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(1) 23–26, 1998.—The interaction of dopamine (DA) precursor 

 

l

 

-dopa and catechol-O-methyltrans-
ferase (COMT) inhibitor, entacapone, was examined in rats using conditioned place preference (CPP) paradigm to assess re-
inforcement, and by measuring DA metabolism in the striatum and the limbic forebrain. Neither 

 

l

 

-dopa (100 mg/kg IP) nor
entacapone (30 mg/kg IP) alone induced CPP, but in combination they induced significant CPP. Entacapone alone had no ef-
fect on limbic or striatal DA concentrations, while it reduced the concentrations of the COMT products 3-methoxytyramine
(3-MT), a metabolite reflecting DA release, and homovanillic acid (HVA) in both brain areas. 

 

l

 

-dopa elevated limbic but not
striatal 3-MT. 

 

l

 

-dopa also slightly elevated limbic DA but had no effect on striatal DA concentration. 

 

l

 

-Dopa–induced increase
of 3-MT was attenuated by entacapone. Our results show for the first time that 

 

l

 

-dopa is able to produce CPP in intact ani-
mals. This effect may be related to the findings that 

 

l

 

-dopa increases synaptic DA concentrations in the limbic areas, and en-
tacapone may enhance this elevation as it prevents the synaptic metabolism of DA. © 1998 Elsevier Science Inc.

 

l

 

-Dopa Entacapone Conditioned place preference Dopamine 3-Methoxytyramine Reinforcement

 

THE mesolimbic dopamine (DA) has been suggested to be
critically involved in the reinforcing effects of drugs of abuse
(11). For example, psychostimulants such as amphetamine,
which releases DA into the synaptic cleft, and cocaine, which
increases synaptic DA by blocking its uptake, are powerful re-
inforcers. Furthermore, rats have been shown to self-adminis-
ter DA directly into the nucleus accumbens (5).

The DA precursor 

 

l

 

-dopa is used to increase cerebral DA
concentrations and thereby to alleviate the signs and symp-
toms of Parkinson’s disease. 

 

l

 

-dopa penetrates the blood–brain
barrier poorly, and less than 1% of an orally administered
dose reaches the brain. Therefore, peripheral decarboxylase
inhibitors are used to allow a greater proportion of 

 

l

 

-dopa to
reach the brain. Recently, selective catechol-O-methyl trans-
ferase (COMT) inhibitors, such as entacapone, have been de-

veloped to further improve the bioavailability of 

 

l

 

-dopa in the
brain (2,13,18).

In clinical studies, the antiparkinsonian activity of 

 

l

 

-dopa
combined with a decarboxylase inhibitor was prolonged and
enhanced by entacapone (19,22). Furthermore, several pa-
tients reported improved sleep, energy levels and their sense
of well-being while receiving entacapone (19). This clinical
observation could be related to possible reinforcing effects of
the combination, particularly because there are some reports
of the abuse of 

 

l

 

-dopa (16,20). However, there is no evidence
for the reinforcing effect of 

 

l

 

-dopa in experimental animals.
Thus, we have studied the effects of 

 

l

 

-dopa combined with
entacapone using the conditioned place preference (CPP)
paradigm in rats. This technique assesses drug reward by mea-
suring the association developed between certain neutral envi-
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ronmental stimuli and the primary drug effect (23). Therefore,
to investigate the effectiveness of 

 

l

 

-dopa and entacapone to
induce changes in cerebral DA turnover we measured the
concentrations of DA and its metabolites 3-methoxytyramine
(3-MT), 3,4-dihydroxyphenylacetic acid (DOPAC), and ho-
movanillic acid (HVA) in the striatum and the limbic fore-
brain of rat after acute administration of the combination. In-
deed, these biochemical experiments suggest that the drug
combination selectively elevates the synaptic DA concentra-
tion in the terminal mesolimbic areas.

 

METHOD

 

Animals

 

Male Wistar rats (250–350 g) were housed in groups of
four to six under 12 L:12 D cycle (lights on at 0500 h). Water
and standard laboratory food were available ad lib except
during conditioning and test sessions.

 

Drugs

 

Entacapone (N,N-diethyl-2-cyano-3-(3,4,-dihydroxy-5-nitro-
phenyl) acrylamide; Orion Pharma, Espoo, Finland) was sus-
pended in a 20% solution (w/v) of hydroxypropyl-

 

b

 

-cyclodex-
trin (Aldrich-Chemie, Steinheim, Germany) prepared in distilled
water. Levodopa methyl ester hydrochloride (Sigma Chemi-
cal Company, MO), a prodrug of 

 

l

 

-dopa, was dissolved in dis-
tilled water. All treatments were given intraperitoneally (IP,
0.2 ml/100 g) and doses refer to the acid or base form. Control
rats received either saline or 20% solution of hydroxypropyl-

 

b

 

-cyclodextrin (vehicle). Reagents used in HPLC assays were
p.a. grade and purchased from E. Merck (Darmstadt, Ger-
many) except dibutylamine (DBH, UK) and octanesulphonic
acid (Fluka Chemie, Switzerland).

 

Place Conditioning

 

Place conditioning was conducted as previously described
(10). The apparatus consisted of two square-base compart-
ments (h 40 

 

3

 

 30 

 

3

 

 30 cm) covered with a transparent ceiling,
one with white and the other with dark gray walls and floor.
For 3 days rats had free access to both compartments for 15
min (900 s) each day. On day 3, the time spent by the rats in
each compartment was recorded and these values served as a
baseline. Conditioning was conducted for 4 days and included
two sessions each day; one with drug treatments and one with
vehicle. The rats were given entacapone 30 mg/kg or vehicle
15 min before 

 

l

 

-dopa 50 or 100 mg/kg or 0.9% saline (con-
trols) immediately before placing them in the nonpreferred
compartment for 60 min. After an interval of 4 h all the rats
received vehicle and saline as described above and were
placed in the preferred compartment for 60 min. The order of
drug and vehicle presentation was balanced across treatment
groups. On day 8, the rats were allowed to freely choose their
preferred compartment in the apparatus for 15 min and the
time spent in each compartment was recorded.

 

Dopamine Metabolism

 

In the biochemical experiments the rats were given entaca-
pone 30 mg/kg or vehicle (pretreatment) 15 min before 

 

l

 

-dopa
100 mg/kg or saline (treatment). The rats were sacrificed 60
min after the last injection by a high-intensity microwave irra-
diation focused on the head using the NJE-10 kW microwave
irradiator (New Japan Radio Inc., Japan) set at 7 kW and
1.4 s. The brains were removed from the skull and placed in a

stainless steel brain mold. The caudate-putamen (striatum) and
the limbic forebrain (containing the nucleus accumbens, olfac-
tory tubercle, and amygdala) were dissected as described pre-
viously (8). The brain tissues were stored at 

 

2

 

80

 

8

 

C until DA
and its metabolites were assayed by using HPLC with electro-
chemical detection (8).

 

Statistics

 

The results of the CPP experiments were analyzed using
analysis of covariance (ANCOVA), and when appropriate,
Student’s 

 

t

 

-test. The results of the biochemical analyses were
tested by two-way analysis of variance (ANOVA), and when
appropriate, Tukey compromise post hoc test.

 

RESULTS

 

In a pilot experiment the effects of 50 and 100 mg/kg doses
of 

 

l

 

-dopa administered 15 min after entacapone 30 mg/kg were
studied. The dose of 50 mg/kg of 

 

l

 

-dopa with entacapone had
no place-conditioning effect, but the dose of 100 mg/kg of

 

l

 

-dopa with entacapone induced significant CPP compared
with the control, 

 

F

 

(1, 15) 

 

5

 

 12.2, 

 

p

 

 

 

,

 

 0.01 (data not shown).
In the CPP experiments there is often a “step-up” dose–effect
relationship where one dose of a drug does not induce CPP
but the next higher dose produces a positive effect that is also
the maximal effect (23). Therefore, we conducted further ex-
periments with the dose of 100 mg/kg of 

 

l

 

-dopa.
Entacapone (30 mg/kg) or 

 

l

 

-dopa (100 mg/kg) alone had
no effect on the place preference of the animals (Fig. 1). How-
ever, in combination, these treatments induced significant
CPP, ANCOVA 

 

F

 

(1, 46) 

 

5

 

 8.5, 

 

p

 

 

 

,

 

 0.01.

 

l

 

-dopa (100 mg/kg, Table 1) had no effect on striatal DA
but it tended to increase the concentration of DA in the lim-
bic forebrain, 

 

F

 

(1, 21) 

 

5

 

 5.9, 

 

p

 

 

 

,

 

 0.05. However, there were
no significant differences in post hoc comparisons. 

 

l

 

-dopa
profoundly elevated both limbic and striatal DOPAC and
HVA concentrations, 

 

F

 

(1, 21) 

 

.

 

 297, 

 

p

 

 

 

,

 

 0.001. The striatal
3-MT concentration was not altered by 

 

l

 

-dopa, 

 

F

 

(1, 21) 

 

5

 

 1,9,

 

p

 

 

 

5

 

 0.18. However, limbic 3-MT concentration was increased

FIG. 1. Effects of entacapone (Ent, 30 mg/kg IP), l-dopa (100 mg/kg
IP) and a combination of them on conditioned place preference. The
rats were given entacapone or vehicle 15 min before l-dopa or saline
and immediately placed in the place preference box for conditioning
on 4 consecutive days. White columns represent the time spent in the
less preferred compartment in the preconditioning session and filled
columns the time spent in the same compartment in the
postconditioning session. The data are expressed as means 6 SEM,
n 5 12. *p , 0.05 compared with control (Student’s t-test).
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several fold, 

 

F

 

(1, 21) 

 

5

 

 430, 

 

p

 

 

 

,

 

 0.001. Entacapone (30 mg/kg)
had no effect on the concentrations of limbic and striatal DA
but increased DOPAC, 

 

F

 

(1, 21) 

 

.

 

 12.2, 

 

p

 

 

 

,

 

 0.01, and de-
creased HVA, 

 

F

 

(1, 21) 

 

.

 

 14.2, 

 

p

 

 

 

,

 

 0.01, and 3-MT, 

 

F

 

(1, 21) 

 

.

 

84.1, 

 

p

 

 

 

,

 

 0.001, concentrations in these brain areas. A combi-
nation of 

 

l

 

-dopa and entacapone did not alter DA concentra-
tions in either brain area studied but increased limbic and
striatal DOPAC more than 

 

l

 

-dopa alone [pretreatment 

 

3

 

treatment interaction: 

 

F

 

(1, 21) 

 

5

 

 18.5, 

 

p

 

 

 

,

 

 0.001; 

 

F

 

(1, 21) 

 

5

 

10.5, 

 

p

 

 

 

,

 

 0.01, respectively]. Entacapone pretreatment re-
duced the 

 

l

 

-dopa–induced elevation of the limbic and striatal
HVA concentration, 

 

F

 

(1, 21) 

 

.

 

 10.9, 

 

p

 

 

 

,

 

 0.01). Entacapone
also attenuated the 

 

l

 

-dopa–induced increase of limbic 3-MT
[interaction: 

 

F

 

(1, 21) 

 

5

 

 61.8, 

 

p

 

 

 

,

 

 0.001].

 

DISCUSSION

 

The combination of entacapone 30 mg/kg and 

 

l

 

-dopa 100
mg/kg induced CPP, suggesting that this treatment is reinforc-
ing in rats. The most obvious explanation for this effect is that
the combination activates the limbic dopaminergic mecha-
nisms mediating reinforcement (11). Indeed, parkinsonian pa-
tients have abused levodopa in escalating doses (16,20). How-
ever, we have not found any previous experimental evidence
to indicate a reinforcing action of 

 

l

 

-dopa. In our experiment
neither 

 

l

 

-dopa nor entacapone alone induced CPP. In addi-
tion, when entacapone was administered with a smaller dose
(50 mg/kg) of 

 

l

 

-dopa, no CPP occurred. Because there was no
peripheral decarboxylase inhibitor included in our study, it is
possible that the smaller dose of 

 

l

 

-dopa failed to elevate cere-
bral DA concentrations enough due to peripheral metabolism.

COMT is expressed in two forms, membrane bound (MB)-
COMT and soluble (S)-COMT (21). COMT has been sug-
gested to inactivate DA released into the synaptic cleft by me-
tabolising it to 3-MT (21,24). Thus, entacapone could increase
especially the synaptic concentration of DA by inhibiting its
conversion to 3-MT in the 

 

l

 

-dopa–treated rats. Entacapone
penetrates the blood–brain barrier poorly (13), but in large
doses it is able to inhibit COMT in brain. This can be seen
clearly from our finding that entacapone reduced concentra-
tions of 3-MT in both brain areas studied.

 

l

 

-dopa (100 mg/kg) alone elevated limbic 3-MT concentra-
tion over 200%, suggesting that it increased synaptic dopamine,

too. Therefore, it is amazing that 

 

l

 

-dopa did not induce CPP.
Because exogenous 

 

l

 

-dopa is partially converted to DA in
nondopaminergic cells, where either MB-COMT or S-COMT
may be expressed (7,14,17), it is possible that some of the DA
is methylated before it is released into the synaptic cleft. Thus,
l-dopa–induced increase in limbic 3-MT concentration does
not necessarily reflect only the change in synaptic DA level
but also DA formation and metabolism in the nondopaminer-
gic cells (14). Entacapone could further increase the synaptic
DA concentration to a level that stimulates DA receptors
mediating reward by inhibiting the methylation of DA in non-
dopaminergic cells. This hypothesis is supported by the find-
ings that COMT inhibitors further elevate the striatal extracel-
lular DA in rats treated with l-dopa 1 dopa-decarboxylase
inhibitor (2,9,15).

The DA concentrations were only slightly elevated in the
limbic forebrain, and no changes were found in the striatum
by the treatments used. This is most probably due to rapid ca-
tabolism of newly synthetized DA after l-dopa treatment.
However, coadministration of l-dopa with dopadecarboxy-
lase inhibitors has been reported to elevate striatal DA con-
centrations (6,7,18).

In contrast to its effect in the limbic forebrain, l-dopa did
not increase 3-MT concentration in the striatum but tended to
decrease it. This is in accordance with previous reports show-
ing that l-dopa, combined with peripheral dopadecarboxylase
inhibitor, transiently decreases DA release (1,6). This was
suggested to result from an activation of DA autoreceptors
controlling DA release. Our results thus suggest that DA re-
lease is controlled by feedback mechanism more efficiently in
the striatum than in the limbic areas. However, Bunney et al.
(4) did not find any differences between the actions of l-dopa
on the firing rate of DA neurons in the ventral tegmental area
and the substantia nigra. Alternatively, the rates of decarbox-
ylation of l-dopa and methylation of DA differ in the striatum
and the limbic forebrain. Indeed, it is well-documented that
there are differences in the synthesis and metabolism of DA
between striatal and limbic brain regions (3,8,12).

In conclusion, our results show that exogenous l-dopa not
alone, but when given together with entacapone is able to
produce reinforcing effects in rats. This is the first experimen-
tal evidence that l-dopa is able to produce reinforcement in
rats. This effect may be related to the findings that l-dopa in-

TABLE 1
EFFECTS OF ENTACAPONE, L-DOPA AND THEIR COMBINATION ON THE CONCENTRATIONS

OF DOPAMINE AND ITS METABOLITES IN RAT BRAIN

Treatment DA (mg/g) 3-MT (ng/g) DOPAC (mg/g) HV A (mg/g)

Striatum
Control 12.2 6 1.2 25.3 6 1.1 1.1 6 0.1 0.8 6 0.1
l-dopa 12.6 6 1.2 21.9 6 0.8 8.9 6 0.4† 5.5 6 0.2†
Entacapone 10.9 6 0.9 12.0 6 2.0†‡ 1.6 6 0.1 0.5 6 0.1
Entacapone 1 l-dopa 11.0 6 1.1 12.0 6 0.7†‡ 14.6 6 0.2†‡ 3.6 6 0.4†‡

Limbic forebrain
Control 2.4 6 0.2 3.6 6 0.3 0.25 6 0.002 0.13 6 0.006
l-dopa 2.9 6 0.1 11.4 6 0.3† 7.1 6 0.6† 3.2 6 0.1†
Entacapone 2.6 6 0.1 2.3 6 0.3*‡ 0.36 6 0.04 0.09 6 0.02
Entacapone 1 l-dopa 2.8 6 0.1 5.9 6 0.2†‡ 10.0 6 0.6†‡ 2.5 6 0.1†‡

Entacapone (30 mg/kg IP) or vehicle was given 15 min before l-dopa (100 mg/kg IP) or saline and the rats were
sacrificed 60 min after l-dopa. The data are means 6 SEM, n 5 6–7.

*p , 0.05; † p , 0.01 as compared with control.
‡ p , 0.01 compared with l-dopa (Tukey compromise post hoc test).
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creases synaptic DA concentrations in the limbic areas, and
entacapone may enhance this elevation as it prevents synaptic
metabolism of DA. Our results do not prove, of course, that
the sense of well-being in parkinsonian patients receiving en-
tacapone results from the reinforcing action of this combina-
tion. It should especially be remembered that in the clinical
dose range entacapone penetrates the blood–brain barrier

poorly and a relatively large dose was used in our experi-
ments. Furthermore, our experiments were conducted in in-
tact animals. The action of l-dopa on DA transmission in a
parkinsonian brain may dramatically differ from that in a nor-
mal brain (1), so even a minor COMT inhibition combined
with levodopa may produce potent effects in the parkinsonian
brain.
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