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Abstract
Opicapone	 (2,5-	dichloro-	3-	(5-	(3,4-	dihydroxy-	5-	nitrophenyl)-	1,2,4-	oxadiazol-	3-	yl)-	4,
6-	dimethylpyridine	1-	oxide)	is	a	selective	catechol-	O-	methyltransferase	inhibitor	that	
has	been	granted	marketing	authorization	in	Europe,	Japan,	and	United	States.	The	
present	work	describes	the	metabolism	and	disposition	of	opicapone	in	the	rat	ob-
tained	in	support	to	its	development	and	regulatory	filling.	Plasma	levels	and	elimina-
tion of total radioactivity were determined after oral and intravenous administration 
of [14C]-	opicapone.	The	maximum	plasma	concentrations	of	opicapone-	related	radio-
activity were reached at early time points followed by a gradual return to baseline with 
a	biphasic	elimination.	Fecal	excretion	was	the	primary	route	of	elimination	of	total	
radioactivity.	 Quantitative	 distribution	 of	 drug-	related	 radioactivity	 demonstrated	
that opicapone and related metabolites did not distribute to the central nervous sys-
tem.	Opicapone	was	extensively	metabolized	in	rats	resulting	in	more	than	20	phase	I	
and	phase	II	metabolites.	Although	O-	glucuronidation,	-	sulfation,	and	-	methylation	of	
the	nitrocatechol	moiety	were	the	principal	metabolic	pathways,	small	amount	of	the	
N-	acetyl	derivative	was	detected,	as	a	result	of	reduction	of	the	nitro	group	and	sub-
sequent	 conjugation.	Other	metabolic	 transformations	 included	N-	oxide	 reduction	
to	 the	pyridine	derivative	and	 reductive	cleavage	of	1,2,4-	oxadiazole	 ring	 followed	
by	further	conjugative	reactions.	Reaction	phenotyping	studies	suggested	that	SULT	
1A1*1	and	*2	and	UGT1A7,	UGT1A8,	UGT1A9,	and	UGT1A10	may	be	involved	in	opi-
capone	sulfation	and	glucuronidation,	respectively.	However,	the	reductive	metabolic	
pathways	mediated	by	gut	microflora	cannot	be	excluded.	Opicapone,	in	the	rat,	was	
found	to	be	 rapidly	absorbed,	widely	distributed	to	peripheric	 tissues,	metabolized	
mainly	via	conjugative	pathways	at	the	nitro	catechol	ring,	and	primarily	excreted	via	
feces.
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1  |  INTRODUC TION

Opicapone	 is	 a	 reversible,	 peripherally	 selective,	high	binding	af-
finity,	 and	 long-	acting	 third	 generation	 nitrocatechol	 catechol-	
O-	methyltransferase	 (COMT)	 inhibitor,	 devoid	 of	 cytotoxic	
effects,1,2 and has been shown to reduce the peripheral me-
tabolism	 of	 levodopa	 (the	 mainstay	 antiparkinsonian	 drug)	 to	
3-	O-	methyl-	levodopa,3 and hereby improves motor response in 
Parkinson's	disease	(PD)	patients.4–	12 Opicapone has recently been 
granted	marketing	authorization	under	the	trade	name	Ongentys® 
by	EMA,	MHLW,	and	FDA,	to	be	used	in	the	adjunctive	levodopa	
therapy	of	PD	patients.

The	 pharmacokinetic	 profile	 of	 opicapone	 and	 its	 metabolites	
was	 investigated	 in	 healthy	 subjects	 demonstrating	 an	 approxi-
mately	linear	pharmacokinetics	(PK)	following	single	ascending	oral	
doses	(10,	25,	50,	100,	200,	400,	800,	and	1200	mg)13 and multiple 
once-	daily	oral	doses.14 Despite its short apparent terminal elimina-
tion	half-	life	(t1/2,	0.8–	3.2	h),	the	levels	of	COMT	inhibition	in	eryth-
rocyte were sustained far beyond the observable point of plasma 
drug	clearance	 (6–	10	h)	making	 it	 suitable	 for	a	once-	daily	dosage	
regimen.14

In	 contrast	 to	 other	 nitrocatechol	 COMT	 inhibitors,	 such	 as	
entacapone,	 tolcapone,	 or	 nebicapone—	which	 are	 extensively	
metabolized	 by	 glucuronidation	 followed	 by	 rapid	 excretion	 in	
the urine15–	18—	only	 trace	amounts	of	opicapone	glucuronide	de-
rivative were detected in humans even at higher doses adminis-
tered.	 While	 the	 N-	oxide	 reduced	 derivative	 of	 opicapone	 was	
found	 to	 be	 another	 minor	 metabolite,	 the	O-	sulfate	 conjugate	
appeared to be the major metabolite of opicapone with a relatively 
long t1/2,	ranging	from	25.1	to	26.9	h	following	a	single	dose	and	
from	 98.5	 to	 112.0	 h	 following	 repeated	 dosing,	 respectively.14 
Sulfotransferase	 (SULT)	 and	 UDP-	glucuronosyltransferase	 (UGT)	
are	 phase	 II	 metabolizing	 enzymes	 responsible	 for	 conjugative	
pathways	that	catalyze	the	addition	of	sulfate	and	glucuronic	acid,	
respectively,	 to	 functional	 groups	 including	 aromatic	 hydroxyl	
groups.19	Characterization	of	the	SULT	and	UGT	isoforms	involved	
in a drug metabolism is essential to anticipate the potential for 
metabolism-	mediated	 drug	 interactions	 and	 inter-	individual	 vari-
ations	 in	drug	metabolism	and	PK.	 In	 this	 study,	 the	metabolism	
and	disposition	of	opicapone	was	investigated	in	the	rat,	in	support	
to	the	opicapone	drug	development.	Plasma	levels	and	elimination	
of total radioactivity were determined after oral and intravenous 
administration of [14C]-	opicapone.	The	tissue	distribution	of	[14C]-	
opicapone	was	determined	by	quantitative	whole-	body	phosphor	
imaging	 (QWBPI)	 and	 the	 biotransformation	 of	 opicapone	 was	
characterized	in	rat	urine,	plasma,	and	feces	after	oral	administra-
tion of [14C]-	opicapone	using	accurate	mass	LC–	MS	combined	with	
parallel offline radiodetection.

2  |  MATERIAL S AND METHODS

2.1  |  Reagents

Unlabeled	 opicapone	 (BIA	 9-	1067;	 2,5-	dichloro-	3-	(5-	(3,4-	dihydr
oxy-	5-	nitrophenyl)-	1,2,4-	oxadiazol-	3-	yl)-	4,6-	dimethylpyridine	 1-	
oxide)	was	supplied	by	BIAL	as	a	yellow	powder	with	a	chemical	
purity of 98%. [14C]-	Opicapone	 (Figure	 1),	 specific	 radioactivity	
2.09	GBq/mmol	 (5.03	MBq/mg),	was	 supplied	 by	GE	Healthcare	
UK	and	by	Quotient	Bioresearch,	UK	at	a	radiochemical	purity	of	
99.1%.	Opicapone	metabolites	were	synthesized	in	the	Laboratory	
of	 Chemistry,	 BIAL	 (Coronado	 [S.	 Mamede,	 S.	 Romao],	 Portugal	
[metabolite	 details	 in	 Supporting	 Information]).	 The	 uridine	
5'-	diphospho-	glucuronic	 acid	 (UDPGA),	 Adenosine	 3′-	phosphate	
5′-	phosphosulfate	 (PAPS),	 magnesium	 chloride,	 and	 all	 other	
chemicals	 were	 purchased	 from	 Sigma-	Aldrich.	 Recombinant	
human	UGTs	expressed	 in	 baculovirus-	infected	 insect	 cells	were	
purchased	 from	 PanVera-	Invitrogen	 (Carlsbad,	 CA;	 1A1,	 1A3,	
1A6,	 1A7,	 1A10,	 and	 2B7)	 and	 from	 BD	 Biosciences	 (1A4,	 1A8,	
1A9,	2B15,	2B4,	and	2B17).	Pooled	human	liver	microsomes	(HLM,	
from	48	donors)	 and	 intestinal	microsomes	 (HIM,	prepared	 from	
the	 duodenum	 and	 jejunum	 sections	 of	 each	 of	 5	 donors)	 were	
purchased	 from	 BD	Gentest.	 Recombinant	 human	 SULTs	 1A1*1,	
1A1*2;	1A2,	1A3,	2A1,	1E1,	and	1B1,	expressed	in	Escherichia coli 
were	purchased	from	Cypex.	Pooled	human	liver	S9	fraction	(HLS9,	
from	42	donors)	and	intestinal	S9	(HIS9,	prepared	from	13	donors)	
were purchased from XenoTech. The protein contents were used 
as described in the data sheets provided by the manufacturers.

2.2  |  Animals

All	 animal	 procedures	 were	 conducted	 in	 the	 strict	 adherence	 to	
the	 European	Directive	 2010/63/EU	on	 the	 protection	 of	 animals	
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used	for	scientific	purposes,	the	Portuguese	law	on	animal	welfare	
(Decreto-	Lei	 113/2013)	 and	 the	 rules	 of	 the	 “Guide	 for	 the	 Care	
and	 Use	 of	 Laboratory	 Animals”	 8th	 edition,	 2011,	 Institute	 for	
Laboratory	Animal	Research,	Washington,	DC.

The	 animal	 work	 to	 evaluate	 the	 metabolite	 identification,	
mass	 balance,	 and	 QWBPI	 were	 conducted	 under	 the	 UK	 Home	
Office	 Project	 License	 No.	 PPL	 70/8781,	 Pharmacokinetics	 of	
Pharmaceuticals.	 UK	 Home	 Office	 controls	 scientific	 procedures	
on	 animals	 in	 the	 UK	 by	 the	 issue	 of	 licenses	 under	 the	 Animals	
(Scientific	 Procedures)	 Act	 1986.	 The	 regulations	 conform	 to	 the	
European	Convention	for	the	Protection	of	Vertebrate	Animals	Used	
for	Experimental	and	Other	Scientific	Purposes	(Strasbourg,	Council	
of	 Europe)	 and	 achieve	 the	 standard	 of	 care	 required	 by	 the	 US	
Department	of	Health	and	Human	Services	Guide	for	the	Care	and	
Use	of	Laboratory	Animals.	The	Home	Office	license	governing	this	
study strictly specifies the limit of effects on animal. The procedures 
described	in	this	manuscript	did	not	cause	any	effects	which	exceed	
the severity limit of the procedure.

Male rats were used for all studies. To evaluate the disposition 
of	 opicapone-	related	 radioactivity,	Wistar	 rats	 aged	6	 to	7	weeks	
(n =	12;	223–	247	g),	were	obtained	from	Charles	River	UK	Limited.	
Animals	 were	 kept	 with	 special	 quality	 control	 (QC)	 diet,	 RM1	
(Special	Diet	Service)	mains	tap	water	offered	ad	libitum.	To	evalu-
ate	the	metabolic	profiling	and	identification,	Sprague	Dawley	rats	
(8–	10	weeks	and	body	weight	291–	351	g	at	the	time	of	dosing)	were	
supplied	by	Charles	River.	The	animals	were	acclimatized	to	the	ex-
perimental unit for at least 9 days prior to use on the study.

To	 evaluate	 opicapone	 and	 metabolites	 exposure	 Wistar	 rats	
were	 obtained	 from	 Harlan,	 Spain	 (0.17–	0.2	 kg)	 and	 were	 main-
tained under controlled environmental conditions in a colony room 
(12	 h	 light/dark	 cycle,	 room	 temperature	 22	± 1°C and humidity 
55	±	15%)	with	food	and	water	provided	ad	libitum.	Animals	were	
quarantined	for	1	week	before	dosing.

2.3  |  Mass balance evaluation

Rats	 were	 orally	 administered	 with	 10	 mg/kg	 [14C]-	opicapone	
(100 μCi/kg)	in	0.5%	carboxymethylcellulose	(CMC).	For	intravenous	
administration	 the	 dose	 formulation	 of	 1	 mg/kg	 [14C]-	opicapone	
(100 μCi/kg)	in	dimethyl	sulfoxide,	was	given	as	a	single	bolus	injec-
tion	into	the	tail	vein,	over	a	period	of	approximately	30	s	to	1	min.	
Serial	blood	samples	were	removed	from	the	tail	vein	of	each	animal	
following	oral	administration	at	0.25,	0.5,	1,	2,	4,	6,	8,	24,	48,	and	
72	h	and	following	intravenous	administration	at	0.08,	0.25,	0.5,	1,	
2,	4,	8,	24,	48,	and	72	h	post-	dosing.	Samples	were	transferred	to	
lithium	heparin	tubes,	centrifuged	at	5°C	and	the	collected	plasma	
was harvested for radioactivity counting.

Urine	and	feces	samples	were	collected	at	6	 (only	 for	urine),	
24,	 48,	 72,	 96,	 and	 120	 h	 post-	dose.	 At	 the	 time	 of	 each	 fecal	
collection	each	day,	the	metabolic	cages	were	washed	with	water	
and	 the	wash	was	 retained	 for	 radioactivity	analysis.	From	each	
animal,	 expired	 CO2 was collected into two serial solvent traps 

containing a CO2	 absorbing	 solution	 of	 2-	ethoxyethanol:	 mon-
oethanolamine,	7:3	 (v/v).	Collections	of	expired	air	were	discon-
tinued	 at	 48	 h	 post-	dose,	 since	 it	was	 confirmed	 that	 less	 than	
0.5%	of	dose	was	recovered	in	the	previous	24	h	collection	period.	
The animals were sacrificed by CO2 narcosis and cervical disloca-
tion at the end of the collection period and the carcasses retained 
for radioactivity.

2.4  |  Radioactivity determination

Radioactivity	was	determined	in	a	Tricarb	Series	liquid	scintillation	
analyzer	(PerkinElmer	LAS	UK	Ltd).	Quench	correction	was	checked	
using	quenched	radioactive	reference	standards	(PerkinElmer	Life	
Sciences	 UK	 Ltd).	 The	 limit	 of	 quantification	 was	 taken	 as	 twice	
the	 background	 count	 level.	 Liquid	 samples	 (e.g.,	 urine,	 plasma,	
cage	 wash)	 were	 counted	 directly	 in	 liquid	 scintillant.	 Feces	 and	
cage	 debris	 samples	 were	 homogenized	 in	 a	 suitable	 quantity	
of	 tap	water.	Weighed	 aliquots	 of	 homogenates	were	 allowed	 to	
dry	at	least	overnight	and	then	combusted	using	a	Packard	Model	
307	automatic	sample	oxidizer	 (PerkinElmer	LAS	 (UK)	Ltd).	Carbo	
Sorb®E	and	Permafluor®E+	were	used	as	absorbent	and	scintillator,	
respectively.

2.5  |  Quantitative whole- body phosphor imaging

QWBPI	was	 evaluated	 in	 rats	 following	 an	 oral	 dosing	 via	 gastric	
gavage	 of	 10	 mg/kg	 [14C]-	opicapone	 (200	 μCi/kg)	 formulated	 in	
0.5%	CMC.	Following	administration,	animals	were	sacrificed	at	1,	
4,	12,	and	48	h	post-	dosing	by	carbon	dioxide	narcosis.	Immediately	
prior	to	sacrifice,	a	blood	sample	was	removed	from	the	tail	vein	into	
a	 heparinized	 tube.	 Immediately	 after	 sacrifice,	 the	 animals	 were	
rapidly	frozen	by	immersion	in	a	mixture	of	hexane/solid	CO2.	Blocks	
were	bagged	and	stored	frozen	(approximately	−20°C)	until	required	
for	sectioning.	Samples	were	sectioned	by	a	Leica	CM	3600	cryomi-
crotome	(Leica	Instruments	GmbH)	maintained	at	−20°C.

The	40-	μm	sections	were	collected	at	five	sagittal	whole-	body	
sections	obtained	at	 various	 levels	 through	 the	 carcass.	 Sections	
of	 interest	 were	 mounted	 on	 pressure	 sensitive	 tape	 (TAAB	
Laboratories	 Equipment	 Ltd)	 and	 left	 in	 the	 cryostat	 chamber	 at	
approximately	−20°C	for	a	minimum	period	of	72	h	or	until	freeze-	
dried.	During	the	freeze-	drying	process,	the	dehydration	cycle	on	
the cryomicrotome was activated to prevent timed defrosts during 
this	 period.	 Calibration	 (3–	19	 000	 nCi/g	 containing	 14C radiola-
beled	 compound)	 and	 QC	 standard	 blocks	 were	 sectioned	 in	 an	
identical	manner	to	the	animal	blocks.	Freeze-	dried	sections	were	
placed	against	a	phosphor	screen	(Raytek	Scientific	Ltd)	for	an	ex-
posure	period	of	18	h	and	then	radioactivity	was	quantified	using	
a	Fuji	model	FLA5000	phosphor	imager	system	(Raytek	Scientific	
Ltd)	 and	Aida™	 software	 (v3.27).	 For	 each	 set	of	whole-	body	 im-
ages	obtained,	 the	 system	was	calibrated	with	phosphor	 imaging	
standards.
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2.6  |  Metabolite identification and profiling

Rats	 were	 orally	 administered	 with	 100	 mg/kg	 [14C]-	opicapone	
(100 μCi/kg)	 in	 0.2%	 hydroxypropyl	 methylcellulose	 (HPMC).	
Serial	blood	samples	were	collected	by	cardiac	puncture	into	hep-
arinized	tubes	at	2,	4,	8,	24,	48,	72,	and	168	h	post-	dose.	Samples	
were	centrifuged	at	5°C	and	the	plasma	was	harvested	for	radio-
activity	 counting.	Urine	 and	 feces	 samples	were	 selected	 based	
on	total	radioactivity	data	and	were	pooled	by	combining	a	fixed	
amount	of	each	sample.	The	0–	6	h	and	6–	24	h	pools	were	selected	
for	 urine	 and	0–	12	h;	 12–	24	h	 and	24–	48	h	were	 selected	 from	
feces. The radioactive concentrations of each pool were measured 
and	 the	prepared	pools	were	 then	 stored	 at	 −80°C.	 The	plasma	
samples	 were	 precipitated	 with	 MeOH/ACN	 (50:50;	 v/v)	 and	
centrifuged,	and	the	supernatant	was	evaporated	to	the	dryness	
under	 N2. The reconstituted plasma samples were injected into 
HPLC.	The	urine	was	mixed	with	100	μl of internal standard (opi-
capone	deuterated),	was	centrifuged,	and	injected	into	HPLC.	The	
fecal	 homogenates	 were	 weighed	 mixed	 with	 H2O/MeOH/ACN	
(33:33:33	v/v/v),	were	homogenized,	centrifuged,	and	the	super-
natants	were	evaporated	to	dryness	under	N2 to be reconstituted 
and	be	injected	into	HPLC.

Radiolabeled	components	in	plasma,	urine,	or	fecal	samples	were	
profiled	 after	 separation	 by	 HPLC	 and	 subsequent	 radiocounting	
analysis	 using	 the	Perkin	Elmer	TopCount	NXT	 system.	The	 chro-
matographic	 separation	of	metabolites	 in	plasma,	urine,	 and	 feces	
was	 achieved	 at	 room	 temperature	 on	 an	 Phenomenex	 Synergi	
Polar-	RP,	4	μm,	4.6	×	250	mm	HPLC	column	using	water	0.5%	for-
mic	acid	and	acetonitrile	0.5%	formic	acid	as	mobile	phases	set	at	
the	 flow	 rate	of	1.0	ml/min.	The	high-	resolution	MS	and	MSn	ac-
quisitions	were	 performed	with	 a	 Thermo	Scientific	 LTQ	Orbitrap	
mass	 spectrometer,	 fitted	 with	 an	 electrospray	 ionization	 source.	
All	the	proposed	structures	of	the	radiopeaks	associated	with	mass	
peak	 did	 not	 deviate	more	 than	 5	 ppm	 from	 theoretical	 accurate	
mass.	The	mass	 spectrometer	was	 set	 for	 a	 full	 scan	and	data-		or	
list-	dependent	scan	modes	with	mass	resolution	at	60	000	for	the	
full	 scan.	For	plasma	and	 feces,	extraction	efficiency	and	 total	 re-
covery	were	investigated,	for	urine	total	recovery	only	(details	of	the	
method	in	Supporting	Information).

2.7  |  Quantification of opicapone and metabolites 
in rat plasma

To	evaluate	the	opicapone	and	metabolites	exposure	in	rat	plasma,	
animals were fasted the night before administration. Opicapone 
(1000	mg/kg)	was	given	orally	(p.o.)	as	a	suspension	in	0.2%	HPMC.	
Blood	was	 collected	 at	 1,	 2,	 4,	 8,	 24,	 and	 48	 h	 after	 dosing	with	
heparinized	syringes	and	kept	on	ice	until	centrifuged.	Plasma	was	
stored	at	 less	 than	−20°C	until	 the	analysis	of	opicapone	and	me-
tabolites.	 Opicapone	 and	 metabolites	 were	 quantified	 in	 plasma	
samples,	following	protein	precipitation,	using	a	LC-	MS	from	Agilent	
with negative ion detection.

2.8  |  Pharmacokinetic analysis

Pharmacokinetics	 parameters	 were	 calculated	 using	 non-	
compartmental analysis from the concentration versus time profiles 
using	Prism	GraphPad	Version	5	(GraphPad	Software,	Inc.).	Results	
are given as mean and range and median for tmax. The area under 
plasma	 concentration–	time	 curve	 (AUC0–	t)	 values	were	 calculated	
from	time	zero	to	the	last	sampling	time	at	which	the	concentration	
is	at	or	above	the	limit	of	quantification.

2.9  |  COMT activity

The	 characterization	 of	 the	 interaction	 of	 opicapone	 and	 its	 me-
tabolites,	BIA	9-	1079,	BIA	9-	1100,	BIA	9-	1103,	BIA	9-	1104,	and	BIA	
9-	3752,	COMT	activity	was	investigated	with	rat	soluble	COMT	as	
previously described.20

Briefly,	the	COMT	activity	was	determined	by	using	adrenaline	as	
substrate	and	measuring	metanephrine	formed.	Reaction	mix	(total	
volume of 200 μl)	contained	100	μl	sample	(0.2	mg	total	protein),	the	
opicapone	metabolites	(3–	3000	nM)	or	vehicle,	pargyline	(100	μM),	
magnesium chloride (100 μM),	EGTA	(1	mM),	s-	adenosylmethionine	
(500	μM),	and	adrenaline	 (1000	μM)	 in	5	mM	phosphate	buffer	at	
pH	7.8,	were	preincubated	for	30	min	at	37°C.	The	reactions	were	
then started by the addition of the substrate adrenaline and carried 
out	for	5	min	at	37°C.	The	reaction	was	stopped	by	the	addition	of	
Perchloric	acid	2	M,	and	the	sample	was	kept	at	2–	8°C	for	1	h	and	
subsequently	was	centrifuged.	The	supernatants	were	then	filtered	
and the metanephrine formed in the reaction was measured with 
HPLC-	ED.

2.10  |  Sulfate conjugation of opicapone by SULTs

The	 opicapone	 sulfate	 conjugations	 by	 recombinant	 SULTs,	 human	
liver	(HLS9),	and	intestinal	(HIS9)	S9	fractions	were	measured	after	the	
incubation	of	opicapone	with	a	mixture	of	5	mM	MgCl2 and 0.1 mM 
PAPS	in	50	mM	phosphate	buffer	at	pH	7.4.	After	a	5-	min	preincuba-
tion,	the	reaction	was	initiated	by	the	addition	of	opicapone.	Reaction	
mixture	was	 incubated	for	up	to	60	min,	 in	a	shaking	water	bath	at	
37°C	and	 the	 reaction	was	 stopped	by	 the	addition	of	0.1%	 formic	
acid	in	acetonitrile.	After	a	removal	of	the	protein	by	centrifugation,	
the	supernatant	was	filtered	and	was	injected	into	an	LC-	MS/MS.	For	
the	screening	of	SULTs	involved	in	sulfate	conjugation	of	opicapone,	
the	recombinant	SULT1A1*1,	1A1*2,	1A2,	1A3,	2A1,	1E1,	and	1B1	at	
the	protein	concentration	of	40	μg/ml were incubated with 10 μM of 
opicapone.	Rates	of	 sulfation	of	opicapone	were	determined,	 in	 re-
combinant	SULT1A1	(30	μg/ml),	HLS9	(1	mg/ml),	and	HIS9	(0.4	mg/ml)	
fractions with opicapone concentrations ranging from 1 to 100 μM.	All	
the preparations were evaluated for the linearity of product formation 
with	respect	to	 incubation	time	 (0–	240	min)	and	protein	concentra-
tion.	The	kinetic	analyses	were	performed	within	the	linear	range	of	
time and protein concentration obtained from each cellular fraction 
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and	recombinant	enzymes.	The	inhibition	of	the	sulfation	of	opicapone	
in	pooled	S9	fraction	and	SULT1A1*1	and	1A1*2	was	evaluated	in	the	
presence	and	in	the	absence	of	acetaminophen	(substrate	of	SULT)	at	
the	concentrations	of	1,	5,	10,	50,	100,	200,	400,	and	500	μM,	querce-
tin	 and	 2,6-	dichloro-	4-	nitrophenol,	 both	 substrate	 for	 SULT1A1	 at	
0.05,	0.1,	0.5,	1,	5,	10,	50,	100	μM.

2.11  |  Glucuronidation of opicapone by 
glucuronyltransferases

The	glucuronidations	of	opicapone	in	human	liver	(HLM),	intestinal	
(HIM)	microsomes,	and	recombinant	glucuronyltransferases	(UGTs)	
were evaluated after the incubation of opicapone with 10 mM 
MgCl2,	2	mM	UDPGA,	25	μg/ml	alamethicin,	5	mM	saccharolactone	
in	50	mM	phosphate	buffer	at	pH	7.5.	After	a	5-	min	preincubation,	
the reaction was initiated with the addition of opicapone. Reaction 
mixture	was	 incubated	 in	 a	 shaking	water	 bath	 at	 37°C	 for	 up	 to	
60 min and the reaction was stopped by the addition 0.1% formic 
acid	in	acetonitrile.	After	a	removal	of	the	protein	by	centrifugation,	
the	supernatant	was	filtered	and	was	injected	into	an	LC-	MS.

For	 the	screening	of	 the	recombinant	enzymes	 involved	 in	opica-
pone	glucuronidation,	UGTs	1A1,	1A3,	1A6,	1A7,	1A10,	2B7,	1A4,	1A8,	
1A9,	2B15,	2B4,	and	2B17	at	the	total	protein	concentration	of	0.4	mg/
ml were incubated with 20 μM of opicapone. The rates of opicapone 
glucuronidation	in	recombinant	UGTs,	HLM,	and	HIM	were	determined	
with	opicapone	concentrations	ranging	from	1	to	250	μM. The linear-
ity	of	product	formation	with	respect	to	protein	concentration	(0.025–	
0.8	mg/ml)	was	evaluated	and	the	experimental	conditions	were	chosen	
within the linearity range previously evaluated for product formation 
with	respect	to	incubation	time	(0–	60	min)	and	protein	concentration.

3  |  RESULTS

3.1  |  Mass balance

The	mean	cumulative	dose	recovered	over	time	in	feces,	urine,	and	
the	total	radioactivity	following	an	oral	administration	of	10	mg/kg	
of [14C]-	opicapone	is	shown	in	Figure	2.	Five	days	(120	h)	after	a	sin-
gle	oral	dosing,	approximately	100.7%	(range	from	93.3%	to	108.8%)	
of	 the	 administered	dose	had	been	 excreted,	with	4.0%	of	 the	 ra-
diolabeled	material	 excreted	 to	urine	and	92.3%	excreted	 in	 feces,	
respectively.	The	majority	of	fecal	excretion	occurred	in	the	first	24	h	
post-	dose,	 representing	about	86.3%	of	 the	total	excretion	via	 this	
route.	Urinary	excretion	was	a	minor	route	of	the	elimination	being	
approximately	23-	fold	less	than	fecal	excretion	(Figure	2B).	As	shown	
in	Figure	2A,	opicapone-	related	radioactivity	in	plasma	peaked	at	4	h	
post-	dose	with	a	maximal	concentration	of	1561	ng	equiv/g.	The	peak	
was	followed	by	a	decline	to	453	ng	equiv/g	at	24	h	post-	dose	(ap-
proximately	3.5-	fold	 less	 than	Cmax).	 The	 total	 plasma	 radioactivity	
slowly	declined	to	an	average	of	426	ng	equiv/g	at	72	h,	the	last	time	
point evaluated.

Opicapone mass balance was also evaluated in a study intended to 
profile	and	identify	its	metabolites	(in	plasma,	urine,	and	feces)	after	
administration	 of	 100	 mg/kg	 of	 [14C]-	opicapone	 to	 male	 Sprague	
Dawley	rats.	As	described	above	for	the	dose	of	10	mg/kg,	follow-
ing a single oral administration of [14C]-	opicapone	of	100	mg/kg,	the	
main	route	of	excretion	was	via	the	feces,	with	a	mean	of	88.0%	re-
covered	by	168	h	post-	dose.	Urinary	excretion	was	minor	 route	of	
the	 elimination	 accounted	 for	 4.9%	 of	 the	 administered	 dose.	 The	
mean	 total	 recovery	by	168	h	post-	dose	 including	 cage	wash,	 gas-
trointestinal	tract,	and	carcass,	was	94.7	±	4.2%.	The	plasma	kinetics	
of total radioactivity were determined with blood samples collected 
from	0.5	to	168	h	post-	dose	and	levels	of	total	radioactivity	are	de-
termined in blood and plasma samples as presented in Table 1. The 
mean concentration of total radioactivity in plasma following single 
oral administration was detectable shortly after administration (Tmax 
range	0.5–	1	h	post-	dose)	with	 a	maximal	 concentration	of	 35.3	μg 
equiv/ml	and	an	AUC0–	t	of	402	μg	equiv.h/ml.	Total	radioactivity	re-
mained	quantifiable	up	to	168	h	post-	dose	in	all	animals	with	a	mean	
circulating concentration of 1.09 μg	equiv/ml.	Geometric	mean	total	
radioactivity	whole	blood	to	plasma	concentration	ratios	were	0.49	at	

F I G U R E  2 Mean	plasma	concentration	of	opicapone-	related	
radioactivity	in	(A)	rat	plasma,	(B)	mean	cumulative	excretion	of	total	
radioactivity	in	urine,	feces,	cage	wash,	and	cage	debris	from	male	
Wistar	rats	following	oral	single	dose	of	10	mg/kg	with	100	μCi/kg	of	
[14C]-	opicapone.	Each	point	represents	mean	± SEM of four animals
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0.5	h	and	0.65	at	168	h	post-	dose,	suggesting	a	similar	distribution	of	
[14C]-	opicapone	or	metabolites	into	whole	blood	cells	over	time,	up	
to	168	h	post-	dose.

Five	 days	 following	 an	 intravenous	 administration	 of	 1	mg/kg	
[14C]-	opicapone,	the	mean	overall	recovery	of	total	radioactivity	was	
89.0%	(range	from	82.8%	to	95.3%)	of	the	administered	dose,	with	
the	primary	route	of	excretion	being	via	hepatic	excretion	(Figure	3B).	
On	 average,	 approximately	 72.8%	was	 recovered	 by	 5	 days	 post-	
dose	 in	 feces	with	 the	majority	of	 the	 fecal	excretion	occurring	 in	

the	 first	24	h	post-	dose	 (50.1%).	The	mean	urinary	excretion	over	
5	days	post-	dose	was	5.7%	with	the	majority	of	the	urinary	excretion	
occurring	in	the	first	24	h.	Following	a	single	intravenous	administra-
tion of [14C]-	opicapone,	the	Cmax	of	total	radioactivity	was	11	584	ng	
equiv/g	(Figure	3A)	at	the	first	time	point	collected.	Thereafter,	the	
mean	concentrations	decreased	to	2305	ng	equiv/g	(approximately	
fivefold	 lower)	at	1	h	post-	dose	and	by	24	h	 further	decreased	 to	
550	ng	equiv/g.	The	total	plasma	radioactivity	levels	reached	a	mean	
value	of	502	ng	equiv/g	at	72	h	post-	dose,	 the	 last	 sampling	 time	
point.	 In	Wistar	rats	the	amount	of	opicapone	excreted	in	exhaled	
air	was	1.5%–	2.2%	of	the	administered	dose,	independently	of	the	
route	of	administration.	About	1.4%	and	5.5%	of	 the	 radioactivity	
was recovered in the carcass at the end of the collection period 
(120	 h	 post-	dose)	 after	 oral	 and	 intravenous	 dosing,	 respectively.	
The amount of radioactivity recovered in carcass following an in-
travenous administration was fourfold higher than that following an 
oral administration.

3.2  |  Quantitative whole- body phosphor imaging

The	 distribution	 of	 opicapone-	associated	 radioactivity	 in	 whole-	
body sections of the animals following an oral administration of 
[14C]-	opicapone	at	a	target	dose	level	of	10	mg/kg	was	evaluated	in	
43	tissues	at	1,	4,	12,	and	48	h	post	administration.	The	absorption	
of radioactivity was rapid with measurable levels of radioactivity 
present	in	most	tissues	at	1	h	post-	dose	with	the	highest	tissue	lev-
els	seen	in	the	liver,	kidney	cortex,	and	kidney	medulla	(4387,	3457,	
and	3280	ng	equiv/g)	compared	with	blood	concentration	of	709	ng	
equiv/g.	 The	maximum	 tissue	 concentrations	 achieved	 in	 approxi-
mately	half	of	the	tissues	at	4	h	post-	dose.

At	 12	 h	 post-	dose,	 radioactivity	 concentrations	 had	 declined	
with	the	highest	levels	of	radioactivity	associated	with	the	liver,	kid-
ney	cortex,	and	kidney	medulla,	with	a	tissue	to	blood	ratios	of	18.0,	
11.8,	and	10.4,	respectively	(Table	S1),	and	with	caecum	and	large	in-
testine	contents.	At	48	h	post-	dose,	the	elimination	of	radioactivity	
was almost complete with the majority of tissues with radioactivity 
below	the	limit	of	quantification	(129	ng	equiv/g).	Tissues	in	which	
radioactivity	 concentrations	at	48	h	were	within	 twofold	 those	at	
12	 h	 post-	dose	 were	 the	 kidney,	 liver,	 lung,	 spleen,	 submaxillary	
salivary	gland,	 thyroid,	and	brown	fat	but	 the	exception	of	 tissues	
associated	with	biotransformation	and	elimination	(liver,	kidney),	the	
concentration	in	the	other	tissues	at	48	h	was	lower	than	those	in	

tmax (h)a
Cmax (μg 
equiv/ml)

Cmax/D (μg equiv/
ml)/(mg/kg)

AUC0– t 
(μg.h/ml)

AUC0 − t/D 
(μg.h/ml)/
(mg/kg)

Plasma 1	(0.5–	4) 35.3	(9.19) 0.353	(0.0919) 402	(65.7) 4.02	(0.657)

Whole	blood 1 16.0	(4.47) 0.160	(0.0447) 259	(48.7) 2.59	(0.487)

Note: No	AUC0–	inf and t1/2	(h)	were	reported	since	the	extrapolation	of	the	AUC	to	infinity	
represents more than 20% of the total area.
aMedian	(min	and	max)	is	presented.

F I G U R E  3 Mean	plasma	concentration	of	opicapone-	related	
radioactivity	in	(A)	rat	plasma,	(B)	mean	cumulative	excretion	of	
total	radioactivity	in	urine,	feces,	cage	wash,	and	cage	debris	from	
male	Wistar	rats	following	oral	single	intravenous	of	1	mg/kg	with	
100 μCi/kg	of	[14C]-	opicapone.	Each	point	represents	mean	± SEM 
of four animals

TA B L E  1 Mean	pharmacokinetic	
parameters of plasma and whole blood 
following a single oral administration of 
[14C]-	opicapone	to	male	rats	(n	=	4)
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blood	(Table	S1).	Radioactivity	was	BLQ	at	all	the	time	points	in	the	
brain,	 indicating	 that	 opicapone	 and/or	 its	 metabolites	 minimally	
distributed	to	the	CNS.	The	radioactivity	 levels	 in	blood	measured	
by	QWBPI	were	comparable	to	the	values	obtained	by	sample	com-
bustion	of	blood	samples	taken	immediately	prior	to	sacrifice.	Blood	
levels	at	12	h	post-	dose	were	244	and	247	ng	equiv/g	by	QWBPI	
quantification	and	by	sample	combustion.

3.3  |  Opicapone metabolite identification and 
profile in the rat

The metabolism of [14C]-	radiolabeled	opicapone	 following	a	 single	
oral	administration	of	100	mg/kg	to	rats	was	investigated	by	analyz-
ing	plasma,	feces,	and	urine	samples	using	accurate	mass	spectrome-
try	and	off-	line	radiodetection.	Representative	radiochromatograms	
obtained	from	plasma	collected	at	4	h	post-	dose,	from	urine	pool	(6–	
24	h)	and	feces	pool	(12–	24	h)	are	shown	in	Figure	S1.	The	proposed	
metabolic	pathway	of	opicapone	in	rats	is	presented	in	Figure	4.

In	total,	12	radioactive	regions	were	identified	in	plasma	after	an	
administration	of	opicapone.	The	radiopeaks	corresponding	to	opi-
capone and its derivatives with synthetic reference standards such 
as	BIA	9-	1079	 (N-	oxide	 reduction	of	 the	pyridine	1-	oxide	moiety),	
BIA	 9-	1103	 (3-	O-	sulfation),	 BIA	 9-	1106	 (3-	O-	β-	glucuronidation),	
BIA	 9-	1101	 (3-	O-	methylation	 of	 BIA	 9-	1079),	 and	 the	 opicapone	
O-	methylated	conjugate	at	3-		and	4-	positions	of	 the	nitrocatechol	
ring,	BIA	9-	1100	and	BIA	9-	1104,	respectively,	accounted	for	about	
95%	of	total	AUC0–	168	h	in	plasma	(Table	S2).	Unchanged	opicapone	
represented	15.1%	of	the	total	drug-	related	radioactivity	exposure	
(AUC0–	168	h)	and	it	was	the	most	abundant	circulating	component	in	
the	earliest	time	point	analyzed	(2	h	post-	dose).	The	major	circulating	
metabolites	included	BIA	9-	1101	(37.9%	of	AUC0–	168	h),	BIA	9-	1103	
(20.2%	of	AUC0–	168	 h),	 and	BIA	 9-	1079	 (12.8%	of	AUC0–	168	 h).	 BIA	
9-	1103	was	detectable	in	the	circulation	up	to	24	h	post-	dose,	BIA	9-	
1079	was	detectable	up	to	8	h,	and	BIA	9-	1101,	the	3-	O-	methylated	
form	 of	 BIA	 9-	1079,	 was	 still	 detectable	 at	 168	 h	 post-	dose.	 The	
opicapone-	methylated	derivatives	BIA	9-	1100	and	BIA	9-	1104,	were	
two	 closely	 eluting	 metabolites,	 with	 BIA	 9-	1100	 being	 far	 more	
abundant,	collectively	accounting	to	4.8%	of	AUC0–	168	h,	and	BIA	9-	
1106	 accounted	 to	 4.3%	of	AUC0–	168	h.	 As	 shown	 in	 Table	 S2,	 six	
additional	radiopeaks	attributed	to	opicapone	metabolites	with	no	
synthetic	 reference	 standards	were	 also	 observed.	 Except	 for	 the	
radiopeaks	with	the	relative	retention	window	of	19.50–	20.10	min	
and	14.78–	14.93	min	where	no	metabolite	was	proposed,	for	all	the	
other	radiopeak	detected	in	plasma	a	metabolite	was	tentatively	pro-
posed. These include a molecule detected in plasma with a depro-
tonated	molecular	ion	at	[M-	H]− m/z	of	571.0258	what	was	assigned	
to	a	glucuronide	of	BIA	9-	1079	and	accounted	for	0.4%	of	total	cir-
culating radioactivity. Other glucuronide conjugates were assigned 
to	two	closely	eluting	deprotonated	molecular	ion	at	[M-	H]− m/z of 
585.0782	and	 [M-	H]− m/z	 of	543.0682.	Those	was	 tentatively	 as-
signed to glucuronide conjugation of opicapone derivatives formed 
by N-	oxide	reduction,	reduction	of	nitro-	function,	and	reductive	ring	

opening	of	 the	oxadiazole	 ring	 (M41);	 and	 to	a	glucuronide	conju-
gated	of	M4	 (derived	 from	 the	N-	acetylation	of	 the	 reduced	 form	
of	 nitrocatechol	 of	M41).	 They	 collectively	 accounted	 for	 0.4%	of	
total	 radioactivity.	 A	 putative	 isomer	 of	M4	 glucuronide	was	 also	
detected,	 accounting	 for	 2.3%	 of	 total	 circulating	 radioactivity.	
Another	glucuronide	conjugate	with	a	deprotonated	molecular	 ion	
at	[M-	H]− m/z	of	583.0621	was	assigned	to	an	intermediate	metabo-
lite formed by N-	oxide	reduction	and	reduction	of	nitro-	function	of	
opicapone	(BIA	9-	3739	glucuronide).	This	metabolite	closely	eluted	
at	relative	retention	window	of	11.25–	12.60	min,	with	deprotonated	
molecular	 ion	at	 [M-	H]− m/z	of	585.0313	with	a	proposed	formula	
of C22H19ClN4O12S.	As	the	Cl	 isotope	pattern	suggested	the	pres-
ence	of	a	single	chlorine	atom,	it	was	proposed	that	this	metabolite	
may be formed via displacement of one Cl atom with glutathione 
(GSH),	cleavage	of	the	resulting	GSH	conjugate	to	a	sulfhydryl	group,	
and	glucuronidation.	Several	additional	metabolites	were	not	asso-
ciated	with	radioactivity	peak	but	were	detected	by	MS.	These	in-
cluded	BIA-	1104,	 4-	O-	methylation	 of	 opicapone,	 and	BIA	 9-	4584	
derived	from	3-	O-	sulfate	and	4-	methylation	of	nitrocatechol.	Both	
confirmed by matching the retention time with reference standard 
spiked	into	the	solvent.

Across	the	sampling	period	of	24	h,	16	radiopeaks	were	detected	
in urine as [14C]-	opicapone-	related	compounds	(Figure	S1B).	None	of	
these retention time windows represented >1% of administered ra-
dioactivity. Only low amounts of unchanged parent were observed 
(0.1%	of	the	administered	dose)	indicating	minimal	renal	clearance	of	
opicapone. The most abundant metabolites observed in urine were 
M4	and	BIA	9-	1106	which	represented	0.99%	and	0.85%	of	radioac-
tivity	of	the	administered	dose,	respectively.	M4	was	detected	in	urine	
with	a	deprotonated	molecular	ion	at	[M-	H]− m/z	of	409.0473.	Other	
observed	metabolites	in	urine	included:	a	glucuronide	conjugate	of	M4	
(also	observed	in	plasma),	BIA	9-	3752	(a	carboxylic	acid	nitro-	reduced	
and	N-	acetylated,	likely	formed	by	hydrolysis	of	the	oxadiazole	moi-
ety),	a	glucuronide	conjugate	of	BIA	9-	3752,	BIA	9-	1103,	a	glucuro-
nide	conjugate	of	BIA	9-	1079,	and	a	metabolite	with	a	[M-	H]− m/z of 
585.0328	 tentatively	 assigned	 to	 a	 metabolite	 derivative	 from	 the	
GSH	conjugation	of	opicapone	(also	observed	in	plasma).	Additionally,	
a	metabolite	with	a	[M-	H]− m/z	of	423.0171	was	observed	accounting	
to less than 0.1% of the administered dose. The proposed molecular 
formula for this metabolite (C16H13ClN4O6S)	suggested	the	presence	
of	a	single	Cl	atom.	As	proposed	for	the	[M-	H]− m/z	of	585.0328,	this	
metabolite may be formed from opicapone via displacement of one of 
Cl	atoms	with	GSH,	followed	by	cleavage	of	the	resulting	GSH	conju-
gate to a sulfhydryl group and then methylation.

In	total,	48	radiopeaks	corresponding	to	[14C]-	opicapone-	related	
radioactivity	were	 identified	 in	 feces	 (Figure	 S1C),	 but	 only	 10	 of	
them	have	 quantified	 levels	 higher	 than	1%	of	 the	 received	 dose.	
Opicapone,	 BIA	 9-	1079,	 BIA	 9-	3721	 (a	 carboxylic	 acid	metabolite	
likely	 formed	by	hydrolysis	of	 the	oxadiazole	moiety	of	M41),	 and	
BIA	9-	3752	(a	carboxylic	acid	likely	formed	by	hydrolysis	of	the	oxa-
diazole	moiety	of	M4)	were	confirmed	by	comparison	of	retention	
times	with	the	corresponding	standards	synthesized.	All	other	me-
tabolites are putative that match with the measured sum formulas 
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but	may	not	correspond	to	the	correct	isomeric	form.	Some	of	the	
extracted	 ion	chromatograms	suggest	 the	presence	of	several	 iso-
mers (such as traces m/z	 224,	m/z	182,	 and	m/z	 365).	Unchanged	
opicapone	 accounted	 for	 6.25%	 of	 the	 administered	 radioactivity	
excreted	 in	 feces.	As	presented	 in	Table	S2,	nine	additional	 radio-
peaks,	 some	 composed	of	multiple	metabolites,	were	observed	 in	
the	feces	and	collectively	accounted	for	approximately	70%	of	the	
administered	radioactivity	of	the	administered	dose.	BIA	9-	3721	ac-
counted	for	1.87%	and	BIA	9-	3752	accounted	for	10.11%	of	dose.	
BIA	9-	1079	accounted	for	1.14%	and	an	 isomer	of	BIA	9-	1079	de-
tected	at	retention	time	window	of	13.65–	14.70	min,	accounted	for	
3.59%	of	the	dose.	Although	M41	conjugated	with	glucuronide	was	
detected	in	plasma	the	proposed	metabolite	M41	was	only	detected	
in feces. This molecule was assigned to a deprotonated molecular 
ion	at	[M-	H]− m/z	of	367.0368	with	a	suggested	molecular	formula	of	
C15H14O3N4Cl2.	M41	was	tentatively	proposed	to	be	formed	by	N-	
oxide	reduction,	nitro	group	reduction,	and	reductive	ring	opening	
of	the	oxadiazole	moiety	of	opicapone.	M41	closely	co-	eluted	with	a	
molecule	with	deprotonated	molecular	ion	at	[M-	H]− m/z	of	224.0557	
and a proposed molecular formula of C10H11NO5. This molecule was 
tentatively	assigned	to	a	molecule	formed	by	the	methylation	of	BIA	
9-	3762	 (however,	 this	was	deemed	 to	be	 the	minor	component	 in	
this	region),	that	collectively	with	M41	accounted	for	11.8%	of	the	
dose	 in	 feces.	M4,	 also	detected	 in	urine,	was	 closely	detected	 in	
feces	with	a	deprotonated	molecular	ion	at	[M-	H]− m/z	of	182.0452	
and m/z	224.0557	collectively	accounting	for	22.4%	of	the	adminis-
tered dose. The measured accurate mass suggested a molecular for-
mula of C8H9NO4 and C10H11NO5,	respectively	that	were	tentatively	

assigned	to	molecules	formed	by	methylation	of	BIA	9-	3721	and	BIA	
9-	3752.	An	oxidized	form	of	M41	was	detected	in	feces	with	a	depro-
tonated	molecular	ion	at	[M-	H]− m/z	of	365.0210.	The	measured	ac-
curate mass suggested a molecular formula of C15H12O3N4Cl2 and 
accounted	to	6.15%	of	the	dose.

Although	the	extraction	efficiency	was	close	to	100%	in	plasma,	
the	absolute	recovery	was	highly	variable	and	ranged	between	42%	
and	81.2%.	No	 time-	dependent	 variation	was	 observed	 in	 the	 re-
covery.	Absolute	recovery	for	urine	pool	samples	was	around	100%	
and	for	feces	ranged	between	42%	and	62%	in	the	individual	pools.	
The	recovery	of	radioactivity	after	HPLC	and	fraction	collection	was	
91.8%	for	plasma,	96.8%	for	urine,	and	for	feces	was	85.9%.

3.4  |  Quantification of opicapone and metabolites 
in rat plasma

The	 pharmacokinetic	 parameters	 derived	 from	 opicapone	 and	 its	
metabolites in rat plasma after an oral administration of opicapone 
(1	g/kg)	are	depicted	in	Table	2.	Opicapone	reached	at	the	maximum	
plasma concentration (Cmax)	of	7091.0	(1032.5)	ng/ml	within	3	h	be-
fore	falling	back	to	low	levels	over	the	next	24	h	and	then	returning	to	
baseline	at	48	h.	The	AUC0–	48	obtained	for	opicapone	was	45	028.5	
(10	 925.9)	 ng.h/ml.	Opicapone	was	mainly	 conjugated	 to	 the	 opi-
capone	3-	O-	β-	glucuronide	(BIA	9-	1106)	and	opicapone	3-	O-	sulfate	
derivatives	 (BIA	 9-	1103).	 3-	O-	sulfate	 derivatives	 reached	 a	 Cmax 
within	 3	 h	 post	 administration	 and	 remained	 the	 major	 circulat-
ing	metabolite	 over	 8	 h	 post	 administration.	 The	mean	AUC0–	t of 

F I G U R E  4 Proposed	metabolic	pathway	for	opicapone	in	rats
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opicapone	 sulfate	 (BIA	 9-	1103)	 was	 32	 580.3	 (17	 290.9)	 ng.h/ml.	
3-	O-	glucuronide	 derivative	 (BIA	 9-	1106)	 derivatives	 reached	 the	
maximal	concentration	within	2	h	post	administration	and	remained	
the second major circulating metabolite of opicapone over 8 h post 
administration.	 The	 mean	 AUC0–	t of opicapone glucuronide was 
27	642.5	 (10	759.5)	ng.h/ml.	At	24	h	post-	dose	no	opicapone	sul-
fate	and	glucuronide	were	detected	in	the	circulation.	Low	levels	of	
other	opicapone	derivatives	BIA	9-	1079	(resulting	from	the	reduc-
tion	at	the	dimethylpyridine	1-	oxide	moiety),	BIA	9-	1079	sulfate	(BIA	
9-	1105),	and	BIA	9-	1100	(the	O-	methylated	conjugate	at	position	3)	
were	quantified	in	rat	plasma	and	only	traceable	amounts	of	BIA	9-	
1079	glucuronide	(BIA	9-	1107)	were	also	detected	in	circulation.

3.5  |  COMT activity

The	potential	modulatory	effect	of	 the	 identified	metabolites	 (BIA	
9-	1079,	 BIA	 9-	1100,	 BIA	 9-	1103,	 BIA	 9-	1104,	 and	 BIA	 9-	3752)	 in	
COMT activity was investigated with rat soluble COMT in the pres-
ence	of	3000	nM	opicapone	metabolites.	While	BIA	9-	1100,	BIA	9-	
1103,	and	BIA	9-	3752	had	no	modulatory	effect	upon	the	activity	
of	 the	enzyme	up	to	concentrations	of	3000	nM,	BIA	9-	1079,	and	
BIA	9-	1104	were	active	in	inhibiting	the	enzyme	at	the	concentra-
tion.	Further	incubations	of	increased	concentrations	of	opicapone,	
BIA	 9-	1079,	 and	 BIA	 9-	1104	 with	 rat	 soluble	 COMT	 resulted	 in	
a	 concentration-	dependent	 reduction	 of	 COMT	 activity	 and	 the	
IC50	values	derived	from	the	respective	inhibitory	curves	were,	re-
spectively,	224,	128,	and	429	nM.

3.6  |  In vitro opicapone sulfation by SULTs

The	kinetic	analyses	of	opicapone	sulfate	conjugation	were	evalu-
ated	 using	 pooled	 HLS9	 and	 HIS9	 fractions.	 As	 presented	 in	

Table	 S3,	 the	 apparent	 kinetic	 parameters	 fitted	 to	 Michaelis–	
Menten	equation	with	an	apparent	Km value of 8.2 ± 1.1 μM and 
20.5	± 2.6 μM,	for	HIS9	and	HLS9	fractions,	respectively.	The	ap-
parent Km	 value	 in	 HLS9	 was	 approximately	 twofold	 higher	 than	
that	in	HIS9.	The	intrinsic	clearance	(Clint = Vmax/Km)	calculated	for	
HIS9	was	0.1662	μl/mg	protein/min	and	for	HLS9	was	0.01795	μl/
mg	protein/min.	From	the	tested	SULTs	only	SULT	1A1	polymorphs	
*1	 and	 *2	produced	 significant	 amounts	of	3-	O-	sulfate-	opicapone	
(11.7	 ± 1.8 and 19.1 ±	 1.8	 pmol/mg	 protein/min,	 respectively).	
SULT1A2,	1A3,	2A1	1E1,	and	SULT1B1	produced	small	amounts	of	
3-	O-	sulfate-	opicapone	 (between	 0.03	 and	 0.4	 pmol/mg	 protein/
min)	(Figure	5A).	The	kinetics	of	opicapone	sulfation	by	SULT1A1*1	
and	 1A1*2	 are	 presented	 in	 Table	 S3.	 SULT1A1*1	 and	 1A1*2	 had	
similar	affinities	for	the	conjugation	of	opicapone,	as	shown	by	the	
apparent Km	values	of	18.7	± 11.0 μM	and	27.3	±	22.3	μM,	respec-
tively.	No	 inhibition	was	observed	upon	the	sulfate	conjugation	of	
opicapone	 in	 the	 presence	 of	 acetaminophen	 but	 quercetin	 and	
2,6-	dichloro-	4-	nitrophenol	 completely	 inhibited	 the	 sulfate	 conju-
gation	of	opicapone	 in	HLS9,	HIS9,	and	SULT1A1	 (IC50	presented	
in	Table	S5).

3.7  |  In vitro opicapone glucuronidation

The	kinetic	analyses	of	opicapone	glucuronidation	were	performed	
in	HLM	and	HIM.	As	depicted	in	Table	S4,	the	apparent	kinetic	pa-
rameters	were	calculated	for	HIM	and	HLM	fractions,	with	an	ap-
parent Km	value	of	41.9	± 26.9 μM	and	27.9	±	6.4	μM,	respectively.	
The apparent Vmax	values	were	4.5-	fold	higher	in	HIM	than	that	in	
HLM,	whereas	Km	values	in	the	intestinal	microsomes	did	not	mark-
edly differ from those in liver microsomes. The calculated intrinsic 
clearance (Clint = Vmax/Km)	was	threefold	higher	in	HIM	than	that	in	
HLM,	respectively,	with	4.5	μl.mg	protein/min	and	1.5	μl/mg pro-
tein/min.	Twelve	commercially	available	UGTs	were	used	to	evaluate	
their	ability	to	conjugate	opicapone	to	3-	O-	glucuronide-	opicapone.	
From	the	tested	UGTs,	1A7,	1A8,	1A9,	and	1A10	produced	signifi-
cant	amounts	of	3-	O-	glucuronide-	opicapone	(more	than	500	pmol/
mg	 protein/min).	 UGT	 1A1,	 1A3,	 2B7,	 2B15,	 1A6	 produced	 little	
amounts	 of	 BIA	 9-	1106.	 No	 metabolite	 formation	 was	 detected	
over	 an	 incubation	 period	 of	 60	min	 in	UGT1A4,	 2B4,	 and	 2B17	
(Figure	 5B).	 The	 characterization	 of	 opicapone	 glucuronidation	
kinetics	was	performed	 for	UGTs	1A1,	1A3,	1A6,	1A7,	1A8,	1A9,	
1A10,	and	2B7	and	determined	parameters	are	 listed	 in	Table	S4.	
There is a rather considerable range of the affinities for the con-
jugation of opicapone as shown by the apparent Km values deter-
mined.	 The	 isoform	with	 the	 highest	 affinity	was	UGT	1A7,	with	
a	Km	of	1.8	±	0.5	μM,	 followed	by	UGT	1A9,	1A1,	and	2B7	with	
Km	values	of	13.7	±	6.7	μM,	18.0	± 2.9 μM,	and	20.6	±	4.4	μM,	
respectively.	UGT1A6-	mediated	glucuronidation	was	linear	for	the	
concentrations	 tested	 and	UGTs	1A8	 and	1A10	had	 apparent	Km 
of	34.8	± 9.6 μM	and	64.9	±	23.8	μM,	respectively.	The	UGT	with	
lower	glucuronidation	affinity	of	opicapone	was	UGT	1A3	with	a	
Km	of	213.0	±	34.3	μM.

TA B L E  2 Mean	(SD)	pharmacokinetic	variables	of	opicapone	and	
metabolites	opicapone	reduced	in	the	N-	oxide	moiety	(BIA	9-	1079),	
3-	O-	methyl-	opicapone	(BIA	9-	1100),	3-	O-	sulfate-	opicapone	(BIA	9-	
1103),	3-	O-	sulfate-	BIA	9-	1079	(BIA	9-	1105),	and	3-	O-	glucuronide-	
opicapone	(BIA	9-	1106)	in	rats	following	oral	administration	of	1	g/
kg	of	opicapone

Cmax (ng/ml) tmax (h) AUC0– t (ng.h/ml)

Opicapone 7091.0	
(1032.5)

3	(2–	4) 45	028.5	(10925.9)

BIA	9-	1079 381.3	(87.5) 4	(2–	8) 4085	(1403.0)

BIA	9-	1103 3748.5	
(1765.5)

3	(2–	4) 32	580.3	(17290.9)

BIA	9-	1106 4294.2	(820.9) 2	(2–	4) 27	642.5	(10759.5)

BIA	9-	1100 1420.7	(427.7) 1.5	(1–	4) 7921.5	(2064.6)

BIA	9-	1105 58.2	(32.6) 16	(8–	24) 1322.5	(503.5)

Note: AUC0–	t,	area	under	the	plasma	concentration-	time	curve	from	
time	zero	to	the	last	sampling	time	at	which	the	concentration	was	
detected; Cmax,	maximum	plasma	concentration;	tmax,	time	to	maximum	
plasma concentration.
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4  |  DISCUSSION AND CONCLUSIONS

Following	the	oral	administration	of	[14C]-	opicapone	to	rats	the	re-
covery	of	the	radioactivity	was	almost	completed	after	120	h	post-	
dose.	 The	 main	 route	 of	 excretion	 was	 via	 feces,	 accounting	 for	
more	than	88%	of	the	administered	dose	and	the	urinary	excretion	
as	a	minor	pathway,	accounted	for	less	than	5%	of	the	administered	
dose. The intravenous administration of [14C]-	opicapone	confirmed	
the	biliary	excretion	as	 the	main	route	of	 the	systemic	elimination	
of	the	radioactivity	in	the	rat,	with	around	72%	of	total	radioactiv-
ity	quantified	in	feces.	Excretion	was	biphasic,	with	a	rapid	elimina-
tion	over	the	first	24	h,	followed	by	a	slow	elimination	up	to	120	h.	
Additionally,	QWBPI	 showed	 that	 [14C]-	opicapone	was	 rapidly	 ab-
sorbed,	distributed,	and	was	eliminated	from	the	majority	of	rat	tis-
sues,	with	almost	complete	elimination	after	48	h	post-	dosing.	With	
the	exception	of	the	liver	and	kidney,	that	showed	a	tissue	to	blood	
ratio	 significantly	 higher	 than	 one	 at	 48	 h	 the	majority	 of	 tissues	
showed	 no	 quantifiable	 levels	 of	 the	 radioactivity.	 Again,	 QWBPI	

data	suggest	a	slower	elimination	of	opicapone-	related	radioactiv-
ity from organs generally associated to the metabolism and elimina-
tion	reflecting	the	biphasic	excretion	with	a	slow	elimination	phase.	
Furthermore,	 the	 data	 from	 the	 QWBPI	 evaluation	 demonstrate	
essentially	no	CNS	penetration	of	opicapone-	related	 radioactivity,	
further confirming that opicapone is a peripheral COMT inhibitor.1

By	increasing	10-	fold	the	dose	to	100	mg/kg	[14C]-	opicapone	the	
recovery,	mainly	in	feces,	was	almost	completed	after	168	h,	with	the	
radioactivity	still	quantifiable	up	to	168	h	post-	dose	 in	all	animals,	
corroborating	the	slow	elimination	of	opicapone-	related	radioactiv-
ity	in	the	rat.	In	plasma	unchanged	opicapone	accounted	for	15.1%	
of	the	total	drug-	related	material	(AUC0–	168	h),	peaking	at	2	h	post-	
dosing	and	decline	to	below	limit	of	detection	after	24	h.	The	main	
metabolic conversions of opicapone were observed at the nitrocat-
echol	 moiety	 such	 as	 sulfate-	,	 glucuronide-	,	 methyl-	conjugations,	
and	the	reduction	of	nitro-	function.	In	addition,	various	other	com-
binations of these conversions with N-	oxide	 reduction	at	 the	2,5-	
dichloro-	4,6-	dimethylpyridine	1-	oxide	moiety,	N-	acetylation	on	the	
reduced	nitro-	function,	reductive	cleavage	of	1,2,4-	oxadiazole	ring,	
opening	ring,	and	the	subsequent	production	of	several	ring-	opened	
products	were	proposed,	as	presented	in	metabolic	scheme	for	the	
metabolism	of	opicapone	(Figure	4).	The	observation	of	trace	thiol	
derivatives	in	plasma	and	urine,	suggests	a	possible	downstream	GSH	
adduct	of	opicapone	as	metabolite.	Opicapone	sulfate	(BIA	9-	1103),	
the N-	oxide	reduced	form	(BIA	9-	1079),	and	the	methylated	form	of	
N-	oxide	reduced	opicapone	(BIA	9-	1101)	were	the	only	components	
observed at mean levels greater than 10% of total circulating radio-
activity,	collectively	accounting	for	71%	of	the	total	drug-	related	ma-
terial.	From	these	metabolites	only	BIA	9-	1079	was	shown	to	be	an	
active metabolite (IC50	of	128	nM)	which	may	contribute,	together	
with	opicapone,	to	the	COMT	inhibition	in	vivo.	The	remaining	ra-
dioactivity	was	attributed	to	multiple	minor	metabolites.	Both	BIA	
9-	1103	and	BIA	9-	1101	plasma	exposure	exceeded	that	of	the	parent	
opicapone	 (20.2%	 and	37.9%	 vs.	 15.1%)	 but	 only	BIA	 9-	1101	was	
detectable	 in	 circulation	 up	 to	 168	 h	 post-	dose,	 which	 definitely	
contributes	to	the	long	plasma	elimination	of	opicapone-	related	ra-
dioactivity	observed.	Long	 lasting	methyl	derivatives	of	COMT	 in-
hibitors have been described before.21

The	opicapone-	methylated	derivatives	 (BIA	9-	1100	and	BIA	9-	
1104)	 and	 the	 glucuronide	 conjugates	 of	 opicapone	 (BIA	 9-	1106)	
showed	low	circulating	levels,	each	one	accounted	for	less	than	5%	
of	total	radioactivity.	 Interestingly,	only	the	opicapone-	methylated	
derivative	 BIA	 9-	1104,	 but	 not	 BIA	 9-	1100,	was	 shown	 to	 be	 en-
dowed with activity in inhibiting COMT.

Although	metabolites	resulting	from	secondary	or	multiple	re-
ductive reactions from N-	oxide	reduced	form	of	opicapone	were	
detected	 in	 the	 circulation,	 the	main	 reductive	metabolic	 path-
ways	of	opicapone	were	detected	in	feces,	as	indicated	in	the	me-
tabolism	scheme	shown	in	Figure	4.	The	most	common	reductive	
biotransformations involved in N-	oxide	 reduction,	 nitro	 group	
reduction,	and	reductive	opening	of	the	1,2,4-	oxadiazole	moiety	
followed by a hydrolytic cleavage. The most abundant metabo-
lites	were	observed	in	feces	including	M41,	which	accounted	for	

F I G U R E  5 Apparent	sulfation	rates	catalyzed	by	recombinant	
human	sulfotransferase	(0.4	mg/ml)	isoforms.	Rates	were	
determined at 10 μM	opicapone.	Values	represent	means	± SEM 
of	two	determinations	(A);	apparent	glucuronidation	rates	
catalyzed	by	recombinant	human	uridine	5'-	diphospho-	
glucuronosyltransferase isoforms. Rates were determined at 20 μM 
opicapone.	Values	represent	mean	± SEM	of	two	determinations	(B)
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approximately	12%	of	 the	 administered	dose,	M4	 (N-	acetylated	
M41),	 which	 accounted	 for	 approximately	 22%	 of	 the	 adminis-
tered	 dose,	 and	 BIA	 9-	3752	 (a	 carboxylic	 acid	 likely	 formed	 by	
hydrolysis	of	the	oxadiazole	moiety	of	M41),	which	accounted	for	
approximately	 10%	 of	 the	 administered	 dose.	 The	 parent	 com-
pound	represented	6.25%	of	total	dose.	Interestingly,	none	of	the	
metabolites identified in the feces were associated with metab-
olites	observed	in	the	plasma,	which	together	with	the	low	levels	
of	opicapone	in	feces	suggest	that	opicapone	was	metabolized	in	
the gastrointestinal tract mainly via reductive reactions. In gut 
those reactions could be promoted by gut microbiota. This is fur-
ther supported by recent clinical investigations of the impact of 
gut microbiota on drug metabolism.22	 As	 a	 low	 solubility	 com-
pound	belonging	to	Biopharmaceutics	Classification	System	class	
II-	drugs	(unpublished	information),	it	is	expected	that	opicapone	
has a prolonged residence in the gastrointestinal tract with higher 
concentrations	in	the	colon,	which	may	foster	the	local	metabo-
lism	of	opicapone.	A	recent	publication	from	Vaes	et	al.23 showed 
that	among	several	drugs	with	varying	BCS	classification,	 those	
in	BCS-	class	 II	were	more	 likely	 to	 reach	 the	colon	and	contact	
with	 microbiota.	 The	 reductive	 ring	 opening	 of	 the	 oxadiazole	
moiety	of	opicapone,	was	 in	 line	with	previous	studies	showing	
the	reductive	cleavage	of	1,2,4-	oxadiazole	ring-	opening	followed	
by	 hydrolysis	 resulting	 in	 the	 formation	 of	 carboxylic	 acids	 and	
amides.24,25	 In	the	case	of	opicapone	no	amide-	related	metabo-
lite	has	been	found	although	several	carboxylic	acids	derivatives	
were	detected	 in	 feces.	The	carbon	dioxide	collected	 in	 the	ex-
haled	air	(1.5%–	2.2%	of	the	administered	dose)	may	be	a	result	of	
the	hydrolysis	of	 the	carboxylic	acid	formed	after	 the	reductive	
cleavage	of	1,2,4-	oxadiazole	ring.

A	minor	metabolic	 route	also	proposed	may	arise	via	nucleop-
hilic	 attack	with	 a	displacement	of	 a	 single	 chorine	 atom	by	GSH,	
subsequently	cleaved	into	a	sulfhydryl	group.	Minor	levels	of	these	
metabolites were detected in plasma (<1.2%	of	AUC0–	168	h)	and	urine	
(<0.3%	of	the	dose).	The	replacement	of	a	chorine,	consistent	with	a	
full scan spectrum with characteristic 35Cl:37Cl ratio may occur via a 
nucleophilic aromatic substitution reaction of the chlorine atom by 
GSH	at	the	C-	2	position	of	the	2,5-	dichloro-	4,6-	dimethylpyridine	1-	
oxide	moiety	of	the	opicapone	molecule.	The	reaction	is	fostered	by	
the N-	oxide	group.	Interestingly,	only	a	methyl	or	glucuronide	con-
jugate	of	a	thiol	derivative	was	identified,	and	no	radiopeaks	asso-
ciated	with	a	GSH	conjugate	of	opicapone	were	detected.	This	data	
suggest	 that	 opicapone	GSH	 conjugate	may	 undergo	 a	 sequential	
removal of glutamyl and glycyl moieties to form a cysteine conju-
gate and then be biodegraded into a thiol providing evidence of the 
mercapturic acid pathway being involved as a minor pathway in the 
metabolism of opicapone in the rat. Thiol derivatives are common 
biotransformation products of cysteine conjugates26

Following	 an	 oral	 administration	 of	 high	 levels	 of	 opicapone	
(1000	mg/kg),	low	levels	of	N-	oxide	reduced	form	of	opicapone	(BIA	
9-	1079)	and	3-	O	methyl	opicapone	(BIA	9-	1101)	were	quantified	in	
rat	plasma;	however,	the	3-	O-	glucuronidation	of	opicapone	together	
with	 3-	O-	sulfation	 of	 opicapone	 becomes	 a	 relevant	 metabolic	

pathway in the metabolism of opicapone in the rat. In humans at the 
therapeutic	dose	of	50	mg,	although	N-	oxide	reduced	form	of	opica-
pone	(BIA	9-	1079),	3-	O-	glucuronidation	of	opicapone	(BIA	9-	1106),	
and	3-	O-	methyl	opicapone	 (BIA	9-	1101)	were	detected,	 the	major	
circulating	metabolite	was	3-	O-	sulfate	derivative	of	opicapone	(BIA	
9-	1103).14 Despite the differences in relative abundances being ob-
served	for	those	metabolites	quantified	 in	humans,	they	are	quali-
tatively	similar	between	both	species,	rat	and	human.	The	reaction	
phenotyping	studies	indicated	that	SULT	1A1	polymorphs	*1	and	*2	
were	 able	 to	 sulfate	 opicapone	 and	 that	 uridine-	diphosphate	 glu-
curonosyl	transferase	(UGT)	isoforms	UGT1A7,	UGT1A8,	UGT1A9,	
and	UGT1A10	had	the	highest	glucuronidation	rates	of	opicapone.

In	conclusion,	opicapone,	in	the	rat,	was	found	to	be	rapidly	ab-
sorbed,	 widely	 distributed	 to	 peripheric	 tissues,	 was	 metabolized	
mainly	via	conjugative	pathways	at	the	nitro	catechol	ring,	and	was	
primarily	excreted	 to	 feces	via	bile.	Moreover,	 the	data	generated	
in this study showed a recovery of 14C after administration of [14C]-	
opicapone	 to	 rats	and	qualification	of	 the	human	metabolites	 in	a	
preclinical	 specie	 used	 in	 opicapone	 toxicology	 assessment,	 sup-
porting	 the	 regulatory	 filling	 and	 the	 marketing	 authorization	 of	
opicapone.
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