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Table IV. Pharmacokinetic parameters of subjects with each genotype in the young and the elderly groups and the statistical results by use

of two-way ANOVA?

Genotype CL (L/h) Hi MRT (h) typ (h)
Young group ]

Homozygous EMs (n = 8) 20.6 £ 11.0 0.260 + 0.086- 0.76 £0.20 0.74 + 0.29
Heterozygous EMs (n = 9) 127+ 4.0 0.253 + 0.079 0.98 £ 0.24 0.84 + 0.22
PMs (n = 6) 32+1.0 0.033 £ 0.017 2.80 £ 047 2.01 £ 0.33
Elderly group

Homozygous EMs (n = 8) 54+40 0.118 £ 0.094 1.19 £ 0.49 1.64 £ 0.48
Heterozygous EMs (n = 12) 3.7-+14 0.073 = 0.047 2.04 £0.70 1.71 £ 0.49
PMs (n = 8) 21+£07 0.016 £ 0.015 2.28+0.73 217 £0.32
p-Values of effects of covariates on pharmacokinetic parameters by two-way ANOVA

Age <0.0001 <0.0001 <0.0001 <0.0001
Genotype <0.0001 <0.0001 0.0366 <0.0001
Age x genotype 0.0018 0.0028 0.0005 0.0162

a Values are expressed as mean + SD.

CL = systemic clearance; EMs = extensive metabolisers; HI = hydroxylation index; MRT = mean residence time; PMs = poor metabolisers;

tv.g = terminal elimination half-life.

elderly PMs were similar or closer to those of the
young PMs, and the ratios between PMs and EMs in
the elderly group were much smaller than those in
the young group. The results of the elderly homozy-
gous and heterozygous EMs were between elderly
PMs and the young heterozygous EMs in terms of
the profile of omeprazole pharmacokinetics and,
possibly, the in vivo CYP2C19 activity.

In a previous study reporting the effects of age on
the disposition of diazepam, the ty,g of diazepam
was increased linearly with age, from approximately
20 hours at 20 years of age to approximately 90
hours at 80 years of age. The prolongation of ty,g
with age was considered to be dependent on an
increase in the initial distribution volume and, sub-
sequently, the Vss of the drug.3% In our study,
however, Vss of omeprazole in the elderly group was
significantly smaller than that in the young group. If
the reduction in Vs affects CL, MRT or ting, elderly
PMs should show similar changes to what was
found in the elderly homogenous and heterogenous
EMs because the aging effect on the Vs should be
independent of the CYP2C19 genotype. Smaller
differences in CL, MRT or ti,p between PMs and
EMs of the elderly group, and the change in HI with
age, could be explained by the age-related reduction
in metabolic activity of CYP2C19, but not by the
age-related reduction in Vss. Therefore, the reduc-

© 2005 Adis Data Information BV. All rights reserved.

tion in the CL of the elderly group resulted from the
decrease in the in vivo CYP2C19 activity. In addi-
tion, the aging effect on the metabolic activity may
be greater in a subject with a higher CYP2C19
activity because some elderly homozygous EMs, as
well as heterozygous EMs, have similar HI to PMs.
Omeprazole is a racemic mixture of (R)- and (S)-
isomers. Since a previous in vitro study reported that
the intrinsic clearance of (R)-omeprazole was higher
than that of (§)-omeprazole, and the contribution
of CYP2C19 was greater in (R)-omeprazole than
(S)-omeprazole,3!! the pharmacokinetics of (R)-
omeprazole would more clearly show the results of
age-related reduction in metabolic capacity of
CYP2C19.

Although our findings suggest age-related reduc-
tion in the metabolic activity of CYP2C19, the effect
of age may vary in the CYP isoenzymes. Studies on
human liver microsomes showed that the activity of
erythromycin N-demethylation, a measure of
CYP3A activity, was unaffected by age over the
range of 27-83 years.’?! These results were con-
firmed by the in vivo studies reporting no associa-
tion of reduction in the clearance of midazolam, a
CYP3A substrate, with advanced age.*36! In our
study, mean dose-corrected concentrations in the
elimination phase of the elderly PMs were very
similar to those of the young PMs. Since the slope of

Clin Pharmacokinet 2005; 44 (11)
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the plasma omeprazole concentration-time curve in
PMs reflects the in vivo CYP3A activity, these find-
ings appear to be consistent with the results of the
previous studies.-3¢

Conclusion

In the present study, we found that the aging
process affected the relationship between CYP2C19
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genotype and the pharmacokinetics of omeprazole.
Elderly EMs showed wide variance in the omepra-
zole pharmacokinetics compared with those of the
young EMs, and elderly EMs 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 metabol-
ic activity similar to PMs, and the CYP2C19 geno-
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Fig. 3. Individual and mean (+SD) systemic clearance (a), hydroxylation index (b), mean residence time {¢) and terminal elimination half-life
(d) of omeprazole with each genotype in the young and the elderly subjects. EMs = extensive metabolisers; PMs = poor metabolisers.
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type may therefore not be as useful as phenotyping
in the elderly.
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Abstract
Inter- and intraindividual pharmacokinetic variations in the treatment of Parkinson’s disease

Masahiro Nomoto, M.D., Akiko Nakatsuka, M.D., Masahiro Nagai, M.D., Hayato Yabe, M.D.,,
Takashi Moritoyo, M.D., Hiroyoko Moritoyo, M.D. and Noriko Nisikawa, M.D.
University Department of Clinical Pharmacology and Neurology

In the treatment of Parkinson's disease, levodopa, DCL MAO-B inhibitor, COMT inhibitors, dopamine recep-
tor agonists, amantadine, anticholinergics have been applied and new drugs are being developed. Levodopa is still
the golden standard in the treatment of Parkinson’s disease. The study on levodopa bioavailability showed 34
times differences in individual patients. Drugfood interactions are prominent in levodopa. Low protein food in-
creased levodopa bioavailability and improved no ON or delayed ON in the treatment of Parkinson’s disease. Vi-
tamine C or magnesium did not alter the bioavailability of levodopa. The bioavailability of levodopa between the
levodopa/carbidioa (100/125) group and the levodopa/benserazide (100/25) group was studied in patients with
Parkinson's disease by population PX study. Cmax of levodopa in levodeopa/benserazide group was twice as
high as in levodopa/carbidopa group. Domperidone, a dopamine receptor antagonist applied as an antiemetic
inceases vowel movement. The effect of domperidone on levodopa bioavailability was studied, and the combina-
tion of domperidone with levodopa increased AUC of levodopa. Clarythromycin or grape fruit juice inhibits both
of CYP3A4 and P-glycoprotein which work on metabolism and absorption of drugs. Coadministration of clarythro-
mycin with ergot alkaloids such as cabergoline or bromocriptine increased the AUC up to 2-3 times. Amantadine
is excreted through kidney without being metabolized and renal function is the most important factor in the
blood concentration of amantadine. In elder women with the body weight of 50 kg or less, creatinine clearance is
less than 50 ml/min even though the serum creatinine 1s within- the normal range. Selegiline is metabolized
through CYP2D6 and 3A4. Coadministration of qunidine, cimetidine, maclorides, antifungals, grape fruit juice in-
crease the bioavailability of selegiline and may augment the antiparkinsonian effect.

(Clin Neurol, 45 : 895—898, 2005)
Key words : Parkinson's disease, individual variation, pharmacokinetics, drug interaction, food
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