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Aims: The absorption, metabolism and excretion of opicapone (2,5-dichloro-
3-(5-[3,4-dihydroxy-5-nitrophenyl]-1,2,4-oxadiazol-3-yl)-4,6-dimethylpyridine
1-oxide), a selective catechol-O-methyltransferase inhibitor, were investigated.
Methods: Plasma, urine and faeces were collected from healthy male subjects
following a single oral dose of 100 mg [**C]-opicapone. The mass balance of
[**C]-opicapone and metabolic profile were evaluated.

Results: The recovery of total administered radioactivity averaged >90% after
144 hours. Faeces were the major route of elimination, representing 70% of the
administered dose; 5% and 20% were excreted in urine and expired air, respectively.
The C.x Of total radioactivity matched that of unchanged opicapone, whereas the
total radioactivity remained quantifiable for a longer period, attributed to the
contribution of opicapone metabolites, involving primarily 3-O-sulfate conjugation
(58.6% of total circulating radioactivity) at the nitrocatechol ring. Other circulating
metabolites, accounting for <10% of the radioactivity exposure, were formed by
glucuronidation, methylation, N-oxide reduction and gluthatione conjugation. Addi-
tionally, various other metabolites resulting from combinations with the opicapone
N-oxide reduced form at the 2,5-dichloro-4,6-dimethylpyridine 1-oxide moiety,
including nitro reduction and N-acetylation, reductive opening and cleavage of the
1,2,4-oxadiazole ring and the subsequent hydrolysis products were identified, but
only in faeces, suggesting the involvement of gut bacteria.

Conclusion: [**C]-opicapone was fully excreted through multiple metabolic path-
ways. The main route of excretion was in faeces, where opicapone may be further
metabolized via reductive metabolism involving the 1,2,4-oxadiazole ring-opening

and subsequent hydrolysis.
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1 | INTRODUCTION
Opicapone (also known as BIA 9-1067) is a reversible, peripherally selec-
tive high binding affinity and long-acting third-generation nitrocatechol
catechol-O-methyltransferase (COMT) inhibitor®? that has recently been
granted marketing authorization under the trade name Ongentys® by,
among other regulatory agencies, the European Medicines Agency, the
US Food and Drug Administration and the Japan Pharmaceutical and
Medical Decices Agency as adjunctive therapy to the combination
levodopa plus dopa decarboxylase inhibitor for the treatment of end-
of-dose motor fluctuations in Parkinson's disease patients.™**

Opicapone was found not to induce cytotoxicity.*? In humans,
despite opicapone’s short apparent terminal elimination half-life (t;,,)
of 0.8-3.2 hours, the half-life of erythrocyte COMT inhibition is in the
range of 60-130 hours,*>1* far beyond the observable point of plasma
opicapone clearance (6-10 hours), making it suitable for a once-daily
regimen.'>'* Previous investigations have demonstrated that the
pharmacokinetic profile of opicapone is dose-proportional up to
1200 mg and 3-O-sulfate-opicapone (BIA 9-1103) appeared to be the
main metabolite of opicapone, with a relatively long t4,,, ranging from
25.1 to 26.9 hours following a single dose and from 98.5 to
112.0 hours following repeated dosing.*>** Along with BIA 9-1103
other opicapone metabolites were quantified in clinical studies, such
as the N-oxide reduced form of opicapone (BIA 9-1079), the 3-O-glu-
curonide-opicapone (BIA 9-1106) and the 3-O-methyl-opicapone (BIA
9-1100). However, the definitive information concerning quantitative
and comprehensive metabolic profiles of opicapone in human plasma
and excreta is only provided by a clinical study with radiolabeled
opicapone.!® This type of study is considered one of the most critical
steps in drug development where the primary mechanism(s) of clear-
ance, excretion, mass balance and metabolism are evaluated,'® con-
tributing to the pharmacokinetics (PK) characterisation of a drug
candidate. The further characterization of metabolites, such as their
profile, potential for on-target pharmacological activity and drug-drug
interactions (DDIs), are essential to better understand the safety of
therapeutic agents. Previously, in an absorption, distribution, metabo-
lism and excretion study with [**C]-opicapone in rats, we demon-
strated that opicapone was rapidly absorbed after oral dosing and that
the drug-derived radioactivity was excreted mainly into faeces.*® Fur-
thermore, we found that opicapone underwent extensive metabolism
via diverse pathways and various metabolites were detected in plasma
and excreta. Although O-glucuronidation, -sulfation and -methylation
of the nitrocatechol moiety were the principal metabolic pathways, s
small amount of the N-acetyl derivative was detected as a result of
reduction of the nitro group and subsequent conjugation. Other meta-
bolic transformations include N-oxide reduction to the pyridine deriv-
ative and reductive cleavage of the 1,2,4-oxadiazole ring followed by
further conjugation reactions. The pharmacological activity of some of
those metabolites was also evaluated.'®

In this study the absorption, metabolism and excretion of
opicapone-related radioactivity were evaluated in healthy male sub-
jects after oral administration of 100 mg of [*C]-opicapone. The total

radioactivity and metabolic profile in urine and faeces were measured
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What is already known about this subject

e Opicapone is a reversible, peripherally selective high

binding affinity and long-acting third-generation
nitrocatechol catechol-O-methyltransferase inhibitor that
has recently been granted marketing authorization as
adjunctive therapy to the combination levodopa plus
decarboxylase inhibitor for the treatment of end-of-dose

motor fluctuations in Parkinson's disease patients.

What this study adds

e The absorption, metabolism and excretion of opicapone
were elucidated and revealed that it had substantial sys-
temic availability after oral administration. The recovery
of >90% radioactivity was obtained after 144 hours
mainly through the faeces. The major circulating metabo-
lite of opicapone was the pharmacologically inactive 3-O-

sulfate-opicapone.

using the conventional liquid scintillation counting method; in plasma,
due to the low amount of radioactivity, the metabolic profile was eval-
uated by accelarator mass spectrometry (AMS), an extremely sensitive

method for the detection and determination of isotopic ratios.'”

2 | MATERIALS AND METHODS

21 | Reagents

The unlabelled opicapone was manufactured by Patheon (formerly
DPx Fine Chemicals, Linz, Austria GmbH & Co KG; Batch no 129059-
2-2). The labelled drug substance, [**C]-BIA 9-1067 (opicapone), was
manufactured by Pharmaron Inc., Cardiff, UK. Quotient Clinical
(Nottingham, UK) manufactured the [**C]-BIA 9-1067 drug in capsule
for use in this clinical trial. [**C]-opicapone (Figure 1), specific radioac-
tivity 2.09 GBg/mmol (5.03 MBg/mg), was supplied by GE Healthcare
(Little Chalfont, UK) and by Quotient Bioresearch, (Nottingham, UK)
at a radiochemical purity of 99.1%. Opicapone and its metabolites
were synthesized in the Laboratory of Chemistry, BIAL (Coronado
[S. Mamede, S. Romao]), Portugal (additional information on the com-

pound structure is given in the Supporting Information).

2.2 | Clinical study conduct

The clinical study (EudraCT number 2016-004454-15) was conducted
by Quotient Clinical, Nottingham, UK in accordance with the ethical
principles outlined in the Declaration of Helsinki, the ICH Good


https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=8988
https://www.guidetopharmacology.org/GRAC/DatabaseSearchForward?searchString=catechol-O-methyltransferase%2B&searchCategories=all&species=none&type=all&comments=includeComments&order=rank
https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=3639
https://www.guidetopharmacology.org/GRAC/ObjectDisplayForward?objectId=1271
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FIGURE 1  Structure of [**C]-opicapone. * represents the **C
labelling position

Clinical Practice (GCP) guideline (ICH Topic E6, GCP), the study proto-
col, local legislation regarding the rights and welfare of human partici-
pants in biomedical research, and applicable regulatory requirements.
All participants provided written informed consent. The protocol and
the associated documents were reviewed and approved by an inde-
pendent ethics committee and the Clinical Trial Authorisation applica-
tion was approved by the UK Medicines and Healthcare Products
Regulatory Agency (MHRA). Quantification of opicapone and its
metabolites was conducted in accordance with the principles of Good
Laboratory Practice at SYNLAB Analytics and Services, Switzerland
AG. The mass balance and the metabolite profiling and identification
were performed at Quotient Bioresearch, Pharmaron, UK and

Pharmaron, United States (former Xceleron), respectively.

2.3 | Clinical study design

This was an open-label, single-dose, single-period study designed to
assess the mass balance recovery, metabolite profile and metabolite
identification of [**C]-opicapone in healthy male subjects (aged
30-65 years). The seven enrolled subjects were dosed with a 100 mg
[**C]-opicapone capsule containing not more than 3.3 MBq (89.2 pCi)
carbon-14 on the morning of day 1 following an overnight fast of
approximately 8 hours. Blood, urine, faeces and expired air were col-
lected at predefined time points for mass balance and PK analysis.
After 22 days of residence in the clinical unit all subjects met the dis-
charged criteria (>90% mass balance recovery, <1% of the adminis-
tered dose eliminated in excreta for two consecutive 24-hour periods)
and no additional residency period was required. All subjects attended
four further return visits for PK sampling on day 28, day 42 (+3 days),
day 56 (+3 days) and day 77 (3 days).

24 | Sample collection and storage
Venous blood samples were collected at predose and then at regular
intervals from 0.5 to 648 hours post-oral [**C]-opicapone administra-

tion. Whole blood was collected at predose and up to 96 hours post-

dosing; Urine, faeces and expired air were collected at predose and
then at regular intervals until 504 hours post-oral [**C]-opicapone
dosing (additional information on collection timepoints is given in the

Supporting Information).

2.5 | Measurement of total radioactivity

The residual radioactivity in the dosing bottles was quantified and the
recovery of total radioactivity was less than 0.0333%. Total radioac-
tivity in urine and plasma was measured after pooling and mixed with
phosphate-buffered saline.

Total radioactivity in the faecal samples was determined by the
combustion method using an automatic sample oxidiser (Model
307, Perkin Elmer, Waltham, MA, USA). The combustion products were
absorbed into CarboSorb E and mixed with the scintillator cocktail
PermaFluor E* for measurement of radioactivity. The same procedure
was applied to whole blood. Total radioactivity in expired air was mea-
sured in air-trapping solution obtained from individual expired air. Mea-
surements of radioactivity in urine, faeces, whole blood and plasma
were performed in duplicate (single measurement for expired air) using
liquid scintillation counting (2300TR, 2900TR or 3100TR Tri-Carb,
Scintillation Counter, Perkin Elmer) (additional information on total
radioactivity measurements is given in the Supporting Information).

2.6 | Quantitation of concentrations in plasma
samples by liquid chromatography-tandem mass
spectrometry

Concentrations of opicapone and its metabolites, BIA 9-1103, BIA
9-1079, BIA 9-1106 and BIA 9-4588, in plasma were measured using
a validated liquid chromatography-tandem mass spectrometry. Briefly,
plasma samples (100 mL) were mixed with 200 mL of acetonitrile and
internal standards. The samples were vortex and centrifuged, and the
supernatant was diluted with water to be injected into a liquid chro-
matography-tandem mass spectrometry (LC-MS/MS) TSQ Quantum
(Thermo Fisher Scientific, Waltham, MA, USA). The limit of quantifica-
tion for all metabolites was 10 ng/mL. Calibration curves and a set of
quality control (QC) samples were analyzed with each batch of study
samples. The analytical method was demonstrated to be precise
(<15%, coefficient of variation) and accurate (+15%) over the analyti-

cal range.

2.7 | Pharmacokinetic and statistical analyses

The PK of total radioactivity in plasma and blood, opicapone and its
metabolites in plasma were analyzed using WinNonlin (version 6.3;
Certara USA, Inc., USA) for concentration versus time for each
subject.  Pharmacokinetic  parameters were calculated by
noncompartmental analysis (additional information on pharmacoki-

netic parameters is given in the Supporting Information).
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2.8 | Metabolite profiling and identification

A single area under the curve (AUC) pool was prepared for each sub-
ject (using the method of Hamilton et al'®) to include as a minimum
the last time point containing quantifiable radioactivity. In addition, a
plasma pool across subjects at the total radioactivity t.., time point
was prepared. The plasma (5 g) was precipitated with acetonitrile and
the supernatant collected. After a second wash the mixed supernatant
was evaporated and resuspended with dimethyl sulfoxide:acetonitrile:
water (20:20:60 v/v) to be anlysed by LC-AMS and LC-MS and off-line
radiodetection. For urine, the samples were pooled for each subject to
account for at least 80% of the total recovered radioactivity and con-
centrated prior analysis. For faeces, the samples were pooled for each
subject to account for greater than 90% of the excreted radioactivity.
Additionally, pooled samples across all subjects at the 48-72 hours
and 96-120 hours time points were prepared to evaluate the change
in profile with time. The faeces pools were weighed, extracted with
acetonitrile, shaken, centrifuged and the combined supernatants were
dried and reconstituted in acetonitrile:water (20:80 v/v).

The resulting samples from urine, faeces and the tnax
cross-subject plasma pool were analyzed using accurate mass LC-MS
and off-line radiodetection (additional information on LC and the
radiodetection methods is given in the Supporting Information).

The metabolic profile in the plasma AUC prepared for each subject
was performed separately by Xceleron Inc. (Germantown, MD, USA)
using AMS. For the AMS analysis, the total carbon content of the plasma
pool (n =2, 30 uL) and each plasma extract (n = 2, 30 pl) was deter-
mined using a PerkinElmer 2400 Series 2 C,H,N analyzer (additional

information on the AMS method is given in the Supporting Information).

2.9 | Structural analysis

Metabolite identification were obtained by LC-MS/MS Q-Exactive
(Thermo Fisher Scientific, Waltham, Massachusetts, EUA) using accu-
rate mass, positive and negative ion full scan, and product ion analyses
was carried out on the supplied samples to screen for the presence of
‘typical’ or ‘predicted’ metabolites that corresponded to regions of
radioactivity. Typically the MS methods contained two full-scan exper-
iments (positive/negative switching) performed at 70 000 resolution
over the range 100-800 amu. A full scan mass range of 100-1000 amu
was used on one occasion to ensure high m/z species were not being
excluded. Additional Tandem mass spectrometry experiments on pre-
determined accurate m/z values were also included at 17 500 resolu-
tion. Product ions were obtained using higher-energy collisional
dissociation at (typically) 20, 40 and 60 units (additional information on
strutural analysis is given in the Supporting Information).

210 | Extraction and column recovery

The recovery of radioactivity following extraction and reconstitution

was determined for all samples by comparing the radioactivity in the
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initial sample pool to that recovered in the supernatant and in the rec-
onstituted extract (additional information on recovery is given in the

Supporting Information).

211 | Nomenclature of Targets and Ligands

Key protein targets and ligands in this article are hyperlinked to
corresponding entries in http://www.guidetopharmacology.org, the
common portal for data from the IUPHAR/BPS Guide to PHARMA-
COLOGY, and are permanently archived in the Concise Guide to
PHARMACOLOGY 2019/20).%%°

3 | RESULTS

3.1 | Mass balance

Following a single oral dose of 100 mg [**C]-opicapone, a mean of
approximately 96% (range 91.2-105.1%) of the total radioactivity
administered was recovered by the end of the sampling period
(504 hours). The cumulative excretion of *C in urine, faeces and
expired air with time is shown in Figure 2. An average of approxi-
mately 5% (range 3.65-7.17%) of the total radioactivity was recovered
from the urine, approximately 70% (range 50.46-82.21%) was recov-
ered from the faeces and approximately 20% (range 7.58-38.32%)
was recovered in expired air samples by the end of the sampling
period. On average, more than 90% of total radioactivity was recov-
ered within 144 hours (6 days) of dosing. Within the first 24 hours
post-dose on average approximately 3% and 7% of the total radioac-
tivity was recovered in the urine and faeces, respectively. Based on
urine and expired air data alone, minimum absolute bioavailability was
approximately 25%, but with inclusion of faecal data (post 48 hours

only) this value increased to approximately 70%.

1004
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FIGURE 2 Cumulative recoveries (mean + SD) of **C (urine,

faeces and expired air) after a single oral dose of 100 mg [**C]-
opicapone capsule containing not more than 3.3 MBq (89.2 uCi). Each
point represents the mean + SD of seven subjects
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3.2 | Pharmacokinetic profiles of total [1*C]-
opicapone and metabolites

The plasma and blood concentrations versus time profiles of total *4C
together with opicapone and its major metabolite, BIA 9-1103, plasma
concentrations are shown in Figure 3. Pharmacokinetic parameters of
total C contents in plasma and of opicapone and its metabolites BIA
9-1103 and BIA 9-1106 are summarized in Table 1. Maximum plasma
concentrations occurred between 1 and 4 hours post-dose and
remained quantifiable for between 72 and 648 hours (only in two out
of seven subjects) post-dose. Whole-blood concentrations of total
radioactivity were quantifiable by 1 hour in most subjects and

remained quantifiable for the duration of the sampling period
(96 hours) for the majority of subjects. Geometric mean whole blood
to plasma concentration ratios were 0.652 at 1 hour and 0.713 at
96 hours, with no apparent trend with respect to time.

Opicapone maximum plasma concentrations occurred between
0.75 and 4 hours post-dose and remained quantifiable for between
approximately 4 and 12 hours post-dose. The geometric mean elimi-
nation half-life was 1 hour (range 0.476-2.19 hours). BIA 9-1103 max-
imum plasma concentrations occurred between approximately 6 and
8 hours post-dose and then declined in a multiphasic manner. Plasma
BIA 9-1103 levels remained quantifiable for between approximately
120 and 408 hours post-dose. The geometric mean terminal half-life
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= FIGURE3 Mean
2 10 -@- Total radioactivity in plasma concentrations of radioactivity in
c E . S blood and plasma, and mean
E ] - Total radioactivity in blood P .
[®)) concentrations of opicapone (BIA
= -O- BIA9-1067 9-1067) and its major metabolite
BIA 9-1103) in plasma following
O BIAY-11 (
1- =0 single oral dose of 100 mg [**C]-
: - . - ] opicapone capsule containing not
0 200 400 600 800 more than 3.3 MBq (89.2 pCi).
Ti h Each point represents the mean +
ime ( ) SD of seven subjects
TABLE 1 Summary of pharmacokinetic parameter estimates of opicapone (BIA 9-1067), BIA 9-1103 and BIA 9-1106 in plasma and total

radioactivity in plasma after oral administration of a single 100 mg dose of [**C]-opicapone

Plasma 4C? BIA 9-1067 BIA 9-1103 BIA 9-1106
Tlag (h)° 0.500 (0.250-1.50) 0.250 (0.250-0.500) 1.05 (1.00-2.00) 0.75 (0.500-2.00)
trmax ()P 2.00 (1-4) 2 (0.75-4.00) 6 (6.00-8.00) 2 (1.50-6.00)
Crnax (ng/ml) 718 (34.8) 600 (39.1) 115(48.7) 33.6(34.2)
AUCt (ng.h/ml) 23 800 (101.8) 1830 (52.6) 8120 (75.7) 75.0 (67.1)
AUC;¢ (ng.h/ml) NC 1890 (62.7)° 16 200 (31.9)¢ NC
t1/2 (h) NC 1.00 (59.5)¢ 138 (3.9)¢ NC

Note: Geometric mean (% coefficient of variation).
Abbreviations: NC, not calculated.
#Nanograms equivalent for total radioactivity.

®Median (minimum — maximum).

“Five out of seven subjects included in calculations.
dthree out of seven subjects included in calculations.
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was 138 hours (range 133-143 h). As shown in Table 1, low levels of
BIA 9-1106 were quantifed and BIA 9-1079 was below the limit of
quantification (BLQ, <10 ng/mL) in almost all time points.

3.3 | Metabolite profiling and identification in
plasma, urine and faeces

Plasma AUC sample radiochromatograms were generated using AMS
radiodetection. A representative radiochromatogram for plasma is
shown in Figure 4. Structural assignment and MS data are summarized
in Table 2. The proposed metabolic pathway is shown in Figure 5.

34 | Plasma

As presented in Figure 4 and Table 2, although in total 13 radioactive
regions of interest were observed in the plasma, no m/z and structure

were attributed to regions P1 and P5. The largest region of interest
(P6), at a retention time of 18.6 minutes, was identified as BIA
9-1103, the 3-O-sulfate of opicapone,
corresponding to the BIA 9-1103 isomer. BIA 9-1103 resulted on
average in 58.6% of the total radioactivity in the profiles. The second
largest region of interest, at a retention time 22.6 minutes, cor-

with a minor peak

responded to opicapone, which on average resulted in 12.1% of the
radioactivity in the profiles.

Other less abundant circulating metabolites that accounted for
more than 2% of the average total circulating radioactivity were
detected in circulation. Those included two metabolites formed by
4-0- and 3-O-methylation of opicapone, BIA 9-1104 (P10) and BIA
9-1100 (P11), which represented an average of 6.59% and 2.96%
of total circulating radioactivity, respectively. Two co-eluted metab-
olites (region P2) with a characteristic 35CI:37Cl ratio consistent
with a singly chlorinated molecule, were tentatively assigned as a
dicysteine conjugate and cysteine-cysteine-glycine conjugate of
either BIA 9-1104 or BIA 9-1100. These metabolites collectively
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FIGURE 5

represented an average of 5.49% of circulating radioactivity.
Although the elemental formula and fragmentation are consistent
with a dicysteine conjugate of either BIA 9-1104 or BIA 9-1100,
the exact location of the conjugation is difficult to ascertain. These
suggested structures are consistent with related metabolites P4
(BIA 9-5049) and P3, respectively assigned as a cysteine conjugate
of 4-O-methyl-opicapone and tentatively assigned as a cysteine/
glycine conjugate of either BIA 9-1100 or BIA 9-1104. BIA 9-5049
represented an average of 3.72% of total circulating radioactivity
and the region P3, with a characteristic 3°>CI:3’Cl ratio consistent
with a singly chlorinated molecule represented an average of
2.67% of total circulating radioactivity. BIA 9-1106, the 3-O-
glucuronide opicapone, co-eluted in the same region, but this was
deemed to be the minor component in this region. A radiopeak
was assigned to BIA 9-4584, a sulfate conjugate of methylated
opicapone, which represented an average of 2.30% of circulating
This
corresponding to a potential isomer of BIA 9-1106, but this was

radioactivity. region also contained a minor peak

not confirmed. A radiopeak at retention time 31.7 was assigned to
BIA 9-1101, a 3-O-methylation of BIA 9-1079, which together

with an isomer of BIA 9-1101 represented an average of 0.39% of
circulating radioactivity.

Formula: CgHoCloN3
BIA 9-3679 (MS only)

Proposed metabolic pathway for opicapone (BIA 9-1067) in human. P, plasma; F, faeces; U, urine

341 | \Urine

Only trace amounts of unchanged parent were observed in urine, indi-
cating minimal renal clearance of opicapone. The most abundant
metabolite observed in urine was BIA 9-1106, which represented on
average 1.72% of the administered radioactivity.

3.5 | Faeces

The majority of drug-related radioactivity was excreted in faeces,
accounting for an average of 70.4% of the administered dose. Eigh-
teen regions of radioactivity were observed in the faeces radio-
profiles. Unchanged opicapone (F18) represented on average 22.32%
of the administered radioactivity excreted in faeces. The most abun-
dant metabolites observed in faeces included M41 (F5), with a proton-
ated molecule [M + H]* at m/z 369, and a characteristic *°CI:3”Cl
ratio consistent with a dichlorinated molecule. F5 was tentatively
assigned as a result of N-oxide reduction, nitro group reduction and
reductive ring opening of the oxadiazole moiety, representing on aver-
age 5.22% of the administered radioactivity. The metabolite M4
(F9) with a protonated molecule [M + H]* at m/z 411 and with a
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characteristic 3>Cl:*”Cl ratio consistent with a di-chlorinated molecule
was tentatively assigned as an N-acetylated M41, which represented
on average 9.31% of the administered radioactivity. The metabolite
BIA 9-3752 (F3), represented on average 9.29% of the administered
radioactivity and was assigned to a carboxylic acid likely formed by
hydrolysis of the oxadiazole moiety of M4. The metabolite BIA
9-3679 with a protonated molecule [M + H]" at m/z 218 was
detected by MS at a retention time of 9.5 minutes. This component
does not produce a radiochromatogram due to the loss of the
[**C]-label during cleavage to BIA 9-3752. The radioactive region F11
is composed of two peaks closely eluting with the full-scan spectrum
showing a protonated molecule [M + H]" at m/z 425, with a
characteristic 3>CI:*”Cl ratio consistent with a dichlorinated molecule.
F11 was tentatively assigned as O-methylated M4, two isomers which
collectively represent on average 5.40% of the administered

radioactivity.

3.6 | Extraction and column recovery

The overall recovery of radioactivity from the t., plasma was 91.3%
and from AUC plasma extracts was 59.3%. The mean recovery from
the urine samples following concentration was 94.7% and from faeces
was 42.7%. A column recovery experiment performed for human
urine was determined to be 97.2%. LC-AMS column recovery was
between 80% and 120% of the total radioactivity injected onto the
system (additional information on recovery results is given in the

Supporting Information).

4 | DISCUSSION

The mass balance, excretion and metabolism of opicapone were
determined in healthy subjects after oral administration of a single
dose of 100 mg (containing 3.3 MBq (89.2 pCi) [14C]-opicapone) of
opicapone. On average, 96% of the radioactive dose of ['*C]-
opicapone was recovered, mainly via faeces (approximately 70%). Low
levels of total radioactivity related with opicapone were excreted in
urine (approximately 5.3%) and approximately 20% of total radioactiv-
ity was detected in expired air. The excretion of the majority of the
dose via faeces is consistent with that observed in preclinical species
(rat and nonhuman primate [NHP]) in which the fraction of the dose
recovered in faeces was more than 70% of the administered dose.?!
[#C]-Opicapone showed limited distribution to the whole blood, cir-
culating preferentially in the plasma, where the C,,., for total radioac-
tivity was similar to the C,.x of the unchanged parent compound. The
much greater AUC; of total radioactivity in comparison with
opicapone suggested a strong contribution of opicapone metabolites
to the total circulating radioactivity, which is corroborated by the long
half-life of 3-O-sulfate-opicapone (BIA 9-1103), the only component
that together with opicapone was observed at mean levels greater
than 10% of total circulating radioactivity exposure, representing an
average of 58.6% and 12.1%, respectively. Likewise, BIA 9-1103 is a

major metabolite in rats together with other conversions at the
nitrocatechol moiety such as methyl-conjugations and the reduction
of nitro-function.?! BIA 9-1103 peaked approximately 6 hours
post-dose in plasma, declined with a long terminal elimination phase
(geometric mean t;,, 138 hours), binds to plasma proteins by more
than 98% and is pharmacologically inactive on COMT.*® Furthermore,
clinically relevant drug interactions with BIA 9-1103 as well as by
opicapone are considered unlikely when therapeutic exposure and
plasma protein binding are taken into account.

While the parent compound and BIA 9-1103 represent the major-
ity of the total drug-related material in plasma, 11 other less abundant
circulating metabolites were identified. The latter accounted for more
than 2% of total circulating radioactivity and included an N-oxide
reduced form of opicapone (BIA 9-1079), an O-glucuronide conjugated
(BIA 9-1106) and two O-methyl conjugates of opicapone (BIA 9-1104
and BIA 9-1100), both at the nitro catechol ring (Figure 5). From those
metabolites only BIA 9-1079 and BIA 9-1104 were active against
COMT with IC5q values of 128 nM and 429 nM, respectively, under
experimental conditions where opicapone ICso was 224 nM.® Other
circulating metabolites tentatively assigned to cysteine/glycine conju-
gates of methylated opicapone (P3), the co-eluted dicysteine and
cysteine-cysteine/glycine conjugates of methylated opicapone (P2),
and the cysteine conjugate of 4-O-methyl-opicapone, BIA 9-5049
(confirmed against synthetic standards) suggested that the methyl
conjugates of opicapone are further conjugated following the
mercapturate pathway.?? Thus, the methyl conjugates of opicapone
may undergo a transient conjugation with glutathione, not detected in
circulation, that may arise via nucleophilic attack with a displacement
of a single chorine atom by glutathione (GSH) at the C-2 position of
the 2,5-dichloro-4,6-dimethylpyridine
opicapone molecule. This is consistent with the detected cysteine/

1-oxide moiety of the
glycine and cysteine conjugates of methyl-opicapone with a
characteristic mass spectrum signal *>CI:*’Cl ratio of a singly chlori-
nated molecule. The displacement of the halogen atoms by GSH from
the halogenates nitrobenzene derivatives has been previously
described.?22®  Additionally, the assignment of cysteine/glycine
derivatives further suggests the well-known conversion of glutathione
S-conjugate to a cysteinylglycine S-conjugate by y-glutamyltransferase
and then to a cysteine S-conjugate (BIA 9-5049) by various
peptidases.?? Although not confirmed with a synthetic standard, the
co-eluted dicysteine and cysteine-cysteine/glycine conjugates of
methylated opicapone (P2) suggested a second conjugation with
cysteine at the 4-methyl of the 4, 6-dimethylpyridine 1-oxide moiety.
This mercapturate route observed in human plasma was also identified

t1% and in other preclinical species, such as NHP and mini-pig (data

inra
on file). Methyl derivatives obtained from the N-oxide reduced form of
opicapone (BIA 9-1079) were also identified in circulation, as well as
the sulphate derivative of methyl conjugates of opicapone and methyl
conjugates of BIA 9-1079. The methyl conjugation of opicapone by
human COMT was described previously by Palma et al?* as an impor-
tant step in the mechanism of inhibition, demonstrating that the inhibi-
tion potency (K;) is primarily dependent on the catalytic rate constant

of the opicapone O-methylation by COMT.?* Comparison of the
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metabolic profiles of opicapone between humans and animals found
that all metabolic pathways identified in circulation in human plasma
were detected in preclinical species indicate no human-specific metab-
olites. In this study we demonstrate that the methyl conjugates of
opicapone are further subject to multiple biotransformations, including
the mercapturate and sulphate conjugation that in general should be
more promptly excreted. However, with exception of BIA 9-1106,
which was detected in urine (<2% of the dose), none of the circulating
metabolites were observed in excreta, which maybe potentially related
to instability or metabolism in excreta, slow elimination due to the high
protein binding (>99%) or just not detected, further considering the
low recovery of radioactivity in the faeces. However, the mechanisms
underlying this finding have been unclear.

Overall, urine is a minor excretion route of opicapone-related
compounds and only trace amounts of unchanged parent were
detected. In contrast, in faeces 22.32% of the administered radioac-
tivity corresponded to unchanged opicapone. As observed in rats,*®
several metabolites were formed as a result of multiple (three or
more) biotransformation processes that involved mainly reductive
reactions. BIA 9-1079, the N-oxide reduced form of opicapone, was
further reduced on the nitro moiety at the nitrocatechol ring (F5:
M41) and subsequently N-acetylated into a tentatively assigned F9:
M4, which undergoes either methylation to generate F11 or cleavage
to generate BIA 9-3752 and BIA 9-3679 (Figure 5). The later metab-
olites, confirmed with synthetic standard, may be formed by reduc-
tive ring opening and hydrolysis of the oxadiazole moiety. The
reductive cleavage of the N-O bond of the oxadiazole ring and the
subsequent hydrolysis have been extensively investigated in iso-
xazole ring metabolism, suggesting that isoxazole ring-opening reac-
tions could be catalysed under anaerobic conditions in many cases
by liver enzymes.2>?¢ Furthermore the ring-opening reaction and in
some cases ring-cleaving reactions were also described for
1,2,4-oxadiazole rings.2”?® There is evidence that the ring-opening
reaction is enhanced by anaerobic conditions in human hepatocytes
and in rat liver but enzymes including P450 might not contribute to
this unique reaction,?® however the mechanisms underlying ring-
opening reactions are still unclear. The absence of any of those
opicapone metabolites in circulation suggests that this reductive
metabolism could be promoted at the intestinal levels and may
involve the microbiome, supporting the moderate to high, dose
independent, interindividual variability of the exposure parameters
(Cmax and AUC) observed after single and repeated dose of
opicapone when administered to human healthy subjects (data on
file). In recent years, a growing number of studies have confirmed
the relevance of gut microbiome in the direct metabolism of drugs,
mainly for the poor absorbed xenobiotics or indirectly following bili-
ary excretion.??”3! There is also evidence that drugs containing a
nitro or azo group are chemical targets for metabolic modification,
undergoing reductive reactions in anaerobic conditions by human gut
bacteria.3® Furthermore, the involvement of microbiome in the
generation of *CO,, corresponding to ~20% of total radioactivity,
cannot be excluded. Indeed, BIA 9-3752, an aromatic carboxylic acid

metabolite observed in faeces but not in plasma, represents a likely
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intermediate from which *CO, could be generated. BIA 9-3752
could potentially be further metabolized by the microbiome to
release CO, in the colon, which would then be absorbed and
excreted in expired air. A recent publication on the metabolism of
ozanimod, which shares the oxadiazol ring system with a **C label in
the same position as in [**C]-opicapone, showed that the loss of
radioactivity and release of #CO, does occur in human faecal
homogenates after in vitro incubation for 96 hours under anaerobic
conditions.®? In the presence of antibiotics, this loss was prevented,
implicating the role of anaerobic bacterial metabolism leading to loss
of ¥*CO,. In addition, the corresponding product was formed only in
incubations without antibiotics and not in control incubations or with
antibiotics, showing that anaerobic bacterial metabolism leads to loss
of CO,%2 Although the reductive metabolic pathway, including
N-oxide reduction, nitro group reduction and reductive opening of
the 1, 2, 4-oxadiazole moiety followed by a hydrolytic cleavage, was
also identified in rats,'® the percentage of detected CO, in rats was
significantly lower, which may suggest a difference in the extension
of this metabolic reaction in both species.

5 | CONCLUSION

The total radioactivity is fully excreted after [**C]-opicapone adminis-
trations involving multiple metabolic pathways such as sulfation,
methylation, N-oxide reduction and GSH conjugation. The main
opicapone circulating metabolites arise from 3-O-sulfate conjugation
and main route of excretion is faeces, were opicapone may be further
metabolized via reductive metabolism involving the ring-opening

reduction and subsequent hydrolysis of the oxadiazole ring.

ACKNOWLEDGEMENT
BIAL - Portela & C¢, S.A. supported this study.

COMPETING INTERESTS

All authors have completed the Unified Competing Interest form at
www.icmje.org/coi_disclosure.pdf (available on request from the
corresponding author) and declare all were employees of BIAL -

Portela & C2, S.A. in the previous 3 years.

CONTRIBUTORS

Participated in research design: A.lLL., F.R.,, N.S., P.S.-d-S. Conducted
experiments: A.LL., F.R.,, AT.S., N.S. (Principal Investigator). Contrib-
uted new reagents or analytic tools: L.E.K. and R.P. Performed data
analysis: A.l.L. Wrote or contributed to the writing of the manuscript:
A.lLL., M.J.B. and P.S.d-S.

CONSENT TO PARTICIPATE

Each patient provided written informed consent before participation.
Each investigator received prospective approval of the study protocol,
protocol amendments, informed consent documents and all other
relevant documents from their individual institution's review board or

ethics committee.


http://www.icmje.org/coi_disclosure.pdf

BRITISH
4550 PHARMACOLOGICAL
SOCIETY

LOUREIRO ET AL.

DATA AVAILABILITY STATEMENT

Due to the nature of this research, participants of this study did not

agree for their data to be shared publicly, so supporting data is not

available.

ORCID

Patricio Soares-da-Silva

https://orcid.org/0000-0002-2446-5078

REFERENCES

1.

10.

11.

12.

13.

14.

Kiss LE, Ferreira HS, Torrao L, et al. Discovery of a long-acting,
peripherally selective inhibitor of catechol-O-methyltransferase.
J Med Chem. 2010;53(8):3396-3411. doi:10.1021/jm1001524

Kiss LE, Soares-da-Silva P. Medicinal chemistry of catechol O-
methyltransferase (COMT) inhibitors and their therapeutic utility.
J Med Chem. 2014;57(21):8692-8717. doi:10.1021/jm500572b
Cabreira V, Soares-da-Silva P, Massano J. Contemporary options for
the management of motor complications in Parkinson's disease:
Updated Clinical Review. Drugs. 2019;79:593-608. doi:10.1007/
s40265-019-01098-w

Castro Caldas A, Teodoro T, Ferreira JJ. The launch of opicapone for
Parkinson's disease: negatives versus positives. Expert Opin Drug Saf.
2018;17:331-337. doi:10.1080/14740338.2018.1433659

Fabbri M, Ferreira JJ, Lees A, et al. Opicapone for the treatment of
Parkinson's disease: A review of a new licensed medicine. Mov Disord.
2018;33(10):1528-1539. doi:10.1002/mds.27475

Fackrell R, Carroll CB, Grosset DG, et al. Noninvasive options for
‘wearing-off' in Parkinson's disease: a clinical consensus from a panel
of UK Parkinson's disease specialists. Neurodegener Dis Manag. 2018;
8(5):349-360. doi:10.2217/nmt-2018-0020

Ferreira JJ, Lees A, Rocha JF, Poewe W, Rascol O, Soares-da-Silva P.
Long-term efficacy of opicapone in fluctuating Parkinson's disease
patients: a pooled analysis of data from two phase 3 clinical trials and
their open-label extensions. Eur J Neurol. 2019;26:953-960. doi:10.
1111/ene.13914

Ferreira JJ, Lees AJ, Poewe W, et al. Effectiveness of opicapone and
switching from entacapone in fluctuating Parkinson disease. Neurol-
ogy. 2018;90(21):e1849-e1857. doi:10.1212/WNL.000000000000
5557

Jenner P, Rocha JF, Ferreira JJ, Rascol O, Soares-da-Silva P.
Redefining the strategy for the use of COMT inhibitors in Parkinson's
disease: the role of opicapone. Expert Rev Neurother. 2021;21:
1019-1033. doi:10.1080/14737175.2021.1968298

Lees A, Ferreira JJ, Rocha JF, et al. Safety Profile of opicapone in the
management of Parkinson's disease. J Parkinsons Dis. 2019;9:
733-740. doi:10.3233/JPD-191593

Salamon A, Zadori D, Szpisjak L, Klivenyi P, Vecsei L. Opicapone for
the treatment of Parkinson's disease: an update. Expert Opin
Pharmacother.  2019;20(18):2201-2207.  doi:10.1080/14656566.
2019.1681971

Bonifacio MJ, Torrao L, Loureiro Al, Palma PN, Wright LC, Soares-da-
Silva P. Pharmacological profile of opicapone, a third-generation
nitrocatechol catechol-O-methyl transferase inhibitor, in the rat. Br J
Pharmacol. 2015;172(7):1739-1752. doi:10.1111/bph.13020

Almeida L, Rocha JF, Falcao A, et al. Pharmacokinetics, pharmacody-
namics and tolerability of opicapone, a novel catechol-O-
methyltransferase inhibitor, in healthy subjects: prediction of slow
enzyme-inhibitor complex dissociation of a short-living and very long-
acting inhibitor. Clin Pharmacokinet. 2013;52:139-151. doi:10.1007/
s40262-012-0024-7

Rocha JF, Almeida L, Falcao A, et al. Opicapone: a short lived and very
long acting novel catechol-O-methyltransferase inhibitor following

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

multiple dose administration in healthy subjects. Br J Clin Pharmacol.
2013;76(5):763-775. doi:10.1111/bcp.12081

. Roffey SJ, Obach RS, Gedge JI, Smith DA. What is the objective of

the mass balance study? A retrospective analysis of data in animal
and human excretion studies employing radiolabeled
drugs. Drug Metab Rev. 2007;39:17-43. doi:10.1080/03602530
600952172

. Loureiro Al, Fernandes-Lopes C, Bonifacio MJ, Sousa F, Kiss LE,

Soares-da-Silva P. Metabolism and disposition of opicapone in the rat
and metabolic enzymes phenotyping. Pharmacol Res Perspect. 2022;
10:e00891. doi:10.1002/prp2.891

Salehpour M, Forsgard N, Possnert G. Accelerator mass spectrometry
of small biological samples. Rapid Commun Mass Spectrom. 2008;
22(23):3928-3934. doi:10.1002/rcm.3808

Hamilton RA, Garnett WR, Kline BJ. Determination of mean valproic
acid serum level by assay of a single pooled sample. Clin Pharmacol
Ther. 1981;29(3):408-413. doi:10.1038/clpt.1981.56

Alexander SPH, Fabbro D, Kelly E, et al. THE CONCISE GUIDE TO
PHARMACOLOGY 2019/20: Enzymes. Br J Pharmacol. 2019;176-
(Suppl 1):5297-5396. doi:10.1111/bph.14751

Alexander SPH, Kelly E, Mathie A, et al. THE CONCISE GUIDE TO
PHARMACOLOGY 2019/20: Introduction and Other Protein Targets.
Br J Pharmacol. 2019;176(Suppl 1):51-520. doi:10.1111/bph.14747
Loureiro Al, Fernandes-Lopes C, Moser P, Soares-da-Silva P. Distribu-
tion, metabolism and elimination of opicapone in the rat and non-
human primates. In: The 18th World Congress of Basic and Clinical
Pharmacology (WCP 2018), 1-6 July 2018, KYOTO, JAPAN,
2018. doi:10.1254/jpssuppl. WCP2018.0_PO4-1-28

Hanna PE, Anders MW. The mercapturic acid pathway. Crit Rev
Toxicol. 2019;49(10):819-929. doi:10.1080/10408444.2019.169
2191

Inoue K, Ohe T, Mori K, Sagara T, Ishii Y, Chiba M. Aromatic substitu-
tion reaction of 2-chloropyridines catalyzed by microsomal glutathi-
one S-transferase 1. Drug Metab Dispos. 2009;37(9):1797-1800.
doi:10.1124/dmd.109.027698

Palma PN, Bonifacio MJ, Loureiro Al, Soares-da-Silva P. Computation
of the binding affinities of catechol-O-methyltransferase inhibitors:
multisubstate relative free energy calculations. J Comput Chem. 2012;
33:970-986. doi:10.1002/jcc.22926

Kalgutkar AS, Nguyen HT, Vaz AD, et al. In vitro metabolism studies
on the isoxazole ring scission in the anti-inflammatory agent
lefluonomide to its active alpha-cyanoenol metabolite A771726:
mechanistic similarities with the cytochrome P450-catalyzed dehy-
dration of aldoximes. Drug Metab Dispos. 2003;31(10):1240-1250.
doi:10.1124/dmd.31.10.1240

Zhang D, Raghavan N, Chen SY, et al. Reductive isoxazole ring open-
ing of the anticoagulant razaxaban is the major metabolic clearance
pathway in rats and dogs. Drug Metab Dispos. 2008;36:303-315.
doi:10.1124/dmd.107.018416

Gu C, Elmore CS, Lin J, et al. Metabolism of a G protein-coupled
receptor modulator, including two major 1,2,4-oxadiazole ring-
opened metabolites and a rearranged cysteine-piperazine adduct.
Drug Metab Dispos. 2012;40:1151-1163. do0i:10.1124/dmd.112.
044636

Makino C, Watanabe A, Deguchi T, et al. In vivo multiple metabolic
pathways for a novel G protein-coupled receptor 119 agonist DS-
8500a in rats: involvement of the 1,2,4-oxadiazole ring-opening
reductive reaction in livers under anaerobic conditions. Xenobiotica.
2019;49:961-969. doi:10.1080/00498254.2018.1514545

Clarke G, Sandhu KV, Griffin BT, Dinan TG, Cryan JF, Hyland NP.
Gut reactions: Breaking down xenobiotic-microbiome
interactions. Pharmacol Rev. 2019;71:198-224. doi:10.1124/pr.118.
015768


https://orcid.org/0000-0002-2446-5078
https://orcid.org/0000-0002-2446-5078
info:doi/10.1021/jm1001524
info:doi/10.1021/jm500572b
info:doi/10.1007/s40265-019-01098-w
info:doi/10.1007/s40265-019-01098-w
info:doi/10.1080/14740338.2018.1433659
info:doi/10.1002/mds.27475
info:doi/10.2217/nmt-2018-0020
info:doi/10.1111/ene.13914
info:doi/10.1111/ene.13914
info:doi/10.1212/WNL.0000000000005557
info:doi/10.1212/WNL.0000000000005557
info:doi/10.1080/14737175.2021.1968298
info:doi/10.3233/JPD-191593
info:doi/10.1080/14656566.2019.1681971
info:doi/10.1080/14656566.2019.1681971
info:doi/10.1111/bph.13020
info:doi/10.1007/s40262-012-0024-7
info:doi/10.1007/s40262-012-0024-7
info:doi/10.1111/bcp.12081
info:doi/10.1080/03602530600952172
info:doi/10.1080/03602530600952172
info:doi/10.1002/prp2.891
info:doi/10.1002/rcm.3808
info:doi/10.1038/clpt.1981.56
info:doi/10.1111/bph.14751
info:doi/10.1111/bph.14747
info:doi/10.1254/jpssuppl.WCP2018.0_PO4-1-28
info:doi/10.1080/10408444.2019.1692191
info:doi/10.1080/10408444.2019.1692191
info:doi/10.1124/dmd.109.027698
info:doi/10.1002/jcc.22926
info:doi/10.1124/dmd.31.10.1240
info:doi/10.1124/dmd.107.018416
info:doi/10.1124/dmd.112.044636
info:doi/10.1124/dmd.112.044636
info:doi/10.1080/00498254.2018.1514545
info:doi/10.1124/pr.118.015768
info:doi/10.1124/pr.118.015768

LOUREIRO ET AL.

30.

31

32.

Zimmermann M, Zimmermann-Kogadeeva M, Wegmann R,
Goodman AL. Mapping human microbiome drug metabolism by gut
bacteria and their genes. Nature. 2019;570(7762):462-467. doi:10.
1038/541586-019-1291-3

Swanson HI. Drug metabolism by the host and gut microbiota: A
partnership or rivalry? Drug Metab Dispos. 2015;43:1499-1504.
Surapaneni S, Yerramilli U, Bai A, et al. Absorption, Metabolism, and
Excretion, in Vitro Pharmacology, and Clinical Pharmacokinetics of
Ozanimod, a Novel Sphingosine 1-Phosphate Receptor Modulator.
Drug Metab Dispos. 2021;49(5):405-419. doi:10.1124/dmd.120.
000220

BRITISH
PHARMACOLOGICAL 4551
SOCIETY

SUPPORTING INFORMATION
Additional supporting information may be found in the online version

of the article at the publisher's website.

How to cite this article: Loureiro Al, Rocha F, Santos AT, et al.
Absorption, metabolism and excretion of opicapone in human
healthy volunteers. Br J Clin Pharmacol. 2022;88(10):
4540-4551. doi:10.1111/bcp.15383


info:doi/10.1038/s41586-019-1291-3
info:doi/10.1038/s41586-019-1291-3
info:doi/10.1124/dmd.120.000220
info:doi/10.1124/dmd.120.000220
info:doi/10.1111/bcp.15383

	Absorption, metabolism and excretion of opicapone in human healthy volunteers
	1  INTRODUCTION
	2  MATERIALS AND METHODS
	2.1  Reagents
	2.2  Clinical study conduct

	What is already known about this subject
	What this study adds
	2.3  Clinical study design
	2.4  Sample collection and storage
	2.5  Measurement of total radioactivity
	2.6  Quantitation of concentrations in plasma samples by liquid chromatography-tandem mass spectrometry
	2.7  Pharmacokinetic and statistical analyses
	2.8  Metabolite profiling and identification
	2.9  Structural analysis
	2.10  Extraction and column recovery
	2.11  Nomenclature of Targets and Ligands

	3  RESULTS
	3.1  Mass balance
	3.2  Pharmacokinetic profiles of total [14C]-opicapone and metabolites
	3.3  Metabolite profiling and identification in plasma, urine and faeces
	3.4  Plasma
	3.4.1  Urine

	3.5  Faeces
	3.6  Extraction and column recovery

	4  DISCUSSION
	5  CONCLUSION
	ACKNOWLEDGEMENT
	COMPETING INTERESTS
	CONTRIBUTORS
	CONSENT TO PARTICIPATE
	DATA AVAILABILITY STATEMENT

	REFERENCES


