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S u m m a r y .  Positron emission tomography (PET) following intravenous admin- 
istration of 13-[ 11 C]-L-DOPA provides a method of assessing regional cerebral 
uptake and utilization of levodopa. Cerebral levodopa kinetics in the rhesus 
monkey were investigated after the inhibition of catechol-O-methyltransferase 
(COMT) with RO 40-7592, and after coadministration of the peripheral aro- 
matic L-amino acid decarboxylase (AADC) inhibitors benserazide and carbi- 
dopa. Pretreatment with RO 40-7592 (10mg/kg), benserazide (10mg/kg) or 
carbidopa (3.5 mg/kg) did not change striatal k3, which mainly reflects the ability 
for the brain tissue to convert [11C]-L-DOPA to [11C]-dopamine, although 
the brain's uptake of radioactivity increased substantially after pretreatment 
with the AADC inhibitors. When benserazide was coadministered with RO 40- 
7592 (10 mg/kg) a dose-dependent decrease in striatal k 3 was measured with an 
apparent EDs0 of 3 mg/kg. No such effect was indicated after pretreatment with 
the combination of RO 40-7592 (10mg/kg) and carbidopa (3.5mg/kg). The 
possible negative interactions of coadministration with COMT inhibitors and 
predominantly peripherally acting AADC inhibitors must be considered when 
used in the therapy of Parkinson's disease. 

Keywords:  Tomography, monkey, L-DOPA, aromatic L-amino acid decarbox- 
ylase, catechol-O-methyltransferase, Parkinson's disease. 

Introduct ion 

Catechol-O-methyltransferase (COMT) O-methylates a wide variety of cate- 
chols (Guldberg and Marsden, 1975), the highest activities being found in the 
liver and kidney (Jefferey and Roth, 1985). In vivo, methylation of catechol- 
amines and related substances almost exclusively results in the formation of m- 

* A contribution from the Uppsala University PET centre 
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0-methylated metabolities by the transfer of the methyl group from S-adenosyl- 
L-methionine to the hydroxyl groups of the catechols (Axelrod, 1966). 

The use of COMT inhibitors is assumed to have potential therapeutic ben- 
efits in clinical disorders such as depression and Parkinson's disease (PD). They 
may also be used to improve the signal-to-noise ratio for [18 F]fluoro-L-DOPA 
PET scans (Hartvig et al., 1991 a). Several COMT inhibitors have recently been 
synthesized and pharmacologically evaluated (Nissinen etal., 1988; Borgulya 
et al., 1989). RO 40-7592 (3,4-dihydroxy-4-methyl-5-nitrobenzophenone) has 
been shown to be a potent peripherally and centrally acting reversible inhibitor 
of COMT (Zfircher et al., 1990). 

As an adjunct to conventional levodopa therapy in PD, the administration 
of a COMT inhibitor is expected to increase levodopa bioavailability and pro- 
long its half-life in plasma by reducing the peripheral conversion of L-DOPA 
to 3-O-methyldopa (3-OMD) (Nutt, 1987). However, to reduce the peripheral 
conversion to dopamine, L-DOPA is administered combined with an inhibitor 
of extracerebrally-acting aromatic L-amino acid decarboxylase (AADC). At 
present two AADC inhibitors are used for this purpose: benserazide ([N-(DL- 
seryl)-N-(2,3,4-trihydroxybenzyl)hydrazine], available as 28.5mg/100 mg L- 
DOPA, Madopar | and carbidopa (u-methyldopahydrazine], available as 10 
and 25 mg/100 mg L-DOPA, Sinemet| Both of these, as well as one metabolite 
of benserazide (2,3,4-trihydroxybenzylhydrazine), have been shown to act as 
substrates of COMT (Hagan etal., 1980). Thus, COMT inhibition is also in 
itself expected to increase the bioavailability of these AADC inhibitors. 

Recently, 11 C-labelled levodopa has been used in studies on presynaptic 
dopaminergic function in vivo with PET (Tedroff etal., 1991; Hartvig etal., 
1991 b). In the present investigation we used PET and 13 -11 C-labelled L-DOPA 
to investigate possible interactions between the peripheral AADC inhibitors 
and RO 40-7592 on the intracerebral uptake and utilization of levodopa. 

Materials and methods 

Animals 

Ten female rhesus monkeys of unknown age weighing 6-10 kg from the Primate Laboratory 
of Reproductive Research, University of Uppsala were used in the study. The animals were 
anaesthetized with ketamine (Parke-Davis; 10 mg/kg/h i.m). 

The study was approved by the Ethics Committee for Animal Research of the University 
of Uppsala. 

Drugs 

The following drugs were used: L-3,4-dihydroxyphenylalanine, levodopa (Hoffman-La 
Roche Basel, Switzerland) dissolved in 5.5% glucose and pH adjusted to 3-4. Benserazide, 
(Hoffman-La Roche, Basel, Switzerland) dissolved in polyethyleneglycol 1 ml, propylene- 
glycol 1 ml, and sterile water 1 ml, and carbidopa (Merck, Sharp and Dohme, USA) dissolved 
in sterile water. Benserazide and carbidopa were injected i.v. 15 minutes prior to the PET 
scan. RO 40-7592 (Hoffman-La Roche, Basel, Switzerland) was dissolved in polyethyle- 
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neglycol 1 ml, propyleneglycol 1 ml, and sterile water 1 ml, and 10mg/kg was injected i.v. 
30 minutes before the investigation. 

Injection schedules 

All ten monkeys were subject to baseline investigations. Six animals were pretreated with 
RO 40-7592 10 mg/kg, benserazide 10 mg/kg, or carbidopa 3.5 mg/kg, two animals receiving 
each drug, respectively. The 3.5mg/kg of carbidopa administered was supposed to be 
equipotent, with respect to extracerebral AADC inhibition, to 10 mg/kg benserazide. Four 
monkeys were pretreated with a combination of RO 40-7592 10 mg/kg and increasing doses 
of benserazide (1, 3, 5, 10mg/kg), one dose for each monkey. Additionally, one of the 
monkeys was investigated a third time after pretreatment with RO 40-7592 10mg/kg and 
3.5 mg/kg carbidopa. 

Radiochemistry 

The radionuclide 11 C was produced by the Tandem accelerator at The Svedberg Laboratory, 
Uppsala University. 1-11 C]-L-DOPA labelled in the 13-position was synthesized as described 
elsewhere (specific activity 2-17 Ci/mmol) (Bjurling et al., 1990). After analysis for identity 
and radiochemical and chemical purity, a buffer solution of E u C]-L-DOPA was filtered 
through a 0.22 ~tm filter before intravenous administration to the monkeys. To saturate 
compartments located extracerebrally, 3 mg of levodopa solution was added to the solution 
containing the radioactive substance before injection (Hartvig etal., 1991 b). The radio- 
activity injected varied from 0.9 to 4.2 mCi. 

PET 

PET was performed with the monkeys lying with the head fixed in a two ring PET system 
(Scanditronix PC 384-3B). The monkeys were positioned in the scanner with the aid of a 
laser than situated at a predetermined distance from the axial planes. The brain scanner 
allows simultaneous acquisition of data from three consecutive 14mm slices with an in- 
plane resolution of 7.6ram full width at half-maximum. The radioactive substance was 
administered i.v. given via a catheter in the hind leg of the monkey. Immediately after 
administration, a series of scans were started to obtain data on regional distribution. Each 
investigation continued for approximately 50 minutes. PET images were reconstructed for 
each sequential measurement. The striatum (40-50 pixels, 2.5-3.1 cm 2) and tissue in the 
back of the brain in the section containing the striatum (250 pixels) were chosen as regions- 
of-interest (ROI) from PET scan images and compared with an atlas of the brain of the 
rhesus monkey made from cryosectioning. The ROI chosen from the back of the brain 
was used as reference tissue. The radioactivities measured in these regions at different time 
intervals were corrected for physical decay to the time of administration. The tissue ra- 
dioactivities measured were normalized for injected radioactivity to the body weight of the 
monkeys "uptake" and expressed as: 

tissue radioactivity/cm 3 

injected radioactivity/g body weight 

By approximating 1 gram ~ 1 cm 3 uptake 1, will correspond to homogeneous dilution of 
the radioactivity in the whole body of the monkey. 

Calculations 

Data were quantified according to a reduced three-compartment model using reference 
tissue, as presented elsewhere (Tedroff etal., 1991). The graphical solution of the model 
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Table 1. Effects on striatal k 3 and reference tissue uptake of I~C after pretreatment with 
benserazide, carbidopa or RO 40-7592 

Investigation k 3 (rain- l) uptake 

Baseline + SD 
Benserazide 10 mg/kg i.v. 

Carbidopa 3.5 mg/kg i.v. 

RO 40-7592 10mg/kg i.v. 

0.0105 + 0.0011 0.59 + 0.14 
0.0103 0.94 
0.0099 N.S 1.06 p < 0.005 

0.0113 0.97 
0.0105 N.S 1.01 p < 0.005 

0.0121 0.42 
0.0094 N.S 0.47 N.S 

yields a unidirectional first-order rate constant, k3, which directly relates to the ability of 
the brain tissue to decarboxylate the tracer by the action of AADC. Since AADC has a 
low affinity for L-DOPA, the dose of L-DOPA adminstered does not influence the cal- 
culation of k 3 (Tedroff et al., 1990). 

Linear regression analysis was determined by the best least-square fit. The results from 
each investigation with drugs were compared to the ten baseline investigations by means 
of Student's t-test. 

Results 

For  the ten baseline scans, striatal k 3 was calculated to 0 .0105min-1  -4- 0.0011 
(S.D.) (range 0.009-0.012 min-1) .  Average uptake in the reference tissue 5-45 
minutes after injection of  the radioactivity was 0.59 + 0.14 (S.D.) (range 0.40- 
0.79) homogeneous  dilution of  radioactivity. 

Pret reatment  with RO 40-7592 produced no change in striatal k 3 o r  the 
uptake in the reference tissue. Fol lowing pre t rea tment  with benserazide (10 mg/  
kg) or carbidopa (3.5mg/kg),  uptake in the reference tissue increased signifi- 
cantly but  striatal k 3 remained unchange (Table 1). 

Pre t reatment  with RO 40-7592 and benserazide did not  further enhance the 
uptake of  radioactivity in the brain. When the animals were pretreated with 
the two drugs, striatal k 3 decreased dose-dependently and when 10 mg/kg  ben- 
serazide was coadministered with the C O M T  inhibitor there was almost  no 
decarboxylat ion of  [12 C] -L-DOPA in the str iatum (Fig. 1, Table 2). 

Coadminis t ra t ion  of  carbidopa (3.5 mg/kg) and RO 40-7592 in one monkey  
did not  significantly decrease striatal k 3 (Table 2). 

Discussion 

RO 40-7592 has been shown to abolish elevations of  3-OMD, after adminis- 
t rat ion of  levodopa in both  plasma and brain and thus markedly elevate lev- 
odopa  bioavailability (Z/ircher etat., 1990). In mice, oral R0 40-7592 30mg/  
kg causes a complete suppression of  3-OMD format ion  for several hours  after 
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Fig. 1. Calculated striatal k 3 (y-axis) in four monkeys after pretreatment with the COMT 
inhibitor RO 40-7592 (10 mg/kg) and increasing doses of benserazide (x-axis). Each point 
represents one monkey (see also Table 2). Values are expressed as percentages of corre- 

sponding baseline investigations made without the addition of drug 

adminis t ra t ion of  L-DOPA.  Following the administrat ion of  oral RO 40-7592 
10 mg/kg  in monkeys  (Macaca Sylvana) plasma levodopa A U C  increases more  
than 6-fold with a s imultaneous inhibition of  3-OMD format ion  (Muggli et al., 
1989). 

In  this investigation we found no significant change in the distribution of  
radioactivity in the brain following pre t rea tment  with RO 40-7592. 3-OMD 
can readily penetrate the blood brain barrier using the same t ransport  system 
as L - D O P A  (Wade and Katzman,  1971). Since PET only measures total ra- 
dioactivity, suppression of  [11 C]-3-OMD format ion  will increase the relative 
amoun t  of  [11 C] -L -DOPA  without  affecting the total amoun t  of  radioactivity 
entering the brain. 

As expected, pre t rea tment  with benserazide or carbidopa markedly increases 

Table 2. Effects on striatal k3 and reference tissue uptake of llc after pretreatment with 
RO 40-7592 (10 mg/kg) and the AADC inhibitors benserazide or carbidopa 

Dose k 3 (min- 1) Uptake Baseline Baseline 
k3 (rain- 1) uptake 

Benserazide 

1 mg/kg 0.0072 0.64 0.0099 0.45 
3 mg/kg 0.0050 1.16 0.0108 0.66 
5 mg/kg 0.0028 0.59 0.0102 0.45 

10 mg/kg 0.0014 0.85 0.0091 0.64 

Carbidopa 

3.5 mg/kg 0.0103 0.75 0.0118 0.43 
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brain uptake of radioactivity. Extracerebral AADC inhibition will decrease the 
amount of radioactivity being converted to [~1 C]-dopamine, which does not 
easily penetrate the blood-brain barrier (Oldendorf, 1971). Although uptake 
increases, kinetic analysis revealed that high doses of benserazide (1Omg/kg) 
or carbidopa (3.5 mg/kg) do not alter the striatal k3, which is compatible with 
a predominantly extracerebral action using the present doses. 

Striatal k3 decreased dose-dependently following the combined administra- 
tion of benserazide and RO 40-7592. When RO 40-7592 and benserazide (10 mg/ 
kg) were coadministered almost no striatal accumulation of radioactivity was 
measured. The PET image and the intracerebral kinetics were similar to those 
seen after pretreatment with NSD 1015, an AADC inhibitor which enters the 
brain (Tedroff et al., 1991). Benserazide and carbidopa have been shown to the 
potent competitive inhibitors of COMT in previous investigations (Hagan et al., 
1980). Both benserazide and the metabolite 2,3,4-trihydroxybenzylhydrazine 
are better substrates for COMT than carbidopa or levodopa itself. It has pre- 
viously been shown that benserazide, after high doses given to experimental 
animals, enters the brain and inhibits the conversion of L-DOPA to dopamine 
(Plechter, 1973). 

Based on the foregoing, we believe that COMT inhibition will increase 
plasma levels of benserazide and its active metabolite leading to entry of sub- 
stantial amounts of AADC inhibiting drug into the brain. This effect was not 
found after coadministration of 10 mg/kg RO 40-7592 and 3.5 mg/kg carbidopa, 
an equipotent dose of carbidopa to the 10 mg/kg of benserazide which combined 
with RO 40-7592 almost completely suppressed striatal k3. Carbidopa has not 
been shown to enter the brain even in high doses (Plechter, 1973) and the affinity 
as well as Vmax of COMT for carbidopa are lower compared to benserazide 
(Hagan et al., 1980). However, both benserazide and carbidopa may presumably 
without preceding COMT inhibition inhibit cerebral AADC, if administered 
in much higher doses than used in the present investigation. 

The results of the present investigation may have clinical implications. The 
therapeutic benefits of levodopa therapy in Parkinson's disease are generally 
agreed to be due to the action of dopamine formed from the administered L- 
DOPA. The necessity of keeping adequate plasma levels of the amino acid to 
maintain clinical effect is well established (Lees, 1989). As the ability for the 
remaining dopaminergic neurons to convert levodopa to dopamine is crucial 
for the therapeutic benefit, substantial inhibition of brain AADC activity will 
most likely reduce the clinical response of the drug. Although the doses of 
benserazide used to markedly inhibit striatal AADC after COMT inhibition 
were considerably higher than those used in clinical praxis, the possible cerebral 
AADC inhibiting effects after long-term coadministration of COMT inhibitors 
and benserazide must be considered. 

Acknowledgements 
The authors express their appreciation to Prof. M. Da Prada, Roche, Basel, Switzerland 
for the gift of RO 40-7592 and the valuable information on the compound. We also 



Central action of benserazide after COMT inhibition 17 

appreciate the assistance of Dr. P. Malmborg at The Svedberg Laboratory for nuclide 
production and L. Ormegaard, the Primate Laboratory of Reproductive Research, Uni- 
versity of Uppsala for skilful handling of the monkeys. This work was supported by the 
Swedish Natural Science Research Council with grant K-KU 3463, and by grants from 
"F6renade Liv" Mutual Group Life Insurance Company, Stockholm. 

References 

Axelrod J (1966) Methylation reactions in the formation and metabolism of catecholamines 
and the effects of drugs. Prog Brain Res 18:95-113 

Bjurling P, Watanabe Y, Oka S, Nagasawa T, Yamada H, Lfingstr6m B (1990) Multi- 
enzymatic synthesis of [3 -11 C-labelled L-Tyrosine and L-DOPA. Acta Chem Scand 44: 
183-188 

Borgulya J, Bruderer H, Bernauer K, Ziircher G, Da Prada M (1989) Catechol-O-meth- 
yltransferase-inhibiting pyrocatechol derivatives: synthesis and structure-activity stud- 
ies. Helv Chim Acta 72:952-969 

Guldberg HC, Marsden CA (1975) Catechol-O-methyl-transferase: pharmacological aspects 
and physiological role. Pharmacol Rev 27:135-206 

Hagan RM, Raxworthy M J, Gulliver PA (1980) Benserazide and carbidopa as substrates 
of catechol-O-methyltransferase: new mechanism of action in Parkinson's disease. 
Biochem Pharmacol 29:3123-3126 

Hartvig P, Lindner KJ, Tedroff J, Bjurling P, H6rnfelt K, Lgmdstr6m B (1991 a) Regional 
brain kinetics of [11 C]-6-fluoro-L-DOPA and [11 C]-L-DOPA following COMT in- 
hibition. A study in vivo using positron emission tomography (submitted) 

Hartvig P, ~gren H, Reibring L, Tedroff J, Bjurling P, Kihlberg T, L~ngstr6m B (1991 b) 
Brain kinetics of L-I[3-11 C]DOPA in humans studied by positron emission tomography. 
J Neural Transm (in press) 

Jeffery DR, Roth JA (1985) Purification and kinetic mechanism of human brain soluble 
catechol-O-methyl transferase. J Neurochem 44:881 885 

Lees AJ (1989) The on-off phenomenon. J Neurol Neurosurg Psychiatry [Suppl]: 29-37 
Muggli D, Ziircher G, Da Prada M (1989) Inhibition of COMT by RO 40-7592, a potential 

drug for Parkinson's disease therapy. 12th annual meeting ENS, Turin, Italy 
Nissinen E, Lind6n I-B, Schultz E, Kaakola S, Mfinnist6 P, Pohto P (1988) Inhibition of 

catechol-O-methyl-transferase activity by two novel disubstituted catechols in the rat. 
Eur J Pharmacol 153:263-269 

Nutt JG (1987) On-off phenomenon: relation to levodopa pharmacokinetics and phar- 
macodynamics. Ann Neurol 22:535-540 

Oldendorf WH (1971) Brain uptake of radiolabelled amino acids, amines, and hexoses after 
arterial injection. Am J Physiol 221:1629-1639 

Pletcher A (1973) Effect on inhibitors of extracerebral decarboxylase on levodopa metab- 
olism. Adv Neurol 3:49-58 

Tedroff J, Aquilonius S-M, Hartvig P, Bjurling P, Lfingstr6m B (1991) Estimation of 
regional cerebral utilization of [11C]-L-3,4-dihydroxyphenyl-alanine (DOPA) in the 
primate by positron emission tomography (submitted) 

Wade LA, Katzman R 
blood-brain barrier. 

Zfircher G, Keller HH, 
(1990) RO 40-7592, 
methyltransferase: a 

(1975) 3-O-methyldopa uptake and inhibition of L-dopa at the 
Life Sci 17:131-136 
Kettler R, Borgulya J, Bonetti EP, Eigenman R, Da Prada M 
a novel, very potent and orally active inhibitor of catechol-O- 
pharmacological study in rats. Adv Neurol 53:497-503 

Authors' address: J. Tedroff, M.D., PhD., Department of Neurology, Uppsala Uni- 
versity Hospital, S-751 85 Uppsala, Sweden 

Received August 20, 1990 


