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Table Il. The area under the plasma concentration-time curve (AUC)

the ratio of 5-hydroxyomeprazole AUC to omeprazole sulfone AUC?

of omeprazole, 5-hydroxyomeprazole and omeprazole sulfone, and

Genotype AUC (ng e h/mL)

AUG ratio-

omeprazoleb 5-hydroxyomeprazole® omeprazole sulfone® 5-hydroxy-omeprazole/
omeprazole sulfone

Young group
Homozygous EMs 1441 £ 938 316 £ 124 97 £ 153 10.3 £ 121
Heterozygous EMs 1761 £ 474 435 + 145 171 £ 107 3.2+20
PMs 6892 + 2730™ 232 + 160" 971 £ 598™ 0.24 £ 0.07°
Elderly group
Homazygous EMs 3292 + 2376 217 £ 99 70 £ 66 55+ 5.1
Heterozygous EMs 3242 £ 1156 216 £ 136 114 £ 40 28+37
PMs 5650 + 1861" 72 + 45" 255 + 72 0.30 £0.20

a Values are expressed as mean + SD.
b AUC from time zero to infinity

¢ AUC from time zero to the last quantifiable plasma concentration.

EMs = extensive metabolisers; PMs = poor metabolisers; * p < 0.05, ** p < 0.0001 vs homozygous and heterozygous EMs.

For Vg5 (mean + SD), there was a significant
difference between the young and the elderly groups
(219 + 115 and 107 * 44.5 mL/kg, respectively;
p < 0.0001), but no significant difference was found
between the three genotypes (178 + 142, 173 + 79
and 110 £ 51 mI/kg for homozygous EMs, hetero-
zygous EMs and PMs, respectively).

Discussion

We investigated the effect of aging on the rela-
tionship between the genotype and the phenotype of
CYP2C19 by measuring the pharmacokinetic pa-
rameters of omeprazole after a single intravenous
bolus dose. Although omeprazole is usually admin-
istered as multiple oral doses in a clinical situation,
the drug was used as a probe drug to measure the
effect of aging on the in vivo CYP2C19 activity in
the present study. A number of studies showed the
effect of aging on the pharmacokinetics of a drug
such as phenazone (antipyrine), which undergoes
hepatic metabolism.['2131819 Phenazone is fre-
quently used as a model for the metabolising capaci-
ty of the liver and its clearance is reported to decline
with age.[?®!] In phenazone metabolism, at least six
CYP subfamilies are responsible for the forma-
tion of its metabolites, and combined activities
of multiple CYPs are considered to contribute to
phenazone clearance.[223 In contrast, omeprazole

© 2005 Adis Data Information BV. Al rights reserved,

is metabolised to 5-hydroxyomeprazole and
omeprazole sulfone by CYP2C19 and CYP3A4,
respectively, and the former is mainly responsi-
ble for metabolism because many studies,246]
including the present study, have shown that
omeprazole pharmacokinetics are dependent on the
CYP2C19 genotype.
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. Fig. 2. The time course of dose-corrected plasma concentrations

(mean) of subjects with each genotype in the young and the elderly
groups. The elderly and the young subjects received a single intra-
venous dose of omeprazole 10mg and 20mg, respectively. EMs =
extensive metabolisers; PMs = poor metabolisers.
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Table lil. Results of the linear regression analysis to examine the joint effects of covariates on the pharmacokinetic parameters®

Parameter Mutation allele Age Sex BMI

CL (L/h) —0.434/<0.001 ~0.472/<0.001 ~0.182/0.096 —0.056/0.616
Hi —0.499/<0.001 -0.462/<0.001 —0.153/0.146 —0.033/0.757
MRT (h) 0.628/<0.001 0.276/0.033 —0.142/0.223 0.030/0.803
g (h) 0.441/<0.001 0.421/0.001 0.051/0.651 0.165/0.162
Vss (mL/kg) -0.208/0.071 -0.529/<0.001 -0.131/0.278 Not examined®

a Values are expressed as a partial correlation coefficient/p-value.

b BMI was excluded from the variables in the analysis for Vss because the parameter was corrected by bodyweight.
BMI = body mass index; CL = systemic clearance; Hl = hydroxylation index; MRT = mean residence time; tup = terminal elimination hali-life;

Vss = volume of distribution at steady state.

In the present study, omeprazole was adminis-
tered intravenously to avoid aging-related changes
in drug absorption,!'>13] and the dose for the elderly
group was reduced to half of that for the young
group because plasma omeprazole concentration
was expected to be higher in the elderly -group.
Although the number of sampling points was not
enough to evaluate the initial phase, the plasma
omeprazole concentration-time curve suggested that
a one-compartment model may be suitable for the
young group, but a two-compartment model may be
needed for the elderly group. With more frequent
sampling between the time just after injection and
30 minutes post-dose, a bioexponential decline
could also be observed in young subjects. Since the
concentration at time zero was estimated using the
initial two points, AUC of the elderly subjects was
more underestimated, and CL and Vs were overesti-
mated, than those of the young subjects. In the
present study, the CL of young EMs was smaller
than the reported range (24-37.2 L/h).241 Previous
studies showed that omeprazole AUC in Chinese
EMs was greater than that in Caucasian EMs after a
single oral dosel?! and after repeated oral dose;*%
these results suggest that Japanese EMs may also
have greater AUC and smaller CL compared with
Caucasian EMs.

The linear regression models were used to ex-
amine the joint effects of covariates on the
pharmacokinetic parameters of omeprazole and to
evaluate whether possible variables besides geno-
type or age may exist as important determinants of
the parameters. The models showed that sex was not
a significant determinant in the pharmacokinetic

® 2005 Adis Data Information BY. All rights reserved.

parameters examined in this study. In the heterozy-
gous EMs of the young or the elderly groups consist-
ing of both sexes, the CL (mean £ SD) were 12.3 *
1.9/13.1 £ 5.4 L/h and 42 + 1.4/3.0 £ 1.1 L/h for
young and elderly males/females, respectively. The
Vss (mean + SD) was 190 + 29/265 + 86 mL/kg
and 133 + 38/127 = 61 mL/kg for young and
elderly males/females, respectively. Both parame-
ters showed no sex-related difference. The lack of
sex-related significance was consistent with previ-
ous studies reporting no effect of sex on the activity
of CYP2C19.127281 The number of mutation alleles
and age were significant covariates for all pharma-
cokinetic parameters, except Vss. For Vs, a signifi-
cant difference was noted between the young and
the elderly groups; this finding corresponds with a
previous study showing an age-related reduction in
the apparent volume of distribution during the termi-
nal phase of omeprazole.'*]

Although most pharmacokinetic parameters ex-
amined in this study showed significant differences
between EMs and PMs in the elderly group as well
as in the young group, the relationship between the
CYP2C19 genotype and omeprazole pharmacoki-
netics in the elderly group differed considerably
from that in the young group. According to the
Hardy-Weinberg equation, the frequencies of two
mutations can account for this difference in PMsina
Japanese population®®”’ and it is unlikely that some
unidentified mutations affect the metabolic capacity
of the elderly EMs. In fact, some of the elderly EMs
showed pharmacokinetic parameters similar to the
elderly PMs, resulting in larger variance in the elder-
ly EMs. Most pharmacokinetic parameters of the
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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) HI MRT (h) tieg (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) 12.7 + 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 +4.0 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; Hl = hydroxylation Index; MRT = mean residence time; PMs = poor metabolisers;

typ = 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 tv,3 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 Vg of the drug.B% In our study,
however, Vs of omeprazole in the elderly group was
significantly smaller than that in the young group. If
the reduction in Vi affects CL, MRT or ti,p, 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 ty,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 Vgs. 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 (S)-omeprazole, and the contribution
of CYP2C19 was greater in (R)-omeprazole than
(S)-omeprazole,®!) 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.l*”) 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.**3¢! 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.*36]

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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Parkinson’s disease (PD) is a multifactorial disease
that appears to arise from the effects of both genetic
and environmental influences (1). Parkinsonism induced
by 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)
showed rigidity, akinesia, stooped posture, and response
to levodopa therapy; and it was indistinguishable from
idiopathic PD. The discovery of MPTP demonstrated
that toxic substances could cause PD. Epidemiological
studies showed that pesticides and heavy metals are the
principle environmental factors that appear to have an
impact on the development of PD. The genetic contri-
bution in PD has been debated for over a century. More
recently, an increasing number of well-documented
multigenerational parkinsonian kindreds have been
reported with evidence of autosomal dominant inherit-
ance with variable penetrance. Genes associated with
either PD or Parkinson-related disorders include parkin,
DJ-1, ubiquitin C-terminal hydrolase isozyme L1 (UCH-
L1), nuclear receptor-related factor 1, and a-synuclein.
a-Synuclein is particularly notable because it aggre-
gates and is the main component of Lewy bodies (LBs).
Because ubiquitin also accumulates in LBs, and parkin
and UCH-LI interact with the ubiquitin proteasomal
system, proteasomal dysfunction is thought to contribute
to the pathophysiology of PD. However, a-synuclein
expression levels by themselves have no significant
effect on proteasome peptidase activity, subunit expres-
sion,. and proteasome complex assembly and function
(2). Other mechanisms resulting in synuclein aggre-
gation (not simply expression levels) may be the key
to understanding the possible effect of aggregated
synuclein on proteasome function. Aggregated o-
synuclein binds to the proteasome and inhibits pro-
teasomal activity. When rats were treated with stereo-
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taxic unilateral infusion of lactacystin, a selective pro--
teasome inhibitor, into the substantia nigra pars com-
pacta, the animals became progressively bradykinetic,
adopted a stooped posture, and displayed contralateral
head tilting. Administration of apomorphine to lactacys-
tin-treated rats reversed behavioral abnormalities and
induced contralateral rotations (3). Lactacystin caused
dose-dependent degeneration of dopaminergic cell
bodies and processes with the cytoplasmic accumulation
and aggregation of a-synuclein to form inclusion
bodies. When proteasome inhibitors were injected
systematically into adult rats over a period of 2 weeks,
animals developed progressive parkinsonism with
bradykinesia, rigidity, tremor, and an abnormal posture,
which improved with apomorphine treatment. These
findings support the notion that failure of the ubiquitin-
proteasome system to degrade and clear unwanted
proteins is an important etiopathogenic factor in PD (4).

On the other hand, Inden et al. found that injection
of proteasome inhibitors to the substantia nigra pars
compacta of rats did not cause cell loss or dysfunction of
dopaminergic cells and protected dopaminergic cells
from the toxic effect of 6-hydroxydopamine (6-OHDA)
(5). These results showed the proteasome-involved toxic
effect of 6-OHDA and inhibition of the proteasome in
the animals subjected to 6-OHDA treatment caused
inclusion bodies that did not cause cell loss. Accumula-
tion of az-synuclein might protect the dopaminergic cells
from the 6-OHDA toxicity as aggresomes. Parkin
protein functions as a ubiquitin ligase. Mutations in the
parkin gene induce ubiquitin-proteasome dysfunction
and cause autosomal recessive juvenile parkinsonism.
However, most patients with park2 PD did not exhibit-
the LBs.

The dose of proteasome inhibitors or the state of
proteasome inhibited might cause the different results in
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these reports. More studies would be needed to reveal

the

function of the proteasome in the neurodegeneration

of dopaminergic cells.
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Abstract. Cabergoline is used in the treatment of Parkinson’s disease (PD). Clarithromycin is
a potent inhibitor of CYP3A4 and P-glycoprotein and is often co-administered with cabergoline
in usual clinical practice. We studied the effect of clarithromycin co-administration on the blood
concentration of cabergoline in healthy male volunteers and in PD patients. Study 1: Ten healthy
male volunteers were enrolled and were randomized to take a single oral dose of cabergoline
(1 mg/day) for 6 days or a single oral dose of cabergoline plus clarithromycin (400 mg/day) for
6 days. Study 2: Seven PD patients receiving stable cabergoline doses were enrolled. They were
evaluated for the plasma cabergoline concentration before and after the addition of clarithro-
mycin 400 mg/day for 6 days, and again 1 month after discontinuation of clarithromycin. The
dose and duration of clarithromycin were decided according to usual clinical practice. In healthy
male volunteers, mean Cnax and AUC,_ oy of cabergoline increased to a similar degree during co-
administration of clarithromycin. Mean plasma cabergoline concentration over 10 h post-dosing
increased 2.6-fold with clarithromycin co-administration. In PD patients, plasma cabergoline
concentration increased 1.7-fold during clarithromycin co-administration. Co-administration with
clarithromycin may increase the blood concentration of cabergoline in healthy volunteers and in
PD patients.

Keywords: cabergoline, clarithromycin, drug-drug interaction, Parkinson’s disease

Introduction

Dopamine receptor agonists are widely used to treat
Parkinson’s disease (PD): patients who are treated early
in their disease course with monotherapy show a lower
incidence of motor complications and adjunctive therapy
is also effective in advanced stages of the disease when
combined with L-dopa (1-3). Structurally, dopamine
receptor agonists can be divided into ergoline deriva-
tives, non-ergoline derivatives, and apomorphines (4).
Cabergoline is a synthetic ergot dopamine agonist and
has the potential for the treatment of PD, acromegaly,
and hyperprolactinaemia (3, 5, 6). It is metabolized
mainly in the liver via hydrolysis (7, 8). Clarithromycin,
a macrolide antibiotic, is a potent inhibitor of the
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CYP3A4 and P-glycoprotein and consequently increases
the blood concentration of certain drugs. Some clinical
studies suggest that fewer serious drug interactions
occur with clarithromycin than with older macrolides
such as erythromycin and troleandomycin (9-11).
Clarithromycin is widely used to treat respiratory tract
infections and is often used in PD patients with such
infections. Pneumonia is the most frequent cause of
death associated with PD. The administration of
clarithromycin might potentially cause an alteration of
the pharmacokinetics of cabergoline. We studied the
effect of co-administration of clarithromycin on the
plasma concentration of cabergoline in healthy male
volunteers and PD patients to ensure the safety of
cabergoline during its clinical use.
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Materials and Methods

All volunteers and patients recruited to these
randomized, non-blind, crossover studies gave their
written informed consent prior to participation. The
protocols were reviewed and approved by the Institu-
tional Review Board of Ehime University School of
Medicine, and the studies were conducted in accordance
with the Declaration of Helsinki and its subsequent
amendments.

Study 1

Ten healthy male volunteers, aged 20 to 52 years,
were enrolled in this study. All volunteers were Japanese
and selected on the basis of normal medical history,
physical examination, and clinical laboratory tests. They
had not taken any medication for at least 4 weeks
before starting the study. Volunteers were excluded if
they had confirmed or suspected cardiovascular and/or
cerebrovascular disorders and if they had any history or
other disorders that might compromise their safety
during the study. Volunteers were randomized to
cabergoline (1 mg oral tablet) (Kissei, Nagano) once
daily in the morning with or without clarithromycin
(200 mg oral tablet) (Taisho Toyama, Tokyo) twice
daily for 6 days and crossed over to the alternate treat-
ment after a 40-day washout period. Domperidone
(10 mg oral tablet) (Kyowa Hakko Kogyo, Tokyo)
was co-administered with each dose of cabergoline
for prophylaxis against vomiting. Blood samples were
collected on day 6 of each cycle at 0, 1, 2, 3, 4, 6, &,
and 10h following dosing of cabergoline with or
without clarithromycin.

Study 2

Seven Japanese PD patients (4 female, 3 male), aged
30 to 80 years, were enrolled in this study. All of them
had been treated with cabergoline at a stable dose for
more than 3 months. They were not taking any medica-
tion or food known to reduce or increase CYP activity
before starting the study. All patients had been treated
with the same medications for the last 4 weeks before
- recruitment and these were unchanged during the study.
As in Study 1, the following patients were excluded:
those with confirmed or suspected cardiovascular
and/or cerebrovascular disorder and if they had any
history or other disorders that might compromise their
safety during the study. Patients received the addition of
clarithromycin (400 mg) twice daily for 6 consecutive
days to their previous medications, which included
stable doses of cabergoline. Their signs and symptoms
of PD were evaluated using the Unified Parkinson’s
Disease Rating Scale (UPDRS) (12-14). Blood

samples were taken 3 h after administration of cabergo-
line on day 1 (immediately before addition of clarithro-
mycin) and on day 6 (with addition of clarithromycin).
Patients were asked to return a month after the cessation
of this study and another blood sample was taken 3 h
after cabergoline administration. They were asked not to
take any medication or food known to alter CYP activity
prior to this visit and to ensure that the daily dose of
cabergoline was not changed.

Measurement of plasma cabergoline concentration

Blood was collected in 5-m! sodium-heparinized
tubes and centrifuged at 3000 rpm for 15 min. Plasma
was stored at —80°C until analysis. Cabergoline in
plasma was extracted to methyl zer¢-butyl ether and was
measured by liquid chromatography-tandem mass
spectrometry (HPLC: HP1100 Series; Hewlett Packard,
Palo Alto, CA, USA) (MS/MS: TSQ7000; Thermo-
Quest, Waltham, MA, USA). Symmetry Shield RP-18
(2.1 x 150 mm, 3.5 um; Waters, Milford, MA, USA)
was applied to the column and the mobile phase
consisted of acetonitrile (40%) and 20 mmol-L™
ammonium formate (60%). LC/MS/MS was operated
in the positive mode (15). The intra-assay coefficient of
variation (CV) was 4.7—9.2% and the detection limit
was 5 pg-ml™.

Pharmacokinetic analyses

The maximum plasma drug concentration (Cma) and
the time to reach maximum concentration (fma) Were
determined from actual data, mean plasma concentration
over 0—10h (Co10n) was calculated by averaging all
readings, and area under the plasma concentration-time
curve from 0 to 10h after dosing (AUCq0n) was
calculated using the linear trapezoidal rule in Study 1.
In Study 2, plasma drug concentration was measured 3 h
after cabergoline administration.

Statistical analyses

Results are expressed as the mean + S.D. The plasma
concentration of cabergoline was compared with and
without clarithromycin co-administration by the Fried-
man test. Cmax and AUCy oy, were compared using the
Wilcoxon matched-pairs signed-rank test. The SPSS
(version 11.5 for Windows) software was employed,
with P<0.05 as the minimum level of significance.
Sample sizes were estimated from the expectation of
doubled plasma concentration for drug interaction.

Results

Study 1
All volunteers completed the schedule. Table 1 sum-
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Table 1. The pharmacokinetics of cabergoline given alone and with clarithromycin

Mean * 8.D. (95%CI)

Pharmacokinetic
parameter Cabergoline alone Cabergoline + clarithromycin
Cuex (pg-mi™) 5542+16.11  (23.80-83.60) ©152.85 £33.66* (105.70 —203.90)

- AUCq.10n (pg-h-ml™) 48424+ 144.45 (237.60-752.10) 1267.91 £ 331.17% (796.45 — 1737.55)
tmax (1) 6.10+2.42 (1.00-10.00) 720+ 1.69 (4.00 — 10.00)
Mean Co1on (pg-ml™) 46631544  (3449-53.54)  121.14+35.99*  (87.95-142.12)

AUCyson is the area under the plasma concentration-time curve from time 0 to 10 h; Cray is the maximum plasma concentra-
tion; Co_ion is the mean of plasma concentration determination over 0 — 10 h; fa is the time corresponding to the maximum
plasma concentration (Crar). * P<0.01 vs cabergoline alone (Wilcoxon matched-pairs signed-rank test),

marizes the mean (£S.D.) pharmacokinetic parameters
for each treatment. Mean Cyon for cabergoline was
46.6 pg-ml™ without the co-administration of clarithro-
mycin and increased significantly (P<0.01) to 121.1
pg-ml™ with clarithromycin. At all time points, co-
administration of clarithromycin increased the plasma
concentration of cabergoline (Fig. 1). Individual values

60 Mé\c} for Cpax and AUCq-104 are shown in Fig. 2: mean values
40 & were significantly (P<0.01) increased 2.8 and 2.6 times,

Plasma cabergoline concentration (pg - mi)

20 f respectively, by clarithromycin co-administration.
0 L . . L ' Adverse effects were experienced in similar numbers
2 4 6 8 10 of volunteers during the administration of cabergoline
Time (h) alone or in combination with clarithromycin (Table 2).

None of these symptoms were serious and did not

Fig.1. Mean (£S.D.) plasma cabergoline concentration in 10 . .
need any medical treatment. There was no difference

healthy volunteers after administration of cabergoline (1 mg) once

daily with (closed circles) or without (open circles) clarithromycin in blood pressure before and after the administration
(400 mg) twice daily for 6 days. * P<0.01 vs cabergoline alone. of cabergoline. All of the volunteers completed the
2000 250
*
*
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Fig.2. Individual values for AUCq-105 and Crex for 10 healthy volunteers after administration of cabergoline (1 mg) once daily
with or without clarithromycin (400 mg) twice daily for 6 days. * P<0.01 vs cabergoline alone.
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Table 2. Symptoms and frequency of adverse events occurring in
healthy volunteers

Symptoms Cabergoline alone Cabergoline and clarithromycin

(a=10) (n=10)

Sleepiness 4 4
Constipation 3 4
Nausea 2 3
Dizziness 3 2
Heartburn 2 1
Diarrhea 0 1

scheduled plan.

Study 2

Table 3 shows the clinical characteristics of the PD
patients. They were aged 56 to 75 (mean 67.4 £ 6.02)
years. There were 4 females and 3 males, and all had
a diagnosis of idiopathic PD. The mean duration of
the illness was 5.93 £ 5.65 years. Administration of
clarithromycin increased the plasma concentration of
cabergoline in all patients (Fig. 3). The mean plasma
concentration of cabergoline was 145.4 +52.9 pg-ml™
without clarithromycin and 252.7 £ 100.6 pg-ml™ with
clarithromycin, therefore increasing 1.74-fold with
clarithromycin co-administration (P<0.01).

No patients showed adverse effects, for example,
nausea, vomiting, dizziness, hypotension, during the
administration of clarithromycin.

One month after cessation of clarithromycin, blood
samples were collected in 4 patients who could revisit
for this study. The plasma concentration of cabergoline
returned to the baseline level prior to clarithromycin
administration in all 4 patients (Fig. 3).

With this increase in plasma cabergoline concentra-
tion, 3 of 7 patients showed an improvement in their PD
symptoms. UPDRS improved in these 3 patients from 7
to 5, 36 to 30, and 44 to 40 in cases 2, 6, and 7, respec-

300 ¢

250 |

200 F

150

100 f

50 1

Plasma cabergoline concentration (pg - ml")

Cabergoline
and
clarithromycin

Cabergoline alone Cabergoline alone

Fig.3. Mean plasma cabergoline concentration in PD patients
after 3-h therapeutic administration of stable therapeutic doses of
cabergoline alone or in combination with clarithromycin (400 mg)
twice daily for 6 days (n=7) and again 1 month after discontinua-
tionof clarithromycin (n = 4). * P<0.01.

tively. The score did not change in the other 4 patients,
remaining at 45, 3, 1, and 61 in cases 1, 3, 4, and 5,
respectively. When UPDRS improved, it was in part II
or III for motor examination, especially tremor at rest or

rigidity.
Discussion

Cabergoline binds dopamine D, receptors selectively
and causes functional dopaminergic activity in the brain.
A distinctive characteristic of cabergoline is its long
elimination half-life (¢12) (8). In 12 healthy volunteers,
mean fm for cabergoline was 2.5 h and mean 7125 was
109.7 +41.3 h following administration with food (16).
Cabergoline has been shown to be metabolized through

Table 3. Patients clinical and demographic characteristics

Case  Gender Age Cabergoline dose L-dopa dose Hochn-Yahr stage Disease duration

(year) (mg/day) (mg/day) ON OFF (year)
1 Male 71 3 400 (levodopa/carbidopa) 2.5 3 10.0
2 Female 68 2 200 (levodopa/benserazide) 1 1 2.7
3 Female 56 3 250 (levodopa/carbidopa) 0 2 17.0
4 Female 69 2 0 1 1.6
5 Male 69 1 300 (levodopa/benserazide) 3 3 2.6
6 Male ) 64 1 300 (levodopa/carbidopa) 2.5 2.5 5.0
7 Female 75 2 250 (levodopa/carbidopa) 35 2.6
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hydrolysis and P450-mediated metabolism appears to be
minimal (7, 8). In our study, the plasma concentration
of cabergoline (Crax, Co1on and AUCqjon) increased
about 2.7 times with clarithromycin co-administration.
Clarithromycin has been shown to increase the plasma
concentration of certain drugs via the inhibition of P-
glycoprotein (17). This suggests that the concentration
of cabergoline might be increased by clarithromycin
mainly through the inhibition of P-glycoprotein-
mediated excretion.

Cabergoline is used in the treatment of PD in combi-
nation with other antiparkinsonian drugs. Pharmaco-
kinetic interaction between cabergoline and levodopa
has been investigated in two studies in PD patients.
Plasma cabergoline concentrations were assayed over a
24-h period 3 weeks after a stable dose of cabergoline
(2 mg daily). Pharmacokinetic parameters of cabergo-
line were unmodified by the addition of levodopa
(levodopa/carbidopa, 250/25mg daily) (18). The
pharmacokinetics of levodopa before and after the
concomitant administration of cabergoline has been
studied in 12 PD patients (19). Plasma levodopa concen-
trations were measured over an 8-h period before
cabergoline was added and 8 weeks after starting
cabergoline. No modification of levodopa pharmaco-
kinetics (absorption, bioavailability, #1,25) was observed
when levodopa and cabergoline were co-administered.
The pharmacokinetics of cabergoline and selegiline have
been determined in 6 PD patients not treated with
levodopa when the two drugs were given alone or in
combination (20). No pharmacokinetic drug-drug
interaction was found between cabergoline and sele-
giline, since all measured pharmacokinetic parameters
of both drugs remained unchanged comparing mono-
therapy and combination therapy. The effect of food on
the pharmacokinetics of cabergoline has also been
investigated. Under both fasting and fed conditions Crax,
AUC, t1/2, and tmax for cabergoline remained the same
(16).

Cabergoline is an ergot alkaloid and clarithromycin is
known to interfere with ergotamine metabolism. Ergot
alkaloids are commonly used for migraine and have
vasoactive properties. There has been a case report of
clarithromycin-associated ischemia in the treatment of
migraine with an ergot alkaloid (21). Itraconazole is a
triazole used as local and systemic antifungal agent and
is a potent inhibitor of CYP3A4 and P-glycoprotein.
Christensen and colleagues (22) reported a case of PD
showing increased plasma cabergoline concentration
during concomitant treatment with itraconazole. Plasma
cabergoline concentration was increased approximately
3-fold during treatment with itraconazole for 1 week.
In our study, the concentration of cabergoline increased

2.7-fold in PD patients during the treatment of clarithro-
mycin for 6 days. Our results were compatible with
the previous study of itraconazole. Clarithromycin and
itraconazole are both inhibitors of CYP3A4 and P-
glycoprotein, although itraconazole is a more potent
inhibitor (23, 24). Clarithromycin might elevate the
concentration of cabergoline by the inhibition of both
CYP3A4 and P-glycoprotein.

Drug-drug interactions between levodopa and DOPA
decarboxylase inhibitors (carbidopa, benserazide),
levodopa and COMT inhibitors, or levodopa and
selegiline are applied practically in the treatment of PD.
Co-administration of carbidopa increased the plasma
concentration of levodopa approximately 400% (25)
and entacapone 140% (26) in patients with PD. When
adjunctive selegiline is used with levodopa, the extra-
cellular concentration of dopamine increased several
fold in the brain of monkeys (27). In the treatment of PD,
drug-drug interaction is used for more efficient drug
therapy. In our study, no patients or healthy volunteers
showed dose-dependent serious adverse effects. None-
theless, physicians should be aware of the potential for
interaction between clarithromycin and cabergoline: in
particular, their co-administration should be avoided in
PD patients who show marked dyskinesia or levodopa-
induced psychosis.
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Fig.3 &% >3 &izk % levodopa M FRE
DOER, =2V R ER (L,
TEY) W8} levodopa MHIEE
(O:BER, € EI¥78)

" Levdopalfildt;

M%ﬁ%@ﬁgﬁ%m.in?m%%ﬁ%ﬁﬁﬁﬁ
{b, Bk & OBENLBIER2H D SEHICEWTE
BENDH B, ¥, BOE, DEFBEOSHIHRE
ENTW3D, EEARRAI YT I=X M, Hik
S EfER IR w, EROBIERAME S, iR
FRir P HMEINTHE Y, REFOHEEER IS
IESRI N, EARTI=AMNIFEBOF 70—
A P450 (CYP) 3AdB XU 2D Iz ko TR#S h
5. LiehioT, v7ud4 RRMEVE, HEH
¥ ST TNV Y a—A % YR CYP OEEE
EA2ET 285 OfARRAAI VY TI=X DOLER
Eh, FEEARFAI Y
7 =2 EEES © OFENS ., Z0kD, B
BEET I XV MPBEECEFEEZRT LTV,

3) £/ 73 UEMEEER (MAO)-BIEEE

MAO Rk, B, MENEMaL & EEER
IR AT BERTHD, PRy y, JNVTFVT
Dy, O b=yRFFIVREDT I VEORIER
B7 S RIBENET S, HAO /23 YidMAO
Y7L TFD1OTHS MAO-B £ COMT K& V&
IR BEY) T B B homovanillic acid (HVA) £ T
REtasns, MAO-B 0BEEEIIXMACET S F
NI YOEBEEBL, levodopa DR ZE D
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Fig.4 ZVv—770—YYa—X 7 BAEHE
2 & % cabergoline [IHEED &
(O: 7 v—77N—Y Y 2—ZH#H,
4 ! cabergoline B %)

%9, BFE, selegiline BIER E L THEIRCHEMA &
NTw3, Selegiline WEARF NS 7IT=X L
FRIC CYP3AAB XU 2D Ko TR Eh 3,
Liz3o T, RACYP DHEER:2E T 28F & OBt
B selegiline M+ EBED EREE2 7263, &, =
B XK, BNk o b= VEERAAHEEE O
AR e b = ERMR EOEEREWEROREN
BESNTL2LDHBERLRZoTW 3,
Selegiline IZ i EFRR 2 S HIAREERASRD s h
T3, RNHAEEREBRORERIL, thEEaREE
BLDREREDDDEEZLNTVS,

4) Y E

ol vyEERbHW A A—F Y /F{‘L‘%s}‘i?ﬁﬁ
D, WELEA SN T3 trihexyphenidyl iZ & 55
BT 1949 FITHE SN T WS, FilEEHa Y VBB
ES TRBETDETRPRAENS|EE B L
VBB, BERENOERIEZLIIEINLL, &
EFPLa ) VEOEREERRILTE TS,

5) NMDA 2R 4iEHE ,
Amantadine i A B A V7 VT U FRHT BH Y
ANAEE LTHFES NS, BRIZS—FVY UE
TE%E&%{’F)% DR Bh, .L/{{ﬁ, WN—F Y /’}J—(A%
ErLTHWwWsNS LD CkoTe, BMEBRTIZ N
S HHRMHRIRER D 5 D NN 8 VIR REZ ORE D
HBH, & TOERBFETHELZENS L, EET
RSz 815 NMDA (N-methyl-D-aspartate)
ZRROETIERAPZOERABFEET 52 LE 25
NTv3, ¥z, amantadine i levodopa BFHE S
AFAVTERLUTENTH S LOHRENZEIN TN
39, BIfERE LTHEED ERIZHEWIER, BE
HOLEWETEEEE (34 70—-XR) PHERTBZ
L0355, Amantadine REFRMEDOERITHY, B

HE/HRERRREORR L ShOME 275

BB ETREM (Cer 50 mL/min BUIF) TlkmbEE
BERET 2 OREEFTEET S,

3. HRPOBEX

B, MO —F VY URREENERINT
W3, FOHIE, A) PRSP IR MR
k¥ levodopa 2 ¥ D & S 12, BEDOH/ S—FY
VIEELZWE, %Eé ¥/2b D, B) COMT HEZE
BREFNRS oRBRZESH L WEE], C) zonisa-
mide D & 3 T TRMEBCERAINTWIES O
N—F vV UEAOEHE, #LT, D) BEFHZNL.
Tw3 RS VRIEERT 2 EF & BIEABFREL
B BEH, REMNHB, FETRLED) EEE
N2EE BT S,

1) KW-6002

TTFIYy ApBEEIMARCBWT, BREE2S
WEERIZ V72 % indirect pathway 2#HR L Tw 3
GABA, =777 ) VRS hHEER o~ >
CREIZERL Tw3 b TWS, /N—F
VYV URRIZBWTIE RS U X 3 B
#l D7z ¥, indirect pathway REBEREIZH 5.
KW-6002 127 7/ & > ApnZERERETHD, F
BEM=—a—a Y D77 /vy ApREEEEET
2 Z 2z & Y indirect pathway ODEEREZEIET
LERAE2ET 29, AFEHIE MPTPBESA—F Y
VIEETNVEICBW CEEEERHEL, £,
levodopa OFNE 2R, ERTA2ZEHEDONT
w3, WA TOBRMEIERERTIE, 77 eRicihr
BRERAVEEOBI PR D s T3, HE, BER
CBWCHTHEINERRSHEIT I TWw 3, REE
(20mg, 40mg 7275 €R) 1H1EHI12EM%
E0FshE (EBRERZBVW TS 7BHYHEIED
LT, Hei s B s CIR L

Tw3,

2) ONO-2506

TA avA MEEKS VNI BETHBS- 100[3‘
=%V VR, TWYNAL 2 —fFE L OMREEEE
ﬁ%ﬁmmﬁiﬁ%Mﬁ%,Mﬁﬁﬁftﬁﬁa’t
PERESNTBY, TAMuYA MEERENZH
RiRERERICESET 3 2 t#ﬁ@éhfw&
ONO-2506 iZ7 A b v ¥ A MizBF 3 S-1008 B0
&), NGFRELETTE, S VI I VBIS VAR
& —@Y, GABAZEREL B L UVKERRRTE
Mgl EOERBEFE2ET 57 X b ud4 MEgEdE
FThad, FEFIIMPTPH#ES—F VY VFEET
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NEWIC BT, 2S—F VY VIRBEREZEFH LS

TERTEHLENTEYY, N—FrY VRHEEELL
TOBRIGEMEFES LT3, BE BRRBNT
B ERBRSHT AN TWS, BERE (100mg, 600
mg ¥7-37ZwR) 1H1E 16 BHREROERE
(UPDRS : Unified Parkinson’s Disease Rating
Scale, FERAE 2 AWM, &2 EER
BER LB TR L T 3.,

3) TCH-346

MAO-B BT % % selegiline 2% in vitro 1B\
CHEEBEGIEE 2B T 5 Z L dBET L DRE S
n, EEE, N—F >V UREBERICBWTY, &
DIERET 5 D2 EHET R RRIRRREE Y 2
ENTEJ, ZIT, selegiline LELEERET 5
TCH-346 #EIFE = 17z, TCH-346 1% selegiline ¥ i%
2k b MAO-BIEE/EH 2B LT\, TCH-346
s O MEEFEIE e v MPTP &5/ 8—%
YV UARETIVOD RS S HRESERIE] 2 £ in vitro
B X UBEBRRIZIBWT, HRRERTEMNEER 25
LTWwa?, N—FrY  UERERNRELT, BRW
ZBWCHTHASE IFHEER & THIT S iz, N—F Y
VIEBEICBIABEKRE 2.5mg 0mg /i
CSeR) 18 1E4BERSEORSE R EERE
FIELEGE TR L T B,

4. BROSEOHA

NR—F >V IEBREEOSBOFRATH 4, BFR
B2 0T 2IE T 2 HRMIRRERO S S 2[R
IR NG, 5%, BRI HEEHEREE
oMy FEE N, HREEREREORSEII NN —F
VY VBB ST T NYNA K, BHEREEAIRE
{LER ChoHEEEERDOBREICBWTYEELE:
W AETHS, LEL, N—F Y RRENT 5
RREEAEREROME R, HREESTIEIER 2
BRI 2 LOHELETHSE, N—FYY R
DOETIHEHTH Y, i, BRI A-F2Y VR
BHEBICEVEBHINI BRI/ S—F Y UK
B (R8s USROS OETICT 518K
HEORREFET 2 W EHEENES., Ly, FHED
T OH—F Y VREOHW I HEEICEL WD
WERTH B, B-CIT ©¥F-dopa & & F/e 3 i

CE D AENSWE R B LERREIC L 2BFERS
3 VRSO EENEVWONTETIRWSY, %
DEBEEIIZW L OO OMERLSHY, 5%, LVE
1T % 3 IR L IR O BT, FERFHME D& &
3, EEISO =% Y RRETIE ) Tl
eSSl T (GDNF) & & OHERERT,
B CERiE 2 Buwi-llkBgE v VAR I —
BHOWESTFRE (M U REREBROELTFE
A) BELNERBEEINTETNDS,

5. Bbi)ic

N—F VY VIRIRBO L% 3T levodopa i, HI
WD LB RNNIEETH D EYMFRECETH
TeIRERROTRENDETH 2 L Bbh sy, HERD
—HOBRTITONTWRITER N, £z, FY
IV7 IR M2 EOEYHEEEROER 472 Y
DT, HRERBERZIBWT, BREEFEOD
B RSB EL T bOLEbN2, &
Tz, N—F 2V VIRIBEERSIC BV T L SROER
BHIRFEND,

X m

1) &Hig3, B, hERT, REBEA, BTE AVEFA
SHERVEZ Y FERIDBVIR LB —-F Y VREBEL-F
ST 0% b, ERREEEE 2004 5 35(D) © 2315,
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KUVURDYLS—1I>IS—F V) VIEDEE L B

IN=F V) VIRIBEOE AE & EYpEhRE

oo E3A B BT & L RE BA
HE BE  HEERTF @ #T

(BEER#4E, 45:895—808, 2005)

Keywords . /3—F v V45, EAZ, EWHhE HEER, &=

FL®IC

BEIERAAY ZERECER L CHELEDLT. BFL7-
ERREOBR (I TIAT Y R) KT, BIN- 54 - £
B BRI X MBS E 1) (bioavailability), $h#E X
Uy 7 & LTHRBBN TOERERRE S, C0BR
% pharmacokinetics (EWEIEE) LFEA. & 5IZZEARE
BAUTEEERPRBE LBREANEIENE. 2088
pharmacodynamics (EH%) &IN5, BEEIIEFEM
~NEL L TOMICESE, BEORL, R, RS v ¥

uM
14 o

12
10

B2, BCLo THRPILRE, 8512, N—F vy
ATIHRAZEO THERBT AL VA XA U7 R wearing
Of EFBINIILD, ENI L BT S, N—F VY
RERICBVWTHESRTA DN BRREORRIZBIT 5E
AECHWES), HMEBEWEEL D L ISR L.
L-dopa : L-dopa DEMENEIZEH 4 BEOREANEZE L AL D
7= (Fig.1a). ¥72, ALBATH->TH AHZH A LR,
L-dopa ORI ABICRBICTAILIC LI D RIS
¥ o7 (Fig.2b). L-dopa DU EEDHEL ZiF 3 <,
BERDOY YN EDE b ERIUET 5 VI BIE
L, NoON % Delayed ON # B Z 7 (Fig. 1c, d). HEPLBIC
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Fig. 1

a ! L-dopa fIARIEZEEDMAE .

b ! L-dopa DWRIXD H#I%E) L-dopa/benserazide 100/25 mg

c &y vt &k L-dopa RN 48 BE¥  L-dopa/carbidopal(0/10mg
d &S 87 &L Ldopa WAL 74 #k2ctk  L-dopa/carbidopa200/20mg

RBEARFEFHERERSE SFBRNE - AENE A5 FEEY 5 — (F791-0205 FIgEFEREREN)

(%f¥H : 200545 H 26 B)
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Fig. 2’

a: A RBRADOMA L-dopa HBE

L-dopa/benserazide 100/25mg, Mean+SD n=4

b : Domperidone #£F 12 & % L-dopa Il i EDZEL
"= L-dopa/benserazide (100/25mg)
mms [-dopa/benserazide (100/25mg) + domperidone (10mg) Mean=SD n=5

A BB & B Ldopa MR EEOZEAL

& L-dopa/benserazide (100/25mg) + magnesium oxide (1g)
mm [ -dopa/benserazide (100/25mg) Mean=SD n=5
d:L-FAAFRMAEE (Tmax=60min)

XY REOESY Uy BTN ERETEHREDS. £
ARTORRA IE L-dopa ORI % S S ¢ 7z (Fig. 2a) . $HMHE &
LTR—F vy VREHFELHFEEND FYyRY) FYid A
erbach HEED T L F L aY) YR HA T 5 D2 RFHF
AL TS B0 2 s, EPORININT
BYER R HRET 5 7201 L-dopa IRA B O M REZ HE L
Peza, Fya) RrofBick VRRAEmTsZ E e
B 540 L7 (Fig. 2b). 72, EROBRILLWVLNE L
2 FIAEEET D H D 012, TOHAIE L-dopa ORI Z K
TREDETREINTVE, 2OT D5 L-dopa ORIUK
TR ERE Lk Z AZE/bIR R o 7 (Fig 2¢). L-dopa
BENZH VY FREF ERY LTV FEAPH 225 L
dopa BERF L TH o THWH PRARICEMROI L2 HIE
BBt s, 202 L LHEDMPIEE%R population PK
study TREL7zE =5, Ryt F Y FRATIHRES X
hEn T & AYR SN (Fig 2d). L-dopa DHA—F VY VIR
VEFTIZ, S5A% R 0 isoniazid (INH) & OFFETIET T 5.
Z i, INH 2% L-dopa B EEEESR % ¥IH L, BRI BT % L-
dopa 75 K83 Y ~ORBEIHT 2720 E2 N5, &
#itLdopa ¥ L— ML, BINEET S50, HEH

OBEBILET TR LZ2IE) 25X,

RS VEBSHEEE FAR Y VEEAEHEICD
L-dopa L ABEQCEAZZ AL D T, EARFVAT
4 KDHsNT) Vid, IEHECA PIaSFV -, wo0
54 FREEMEO SV AL P RSV —T T N—D
LOBEICE D EREACBWTH /%Y VHEERAIC
BATHMAREN 2~3FIC LA L. Tuss ) 7F
viFARCOEEEDOLREFALDEY. ZOEREANVT
) RCiEgsh oz,

LLEY Y LLFY VIZCYP3A TRES AL, 2Ok
BIE—EOLERNVE VH & OFRIZE LY Y OR# 2
BB,

FRYIVY TRV I IR VIV FOTFR R
MEREEEEICDDBVOENTVES, TIV I I VIIRE
EE LTSN B, BV TF=v o LT
5 ADETICE D ZVIFRESERETS. EHED
B WEETIEZ LT F o VA RRERTH - THMFIRE
HERELEWEROBIZZ L H 5.

FHZV Y ETNRFY I VIIHRE RO BE TR
HENLBEAELETHE, FHoI Y ORBFERETHS



