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ABSTRACT 

 

Purpose: The purpose of this study is to compare the steady-state plasma levels of HAL between 

Japanese, Koreans and Swedes who were treated with HAL monotherapy per os. 

Method: The steady-state plasma levels of haloperidol (HAL) in 75 Japanese, 120 Korean, and 50 

Swedish psychiatric patients treated orally with HAL were compared. 

Results: Significantly higher doses of HAL were used in the Koreans (mean dose = 21 mg/day) than in 

the Japanese (15 mg/day) or Swedes (9 mg/day) (one-way analysis of variance (ANOVA) (p<0.0001), 

Bonferroni’s post test (p<0.001)). The mean concentration/daily dose ratio (C/D ratio) of HAL was 2.2 

times higher in Korean patients (2.78 nmol/L/mg/day) and 1.5 times higher in Japanese patients (1.88 

nmol/L/mg/day) than that in Swedish patients (1.24 nmol/L/mg/day). A significant difference in the C/D 

ratio was observed among the 3 ethnic groups (one-way ANOVA; p<0.0001). 

Discussion: The higher C/D ratio of HAL in Asians might be partly due to the higher frequency of the 

CYP2D6*10 allele in Asians; however, interethnic differences in the activity of other enzymes, such as 

CYP3A4, might have caused the differences in the present study, especially at the higher doses of HAL. 
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INTRODUCTION 
 

Although second-generation antipsychotics have 

become the main pharmacotherapeutic tool for 

various psychiatric disorders all over the world, 

first-generation antipsychotics such as haloperidol 

(HAL) have not lost their clinical value [1]. 

Interethnic differences in concentrations of HAL 
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have been observed between Caucasian and Asian 

populations. In those studies, the numbers of subjects 

were relatively small, especially in the Caucasian 

groups [2-5], and the majority of the Asian subjects 

were Chinese [2, 3, 6]. These limited reports taken 

together seem to indicate that plasma HAL levels are 

higher in Asians than in Caucasians. 

Roh and colleagues [7] showed that the steady-state 

plasma levels of HAL at doses lower than 20 mg 

were significantly different in the three main 

CYP2D6 genotype groups in Asians; specifically, 

patients with CYP2D6*10/CYP2D6*10 had 

significantly higher HAL C/D ratios than patients 

with CYP2D6*1/CYP2D6*1 or CYP2D6*1/ 

CYP2D6*10. Two reports showed similar results in 

Japanese patients [8, 9]. 

The aim of this study was to compare the 

steady-state plasma concentrations of HAL in 

Swedish, Korean, and Japanese psychiatric patients 

treated with oral HAL. 

 

SUBJECTS AND METHODS 

 

The data from 245 patients who took HAL orally 

were analyzed. Descriptive statistics of each ethnic 

group are shown in Table 1. For Japanese samples, 

the ethical committee of Shiga University of Medical 

Science approved this study and written informed 

consent was obtained from each subject after the 

procedure was fully explained. Korean samples were 

collected at the Seoul National Mental Hospital after 

informed consent was obtained from each subject. 

Korean samples were subjected to analysis with high 

performance liquid chromatography (HPLC) for 

determination of plasma levels of HAL in Karolinska 

University Hospital, Sweden; however, at the time of 

study, there was no ethical committee at Seoul 

National Mental Hospital, so the study protocol was 

approved by the ethics committee at Karolinska 

University Hospital, Sweden.  

 

Swedish patients 

Plasma levels of HAL have been analyzed at the 

therapeutic drug monitoring (TDM) laboratory at 

Karolinska University Hospital. A total of 1121 

consecutive request forms for analysis in 723 patients 

treated with HAL during the period 1991-2000 were 

screened. Fifty of these patients, whose daily doses 

of HAL, dosing schedules, treatment durations, and 

time intervals between the last doses and blood 

sampling collection time points were available, were 

included in this study. Only patients who took the 

same dosage of HAL for more than 7 days were 

included in order to get appropriate steady-state HAL 

concentrations. Thirty-seven patients took HAL 

twice a day, nine patients took HAL three times a day, 

and four patients took HAL before bedtime. 

Thirty-five of the patients (70%) were inpatients and 

fifteen (30%) were outpatients. If there were several 

HAL concentration measurement results from the 

same patient, priority was given to the first. Non- 

barbiturate hypnotics (benzodiazepines, zopiclone), 

antiparkinson drugs (biperiden, orphenadrin), and 

lithium carbonate were allowed as concomitant 

therapies. No other drugs were allowed. Thirteen 

patients took 2-6 mg/day of biperiden and eight 

patients took 50-200 mg/day of orphenadrin to 

control the extrapyramidal side effects of HAL, and 

twenty patients took benzodiazepines to control sleep 

disturbance or anxiety. Six patients took 

84-294 mg/day of lithium carbonate. 

Body weight was documented in only 14 patients 

(28%), and no information on smoking habits was 

available for the Swedish subjects. The time interval 

between the last dose and blood sampling was 12.0 ± 

3.8 (mean ± S.D.) hours. 

 

Korean patients 

Data from a previous study by Roh and colleagues 

[7] on steady-state plasma levels of HAL were used. 

In that study, 120 native Korean patients treated 

orally with HAL for at least two weeks were 

included. They were all inpatients who had been 

admitted to Seoul National Mental Hospital in Seoul, 

Republic of Korea. Sixty-eight patients were 

receiving 1 to 6 mg/day of benztropine in order to 

control extrapyramidal side effects of HAL, and 16 

patients were receiving benzodiazepines in order to 

control sleep disturbance or anxiety. They took HAL 

twice a day (12 hours apart), and blood samples were 

taken just before the morning dose to determine the 

plasma concentrations of HAL. 

 

Japanese patients 

Seventy-five Japanese patients (66 inpatients and 9 

outpatients) who had been treated orally with HAL 

monotherapy were investigated. The data from 

forty-five of the patients investigated in this study 

were from our previously published report [10], and 

the data from 30 patients that have not been 

previously published have been added. 

Sixty-eight patients were receiving antiparkinson 

drugs in order to control the extrapyramidal side 

effects of HAL. Biperiden (2-11 mg/day) was given 
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to 64 patients, and trihexyphenidyl (3-20 mg/day) to 

9 patients. Five patients received both biperiden 

(3-6 mg/day) and trihexyphenidyl (3-20 mg/day). 

Standard doses of benzodiazepines were allowed in 

cases where patients complained of sleep disturbance. 

Patients took HAL three times a day and were 

maintained on the same dose of HAL for at least 14 

days before blood sampling. Blood samples were 

drawn before the morning dose. The time interval 

between the last dose and blood sampling was 12.5 ± 

1.3 hours. If several samples had been taken from the 

same patients, priority was given to the first sample. 

 

Analytical methods 

Plasma levels of HAL in Korean and Swedish 

patients were determined by HPLC. The intra- and 

inter-assay coefficients of variation were 4.7% and 

5.9%, respectively, for Karolinska University 

Hospital. In Japanese patients, the plasma levels of 

HAL were determined by HPLC at the Department 

of Psychiatry, Shiga University of Medical Science 

in Japan. The intra- and inter-assay coefficients of 

variation were 5.1% and 5.9%, respectively, for 

Shiga University of Medical Science. 

To investigate the possible differences in the 

analytical results between the two institutions, 

identical frozen plasma samples to which HAL had 

been added were analyzed separately both in Japan 

and later in Sweden. The concentrations of HAL 

determined in Huddinge were approximately 10% 

lower than in Shiga. There was a close linear 

relationship between the values determined in the 

two laboratories for HAL (HAL [Karolinska, 

nmol/L] = 0.91 × HAL [Shiga, nmol/L] + 0.81, (r = 

0.99, p<0.0001, N = 18) [equation 1].  

 

Statistical analysis 

To compare the means of the three ethnic groups, 

one-way analysis of variance (ANOVA) was 

employed. Where appropriate, direct pairwise 

comparisons of ethnic groups were conducted using 

Bonferroni’s test.  

Statistical analyses were performed using Prism 

(Version 2.0, Graphpad, Inc., San Diego, CA). Linear 

multiple regression analysis was performed using 

SPSS (SPSS Inc, Chicago, IL, USA) to see the 

impact of ethnicity and of concomitant drug usage. 

 

 

 

 
Table 1. Descriptive statistics in three ethnic groups 

 Koreans Japanese Swedes 

Number of patients 120 75 50 

Gender (male/female) 71/49 32/43 21/29 

Smoker/Non-smoker NA 15/59
a 

NA 

Age (yr)*** 34 ± 7 (19-54)
 

33 ± 11 (15-64)
 

40 ± 16 (16-80)
§,† 

Weight (kg)* 60 ± 9 (39-87)
† 

56 ± 9 (41-84)
 

71 ± 24 (45-135)
b,† 

Daily dose (mg)**** 21 ± 11 (3-60)
†
  15 ± 13 (2-80) 9 ± 7 (1-32)

§,†
 

HAL concentration (nmol/L)**** 57.9 ± 42.2 (4.5-230)
†
 27.8 ± 25.5 (3.2-135)

 
10.2 ± 12.2 (1.0-63)

§,† 

Concentration/daily dose  

of HAL(nmol/L per mg)**** 

2.78 ± 1.39 (0.91-8.6)
† 

1.88 ± 0.64 (0.62-3.7 )
 

1.24 ± 0.71 (0.25-3.9)
§,†
  

Data given are mean ± SD (range). HAL: haloperidol; NA: information not available. 
a: Data from 74 patients; b: Data from 14 patients;*: p<0.05; *** : p<0.0001; **** : p<0.0001 (one-way ANOVA 
in three ethnic groups)  
§: p<0.05 compared to Koreans; †: p<0.05 compared to Japanese (Bonferroni’s post test) 

 

 

 

RESULTS 

 

A significant positive correlation was observed 

between the steady-state plasma concentration of 

HAL and the daily dose of HAL in the three ethnic 

groups, respectively (Koreans: n = 120, r = 0.77; 

Japanese: n = 75, r = 0.92; Swedes: n = 50, r = 0.82, 

p<0.0001; linear regression analysis) (Figure 1). The 

steady-state plasma concentrations of HAL were 

corrected by using equation 1 for the Japanese 

patients, and those corrected values were used for 

further analysis. The descriptive statistics of the 

patients are shown in Table 1. Korean subjects had 

steady-state concentrations of HAL that were more 

than 5 times those of the Swedish subjects, and 

almost twice those of the Japanese subjects. The 
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Japanese subjects had steady-state concentrations of 

HAL that were approximately 3 times higher than 

those of the Swedish subjects.  

A significant difference was observed in the mean 

daily dose of HAL among the three ethnic groups 

(p<0.001, one-way ANOVA). The mean daily dose 

in Korean patients (21 mg/day) was significantly 

higher than that in the Japanese (15 mg/day) or 

Swedish patients (9 mg/day) (p<0.001, Bonferroni’s 

post test). Moreover, a significant difference in terms 

of the daily dose of HAL was observed between the 

Japanese and Swedish patients (p<0.01).  

 

 

0 25 50 75 100
0

100

200

300
Koreans

Japanese

Swedes

Daily dose of HAL (mg)

C
ss

 o
f 
H

A
L
 (
n
m

o
l/
L

)

 
 

Figure 1A. The relationships between the steady-state plasma concentrations (Css) and daily doses of 

HAL in the three ethnic groups. Equations for linear regression: Koreans: Css = 2.838 × daily dose of 

HAL - 2.703 (n = 120, r = 0.77); Japanese: Css = 1.916 × (daily dose of HAL) + 0.742 (n = 75, r = 0.92); 

Swedes: Css = 1.359 × (daily dose of HAL) - 1.531 (n = 50, r = 0.82). 
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Figure 1B. A magnified view of part of Figure 1A. 
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Figure 2. Steady state plasma concentration/daily dose of HAL in the three ethnic 

groups. Significant differences were observed among the three ethnic groups (p<0.0001) 

by one-way ANOVA. Direct pairwise comparison by Bonferroni’s multiple comparison 

test revealed significant differences (** p<0.01, ***p<0.001). Horizontal lines show 

mean values.  

 
 
Figure 2 shows the ratio of the steady-state plasma 

concentration of HAL to the daily dose of HAL (the 

C/D ratio) for the three ethnic groups. The mean C/D 

ratio in the Korean patients (2.78 nmol/L/mg) was 

approximately 2.2 times higher than that in the 

Swedish patients (1.24 nmol/L/mg) (Table 1). The 

mean C/D ratio in the Japanese patients 

(1.88 nmol/L/mg) was approximately 1.5 times 

higher than that in the Swedes. Significant 

differences in the mean C/D ratio were observed 

among the three ethnic groups (p<0.0001, one-way 

ANOVA).  

To analyze the relationship between the plasma 

concentration of HAL and other factors, a linear 

multiple regression analysis with a stepwise method 

was performed. We used the daily dose of HAL, age, 

gender, and ethnicity as independent variables, in 

which the values for gender were 1 for male and 0 

for female, the values for ethnicity were 0 for 

Swedish, 1 for Japanese, and 2 for Koreans, as 

dummy variables. The Log10 (HAL C/D ratio) was 

used as a dependent variable. The final model is 

illustrated by the following equation:  

Log10(C/D) = 0.601 × ethnicity – 0.177 × gender + 

0.076 (ethnicity; t = 11.541, p<0.001, gender: t = 

-3.401, p<0.001, r = 0.60). Ethnicity and gender were 

each significant factors; neither the daily dose of 

HAL nor age were statistically significant. 

 

DISCUSSION 

 

The assay methods differed between the Swedish 

and Japanese laboratories in the present study. When 

we analyzed identical samples, the plasma levels of 

HAL determined in Japan were approximately 10% 

higher than those in Sweden. Even after taking the 

relative overestimation of HAL in the Japanese 

laboratory into consideration, significant differences 

were still observed among the three ethnic groups.  

In Swedish patients, the mean age was significantly 

higher than in the other two groups. Morita and 

colleagues reported that age does not significantly 

affect the C/D ratio in patients between 20 and 70 

years of age; however, patients over 70 years of age 

had C/D ratios that were 46% to 98% higher than 

those in patients less than 69 years of age [11]. In this 

study, only 2 Swedish patients over 70 years of age 

were included, and the findings of the present study 

cannot be attributed to the effect of age.  

In the present study, gender was one of the 

significant factors affecting the C/D ratio; specifically, 

male patients had lower C/D ratios than female 
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patients. One possible explanation is the body weight 

difference between males and females. In Korean 

and Japanese patients for whom body weight data 

were available, the male patients were heavier than 

the female patients, and after correcting the C/D ratio 

by body weight, there was no significant difference 

in this parameter between male and female subjects. 

Among the Swedish patients, body weight was only 

available for 14 patients, so such a comparison could 

not be performed for the Swedish patients.  

The pronounced interethnic difference in the C/D 

ratio among Koreans, Japanese and Swedes in the 

present study might be too large to be explained only 

by ethnic differences in CYP2D6 polymorphism. 

One possible explanation for these differences might 

be the differences among the three ethnic groups in 

terms of the daily dose. One report has suggested that, 

especially at lower doses of HAL (<20 mg daily), 

patients with CYP2D6*10/CYP2D6*10 have 

significantly higher C/D [7-9], although this finding 

was not confirmed in another report [12]. The 

influence of CYP2D6 genotype on the plasma levels 

of HAL might be limited to the lower range of the 

daily dose -- that is, another isozyme(s) may be 

responsible for the metabolism of HAL in individuals 

treated with higher daily doses of HAL. In vitro 

studies have suggested that the back oxidation of 

reduced haloperidol (RHAL) to HAL is mainly 

catalyzed by CYP3A4 [13-15]. The results of this 

study might be due to the involvement of enzymes 

other than CYP2D6, such as CYP3A4, in the 

metabolism of HAL, especially at higher doses. 

Hsieh and colleagues [16] reported that novel 

mutations of CYP3A4 may decrease CYP3A4 

activity.  

From a pharmacogenetic point of view, Koreans and 

Japanese are closely related [17,18], and we expected 

that the plasma levels of HAL in Japanese and 

Korean patients would be very similar. However, 

contrary to our expectations, the C/D ratios in the 

Korean patients were significantly higher than those 

in the Japanese patients. This might be partly due to 

the higher incidence of CYP2D6*10 in the Korean 

population (53.8% [7] in Koreans compared with 

25-43% in Japanese [8, 19-23]). Interethnic differ-

ences in the metabolic capacity of xenobiotics (e.g., 

nicotine [24]) have been reported between the two 

ethnic groups. One possible explanation is that the 

unknown pathway(s) responsible for HAL metabol-

ism has a metabolic capacity that is different between 

the two ethnic groups.  

Of course, the present study has some limitations. 

First, different HPLC methodologies were used to 

determine the plasma levels of HAL in Japan 

(Department of Psychiatry, Shiga University of 

Medical Science) and Sweden (Karolinska 

University Hospital, Karolinska Institutet). 

Additionally, CYP2D6 genotyping was not 

performed to explain the interethnic differences in 

the HAL concentrations. However, the results of the 

present study reflect the “real world” clinical usage 

of HAL in the three countries studied. 

 

 

ACKNOWLEDGEMENTS 

 

The present study was supported by grants form the 

Swedish Medical Research Council (3902), the 

National Institutes of Health, USA (1R01 GM 

60548-01A2), the Karolinska Institutet, the Japanese 

Ministry of Science and Education (#13671000), and 

a Grant-in-aid for Cancer Research (9-31) form the 

Japanese Ministry of Health, Labour and Welfare. 

The research of Sachiyo Morita in Sweden was 

supported by a fellowship from the Japanese Society 

of Clinical Neuropsychopharmacology. The authors 

declare no biomedical or financial interests or 

potential conflicts of interest directly relevant to the 

content of the present study. 

 
 

REFERENCES 
 

[1] Kennedy J, Tien YY, Cohen LJ, Sclar DA, Liu 

D, Blodgett EG, Engle J. The association 

between class of antipsychotic and rates of 

hospitalization: results of a retrospective 

analysis of data from the 2005 Medicare 

current beneficiary survey. Clin Ther. 2009; 31: 

2931-2939. 

[2] Potkin SG, Shen Y, Pardes H, Phelps BH, 

Zhou D, Shu L, Korpi E, Wyatt RJ. 

Haloperidol concentrations elevated in Chinese 

patients. Psychiatry Res. 1984; 12: 167-172. 

[3] Jann MW, Chang WH, Davis CM, Chen TY, 

Deng HC, Lung FW, Ereshefsky L, Saklad SR, 

Richards AL. Haloperidol and reduced 

haloperidol plasma levels in Chinese vs. 

non-Chinese psychiatric patients. Psychiatry 

Res. 1989; 30: 45-52. 

[4] Lin KM, Poland RE, Nuccio I, Matsuda K, 

Hathuc N, Su TP, Fu P. A longitudinal 

assessment of haloperidol doses and serum 

concentrations in Asian and Caucasian 

schizophrenic patients. Am J Psychiatry. 1989; 



Interethnic comparison of haloperidol plasma levels Sachiyo Morita et al.  
 

 30

146: 1307-1311. 

[5] Zhang-Wong J, Beiser M, Zipursky RB, Bean 

G. An investigation of ethnic and gender 

differences in the pharmacodynamics of 

haloperidol. Psychiatry Res. 1998; 81: 333-339. 

[6] Jann MW, Chang WH, Lam YW, Hwu HG, 

Lin HN, Chen H, Chen TY, Lin SK, Chien CP, 

Davis CM, et al. Comparison of haloperidol 

and reduced haloperidol plasma levels in four 

different ethnic populations. Prog Neuro-

psychopharmacol Biol Psychiatry. 1992; 16: 

193-202. 

[7] Roh HK, Chung JY, Oh DY, Park CS, 

Svensson JO, Dahl ML, Bertilsson L. Plasma 

concentrations of haloperidol are related to 

CYP2D6 genotype at low, but not high doses of 

haloperidol in Korean schizophrenic patients. 

Br J Clin Pharmacol. 2001; 52: 265-271. 

[8] Suzuki A, Otani K, Mihara K, Yasui N, 

Kaneko S, Inoue Y, Hayashi K. Effects of the 

CYP2D6 genotype on the steady-state plasma 

concentrations of haloperidol and reduced 

haloperidol in Japanese schizophrenic patients. 

Pharmacogenetics. 1997; 7: 415-418. 

[9] Mihara K, Suzuki A, Kondo T, Yasui N, 

Furukori H, Nagashima U, Otani K, Kaneko S, 

Inoue Y. Effects of the CYP2D6*10 allele on 

the steady-state plasma concentrations of 

haloperidol and reduced haloperidol in 

Japanese patients with schizophrenia. Clin 

Pharmacol Ther. 1999; 65: 291-294. 

[10] Someya T, Takahashi S, Shibasaki M, Inaba T, 

Cheung SW, Tang SW. Reduced haloperidol/ 

haloperidol ratios in plasma: polymorphism in 

Japanese psychiatric patients. Psychiatry Res. 

1990; 31: 111-120. 

[11] Morita S, Someya T, Hirokane G, Ozeki Y, 

Nagata M, Hatashita Y, Shirai A, Kato K, 

Shimoda K, Takahashi S. Effect of aging on 

blood levels of haloperidol. Jap J Psychiat Treat. 

1997; 12: 423-428. 

[12] Shimoda K, Morita S, Yokono A, Someya T, 

Hirokane G, Sunahara N, Takahashi S. 

CYP2D6*10 alleles are not the determinant of 

the plasma haloperidol concentrations in Asian 

patients. Ther Drug Monit. 2000; 22: 392-396. 

[13] Kudo S, Odomi M. Involvement of human 

cytochrome P450 3A4 in reduced haloperidol 

oxidation. Eur J Clin Pharmacol. 1998; 54: 

253-259. 

[14] Pan L, Belpaire FM. In vitro study on the 

involvement of CYP1A2, CYP2D6 and 

CYP3A4 in the metabolism of haloperidol and 

reduced haloperidol. Eur J Clin Pharmacol. 

1999; 55: 599-604. 

[15] Fang J, Baker GB, Silverstone PH, Coutts RT. 

Involvement of CYP3A4 and CYP2D6 in the 

metabolism of haloperidol. Cell Mol Neurobiol. 

1997; 17: 227-233. 

[16] Hsieh KP, Lin YY, Cheng CL, Lai ML, Lin 

MS, Siest JP, Huang JD. Novel mutations of 

CYP3A4 in Chinese. Drug Metab Dispos. 

2001; 29: 268-273. 

[17] Cavalli-Sforza LL, Piazza A, Menozzi P, 

Mountain J. Reconstruction of human evolu-

tion: bringing together genetic, archaeological, 

and linguistic data. Proc Natl Acad Sci U S A. 

1988; 85: 6002-6006. 

[18] Man M, Farmen M, Dumaual C, Teng CH, 

Moser B, Irie S, Noh GJ, Njau R, Close S, 

Wise S, Hockett R. Genetic variation in 

metabolizing enzyme and transporter genes: 

Comprehensive assessment in 3 major east 

Asian subpopulations with comparison to 

Caucasians and Africans. J Clin Pharmacol. 

2010; 50: 929-940.   

[19] Suzuki A, Otani K, Mihara K, Yasui N, Kondo 

T, Tokinaga N, Furukori H, Kaneko S, Inoue Y, 

Hayashi K. Effects of various factors including 

the CYP2D6 genotype and coadministration of 

flunitrazepam on the steady-state plasma 

concentrations of bromperidol and its reduced 

metabolite. Psychopharmacology Berl. 1998; 

135: 333-337. 

[20] Mihara K, Otani K, Suzuki A, Yasui N, 

Nakano H, Meng X, Ohkubo T, Nagasaki T, 

Kaneko S, Tsuchida S, Sugawara K, Gonzalez 

FJ. Relationship between the CYP2D6 

genotype and the steady-state plasma 

concentrations of trazodone and its active 

metabolite m- chlorophenylpiperazine. 

Psychopharmacology (Berl). 1997; 133: 95-98. 

[21] Morita S, Shimoda K, Someya T, Yoshimura Y, 

Kamijima K, Kato N. Steady-state plasma 

levels of nortriptyline and its hydroxylated 

metabolites in Japanese: The impact of 

CYP2D6 genotype on the hydroxylation of 

nortriptyline. J Clin Psychopharmacol. 2000; 

20: 141-149. 

[22] Dahl ML, Yue QY, Roh HK, Johansson I, 

Säwe J, Sjöqvist F, Bertilsson L. Genetic 

analysis of the CYP2D locus in relation to 

debrisoquine hydroxylation capacity in Korean, 

Japanese and Chinese subjects. 

Pharmacogenetics. 1995; 5: 159-164. 

[23] Someya T, Suzuki Y, Shimoda K, Hirokane G, 



Interethnic comparison of haloperidol plasma levels       Sachiyo Morita et al. 
 
 

 31

Morita S, Yokono A, Inoue Y, Takahashi S. 

The effect of cytochrome P450 2D6 genotypes 

on haloperidol metabolism: a preliminary study 

in a psychiatric population. Psychiatry Clin 

Neurosci. 1999; 53: 593-597. 

[24] Nakajima M, Fukami T, Yamanaka H, Higashi 

E, Sakai H, Yoshida R, Kwon JT, McLeod HL, 

Yokoi T. Comprehensive evaluation of 

variability in nicotine metabolism and CYP2A6 

polymorphic alleles in four ethnic populations. 

Clin Pharmacol Ther. 2006; 80: 282-297. 


