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Abstract

Objective:

To investigate the chronopharmacology of nebicapone, a new catechol-O-methyltransferase (COMT)

inhibitor currently being developed for use as an adjunct to levodopa/carbidopa or levodopa/benserazide

in the treatment of Parkinson’s disease.

Methods:

This was a double-blind, randomised, placebo-controlled, parallel-group study. Eighteen Caucasian

subjects were randomly assigned to treatment with either nebicapone 100 mg (n¼ 6), nebicapone

200 mg (n¼ 6) or placebo (n¼ 6) at 4-h intervals for 7 days. First dose occurred at 8:00 AM on day 1

and last dose at 8:00 AM on day 8. Blood samples for the determination of plasma drug concentrations of

nebicapone and its glucuronidated and methylated metabolites and for the assay of erythrocyte soluble

COMT (S-COMT) activity were taken at frequent times following the first and last doses, and before the 8:00

AM and 8:00 PM doses on days 2–7.

Results:

Three men and three women in each group participated in the study. Mean� SD (range) age of study

participants was 23.7� 3.1 (21–28) years in the nebicapone 100 mg group, 22.2� 0.4 (22–23) years in

the nebicapone 200 mg group and 24.3� 5.4 (18–32) in the placebo group. A circadian variation in the

pre-dose nebicapone and nebicapone-glucuronide plasma concentrations was apparent. Both nebicapone

and nebicapone-glucuronide levels were lower before the 8 PM dose in comparison to the 8 AM dose,

suggesting that the absorption of nebicapone may follow a circadian variation. S-COMT activity showed no

circadian variation in the placebo group. Therefore, the S-COMT activity variation found in nebicapone-

treated subjects is considered to be due to changes in plasma concentrations of nebicapone, which is

consistent with the fact that the pre-dose S-COMT activity was lower at the time at which nebicapone levels

were maximal. Four subjects in the nebicapone 100 mg and placebo groups and six subjects in the

nebicapone 200 mg group reported at least one adverse event (AE). All AEs were of mild or moderate

intensity. Both nebicapone treatment regimens were subjectively well-tolerated, but a clinically relevant

elevation in aspartate transaminase was observed in one subject of each nebicapone group.

Conclusion:

Nebicapone showed chronopharmacology in young Caucasian healthy subjects. The clinical impact of the

circadian variation in the nebicapone metabolism and activity in Parkinson’s disease patients deserves

evaluation as it may have implications for drug prescription by modulating the distribution of the total daily

dose along the 24-h scale.

Introduction

Nebicapone (BIA 3-202) is a new catechol-O-methyltransferase (COMT) inhi-
bitor in development as an adjunct to levodopa/benserazide or levodopa/
carbidopa in the treatment of patients suffering from Parkinson’s disease (PD).
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Nebicapone has shown to be generally well-tolerated in
studies in healthy subjects1–7 and in PD patients8.
Nebicapone in doses of 100 mg and 200 mg administered
to healthy subjects3,4 and in doses of 75 mg and 150 mg
administered to patients8 was found to effectively inhibit
COMT and increase levodopa exposure following co-
administration with levodopa/benserazide or levodopa/
carbidopa.

Nebicapone is rapidly absorbed, with a tmax usually ran-
ging between 1 and 3 h1,2. Pharmacokinetics of nebica-
pone was unaffected by the presence of food1. In vitro
binding of [14C] nebicapone to plasma proteins was high
(499%) with no evidence of concentration-dependent
binding. Binding of [14C] nebicapone to blood cells is
low (10–30%) with no evidence of concentration depen-
dent binding. Time to maximum observed concentration
(tmax) of nebicapone tended to occur earlier when admi-
nistered concomitantly with levodopa/carbidopa to young
subjects than when administered alone to elderly
patients8; however, age did not affect nebicapone maxi-
mum observed concentration (Cmax). In humans,
glucuronidation by UDP-glucuronosyltransferases and
3-O-methylation by COMT appear to be the major meta-
bolic pathways of nebicapone, leading to the formation of
nebicapone-glucuronide and 3-O-methyl-nebicapone,
respectively9,10. Several other metabolites were found to
occur in minor amounts and correspond to sulphated,
reduced, and sulphated plus reduced derivatives of
nebicapone9.

The absorption, distribution, metabolism, excretion
and therapeutic effect of drugs can be influenced by several
physiological functions that can change along the day.
Chronopharmacokinetics and chronopharmacodynamics
are rarely characterised during the development of new
drugs. However, drug chronopharmacology may be clini-
cally relevant as it may have implications for drug prescrip-
tion by modulating the distribution of the total daily dose
along the 24-h scale11. In a previous study in healthy
volunteers there was a suggestion that nebicapone could
present chronopharmacokinetics2. The aim of the current
study was to further investigate the chronopharmacology
of nebicapone in healthy subjects.

Population and methods

Participants

Healthy male or female subjects between the ages of 18
and 45 years, within a body mass index (BMI) range of
19–28 kg/m2, non-smokers or smokers of less than ten
cigarettes per day, were eligible for the study. The healthy
status was assessed on basis of a medical history, physical
examination, electrocardiogram, and clinical laboratory
safety tests (haematology, coagulation, plasma

biochemistry, urinalysis, and hepatitis B, hepatitis C and
HIV serology).

Study design

This was a single-centre (Human Pharmacology Unit,
Bial – Portela & Ca, SA, S. Mamede do Coronado,
Portugal), double-blind, randomised, placebo-controlled,
parallel-group study. Eighteen subjects were randomly
assigned to treatment with either nebicapone 100 mg
(n¼ 6), nebicapone 200 mg (n¼ 6) or placebo (n¼ 6) at
4-h intervals (6 times/day), for 7 days. The randomisation
code was generated using computerised techniques.
Eligible subjects were admitted to the research facilities
on the morning of the day prior (day 0) to receiving the
first dose of study medication (day 1, 8:00 AM) and
remained in the research facilities under continuous clin-
ical supervision until at least 48 h after receiving their final
dose (day 8, 8:00 AM). Then, subjects left the research
facilities and returned on days 15, 22 and 29 for blood
sampling and clinical evaluation. Diet, activities and
sleeping time were strictly controlled from admission
until leaving the clinical research facilities. Alcohol- and
grapefruit-containing food and beverages were prohibited.
Meals were served as follows: days 1 and 8 – no breakfast,
light snack 2 h after the 8:00 AM dose, lunch 1 h after the
12:00 AM dose, snack 1 h after the 4:00 PM dose, and
dinner 1 h after the 8:00 PM dose; days 2–7 – breakfast
1 h after 8:00 AM dose, lunch 1 h after the 12:00 AM dose,
snack 1 h after the 4:00 PM dose, and dinner 1 h after the
8:00 PM dose. Nebicapone/placebo doses were adminis-
tered with 200 mL of water.

Blood samples (7 mL) for the determination of plasma
concentrations of nebicapone, nebicapone-glucuronide
and 3-O-methyl-nebicapone, and for the assay of the ery-
throcyte COMT activity were taken into potassium EDTA
Vacutainers at the following times: day 1: pre-dose, ½, 1,
1½, 2, 3, 4, 6, 8, 12 and 16 h post-first dose; day 8: pre-final
dose (8:00 AM), ½, 1, 1½, 2, 3, 4, 6, 8, 12, 16, 24, 36, 48,
168, 336, and 504 h post dose; days 2, 3, 4, 5, 6, and 7:
before the 8:00 AM and 8:00 PM doses. Urine for urinalysis
and blood for coagulation, haematology and plasma bio-
chemistry tests were collected at admission, and on days 2,
10 and 29. Blood samples were drawn either by direct
venepuncture or via an intravenous catheter. A 24-h
urine collection for the assay of urinary electrolytes and
creatinine was performed at admission and on days 1 and 9.
No medication other than study products was allowed
during the study, unless required for treatment of adverse
events (AEs).

AEs were monitored throughout the entire study
period. An AE was any undesirable event occurring to a
subject during the study whether or not considered related
to the investigational product. AEs were recorded from
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spontaneous reports, indirect inquiry or investigator obser-
vation. Clinically relevant abnormalities in laboratory
safety tests were reported as AEs. All AEs were assessed
by the investigator with regards to intensity (severity),
causality and seriousness.

The study was conducted in accordance with the
Declaration of Helsinki principles, the Good Clinical
Practice guidelines and the local laws. An Independent
Ethics Committee reviewed and approved the study.
All subjects gave their written informed consent prior
participation.

Bioanalytical methods

Determination of nebicapone, nebicapone-glucuro-
nide and 3-O-methyl-nebicapone plasma
concentrations
After collection, blood samples were centrifuged at
approximately 1500 g for 10 min at 4�C. The resulting
plasma was separated into four 0.8-mL aliquots and
stored at �20�C until required for analysis. Plasma
concentrations of nebicapone and its glucuronidated and
3-O-metylated metabolites were analysed under Good
Laboratory Practice (GLP) conditions by the Laboratory
of Pharmacological Research of Bial (Portela & Ca, SA; S.
Mamede do Coronado, Portugal) trough a validated
method using high performance liquid chromatography
with mass spectrometer detection (HPLC-MSD) following
solid phase extraction. To 1 mL plasma samples, 1 mL of
internal standard (tolcapone, 2.2 mg/ml in 0.1 M phos-
phate buffer at pH 2) was added. Samples (0.3 mL) were
then loaded onto the cartridges (Oasis HLB C18, 30 mg,
1 mL water) preconditioned with 1 mL acetonitrile and
washed twice with 1 mL of phosphate buffer 0.1 M, pH 2.
Following sample application, the cartridges were washed
with 2� 1 mL 0.1 M phosphate buffer pH 2. After a second
wash the cartridges were flushed with an air push of 10 mL
at 6 mL/min. The analytes were eluted with 2� 0.25 mL
acetonitrile, 1% formic acid and once with 0.25 mL of
water with an air push of 2 mL at 6 mL/min. To the
eluted samples 0.2 mL of water, 1% formic acid were
added and mixed twice with aspirating dispensing cycles.
The eluted samples were injected into HPLC-MSD mod-
ular system Series 1100 from Agilent. Separation was
achieved using a Zorbax SB-18, 3 lm 30� 4.6 mm
column. Mobile phase A consisted of acetonitrile :
formic acid (99:1, v.v.) and mobile phase B consisted of
water : formic acid (99:1, v.v.). The flow rate was 0.5 mL/
min. A calibration curve, over the nominal concentration
range of 1043–8000 ng/mL for nebicapone, 2609–4000 ng/
mL for nebicapone-glucuronide, and 261–4000 ng/mL for
3-O-methyl-nebicapone, and a set of quality control (QC)
samples, two at each of three concentrations, were run
with each batch of study samples. The QC samples were

used to monitor the performance of the method and two
batches were required to complete the sample analyses.
The data for the plasma QC samples showed that the over-
all reproducibility of the method, measured by the coeffi-
cient of variation, ranged from 8.5 to 9.2% for nebicapone,
6.1 to 13.7% for nebicapone-glucuronide, and from 5.8 to
8.6% for 3-O-methyl-nebicapone. Also, the overall inac-
curacy ranged from �4.9 to �0.8% for nebicapone, �4.7
to �2.3% for nebicapone-glucuronide, and from 0.1 to
7.0% for 3-O-methyl-nebicapone. The lower limit of
quantification (LLOQ) of nebicapone, nebicapone-
glucuronide and 3-O-methyl-nebicapone was 1044 ng/
mL, 2609 ng/mL and 261 ng/mL, respectively. In previous
studies1,2, the LLOQ for nebicapone and 3-O-methyl-
nebicapone was 50 ng/mL and 20 ng/mL, respectively. In
the current study, the LLOQ was higher to allow the ana-
lysis of nebicapone-glucuronide in the same assay run.

Sample preparation for S-COMT assay
The same blood samples taken for the pharmacodynamic
assessments were used for the preparation of washed ery-
throcytes for the assay of S-COMT activity. After centri-
fugation and removal of the resulting plasma, the upper
most cell layer was removed and the tubes placed in ice,
and a volume of cold 0.9% sodium chloride solution twice
that of the cells was added. The cells were mixed, centri-
fuged and washed using this procedure three times.
Centrifugation was undertaken at 4�C and at approxi-
mately 1500 g for 10 min. Two accurately pipetted aliquots
of washed cells (250mL) were retained (Series A and B)
and each aliquot was stored in a 2 mL tube at �70�C until
required for analysis. Likewise, blank erythrocytes for
blank matrix preparation were obtained from normal
volunteers and processed, transferred and stored using
the same methods.

S-COMT activity was assayed under GLP conditions by
the Laboratory of Pharmacological Research of Bial using a
validated method consisting of HPLC with electrochemi-
cal detection (ED) and spectrophotometer analysis for
quantification of the metanephrine (MN) and haemoglo-
bin (Hb) content, respectively. S-COMT activity assay
was based on catabolism of adrenaline to MN by erythro-
cyte S-COMT and erythrocyte Hb content. S-COMT
activity was expressed as the amount of MN formed per
mg of Hb per hour (pmol/mg Hb/h). After thawing on ice,
erythrocyte specimens were haemolysed at a water to cell
ratio of 3:1 v./v. to perform a crude extraction of S-COMT.
After centrifugation to pellet the particulate debris, the
resulting supernatant was used for S-COMT activity ana-
lysis and Hb protein determination. S-COMT activity was
determined by introducing the erythrocyte supernatant
into a reaction matrix containing the COMT substrate
adrenaline, which is catabolised to MN. After termination
of the reaction by addition of 0.4 M perchloric acid (PCA)
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and centrifugation to pellet precipitated proteins, the
amount of MN produced over the fixed reaction time of
60 min at 37�C was measured by HPLC-ED analysis (per-
formed on a Gilson modular system) and interpolation
with a MN standard curve to give the amount of MN
formed (ng/mL). Hb determination was based on the oxi-
dation of Hb and its derivatives to methaemoglobin in the
presence of alkaline potassium ferricyanide and the subse-
quent reaction of methaemoglobin with potassium cyanide
to form cyanmethaemoglobin, which has a maximum
absorption at 540 nm. This reaction was achieved by addi-
tion of erythrocyte lysate supernatant to Drabkin’s reagent
under controlled conditions and quantification was per-
formed by spectrophotometric analysis (performed on a
Molecular Devices SpectraMAX Plus System) at 540 nm
and interpolation with cyanmethaemoglobin standard
curve to give Hb concentration (mg/mL) of the specimen
(Sigma Diagnostics Total Haemoglobin assay kit, Sigma
Procedure number 525).

For HPLC analysis, a MN calibration curve and QC
samples were included in each HPLC-ED analytical run.
The MN calibration curve consisted of at least three con-
centrations in triplicate within the linear range of the
assay, prepared by spiking blank matrix with a known con-
centration of MN. For the Hb assay, the standard curve
of Hb concentration (over the calibration range of
3–18 g/dL) consisted of at least four concentrations of
cyanmethaemoglobin reference standard equivalent. Hb
AC samples made up from cyanmethaemoglobin standard
were included in each analysis. The QC samples were used
to monitor the performance of the method for S-COMT
activity determination. The analytical runs were accepted
when not more than two QC specimens, and not two at the
same level, deviate by more than 15% from the theoretical
concentration. The overall reproducibility of the method
of MN detection, measured by the coefficient of variation,
ranged from 0.7 to 2.9% and the overall inaccuracy ranged
from �9.3 to 8.2.

Pharmacokinetic and pharmacodynamic
analysis

For each subject, the following pharmacokinetic para-
meters for nebicapone, nebicapone-glucuronide and 3-O-
methyl-nebicapone were derived from the individual
plasma concentration–time profiles using a non-compart-
mental approach: Cmax; tmax; area under the plasma con-
centration–time curve from time 0 to last observed
concentration at time t (AUC0–t), calculated by the
linear trapezoidal rule; AUC from time 0 to 4 h post-
dose (AUC0–4); AUC from time 0 to infinity
(AUC0–1); and apparent terminal elimination half-life
(t½), calculated from ln 2/�z, where �z is the apparent term-
inal elimination rate constant calculated by log-linear

regression of the terminal segment of the concentration–
time curve. Actual sampling times were used for the phar-
macokinetic analysis. Special consideration was given to
the estimation of �z and corresponding t½ values. Values of
�z were calculated from a minimum of three data points.
Where an AUC was extrapolated to infinity, the percen-
tage of the extrapolated area to the total area was assessed
and if greater than 20% the AUC value was flagged as
unreliable. Plasma concentrations below the LLOQ of
the assay were taken as zero for all calculations. All calcu-
lations were made using raw data.

The following mean pharmacodynamic parameters
were derived from the individual S-COMT activity pro-
files: maximum inhibition of S-COMT activity (Emax),
time to occurrence of Emax (tEmax) and area under the
effect–time curve (AUEC) over the dosing interval
(AUEC0–4) following the first and last doses, and AUEC
over 48 h (AUEC0–48) following the last dose. The result
obtained before the first dose was taken as reference (base-
line) value (E0). Maximum percent inhibition of
S-COMT activity was calculated according to the equa-
tion [(E0 � Emax)/E0]� 100.

The pharmacokinetic and pharmacodynamic param-
eters were calculated using WinNonlin version 4.1
(Pharsight Co, Mountain View, CA, USA). The statistical
computations were performed using SAS (release 8.2, SAS
Institute Inc, Cary, NC, USA).

Results

Six young healthy Caucasian subjects (three males and
three females) participated in each group. Their mean�
SD (range) age and BMI were, respectively: 23.7� 3.1
(21–28) years and 22.5� 2.8 (18.9–26.1) kg/m2 in the
nebicapone 100 mg group; 22.2� 0.4 (22–23) years and
22.2� 3.2 (18.6–27.1) kg/m2 in the nebicapone 200 mg
group; and 24.3� 5.4 (18–32) and 24.4� 2.5 (20.6–
27.5) kg/m2 in the placebo group.

Pharmacokinetic results

Figures 1–3 display the mean plasma concentration–time
profiles of nebicapone, nebicapone-glucuronide and 3-O-
methyl-nebicapone, respectively.

Mean pharmacokinetic parameters of nebicapone and
its metabolites following the first and last doses of nebica-
pone 100 mg and 200 mg are summarised in Table 1.
Nebicapone appeared to be extensively metabolised to
its glucuronide metabolite, being the nebicapone-glucur-
onide the major early circulating drug entity. However,
due to its long half-life and accumulation, 3-O-methyl-
nebicapone was the major late metabolite in circulation.
For a nebicapone dose increase in the ratio 1.0:2.0, nebi-
capone AUC0–4 and Cmax values increased respectively
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Figure 1. Mean plasma concentration–time profile of nebicapone during a 7-day treatment with nebicapone 100 mg and 200 mg administered at 4-h
intervals (n¼ 6 per dose). From the 4-h (day 1) time-point until the pre-final dose (day 8) time-point, blood samples were taken at ‘trough’ (pre-dose).
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1.0:2.9 and 1.0:2.3 following the first dose and 1.0:3.1 and
1.0:3.3 following the last dose.

Pre-dose plasma nebicapone concentrations following
nebicapone 100 mg were below the LLOQ, but pre-dose
plasma concentrations following nebicapone 200 mg
before the 8:00 AM and 8:00 PM doses across days 1 to 8
showed a circadian variation in nebicapone and nebica-
pone-glucuronide plasma concentrations (Table 2).
Pre-dose plasma concentrations of nebicapone and

nebicapone-glucuronide across days 2–8 suggested that
steady state was reached at least by day 2. The data do
not assure that the steady state for 3-O-methyl-nebicapone
was reached during the study.

Pharmacodynamic results

Mean COMT inhibition profiles and pharmacodynamic
parameters for COMT inhibition following administration
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Figure 3. Mean plasma concentration–time profile of 3-O-methyl-nebicapone during a 7-day treatment with nebicapone 100 mg and 200 mg administered at
4-h intervals (n¼ 6 per dose). From the 4 h (day 1) time-point until the pre-final dose (day 8) time-point, blood samples were taken at ‘trough’ (pre-dose).

Table 1. Arithmetic mean� SD pharmacokinetic parameters of nebicapone, nebicapone-glucuronide and 3-O-methyl-nebicapone following the first and last
doses of a 7-day treatment with nebicapone 100 mg and 200 mg administered at 4-h intervals (n¼ 6 per dose).

Analyte Nebicapone
dose

Dosing time Cmax (ng/mL) tmax (h) AUC0–4 (ng.h/mL) AUC0–1 (ng.h/mL) t½ (h)

Nebicapone 100 mg First dose 3837� 1839 1.3 (1.0–3.0) 4059� 1936 NC NC
Last dose 3349� 610 1.0 (0.5–2.0) 6041� 1750 8652� 2175 1.2� 0.2

200 mg First dose 8938� 2865 1.5 (0.5–1.5) 11 899� 4522 14 594� 4748 0.8� 0.2
Last dose 10 915� 4859 1.3 (0.5–1.5) 18 721� 8266 30 632� 22 800 3.5� 3.9

Nebicapone-glucuronide 100 mg First dose 7195� 2137 1.8 (1.0–4.0) 11 904� 5935 22 461� 2840 1.3� 0.1
Last dose 9779� 2005 1.0 (0.0–1.5) 27 125� 4498 40 595� 8061 2.6� 1.4

200 mg First dose 12 643� 2851 1.8 (1.0–2.0) 29 076� 9335 44 836� 23 465 1.9� 1.1
Last dose 22 626� 8028 1.3 (0.0–2.0) 61 657� 22 471 20 0781� 67 611 12.7� 6.4

3-O-methyl-nebicapone 100 mg First dose NC NC NC NC NC
Last dose 2216� 288 1.5 (0.0–4.0) 8031� 936 299 543� 52 433 93.3� 11.2

200 mg First dose 314� 37 4.0 (4.0–4.0) 351� 186 NC NC
Last dose 2629� 302 0.0 (0.0–3.0) 9035� 870 459 825� 73 576 97.6� 21.0

tmax are median values with range in parenthesis; NC, not calculated because the parameter could not be reliably estimated (no sufficient data points available
during the mono-exponential phase).
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of placebo, nebicapone 100 mg and 200 mg are summarised
in Figure 4 and Table 3. Both nebicapone 100 mg and
200 mg doses caused a marked inhibition of S-COMT
(Figure 5). Peak S-COMT activity inhibition was 67%
and 88% following the first dose of nebicapone 100 mg
and 200 mg, respectively, and occurred between 1.3 and
1.9 h post-dose. Following repeated administration, peak
inhibition of S-COMT activity was 70% and 87%, respec-
tively, and occurred at approximately 0.9–1.3 h post-dose.
The circadian variation found in the pre-dose plasma con-
centrations of nebicapone (see Figure 1) and nebicapone-
glucuronide (see Figure 2) was also apparent in S-COMT
activity. The S-COMT activity was lower (less MN
formed) at the 8:00 AM pre-dose assay, a time at which
‘trough’ nebicapone levels were maximal (Figure 6). No
circadian change in S-COMT was observed in the placebo
group showing that the variation in S-COMT activity
found in the nebicapone groups was due to the circadian
change in nebicapone plasma levels.

Tolerability/safety results

Treatment-emergent adverse events (AEs) are listed in
Table 4. Four subjects (66.7%) in the nebicapone
100 mg and placebo groups and six subjects (100%) in

the nebicapone 200 mg group reported at least one AE.
All AEs were of mild or moderate intensity. At discharge,
alanine transaminase (ALT) values rose to above three
times the upper limit of the normal range (ULN) in one
male subject of the nebicapone 100 mg group (190 IU/L,
normal range: 5–40 IU/L) and one female subject of the
nebicapone 200 mg group (188 IU/L, normal range: 5–
31 IU/L) and the abnormality was considered to be clini-
cally significant. In both cases, the ALT level at admission
was above the ULN (88 and 60 IU/L, respectively) but the
clinical investigator considered the abnormality as not
clinically relevant. Bilirubin values remained within the
normal range. There were no clinically significant
abnormalities in vital signs, or in physical examination
or ECG parameters.

Discussion

The present study aimed to investigate the tolerability,
safety, pharmacokinetics and pharmacodynamics of
nebicapone during a 7-day treatment period in which
nebicapone was administered at 4-h intervals (6 times/
day). Available COMT inhibitors are tolcapone and
entacapone. Tolcapone is used twice- or thrice-daily;
entacapone is used in co-administration with each dose

Table 2. Mean� SD plasma concentrations of nebicapone, nebicapone-glucuronide and 3-O-methyl-nebicapone before (pre-dose) the 8:00 AM and 8:00
PM doses of a 7-day treatment with nebicapone 100 mg and 200 mg administered at 4-h intervals (n¼ 6 per dose).

Nebicapone dose Day of treatment Dosing time Nebicapone (ng/mL) Nebicapone-glucuronide (ng/mL) 3-O-methyl-nebicapone (ng/mL)

100 mg 1 8:00 AM BLQ BLQ BLQ
8:00 PM BLQ 3412� 1816 BLQ

2 8:00 AM BLQ 5254� 1696 634� 104
8:00 PM BLQ 3254� 1621 955� 144

3 8:00 AM BLQ 4853� 1441 1158� 185
8:00 PM BLQ 3102� 1517 1368� 193

4 8:00 AM BLQ 5441� 1448 1501� 210
8:00 PM BLQ 2913� 1443 1751� 219

5 8:00 AM BLQ 3868� 682 1815� 212
8:00 PM BLQ 3322� 1784 1937� 256

6 8:00 AM BLQ 5718� 1403 1897� 274
8:00 PM BLQ 3554� 2197 2061� 221

7 8:00 AM BLQ 5584� 2543 1986� 213
8:00 PM BLQ 3339� 1693 2155� 207

8 8:00 AM BLQ 6595� 786 2130� 330
200 mg 1 8:00 AM BLQ BLQ BLQ

8:00 PM 1159� 946 6509� 2857 366� 80
2 8:00 AM 1938� 1620 11 675� 5504 744� 99

8:00 PM BLQ 7339� 3167 1046� 164
3 8:00 AM 2211� 1319 13 326� 6768 1246� 182

8:00 PM 1179� 896 9273� 3895 1635� 275
4 8:00 AM 2116� 1493 12 072� 4494 1698� 267

8:00 PM 1218� 659 8830� 3032 1973� 207
5 8:00 AM 2120� 1524 11 850� 5383 2094� 241

8:00 PM 1255� 935 8741� 2771 2137� 296
6 8:00 AM 3487� 3892 13 267� 6295 2116� 232

8:00 PM 1751� 378 9932� 3012 2462� 276
7 8:00 AM 3136� 1787 11 680� 4255 2450� 182

8:00 PM 1717� 312 10 773� 4062 2667� 293
8 8:00 AM 5349� 4264 15 450� 4075 2623� 282

BLQ, below the lower limit of quantification.
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of levodopa/carbidopa or levodopa/benserazide, which
can occur up to 8 times per day, but not usually during
the sleep time. In the current study, nebicapone was
administered even during the night time, at strict time
intervals, in order to facilitate the evaluation of its
chronopharmacology.

Nebicapone appeared to be extensively metabolised to
its glucuronidated and 3-O-methylated metabolites, being
the glucuronide the major early circulating drug entity and
the 3-O-methylated the major late metabolite. The mean
nebicapone and nebicapone-glucuronide plasma concen-
trations before the 8 PM dose were approximately
60% those before the 8 AM dose, showing a clear
circadian variation of nebicapone pharmacokinetics
(chronopharmacokinetics).

Circadian variations in gastric acid secretion and pH,
motility, gastric emptying time, gastrointestinal blood
flow, drug protein binding, liver enzyme activity and/or
hepatic blood flow, glomerular filtration, renal blood
flow, urinary pH and tubular reabsorption may be respon-
sible for circadian changes in the absorption, distribution,
metabolism or elimination of drugs11. In the current
results, it is interesting to note that the highest and
lowest levels of parent drug (nebicapone) and its glucur-
onide occurred at the same time of day. In consequence, it
can be concluded that the decrease in nebicapone levels
found in the evening was not due to over-formation of its
glucuronide conjugate, because levels of this metabolite
were also lower at evening. Since the nebicapone level
decrease in the evening cannot also be attributed to
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Figure 4. Mean S-COMT activity (expressed as metanephrine formed, pmol/mg Hb/h) profile from baseline (pre-dose) during a 7-day treatment with
nebicapone 100 mg, nebicapone 200 mg and placebo administered at 4-h intervals (n¼ 6 per dose). From the 4 h (day 1) time-point until the pre-final dose
(day 8) time-point, blood samples were taken at ‘trough’ (pre-dose).

Table 3. Mean� SD pharmacodynamic parameters for inhibition of S-COMT following the last dose of a 7-day treatment with nebicapone 100 mg and
200 mg administered at 4-h intervals (n¼ 6 per dose).

Nebicapone dose Dosing time E0 (pmol/mg Hb/h) Emax

(pmol/mg Hb/h)
tEmax (h) [(E0� Emax)/E0]� 100(%) AUEC0–4

(pmol/mg Hb/h.h)

100 mg First dose 28.2� 12.2 7.18� 1.17 1.9� 1.3 67.1� 24.7 61.1� 21.3
Last dose – 8.22� 4.56 1.3� 0.9 70.1� 9.2 63.9� 20.6

200 mg First dose 43.2� 20.3 5.80� 4.64 1.3� 0.5 87.7� 4.7 73.6� 42.1
Last dose – 6.00� 5.03 0.9� 0.5 87.2� 5.8 63.1� 34.7
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over-formation of 3-O-methyl-nebicapone, one can
hypothesise that the circadian variation of nebicapone
levels may be due to differences at the absorption level.
Since a previous study2 showed that nebicapone pharma-
cokinetics are not affected by the presence of food and in
the current study nebicapone was administered in fasting
and under strict control of diet and other extrinsic factors,
variation in absorption is most likely due to intrinsic
factors that suffer circadian variation and that may
affect the absorption of nebicapone. It is not known
whether other COMT inhibitors also present
chronopharmacokinetics.

No variation was apparent for 3-O-methylated-nebica-
pone, but this metabolite has a long elimination half-life
and accumulates and, therefore, an eventual circadian var-
iation in its formation hardly would be apparent in the
plasma concentration–time profiles.

S-COMT activity showed no circadian variation in the
placebo group. Therefore, the circadian variation found in
S-COMT activity in the nebicapone-treated subjects is
likely due to the circadian changes in plasma concentra-
tions of nebicapone, which is consistent with a pre-dose
S-COMT activity lower at the time at which nebicapone
levels were maximal.

Drug chronopharmacology may be clinically relevant
as it may have implications for drug prescription by
modulating the distribution of the total daily dose
along the 24-h scale11. The clinical importance of the
circadian variation in the nebicapone metabolism and
activity has not yet been studied in Parkinson’s disease
patients but deserves further evaluation. In case the cir-
cadian variation will have a relevant impact on the
therapeutic outcomes, higher doses of nebicapone may
be necessary at the end of the day in comparison with
the morning doses.

One of the limitations of this study is the fact that all
study participants were Caucasian and young. It is
unknown whether the results of this study can be general-
ised to non-Caucasian and elderly subjects.

Clinically relevant elevations in AST were observed in
one subject of each nebicapone group. However, in both
cases the ALT levels were found to be above the upper
limit of the normal range at admission to the study and
bilirubin values remained within the normal range.
Several studies with nebicapone in healthy subjects1–7

and in PD patients12, in which more than 180 subjects
were exposed to different dosage regimens of nebicapone,
did not raise any liver safety concerns. Overall, the pre-
vious data do not suggest a potential hepatotoxic effect of
nebicapone. However, liver enzyme increase was reported
by 1–3% of patients in phase II/III trials13–15 with tolca-
pone and there are several cases of acute hepatotoxicity
that were attributed to this COMT inhibitor16. Therefore,
the risk of increasing liver transaminases by nebicapone
and its clinical relevance deserves further evaluation.

Conclusion

Nebicapone showed chronopharmacology in young
Caucasian healthy subjects. The clinical importance of
the circadian variation in the nebicapone metabolism
and activity in Parkinson’s disease patients has not yet
been studied and deserves evaluation as it may have impli-
cations for drug prescription by modulating the distribu-
tion of the total daily dose along the 24-h scale. Both
nebicapone treatment regimens tested were subjectively
well-tolerated; however, two cases of significant increase
of AST were reported.
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Current Medical Research & Opinion Volume 26, Number 5 May 2010

! 2010 Informa UK Ltd www.cmrojournal.com The chronopharmacology of nebicapone Almeida et al. 1105

C
ur

r 
M

ed
 R

es
 O

pi
n 

D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

A
sh

le
y 

Pu
bl

ic
at

io
ns

 L
td

 
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



08 AM 08 PM 08 AM 08 PM 08 PM 08 PM 08 AM 08 PM 08 AM 08 PM 08 AM

0

500

1000

1500

2000

2500

3000

3500

4000

4500

Day 2 Day 8

N
eb

ic
ap

on
e 

pl
as

m
a 

co
nc

en
tr

at
io

n 
(n

g/
m

L)

(A)

08 AM 08 PM 08 AM 08 PM 08 AM 08 PM 08 PM 08 AM 08 PM 08 AM 08 PM 08 AM

10

15

20

25

30

35

40

45

50

Day 2 Day 8

Placebo
NEB 200 mg

M
et

an
ep

hr
in

e 
fo

rm
ed

 (
pm

ol
/m

g 
H

b/
h)

(B)

08 AM 08 PM 08 AM 08 PM 08 AM 08 PM 08 AM 08 PM 08 AM 08 PM 08 AM 08 PM 08 AM

5000

6000

7000

8000

9000

10000

11000

12000

13000

14000

15000

16000

Day 2 Day 8

N
eb

ic
ap

on
e-

gl
uc

ur
on

id
e 

pl
as

m
a 

co
nc

en
tr

at
io

n 
(n

g/
m

L)

(C)

08 AM 08 AM

08 AM

Figure 6. Nebicapone (A) and nebicapone-glucuronide (C) plasma concentrations and S-COMT activity (B) before (pre-dose) the 8:00 AM and 8 PM doses of a
7-day treatment with nebicapone 200 mg administered at 4-h intervals.
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