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Fig. 2. Mean levels of serum lipid parameters on the last
day of 4 weeks of treatment with simvastatin (5 mg/day) or
combined treatment with simvastatin (5 mg/day) and amlo-
dipine (5 mg/day). TC, total cholesterol; LDL-C, low-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein
cholesterol; TG, triglycerides. Each column represents the
meanzSD. '

believed to be relevant to the systemic adverse effects for this
class of agents (35).

The pharmacokinetics of simvastatin has been shown to be
affected by potent CYP3A4 inhibitors (I13-15, 18). Amlo-
dipine, which is metabolized by CYP3A4, has been reported
to show inhibitory effects on CYP3A4 in vitro (31). However,
the influence of amlodipine on the substrate drugs of
CYP3A4 has not been clarified yet. In this study, amlodipine
significantly increases the AUC of HMG-CoA reductase
inhibitors after co-administration of simvastatin by 30%. It
has been reported that the AUC of HMG-CoA reductase
inhibitors was increased 4-fold with itraconazole (I3), which
is known to be a potent inhibitor of CYP3A4. Some studies
have show adverse effects, including rhabdomyolysis, in
patients treated with simvastatin and CYP3A4 inhibitors such
as itraconazole and ketoconazole (8). These reports suggested
that the co-administration of simvastatin with these inhibitors

‘enhanced the risk of adverse effects, because of the dose-
dependent toxicity of HMG-CoA reductase inhibitors. In our
previous study, diltiazem increased the AUC of HMG-CoA
reductase inhibitors 2-fold (18). On the other hand, amlo-
dipine increased the AUC of HMG-CoA reductase inhibitors
by only 30% in this study. In addition, it has been reported

_that the CYP3A4 inhibitory effect of diltiazem was higher
than that of amlodipine after therapeutic doses (36). There-
fore, the difference of the impact on the plasma concentra-
tions of HMG-CoA reductase inhibitors may depend on the
difference of the CYP3A4 inhibitory potency between amlo-
dipine and diltiazem.

1t has been reported that an increase in the plasma concen-

 trations of HMG-CoA reductase inhibitors following co-

Table 3. Systolic BP and Diastolic BP during Pretrial-Con-
trol Period with Enalapril, Simvastatin Monotherapy and
Combined Treatment with Simvastatin and Amlodipine

Systolic BP Diastolic BP
(mmHg) (mmHg)
Simvastatin +enalapril '
(pretrial control period) 135%19 7813
Simvastatin 1524£22% 89+13*
Simvastatin +amlodipine 14017 81411

Valves are mean+SD. BP, blood pressure. *p<0.05 vs. simva-
statin-+enalapril.

administration of simvastatin and diltiazem resulted in a
reduction of TC and LDL-C levels (I8). However, we did not
observe such a reduction of TC and LDL-C levels, despite the
fact that amlodipine increased the plasma concentrations of
HMG-CoA reductase inhibitors. The pharmacokinetic inter-
actions observed in the present study, such as the 30%
increase in the AUC of HMG-CoA reductase inhibitors, may
not have been sufficient to alter the pharmacodynamic
response. Moreover, we cannot exclude the possibility that
the number of patients was not sufficient to detect the phar-
macodynamic differences. Further investigations will be
needed to clarify the pharmacodynamic impact of simvastatin
with amlodipine on TC and LDL-C.

In conclusion, this study is the first repori of the drug inter-
action between simvastatin and amlodipine after a long-term
treatment. Although amlodipine increases the plasma concen-
trations of HMG-CoA reductase inhibitors, the impact of
amlodipine on simvastatin is smaller than that of diltiazem.
Since these drugs are often used concomitantly for patients
with hypertension and hypercholesterolemia, amlodipine
could be used more safely with simvastatin than diltiazem.
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A Randomized Clinical Study

of Tea

Catechin Inhalation Effects on
Methicillin-Resistant Staphylococcus
aureus in Disabled Elderly Patients

Hiroshi Yamada, MD, Masato Tateishi, MD, Kaxuhiro Harada, MD, Toshihiko Ohashi, MD, Takako Shimizu, MD,
Tetsushi Atsumi, MD, Yasuko Komagata, PhD, Hajime Lijima, PhD, Kanki Komiyama, PhD, Hiroshi Watanabe, MD,

Yukihiko Hara, PhD, and Kyoichi Ohashi, MD

Objectives: To evaluate the effects of tea catechin inha-
lation on methicillin-resistant Staphylococcus aureus
(MRSA) in disabled elderly patients.

Design: Seven days, randomized, prospective study.
Setting: Three hospitals in Japan.

Participants: Seventy-two patients aged 78 = .11 years
(mean age =* standard deviation) with cerebrovascular
diseases, classified as disabled according to the activity
of daily living and were either bedridden or required
assistance for standing, and showing presence of MRSA
in sputum.

Interventions: Inhalation of 2 mL tea catechin extract
solution along with saline (3.7 mg/mL catechins, 43% of
catechins are composed of epigallocatechin gallate), or
saline alone, 3 times daily using a handheld nebuhzer
for 7 days.

Measurements: The endpoint of efficacy was the re-
duction rates of MRSA in sputum. The safety measure
was the adverse events observed during the 7 days of
inhalation.

Results: The reduction rates calculated as the summa-
tion of decrease and disappearance of MRSA in sputum
at 7 days-were 47% (17 of 36 patients) in the catechin
group and 15% (5 of 33 patients) in the control group;
the difference in the reduction rates between the 2
groups was statistically significant (P = .014). The disap-
pearance rate of MRSA in sputum was higher in the
catechin group (31%; 11 patients) when compared with
the control group (12%; 4 patients), however the differ-
ence in the disappearance rate between the 2 groups
was not statistically significant (P = .091). No adverse
events, such as respiratory tract obstruction, allergic
bronchial spasm, or skin eruption, including laboratory
changes, were observed during the study. ‘

Conclusion: The catechin inhalation appeared to reduce
the MRSA count in sputum. However, the application of
tea catechin inhalation as a supplementary treatment
for controlling MRSA infection remains controversial. (J
Am Med Dir Assoc 2006; 7: 79-83)

Keywords: Methicillin-resistant Staphylococcus aureus
(MRSA); catechin; elderly; disabled
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Methicillin-resistant Staphylococcus aureus (MRSA) is a multi-
drug-resistant pathogen and is often responsible for serious nos-
ocomial infections associated with significant mortality and
morbidity. MRSA often causes life-threatening infections, such
as pneumonia or sepsis, in some susceptible patients using im-
munosuppressant drugs or in the disabled elderly.!” Patients
who are colonized or infected with MRSA can cause serious
social implications such as hospital-acquired infections or pro-
longed hospitalization. Moreover, patients with MRSA, partic-
ularly elderly patients, are usually isolated, depressed, and suffer
from anxiety, which in turn decreases their quality of life.?
Therefore, control of MRSA s essential for social benefits as
well as for the improvement in the health and quality of life of
the elderly patients.

Catechins are the major components of tea flavonoids and
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are reported to possess antioxidative, anticancer, hypolipi-
demic, hypoglycemic, hypotensive, antiviral, and antibacte-
rial effects.~® Recent in vitro experimental studies have
revealed that tea catechin extracts induce bactericidal effects
as well as demonstrate synergistic effects with antibiotics
against MRSA.™ 15 However, thus far, a limited number of
studies have been conducted on the clinical effects of tea
catechin against MRSA.'~® In our previous clinical pilot
studies, catechin inhalation showed a temporary effect on the
elimination of MRSA in sputum, and this effect was observed
in a dose-dependent manner.'”'® Based on these results, we
designed a prospective randomized controlled study to evalu-
ate the effects of tea catechin inhalation on MRSA in dis-
abled elderly patients.

METHODS

A total of 72 inpatients who attended the Department of
Neurology at Seirei Hamamatsu General Hospital, Department
of Internal Medicine at National Hospital Organization
Fukuoka Higashi Medical Center, and Kasaoka Daiichi Hospi-
tal, and showed presence of MRSA in their sputum samples
were studied between February 2002 and April 2004. The mean
age of all patients was 78 * 11 years, and the patients were
randomized prior to receiving inhalation treatment. All study
patients had a history of cerebrovascular diseases and were
classified as disabled according to the activity of daily living;
these patients were either bedridden or required assistance for
standing. Cerebrovascular diseases in the patients were diag-
nosed using magnetic resonance imaging or computerized to-
mography of the brain. The study was approved by the ethics
committee at each study site and was conducted in accordance
with the Declaration of Helsinki. Written informed consent was
obtained from all patients or their guardians before participation
in the study.

The patients were recruited sequentially and were random-
ized in a single-blind manner. Randomized allocation was per-
formed independently at the Hamamatsu University School of
Medicine, and the requisite information was provided to inves-
tigative staff at each site. The study patients and guardians were
not informed of the type of material in the nebulizer. To esti-
mate the effectiveness of tea catechin inhalation on patients’
clinical outcomes, sputum samples were tested at each site by a
laboratory technician who had no prior information regarding
which of the patients were allocated to the control group or to
the catechin group. The patients included in the catechin group
received inhalation of 2 mL tea catechin extract solution in
saline, and the control group received inhalation of saline alone.
The concentration of the catechin solution in saline was equiv-
alent to 3.7 mg/mL catechins; these catechins were composed of
1.6 mg epigallocatechin gallate (EGCG). Using a handheld
nebulizer, the catechin solution was inhaled 3 times daily for a
period of 7 days. Catechins were in the form of polyphenon 60A

(Mitsui Norin Co, Ltd, Tokyo, Japan), and total catechin con- -

tent was 73.0%, including 31% (—)-EGCG, 21% (—)-epigal-
locatechin, 8.6% (—)-epicatechin, 8.6% (—)-epicatechin gal-
late, 2.9% (—)-gallocatechin gallate, and 0.8% (—)-catechin
gallate.

Staphylococcus aureus isolated from the sputum was defined as

MRSA when it showed a minimum inhibitory concentration
(MIC) of more than 4 ug/mL for oxacillin in a disk diffusion
method of the National Committee for Clinical Laboratory
Standards (NCCLS). All the strains were identified by polymer-
ase chain reaction (PCR) analysis of mecA gene expression.'? If
the patients faced difficulties in expectorating sputum them-
selves, they were assisted by registered nurses. The microbiology
laboratory at each hospital evaluated the quality of sputum. The
samples of sputum that showed resistance to oxacillin in the disk
diffusion test were evaluated for MRSA colony formation units
(CFU) using routine laboratory tests; the count of MRSA. as
CFU was graded based on a semiquantitive scale of 0, 1+, 2+,
or 3+. The enrolled patients were confirmed to show an MRSA
count of 2+ or 3+ on the CFU scale in their sputum samples at
least twice a week prior to their allocation. If a patient was
observed to have an MRSA infection, the antibiotic therapy
was continued and was not changed during the study. Infected
patients were defined as those who exhibited the clinical symp-
toms of infection, such as bronchopneumonia, along with the
presence of MRSA in their sputum samples. On the other hand,
colonized patients were defined as those who did not exhibit
clinical symptoms of infection, but showed presence of MRSA
in their sputum samples. Patients were excluded from participa-
tion in the study if they had a history of bronchial asthma;
hypersensitivity to tea ingestion; or severe cardiac, renal, or
hepatic dysfunction. '

For the estimation of patients’ clinical outcomes, the reduc-
tion rates calculated as the summation of decrease and disap-
pearance of MRSA in sputum between the 2 groups were
compared at the beginning and at the end of the inhalation. A
decrease in MRSA count was defined as a 2-scale improvement
from 3+ to 1+, and the disappearance of MRSA was defined as
the change in the count to scale 0. MRSA in sputum was
confirmed twice at the end of inhalation, and the higher score
was selected for analysis. For the safety evaluations, laboratory

‘data were measured before and after 1 week of inhalation, and

the adverse events such as respiratory tract obstruction, allergic
bronchial spasm, or skin eruption were also checked at each
inhalation time during the study.

All statistical analyses were performed using SPSS for Win-
dows, version 11.0 (SPSS, Inc, Chicago, IL). Data of continuous
variables are expressed as means = SD. The differences in the
quantitative data between the groups were assessed by the Stu-
dent ¢ test. The chi-square test was used to compare categorical
variables with variables divided in quartiles. Statistical differ-
ences in the reduction or disappearance of MRSA between the
catechin group and the control group were evaluated by the
multivariate logistic regression analysis. A P value less than .05
was considered to be statistically significant.

RESULTS

Sixty-nine patients completed the study; 3 patients dropped
out because of their refusal to provide consent since they were
transferred to a nursing home (Figure 1). The clinical profiles of
the subjects who participated in the study are summarized in
Table 1. MRSA infection was diagnosed in 16 patients, whereas
53 patients were observed to be colonized with MRSA. During
the study, the infected patients were administered a glycopep-
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Fig. 1. Flow of the study protocol.

tide or aminoglycoside antibiotic, such as vancomyein, teicopla-
nin, or arbekacin, in combination with other antibiotics. On the
other hand, no antibiotics were administered to the colonized
patients. Forty-one patients were catheterized with a nasogastric,
tracheal, or urethral tube. No significant differences were ob-
served between the catechin group and the control group with
respect to age, sex, MRSA infection or colonization status,
degree of activity of daily living, existence of decubitus ulcers,
catheterization, and laboratory data for indications of anemia,
nutritional status, inflammation, or hepatic or renal dysfunction.

After 1 week of inhalation, the reduction rates calcu-
lated as the summations of decrease and disappearance of
MRSA in sputum were 47% (17 of 36 patients) in the
catechin group and 15% (5 of 33 patients) in the control
group; the difference in the reduction rates between the 2
groups was observed to be statistically significant (P =

.014). The disappearance rate of MRSA in sputum was
- higher in the catechin group (31%; 11 patients) when

compared with that in the control group (12%; 4 patients);
however, the difference in the disappearance rate between
the 2 groups was not statistically significant (P = .091)
(Table 2).

In the subgroup analysis of 53 patients colonized with MRSA,
the reduction rates of MRSA were 50% (13 of 26 patients) in
the catechin group and 19% (5 of 27 patients) in the control
group; the difference in the reduction rate between the 2 groups
was observed to be statistically significant (P = .027). The
disappearance rate of MRSA in sputum was higher in the
catechin group (31%; 8 patients) when compared with that in
the control group (15%; 4 patients); however, the difference in
the disappearance rate between the 2 groups was not statistically
significant. Of 16 patients infected with MRSA, the reduction
in MRSA count was observed in 4 patients in the catechin
group, whereas none of the patients in the control group showed
a reduction in MRSA count. Among the 16 infected patients, 4
patients were administered vancomycin; 5, teicoplanin; and 1,
arbekacin in the catechin group, whereas in the control group,
3 patients were administered vancomycin; 1, teicoplanin; and 2,
arbekacin, in combination with imipenem, panipenem, or cefta-
zidime. Among the infected patients who showed reduction in
MRSA count, one patient was administered vancomycin,
whereas 3 patients were administered teicoplanin, in combina-

Table 1.  Clinical Profiles of the Catechin Inhalation Group and the Control Group

Catechin Group Control Group P Value
n = 36 n =33

Patient age, y* 78+9.5 78 =13 .97
Men/women 19/17 18/15 .88
MRSA infected/colonized 10/26 6/27 .89
Activity of daily living 13

Bedridden 27 19

Standing with assistance 9 14
Decubitus ulcers (+) 9 4 A7
Catheterization (+) 23 18 43

Nasogastric tube . 17 12 .36

Tracheal tube 3 2 72

Urethral tube 13 8 .28
WBC count, cells/mL* 9000 =+ 3400 8600 = 4500 .65
Hemoglobin, g/dL* 11.6*=1.8 "M1+19 .28
CRP, mg/dL* 42+438 48+59 .63
Total protein, g/dL* 6.5 +0.7 6.8 = 0.8 14
AST, 1U/L* 28 +17 24 +9.7 .20
ALT, IU/L* 23+18 20 =17 .52
BUN, mg/dL* 22+10 23+ 13 .60
Cr, mg/dL* 09=0.6 0.7+0.4 .10

WBC, white blood cell; CRP, C-reactive protein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BUN, blood urea nitrogen;

Cr, creatinine.

* Values are expressed as mean = standard deviation.
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Table 2. Comparison of the Reduction and Disappearance Rates of
Methicillin-Resistant Staphylococcus aureus in Sputum Between the
Catechin Group and the Control Group

Numbers of
Patients

Control P Value

Group

Catechin
Group

n=36 =33

17 (47%) 5(15%) .014*
Disappearance 11(31%) 4(12%) .091

Colonized patients(n =53) n=26 n=27
Reduction 13(50%) 5(19%) .027*
Disappearance 8(31%) 4(15%) .40

Infected patients (n = 16) n=10 n==6
Reduction 4(40%) 0(0%) .12
Disappearance 3(30%) 0(0%) .89

Total patients {n = 69)
Reductiont

* P <.05
T Reduction: the summation of decrease and disappearance of
methicillin-resistant Staphylococcus aureus.

tion with imipenem, panipenem, or ceftazidime. No adverse
events, such as respiratory tract obstruction, allergic bronchial
spasm, or skin eruption, including laboratory changes, were
observed in all patients during the study.

DISCUSSION

The present study demonstrating the effects of tea catechin
inhalation on MRSA in a prospective randomized controlled
manner is the first to be reported in the literature. The results
showed that tea catechin inhalation for 1 week appeared to be
effective in reducing the MRSA count when compared with
saline inhalation alone. The results are consistent with those of
our previous pilot study on the effects of a 4-week inhalation
period of tea catechin on MRSA as compared to saline/brom-
hexine inhalation.!” Furthermore, the tendency of reduction in
MRSA counts was also observed in the colonized patients who
were not administered any antibiotics. This tendency was also
observed in the infected patients, however this was not signifi-
cant probably due to the small sample size.

Despite a significant decrease in MRSA counts, the effect of
tea catechin on MRSA was not sufficiently strong as to induce
a complete eradication of MRSA from sputum. In our previous
pilot study, we had observed that the effect of tea catechin
inhalation on MRSA was greatest at 1 week of inhalation,
however this effect was transient.!’ Therefore, the inhalation
method has limited application as a supplementary treatment in
combination with the standard therapy for the control of
MRSA. Additionally, we should consider some of the limita-
tions of the present study. First, the study design was not com-
pletely blinded. Although none of the patients participating in

the study or their guardians were informed of the type of mate- -

rial used in the nebulizer, they could identify the material based
on their knowledge of the color of tea catechin solution as
transparent yellow and that of saline as colorless. Second, tea
catechin is not an approved drug; therefore thorough informed
consent is essential prior to participation in the study. Addition-

ally, to ensure quality, the solution should be carefully prepared
in a hospital clean room under sterile conditions.

The precise mechanism of action of tea catechin against
MRSA has not yet been fully elucidated. Some natural products,
such as vegetables and fruits, are reported to exhibit inhibitory
effects on microorganisms.”° Among them, tea catechins, a
group of natural-occurring polyphenols, possess strong antioxi-
dative activity, and the production of hydrogen peroxide is
reported to be involved in the bactericidal activity against
several bacterial strains, including MRSA.2! Recent experimen-
tal studies have revealed that EGCG, the major low-molecular-
weight polyphenol in green tea leaf extracts, is the main caus-
ative component of antibacterial activity and induces synergistic
effects with antibiotics against MRSA.™® EGCG can reverse
methicillin resistance in MRSA in vitro. This phenomenon can
be explained by the prevention of penicillin-binding protein 2’
(PBP2’) synthesis and inhibition of beta-lactamase secretion.’
MIC of EGCG against MRSA was reported to be 100 ug/mL or
less, and EGCG concentration less than the MIC value reversed
the high level resistance of MRSA to beta-lactams.” Combina-
tions of EGCG along with some non-beta-lactam antibiotics
were also reported to show additive effects.!"!? We also ob-
served that tea catechins showed antimicrobial activity and
induction of synergistic effects with some antibiotics, such as
oxacillin, cefrazidime, imipenem, or vancomycin (data not
shown in text). The result that tea catechins have the ability to
restore the activity of antibiotics that have lost their potency
against MRSA is of clinical importance since the overuse of
antibiotics has led to development of antibiotic-resistant strains.

Natural chemical products, such as acetic acid and hypertonic
saline as well as tea catechins, are known to possess antimicro-
bial activity.”2"** With regard to a possible mechanism of inha-
lation effect of these agents on bacteria, it has been speculated
that the hyperosmolarity of the nebulized solution may play an
important role in the prevention of bacterial infections of the
respiratory tract along with the improvement in mucociliary
transport and removal from submucosal and adventitial
edema 2% '

Precise information on recommended dosage, therapeutic
window of tea catechin against MRSA, or concomitant drug
interaction has not yet been obtained. In the pharmacokinetic
study of tea catechin, low systemic bioavailability has been
reported in the literature.?” Therefore, inhalation might be
suitable for reaching the site of action in the respiratory tract,
and this therapy is speculated to cause less systemic adverse
effects with effective dosage.

Tea catechins have been reported to be well tolerated, except
in tea-factory workers with occupational asthma induced by the
inhalation of green tea dust.2®*7 Moreover, the serum aspartate
aminotransferase and creatinine levels are not altered following
the consumption of tea catechin at concentrations up to 1000
mg/d for 3 months in normal volunteers.?® The study also
confirmed that no harmful side effects were observed in the
elderly patients during 7 days of inhalation at a concentration of
22.2 mg/d using a handheld nebulizer. Although the results
should be carefully interpreted because the sample size was
small, catechin inhalation might be a safe supplementary treat-
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ment in clinical practice. Further large-scale studies are required
for confirming the safety of catechin inhalation.

CONCLUSION

The catechin inhalation appeared to reduce the MRSA
count in sputum. However, the application of catechin inhala-
tion as a supplementary treatment for controlling MRSA infec-
tion remains controversial. Further studies are required for the
evaluation of catechin inhalation effects on MRSA.
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Risk Factors and Serum Cholesterol Concentrations in the Patients Given
HMG-CoA Reductase Inhibitor, Pravastatin

Shinya UCHIDA*' Hiroshi WATANABE*' Masumi GOTO**
Toshio MAEDA*?  Hisakuni HASHIMOTO** Masahiro NAKANO*?
and Kyoichi OHASHI*!

*1 Department of Clinical Pharmacology and Therapeutics, Hamamatsu University School of Medicine,

1-20-1 Handayama, Hamamatsu, Shizuoka 431-3192, Japan
*2 Department of Clinical Pharmacy, School of Pharmaceutical Sciences, University of Shizuoka, Shizuoka, Japan
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Purpose : HMG-CoA reductase inhibitors (statins) have been widely used in the treatment of hyper-
cholesteremia in Japan as well as in Western countries. Although statins have been shown to be effective in
the prevention of coronary heart disease (CHD) in high-risk patients, the potential benefit of statins on the
overall mortality has not been proven in subjects at lower risk for CHD. In this study, we investigated the
risk factors and serum cholesterol concentrations in patients given pravastatin.

Methods : Patients who were given pravastatin during the period from June 2002 until May 2003 in the
Hamamatsu University Hospital were studied. Data for height, body weight, age, gender, smoking and
history of diabetes mellitus, hypertension and CHD in the patients were collected from their case records.
Serum cholesterol concentrations were determined before and after the treatment with pravastatin. The
ethics committee in the Hamamatsu University approved this study.

Results : There were 213 male (37.4%) and 356 female (62.6%) patients given pravastatin. The mean
age of the patients was 63.9 yrs, and % of the patients aged under 50 yrs was 10.7%. Seventy-seven % of
the patients had no history of CHD. Female patients without smoking, diabetes mellitus, hypertension and
CHD constituted 17% of all patients. Total and LDL cholesterol levels in all groups were significantly
decreased by 17.6% and 25.5%, respectively, after the administration of pravastatin. Treatment with
pravastatin was started at the lower total cholesterol levels in male patients or patients with CHD than in
female patients or patients without CHD.

Conclusion : Our results suggest that significant numbers of patients with a low risk for CHD were
prescribed the statins, and that placebo-controlled large-scale trials should be conducted to demonstrate the
benefit and safety of statin treatment on overall mortality in Japan.

Key words : HMG-CoA reductase inhibitors, statins, pravastatin, hypercholesteremia, risk factor
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Table1 Demographic characteristics of the patients treated with pravastatin

at the point of the survey

Male Female Total

Number of patients 213 (37.4%) 356 (62.6%) 569 (100%)
Age [years] 63.2£11.6 64.2+12.2 63.9412.0
Height [cm] 164.3+6.2 151.8+6.1 156.5+6.1
Weight [kg] 63.2+10.0 52.0+8.9 56.2£9.3
Periods for the treatment 48.9440.4 59.51+46.5 55.5+44.6

with pravastatin [month]
Smoking 63 (11.1%) 31 (5.4%) 94 (16.5%)
Risk factors

Coronary heart disease 80 (14.1%) 52 (9.1%) 132 (23.2%)

Diabetes mellitus
Hypertension

73 (12.8%)
141 (24.8%)

199 (34.9%)
347 (61.0%)

126 (22.1%)
206 (36.2%)

Values are numbers of patients (% of all patients (n=569)), or mean + SD.

ZEMbFRIMEGREERE) X 7 38N 5 2 &2
RENSY, BaVAFu-—-NVILERBEODEEENF
FEFTEE-TWS, BaviFu—)VIIECHT 3
FEYEEOERBEEIWLS Db 3, BHTDH 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG-
CoA) BETEEREERE (R¥F) 35 77% LDL =
vAFu—) (LDL-C) ETER2E T2 I 25,
RAEF—RIREL L THBwLRTnS, BCKEEZF
DTN %  ORBEERBRRFARTIE, BIMELE
BEEENRE LI ZRFPHRBRIZTTEL, BILE
DERBEEO RO —RFHOEETHWTH, 25
F 42 &% LDL-C DETALMME A X b OFEE
REMEMERIETE, SORXBBEERR2ETER3
T EBRENTWBEY,

—7%, LPBETREMEMEEDRERIEKEER
DYd»s /10 EEVWI LRGN TVWBEY, 35
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BbdH 39,

DHBEIZ BT I 1989 F£12 pravastatin 25FF &
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Fig.1 Periods treated with pravastatin
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Data are % of all patients (n=>569).
O : Male, B : Female
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TC : Total cholesterol, LDL-C : LDL cholesterol, HDL-C : HDL cholesterol, TG : triglyceride, ***p <0.001
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Fig.5 Lipid profiles before ((1) and after (H) the treatment with pravastatin in male and female patients with or
without coronary heart disease (CHD)
TC : Total cholesterol, LDL-C : LDL cholesterol, HDL-C : HDL cholesterol, TG : triglyceride, *p <0.05, **p <0.01, ***p»<0.001

Table 2 Laboratory data before and after the treatment with pravastatin in the patients with or
without diabetes mellitus

Laboratory data

Diabetes mellitus

Number of patients

Before pravastatin

After pravastatin

AST

ALT

CPK

BUN

s-Cre

BS

HbAc

220
132
221
129
192
116
208
130
199
131
107
118

53
104

24.3+12.7
22.8+9.2
23.0+10.0
22.8£12.4
10683
99.8+93.3
16.4:5.2
16.8:7.0
0.819:£0.300
0.770+0.367
104%19
163+74
5.57+0.49
7.64%£1.74

23.0+10.0
22.8+13.9
21.7+16.8
22.2+20.6
108+58
115106
16.9+6.2
18.4+5.1**
0.838+0.336
0.909+0.615***
10523
153484
5.59+0.54
7.37£1.61*

Values are mean + SD, *»<0.05, **»<0.01, ***»<0.001
AST : L-asparate aminotransferase, ALT : L-alanine aminotransferase, CK : creatine kinase,
s-Cre : serum creatinine, BUN : blood urea nitrogen, BS : blood glucose, HbA,c : hemoglobin A;¢
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Table3 Demographic characteristics of the patients in the quartile treatment

periods with pravastatin

Periods with pravastatin [month]

0.9—22.1 22.1-50.8 50.9—87.2 87.5—174.5

Number of patinets 118 119 119 118
Male 56 (48%) 40 (34%) 49 (41%) . 33 (28%)
Age* [years] 59.4£13.2 64.2+11.7 64.6:’:11.9 65.4=11.0 -
Smoking* 23 (19%) 21 (18%) 18 (15%) 16 (14%)
Risk factors _

Coronary heart disease 36 (31%) 30 (25%) 23 (19%) 21 (18%)

Diabetes mellitus 39 (33%) 34 (29%) 41 (34%) 48 (41%)

Hypertension 63 (53%) 79 (66%) 72 (61%) 76 (64%)

Values are number of patients or mean=SD.
() : % of numbers in the quartile treatment periods with pravastatin.
*Data at the point of the survey are presented.

TEA2RTHDTH S,
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BUN) 0FEELZ EREZ2HHI, TOAH =X LI
SHhTIREW, BRFEOSHEL L TERERED
BEEIIE L, FEERBEERER T pravastatin 5
koTH s-Cre & BUN 0FELRZEFED SNV
Zehb, BERROEBREREEHRT 250 b LA
z0,

£ O FEE Z M ERKENR EREE O pravastatin
IREBREEZNRE L, AHRERIARERED £ 5
RESREREERREOLDTHD, ERbLIEEEOLST
FBEE—HTsboTREVLb LR, —RFEER
DPREFR EICB T EERREOER L TER
THEHEBHDIEAD,

TRHIAFETIZ2002FE6 A5 1 FHOHM I

pravastatin 253N T2 BEREBE L OVWTH
#HL, 2002FE6 o8 rDB>TEFHLEHD
BEHEE O OWTHEL:., L THESRE
i3, ERERES IR TV BE L BN ERESH
mahTwsBEMEELTWS (Fig.1). 20>
B IEEEIcblo THEEINTWEEEIZDWL
TOF—F OEFRIIZEETRINEZOR W, T&
b EERCRESHEB SN, 2002F06 A5 1
EFOHEOWThLORRETH 5| &6 E, pravas-
tatin BRE TN TV 3 BE IR, BREFMcREHRRBLE
o BEO—ESLEZ N, BT, YUREERERE
BEADEBEERELzd D, FEEFRTTHwsELT
bHEIEASTABEIRNA SNV ITEREEF L
- XEELELO, ERRERIMEREEOEREE
YoOEETCERERBLELELORER, ARROHFAE
HEZREEINLTWEY, IhsOBEETHEENR
SENTWRVEZEOERL, AENREEELTYL
R bz THRENRETONTRS BEOEES

FET AR IR B E T & 2\, Pravastatin AR H
iz L T BBREOERERFERN L 23, F
BB X CBnENCEROBEAESRLAORFIZEAL TR

e hRERIZEED SN EPoT (Table 3). ¥
ERRZBAHENREL 2R ERVWERSEDL O

7=, & 5Bk EBOBRESEE OEI& IIRAEE
ZEEVIE ST A ERSRY bz, ZOEREL
TEHREBRECREBMMEMVRBIEI & bk ) b
ADEEE 1R EEORTPERIEET 5 /RS
Eriond, Lol SE0REFKER TR
pravastatin R BE ORMIEGRERERZER
B o THWAHRERREETE LY, —HTIORR
13, BSEIZ7 o T pravastatin iZ—XFRHICEEARTR



FRRc LEBBYICEWSNB L ICko7cZ & 2R
LTws0hbd Lk,

b

i

ARG DR REEIT B W T pravastatin FMEa v
ATu—VERZERCETLTCEY, AFORIEME
BECB U SERAEAESER SN, S5 IKMLA
FRXODMERBREY A7 2FEL, BELEIMES
EEOHEEDOHLBAZFRENLT, XV{EWTCE®
SEBERBIALTWAZ N ER ST,

—F, AP CIRHBNBIIEERREEY X 79
1BV & 2 6 5 BE T U T pravastatin AL 5EE
BEWI LMo e, BRI RS OBED
BB PRV R 7 BECHT IRy F VEROE
A OWTIEWERETSIZEEHINTWE LIZFE L
T, SBRIDLIRBERIRNT IR FVEEDT
EF ABERDEEEZONS,

SR

EFZED—IiE, BEEFBHEEWFERYE (BEREER
TV R 7 EMEpFEEE  H15-Y A 7045 ; EEREBRET
FEZ . HIESFO . BREERSEREWRERE:
16120201) B & UXEHBES (7 —7 — A { FERERERS
oYz b)) OBz D Tbhi.

X m

1) Castelli WP, Garrison R], Wilson PW, Abbott RD, Kalous-
dian S, Kannel WB. Incidence of coronary heart disease and
lipoprotein cholesterol levels. The Framingham Study. JAMA
1986 ; 256 : 2835-8.

2) Stamler J, Wentworth D, Neaton JD. Is relationship between
serum cholesterol and risk of premature death from coronary
heart disease continuous and graded? Findings in 356,222
primary screenees of the Multiple Risk Factor Intervention
Trial (MRFIT). JAMA 1986 ; 256 : 2823-8.

ORIGINAL 87

3) EEHRM. BAERECES  OFERRFESAREES, iR
ERFOERRBCBU>BREEBREL TO0RRETFOH
H—X AR —. EEESHHE 2000 © 14 © 80-4.

Shepherd J, Cobbe SM, Ford I, Isles CG, Lorimer AR, Mac-

Farlane PW, McKillop JH, Packard CJ. Prevention of coro-

nary heart disease with pravastatin in men with hypercholes-

terolemia. West of Scotland Coronary Prevention Study

Group. N Engl J Med 1995 ; 333 : 1301-7.

Sacks FM, Pfeffer MA, Moye LA, et al. The effect of pravas-

tatin on coronary events after myocardial infarction in

patients with average cholesterol levels. Cholesterol and

Recurrent Events Trial investigators. N Engl | Med 1996 ;

335 : 1001-9.

Prevention of cardiovascular events and death with pravas-

tatin in patients with coronary heart disease and a broad

range of initial cholesterol levels. The Long-Term Interven-
tion with Pravastatin in Ischaemic Disease (LIPID) Study

Group. N Engl J Med 1998 ; 339 : 1349-57.

Saito I, Folsom AR, Aono H, Ozawa H, Ikebe T, Yamashita

T. Comparison of fatal coronary heart disease occurrence

based on population surveys in Japan and the USA. Int J

Epidemiol 2000 ; 29 : 837-44.

8) M. Evidence Based Medicine (EBM) LEFREEE, =
EFVAERES, EREBEEBEREREIET VA BKR
B 2003 5 84 1 2237,

9) HERZV=A NV - ZETFVARERRS &EB). 2V=41-

T EF > A ISSUE9 A#AZERR. H#ZBP #:, 2004 :166-8,

Pravastatin use and risk of coronary events and cerebral

infarction in Japanese men with moderate hypercholester-

olemia : the Kyushu Lipid Intervention Study. J Atheroscler

Thromb 2000 ; 7 : 110-21.

11) ITto H, Ouchi Y, Ohashi Y, Saito Y, Ishikawa T, Nakamura H,

Orimo H. A comparison of low versus standard dose pravas-

tatin therapy for the prevention of cardiovascular events in

the elderly : the pravastatin anti-atherosclerosis trial in the

elderly (PATE). J Atheroscler Thromb 2001 ; 8 : 33-44.

Matsuzaki M, Kita T, Mabuchi H, Matsuzawa Y, Nakaya N,

Oikawa S, Saito Y, Sasaki J, Shimamoto K, Itakura H, J-LIT

Study Group. Japan Lipid Intervention Trial. Large scale

cohort study of the relationship between serum cholesterol

concentration and coronary events with low-dose simvastatin
therapy in Japanese patients with hypercholesterolemia. Circ

J 2002 ; 66 : 1087-95.

4

fus

5

Dbl

6

e

7

~

10

=

12

~



%26 BARGRASESSES — RS
3P-058
1Y ZTPPFICL BT HREEEE & NAT2 BEFSR
& DERE .
EERRER 7 — KA, ENEARERYY S —
IR ER R, BMLSRASHEGR Y 2 AR, S—%

im%ﬁAﬁ7/At/meE%‘%ﬁ%4k%£%ﬂ
EEF RS, kﬁk%li%%%ﬁﬁﬁiﬂi

O_LE IE L HE %Eg [ HEH Ha ,23 gﬁ% IEZZ,
E=Fie %ﬂ@(z, —E  ELIHE . AR KL B
AHE FtKE =-°

(BE] HiEsEOEELEIER L LT, FliEEs
CHeohTBY, TOBHRELLTAV=27YF
(INH) #E/z2b0twbhTnd, ZhET, FFHE
BEORIUEE X, INH OERBBETH S NAT2 D&
EFLE D slow acetylator (SA) CIIBEETIREIZ L
wWEZIN Tz, Lal, T4 intermediate  acetylator
(IA) TOHMHREBEERHELVEEIN, TONAT2 L
INH iz & 2 FFBEREERIICBE L TRERIPEL» TR
W, ZZTEAMEOHMIZ, INH »&0FEEE CiaE
ENTV»2 HEAMBEEEE C B 2 FFSEREORBC
Xig3 NAT2 OBEFLE L INH OEWEBOBRE %
AohizTdZ tich 3.
(5] ExRbgaEREERE Y 5 — i ABRR O
BEET, EETHRERESEVCHERMEHERESD
ABODETXNERIZIHBPLARDESNIZ 468 (F
BEES2.2, FHRES.9kg) 2R ITok.
NAT2 OEEFH L Invader Assay Iz & D #E L 7=,
INHﬁiU%@ﬁﬁ%(MDM)@M*blvﬁ¢k§
1%, HPLC iz X D HIE L 7=,
(R ER] FHEEELRRLZEER64T, 207
B NAT2 @ RA (rapid acetylator) 28 & 5124 (7%)
’ng{“%ﬂbiiﬁéﬂwﬂ'% NAT2 DIA 24
(B/)TEF%&mﬁéﬂtfﬁﬁmmrnTbot
BDIZSA3EF 2L (67%) TEEREDKETH- 7.
RA 26 4, IA 134, SA3&TO INH OZEWERE L&
FEFEOBFE T, RhACINH/INHEERIZBWT
SA (F#{E 1 1.10) X RA (F#{E :6.77) W L{EE
ZA L7z, INH @ AUC Iz8 W Tk SA (FH{E : 123.0)
IZRA (FH{E 0 33.9) L EEER Lz, &7, BE
#®0.5, 1, 2, 4, TEEf oMt INH 5 = AUC OEH
T, 4RFEBOIF INHERE L AUCHSESHEERE
FThole, SHOWEIZE T, B EREEE
PEFIESINT WS £ 51z SA CRESFEENE 1 o 5EE
2/l DT s, Invader Assay Iz & 2 NAT2 ©
BEEFEERE, INHRBCE 2FEERBCET3E
HeDRCBEROBBRETE 2D EbN 2, %
7z, INH RF# 4 BefE oo fidh INH ¥R & AUC OFEEH
BwZehs, INHORER W Cikimd INH &
B 4RFEESFIFATE 2 2 LSRR SR,

FERZFE  Jpn J Clin Pharmacol Ther 36 Suppl 2005



ORIGINAL RESEARCH ARTICLE

Cliin Pharmacokinet 2005; 44 (11): 1179-1189
0312-5963/05/0011-1179/$34.95/0

© 2005 Adis Data Information BV, Al rights reserved.

The Effect of Aging on the
Relationship between the Cytochrome
P450 2C19 Genotype and

Omeprazole Pharmacokinetics

Yukio Ishizawa,“* Norio Yasui-Furukori,! Takenori Takahata,' Mutsuo Sasaki®* and

Tomonori Tateishit

1 Department of Clinical Pharmacology, Hirosaki University School of Medicine,

Hirosaki, Japan

2 Second Department of Surgery, Hirosaki University School of Medicine, Hirosaki, Japan

Abstract

Background and objective: The metabolic activity of cytochrome P450 (CYP)
2C19 is genetically determined, and the pharmacokinetics of omeprazole, a
substrate for CYP2C19, are dependent on the CYP2C19 genotype. However, a
discrepancy between the CYP2C19 genotype and omeprazole pharmacokinetics
was reported in patients with liver disease or advanced cancer. The objective of
the present study was to evaluate the effect of aging on the relationship between
the CYP2C19 genotype and its phenotype. '

Methods: Twenty-eight elderly and 23 young Japanese volunteers were enrolled
after being genotyped. Each subject received a single intravenous dose of
omeprazole (10mg and 20mg for the elderly and the young groups, respectively)
and blood samples were obtained up to 6 hours after dose administration to
determine the plasma concentrations of omeprazole and its metabolites, 5-
hydroxyomeprazole and omeprazole sulfone. Pharmacokinetic parameters were
obtained by noncompartmental analysis. Linear regression models were used to
examine the joint effects of covariates such as genotype, age, etc., on the
pharmacokinetic parameters, and the pharmacokinetic parameters showing statis-
tical significance were compared by ANOVA.

Results: There were significant differences between genotypes in the area under
the plasma concentration-time curve of the young group and the elderly group.
The number of mutation alleles and age were significant covariates for systemic
clearance (CL), but age was the only significant covariate for volume of distribu-
tion at steady state (Vss). There were significant age- and genotype-related
differences and a significant age x genotype interaction in CL (20.6 £ 11.0/
12.7 + 4.0/32 + 1.0 and 54 % 4.0/3.7 £ 1.4/2.1 £ 0.7 L/h for homozygous
extensive metabolisers [EMs]/heterozygous EMs/poor metabolisers [PMs] of the
young and the elderly groups, respectively). In Vss, a significant difference was
found between the young and the elderly groups (219 115 and 107 +44.5
mL/kg, respectively), but not between three genotypes (178 £ 142, 173 +79 and
110 + 51 mL/kg for homozygous EMs, heterozygous EMs and PMs, respectively).
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Conclusion: The elderly EMs showed wide variance in the in vivo CYP2C19
activity and were phenotypically closer to the elderly PMs than the young EMs
were to the young PMs. Some of the elderly homozygous EMs, as well as
heterozygous EMs, have a metabolic activity similar to PMs, and the CYP2C19
genotype may therefore not be as useful as phenotyping in the elderly.

Background

The metabolic activity of cytochrome P450
(CYP) 2C19 is genetically determined and the
pharmacokinetics of many drugs metabolised by
CYP2C19 are dependent on the CYP2C19 geno-
type.lI-31 Omeprazole, a proton pump inhibitor, is
a therapeutic agent that is widely used in hyper-
acidity-related disorders or disorders caused by
Helicobacter pylori infection. The CYP2C19 geno-
type influences the pharmacokinetics and therapeu-
tic effects of omeprazole,*® however, the discrep-
ancy in the relationship between the CYP2C19
genotype and its phenotype is noted in some situa-
tions. Patients with advanced metastatic cancer™ or
those with liver disease!"® were reported to have a
poor metaboliser (PM) phenotype of CYP2C19,
even though they were genotyped as extensive
metabolisers (EMs). A previous study reported a
few subjects >65 years of age who showed a dis-
crepancy between the CYP2C19 genotype and its
phenotype in a Japanese population.!!!]

- The aging process is characterised by a progres-
sive loss of physiological functions of many organs;
this age-related alteration is also found in drug me-
tabolism.!'213! The age-associated changes involve
the microsomal mixed-function' oxidative system.
Omeprazole disposition is also altered with age — the
elimination rate is decreased and the plasma half-life
is prolonged in the elderly.'! These findings sug-
gest that the relationship in the elderly between the
CYP2C19 genotype and its phenotype may differ
from that in young adults because of the age-associ-
ated decline in the metabolic activity of CYP2C19;

however, little is known about the influence of the

aging process on this relationship. In the elderly, if
the relationship between the CYP2C19 genotype
and its phenotype differs from that in young adults,
the CYP2C19 genotype may not be a good predictor

© 2005 Adis Data Information BY. All rights reserved.

of the metabolic activity in the elderly. We therefore
examined the relationship between the CYP2C19
genotype and its phenotype, as measured by
omeprazole pharmacokinetics in the elderly, with
three different CYP2C19 genotypes, and compared
the relationship to that in the young adults.

Methods

Subjects and Study Design

Twenty-eight elderly (age range 66-85 years)
and 23 young (age range 21-36 years) Japanese

- volunteers were enrolled in the study after they

provided written informed consent. The study proto-
col was approved by the Ethics Committee of
Hirosaki University School of Medicine, Hirosaki,
Japan. The baseline demographic characteristics of
the elderly and the young groups-are summarised in
table I. Subjects in the elderly group were recruited
from ambulatory patients of Kawauchi Clinic,
Kawauchi, Aomori, Japan. Each subject was geno-
typed for CYP2C19 before the study and considered
eligible for the study on the basis of physical exami-
nation and routine laboratory tests. No subject had
any signs or symptoms suggesting cardiac, renal or
hepatic disorder, and they did not take any medica-
tion known or suspected to affect omeprazole
pharmacokinetics™'3! within 1 week before the
study. Subjects in the young group were members of
a healthy volunteer panel in the department geno-
typed for CYP2C19 in advance. These subjects did
not take any medication for at least 7 days before the
study.

Genotyping

For CYP2C19 genotyping, venous blood (10mL)
was obtained and genomic DNA was extracted from
the peripheral lymphocytes using an extraction kit

Clin Phamacokinet 2005; 44 (11)
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(QIAamp DNA Blood Maxi Kit, QTAGEN GmbH,
Hilden, Germany). The mutated alleles for
CYP2C19, CYP2C19*3 and CYP2CI9*2 had been
identified using the allele-specific primers described
by de Morais et al.l'! A subject with one or two
mutation alleles is categorised as a heterozygous
EM or PM, while a subject without mutation alleles
is categorised as a homozygous EM.

Phenotyping and Analytic Methods

For CYP2C19 phenotyping, each subject re-
ceived omeprazole (10mg for the elderly group and
20mg for the young group), with a single intrave-
nous bolus administration over 30 seconds after an
overnight fast. Since plasma omeprazole concentra-
tion was expected to be higher in the elderly group
after intravenous administration compared with the
young group, the elderly subjects received half the
dose administered to the young group. No meals
were allowed until 3 hours after drug administration.
Blood samples (10mL) were obtained through an
indwelling catheter placed in an antecubital vein of
the contralateral arm of each subject before and at 5
minutes and 0.5, 1, 2, 3, 4 and 6 hours after drug
administration. Plasma was separated immediately
and kept at —20°C until analysis. Plasma concentra-

Table I. Baseline demographics of all subjects®

tions of omeprazole and its metabolites (5-hydroxy-
omeprazole and omeprazole sulfone) were deter-
mined by the high-performance liquid chromatogra-
phy method of Kobayashi et al.'”! The method was
validated for the concentration range 10-10000
ng/mL. Intra- and interday relative standard devia-
tions (SD) were <8.9% at the 10 ng/mL concentra-
tion. The lower limit of quantification was 5 ng/mL
for each compound.

Pharmacokinetic Analysis

Pharmacokinetic parameters were obtained by
noncompartmental analysis. In the calculation of the
global moments of the plasma concentration-time
course, the concentration at time zero was estimated
using the initial two points (5 and 30 minutes), and
the terminal elimination rate constant (ke) was esti-
mated using regression analysis of the log-linear
part of the concentration-time curve. The area under
the plasma concentration-time curve (AUC) and the
mean residence time (MRT) were calculated by the
trapezoidal rule from time zero to the last quantifi-
able plasma omeprazole concentration, and then ex-
trapolated to infinity using ke. The systemic clear-
ance (CL) was calculated as the dose divided by

Genotype No. of subjects Age [y] Bodyweight [ka] Body mass index [kg/m2]
(M/F) (M/F) (M/F) : (M/F)

Young group .
Homozygous EMs 8 (5/3) 25.0+£4.0 60.8 + 14.3 21.4+38

(24.8 + 4.0/25.3 + 4.9) (67.4 £ 13.4/49.7 £ 7.6) (23.1 + 3.8/18.7 £ 1.5)
Heterozygous EMs 9 (4/5) 253+ 45 55.0 +17.6 20955

(27.5 £ 6.2/23.6 + 1.9) (69.3 + 17.8/43.6 £ 4.2) (24.3 £ 7.1/18.1 £1.1)
PMs 6 (4/2) 28.0+53 66.8 £ 16.0 23.5+5.0

(28.3  5.7/23, 32) (76.0 + 7.9/42, 55) (25.9 + 3.9/23, 32)
All 23 (13/10) 259+ 4.5 60.1 £ 16.1 21.8+47

(26.7 + 5.1/24.9 + 3.8)

Elderly group

Homozygous EMs 8 (0/8) 76.1 £ 4.5
Heterozygous EMs 12 (6/6) 781 +£64

(76.5 + 5.5/79.7 + 7.3)
PMs 8 (0/8) 78.5 + 4.9
All 28 (6/22) 776 £ 5.4

(76.5 £ 5.5/78.0 * 5.5)

(70.6 + 13.0/46.4 + 6.2)

53.9+7.3

53.9 % 8.1
(57.4 £9.1/49.7 £ 4.5)

555+ 8.5

544 +7.7
(58.0 £ 9.1/53.4 + 7.2)

(24.3 + 4.8/18.4 + 1.6)

25.8+£26

242+2.3
(24.0 £ 2.6/24.4 £2.2)

26.6 £4.2

253+ 3.1
(24.0 + 2.6/25.7 + 3.1)

a Values are expressed as mean * SD, unless specified otherwise.

EMs = extensive metabolisers; F = female; M = male; PMs = poor metabolisers.

® 2005 Adis Data Information BV. All rights reserved.
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AUC, and the volume of distribution at steady state
(Vss) was obtained from equation 1:
_ CLXMRT
%7 bodyweight
(Eq. 1)
The terminal elimination half-life (t,p) was cal-
culated as 0.693/ke.
The hydroxylation index (HI) was calculated
from equation 2:

S-hydroxyomeprazole AUC
omeprazole AUC),,

HI =

(Eq. 2)
where AUC]ast i the AUC from time zero to the last
quantifiable plasma concentration in wmol/L. Two
metabolite AUCs (5-hydroxyomeprazole and
omeprazole sulfone) were calculated by the trape-
zoidal rule from time zero to the last quantifiable
plasma concentration.

Stafistical Analysis

Data are presented as mean + SD. The AUC was
compared between genotypes by the use of one-way
ANOVA. Linear regression models were used to
examine the joint effect of covariates on the
pharmacokinetic parameters, including CL, HI,
MRT, ty,8 and Vg. The following variables were
analysed for inclusion in the model: the number of
mutation alleles, age, sex and body mass index
(BMI). The BMI was excluded from the variables in
the analysis for Vs because the parameter was cor-
rected by bodyweight. In the parameters showing
statistical significance, differences were evaluated
using one-way or two-way ANOV A, as appropriate.
All statistical analyses were performed with the use
of SPSS for Windows (version 8.0.1, SPSS Japan
Inc., Tokyo, Japan). A p-value of <0.05 was consid-
ered statistically significant.

Resulis

Mean plasma concentration-time curves of
omeprazole, 5-hydroxyomeprazole and omeprazole
sulfone in the subjects with each genotype are illus-
trated in figure 1. Mean AUCs of omeprazole and its
metabolites are summarised in table II. Significant

® 2005 Adis Data Information BV, All rights reserved.

differences were found in omeprazole AUCs of the
young and the elderly groups. In homozygous and
heterozygous EMs, 5-hydroxyomeprazole AUC was
greater than omeprazole sulfone AUC, but mean
AUC ratios of omeprazole metabolites of the elderly
EMs were relatively small compared with those of
the young EMs. Since the omeprazole dose for the
elderly group was different from that for the young
group, the plasma concentrations are corrected by
dose (figure 2). Mean dose-corrected concentrations
in the elimination phase of the elderly PMs were
very similar to those of the young PMs, and the
dose-corrected concentrations of the elderly hetero-
zygous and homozygous EMs ranged between the
young PMs and heterozygous EMs.

Statistical results of the linear regression analysis
are summarised in table ITI. The number of mutation
alleles and age were significant covariates for CL,
HI, MRT and tv,p, but age was the only significant
covariate for Vss. The genotype- and age-related
differences in CL, HI, MRT and ty,p were compared
by using two-way ANOVA, and the age-related
difference in Vss was compared by using one-way
ANOVA.

Statistical results of the two-way ANOVA are
summarised in table IV, and each dataset is illustrat-
ed in figure 3. For CL (figure 3a), HI (figure 3b),
MRT (figure 3c) and ty,g (figure 3d), similar statisti-
cal trends were found: age X genotype interaction
(p=0.0018, p = 0.0028, p = 0.0005 and p = 0.0162,
respectively); age (all p <0.0001) and genotype
(p <0.0001, p <0.0001, p = 0.0366 and p < 0.0001,
respectively). The mean pharmacokinetic parameter
values of PMs were significantly different from
those of homozygous or heterozygous EMs in both
the young and the elderly groups, but the ratios
between PMs and homozygous EMs in the elderly -
group were small compared with those in the young
group. Some elderly homozygous EMs as well as
heterozygous EMs had these pharmacokinetic pa-
rameters similar to young and elderly PMs, and the
mean values of these parameters of elderly homozy-
gous EMs ranged between the young PMs and heter-
ozygous EMs.

Ciin Pharmacokinet 2005; 44 (11)
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Fig. 1. The time course of plasma omeprazole concentrations (mean + SD) in the young (a) and the elderly (b), plasma 5-hydroxy-
omeprazole concentrations in the young (c) and the elderly (d), and plasma omeprazole sulfone concentrations in the young (e} and the
elderly (f) subjects with each genotype. EMs = extensive metabolisers; PMs = poor metabolisers.
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