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Aims To evaluate potential pharmacokinetic interactions between phenobarbitone
and retigabine, a new antiepileptic drug.

Methods Fifteen healthy men received 200 mg of retigabine on day 1. On days 4—
32, phenobarbitone 90 mg was administered at 22.00 h. On days 26-32, increasing
doses of retigabine were given to achieve a final dose of 200 mg every 8 h on day
32. The pharmacokinetics of retigabine were determined on days 1 and 32, and
those for phenobarbitone on days 25 and 31.

Results After administration of a single 200 mg dose, retigabine was rapidly absorbed
and eliminated with a mean terminal halt-life of 6.7 h, a mean AUC of 3936 ng
ml™”" h and a mean apparent clearance of 0.76 1 h™ kg™'. Similar exposure to the
partially active acetylated metabolite (AWD21-360) of retigabine was observed. After
administration of phenobarbitone dosed to steady-state, the pharmacokinetics of
retigabine at steady-state were similar (AUC of 4433 ng ml™" h and f,, of 8.5 h) to
those of retigabine alone. The AUC of phenobarbitone was 298 mg 1" h when
administered alone and 311 mg ml™" h after retigabine administration. The geometric
mean ratios and 90% confidence intervals of the AUC were 1.11 (0.97, 1.28) for
retigabine, 1.01 (0.88, 1.06) for AWD21-360 and 1.04 (0.96, 1.11) for phenobarb-
itone. Individual and combined treatments were generally well tolerated. One
subject was withdrawn from the study on day 10 due to severe abdominal pain.
Headache was the most commonly reported adverse event. No clinically relevant
changes were observed in the electrocardiograms, vital signs or laboratory
measurements.

Conclusions There was no pharmacokinetic interaction between retigabine and
phenobarbitone in healthy subjects. No dosage adjustment is likely to be necessary
when retigabine and phenobarbitone are coadministered to patients.

Keywords: antiepileptics, drug interaction, glucuronidation, induction, phenobarbi-
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Retigabine is a new chemical entity currently in clin-

Introduction . .
ical development as an anticonvulsant agent for the treat-

Epilepsy is among the most common neurological disor-
ders with approximately 50 million sufferers worldwide.
Current anticonvulsant drugs provide satisfactory seizure
control in approximately 70% of patients, even when
used in combination. Treatment options for patients who
do not respond to current anticonvulsant drugs remain
problematic. Thus the search continues for compounds
with a high anticonvulsant potential, a low side-effect
rate and a low potential for drug—drug interaction.
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ment of partial onset seizures, the major uncontrolled
seizure type in adults with epilepsy. Retigabine combines
a novel mode of action, namely potassium channel open-
ing (KCNQ2, KCNQ3 and KCNQ4 channels), with
some potentiation of gamma amino butyric acid
(GABA)-evoked currents at higher concentrations [1-3].
In vitro studies and animal models of epileptic seizures
showed that retigabine was effective at an oral dose as
low as 0.01 mg kg™ [4-6]. A clear antiepileptic effect of
retigabine was also shown in human cortical slices from
patients who underwent surgery for treatment of intrac-
table epilepsy [7]. Studies performed in mice demon-
strated  that combining retigabine with another
anticonvulsant agent leads to an additive eftect [8]. Pre-
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liminary clinical evaluation predicts that a minimum
effective dose would be abount 400 mg day™' (unpub-
lished data).

Retigabine is metabolized primarily by glucuronida-
tion to form N-glucuronide metabolites and by
acetylation to form its mono-acetylated metabolite
AWD21-360. Glucuronidation is catalyzed by UGT1A1,
1A4, and 1A9 [9]. Retigabine is not metabolized by
cytochrome P450 enzymes [9]. After a single 200 mg
dose, retigabine is rapidly absorbed, reaching maximum
concentration within 1.8 h [10]. Retigabine 1s rapidly
eliminated by first-order processes with a mean terminal
half-life of 7.4 h and an apparent clearance of 0.58 1 h™
kg™'. Retigabine has a moderate volume of distribution
(6.21kg™") and low plasma protein binding (about 60%)
[10]. AWD21-360, the acetylated metabolite of retigab-
ine, which is rapidly formed and cleared at the same rate
as retigabine, also has some pharmacological activity. The
pharmacokinetics of retigabine and AWD21-360 are pro-
portional to dose over the range of 100-350 mg given
every 12 h and its steady-state pharmacokinetics after
twice-daily administration are the same as after a
single-dose [10].

Phenobarbitone is a well-established anticonvulsant
often prescribed in the treatment of seizure control in
epileptic patients at doses between of 1-5 mg kg™ (60—
250 mg). More recently, it has been prescribed in com-
bination with other antiepileptics when the latter, at their
optimal dose, do not provide adequate control of gener-
alized or partial seizures. After oral administration about
80% of phenobarbitone is absorbed in the gastrointestinal
tract. Approximately 20% to 40% of the drug is excreted
unchanged, the remainder being metabolized by hepatic
enzymes (cytochromes P450 (CYP) and glucuronyl
transferases) to inactive metabolites [11]. In adults the
plasma half-life is in the range of 50-140 h [11]. Phe-
nobarbitone is a potent nonspecific inducer of CYP and
other hepatic enzymes including glucuronyl transferases
and has been shown to alter the pharmacokinetics of
several anti-epileptic compounds [12-14].

Since retigabine is likely be administered in combina-
tion with phenobarbitone in epileptic patients and as
retigabine is metabolized mainly by glucuronidation,
which is inducible by phenobarbitone, this study was
performed to evaluate the possible pharmacokinetic
interaction between retigabine and phenobarbitone.

Methods

Subjects

Fifteen healthy male subjects were eligible for inclusion
in the study. All subjects were nonsmokers as confirmed

by a wurine cotinine concentration lower than
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450 ng ml™" on the day before the study. The study was
conducted according to the Declaration of Helsinki and
its amendments and received approval from an indepen-
dent institutional review board (Medeval Independent
Ethics Committee). All subjects gave written informed
consent before participating in the study.

The mean (x SD) age was 30 £ 7 years (22—45 years),
mean weight was 70.9%*7.4kg (62.5-85.0 kg), and
mean body mass index was 23.4 +2.0kgm™ (19.3—
27.8 kg m™). Eleven white, three black and one oriental
subject participated in the study. Two subjects were
vegetarian.

Procedures

This was an open-label, nonrandomized, inpatient, lon-
gitudinal study conducted at a single investigational site
(Medeval Limited, Manchester, UK). The pharmacoki-
netics of a single dose of 200 mg retigabine on day 1
were compared with the steady-state pharmacokinetics of
retigabine 200 mg every 8 h after 21 days of concomitant
phenobarbitone 90 mg daily. Retigabine was adminis-
tered over 7 days to achieve steady-state. The purpose of
this was to determine whether under these conditions,
retigabine affected the steady-state pharmacokinetics of
phenobarbitone. The comparison of single dose with
multiple dose is valid as retigabine pharmacokinetics are
linear over the dose range 100-700 mg and time-
independent [10].

Each subject received a single 200 mg dose of retiga-
bine (ASTA Medica AG, Frankfurt, Germany) at approx-
imately 08.00 h on day 1, followed by 90 mg daily
evening administration (around 22.00 h) of phenobarbi-
tone (Approved Prescription Services Ltd, UK) on days
4-32. Subject received retigabine on a titrated schedule
from days 26-32: 100 mg 8 hourly on days 2627,
150 mg 8 hourly on days 28-29, 200 mg 8 hourly on
days 30-31, and 200 mg on the morning of day 32.
Retigabine and phenobarbitone were administered with
150 ml of room-temperature tap water within 30 min of
a low- or medium-fat breakfast (morning retigabine), a
light snack (afternoon retigabine) or about 3 h after din-
ner (evening retigabine and phenobarbitone). Similar
meals were served on the pharmacokinetic evaluation
days.

The single 200 mg dose and multiple 200 mg every
8 h doses of retigabine were selected because they were
shown to be well tolerated in healthy male subjects and
were deemed to provide adequate drug concentrations
for pharmacokinetic assessment even if potent induction
of retigabine metabolism by phenobarbitone occurred.
For phenobarbitone, the 90 mg dose was within the
therapeutic dose range for this compound. This dose has
been administered in various published phenobarbitone

© 2003 Blackwell Publishing Ltd Br | Clin Pharmacol, 56, 39—45



interaction studies without the occurrence of significant
adverse reactions. A 3-week duration of treatment was
expected to produce maximal liver enzyme induction
and a repeated dose of 90 mg day ' over 4 weeks was
expected to remain tolerable to healthy subjects while
posing minimal risk of side-effects [12]. Therefore, this
regimen and study design was selected to maximize the
potential of the study to retigabine—
phenobarbitone interaction.

Subjects reported to the study centre on day —1 and
remained there until the morning of day 35. Blood
samples for retigabine measurements (7 ml) were col-
lected at 0, 0.33, 0.67, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16,
24, 36, 48, 60, and 72 h after retigabine intake on day
1 and day 32. Blood samples for phenobarbitone mea-
surements (3 ml) were collected at 0, 0.5, 1, 1.5, 2, 3,
4,6, 8,12, 16, and 24 h after phenobarbitone intake on
day 24 and day 31. Trough blood samples were taken on
days 30-31 for retigabine and on days 22-23 and days
29-30 for phenobarbitone analysis. Blood samples were
collected in tubes containing sodium EDTA, inverted
gently 4 or 5 times, placed on ice, and centrifuged at
4 °C within 15 min after collection. The separated
plasma was transferred to watertight, labelled polypropy-
lene tubes, and stored in an upright position at about
—70 °C (retigabine) or —20 °C (phenobarbitone) until
shipped for assay.

Concomitant medications were not permitted during

detect a

the study. Smoking, alcohol, grapefruit and grapefruit-
containing products, and cafteine intake were forbidden
from 24h prior to day 1 until the end of the
hospitalization.

Safety was assessed from spontaneously reported
adverse events, scheduled physical examinations, clinical
laboratory determinations, 12-lead ECG assessments, and
vital sign measurements.

Analytical methods

A sensitive and specific liquid-chromatography/mass
spectrometry (MS)/MS analytical method was used to
determine the plasma concentrations of retigabine and
AWD21-360 (Cephac, Paris, France) [15]. The assay was
linear between 1 and 1000 ng mlI™" for retigabine and
between 2.5 and 1000 ng mI™" for AWD21-360. The
interday coefficients of variation for the quality control
samples were between 5.4% and 6.4% for retigabine and
between 9.5% and 12.9% for AWD21-360. Phenobarbi-
tone did not interfere with retigabine and AWD21-360
measurements.

A standard sensitive and specific high-performance lig-
uid chromatography method with ultraviolet detection
was used to determine the plasma concentration of phe-
nobarbitone (Medeval, Manchester, UK). The limit of
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quantification for this assay was 1 ug ml™ and the assay
was linear up to 50 ug ml™". The interday coefficients of
variation for the quality control samples were between
6.8% and 14.8%. Retigabine and AWD21-360 did not

interfere with phenobarbitone measurements.

Pharmacokinetic analysis

The pharmacokinetic analysis of retigabine and its
acetylated metabolite (AWD21-360) and phenobarbi-
tone plasma concentrations was performed by noncom-
partmental methods [16] using the SAS statistical
package (Version 6.12, SAS Institute, Inc., Cary NC,
USA).

Values for the maximum concentration, C,,, and the
time to reach C,,.. (fu.) Were obtained directly from the
data. After examination of individual concentration-time
profiles, at least three data points judged to be in the
terminal phase were used to calculate the elimination rate
constant (A,) by using log-linear regression. The terminal
half-life (f,,) was estimated from the expression In2/2,.
After the first dose, the area under the concentration-
time curve from zero to the last quantifiable concentra-
tion (C) observed at time t (AUC(0,f)) was determined
by the linear trapezoidal rule from zero to f,, and the
log linear trapezoidal rule from t,,, to t. The total AUC
was calculated as AUC(0,f) + C/A,. After the last dose on
day 32, the total AUC at steady state was estimated from
the curve over the 24 h phenobarbitone dosing interval
(1) or 8 h retigabine dosing interval. The CL/F of reti-
gabine and phenobarbitone and the V,/F of retigabine
were obtained from the expressions Dose/AUC and
Dose/ (A, X AUC), respectively, and further normalized
by body weight. The AUC metabolic ratio was obtained
from AUC awn/AUC cigibine X MW eiigabine/ MW awn.

Plasma concentrations found to be below the mini-
mum quantifiable concentration of the assay were
assigned a value of zero if they occurred before t,,, and
were otherwise considered as missing values for the phar-
macokinetic analysis.

Statistical analysis

Pharmacokinetic parameters were compared between
treatment groups using a two-factor analysis of variance
(ANOVA). Additionally, a point estimate of the relative
exposure (i.e. the ratio of the geometric means or the
difference of log-transformed means) and 90% confi-
dence limits were calculated for both C,,. and AUC for
phenobarbitone and AUC for retigabine [17]. Analyses
compared retigabine pharmacokinetic parameters after a
single 200 mg dose alone (day 1) and after multiple doses
at steady-state (day 32) given together with phenobarbi-
tone. It is not appropriate to compare C,,, between
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single dose and multiple dose. Steady-state phenobarbi-
tone pharmacokinetic parameters obtained after admin-
istration of 90 mg daily doses alone (days 24-25, 0-24 h)
and after multiple doses of retigabine (days 31-32, 0-
24 h) were also compared. Based on the sample size of
12 subjects, the statistical power for detecting a 20%
difference in AUC values at the 0.05 level was estimated
to be approximately 70% for retigabine and AWD21-360
with an intrasubject variability of 17%. The statistical
power was estimated to be more than 90% for phenobar-
bitone AUC with an intrasubject variability less than
10%.

Results

Two subjects withdrew prematurely from the study dur-
ing the phenobarbitone phase, one for personal reasons
on day 7 and one on day 10 for a severe adverse event
(abdominal and back pain). Safety and pharmacokinetic
analyses were performed on all available data.

Retigabine pharmacokinetics

The mean (x SE) retigabine plasma concentrations for
retigabine administered alone and under steady-state con-
centrations of phenobarbitone are presented in Figure 1.
After oral administration of retigabine, concentrations
rose with apparent zero-order kinetics and declined with
first-order processes. A summary of the pharmacokinetics
of retigabine is presented in Table 1. Administration of
phenobarbitone had a small eftfect the pharmacokinetics
of retigabine, since the 90% confidence limits for the
selected parameters were slightly outside the strict no
interaction limit of 80% to 125%. Half-life was prolonged
and subjects had greater exposure to retigabine when
coadministered with phenobarbitone.

Retigabine acetylated metabolite pharmacokinetics

The mean (+ SE) plasma concentrations of AWD21-360
when retigabine was administered alone and after chronic
phenobarbitone are presented in Figure 2. A summary of
the pharmacokinetic parameters for AWD21-360 is pre-
sented in Table 2. Administration of phenobarbitone did
not alter the pharmacokinetics of AWD21-360, including
the AUC metabolite : drug ratio.

Phenobarbitone pharmacokinetics

No differences were observed between the mean (£ SE)
plasma concentrations of phenobarbitone administered
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Figure 1 Mean (* SE) concentration-time profiles of retigabine
after administration of drug alone or with phenobarbitone in
healthy male subjects. Retigabine 200-mg single dose (O); and
retigabine 200-mg q8h with 90-mg daily phenobarbital (@).

Table 1 The pharmacokinetics of retigabine after administration of drug alone or with phenobarbitone.

C Cona t,, AUC CL/F V./F
Subject group (ng ml™") (h) (h) (ng ml™" h) (1" kg™) (kg™)
Alone n=15)"
Mean + SD 639 =192 20%1.1 67118 3936 £ 976 0.76 £0.19 72+1.7
Geometric mean 611 1.6 6.5 3823 0.74 7.0
With phenobarbitone (n = 13)*
Mean £ SD 931 £ 434 1.6 £0.9 85%2.1 4433 + 1455 0.70 £0.21 85+29
Geometric mean 852 1.5 8.3 4226 0.67 8.1
P values for transformed analysis of variance with factor for
Treatment NA® 0.43 0.02 0.20 0.20 0.32
Geometric mean ratio NA - 123 111 90 -
90% confidence limits NA — 107, 141 97, 128 78, 103 —

*Alone: retigabine 200 mg single dose; With phenobarbitone: retigabine 200 mg every 8 h. "NA not available. It is not appropriate to compare Cpy

between single dose and multiple doses.
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Table 2 The pharmacokinetics of AWID21-360 after administration of retigabine alone or with phenobarbitone.

Subject group Copax (ng ml™) o (1) ty, (h) AUC (ng ml™" h) AUC, :AUC
Alone n = 15)°

Mean = SD 318 £ 71 35%1.0 6.8t 1.5 3638 £ 802 0.99 £0.19
Geometric mean 311 3.3 6.6 3562 0.98
With phenobarbitone (n = 13)'

Mean = SD 586 99 26%18 7.7%£1.9 3622 £ 628 0.93£0.33
Geometric mean 579 2.5 7.5 3572 0.89

P values for transformed analysis of variance with factor for

Treatment NA® 0.14 0.05 0.90 0.52
Geometric mean ratio NA - 110 101 -
90% confidence limits NA - 102, 118 88, 116 -

*Alone: retigabine 200 mg single dose; With phenobarbitone: retigabine 200 mg every 8 h. "NA not available. It is not appropriate to compare Ci..

between single dose and multiple doses.
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Figure 2 Mean (£ SE) concentration-time profiles of AWD21-
360 after administration of retigabine alone or with
phenobarbitone in healthy male subjects. Retigabine 200-mg
single dose (O); and retigabine 200-mg q8h with 90-mg daily
phenobarbital (@).

alone and following chronic dosing with retigabine
(Figure 3). A summary of the pharmacokinetics and sta-
tistics of phenobarbitone is presented in Table 3.

Safety

Eight different treatment-emergent adverse events were
reported by eight (53%) subjects who took phenobarbi-
tone alone, six by six (46%) subjects who took phe-
nobarbitone with retigabine, and four by four (27%)
subjects who took a single dose of retigabine alone.
Most treatment-emergent adverse events were of mild
or moderate severity except for two severe adverse reac-
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Figure 3 Mean (£ SE) concentration-time profiles of
phenobarbitone after administration of drug alone or with
retigabine in healthy male subjects. Phenobarbital 90-mg daily
(©); and phenobarbital 90-mg daily with retigabine 200-mg q8h
(@).

tions (abdominal and back pain) which led to the with-
drawal of one subject on day 10. No evidence of acute
intermittent porphyria was found. It was concluded that
this subject had suffered an idiosyncratic reaction to
phenobarbitone. Overall, the most frequent treatment-
emergent adverse event was headache reported by four
(27%) subjects, who took phenobarbitone alone, three
(23%) subjects who took phenobarbitone with retigab-
ine, and one (7%) subject who took retigabine alone
and abdominal pain reported by two (15%) subjects who
took phenobarbitone alone, one (8%) subject who took
phenobarbitone with retigabine and one (8%) subject
who took retigabine alone. There were no clinically rel-

43



G. M. Ferron et al.

Table 3 The pharmacokinetics of phenobarbitone after administration of drug alone or with retigabine.

Subject group Coax (g ml™) o (1) AUC (ug ml™ h) CL/F (ml h™" kg™)
Alone m = 13)

Mean £ SD 14.6 £1.9 3.6x24 298 + 38 4.35+0.37
Geometric mean 14.4 296 4.34
With retigabine (n = 13)

Mean £ SD 15.4+5.0 57146 311 +59 4.23 £ 0.60
Geometric mean 14.9 307 4.18

P values for transformed analysis of variance with factor for

Treatment 0.65 0.12 0.40 0.40
Geometric mean ratio 103 104 97
90% confidence limits 92, 116 96, 111 90, 104

evant changes in laboratory tests, vital signs, or ECG
data throughout the study. Overall, the individual and
combined treatments were well tolerated.

Discussion

Knowledge of the potential for drug interactions occur-
ring by enzyme induction, enzyme inhibition or dis-
placement from protein binding between antiepileptic
compounds is critical for the optimum treatment of epi-
lepsy. It is also important when evaluating new antiepi-
leptic drugs [11, 18-22].

Before allowing epileptic patients on phenobarbitone
to participate in phase 2 clinical trials with retigabine,
the present study was conducted to assess the possible
pharmacokinetic interaction between phenobarbitone
and retigabine, both given at therapeutic doses.

After administration of multiple 90 mg daily doses of
phenobarbitone alone or together with multiple 200 mg
8 hourly doses of retigabine, the pharmacokinetics of the
former were similar to those previously reported by
Reidenberg ef al. [12]. Retigabine did not alter the phar-
macokinetics of phenobarbitone.

After administration of a single 200 mg oral dose of
retigabine alone or after administration of multiple
200 mg 8 hourly doses of retigabine with phenobarbi-
tone, the pharmacokinetics of retigabine and its acety-
lated metabolite, AWD21-360, were similar to those
reported previously by Ferron ef al. [10]. C,,, for retiga-
bine and AWD21-360 increased with time as predicted
from the half-life and the dosing interval. Administration
of phenobarbitone (90 mg daily) slightly altered the phar-
macokinetics of retigabine but, unexpectedly, the direc-
tion was towards a longer half-life (23%) and greater
exposure (11%) to the drug. The pharmacokinetics of
AWD21-360, including the AUC metabolic ratio, were
not changed by administration of phenobarbitone. These
findings indicate that phenobarbitone does not induce
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the enzymes responsible for retigabine metabolism (i.e.
UGT1A1, 1A4, 1A9 and N-acetylation) but may be a
competitive inhibitor of some of these enzymes [9]. The
results differed from those of a previous study reporting
an approximate 30% increase in retigabine clearance
when administered with carbamazepine or phenytoin in
epileptic patients [23].

Phenobarbital is a known nonspecific inducer of CYP
and other hepatic enzymes including glucuryl trans-
ferases. Phenobarbital, like phenytoin and carbamazepine,
has been shown to induce, CYP2B6, 2C8/9, 3A4 and
1A2, but does not induce CYP2D6 [19]. Phenobarbital
has been reported to accelerate the metabolism of car-
bamazepine, most probably by further inducing CYP3A4
enzymes [13]. Phenobarbital, as well as phenytoin and
carbamazepine, increases the clearance of lamotrigine,
another antiepileptic compound extensively metabolized
by glucuronidation, by about 30% [19]. However, it has
been reported that lamotrigine is metabolized mainly by
UGT1A4, which is one of the enzymes responsible for
retigabine metabolism. Therefore, as can be seen with
enzyme inhibition, enzyme induction is isozyme specific
at the cytochrome as well as the glueuronidation or other
enzyme level. Hence, a drug-drug interaction seen with
carbamazepine may not be the same as the one seen with
phenytoin or phenobarbital, depending on how the com-
pound is metabolized. We therefore highlight the impor-
tance of studying the potential for drug-drug interactions
with each enzyme inducer that could potentially be
coadministered. It would also be of value to know the
specific induction profile of each inducer to evaluate a
priori the potential for drug-drug interactions to occur.

In conclusion, there was no pharmacokinetic interac-
tion between retigabine and phenobarbitone and the
combined treatment was well tolerated in healthy sub-
jects. Phenobarbitone does not appear to induce the
enzymes responsible for the metabolism of retigabine and
its acetylated metabolite. As a result, no dosage adjust-
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ment is probably needed when retigabine and phenobar-
bitone are coadministered to epileptic patients.

This study was financed by Wyeth Research, Collegeville, PA,
USA and ASTA Medica AG (predecessor of VIATRIS GmbH),
Frankfurt am Main, Germany.
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