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ABSTRACT:

Gemfibrozil 1-O-B-glucuronide is a mechanism-based inhibitor of cytochrome P450
(CYP) 2C8. We studied the recovery of CYP2C8 activity after discontinuation of
gemfibrozil treatment using repaglinide as a probe drug, in order to estimate the in
vivo turn-over half-life of CYP2C8. In a randomized 5-phase crossover study, 9
healthy volunteers ingested 0.25 mg repaglinide alone or after different time intervals
following a 3-day treatment with gemfibrozil 600 mg twice daily. The AUCy... of
repaglinide was 7.6-, 2.9-, 1.4- and 1.0-fold compared to the control phase when it
was administered 1, 24, 48 or 96 h after last gemfibrozil dose, respectively (P<0.001
versus control for 1, 24, and 48 h after gemfibrozil). Thus, a strong CYP2CS8 inhibitory
effect persisted even after gemfibrozil and gemfibrozil 1-O-B-glucuronide
concentrations had decreased to less than 1% of their maximum (24 h dosing
interval). In addition, the metabolite to repaglinide AUC-ratios indicated that
significant (P<0.05) inhibition of repaglinide metabolism continued up to 48 h after
gemfibrozil administration. Based on the recovery of repaglinide oral clearance, the in
vivo turn-over half-life of CYP2C8 was estimated to average 22 + 6 h (mean £ S.D.).
In summary, CYP2CS8 activity is recovered gradually during days 1-4 after gemfibrozil
discontinuation, which should be considered when planning CYP2C8 substrate
dosing. The estimated CYP2C8 half-life will be useful for in vitro-in vivo
extrapolations of drug-drug interactions involving induction or mechanism-based

inhibition of CYP2CS.
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I ntroduction

Cytochrome P450 (CY P) 2C8 accounts for about 6% of the total hepatic CY P content. It
plays an important role in the metabolism of endogenous substances, e.g. arachidonic acid
(Rifkind et al., 1995; Ohyama et al., 2000), as well as many drugs, including repaglinide
(Bidstrup et al., 2003; Kajosaari et a., 2005a), pioglitazone (Jaakkola et al., 2006),
rosiglitazone (Baldwin et a., 1999), loperamide (Kim et al., 2004), amiodarone (Ohyama et
al., 2000), cerivastatin (Wang et a., 2002) and paclitaxel (Rahman et al., 1994). Thus, factors
affecting CY P2C8 activity may have potentially important effects on drug efficacy and
patient safety.

The lipid-lowering agent gemfibrozil is the strongest known inhibitor of CY P2C8 at
clinically relevant doses in vivo (Backman et al., 2002; Niemi et al., 2003). Its inhibitory
effect is based mainly on its metabolite, gemfibrozil 1-O-B-glucuronide, which is a selective
mechanism-based inhibitor of CYP2C8 (Shitaraet al., 2004; Ogilvie et al., 2006; Baer et al.,
2009). In aprevious study, the strong inhibitory effect of gemfibrozil on repaglinide
metabolism persisted over the whole time window studied, up to 12 h after the last dose of
gemfibrozil, although the plasma concentrations of gemfibrozil and gemfibrozil 1-O-f-
glucuronide had already decreased to less than 5-10% of their peak, consistent with the
irreversible mechanism-based nature of the inhibitory effect (Tornio et al., 2008). In addition
to inhibiting CY P2C8, gemfibrozil and/or its glucuronide can competitively inhibit some
other CY P enzymes and organic anion transporting polypeptide (OATP) 1B1 in vitro (Wen et
al., 2001; Shitara et a., 2004). However, in vivo these effects are short-lived due to the short
half-life of gemfibrozil, and much weaker than those on CY P2C8. For example, the CY P2C9-
inhibitory effect of gemfibrozil in vitro does not translate into any significant effect on the

elimination of S-warfarin in humans (Liljaet al., 2005).

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

The recovery of enzyme activity after mechanism-based inhibition can occur only
after de novo synthesis of the enzyme (Ghanbari et a., 2006). As enzyme synthesis generally
occurs at a constant rate and enzyme degradation can be described as afirst-order process
(Yang et al., 2008), the time required for complete recovery after the inhibitor has been
eliminated is determined by the enzyme’s degradation (turn-over) half-life. It has previously
been estimated that the CY P2C8 turn-over half-life is about 8-41 h in vitro (Renwick et al.,
2000), but up to now no in vivo data have been published (Yang et al., 2008; Grimm et al.,
2009).

Repaglinide, a short-acting meglitinide analog antidiabetic drug, is eliminated by
metabolism to several metabolites (Fig. 1) (Bidstrup et al., 2003; Kgjosaari et al., 2005g;
Kajosaari et a., 2005b). The formation of the main metabolite M2, and especially that of M4,
is largely dependent on CY P2C8, whereas the less important M1 is mainly formed by
CYP3A4 (Bidstrup et al., 2003; Kajosaari et al., 2005a; Kajosaari et a., 2005b). The plasma
concentrations of repaglinide are considerably raised by inhibitors of CYP2C8 (Niemi et al.,
2003; Kagjosaari et al., 2005a; Bidstrup et al., 2006). Due to its sensitivity to CY P2C8
inhibition and its short half-life, repaglinide has been recommended as a probe drug for
studying CY P2C8 activity (Huang et a., 2007). However, it should be recognized that
repaglinide is also a substrate for OATP1B1, and polymorphisms in the SLCO1B1 gene affect
its pharmacokinetics (Niemi et al., 2005; Kalliokoski et al., 2008a; Kalliokoski et al., 2008b;
Kalliokoski et a., 2008c).

The aim of the present study was to investigate the recovery of CY P2C8 activity after
gemfibrozil treatment using repaglinide as a probe drug, in order to estimate the turn-over
half-life of CYP2C8. To achieve this, 10 healthy volunteers were given a single dose of

repaglinide alone and after a gemfibrozil 600 mg twice daily pretreatment, with avarying
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time interval, up to 96 h, between the last dose of gemfibrozil and the administration of

repaglinide.
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M ethods

Subjects. Ten healthy volunteers participated in the study after giving written informed
consent (Table 1). The volunteers were ascertained to be healthy by medical history, physical
examination, and routine laboratory tests before entering the study. None of the volunteers
used continuous medication, e.g. oral contraceptives, or were smokers. The number of

subj ects was estimated to be sufficient to detect a 30% change in the area under the plasma
concentration-time curve from time zero to infinity (AUC,...) of repaglinide with a power of

80% (alpha-level 5%).

Study design. The study protocol was approved by the Coordinating Ethics Committee of the
Helsinki and Uusimaa Hospital District and by the National Agency for Medicines. A
randomized crossover study with 5 phases and washout periods of 3 weeks was carried out.
During each phase, the volunteers received orally 5 single doses of 600 mg gemfibrozil (one
Lopid 600 mg tablet; Godecke, Freiburg, Germany) according to twice daily dosing at 8 AM
and 8 PM (1 hour interval phase) or at 9 AM and 9 PM or no pretreatment. On the study day,
asingle oral dose of 0.25 mg repaglinide (half of a 0.5 mg tablet of NovoNorm; Novo
Nordisk, Bagsvaad, Denmark) was administered with 150 ml water at 9 AM after an
overnight fast either without pretreatment or 1, 24, 48 or 96 h after the last gemfibrozil dose.
The subjects remained seated for 3 h after taking repaglinide and were under direct medical
supervision for 9 h. Food intake was identical in all phases. The volunteers received a
standardized light breakfast 15 minutes after repaglinide administration (eaten over a duration
of 10 min), snacks after 1 and 2 h (eaten over aduration of 5 min), awarm meal after 3 h, and
snacks after 7 and 9 h. Additional carbohydrates, glucose solution for intravenous use and

glucagon for intramuscular use were available, but were not needed.
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Sampling. A blood sample was taken at 8 AM on the day before repaglinide administration
during the 48 hour interval study phase, and on the three days before repaglinide
administration during the 96 hour interval phase. On the days of repaglinide administration,
timed blood samples were drawn from a cannulated forearm vein before and at 20, 40, 60, 80
and 100 minutes, and 2, 2.5, 3, 4, 5, 7 and 9 h after the administration of repaglinide. Blood
samples (5 or 10 ml each) were taken into ethylenediaminetetraacetic acid (EDTA) containing
tubes. On the study day, blood glucose concentrations were measured immediately after each
blood sampling by the glucose oxidase method (Precision G Blood Glucose Testing System;
Medisense, Bedford, MA). The between-day CV of the method was 5.6% at 2.6 mmol/l and
3.2% at 18.2 mmol/l (n=13). Plasmawas separated within 30 minutes and stored at -70°C

until analysis.

Deter mination of drug concentrations. Concentrations of repaglinide and its metabolites
M1, M2, and M4 were measured in plasma samples by use of an API 3000 liquid
chromatography—tandem mass spectrometry system (Sciex Division of MDS, Toronto,
Ontario, Canada) (Tornio et al., 2008). Reversed-phase chromatographic separation was
achieved on a Symmetry C8 column (150 x 2.1 mm; Waters, Milford, Mass.) by use of a
mobile phase consisting of 10 mmol/l ammonium formate (pH 3.5, adjusted with 99% formic
acid) and acetonitrile. A 15-ul aliquot was injected, and the mobile phase flow rate was 180
pI/min. The mobile phase gradient comprised 3 minutes at 40% acetonitrile, 3 minutes to 65%
acetonitrile, 2 minutes at 65% acetonitrile, 4 minutes to 100% acetonitrile, 4 minutes at 100%
acetonitrile, and 8 minutes at 40% acetonitrile, yielding atotal chromatographic run time of
24 minutes. Repaglinide-ds served as the interna standard. The mass spectrometer was

operated in positive electrospray mode, and the samples were analyzed via multi reaction
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monitoring (MRM) by use of the transition of the [M + H] " precursor ion to product ion for
each analyte and internal standard. The MRM ion transitions were as follows: mass-to-charge
ratio (MV/z) 453 to m/z 230 for repaglinide, m/z 385 to m/z 162 for M1, myz 485 to myz 230 for
M2, m/z 469 to mvz 246 for M4, and m/z 458 to m/z 230 for repaglinide-ds. The limit of
quantification for repaglinide was 0.01 ng/ml, and interday CV were 3.1% at 0.1 ng/ml, 1.7%
at 2.0 ng/ml, and 1.4% at 20 ng/ml (n=10). Because authentic metabolite standards were not
available, metabolites were identified by their ion transitions, retention times and formation
by recombinant CY P2C8 and CY P3A4 (data not shown), comparable to those reported in
previous literature (Bidstrup et al., 2003), and their concentrations are given in arbitrary units
(units per milliliter) relative to the ratio of the peak area of each metabolite to that of the
internal standard in the chromatogram. The limit of quantification for all metabolites was
based on a signal-to-noise ratio of more than 10:1. Gemfibrozil did not interfere with the
assay.

The plasma concentrations of gemfibrozil and gemfibrozil 1-O-f-glucuronide were
determined by the use of Applied Biosystems APl 2000 Q Trap liquid chromatography—
tandem mass spectrometry system (Sciex Division of MDS) using a modification of a
previous method (Roadcap et al., 2003). Gemfibrozil-des and gemfibrozil 1-O-p-glucuronide-
ds served asinternal standards. The selected reaction monitoring ion transitions were: mass-
to-charge ratio (nV/z) 249 to mvz 121 for gemfibrozil, m/z 425 to m/z 121 for gemfibrozil 1-O-
B-glucuronide, Yz 255 to m/z 121 for gemfibrozil-ds, and nVz 431 to myz 121 for gemfibrozil
1-O-B-glucuronide-ds. The limits of quantification for gemfibrozil and gemfibrozil 1-O-f-
glucuronide were 0.0025 ng/ml, and interday CVs were 1-4% and 3-8% at relevant plasma

concentrations, respectively.

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

Phar macokinetics. The pharmacokinetics of repaglinide and its metabolites M1, M2, and M4
were characterized by the peak concentration (Crax), AUCo.on and AUC.,, (AUCo.3, for M4)
and elimination half-life (t.,), calculated by noncompartmental analysis using WinNonlin,
version 5.2 (Pharsight Inc., Mountain View, CA). The terminal log-linear part of each
concentration-time curve was identified visually. The elimination rate constant (ke) was
determined by linear regression analysis of the log-linear part of the plasma concentration-
time curve. Thety, was calculated by the equation t., = In2/ke. The AUC values were
calculated by use of the linear trapezoidal rule for the rising phase of the plasma repaglinide
concentration-time curve and the log-linear trapezoidal rule for the descending phase, with
extrapolation to infinity, when appropriate, by dividing the last measured concentration by Ke.
In addition, the oral clearance (CL/F) of repaglinide was calculated by dividing its dose (0.25
mg) with its AUC,.... The pharmacokinetics of gemfibrozil and gemfibrozil 1-O-f3-
glucuronide were characterized by concentration at time zero (Co), Crax, time t0 Crax (tmax), v
and AUCo.on. In addition, their average concentrations (Cavg 0-on) Were calculated by dividing

the AUCo.0n by 9 h.

Pharmacodynamics. The pharmacodynamics of repaglinide were characterized by baseline
(i.e. before administration of repaglinide), minimum and mean blood glucose concentration
(from 0 to 3 and 9 h). The mean concentrations were calculated by dividing the area under the

blood glucose concentration-time curve by the corresponding time interval.

Genotyping. For genotyping, a20-ml EDTA blood sample was drawn from each subject and
stored at -20°C prior to genomic deoxyribonucleic acid (DNA) extraction with standard
methods (Qiaamp DNA Blood Mini Kit, Qiagen, Hilden, Germany). The subjects were

genotyped for the CYP2C8* 3 (c.416G>A and c.1196A>G) and CYP2C8* 4 (c.792C>G)

10
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aleles using Custom TagMan® SNP Genotyping Assays, and for the SLCO1B1 ¢.521T>C
SNP with avalidated TagMan® genotyping assay on an Applied Biosystems 7300 Real-Time

PCR system (Pasanen et al., 2006).

Statistical analysis. The results are expressed as mean values £ S.D. in the text, tables and
figures, unless otherwise indicated. The pharmacokinetic and pharmacodynamic variables
between the study phases were compared by the paired t-test. To avoid false negative
conclusions and because the direction of the interaction has been documented previously, no
Bonferroni correction for multiple comparisons was applied, and differences were considered
statistically significant at P<0.05. With Bonferroni correction, the threshold for significance
would be P<0.005. All the data were analyzed with SPSS for Windows, version 16.0.1 (SPSS

Inc, Chicago, IL).

Estimation of the CYP2C8 half-life and evaluation of a competitive inhibition modedl.
Using the recovery of the oral clearance (CL/F) of repaglinide after gemfibrozil
administration, the turn-over half-life of the hepatic CY P2C8 enzyme was estimated with the
following assumptions: 1) When repaglinide was given 24 h after the last gemfibrozil dose or
|ater, the decrement in its CL/F was due to irreversible mechanism-based inactivation of the
hepatic CY P2C8 enzyme only, i.e. no competitive inhibition of CYP2C8 or any kind of
changes in the expression or activity of other enzymes or transporters was involved, and no
inhibition of CYP2C8 in the intestinal wall was involved. 2) The CY P2C8 inactivating
process had terminated before the 24 hour time point. 3) CY P2C8 enzyme production occurs
at a constant rate in hepatocytes. 4) The degradation of CY P2C8 follows afirst-order process.
With these assumptions, the CL/F after the 24 h interval time point can be expressed using the

equa“ on. CL/F(t) = CL/Frecovered - (FDCL24'e-k.(t-24 h)) 'CL/Frecove'ed, Where CL/Frecgvered |S the

11
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CL/F of repaglinide when CY P2C8 activity is fully recovered, FDCL 4 is the fractiona
decrement in the CL/F of repaglinide when repaglinide is administered at 24 hours after the
last dose of gemfibrozil, k is the first-order degradation rate constant of CYP2C8, and t isthe
time after the last dose of gemfibrozil. This equation was fitted to the CL/F data obtained
during the 24 h, 48 h, and 96 h interva phases and the control phase for pooled data and for
each individual subject separately using nonlinear regression analysis. For this analysis, t was
set at 10,000 h, approximating infinity, for the control phase data (representing fully
recovered basal CY P2C8 activity). In addition, to evaluate whether the present findings can
be explained by competitive inhibition of the metabolism of repaglinide, the relationships
between the extent of interaction (repaglinide AUCiqnibited/ AUCcontra) @nd the average
concentrations (Casgo-on) Of gemfibrozil and gemfibrozil 1-O--glucuronidein all subjects
were modelled using nonlinear regression analysis with the following equation:

AUCinibitedd AUCcontrol = L[ (Fmeyp/ (1+HI/K))+(1-Frcyp)], where frcyp is the fraction of
repaglinide dose metabolized by the CY P inhibited, | is the observed plasma concentration of
the inhibitor (gemfibrozil or gemfibrozil 1-O-3-glucuronide), and K; isthe “in vivo”

competive inhibition constant of the inhibitor.

12
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Results

Gemfibrozil significantly increased the plasma concentrations of repaglinide and its M 1-
metabolite, and decreased the metabolite (in particular M4) to repaglinide AUC -ratios, when
repaglinide was taken 1, 24 or 48 h after the last dose of the gemfibrozil treatment (Fig. 2-3,
Table 2). Only nine of the ten subjects were included in the statistical analysis of the data,
because subject no. 5 was excluded from all statistical analyses based on noncompliancein

the 48 hour interval phase, as determined by the gemfibrozil concentration assay.

Pharmacokinetic variables of parent repaglinide. Gemfibrozil increased the AUC.., of
repaglinide 7.6- [95% confidence interval (95% Cl) 6.6- to 8.6-fold], 2.9- (95% CI 2.4- to
3.3-fold) and 1.4-fold (95% CI 1.3- to 1.6-fold) compared to the control phase (i.e.
repaglinide without gemfibrozil) for the 1, 24 and 48 h dosing intervals, respectively
(P<0.001; Fig. 2, Table 2). When repaglinide was given 1 or 24 hours after the last
gemfibrozil dose, the Crmax Of repaglinide was increased about 2.7- (95% Cl 2.2- to 3.1-fold)
and 1.9-fold (95% CI 1.6- to 2.2-fold), respectively (P<0.001), and the t., of repaglinide was
prolonged from 1.6 h to 3.2 h (95% CI 1.8- to 2.3-fold) and 1.8 h (95% CI 1.04- to 1.2-fold),
respectively (P<0.05; Fig. 2, Table 2). However, there was no increase in the AUCy., (95%
Cl 0.8- to 1.1-fold), Cnax (95% CI 0.9- to 1.3-fold) or ty, (95% CI 0.9- to 1.2-fold) of

repaglinide when repaglinide was administered 96 h after the last gemfibrozil dose.

Pharmacokinetic variables of repaglinide metabolites. The Cyax and AUCq 3, of M4 were
decreased by about 90%, when repaglinide was taken 1 h after gemfibrozil administration
(P<0.001), but when the time interval was 24 h, only a 20-30% decrement in the Crax 0f M4

was observed (P<0.05; Fig. 3, Table 2). In contrast, the AUC,... of M1 was increased 4.9-,
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1.8- and 1.3-fold (P<0.05) for intervals between gemfibrozil and repaglinide administration of
1, 24 and 48 h. For M2, modest (<2-fold) increases in the AUC,.., values were observed in the
1 and 24 h interval phases. When repaglinide was administered 96 h after the last gemfibrozil
dose, mainly nonsignificant changes in the pharmacokinetic variables of the metabolites were
observed.

The metabolite to repaglinide AUC-ratios of all metabolites were decreased for
intervals between gemfibrozil and repaglinide administration of 1 or 24 h (P<0.05, Table 2).
The decreases in the M1 to repaglinide and M 2 to repaglinide AUC-ratios were significant

(P<0.05) still when repaglinide was taken 48 h after gemfibrozil.

Phar macodynamics. The mean blood glucose concentrations after repaglinide administration
were 0.5-0.5 mmol/l lower when repaglinide was administered 1 h after gemfibrozil than
when repaglinide was administered alone (P<0.05; Fig. 2, Table 3). Also the minimum blood
glucose concentration was significantly decreased with the 1 h time interval compared to the

control phase (P<0.05), but with longer time intervals these changes were not significant.

Gemfibrozil and gemfibrozil 1-O-B-glucuronide phar macokinetic variables. The AUCo.g,
(AUC during the 9 h period after repaglinide administration) values of gemfibrozil and
gemfibrozil 1-O-B-glucuronide declined along with an increasing time from the last
gemfibrozil dose (Fig. 4, Table 4). During the 24, 48 and 96 h interval phases, the Cy values
(the concentration at the time of administration of repaglinide) of gemfibrozil and gemfibrozil
1-O-B-glucuronide were less than 1%, 0.1% and 0.02% (below the lower limit of
guantification) of the respective actua Cpax Values during the 1 h interval phase. The

calculated half-lives of gemfibrozil and gemfibrozil 1-O-B-glucuronide increased with an
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increasing time from gemfibrozil administration, consistent with multi-compartmental

pharmacokinetics.

Estimation of CYP2C8 half-life. Based on comparison of our present and previous (Tornio
et a., 2008) results (Fig. 5), the recovery of the oral clearance (CL/F) of repaglinide was
slower during the first 12 hours following the last gemfibrozil dose than after the first 12
hours. Accordingly, the recovery of the CL/F of repaglinide could be described by a model
assuming termination of the CY P2C8 inactivating process by 24 hours after the last
gemfibrozil dose, a constant rate of CY P2C8 enzyme production and a first-order process of
enzyme degradation (Fig. 5). Using this model, the half-life of CY P2C8 was estimated to
average 21 h (Fig. 5) when al the data were pooled, and 22 h (Table 1) when each subject
was analyzed separately. In contrast, the relationships between the extent of interaction
(repaglinide AUCihhibited/ AUCcontrol) @nd the average concentrations (Cavg o-on) Of gemfibrozil
and gemfibrozil 1-O-B-glucuronide could not be accurately described by a model assuming
competitive inhibition of the metabolism of repaglinide by these compounds (data not
shown). The model-based in vivo competitive inhibition constants were 0.020 pug/ml (0.080
uM) and 0.030 pug/ml (0.070 uM) for total plasma gemfibrozil and gemfibrozil 1-O-f3-

glucuronide, respectively.

Genotypes. The CL/F values of repaglinide were lowest in the three subjects homozygous for
the SLCO1B1 ¢.521T>C polymorphism (*5 and * 15 haplotypes) and highest in three of the
noncarriers of this polymorphism (Fig. 5). The recovery of CY P2C8 tended to be fastest in
carriers of the SLCO1BL1 ¢.521T>C and CYP2C8* 3 polymorphisms (Table 1), but no
statistical comparisons were carried out due to the small sample size for genotype

comparisons.
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Discussion

The increases in the plasma concentrations and pharmacodynamic effects of repaglinide were
greatest when repaglinide was administered 1 h after the last 600 mg dose of gemfibrozil.
When repaglinide was taken 24 h after the last gemfibrozil dose, the total AUC of repaglinide
was still increased about 3-fold compared to the control value, equivalent to an amost 70%
decrement in oral clearance. Thus, a strong CY P2C8 inhibitory effect persisted even after
gemfibrozil and gemfibrozil 1-O-f3-glucuronide concentrations had decreased to less than 1%
of their maximum. When repaglinide was taken 48 h after the last gemfibrozil dose, plasma
gemfibrozil and its glucuronide concentrations were less than 0.1% of their Crax, and the total
AUC of repaglinide was increased by almost 40%. However, no inhibitory effect of
gemfibrozil on repaglinide metabolism could be seen when the time interval was 96 h, i.e. the
interval was sufficient to reach atime point when CY P2C8 inactivation had abolished. This
gave us apossibility to calculate, for the first time, the in vivo turn-over half-life of CYP2CS,
yielding an average estimate of about 22 hours.

Reliable information concerning in vivo turn-over half-lives of CYP enzymesisa
prerequisite for accurate prediction of the extent and time-course of drug interactions based
on mechanism-based inhibition and induction (Mayhew et al., 2000; Obach et al., 2007;

V enkatakrishnan and Obach, 2007; Venkatakrishnan et al., 2007; Yang et al., 2008; Grimm et
al., 2009). As the exact time-course of CY P enzyme degradation in vivo in humans cannot be
measured directly due to ethical reasons, it is necessary to use indirect methods. Indirect
methods are based either on characterization of the recovery of in vivo enzyme activity after
enzyme induction or mechanism-based inactivation, or on pharmacokinetic modelling of
auto-induction (Yang et a., 2008). For CY P2C8, methods based on enzyme induction are not

feasible, because known inducers of CY P2C8 like rifampin (Niemi et al., 20044) are non-
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selective and most CY P2C8 substrates are partially metabolized by other enzymes, such as
the highly inducible CY P3A4 (Backman et al., 1998). Therefore, we selected an approach
based on recovery after mechanism-based inhibition of CY P2C8.

Repaglinide was selected as the probe substrate because of its sensitivity to CY P2C8
inhibition (Niemi et al., 2003; Niemi et al., 2004b) and its short half-life, allowing for
measurement of enzyme activity within atime frame sufficiently small to represent asingle
time-point. Gemfibrozil was considered to be a suitable inhibitor, because clinically used
gemfibrozil doses lead to strong, long-lasting mechanism-based inhibition of CYP2C8
(Backman et al., 2002; Niemi et al., 2003; Niemi et al., 2004a; Shitara et al., 2004; Jaakkola et
al., 2005; Niemi et al., 2006; Ogilvie et a., 2006; Tornio et a., 2008; Baer et al., 2009), it has
no clinically relevant inhibitory effect on CY P3A4, and it has a much shorter half-life than the
expected CY P2C8 half-life.

A potential problem in our approach was that some degree of competitive OATP1B1
inhibition can occur after gemfibrozil intake (Shitara et al., 2004), as repaglinide is a substrate
for this transporter (Niemi et al., 2005; Kalliokoski et al., 2008b). It is likely that the almost 8-
fold increase in repaglinide AUC during the 1 hour interval phase was partially due to
competitive inhibition of OATP1B1 and CY P2C8. However, due to the short half-life of
gemfibrozil and its glucuronide, their competitive inhibitory effects are short-lived.
Accordingly, the CY P2C8 turn-over half-life was estimated from the 24 h time point onwards
only, as the concentrations of both gemfibrozil and its glucuronide had already declined to
less than 1% of their Crax, making persistence of the CY P2C8 inactivation process and
competitive inhibition of any enzymes and transporters highly unlikely after this time point.

In fact, a simple single-enzyme/transporter competitive inhibition model fitted poorly with the
present data, and yielded in vivo competitive inhibition constants for the total plasma

concentrations of gemfibrozil and its glucuronide that were at least 2 orders of magnitude
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lower than those documented for unbound gemfibrozil and its glucuronide against any
enzyme or transporter in vitro (Wen et al., 2001; Shitaraet a., 2004).

The estimation of CY P2C8 half-life could have been improved by adding a 72 hour
interval study phase. However, as there was only an about 30% decrement in repaglinide
clearance in the 48 hour interval phase, the improvement in the estimate would have been
small. Accordingly, given the above considerations, the obtained mean (£ S.D.) in vivo
CYP2C8 turn-over half-life of 22 £ 6 hoursis likely to represent an uncontaminated and
relatively accurate estimate of the average value in ahealthy population. Unlike with certain
other CY P enzymes (Yang et al., 2008) our in vivo estimate is aso in a good agreement with
thein vitro value estimated using liver slices: 23 h (range 8-41 h) (Renwick et al., 2000).
Moreover, it seems that the in vivo half-life of CYP2C8 is shorter than that of other CYP
enzymes. For CYP1A2, CYP2D6, CYP2EL and CY P3A4, the other CY Pswith in vivo data,
the in vivo half-life estimates have generally ranged from about 40 to 100 hours (Yang et al.,
2008; Grimm et al., 2009) Thus, our dataimply that the activity of CY P2C8 can recover more
rapidly after mechanism-based inhibition and induction than do the activities of other CY Ps.

In our study, the range of individual turn-over half-lives was narrow, from 16 to 31
hours, suggesting that the rate of CY P2C8 degradation is relatively constant across
individuals. It should be noted, however, that the inter-individual variability of this parameter
may be greater in patient populations, because the degradation of CY P enzymes is mediated
by lysosomal and proteasomal systems that can be altered by disease states and other clinical
factors (Lecker et al., 2006; Yang et a., 2008). Nevertheless, asthe CY P2C8 turn-over half-
life is much longer than that of gemfibrozil or its glucuronide, it is evident that the individual
turn-over half-life mainly determines the rate of enzyme recovery after gemfibrozil
discontinuation. Thisisalso likely to apply to recovery after discontinuation of CY P2C8

inducers with a short half-life, such as rifampin (Niemi et al., 2004a).
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Our results provide clinically significant information for cases, where drugs
metabolized by CY P2C8 need to be started following discontinuation of treatment with
gemfibrozil. A safe margin for avoiding interaction with this kind of drugs would be 3-4 days
after the last gemfibrozil dose. On the other hand, if a CY P2C8 substrate drug has been used
concomitantly with gemfibrozil, with an appropriate dose adjustment, a gradual dose
increment of the substrate drug may be necessary during days 1-4 after gemfibrozil
discontinuation. Considering both our present and previous (Tornio et al., 2008) results (Fig.
5), little CYP2C8 recovery occurs during the first 12 hours after the last gemfibrozil dose, but
within the next 12 hours, the recovery becomes more rapid. Thus, for example if repaglinide
dose has been adjusted to a sufficiently low level during gemfibrozil treatment, no dose
adjustments are needed during the first day after gemfibrozil discontinuation, but it may be
necessary to double or triple repaglinide dose during the second day, and further increase
repaglinide dose during the third and fourth days. It is reasonable to assume that similar dose
changes may be required also for some other narrow therapeutic index CY P2C8 substrates,
such as paclitaxel.

To conclude, gemfibrozil increased the AUC of repaglinide 3-fold even when
repaglinide was taken 24 h after the last gemfibrozil dose, and the interaction persisted at |east
up to 48 h after gemfibrozil, whereas no inhibitory effect on repaglinide metabolism could be
seen 96 h after gemfibrozil. Based on these data, the in vivo turn-over half-life of CYP2C8
was estimated to average 22 h, i.e. less than that of most other CY P enzymes. This parameter
estimate will be useful for in vitro-in vivo extrapolations of drug-drug interactions involving
induction or mechanism-based inhibition of CYP2C8. The gradual CY P2C8 recovery to basal
levels during the first 1-4 days after gemfibrozil discontinuation should be considered when

planning CY P2C8-substrate dosing.

19

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

Acknowledgements. We thank Ms Eija M &kinen-Pulli, Ms Lisbet Partanen, Ms

K erttu M &rtensson, and Mr Jouko Laitila for skilful technical assistance.

20

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

References

Backman JT, Kivistd KT, Olkkola KT and Neuvonen PJ (1998) The area under the plasma
concentration-time curve for oral midazolam is 400-fold larger during treatment with
itraconazole than with rifampicin. Eur J Clin Pharmacol 54:53-58.

Backman JT, Kyrklund C, Neuvonen M and Neuvonen PJ (2002) Gemfibrozil greatly
increases plasma concentrations of cerivastatin. Clin Pharmacol Ther 72:685-691.

Baer BR, Delisle RK and Allen A (2009) Benzylic Oxidation of Gemfibrozil-1-O-beta-
Glucuronide by P450 2C8 Leads to Heme Alkylation and Irreversible Inhibition.
Chem Res Toxicol_22:1298-13009.

Baldwin SJ, Clarke SE and Chenery RJ (1999) Characterization of the cytochrome P450
enzymes involved in thein vitro metabolism of rosiglitazone. Br J Clin Pharmacol
48:424-432.

Bidstrup TB, Bjarnsdottir I, Sidelmann UG, Thomsen MS and Hansen KT (2003) CY P2C8
and CY P3A4 are the principal enzymes involved in the human in vitro
biotransformation of the insulin secretagogue repaglinide. Br J Clin Pharmacol
56:305-314.

Bidstrup TB, Damkier P, Olsen AK, Ekblom M, Karlsson A and Brasen K (2006) The impact
of CYP2C8 polymorphism and grapefruit juice on the pharmacokinetics of
repaglinide. Br J Clin Pharmacol 61:49-57.

Ghanbari F, Rowland-Yeo K, Bloomer JC, Clarke SE, Lennard MS, Tucker GT and Rostami-
Hodjegan A (2006) A critical evaluation of the experimental design of studies of
mechanism based enzyme inhibition, with implications for in vitro-in vivo

extrapolation. Curr Drug Metab 7:315-334.

21

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

Grimm SW, Einolf HJ, Hall SD, He K, Lim HK, Ling KH, Lu C, Nomeir AA, Seibert E,
Skordos KW, Tonn GR, Van Horn R, Wang RW, Wong YN, Yang TJ and Obach RS
(2009) The conduct of in vitro studies to address time-dependent inhibition of drug-
metabolizing enzymes: a perspective of the pharmaceutical research and
manufacturers of America. Drug Metab Dispos 37:1355-1370.

Huang SM, Temple R, Throckmorton DC and Lesko LJ (2007) Drug interaction studies:
study design, data analysis, and implications for dosing and labeling. Clin Pharmacol
Ther 81:298-304.

Jaakkola T, Backman JT, Neuvonen M and Neuvonen PJ (2005) Effects of gemfibrozil,
itraconazole, and their combination on the pharmacokinetics of pioglitazone. Clin
Pharmacol Ther 77:404-414.

Jaakkola T, LaitilaJ, Neuvonen PJ and Backman JT (2006) Pioglitazone is metabolised by
CYP2C8 and CY P3A4 in vitro: potential for interactions with CY P2C8 inhibitors.
Basic Clin Pharmacol Toxicol 99:44-51.

Kagjosaari LI, LaitilaJ, Neuvonen PJ and Backman JT (2005a) Metabolism of repaglinide by
CYP2C8 and CY P3A4 in vitro: effect of fibrates and rifampicin. Basic Clin
Pharmacol Toxicol 97:249-256.

Kgosaari LI, Niemi M, Neuvonen M, LaitilaJ, Neuvonen PJ and Backman JT (2005b)
Cyclosporine markedly raises the plasma concentrations of repaglinide. Clin
Pharmacol Ther 78:388-399.

Kalliokoski A, Backman J, Kurkinen K, Neuvonen P and Niemi M (2008a) Effects of
Gemfibrozil and Atorvastatin on the Pharmacokinetics of Repaglinide in Relation to

SLCO1B1 Polymorphism. Clin Pharmacol Ther 84:488-496.

22

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

Kaliokoski A, Backman JT, Neuvonen PJ and Niemi M (2008b) Effects of the SLCO1B1*1B
haplotype on the pharmacokinetics and pharmacodynamics of repaglinide and
nateglinide. Pharmacogenet Genomics 18:937-942.

Kalliokoski A, Neuvonen M, Neuvonen PJ and Niemi M (2008c) The effect of SLCO1B1
polymorphism on repaglinide pharmacokinetics persists over a wide dose range. Br J
Clin Pharmacol 66:818-825.

Kim KA, Chung J, Jung DH and Park JY (2004) Identification of cytochrome P450 isoforms
involved in the metabolism of loperamide in human liver microsomes. Eur J Clin
Pharmacol 60:575-581.

Lecker SH, Goldberg AL and Mitch WE (2006) Protein degradation by the ubiquitin-
proteasome pathway in normal and disease states. J Am Soc Nephrol 17:1807-1819.

Lilja JJ, Backman JT and Neuvonen PJ (2005) Effect of gemfibrozil on the pharmacokinetics
and pharmacodynamics of racemic warfarin in healthy subjects. Br J Clin Phar macol
59:433-439.

Mayhew BS, Jones DR and Hall SD (2000) Anin vitro model for predicting in vivo inhibition
of cytochrome P450 3A4 by metabolic intermediate complex formation. Drug Metab
Dispos 28:1031-1037.

Niemi M, Backman JT, Kgjosaari LI, Leathart JB, Neuvonen M, Daly AK, Eichelbaum M,
Kivistd KT and Neuvonen PJ (2005) Polymorphic organic anion transporting
polypeptide 1B1 isamajor determinant of repaglinide pharmacokinetics. Clin
Pharmacol Ther 77:468-478.

Niemi M, Backman JT, Neuvonen M and Neuvonen PJ (2003) Effects of gemfibrozil,
itraconazole, and their combination on the pharmacokinetics and pharmacodynamics
of repaglinide: potentially hazardous interaction between gemfibrozil and repaglinide.

Diabetologia 46:347-351.

23

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

Niemi M, Backman JT and Neuvonen PJ (2004a) Effects of trimethoprim and rifampin on the
pharmacokinetics of the cytochrome P450 2C8 substrate rosiglitazone. Clin
Pharmacol Ther 76:239-249.

Niemi M, Kgjosaari LI, Neuvonen M, Backman JT and Neuvonen PJ (2004b) The CYP2C8
inhibitor trimethoprim increases the plasma concentrations of repaglinide in healthy
subjects. Br J Clin Pharmacol 57:441-447.

Niemi M, Tornio A, Pasanen MK, Fredrikson H, Neuvonen PJ and Backman JT (2006)
Itraconazole, gemfibrozil and their combination markedly raise the plasma
concentrations of loperamide. Eur J Clin Pharmacol 62:463-472.

Obach RS, Walsky RL and Venkatakrishnan K (2007) M echanism-based inactivation of
human cytochrome p450 enzymes and the prediction of drug-drug interactions. Drug
Metab Dispos 35:246-255.

Ogilvie BW, Zhang D, Li W, Rodrigues AD, Gipson AE, Holsapple J, Toren P and Parkinson
A (2006) Glucuronidation converts gemfibrozil to a potent, metabolism-dependent
inhibitor of CYP2C8: implications for drug-drug interactions. Drug Metab Dispos
34:191-197.

OhyamaK, NakajimaM, Nakamura S, Shimada N, Y amazaki H and Y okoi T (2000) A
significant role of human cytochrome P450 2C8 in amiodarone N-deethylation: an
approach to predict the contribution with relative activity factor. Drug Metab Dispos
28:1303-1310.

Pasanen MK, Backman JT, Neuvonen PJ and Niemi M (2006) Frequencies of single
nucleotide polymorphisms and haplotypes of organic anion transporting polypeptide

1B1 SL.CO1B1 genein aFinnish population. Eur J Clin Pharmacol 62:409-415.

24

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

Rahman A, Korzekwa KR, Grogan J, Gonzalez FJ and Harris JW (1994) Selective
biotransformation of taxol to 6 alpha-hydroxytaxol by human cytochrome P450 2C8.
Cancer Res 54:5543-5546.

Renwick AB, Watts PS, Edwards RJ, Barton PT, Guyonnet |, Price RJ, Tredger JM, Pelkonen
O, Boohis AR and Lake BG (2000) Differential maintenance of cytochrome P450
enzymes in cultured precision-cut human liver slices. Drug Metab Dispos 28:1202-
1209.

Rifkind AB, Lee C, Chang TK and Waxman DJ (1995) Arachidonic acid metabolism by
human cytochrome P450s 2C8, 2C9, 2E1, and 1A2: regiosel ective oxygenation and
evidence for arole for CY P2C enzymes in arachidonic acid epoxygenation in human
liver microsomes. Arch Biochem Biophys 320:380-389.

Roadcap BA, Musson DG, Rogers JD and Zhao JJ (2003) Sensitive method for the
guantitative determination of gemfibrozil in dog plasma by liquid-liquid cartridge
extraction and liquid chromatography-tandem mass spectrometry. J Chromatogr B
Analyt Technol Biomed Life Sci 791:161-170.

Shitara Y, Hirano M, Sato H and Sugiyama Y (2004) Gemfibrozil and its glucuronide inhibit
the organic anion transporting polypeptide 2 (OATP2/OATP1B1:SLC21A6)-mediated
hepatic uptake and CY P2C8-mediated metabolism of cerivastatin: analysis of the
mechanism of the clinically relevant drug-drug interaction between cerivastatin and
gemfibrozil. J Pharmacol Exp Ther 311:228-236.

Tornio A, Niemi M, Neuvonen M, LaitilaJ, Kaliokoski A, Neuvonen PJ and Backman JT
(2008) The effect of gemfibrozil on repaglinide pharmacokinetics persists for at least
12 h after the dose: evidence for mechanism-based inhibition of CYP2C8 in vivo. Clin

Pharmacol Ther 84:403-411.

25

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

Wang JS, Neuvonen M, Wen X, Backman JT and Neuvonen PJ (2002) Gemfibrozil inhibits
CYP2C8-mediated cerivastatin metabolism in human liver microsomes. Drug Metab
Dispos 30:1352-1356.

Wen X, Wang JS, Backman JT, Kivisto KT and Neuvonen PJ (2001) Gemfibrozil is a potent
inhibitor of human cytochrome P450 2C9. Drug Metab Dispos 29:1359-1361.

Venkatakrishnan K and Obach RS (2007) Drug-drug interactions via mechanism-based
cytochrome P450 inactivation: points to consider for risk assessment from in vitro data
and clinical pharmacologic evaluation. Curr Drug Metab 8:449-462.

Venkatakrishnan K, Obach RS and Rostami-Hodjegan A (2007) Mechanism-based
inactivation of human cytochrome P450 enzymes: strategies for diagnosis and drug-
drug interaction risk assessment. Xenobiotica 37:1225-1256.

Yang J, Liao M, Shou M, Jamei M, Yeo KR, Tucker GT and Rostami-Hodjegan A (2008)
Cytochrome p450 turnover: regulation of synthesis and degradation, methods for
determining rates, and implications for the prediction of drug interactions. Curr Drug

Metab 9:384-394.

26

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

FOOTNOTES
This study was supported by the Helsinki University Central Hospital Research Fund

and the Sigrid Jusélius Foundation, Finland.

This work has been presented in part as a poster in the 11" European Regional ISSX

Meeting in Lisbon, Portugal, in May 2009.

Requests for reprints:
Janne T. Backman, MD
PO Box 705, FI-00029 HUS, Finland

E-mail: janne.backman@helsinki.fi

27

20z ‘6T |Udy UOSeUINOr 13dSY e BIosfeuIno fipdsepuwip Woly papeojumod


http://dmd.aspetjournals.org/

DMD Fast Forward. Published on September 22, 2009 as DOI: 10.1124/dmd.109.029728
This article has not been copyedited and formatted. The final version may differ from this version.

DMD 29728

LEGENDS FOR FIGURES

FiG. 1. Chemical structures of repaglinide and its M1, M2, and M4 metabolites, as well as the
enzymes catalyzing their formation. Figure adapted from Bidstrup et al. (2003) and Kajosaari

et al. (2005a,b).

FiG. 2. MeantS.D. plasma repaglinide and blood glucose concentrations in 9 healthy
volunteers after asingle oral dose of 0.25 mg repaglinide after pretreatment with 600 mg
gemfibrozil twice daily, with varying dose interval between last gemfibrozil dose and
repaglinide. Open circles, control phase (no pretreatment); solid circles, repaglinide 1 h after
gemfibrozil; solid squares, repaglinide 24 h after gemfibrozil; solid triangles, repaglinide 48 h
after gemfibrozil; solid stars, repaglinide 96 h after gemfibrozil. Inset depicts the same data

on a semi-logarithmic scale. For clarity, some error bars have been omitted.

FiG. 3. Mean plasma concentrations of repaglinide metabolitesM1, M2 and M4 in 9 healthy
volunteers after asingle oral dose of 0.25 mg repaglinide after pretreatment with 600 mg
gemfibrozil twice daily, with varying dose interval between last gemfibrozil dose and
repaglinide. Open circles, control phase (no pretreatment); solid circles, repaglinide 1 h after
gemfibrozil; solid squares, repaglinide 24 h after gemfibrozil; solid triangles, repaglinide 48 h

after gemfibrozil; solid stars, repaglinide 96 h after gemfibrozil.

FIG. 4. Mean£S.D. plasma concentrations of gemfibrozil and gemfibrozil 1-O-B-glucuronide
in 9 healthy volunteers after the last dose of gemfibrozil, which was taken 1 h, 24 h, 48 h or
96 h before time zero. Time zero refers to the administration of repaglinide. Open circles,

control phase (no pretreatment); solid circles, repaglinide 1 h after gemfibrozil; solid squares,
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repaglinide 24 h after gemfibrozil; solid triangles, repaglinide 48 h after gemfibrozil; solid

stars, repaglinide 96 h after gemfibrozil.

FiG. 5. Estimation of the turn-over half-life (t;) of CY P2C8 using the recovery of the oral
clearance (CL/F) of repaglinide in 9 healthy subjects when repaglinide was administered 1,
24, 48 or 96 h after the last dose of gemfibrozil. The estimation was carried out by nonlinear
regeression analysis (bold line) of the CL/F of repaglinide of all subjects from the 24 h
interval time point onwards using the equation: CL/F(t) = CL/Frecovered — (FDCL24-€ 24 M)
‘CL/Frecovered, Where CL/Frecovered 1S the CL/F of repaglinide when CY P2C8 activity is fully
recovered, FDCL 2 is the fractional decrement in the CL/F when repaglinide is administered
24 hours after the last dose of gemfibrozil, k is the first-order degradation rate constant of
CYP2C8, and t is the time of repaglinide administration after the last dose of gemfibrozil. For
control phase data (representing fully recovered basal CY P2C8 activity), t was set a 10,000
h, approximating infinity. Subjects homozygous for the SLCO1B1 ¢.521T>C polymorphism
are indicated by dotted lines, heterozygotes by dashed lines and noncarriers by solid lines. For

comparison, repaglinide CL/F data from our previous study (Tornio et al., 2008) are also

included (small white diamonds).
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TABLES
TABLE1
Characteristics of subjects and individual estimates of their CYP2C8 turn-over half-lives and FDCL 4
values.

Subjectno.  Age(y) Sex  Weight BMI CYP2C8 SLCOIB1 CYP2C8  FDCly,

(kg)  (kg/m’) genotype  genotype t; () (%)
1 21 Male 73 2 *1%4  *15/+15 16.5 62.3
2 21 Male 83 23 *1%1 *15/+15 16.6 64.4
3 2 Femde 64 25 Y11 *1ARIA 308 74.2
4 23 Male 85 25 *1%1 *1A*15 17.7 65.4
5 25 Male 9 28 *1/%3 *5/*15 - -
6 19 Male 80 27 *1%1 *1A*1B 27.2 63.9
7 22 Female 64 20 *1%3  *1BK15 205 725
8 20 Male 87 23 *1%3  *1A*1B 16.2 72.9
9 23 Male 68 22 *1F1 *1A*15 18.3 62.8
10 25 Male 85 26 *1F1 *IARIA 309 720

Mean+SD. 22120 78+10 24+25 21.6+62 68.3+49

BMI, body massindex. CY P2C8 t,, turn-over half-life of CY P2C8; FDCL »4, fractional
decrement in the oral clearance of repaglinide when repaglinide was administered 24 hours after the
last dose of gemfibrozil; derived by non-linear regression analysis as described in Methods. Subject
no. 5 was excluded from all pharmacokinetic analyses, because of failure to comply with the
gemfibrozil dosing schedule in the 48 h interval study phase.
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TABLE 2
Pharmacokinetic variables of repaglinide after a single oral dose of 0.25 mg repaglinide in 9 healthy
volunteers, after pretreatment with 600 mg gemfibrozl twice daily, when repaglinide was

administered 1, 24, 48 or 96 h after the last gemfibrozl dose.

Time from the last gemfibrozil dose

Variable Control 1h 24h 48h 9% h
Repaglinide
Crrax (Ng/ml) 30+11 79+19™" 56+15""" 37+ 14MMH 3247 M
Fold (range) 2.7 (1.5-3.7) 1.9(1.3-3.3) 1.2(0.7-2.1) 1.1(0.7-1.6)
t,, (h) 16+0.2 32406 1.8+0.2"M" 1.7 +03"" 1.7 04"
Fold (range) 2.0 (1.6-3.0) 1.1(1.0-1.3) 1.1(0.9-1.3) 1.1(0.9-1.3)
AUCq.qn (ngxh/ml) 42+20 276537 119407 59x247 MY 41 41 gITTHET
Fold (range) 6.6 (35-10.6) 2.8(22-3.7) 14 (1.2-1.8) 1.0 (0.8-1.3)
AUC,., (ngxh/ml) 43+20  325+577  123+437M g1+25 7 404 BITTHLT
Fold (range) 76(4.2-120) 29(22-3.8) 14 (1.2-1.8) 1.0 (0.8-1.4)
M1
Crnax (U/ml) 38+11 6.6+20" 46+16' 40+15"" 40+09™
Fold (range) 1.7(1.2-28)  1.2(0.8-2.3) 1.1 (0.6-1.6) 1.0 (0.7-1.6)
t,, (h) 09+0.2 3007 15+02™"™  11+03""F 0.8+ 02"
Fold (range) 35(2.2-4.9) 1.7 (1.2-3.0) 1.2 (0.9-1.7) 0.9 (0.7-1.4)
AUCq.gn (Uxh/ml) 62+17 279+927 106+35 "M 73+25MH 6.3+ 1.7+
Fold (range) 45 (2.7-6.3) 1.7 (1.2-2.2) 1.2 (0.9-1.7) 1.0 (0.8-1.5)
AUC,.,, (Uxh/ml) 68+14 33.0+106° 120+347"MM 82423 1M g7+ 20
Fold (range) 49(3.3-6.8) 1.8(1.3-2.2) 1.3(1.0-1.6) 1.0 (0.8-1.6)
M1/ repaglinide 1.7+05 1.0+03" 09+03" 1.3+047H  17+06MHHM
AUC, g, ratio (U/ng)
Fold (range) 0.6 (0.3-1.4) 0.6 (0.4-0.8) 0.8 (0.5-1.1) 1.0 (0.6-1.5)
M2
Conax (U/ml) 105+4.2 9.8+48 106 +4.8 103+43 126+7.1
Fold (range) 0.9 (0.5-1.3) 1.0(0.7-1.8) 1.0 (0.6-1.3) 1.2(0.8-1.4)
t, (h) 09+03 33+11" 1.7+05""M 1.2+04" M 0.9+03™*
Fold (range) 3.7 (2.2-6.1) 1.9 (1.2-2.6) 1.3(0.9-25) 1.0 (0.5-1.9)
AUCq.gn (Uxh/ml) 198+124 34141497  279+130 220+11.6™  224+143 "1
Fold (range) 1.7 (1.1-2.7) 1.4(0.9-2.3) 1.1 (0.8-1.4) 1.1 (0.9-1.6)
AUC,., (Uxh/ml) 206+126 416+164"° 303+136" 232+118"F 234+144" T
Fold (range) 2.0 (1.6-3.0) 15(1.0-2.2) 1.1(0.8-15) 1.1(0.9-1.6)
M2/ repaglinide 47+17 1.3+06" 23+057T  37+09 MM 52+
AUC . ratio (U/ng) 1.5
Fold (range) 0.3(0.1-0.4) 0.5(0.3-0.8) 0.8 (0.6-1.2) 1.1(0.8-1.6)
M4
Crnex (U/ml) 94+21 08+05" 74+13" 9.8+ 31" 105 +3.9'*
Fold (range) 0.09 (0.04-0.16) 0.8 (0.5-1.3) 1.0 (0.5-1.5) 1.1(0.7-1.6)
AUCq 3, (Uxh/ml) 12.8+5.1 14+05" 134 +2.4™" 153+55' 135+5.7"
Fold (range) 0.11(0.07-0.15) 1.0 (0.6-1.8) 1.2 (0.8-1.9) 1.1 (0.8-1.5)
M4/ repaglinide 38+11  009+0.02"" 16+047"  33+08MH* 3.8+ 06"+
AUC 3 ratio (U/ng)
Fold (range) 0.02 (0.02-0.06) 0.4 (0.2-0.8) 0.9 (0.6-1.4) 1.0 (0.7-1.8)
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Vauesare mean £ S.D.; AUCy.g,, area under the plasma concentration-time curve from time
0to 9 h; AUC,..,, areaunder the plasma concentration-time curve from time 0 to infinity; Cnax, peak
plasma concentration; t.,, elimination half-life

* P<0.05 vs. control, ** P<0.005 vs. control, ***P<0.001 vs. control
t P<0.05vs. 1 h, 1 P<0.005vs. 1 h, T11 P<0.001vs. 1 h

1 P<0.05vs. 24 h, 1 P<0.005 vs. 24 h, 111 P<0.001 vs. 24 h

1 P<0.05 vs. 48 h, 11 P<0.005 vs. 48 h, 11 P<0.001 vs. 48 h
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TABLE3
Blood glucose levels after a single oral dose of 0.25 mg repaglinide in 9 healthy volunteers after pre-
treatment with 600 mg gemfibrozl twice daily, when repaglinide was administered 1, 24, 48 or 96 h
after the last gemfibrozl dose.

Time from the last gemfibrozil dose

Variable Control 1h 24h 48h 96 h
Baseline concentration (mmol/I) 53+05 53+05 53+05 53104 53104
Minimum concentration (mmol/l) 32+06 26+04 29+05 33+05"% 34+05™

Mean concentration from0to 3h (mmol/l) 45+04 41+02° 43+03 48+06™ 45+03"
Mean concentration from0to 9 h (mmol/l)  46+03 41+02° 45+03" 48+04™ 47+03™

Vauesare mean + S.D.
* P<0.05 vs. control

t P<0.05vs. 1 h, 11 P<0.005vs. 1 h, 11 P<0.001vs. 1 h
1 P<0.05vs. 24 h
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TABLE4
Pharmacokinetic variables of gemfibrozl and gemfibrozl 1-O-4-glucuronide in 9 healthy volunteers
after the last dose of 600 mg gemfibrozl, which was taken 1, 24, 48 or 96 h before time zero (i.e.,
administration of repaglinide).

Time from the last gemfibrozil dose

Variable 1h 24 h 48h 96 h
Gemfibrozil
Co (ug/ml) 17.7+85 0.13+0.06 0.009 + 0.007 < 0.0025
Crnax (ng/ml) 26.2+8.7 - - -
tmax (MiN) 40 (0-80) - - -
ty, (h) 18+03 38+09 73124 -
AUCq on (pgxh/ml) 60.8 +19.2 0.52+0.28 0.048 £ 0.029 <0.023
Gemfibrozil 1-O-B-glucuronide
Co (ug/ml) 138+5.3 0.18+0.11 0.008 + 0.005 < 0.0025
Crnax (ng/ml) 288+7.0 - - -
tmax (Min) 80 (40-120) - - -
ty, (h) 20+03 3706 78+26 -
AUCqgn (pgxh/ml) 1056+ 254 0.74+0.43 0.043+0.023 <0.023

Valuesare mean = S.D.; except for tma data, which are given as median and range.
AUC,g,, areaunder the plasma concentration-time curve fromtime 0 to 9 h after repaglinide
administration, i.e. beginning 1, 24, 48 or 96 h after the last gemfibrozil dose; Co, plasma
concentration at time zero; Crmax, peak plasma concentration; tma time-to-peak plasma concentration;
ty, dimination half-life.
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Figure 1
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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