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ABSTRACT—A novel serotonin reuptake inhibitor, (—)trans 4-(4-fluorophenyl)-3-(4-methoxyphenoxy-
methyl)piperidine hydrochloride (FG-7080), was investigated for its effects on scopolamine-induced im-
pairments in memory tasks of rats. In the radial-arm maze task, FG-7080 (3 mg/kg, p.o.) improved the im-
paired performance. FG-7080 (1 mg/kg, p.o.) administered before the acquisition trial reduced the acquisi-
tion deficits in the passive avoidance task. Thus, the compound showed improving effects in the appetitive
and aversive memory tasks. These findings suggest that FG-7080 may ameliorate the cognitive impairments

caused by the cholinergic dysfunction.
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(—)Trans 4-(4-fluorophenyl)-3-(4-methoxyphenoxy-
methyl)piperidine hydrochloride (FG-7080) is a novel
non-tricyclic serotonin reuptake inhibitor (1}. A number
of recent reports indicate that selective serotonin reuptake
inhibitors improve the performance of memory tasks in
experimental animals (2), in addition to their anti-depres-
sant effects. Furthermore, the learning and memory im-
pairment induced by cholinergic dysfunction, which is
thought to relate to human amnesic and/or dementia syn-
dromes (3), is aggravated by lesioning of the serotonergic
system (4). This report suggests that the brain serotoner-
gic system interacts with the cholinergic system. In this
study, we investigated effects of FG-7080 on impaired
cognitive functions resulting from the treatment with a
cholinergic antagonist, scopolamine hydrobromide
(SCOP). To check if the drug effect was varied depending
upon motivation, the effect of this compound was ex-
amined by using appetitively (radial-arm maze) and aver-
sively (passive avoidance) motivated memory tasks.

In the radial-arm maze task, 3-month-old male Wistar
Tats were used. At the start of the experiment, the animals
were placed into individual cages and their body weights
were maintained at 85% of their free-feeding levels by re-
stricted feeding throughout the experiment. The elevated
8-arm radial maze employed was described elsewhere (5).
The training or drug-testing was conducted once a day

according to the following procedure: Every arm of the
maze was baited with 0.05 ml of 30% sucrose solution in
the reward hole at the end of each arm. The rat was
placed on the central platform and allowed to obtain the
reward. When it had consumed the reward from all §
arms or 10 min had elapsed, it was removed from the
apparatus. The learning criterion was at least 7 correct
choices (entry into an arm not visited) in the first 8 choices
in each of 5 consecutive trials. The drug testing trials were
conducted at intervals of a few days using rats that had
reached the learning criterion. On the days without drug
treatments, ordinary training trials were given. FG-7080
(Nove Nordisk, Soeborg, Denmark) and idebenone
(Avan®, Takeda Chemical Industries, Osaka) were sus-
pended in 5% gum arabic and orally administered 30 min
prior to the trial. SCOP (0.25 mg/kg, as hydrobromide
salt; Nacalai Tasque, Kyoto) was dissolved in 0.9% saline
and injected intraperitoneally 15 min prior to the trial.
The testings for FG-7080 at doses of 3, 10, 30, 100
mg/kg and for idebenone at 10, 30 mg/kg were carried
out (high-dose testings). Fifteen animals were repeatedly
tested under all drug conditions. Dosing orders were
counter-balanced among the animals. Figure 1A shows
the results of the high-dose testings of the radial-arm
maze task. The number of correct choices in the first 8
choices was statistically analyzed by means of Wilcoxon’s
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Fig. 1. Mean (£S.E.) correct choices in the first eight choices in the radial-arm maze task. A) High-dose testings. B) Low-dose
testings. P <0.05, #P<0.01: significant difference from vehicle +saline. *P<(0.05: as compared with vehicle +scopolamine

treatment.

signed rank sum test. SCOP treatment significantly
reduced the number of correct choices (P<0.01). Ad-
ministration of FG-7080 at 3 mg/kg resulted in a sig-
nificant improvement of the performance (P < 0.05). The
correct choices at doses of 10 and 30 mg/kg were in-
creased, but they did not reach statistical significance.
Idebenone improved the performance at doses of 10 and
30 mg/kg (P <0.05).

Because a significant effect was observed only at the
lowest dose, further testings with 3 mg/kg and lower
doses of FG-7080 were conducted (low-dose testings).
Eight rats that had been used in the high-dose testings,
and two newly trained rats were employed in these test-
ings. The same dosing-order was applied to all rats:
vehicle +saline, 0.3 mg/kg+SCOP, | mg/kg+SCOP, 3
mg/kg+ SCOP, vehicle+SCOP. The results are present-
ed in Fig. 1B. The correct choices under the 3 mg/kg of
FG-7080 treatment condition were significantly greater
than those with the vehicle treatment (P <0.05), as ob-
tained in the high-dose testings. The performance under
the vehicle -+ SCOP condition was better than that under
the same condition in the high-dose testings. This increase
of correct choices might have resulted from tolerance to
SCOP and/or overtraining. Nevertheless, the beneficial
effect against the SCOP-induced disturbance at the dose
of 3 mg/kg of FG-7080 was reconfirmed in this experi-
ment. The doses of 0.3 or 1 mg/kg did not affect the per-
formance.

A step-through type apparatus (SFK-1, O’hara & Co.,
Tokyo) was used for the passive avoidance task (6). Male
Wistar rats, 7-week-old, were handled for 3 min on the
day before an acquisition trial. Prior to the acquisition
trial, they were allowed free exploration of the apparatus

for 5 min. A single acquisition trial was conducted 1 hr
after the free exploration. In that trial, a rat was first
placed in a light compartment for 10 sec and then a guillo-
tine door was opened, When the rat entered a dark com-
partment, the guillotine door was lowered, and footshock
(1 mA, 2 sec) was given through the grid floor. Twenty-
four hours after the acquisition trial, a retention test was
carried out using the same procedure as the training trial,
except that no footshock was given, and the test was con-
tinued for 300 sec after opening the guillotine door. The
percentage of rats that did not enter the dark compart-
ment throughout the retention test (percent retention) was
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Fig. 2. Percent rats which did not enter the dark compartment up
to 300sec (percent retention) in the passive avoidance task.
#P < 0.01: significant difference from vehicle + saline treated group.
*P < 0.05: as compared with vehicle +scopolamine treated group.



taken as an index of the performance, which was ex-
amined by the * test. FG-7080 (0.3, 1, 3 mg/kg) or its
vehicle was orally dosed 55 min prior to the acquisition
trial. SCOP (2 mg/kg) or saline was administered subcuta-
neously 30 min before the acquisition trial.

Results are shown in Fig. 2. Administration of SCOP
reduced the percent retention (P <0.01), The perform-
ance in the animals treated with FG-7080 at 1 mg/kg was
significantly superior to that in the vehicle-treated group
(P <0.05).

FG-7080 improved the performance in the two tasks,
the appetitively motivated radial-arm maze task and the
aversively motivated passive avoidance task, at relatively
low doses (3 and 1 mg/kg, p.o., respectively). The com-
pound causes no remarkable change in spontaneous mo-
tor activity at 3 mg/kg, s.c. (Novo Nordisk, unpublished
data) and footshock sensitivity in rats at 3 mg/kg, p.o.
(Zeria Pharmaceutical, unpublished data), indicating that
the improvement of the memory task performance could
not be a secondary consequence of the changes in specific
motivational process, motor activity or footshock sensitiv-
ity. Instead, FG-7080 might affect the cognitive processes
of the animal.

In this study, idebenone ameliorated the impaired
radial-arm maze performance. It has been reported that
idebenone alleviates the performance deficits caused by
cholinergic dysfunction. Its mode of action to improve
cholinergic function was suggested to be an indirect one,
through its enhancing effects on cerebral metabolism
and/or serotonin turnover (7, 8).

With regard to serotonin reuptake inhibitors, improve-
ment of scopolamine-induced impairments of the memo-
ry task performance has been also shown under the treat-
ments with citalopram (9) and fluoxetine (10). Altman et
al. (11) reported that another serotonin reuptake inhibi-
tor, alaproclate, potentiated the facilitatory effect of oxo-
tremorine on the performance of the passive avoidance
task. They suggested the involvement of serotonergic-
cholinergic interaction in this potentiation, in which the
serotonergic system might be a modulator, and conse-
quently, inhibition of serotonergic reuptake might en-
hance the activity of the cholinergic system (11). There-
fore, it is postulated that FG-7080 ameliorates the dis-
turbed state of the cholinergic system induced by SCOP
through the serotonergic-cholinergic interaction.

FG-7080 strongly inhibits serotonin reuptake with an
ICs, value of 20 nM (1) and potentiates the behavioral
effect of 5-hydroxytryptophan at 1 mg/kg (s.c.) in mice
(Novo Nordisk, unpublished data). On the other hand,
the compound shows relatively low affinity to muscarinic
receptors. The 1Cs, value of [*H]quinuclidinyl benzilate
binding was 6.6 M (Novo Nordisk, unpublished data).
Tremorine-induced tremor in mice was inhibited at 10
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mg/kg or greater doses. Thus, anti-cholinergic effect of
the compound was estimated to be about ten times weak-
er than that of imipramine. No inhibition was shown at 3
mg/kg of FG-7080 (Zeria Pharmaceutical, unpublished
data). Therefore, the muscarinic antagonistic activity of
FG-7080 might not be exerted at the effective doses ob-
tained in the present study. However, the reduction of the
ameliorating effect at higher doses may partly result from
direct muscarinic receptor antagonism. Further investiga-
tions are needed to determine the precise pharmacological
mechanisms of FG-7080.

There are some reports indicating that selective seroto-
nin reuptake inhibitors are effective for human mnemonic
activities (12—14). In patients with senile dementia of the
Alzheimer type, citalopram alleviates attentional deficits
(15). In the present study, FG-7080, the novel serotonin re-
uptake inhibitor, was shown to ameliorate the impaired
performance of the memory tasks in rats. These data sug-
gest that FG-7080 may be useful for treating human dis-
orders with memory disturbances.
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