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SUMMARY

Background and objective: Genetic polymorphism

of CYP2D6 leads to differences in pharmacoki-

netics of CYP2D6 substrates. The CYP2D6*10

allele is clinically important in Koreans because

of its high frequency in Asians. We investigated

whether the pharmacokinetics of metoprolol was

altered by the presence of the CYP2D6*10 allele in

Korean subjects.

Methods: One hundred and seven volunteers

were recruited and grouped as CYP2D6*1 ⁄ *1,

CYP2D6*1 ⁄ *10 and CYP2D6*10 ⁄ *10 according to

their genotypes. Metoprolol tartrate 100 mg

(Betaloc�) was administered orally once to each

subject in these three groups (n = 6, 7 and 5,

respectively). The pharmacokinetic parameters of

metoprolol and its metabolite, a-hydroxymeto-

prolol, and the metabolic ratio for the three

groups were estimated and compared.

Results and discussion: The area under the

plasma concentration–time curve (AUC0 fi ¥), the

maximum plasma concentration (Cmax) and

the elimination half-life (T1 ⁄ 2) of metoprolol and

a-hydroxymetoprolol for the CYP2D6*10 ⁄ *10

group were all significantly different from those

of the CYP2D6*1 ⁄ *1 group (P < 0Æ05). The

AUC0 fi ¥s of metoprolol were 443Æ7 ± 168Æ1,

995Æ6 ± 321Æ4 and 2545Æ3 ± 632Æ0 ngÆh ⁄ mL, and the

AUC0 fi ¥s of a-hydroxymetoprolol were 1232Æ0 ±

311Æ2, 1344Æ0 ± 288Æ1 and 877Æ4 ± 103Æ4 ngÆh ⁄ mL for

groups CYP2D6*1 ⁄ *1, *1 ⁄ *10 and *10 ⁄ *10, respec-

tively. The corresponding T1 ⁄ 2 values of meto-

prolol were 2Æ7 ± 0Æ5, 3Æ2 ± 1Æ3 and 5Æ0 ± 1Æ1 h,

while those of a-hydroxymetoprolol were 5Æ4±1Æ5,

6Æ0 ± 1Æ4 and 10Æ5 ± 4Æ2 h, respectively. The met-

abolic ratios of the three groups were significantly

different (P < 0Æ05).

Conclusion: The CYP2D6*10 allele altered the

pharmacokinetics of metoprolol in Korean sub-

jects and is likely to affect other drugs metabo-

lized by the CYP2D6 enzyme, similarly.

Keywords: CYP2D6, Korean, metoprolol, pharma-
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INTRODUCTION

Cytochrome P450 (CYP) enzymes play an

important role in the metabolism of drugs (1, 2).

Differences in the activity of these enzymes are

associated with interindividual variability in the

efficacy and toxicity of many drugs (3, 4).

Approximately 80 CYP enzymes have been char-

acterized in humans, each of which shows distinct

catalytic specificity and regulation (5).

CYP2D6 is involved in the metabolism of

numerous drugs, including some b-blockers,

tricyclic antidepressants, neuroleptics and anti-

arrhythmics (2, 6). The gene that encodes CYP2D6
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has more than 90 variants (http://www.imm.ki.se/

CYPalleles/cyp2d6.htm). Such polymorphism

leads to a variety of enzymatic activities and dif-

ferent phenotypes. Individuals classically descri-

bed as poor, intermediate, extensive or ultra-rapid

metabolizers (PM, IM, EM or UM) show differ-

ences in the pharmacokinetics and pharmacody-

namics of the different substrates (6–8). The

frequency of CYP2D6 PM in Caucasians is about

7% (9). Although the proportion of PM individuals

among Asians, including Koreans, is no more than

1%, genetic polymorphism of CYP2D6 plays an

important role in these populations because of the

high frequency of the CYP2D6*10 allele (>50%),

which is associated with low CYP2D6 activity

(9–14).

Metoprolol, a lipophilic and b1-selective antag-

onist, has been used effectively in the treatment of

coronary artery disease, hypertension and chronic

heart failure (15–18). It is metabolized into at least

four metabolites, a-hydroxymetoprolol, O-dem-

ethyl metoprolol, N-dealkyl metoprolol and meto-

prolol acid (19). CYP2D6 is responsible for about

70–80% of metoprolol’s metabolism (20), and

a-hydroxylation is exclusively mediated by

CYP2D6 (21–23).

It has been reported that CYP2D6*10 allele is

responsible for the pharmacokinetic variability of

metoprolol seen in Chinese and Japanese popula-

tions (24, 25). Sohn et al. (10) studied the differences

in the metabolic ratio of metoprolol between EM and

PM in Koreans. However, the influence of CYP2D6

genotype, not phenotype, on the pharmaco-

kinetics of metoprolol in Koreans remains unclear.

Therefore, the purpose of this study was to investi-

gate the relationship between the CYP2D6*10 allele,

common among Koreans, and the pharmacokinetics

of metoprolol in Korean volunteers.

MATERIALS AND METHODS

Subjects and study protocol

This research was approved by the Institutional

Review Board of the Inha University Hospital at

Incheon. Written informed consent was received

from each subject before participating in this study.

One hundred and seven healthy Korean subjects

were genotyped for CYP2D6*10, and then classified

into three groups (CYP2D6*1 ⁄ *1, *1 ⁄ *10 and

*10 ⁄ *10). Eighteen volunteers (14 males, four

females and aged 21–27 years) were selected for

studying the pharmacokinetics of metoprolol. Their

mean (± SD) age, body weight and height were

23Æ2 ± 1Æ5 years, 66Æ9 ± 11Æ5 kg and 168Æ7 ± 6Æ8 cm,

respectively. There were no significant differences

in sex, age, body weight or height among the three

groups.

After fasting overnight, a single oral dose of

100 mg of metoprolol tartrate (Betaloc� tablet;

AstraZeneca Korea, Seoul, Korea) was adminis-

tered to each subject. Blood samples were taken

from a peripheral vein at 0, 0Æ25, 0Æ5, 1, 1Æ5, 2, 3, 4, 6,

8, 12 and 24 h after drug administration. Plasma

samples, separated from blood, were stored at

)80 �C before analysis.

Genotyping

Genomic DNA was isolated from peripheral blood

by phenol–chloroform extraction to determine the

CYP2D6*10 alleles (26). CYP2D6*10 allele, which

contains the C100T mutation in exon 1, was

screened by allele specific polymerase chain reac-

tion (PCR) analysis. Alleles not containing the

C100T mutation were classified as CYP2D6*1. The

first PCR was carried out using primers 9, 10 and

10B listed in Table 1 (12). Secondary PCR was done

using primer 9, wild-specific primer (primer 11)

and a mutant-specific primer (primer 12). Identifi-

cation of genotype was performed through elec-

trophoresis. Genomic DNA from subjects

participating in the pharmacokinetic study was

reassayed using the long PCR amplification

reported by Hersberger et al. (27) to identify any

subjects with the CYP2D6*5.

Determination of metoprolol

and a-hydroxymetoprolol

Concentrations of metoprolol and a-hydroxymeto-

prolol in plasma were analysed by high-perfor-

mance liquid chromatography (HPLC) (Nanospace

SI-2 system; Shiseido Co., Tokyo, Japan) (28, 29). To

1 mL of plasma, 50 lL of the internal standard

(dextrorphan tartrate, 10 lg ⁄ mL) and 300 lL of 5%

trichloroacetic acid were added, and then centri-

fuged at 3000 rpm for 10 min. The samples were

alkalinized with 1 mL of 1 mol ⁄ L sodium hydrox-

ide and extracted with 5 mL of tert-butylmethyl
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ether. Subsequently, the organic phase was

extracted with 1 mL of 1 mol ⁄ L hydrochloric acid.

The aqueous phase was alkalinized again and

back-extracted with 4 mL of tert-butylmethyl ether.

The organic solvent was evaporated and the rem-

nants dissolved in 150 lL of mobile phase (87Æ5%
pH 3Æ0 phosphate buffer and 12Æ5% acetonitrile).

Validation of the method was performed using

three seeded controls of low, medium and high

concentrations as well as the lower limit of quan-

tification (LLOQ), following the principles of Shah

et al. (30). HPLC was carried out isocratically with

a Capcell Pak UG120 column (4Æ6 · 150 mm, 5 lm;

Shiseido Co., Tokyo, Japan) and 10 lL aliquots of

each sample were delivered by an autosampler.

The flow rate of the mobile phase was 1 mL ⁄ min.

Fluorometric detection was performed at 225 nm

(excitation) and 320 nm (emission).

The intra- and inter-day coefficients of variation

for metoprolol between 5 and 250 ng ⁄ mL ranged

from 3Æ5% to 12Æ6%, and for a-hydroxymetoprolol,

they ranged from 2Æ9% and 20Æ3%. The accuracy of

the assay between 5 and 250 ng ⁄ mL ranged from

90Æ8% to 115Æ0% (intra-day run) and from 95Æ9% to

117Æ6% (inter-day run). The LLOQ for this assay

was determined as 5 ng ⁄ mL for both metoprolol

and a-hydroxymetoprolol. The mean recovery

rates ranged from 95Æ9% to 98Æ2% for metoprolol

and 88Æ5% to 92Æ8% for a-hydroxymetoprolol

between 10 and 100 ng ⁄ mL, respectively.

Pharmacokinetic analysis

WinNonlin, version 4Æ1 (Pharsight Co., Mountain

View, CA, USA) was used for the analysis of

pharmacokinetic parameters, such as maximum

plasma concentration (Cmax), time to reach the

maximum plasma concentration (Tmax), area under

the plasma concentration–time curve (AUC0 fi ¥)

and elimination half-life (T1 ⁄ 2). These parameters

were calculated by non-compartmental analysis.

The metabolic ratio was calculated as the plasma

concentration ratio of metoprolol to a-hydro-

xymetoprolol at each blood sampling time.

Statistical analysis

The statistical significance of differences in phar-

macokinetic parameters among the three groups

was tested using one-way ANOVAANOVA, followed by Dun-

can’s method and Dunn’s method for comparison of

parameters between any two groups. P < 0Æ05 was

considered to be statistically significant.

RESULTS

One hundred and seven volunteers were classified

by their genotypes using allele-specific PCR

amplification for the C100T mutation in the

CYP2D6 gene. Of these, 33 were homozygous for

CYP2D6*1, 27 for CYP2D6*10, while the remaining

47 were heterozygous for these alleles. Of these

volunteers, 18 participated in the pharmacokinetic

study and were classified into three groups:

CYP2D6*1 ⁄ *1 (six subjects), CYP2D6*1 ⁄ *10 (seven

subjects) and CYP2D6*10 ⁄ *10 (five subjects).

The plasma concentration–time curves of meto-

prolol and a-hydroxymetoprolol are shown in

Figs 1 and 2. There is no mean plasma concentra-

tion at 24 h for the CYP2D6*1 ⁄ *1 group in Fig. 1

because the plasma concentrations of metoprolol of

all samples were under the LLOQ. The AUC0 fi ¥

and the Cmax of metoprolol in the CYP2D6*10 ⁄ *10

group were significantly greater than those of the

CYP2D6*1 ⁄ *1 or CYP2D6*1 ⁄ *10 group, whereas the

AUC0 fi ¥ and the Cmax of a-hydroxymetoprolol in

this group were significantly lower than in the

CYP2D6*1 ⁄ *1 or CYP2D6*1 ⁄ *10 groups (P < 0Æ05).

However, there was no significant difference

between the three groups in the Tmax of metoprolol

and a-hydroxymetoprolol. The T1 ⁄ 2 of metoprolol

and a-hydroxymetoprolol in the CYP2D6*10 ⁄ *10

Table 1. Primers for the amplifying

the fragments of CYP2D6*10 allele Primer name Position Sequences

Primer 9 )196 � )179 5¢-ACCAGGCCCCTCCACCGG-3¢
Primer 10 321 � 302 5¢-TCTGGTAGGGGAGCCTCAGC-3¢
Primer 10B L320 � 302 5¢-GTGGTGGGGCATCCTCAGG-3¢
Primer 11 201 � 188 5¢-AGGGGGCCTGGTGG-3¢
Primer 12 201 � 188 5¢-AGGGGGCCTGGTGA-3¢
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group was significantly longer than those of the

CYP2D6*1 ⁄ *1 or CYP2D6*1 ⁄ *10 groups (P < 0Æ05).

The metabolic ratios of metoprolol to

a-hydroxymetoprolol was markedly higher in the

CYP2D6*10 ⁄ *10 group than in the CYP2D6*1 ⁄ *1

and CYP2D6*1 ⁄ *10 groups (Fig. 3). In addition,

metabolic ratios determined at each blood

sampling time (0Æ5, 1, 1Æ5, 2, 3, 4, 6 and 8 h) were

significantly different between groups (P < 0Æ05). In

summary, the metabolism of metoprolol to

a-hydroxymetoprolol in the CYP2D6*10 ⁄ *10 group

was remarkably different from those of the other

two groups (Table 2).

DISCUSSION

The CYP2D6*10 allele altered the pharmacokinetics

of metoprolol in Korean volunteers. Although

CYP2D6 is only a small fraction of the total CYP450

content in the liver, many drugs acting on the

central nervous and circulatory systems are

metabolized by it (31). There are also clear inter-

ethnic differences in the frequency of the different

allelic forms of the CYP2D6 gene. For example, the

frequency of CYP2D6*4 allele is 1% in Asians, but

12–21% in Caucasians. The CYP2D6*3, *4, *5 and *6

alleles are known to be associated with PM (7, 32–

34). The CYP2D6*9, *10, *17 and *41 alleles are

termed IM alleles, coding for less active enzymes or

low level of enzyme expression (7, 32). The

respective allele frequencies of CYP2D6*3, *4 and *5

in Caucasians are 2Æ3%, 21Æ5% and 4%, but they

are 0%, 0Æ4% and 5Æ7% in Asians (2). For the

CYP2D6*10 allele, the frequency in Asians is about

50%, whereas it is only 1–2% in Caucasians (8).

One important mutation, the C100T substitution in

exon 1 of CYP2D6*10 allele shows clear ethnic

differences in frequency. This causes an amino acid

substitution (Pro34Ser) leading to an unstable form

of the enzyme with low metabolic activity (12). The

common CYP2D6*10 allele among Asians, includ-

ing Koreans, could help explain their lower ability

than Caucasians to metabolize CYP2D6 substrates

(35). Therefore, this allele could be clinically

important for Koreans, compared with other

alleles, such as CYP2D6*3, *4, *5 or *6, which are

rare in this population. The different prevalence

of the various alleles lead to differences in the

pharmacokinetics of various CYP2D6 substrates

between Asians and Caucasians (36). The metabo-

lism of risperidone was reported to be dependent

on CYP2D6 among Korean patients with schizo-

phrenia (37). It was further reported that the

CYP2D6*10 allele played an important role in the

regulation of enzyme activity. Fukuda et al. repor-

ted that CYP2D6*10 affected the pharmacokinetics
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Fig. 1. Time profiles of mean plasma concentration of

metoprolol after an oral administration of metoprolol

tartrate 100 mg (CYP2D6*1/*1, n = 6; CYP2D6*1/*10,

n = 7; CYP2D6*10/*10, n = 5).
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Fig. 3. Metabolic ratios of metoprolol to a-hydroxy-

metoprolol.
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Fig. 2. Time profiles of mean plasma concentration of

a-hydroxymetoprolol after an oral administration of

metoprolol tartrate 100 mg (CYP2D6*1/*1, n = 6;

CYP2D6*1/*10, n = 7; CYP2D6*10/*10, n = 5).
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of venlafaxine in a Japanese population (38).

Reduced trough level and total clearance of

haloperidol was significantly correlated with the

number of active CYP2D6 genes in a German

population as well (39). Taken together, these data

show that the genetics of metabolic enzymes

should be taken into account when designing

pharmacokinetic studies.

In this study, we also looked for the CYP2D6*5

allele and confirmed that no one had this allele,

which is associated with the absence of drug-

metabolizing activity (40).

Our results are consistent with those of Kir-

chheiner in that the Cmax, AUC and T1 ⁄ 2 were

altered significantly according to the CYP2D6

genotype (41). Sohn et al. (10) compared the meta-

bolic ratios of metoprolol between the different

phenotype groups (EM and PM) among Asians.

They reported that Chinese EM had a lower

capacity to metabolize metoprolol to a-hydroxy-

metoprolol than Koreans and Japanese. Our results

are in agreement with other studies on the effect of

CYP2D6*10 allele on the pharmacokinetics of

metoprolol in Japanese and Chinese (24, 25).

Taguchi et al. (25) reported that the oral clearance

value in Japanese patients homozygous for the

CYP2D6*10 allele decreased by 60Æ4% when

compared with those of patients with the

CYP2D6*1 ⁄ *1 or *1 ⁄ *2 genotypes. Huang et al. (24)

found significant differences in AUC, Cmax and T1 ⁄ 2

among homozygous C188, heterozygous C ⁄ T188

and homozygous T188 subjects for either R- or

S-metoprolol in a Chinese population. However,

the mean plasma concentrations of metoprolol

in Malaysian cardiovascular patients with

CYP2D6*1 ⁄ *1 genotype were not significantly lower

than those of the CYP2D6*10 ⁄ *10 group according

to Ismail et al. (42). It has been reported that females

in the fertile age range have a slightly higher

CYP2D6 activity than males, although the evidence

is conflicting (43). We investigated the difference in

the pharmacokinetics of metoprolol between three

females and four males with the CYP2D6*1 ⁄ *10,

because four women (one in the CYP2D6*1 ⁄ *1,

three in the CYP2D6*1 ⁄ *10) participated. However,

there were no significant differences in the mean

pharmacokinetic parameters of the two groups.

This study was designed to analyse the plasma

concentration of racemic metoprolol. We chose a

simpler method than measuring the plasma

concentrations of the enantiomers, because the

plasma concentrations of S-metoprolol, a pharma-

cologically active form, were similar to those of

R-metoprolol reported by Huang et al. (24).

There were no distinct interethnic differences in

the observed effect of CYP2D6*10 allele between

Japanese and Chinese subjects on the pharmaco-

kinetics of metoprolol. The lack of effect reported

for Malay subjects may be attributed to the differ-

ences in the experimental conditions. Our results

Table 2. Pharmacokinetic parameters of metoprolol and a-hydroxymetoprolol in the three groups by CYP2D6 genotype

Parameters

CYP2D6*1 ⁄ *1

(n = 6)

CYP2D6*1 ⁄ *10

(n = 7)

CYP2D6*10 ⁄ *10

(n = 5) P value

Metoprolol

AUC0 fi ¥ (ngÆh ⁄ mL) 443Æ7 ± 168Æ1 995Æ6 ± 321Æ4 2545Æ3 ± 632Æ0c <0Æ001*

Cmax (ng ⁄ mL) 114Æ4 ± 37Æ4 218Æ4 ± 70Æ8a 349Æ4 ± 117Æ8b,c <0Æ001*

Tmax (h) 1Æ2 ± 0Æ4 1Æ6 ± 1Æ0 1Æ4 ± 0Æ4 0Æ601

T1 ⁄ 2 (h) 2Æ7 ± 0Æ5 3Æ2 ± 1Æ3 5Æ0 ± 1Æ1b,c 0Æ006*

a-Hydroxy metoprolol

AUC0 fi ¥ (ngÆh ⁄ mL) 1232Æ0 ± 311Æ2 1344Æ0 ± 288Æ1 877Æ4 ± 103Æ4b,c 0Æ024*

Cmax (ng ⁄ mL) 159Æ8 ± 52Æ6 139Æ6 ± 38Æ3 57Æ1 ± 18Æ5b,c 0Æ002*

Tmax (h) 1Æ4 ± 0Æ5 2Æ3 ± 1Æ2 2Æ0 ± 0Æ7 0Æ247

T1 ⁄ 2 (h) 5Æ4 ± 1Æ5 6Æ0 ± 1Æ4 10Æ5 ± 4Æ2c 0Æ032*

Each value represents the mean ± SD.

*Statistically significant difference among genotype groups, P < 0Æ05,
aSignificant difference between CYP2D6*1 ⁄ *1 and CYP*1 ⁄ *10 groups, P < 0Æ05.
bSignificant difference between CYP2D6*1 ⁄ *10 and CYP*10 ⁄ *10 groups, P < 0Æ05.
cSignificant difference between CYP2D6*1 ⁄ *1 and CYP*10 ⁄ *10 groups, P < 0Æ05.
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must be interpreted within the following limita-

tions. The results were obtained from a healthy

volunteer group, not from a patient group. Thus,

the therapeutic effects of metoprolol need to be

evaluated in patients with heart failure, and addi-

tional studies on the correlation between pharma-

codynamics and genotypes in Korean should be

performed before any application of this informa-

tion to clinical practice.
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34. Sachse C, Brockmöller J, Hildebrand M, Müller K,

Roots I (1998) Correctness of prediction of the

CYP2D6 phenotype confirmed by genotyping 47

intermediate and poor metabolizers of debrisoquine.

Pharmacogenetics, 8, 181–185.

35. McElroy S, Sachse C, Brockmoller J et al. (2000)

CYP2D6 genotyping as an alternative to phenotyp-

ing for determination of metabolic status in a clinical

trial setting. AAPS PharmSci, 2, E33.

36. Kim K, Johnson JA, Derendorf H (2004) Differences

in drug pharmacokinetics between East Asians

and Caucasians and the role of genetic poly-

morphisms. Journal of Clinical Pharmacology, 44,

1083–1105.

37. Roh HK, Kim CE, Chung WG, Park CS, Svensson JO,

Bertilsson L (2001) Risperidone metabolism in rela-

tion to CYP2D6*10 allele in Korean schizophrenic

patients. European Journal of Clinical Pharmacology, 57,

671–675.

38. Fukuda T, Yamamoto I, Nishida Y, Zhou Q, Ohno M,

Takada K, Azuma J (1999) Effect of the CYP2D6*10

genotype on venlafaxine pharmacokinetics in heal-

thy adult volunteers. British Journal of Clinical Phar-

macology, 47, 450–453.
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