous substrates in the brain, progesterone and p-tyramine.

2. Materials and Methods
2.1. Materials

Progesterone and 16a- and 21-hydroxyprogesterone were
obtained from Sigma-Aldrich (St. Louis, MO, USA). 6B-
Hydroxyprogesterone, dopamine hydrochloride, and
NADPH were purchased from Steraloids (Newport, RI,
USA), Research Biochemicals International (Natick, MA,
USA), and Orijental Yeast (Tokyo, Japan), respectively. p-
Tyramine and other reagents and organic solvents were
obtained from Wako Pure Chemical Industries (Osaka, Japan).

2.2. Microsomal fraction specifically expressing human
P450

Cloning of human CYP2D6 cDNA, site-directed muta-
genesis, the expression of mutated ¢cDNA in recombinant
Saccharomyces cerevisine and the preparation of micro-
somal fractions from the cells were carried out according to
methods described previously [8,37]. With these methods,
we prepared CYP2D6.2 (R296C/5486T), CYP2D6.10A
(P34S/58486T), CYP2D6.10C, and four mutant proteins



