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Abstract

“Catecholaminergic and serotoninergic activity enhancer” effects are newly found mechanisms of action of a class of compound that
enhance impulse propagation-mediated release of catecholamines and serotonin in the brain. In the present study, (—)-1-(benzofuran-2-
yD)-2-propylaminopentane hydrochloride [(—)-BPAP HCI], a compound with selective and potent “catecholaminergic and serotoninergic
activity enhancer” effects, was tested for its efficacy to potentiate locomotor activity in normal rats and to attenuate hypolocomoation in
reserpine-treated rats. (—)-BPAP HCI potentiated locomotor activity in non-habituated rats during a 2-h observation period dose-depen-
dently (0.3—10 mg/kg). (—)-BPAP HCI (1-3 mg/kg) was also effective to reverse reserpine-induced hypolocomotion. The effects of
(—)-BPAP HCI in normal and reserpine-treated rats were attenuated by the dopamine D1 receptor antagonist, R(+ )-7-chloro-8-hydroxy-
3-methyl-1-phenyl-2,3,4,5-tetrahydro-1H-3-benzazepine (SCH 23390), suggesting that the effects of (—)-BPAP HCI were mediated by
activation of the dopaminergic system. In addition, the administration of (—)-BPAP HCI increased ipsilateral turning in unilaterally
6-hydroxydopamine-lesioned rats, implying presynaptic activation of nigrostriatal dopaminergic terminals by (—)-BPAP HCI. Further-
more, although antiparkinsonian agents, such as apomorphine and amantadine, failed to improve reserpine-induced ptosis, (—)-BPAP
HCI significantly improved ptosis. These findings suggested that a “catecholaminergic and serotoninergic activity enhancer” compound,
(—)-BPAP, stimulates motor function in rats and improves motor deficits in animal models of Parkinson’s disease due to its ability to
induce dopamine release. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The endogenous brain amines, such as B-phenylethyl-
amine and tryptamine, have been found to enhance the
electrical stimulation-induced release of [*H]dopamine,
[*H]noradrenaline and [*H]serotonin from the isolated rat
brainstem (Knoll et al., 1996c). This was the first direct
evidence of a novel regulatory mechanism underlying the
impulse propagation-mediated release of catecholamines
and serotonin in the central nervous system. Thus, Knoll et
al. (1996a,b,c, 1999) designated this newly found mecha-
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nism as the “catecholaminergic and serotoninergic activity
enhancer” mechanism.

(—)-1-(Phenyl-2-yl)-2-propylaminopentane [( — )-PPAP]
is a pharmacological reference compound with the
“catecholaminergic activity enhancer” effect (Knoll et al.,
1996a). Replacement of the benzene ring in (—)-PPAP by
a benzofuran ring yielded a compound, (—)-1-(benzo-
furan-2-yl)-2-propylaminopentane [(—)-BPAP], with a
more potent “catecholaminergic activity enhancer” effect
and still greater “serotoninergic activity enhancer” effect
than (—)-PPAP (Knoll et al., 1999). (—)-BPAP enhanced
the electrica stimulation-induced release of dopamine,
noradrenaline and serotonin from the rat brainstem (Knoll
et a., 1999). In addition, (—)-BPAP fully antagonized
tetrabenazine-induced inhibition of learning performance
in an active avoidance task (Knoll et al., 1999).
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The dopamine deficiency theory for Parkinson’s disease
led to a major breakthrough in the treatment of this disease
(Ehringer and Hornykiewicz, 1960; Barbeau, 1962; Bern-
heimer et al., 1963). Based on this theory, replacement
treatments were introduced clinically, and indirect and
direct dopamine agonists have been shown to be useful in
the treatment of Parkinson’s disease (Schwab et al., 1951,
1969; Birkmayer and Hornykiewicz, 1961; Calne et al.,
1974; Gopinathan et a., 1981). Interestingly, although
(—)-deprenyl as a monoamine oxidase-B inhibitor is used
as the adjunct of L-DOPA in the treatment of Parkinson's
disease (Birkmayer et a., 1977), (—)-deprenyl has aso
been shown to possess a “catecholaminergic activity en-
hancer” effect (Knoll et al., 1996a). Accordingly, the
“catecholaminergic activity enhancer” effect of (—)-depre-
nyl may be involved in the beneficial pharmacological
effect of this drug in the treatment of Parkinson’s disease
(Knoll and Miklya, 1995; Knoll et a., 1996a; Knoll,
1998). This led us to examine whether a potent “catecho-
laminergic activity enhancer” compound such as (—)-
BPAP could serve as a new therapeutic agent for the
treatment of Parkinson’s disease.

The aim of the present study was to clarify the effects
of (—)-BPAP on performance, in behaviora tests involv-
ing catecholaminergic transmission and a model of Parkin-
son's disease. First, the effects of (—)-BPAP on sponta-
neous locomotor activity were tested in normal as well as
in reserpine-treated rats. Reserpine interferes with the stor-
age of monoamines in intracellular granules, which results
in the depletion of monoamines in nerve terminals (Carls-
son, 1975). Reserpine-treated animals show transient hy-
polocomotion and muscular rigidity, thus providing a phar-
macological model of parkinsonism (Colpagrt, 1987). We
also observed the effects of (—)-BPAP on rotational be-
havior in unilateraly 6-hydroxydopamine-lesioned rats.
This model, termed “the hemi-parkinsonian rat”, is widely
used to evaluate the potential antiparkinson activity of
therapeutic agents (Costall and Naylor, 1975; Ungerstedt,
1976; Fuxe and Ungerstedt, 1976; Silverman, 1993). In
addition, the role of the dopaminergic system in the behav-
ioral effects of (—)-BPAP was investigated, using the
dopamine D1 and D2 receptor antagonists, R(+)-7-
chloro - 8-hydroxy - 3 - methyl-1-phenyl -2,3,4,5-tetrahydro-
1H-3-benzazepine (SCH 23390) and sulpiride, respec-
tively.

2. Materials and methods

2.1. Animals

Male Wistar rats (10-weeks-old, Nihon SLC, Shizuoka,
Japan) were maintained in a humidity- (55 + 10%) and
temperature- (23 + 2°C) controlled facility under a 12/12
h light /dark cycle (light on at 7:00 am.) with free access

to food (MF, Oriental Y east, Tokyo, Japan) and water. The
rats were allowed to adapt for 1 week before testing.

The study was approved by Institutional Committee of
Ingtitute of Research and Development of Fujimoto Phar-
maceutical. All animal procedures were in accordance with
the Ingtitutional Guideline of Care and Use of Laboratory
Animals.

2.2. Compounds

The following compounds were used: amantadine hy-
drochloride (HCI), apomorphine HCI, 6-hydroxydopamine
hydrobromide, imipramine HCI, SCH 23390 HCl (Re-
search Biochemicals International, Natic, MA, USA), re-
serpine and sulpiride (Sigma, St. Louis, MO, USA). (—)-
BPAP HCI, the formula of which is shown in Fig. 1, was
synthesized by the Institute of Research and Development
of Fujimoto Pharmaceutical (Osaka, Japan). Reserpine was
dissolved in acetic acid and distilled water.

2.3. Locomoator activity

Locomotor activity was assessed using an infrared
(Model NS-AS01)-linked activity sensor system (Model
AB system-24A, Neuroscience, Tokyo, Japan). Counts of
motor activity were recorded on a computer system during
consecutive 5-min intervals.

The rats, which were not adapted to the test cages, were
used to determine the effects of test substances on locomo-
tor activity during a 2-h observation period, including an
active exploration period. The effects of (—)-BPAP HCI
were measured immediately after treatment with this com-
pound. The effects of compounds on reserpine-induced
hypolocomotion were measured 24 h after i.v. administra-
tion of reserpine (1 mg/kg). Reserpine-model rats were
placed in the cage immediately after treatment with (—)-
BPAP HCI, and locomotor activity was measured.

2.4. Testing of rotation

Rats were anesthetized with sodium pentobarbital (50
mg/kg i.p.), and 8 g of 6-hydroxydopamine, in 4 .l of
vehicle (saline containing 0.1% ascorbic acid), was in-
jected into the substantial nigra pars compacta (A= —5.6
mm, L= 1.6 mm from bregma and H= —7.6 mm from
the surface of the skull) at arate of 0.8 .l /min. Imipramine

O H
Fig. 1. Structure of R-(—)-1-(benzofuran-2-yl)-2-propylaminopentane
hydrochloride [(—)-BPAP HCI].
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HCI was administered at a dose of 10 mg/kg i.p. 30 min apomorphine HCI and placed in plastic cages. The rota-
prior to the 6-hydroxydopamine lesion. Ten to eleven days tions (360°) were scored for 1 h. Rats showing 100 rota-
after surgery, the rats were injected with 0.2 mg/kg s.c. of tions/h or more were selected for further experiments.
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Fig. 2. Effects of (—)-BPAP HCI and apomorphine HCI on locomotor activity in non-habituated rats. Rats were treated with the compounds once a day for
five consecutive days. Motor activity during the 2-h observation period was measured starting immediately after injection of each compound every day. A,
B, C, D and E represent the respective motor activity in the experiments on five consecutive days. A-1, B-1, C-1, D-1 and E-1 represent the time courses of
action of compounds. Open diamonds (<), closed diamonds (4 ), open circles (O), open triangles ( A ), open squares (O), closed circles (@) and closed
triangles (4 ) represent saine, 2 mg/kg s.c. apomorphine HCI (Apo), 0.1, 0.3, 1, 3 or 10 mg/kg s.c. (—)-BPAP HCl-treated group, respectively. Data are
presented as the averages of locomotion taken at each 5-min interval, over a period of 2 h after administration of the compounds. S.E.M. are not shown for
the sake of clarity. A-2, B-2, C-2, D-2 and E-2 represent cumulative motor activity for 2 h in the rats after treatment with each compound. * P < 0.05 and
* “P < 0.01 vs. saline-treated control. Each value represents an average score for a group of seven rats except for the first day, and vertical bars represent
S.E.M. On the first day, numbers of values for statistical analyses in each group were 4, 4, 7, 3, 7, 3 and 4 for sadline, Apo, 0.1, 0.3, 1.0, 3.0 or 10 mg/kg
s.c. (—)-BPAP-treated group, respectively.
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Table 1

Hypolocomotion in rats 24 h after administration of reserpine
Cumulative locomotor activity of reserpine-treated rats was recorded for
2 h immediately after placement in the test cage.

Treatment Dose n Counts of locomotor
(mg/kgi.v.) activity (mean+ S.E.M.)
Control - 10 538.9+57.3
Reserpine 0.3 10 312.6+34.72
1 10 279.0+86.4%
3 10 88.6+11.22

3P < 0.01 vs. control rats.

These rats, 18—-19 days after surgery, were then injected
s.c. with (—)-BPAP HCI and tested for ipsilateral rotations
for 1 h.

2.5. Ptosis scoring in reserpine-treated rats

The scoring system of Janssen et al. (1965) was used to
evaluate the degree of ptosis in reserpine-treated rats.
Score 4, eyes completely closed; score 2, half-open eyes;
and score 0, wide-open eyes; scores 1 and 3, intermediate
values.

Locomotor activity (counts/5 min)

Time (min)

Locomotor activity (counts/2 h)
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2.6. Satistics

The experimenta data were evaluated with the
Kruskal-Wallis analysis of variance followed by post hoc
Wilcoxon's test (SAS preclinical package version 4.0, SAS
Ingtitute, Cary, NC, USA). Only the experimenta data in
Fig. 7 for the 6-hydroxydopamine-model were analysed
with the paired t-test. P < 0.05 was considered significant.

3. Results

3.1. Effects of (—)-BPAP in locomotor activity in non-
habituated normal rats

Fig. 2 shows the locomotor stimulant effect of (—)-
BPAP HCI. The animals injected with vehicle aone dis-
played locomotion related to active exploration during the
initial phase that was usually followed by a decline in
activity due to habituation (Fig. 2A-1, open diamonds).
The (—)-BPAP HCl-treated animals displayed pronounced
locomotor activity (Fig. 2). Regarding cumulative locomo-
tor activity, 0.1-10 mg/kg s.c. (—)-BPAP HCl caused
increases in locomotor action in a dose-dependent manner,
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Fig. 3. Effects of (A) (—)-BPAP and (B) apomorphine and amantadine on reserpine-induced hypolocomotion in rats. Reserpine (1 mg/kg i.v.) was given
24 h before administration of the compounds. The locomotor activity of each rat was measured for 2 h after administration of compounds. A-1 and B-1
show time courses of the actions of compounds. In A-1, open diamonds (<), open triangles ( A ), open squares (0) and closed circles (@) represent saling,
0.3, 1 or 3 mg/kg s.c. (—)-BPAP, respectively. In B-1, open diamonds (<), closed diamonds (4 ), open circles (O), open triangles ( o ) and open squares
(O) show sdline-treated control, 2 mg/kg s.c. apomorphine HCl (Apo), 10, 20 or 40 mg/kg s.c. amantadine HCI, respectively. Data are presented as
average locomotion from each 5-min interval over a period of 2 h after administration of the compounds. S.E.M. are not shown for the sake of clarity. A-2
and B-2 show the cumulative motor activities for 2 h in the rats treated with compounds. “ P < 0.05 and * * P < 0.01 vs. sdline-treated control. Each value
represents an average score for a group of 10 rats, and the vertical bars represent S.E.M.
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Fig. 4. Effects of (A) (—)-BPAP and (B) apomorphine and amantadine
on reserpine-induced ptosis in rats. Reserpine (1 mg/kg i.v.) was given
24 h before treatment with the compounds, and the level of ptosis of each
rat was scored 2 h after administration of drugs. © “P < 0.01 vs. saline-
treated control. Each value represents an average score for a group of 10
rats, and the vertical bars represent S.E.M.

with aminimal effective dose of 0.3 mg/kg (Fig. 2A-2—E-
2). It should also be noted that a significant increase in
locomotion was observed even at alower dose, 0.1 mg/kg,
during some observation periods (Fig. 2A-1-E-1, open
circles). Lower doses (0.1, 0.3 and 1 mg/kg s.c.) of
(—)-BPAP HCI preferentially potentiated locomotor activ-
ity during the initial phase of active exploration. At higher
doses such as 3 or 10 mg/kg, (—)-BPAP HCl-treated
animals showed long-lasting enhancement of locomotor
activity until 2 h later. Although rats treated with the
dopamine agonist, apomorphine, displayed an increase in
cumulative locomotor activity for 2 h (Fig. 2A-2-E-2),
there was a decrease in locomotor activity with 2 mg/kg
s.c. apomorphine HCI during the initial phase of active
exploration (Fig. 2A-1-E-1, closed diamonds). In the ini-
tial phase, 2 mg/kg s.c. apomorphine HCl caused more
stereotypic behavior and less forward locomotion than did
(—)-BPAP HCl.

3.2. Effects of (—)-BPAP in locomotor activity in reser-
pine-treated rats

A marked reduction in locomotor activity was observed
24 h after intravenous injection of 0.3—3 mg/kg reserpine,
in a dose-dependent manner (Table 1). Active exploration
during the initial phase, although to a lesser degree, was

still observed in 1 mg/kg reserpine-treated rats (Fig.
3A-1,B-1).

As shown in Fig. 3B-1,B-2, reserpine-induced hypolo-
comotion was reversed by 2 mg/kg apomorphine HCI and
by 40 mg/kg amantadine HCI, a dopamine-releaser (Scat-
ton et a., 1970; Von Voigtlander and Moore, 1971).
(—)-BPAP HCI also reversed reserpine-induced hypoloco-
motion a doses of 1-3 mg/kg. Note that locomotor
activity during the initial phase was markedly potentiated
by (—)-BPAP HCI in reserpine-treated animals, apparently

A
3000 { | ok T ** 7
= ek sk
< 2500 + eear==a
g |
3 2000 - I
CA
>
£ 1500 1 2
S I
g 1000 7 /
g s o /
S o [T A E7zz
B <
1200 | *
£ N .
‘:; 1000 T
2 [
8 800 T
z
2 600
g I I
£ 400
g 1 / /
§ 200 - r,_‘ P
0

€ .
£ 12009 * 7
(=]
@10004 [ * I *
c
3 800 [
: [
2
£ 600
3
S 400
5 T T
1<} T
E 200 - -
Q
3 o [ 1 V2
Sal Sal SCH Sul Sal SCH Sul
Apo (-)-BPAP-HCI

Fig. 5. Effects of dopaminergic antagonists on the hyperlocomotor actions
of (—)-BPAP HCI or apomorphine HCI on normal rats (A), or reserpine-
treated rats (B and C). (A) Locomotor activities of normal rats were
measured immediately after administration of compounds. (B and C)
Reserpine (1 mg/kg i.v.) was given 24 h before treatment with the
compounds, and locomotor activity of each rat was measured for 2 h (B)
or 90 min (C) after administration of compounds. (—)-BPAP HCI or
apomorphine HCl was administered at doses of 1 and 2 mg/kg s.c.,
respectively. SCH 23390 HCI (SCH; 0.1 mg/kg s.c.) or sulpiride (Sul; 20
mg,/kg s.c.) were administered simultaneously with (—)-BPAP HCI or
apomorphine HCl. “P < 0.05 and “ “P < 0.01 vs. saline-treated control
(Sal). Each value represents an average for a group of 10 rats, and the
vertical bars represent S.E.M.
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Fig. 6. Dose-dependent effects of (—)-BPAP HCI on ipsilateral rotations
in unilaterally 6-hydroxydopamine-lesioned rats. The number of rotations
was counted for 1 h immediately after the subcutaneous administration of
(—)-BPAP HCI. Each value represents an average for a group of eight
rats, and the vertical bars represent SEM. “P <0.05 and * “P < 0.01
vs. saline-treated control group (Sal).

with restoration of the activity pattern observed in non-
habituated normal rats.

Moreover, athough ptosis was observed in 1 mg/kg
reserpine-treated rats, this symptom was significantly im-
proved by treatment with 3 mg/kg (—)-BPAP HCI (P <
0.01, Fig. 4A). In contrast, 2 mg,/kg apomorphine HCI
and 10-40 mg/kg amantadine HCI failed to improve
reserpine-induced ptosis (Fig. 4B).

3.3. Effects of dopamine antagonists against (—)-BPAP-
enhanced |ocomotor activity in normal or reserpine-treated
rats

To determine if the effects of (—)-BPAP are mediated
by activation of the dopaminergic system, we utilized
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subtype-specific dopamine receptor antagonists, SCH
23390 HCl and sulpiride. As shown in Fig. 5A, the
dopamine D1 receptor-selective antagonist, SCH 23390
HCI, at a dose of 0.1 mg/kg, completely inhibited (—)-
BPAP- and apomorphine-enhanced locomotor activity in
norma rats. In contrast, the dopamine D2 receptor-selec-
tive antagonist, sulpiride (20 mg/kg), had no significant
effect.

SCH 23390 HCI at 0.1 mg/kg also significantly inhib-
ited apomorphine HCl-enhanced locomotor activity in re-
serpine-treated rats. We found no significant inhibitory
effects of SCH 23390 HCI on 1 mg/kg s.c. (—)-BPAP
HCl-enhanced locomotor activity, with regard to the cumu-
lative motor activity over the 2-h observation period (Fig.
5B). As the locomotor enhancement by (—)-BPAP HCI in
reserpine-treated rats was relatively selective for the initial
phase of active exploration, we aso analyzed the cumula
tive motor activity data for the initial 90 min. In this case,
significant inhibition by SCH 23390 HCI of (—)-BPAP
HCl-enhanced locomotor activity in reserpine-treated rats
was observed (Fig. 5C). In either measure of the initial 90
min or 2-h observation periods, 20 mg/kg sulpiride did
not show any significant effect on (—)-BPAP HCI- or
apomorphine HCl-enhanced locomotor activity in reser-
pine-treated rats (Fig. 5B,C).

3.4. Rotational behavior in rats with unilateral 6-hydroxy-
dopamine lesion of the dopaminergic nigrostriatal path-
way

In unilateral 6-hydroxydopamine-lesioned rats, 0.1-3.0
mg/kg s.c. (—)-BPAP HCI caused ipsilateral rotations in
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Fig. 7. Effects of repeated treatment with (—)-BPAP HCI on ipsilateral rotations in unilaterally 6-hydroxydopamine-lesioned rats. A, B, C and D show
saline (Sal), 0.1, 0.3 and 1.0 mg/kg s.c. (—)-BPAP HCl-treated groups, respectively. Eight doses of (—)-BPAP HCI were given to 6-hydroxydopamine-
lesioned rats at 1-3-day intervals within 10 days. Rotation was counted during a 1-h period immediately after treatment with (—)-BPAP HCI, at doses 1,
2, 3, 4 and 8. Each point represents mean cumulative activity from five successive experiments, and vertical bars represent S.E.M. (n = 8). Statistical
analyses were performed with a paired t-test. “P < 0.05 and “ * P < 0.01 vs. the value after the first dose.
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a dose-dependent manner (Fig. 6). The minimum dose of
(—)-BPAP HCI that induced a significant number of rota-
tions was 0.3 mg/kg.

In addition, unilateral 6-hydroxydopamine-lesioned rats
were treated with (—)-BPAP HCI eight times at 1-3-day
intervals (Fig. 7). Although 0.1 and 0.3 mg/kg (—)-BPAP
HCl induced no significant changes at the dose of 1
mg/kg, the rotation behavior was significantly increased
after three, four and eight doses, as compared to that after
the first dose (P < 0.05, Fig. 7).

4. Discussion

The present study demonstrated that (—)-BPAP HCI,
which is a novel compound showing the ‘“catecho-
laminergic and serotoninergic activity enhancer” effect
(Knoll et a., 1999; Yoneda et a., 2001), produces a
dose-dependent increase in locomotor activity of non-
habituated rats. Moreover, (—)-BPAP HCl was demon-
strated to produce a dose-dependent antiparkinsonian re-
sponse in areserpine model of Parkinson's disease. Thisis
the first demonstration of the effectiveness of a “catecho-
laminergic and serotoninergic activity enhancer” com-
pound in an acute animal model of Parkinson’s disease.

These behavioral effects of (—)-BPAP HCI are consid-
ered to be mediated by dopamine release through its
“catecholaminergic activity enhancer” effect, because
(—)-BPAP HCI induced ipsilateral rotations in unilateral
6-hydroxydopamine-lesioned rats, and the (—)-BPAP
HCl-induced locomotor activity was completely inhibited
by the dopamine D1 receptor antagonist, SCH 23390 HCl.
These results suggested that the ““catecholaminergic activ-
ity enhancer” effect is more important than the “sero-
toninergic activity enhancer” effect, in the light of the
improvement of motor deficitsin the models of Parkinson’s
disease. Repeated administration of 1 mg/kg (—)-BPAP
HCI increased the response to this compound in unilater-
ally 6-hydroxydopamine-lesioned rats, which may have
been due either to sensitization, resembling the effects of
several dopamine receptor agonists (Klug and Norman,
1993; Kostrzewa, 1995), or to pharmacokinetic mecha
nisms involving accumulation of the compound in the
brain.

The dopamine D2 receptor antagonist, sulpiride, failed
to inhibit locomotor enhancement by (—)-BPAP HCI and
apomorphine HCI. Severa investigators have also reported
that sulpiride does not inhibit the hyperlocomotion induced
by dopaminergic activation. Fritts et a. (1997, 1998)
reported that amphetamine-, dexbenzetimide- or scopo-
lamine-induced hyperlocomotion and stereotypy were de-
creased by the dopamine D1 receptor antagonist, SKF
83566, but not by the dopamine D2 receptor antagonist,
sulpiride. However, other studies showed that the dopamine
D2 receptor antagonists, raclopride and eticlopride, re-

duced the locomator stimulation by d-amphetamine, phen-
cyclidine and diazepam (Lapin and Rogawski, 1995), and
by the nicotinic cholinergic agonist, SIB-1765F (Menzaghi
et al., 1997ab), respectively. Thus, although dopamine D2
receptor antagonism may reduce the hyperlocomotion in-
duced by various substances, the action of sulpiride may
be complex, compared with that of other D2 receptor
antagonists.

In norma non-habituated rats, (—)-BPAP HCl in-
creased motor activity during the entire 2-h observation
period. On the other hand, apomorphine decreased motor
activity during the period of active exploration because of
stereotypy. In the treatment of Parkinson's disease, the
benefits of dopamine agonists on motor functions are due
to their ability to activate dopaminergic receptors on post-
synaptic neurons. Amantadine stimulates dopamine release
from dopaminergic terminals (Scatton et al., 1970; Von
Voigtlander and Moore, 1971). On the other hand, a-
though “catecholaminergic activity enhancer” compounds
are aso able to induce dopamine release from dopaminer-
gic terminals, this effect seems to be dependent on the
degree of firing activity of presynaptic axons (Knoll et a.,
1996a,b,c). Such unique actions were also observed in vivo
in anima model systems. Using the two-way shuttle
box, Knoll et al. (1996a,b,c) showed that treatment of tet-
rabenazine-induced depression model rats, with
“catecholaminergic activity enhancer” compounds such as
(—)-PPAP and (—)-BPAP, significantly increased a condi-
tioned avoidance response (Knoll et al., 1996a, 1999).
However, “catecholaminergic activity enhancer” com-
pounds did not induce a significant increase in intersignal
reactions. It has been reported that amphetamine signifi-
cantly increased intersignal reactions, as well as a condi-
tioned avoidance responses, in a conditioned avoidance
task (Knoll et a., 1992). It was aso reported that metham-
phetamine and spocolamine facilitated the avoidance re-
sponse with an increase in the response rate in Sidman
avoidance (Kuribara, 1982).

Furthermore, in the present study, (—)-BPAP HCl im-
proved reserpine-induced ptosis, a parameter widely used
in evaluation of antidepressant action (Claassen et al.,
1977; Miyamoto et al., 1996), while two antiparkinsonian
agents, apomorphine and amantadine, failed to affect this
parameter. Non-motor symptoms of Parkinson’'s disease,
such as depression unresponsive to antiparkinsonian drugs
(Fibiger, 1984; Mayberg and Solomon, 1995), may not be
related only to dopaminergic deficits, but also to noradren-
ergic and serotoninergic deficits (Agid et al., 1984; Ger-
lach et al., 1994). In this context, the effects of (—)-BPAP
on noradrenergic and serotoninergic systems are likely to
be important for the non-motor symptoms in animal mod-
els of Parkinson's disease, an aspect which should be
studied in detail in future.

In conclusion, (—)-BPAP HCI showed motor-stimulant
effects in rats, and reversed hypolocomotion in reserpine-
induced acute Parkinson’s model rats. These effects were
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dependent on the dopamine receptor activation subsequent
to dopamine release due to “catecholaminergic activity
enhancer” effects. In addition, “catecholaminergic and
serotoninergic activity enhancer” compounds are expected
to show different pharmacologica profiles from those of
established dopamine agonists in clinical trias for Parkin-
son's disease.

References

Agid, Y., Ruberg, M., Duboais, B., Javoy-Agid, F., 1984. Biochemical
substrates of mental disturbancesin Parkinson’'s disease. Adv. Neurol.
40, 211-218.

Barbeau, A., 1962. The pathogenesis of Parkinson's disease: a new
hypothesis. Can. Med. Assoc. J. 87, 802—807.

Bernheimer, H., Birkmayer, W., Hornykiewicz, O., 1963. Zur Biochemie
des Parkinson-Syndroms des Menschen: Einfluf3 der Monoaminoxi-
dase-Hemmer-Therapie auf die Konzentration des Dopamins, Nora-
drenalins und 5-Hydroxytryptaminsim Gehirn. Klin. Wochenschr. 41,
465-4609.

Birkmayer, W., Hornykiewicz, O., 1961. Der L-3,4-Dioxyphenylalanin
(= DOPA)-Effekt bei der Parkinson-Akinese. Wien. Klin. Wochen-
schr. 73, 787-788.

Birkmayer, W., Riederer, P., Ambrozi, L., Youdim, M.B.H., 1977.
Implications of combined treatment with “madopar” and L-deprenil in
Parkinson’s disease. Lancet 1, 439—443.

Calne, D.B., Teychenne, P.F., Leigh, P.N., Bamji, A.N., Breenacre, JK.,
1974. Treatment of parkinsonism with bromocriptine. Lancet 2,
1355-1356.

Carlsson, A., 1975. Monoamine-depleting drugs. Pharmacol. Ther. 1,
393-400.

Claassen, V., Davies, J.E., Hertting, G., Placheta, P., 1977. Fluvoxamine,
a specific 5-hydroxytryptamine uptake inhibitor. Br. J. Pharmacol. 60,
505-516.

Colpaert, F.C., 1987. Pharmacological characteristics of tremor, rigidity
and hypokinesia induced by reserpine in rat. Neuropharmacology 26,
1431-1440.

Costall, B., Naylor, R.J., 1975. A comparison of circling models for the
detection of antiparkinson activity. Psychopharmacologia 41, 57—64.

Ehringer, H., Hornykiewicz, O., 1960. Verteilung von Noradrenalin und
Dopamin (3-Hydroxytyramin) im Gehirn des Menschen und ihr Ver-
halten bei Erkrankungen des extrapyramidalen Systems. Klin.
Wochenschr. 38, 1236—1239.

Fibiger, H.C., 1984. The neurobiological substrates of depression in
Parkinson's disease: a hypothesis. Can. J. Neurol. Sci. 11 (Suppl. 1),
105-107.

Fritts, M.E., Mueller, K., Morris, L., 1997. Amphetamine-induced loco-
motor stereotypy in rats is reduced by a D1 but not a D2 antagonist.
Pharmacol. Biochem. Behav. 58, 1015-1019.

Fritts, M.E., Mueller, K., Morris, L., 1998. Locomotor stereotypy pro-
duced by dexbenzetimide and scopolamine is reduced by SKF 83566,
not sulpride. Pharmacol. Biochem. Behav. 60, 639-644.

Fuxe, K., Ungerstedt, U., 1976. Antiparkinsonian drugs and dopaminergic
neostriatal mechanisms: studies in rats with unilateral 6-hydroxy-
dopamine ( = 6-OH-DA)-induced degeneration of the nigro-neostriatal
DA pathway and quantitative recording of rotational behavior. Phar-
macol. Ther., Part B 2, 41-47.

Gerlach, M., Jellinger, K., Riederer, P., 1994. The possible role of
noradrenergic deficits in selected signs of Parkinson's disease. In:
Brilley, M., Marien, M. (Eds.), Noradrenergic Mechanisms in Parkin-
son’s Disease. CRC Press, Boca Raton, FL, pp. 59-71.

Gopinathan, G., Teravainen, H., Dambrosia, JM., Ward, C.D., Sanes,
JN., Stuart, W.K., Evarts, E.V., Cane, D.B., 1981. Lisuride in
parkinsonism. Neurology 31, 371-376.

Janssen, P.A.J, Niemegeers, C.JE., Schellekens, K.H.L., 1965. Is it
possible to predict the clinical effects of neuroleptic drugs (major
tranquillizers) from animal data? Arzneim.-Forsch. 15, 104-117.

Klug, JM., Norman, A.B., 1993. Long-term sensitization of apomor-
phine-induced rotation behavior in rats with dopamine deafferentation
or excitotoxin lesions of the striatum. Pharmacol. Biochem. Behav.
46, 397-403.

Knoll, J., 1998. (—)Deprenyl (selegiline), a catecholaminergic activity
enhancer (CAE) substance acting in the brain. Pharmacol. Toxicol.
82, 57-66.

Knoll, J,, Miklya, 1., 1995. Enhanced catecholaminergic and serotoniner-
gic activity in rat brain from weaning to sexual maturity: rationale for
prophylactic (—)deprenyl (selegiline) medication. Life Sci. 56, 611—
620.

Knoall, J., Knall, B., Torok, Z., Timar, J.,, Yasar, S., 1992. The pharmacol-
ogy of 1-phenyl-2-propylaminopentane (PPAP), a deprenyl-derived
new spectrum psychostimulant. Arch. Int. Pharmacodyn. 316, 5-29.

Knoll, J., Miklya, 1., Knoll, B., Markd, R., Kelemen, K., 1996a. (—)De-
prenyl and (—)1-phenyl-2-propylaminopentane, [(—)PPAP], act pri-
marily as potent stimulants of action potential—transmitter release
coupling in the catecholaminergic neurons. Life Sci. 58, 817-827.

Knall, J, Knall, B., Miklya, 1., 1996b. High performing rats are more
sensitive toward catecholaminergic activity enhancer (CAE) com-
pounds than their low performing peers. Life Sci. 58, 945-952.

Knoll, J., Miklya, 1., Knoll, B., Markd, R., Racz, D., 1996¢c. Phenyleth-
ylamine and tyramine are mixed-acting sympathomimetic amines in
the brain. Life Sci. 58, 2101-2114.

Knoll, J., Yoneda, F., Knoll, B., Ohde, H., Miklya, I., 1999. (—)1-(Ben-
zofuran-2-yl)-2-propylaminopentane, [(—)BPAP], a selective en-
hancer of the impulse propagation mediated release of catecholamines
and serotonin in the brain. Br. J. Pharmacol. 128, 1723-1732.

Kostrzewa, R.M., 1995. Dopamine receptor supersensitivity. Neurosci.
Biobehav. Rev. 19, 1-17.

Kuribara, H., 1982. Strain differences to the effects of centra acting
drugs on Sidman avoidance response in Wistar and Fischer 344 rats.
Pharmacol. Biochem. Behav. 17, 425-429.

Lapin, I.P., Rogawski, M.A., 1995. Effects of D1 and D2 dopamine
receptor antagonists and catecholamine depleting agents on the loco-
motor stimulation induced by dizocilpine in mice. Behav. Brain Res.
70, 145-151.

Mayberg, H.S., Solomon, D.H., 1995. Depression in Parkinson’s disease:
a biochemical and organic viewpoint. Adv. Neurol. 65, 49-60.

Menzaghi, F., Whelan, K.T., Risbrough, V.B., Reo, T.S, Lloyd, G.K.,
1997a. Effects of a novel cholinergic ion channel agonist SIB-1765F
on locomotor activity in rats. J. Pharmacol. Exp. Ther. 280, 384—392.

Menzaghi, F., Whelan, K.T., Risbrough, V.B., Rao, T.S, Lloyd, G.K.,
1997b. Interactions between a novel cholinergic ion channel agonist,
SIB-1765F and L-DOPA in the reserpine model of Parkinson's dis-
ease in rats. J. Pharmacol. Exp. Ther. 280, 393—401.

Miyamoto, M., Takahashi, H., Kato, K., Hirai, K., Ishihara, Y., Goto, G.,
1996. Effects of 3-[1-(phenylmethyl)-4-piperidinyl]-1-(2,3,4,5-tetrahy-
dro-1H-1-benzazepin-8-yl)-1-propanone fumarate (TAK-147), a novel
acetylcholinesterase inhibitor, on impaired learning and memory in
animal models. J. Pharmacol. Exp. Ther. 277, 1292—1304.

Scatton, B., Chéramy, A., Besson, M.J., Glowinski, J., 1970. Increased
synthesis and release of dopamine in the striatum of the rat after
amantadine treatment. Eur. J. Pharmacol. 13, 131-133.

Schwab, R.S., Amador, L.V., Lettvin, J.Y., 1951. Apomorphine in
Parkinson’s disease. Trans. Am. Neurol. Assoc. 76, 251-253.

Schwab, R.S., England Jr., A.C., Poskanzer, D.C., Young, R.R., 1969.
Amantadine in the treatment of Parkinson's disease. JAMA 208,
1168-1170.

Silverman, P.B., 1993. On-off effects of dopamine receptor agonists in
the hemi-parkinsonian rat. Eur. J. Pharmacol. 242, 31-36.



S Shimazu et al. / European Journal of Pharmacology 421 (2001) 181-189 189

Ungerstedt, U., 1976. 6-Hydroxydopamine-induced degeneration of the Yoneda, F., Moto, T., Sakae, M., Ohde, H., Knoll, B., Miklya, I., Knall,
nigrostriatal dopamine pathway: the turning syndrome. Pharmacol. J., 2001. Structure-activity studies leading to (—)1-(benzofuran-2-yl)-
Ther., Part B 2, 37-40.

2-propylaminopentane, [(—)BPAP], a highly potent, selective en-
hancer of the impulse propagation mediated release of catecholamines
and serotonin in the brain. Bioorg. Med. Chem. 9, In press.

Von Voigtlander, P.F., Moore, K.E., 1971. Dopamine: release from the
brain in vivo by amantadine. Science 174, 408-410.



