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Aims To examine the effect of ticlopidine administration on the activities CYP2C19
and CYP3 A in vivo using omeprazole as a model substrate.
Methods A single dose of 40 mg omeprazole was administered orally with or
without ticlopidine (300 mg daily for 6 days) to six Japanese extensive metabolisers
with respect to CYP2C19. Blood samples were taken for the measurement of plasma
concentrations of omeprazole, 5-hydroxyomeprazole and omeprazole sulphone.
Results Ticlopidine administration increased omeprazole Cmax (1978±859/
3442±569 (control phase/ticlopidine phase, nm)) and decreased the oral clearance
of omeprazole (CL/F; 25.70±16.17/10.76±1.16 (control phase/ticlopidine phase,
l h−1)) significantly. The 5-hydroxyomeprazole to omeprazole AUC ratio
(0.817±0.448/0.236±0.053 (control phase/ticlopidine phase)) and the
5-hydroxyomeprazole to omeprazole sulphone AUC ratio (1.114±0.782/
0.256±0.051 (control phase/ticlopidine phase)) were decreased significantly after
ticlopidine administration. The decrease in omeprazole CL/F and the
5-hydroxyomeprazole to omeprazole AUC ratio correlated significantly with their
respective absolute values when the drug was given alone. The decrease in CL/F
following ticlopidine administration correlated with that in the 5-hydroxyomeprazole
to omeprazole AUC ratio.
Conclusions These findings suggest that ticlopidine inhibited the in vivo activity of
CYP2C19, but not, or to a lesser extent CYP3 A4, and that the magnitude of
inhibition by ticlopidine is related to the in vivo activity of CYP2C19 before
inhibition.
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in vivo [9] as determined by S-warfarin clearance [10].
Introduction

Furthermore, in human liver microsomes [11] a lower
concentration of ticlopidine was required to inhibitTiclopidine is a potent antiplatelet agent and is used in

patients with cerebrovascular disease, peripheral arterial S-mephenytoin hydroxylation, an index of CYP2C19
activity [12], than was required to inhibit tolbutamidedisease or ischaemic heart disease who are at high risk of

thromboembolic events associated with platelet hyper- 4-methylhydroxylation, an index of CYP2C9 activity
[12]. These findings suggest that ticlopidine primarilyaggregation [1]. Ticlopidine has been reported to be

superior to aspirin in lowering the incidence of stroke inhibits the in vivo activity of CYP2C19. Thus, we
studied the effect of ticlopidine pretreatment on thefor high risk patients [2]. However, ticlopidine is known

to inhibit the metabolism of some drugs [3]. Recent case pharmacokinetics of omeprazole, a substrate of CYP2C19
[13], in subjects who were extensive metabolisers withreports have shown that ticlopidine inhibits phenytoin

clearance, which results in acute toxicity [4–6]. Although respect to this enzyme.
phenytoin is metabolized by CYP2C9 and CYP2C19 [7,
8], ticlopidine does not appear to affect CYP2C9 activity

Methods

SubjectsCorrespondence: Dr Tomonori Tateishi, Department of Pharmacology, St.
Marianna University School of Medicine, 2–16–1 Sugao, Miyamae, Kawasaki,

Six unrelated healthy native Japanese men with a meanKanagawa 216–8511 Japan.
Received 10 August 1998, accepted 16 November 1998. age of 33.8±8.3 years (mean±s.d.; range 24–43 years)
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and mean weight of 64.3±7.5 kg participated in the was calculated by the trapezoidal rule. The oral clearance
(CL/F) was calculated as CL/F=dose/AUC.study. No subject had taken any medication for at least

7 days before the study, and each abstained from alcohol
for 3 days before the study. Each subject had normal

Statistical analysis
histories, physical examination and clinical chemistry
results. All were genotyped as extensive metabolisers with Data are presented as mean±s.d. Control and treatment

phases were compared by Wilcoxon signed rank test. Arespect to CYP2C19 [14]. The study was approved by
the institutional review board of St Marianna University P value of <0.05 was considered statistically significant.
School of Medicine, and each participant gave written
informed consent.

Results

Ticlopidine administration decreased omeprazole CL/F
Protocol

and increased omeprazole Cmax (Table 1) as well as
AUC(0,8 h) (6169±3593/10875±1224 (control phase/The study was performed according to an open,

randomized two-period cross-over design. In the control ticlopidine phase, nmol l−1h, P=0.0464)) significantly.
There was no significant difference in tmax (2.7±1.2/phase, a 40 mg enteric-coated omeprazole tablet (Losec,

Yuhan Co., Seoul, Korea) was given with 200 ml of 2.8±0.8 (control phase/ticlopidine phase, h)) and t1/2

(2.8±1.2/3.8±0.8 (control phase/ticlopidine phase, h)).water after an overnight fast. In the ticlopidine phase, a
100 mg ticlopidine tablet was given three times daily for The 5-hydroxyomeprazole to omeprazole AUC ratio

(AUC(OHOME)/AUC(OME)) and the 5-hydroxy-6 days, and an additional 100 mg ticlopidine tablet was
given on the 7th day at 1 h before the administration of omeprazole to omeprazole sulphone AUC ratio

(AUC(OHOME)/AUC(OMESUL)) were decreased sig-a 40 mg omeprazole tablet after an overnight fast. The
two trials were separated by a wash-out period of nificantly in the ticlopidine phase in comparison with

that in the control phase (Figure 1a and 1c respectively),2 weeks. Blood samples were obtained before and at 0.5,
1, 1.5, 2, 3, 4, 6, and 8 h after omeprazole administration whereas the omeprazole sulphone to omeprazole

AUC ratio (AUC(OMESUL)/AUC(OME)) remainedand were centrifuged (3000 g for 10 min) immediately.
Plasma was stored at −20° C until assayed. unchanged (Figure 1b).

The decrease in CL/F and AUC(OHOME)/
AUC(OME) following ticlopidine administration were

Analytical methods
significantly correlated with CL/F (r2=0.995, P<0.001)
and AUC(OHOME)/AUC(OME) (r2=0.986, P<0.001)Omeprazole and its two primary metabolites, 5-hydroxy-

omeprazole and omeprazole sulphone in plasma were when the drug was given alone, respectively. In addition,
there was a significant correlation between the decreasemeasured by h.p.l.c. [15]. Analytical reference samples of

the three compounds were a generous gift of Dr T. in CL/F and that in AUC(OHOME)/AUC(OME) (r2=
0.941, P<0.005).Ishizaki of International Medical Center of Japan. The

mean recoveries of omeprazole and its metabolites at
concentrations of 150 and 1200 nm were 93–116%. The

Discussion
lowest determinable concentration, defined as three times
baseline noise, for each compound was 10 nm We studied the effect of the ticlopidine administration

on the pharmacokinetics and metabolism of omeprazole.(3 ng ml−1). Coefficients of variation (interassay) for the
three compounds were below 10% at a concentration of The administration of 300 mg ticlopidine for 6 days

increased omeprazole Cmax and AUC(0,8 h) significantly.150 nm, and below 4% at a concentration of 1200 nm.
Omeprazole is metabolized by both CYP3A and
CYP2C19, which catalyse the formation of omeprazole

Pharmacokinetic analysis
sulphone and 5-hydroxyomeprazole, respectively [13].
AUC(OHOME)/AUC(OME) and AUC(OMESUL)/Pharmacokinetic parameters were calculated using non-

compartmental methods. The maximum drug concen- AUC(OME) are used as in vivo probes of CYP3A and
CYP2C19 activity, respectively [16]. In the present study,tration in plasma (Cmax) and the time required to reach

maximum concentration (tmax) were obtained directly AUC(OHOME)/AUC(OME) was decreased by ticlopid-
ine treatment, which reflects inhibition of CYP2C19from the concentration-time data. The slope of the

terminal elimination phase (lz) was obtained by least- and/or induction of CYP3A, because 5-hydroxyomepra-
zole is further metabolized by CYP3A4 [17].squares linear regression analysis. Elimination half-life

(t1/2) was calculated as ln2/lz. The area under the plasma AUC(OMESUL)/AUC(OME) remained unchanged, but
inhibition or induction of CYP3A activity cannot beconcentration-time curve from zero to 8 h (AUC(0,8 h))
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Table 1 Omeprazole (40 mg) Cmax and
CL/F given alone (control) or following
treatment with ticlopidine (300 mg daily
for 6 days).

CYP2C19 Cmax (nm) CL/F ( l h−1)
Subject genotype Control Ticlopidine Control Ticlopidine

1 wt/m1 3319 2910 9.60 10.47
2 wt/m1 2051 2634 16.38 11.86
3 wt/wt 1100 3831 35.71 12.19
4 wt/wt 2504 3525 14.96 10.42
5 wt/m1 1078 3596 52.98 10.66
6 wt/m2 1817 4153 24.58 8.95
Mean (nm) 1978 3442 25.70 10.76

(s.d.) (859) (569) (16.17) (1.16)
Mean (ng ml−1) 683 1189

(s.d.) (297) (197)
95% confidence interval 139, 2787 −1.92, −31.81

for differences (nm)
P value 0.0464 0.0464

Cmax, maximum omeprazole concentration; CL/F, oral clearance; wt, wild type allele of
CYP2C19; m1, CYP2C19m1 allele; m2, CYP2C19m2 allele.
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Figure 1 Effect of ticlopidine administration on the (a) 5-hydroxyomeprazole to omeprazole AUC ratio
(AUC(OHOME)/AUC(OME)) (b) omeprazole sulphone to omeprazole AUC ratio (AUC(OMESUL)/AUC(OME)), and
(c) 5-hydroxyomeprazole to omeprazole sulphone AUC ratio (AUC(OHOME)/AUC(OMESUL)). Closed boxes and bars represent
means and s.d., respectively.

ruled out because this ratio will not be altered if a parallel control phase indicate that subjects with higher CYP2C19
activity show a greater decrease in omeprazole CL/F.change occurs in both CYP3A and CYP2C19 activities.

The decreased AUC(OHOME)/AUC(OMESUL) ratio In a previous study of an oriental population [18], the
mean omeprazole CL/F in poor metabolisers with respectimplies that ticlopidine inhibits CYP2C19 activity, but

not, or to a lesser extent CYP3A4 activity. to CYP2C19 was reported to be 3.90 ( l h−1; mean
corrected CL/F, 0.0595 = l h−1 kg−1; mean BW,The decreased AUC(OHOME)/AUC(OME) ratio and

the correlation between this decrease and the reduction 65.5 kg) and the mean AUC(OHOME)/AUC(OME)
was less than 0.1. In the present study, mean CL/F wasin CL/F suggest that inhibition of CYP2C19 by

ticlopidine increases AUC(OME) and decreased omepra- 10.8 = l h−1 and mean AUC(OHOME)/
AUC(OME) ratio was larger than 0.1 in all subjectzole CL/F. In addition, the significant correlation

betweens the decrease and the absolute values for CL/F following ticlopidine administration. Therefore, we
assume that ticlopidine administration substantiallyand the AUC(OHOME)/AUC(OME) ratio in the
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