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ences were observed in the conjugation rate of magnolol between
the groups.

Discussion

In a previous study, we identified three major components in the
urine of patients receiving Saiboku-To treatment (Homma et al
1992) as magnolol, dihydroxydihydro-magnolol, and liquiritige-
nin. We expected these components to play an important role for
corticosteroid-sparing effects on asthmatic patients. Our par-
ticular interest was focused on magnolol because this compo-
nent showed inhibitory activity against 11B-hydroxysteroid
dehydrogenase (unpublished data).

We improved our original extraction procedure and added an
HPLC stage for quantitation of magnolol in urine. Thus, we
were able to determine magnolol with an improved detection
limit of 2-5 ng. Sensitivity and specificity of this method are
comparable with those of LC-MS methods using radiolabelled
magnolol (Hattori et al 1986). We applied our method to
determination of the free and total magnolol after a single
administration of Saiboku-To as shown in Table 2.

A single dose of 5 g Saiboku-To contained 2-1 mg magnolol.
Around 10% of the dosed magnolol was excreted in the urine
collected for 9 h following administration. This recovery rate
was comparable with that obtained in animal experiments
(Hattori et al 1986). Individual variations of magnolol excre-
tions were observed at the same single dose of Saiboku-To per
subject, which could not be explained by body weight differ-
ences. Extended studies employing our method and patient
groups such as responders and non-responders under long-term
Saiboku-To treatment will be useful in determining the clinical
implications of magnolol.

This work was supported by the Ministry of Education in Japan
(Grant in Aid No. 03857345). We are grateful to Professor Y.
Sashida for excellent discussions and to Mr T. Yamada and
Ms C. Higuchi for their technical assistance.
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DAU 6215, a novel 5-HT;s-receptor antagonist, selectively antagonizes
scopolamine-induced deficit in a passive-avoidance task, but not
scopolamine-induced hypermotility in rats

ALESSANDRO BRAMBILLA, ALDO GHIORZI, NIKOLAOS PITSIKAS, FRANCO BORSINI, Department of Pharmacology,

Boehringer Ingelheim Italia S.p.A., Via Serio 15, 20139 Milano, Italy

Abstract—This study examined the effects of DAU 6215, a selective
5-HT;-receptor antagonist, on either impairment of a passive-
avoidance task or hypermotility, both caused by scopolamine in
rats. In the first experiment, scopolamine (0-75 mg kg~!, i.p.)
disrupted acquisition of a one-trial ‘step through’ passive-avoidance
response. Pretreatment with DAU 6215 (1, 10, 30 and 100 ug
kg~!, i.p.) antagonized this deficit induced by scopolamine, with a
bell-shaped dose-response curve. Scopolamine (0-75 mg kg~!, i.p.)
produced a significant increase in locomotor activity which was
unaffected by pretreatment with DAU 6215 (10 and 30 ugkg ™', i.p.).
The present resulis further support the suggestion that 5-HTs-
receptor antagonists may prevent the memory disturbance caused by
a reduction in central cholinergic function in the rat. The inefficacy
shown by DAU 6215 on hyperactivity induced by scopolamine
appears to rule out the possibility of a pharmacokinetic interference
between DAU 6215 and scopolamine.

Correspondence: A. Brambilla, Boehringer Ingelheim Italia
S.p.A., Via Serio 15, 20139 Milano, Italy.

There is ample evidence indicating that 5-hydroxytryptamine (5-
HT) mechanisms play a significant role in learning and memory
processes (McEntee & Crook 1991). Stimulation of the 5-HT-
ergic nervous system has a negative influence on learning and
memory (Fibiger et al 1978), while 5-HT-ergic antagonists
produce an enhancement of cognitive functions (Altman &
Normile 1986).

Among the compounds acting on the different 5-HT-receptor
subtypes, 5-HT;-receptor antagonists have been reported to
enhance learning and memory performance in animals (Barnes
et al 1990; Chugh et al 1991a, b).

Results from these studies demonstrated that 5S-HT;-receptor
antagonists inhibited the impairment in performance caused by
cholinergic deficits in a passive avoidance task in mice (Chugh et
al 1991a) and in a working memory task in rats (Barnes et al
1990).

The validation of laboratory tests, or animal models, designed
to investigate cognition enhancing drugs is far from established
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(Heise 1987). No clearly effective reference compounds have as
yet been discovered. As a consequence, the use of a variety of
versions of, for example, the passive-avoidance procedure by
different laboratories might lead to contradictory results (Sanger
& Joly 1990).

With these general considerations concerning animal models
in mind, we decided to investigate the potential anti-amnestic
effects of DAU 6215 ((3-a-tropanyl)l H-benzimidazolone-3-
carboxamide), a novel 5-HTs-receptor antagonist (Giraldo et al
1989), on scopolamine-induced impairment of passive-avoid-
ance response in rats, an animal model not yet investigated with
5-HTs-receptor antagonists.

A possible pharmacokinetic interaction between DAU 6215
and the cholinergic system was evaluated by testing the effect of
DAU 6215 on scopolamine-induced hyperactivity in rats.

Materials and methods

Animals. Male Sprague-Dawley rats (Charles River, Calco,
Italy), 175-200 g, were kept in a regulated environment
(21 £1°C, 50-55% r.h. on a 12 h light-dark cycle, lights on at
0700 h) and maintained on standard pellet diet (Mucedola s.r.l.,
Milano, Italy).

Passive avoidance. Apparatus. The passive-avoidance apparatus
was composed of a dark compartment (30 x 30 x 30 cm) with a
grid floor and a compartment (30 x 30 x 30 cm) illuminated from
above, the two compartments being separated by a vertically
sliding door (10 x 8 cm). The light intensity at the floor of the lit
compartment was 350 1x. Electric shocks were delivered to the
grid floor by an isolated stimulator.

Procedure. Rats were divided into groups of 10 animals. For
the training (acquisition) session, each rat was placed gently in
the light compartment and 10 s later the door was opened. As
soon as the rat had moved into the dark compartment and the
door had been shut, a 1-6 mA foot-shock was applied for 1 s. The
rat was immediately removed from the apparatus and returned
to the home cage.

For the test (retention) session, after 24 h each rat was placed
into the light compartment again and the step-through latency
was recorded. The test was stopped when the rat entered the dark
compartment or when it failed to do so in less than 180 s. In order
to produce an impairment of the avoidance task, the animals
were treated intraperitoneally with 0-75 mg kg ~! scopolamine 30
min before acquisition, i.e. at a dose r¥quired to induce a
submaximal impairment of acquisition, in our experimental
conditions. The control group received the vehicle alone (0-9%
NaCl). DAU 6215 (1, 10, 30 and 100 ug kg~") or vehicle (0-9%
NaCl) was given intraperitoneally 15 min before scopolamine.
The retention test was performed 24 h later by an observer
unaware of the treatment given.

Locomotor activity. Apparatus. The apparatus consisted of four
40 x 40 x 30 cm plexiglass boxes housed within an outer chamber
equipped with 16 photocells positioned 4 cm above the grid
floor. The number of interruptions (i.e. activity count) by each
animal of the photoelectric beams was recorded by a computer
system (Activity Monitor mod. 540, Giunta Scientific Instru-
ments).
Procedure. The rats were injected intraperitoneally with
. DAU 6215 at doses of 10 and 30 ug kg~' or with the vehicle.
After 15 min the rats received an intraperitoneal injection of 0-75
mg kg~' scopolamine (i.e. a dose eliciting a submaximal
hyperlocomotion) and 30 min later their locomotor activity was
recorded for 5 min, after 3 min habituation to the apparatus.
Rats of the control groups received the vehicle alone (0-9%
NaCl). Eight animals for each group were used.

Drugs. Scopolamine HBr was obtained from Sigma (St Louis,
MO). DAU 6215 C1 was from Boehringer Ingelheim, Italy. The
compounds were dissolved in 0-9% NaCl (saline) and adminis-
tered in a volume of 5 mL kg~'. Doses of compounds were
calculated as free base.

Statistics. Data concerning locomotor activity were expressed as
mean activity counts+s.e. Comparison amongst groups was
made by two-way analysis of variance followed by Tukey’s test.
The experimental data of the passive avoidance test were
expressed as median retention latency with interquartile ranges
and were evaluated statistically by means of a Mann-Whitney
U-test comparing all treatments, including controls, with the
scopolamine-treated group.

Results

Passive avoidance. Non-shocked rats usually found the entrance
into the dark compartment within a few seconds and entered it
without hesitation, both during training (about 20 s) and during
the retention test (about 15 s) (data not shown). Rats of the
control groups, i.c. those receiving electric shock, showed
prolonged latency to re-enter the dark compartment and all of
them remained in the light compartment for more than 180 s
(Fig. 1).

Scopolamine, 0-75 mg kg~' given intraperitoneally 30 min
before training, significantly reduced the step-through latency in
the retention test. Pretreatment with DAU 6215 attenuated the
deficit induced by scopolamine with a bell-shaped dose-response
curve, i.e. groups treated with 10 or 30 ug kg~ ! were significantly
improved compared with scopolamine groups (P <0-01 and
P <0-085, respectively); the group treated with 1 ug kg~! was not
significantly impaired in comparison with the control gorup, but
neither was it significantly improved compared with the scopol-
amine group; finally, the group treated with 100 ug kg~' was
significantly impaired in comparison with the control group
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FiG. 1. Effects of DAU 6215 on scopolamine-induced impairment of
passive-avoidance learning in rats. DAU 6215 and scopolamine
(0-75 mg kg~') were injected intraperitoneally 45 min and 30 min
before the acquisition, respectively. The retention test was run 24 h
after the acquisition. Ten animals for each dose and scopolamine
groups were used. Controls (n=30) were pooled. W, Control; @,
scopolamine; 3 DAU 6215+ scopolamine. ** P<0-01,* P<0:05in
comparison with scopolamine groups.
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Table 1. Effect of DAU 6215 on hyperactivity caused by scopola-
mine in rats.

Activity counts in 5 min

Treatment Vehicle Scopolamine
Control 327445 5724 6-2**
DAU 6215 10 ug kg~ 286123 56-4+ 42
Control 266142 63-41+8-6**
DAU 6215 30 ug kg~! 256422 46-5+9-1

Data represent mean + s.e. from 8 rats. DAU 6215 was adminis-
tered 15 min before scopolamine (0-75 mg kg~ !). Compounds were
injected intraperitoneally. Locomotor activity was recorded 30 min
after scopolamine. ** P <0-01 vs control groups.

(P<0-05) (Fig. 1). None of the doses of DAU 6215 tested
modified latency during the training session.

Locomotor activity. Intraperitoneal administration of 0-75 mg
kg~! scopolamine 30 min after injection, caused a significant
increase in rat locomotor activity relative to vehicle alone
(Table 1).

Intraperitoneal administration of DAU 6215 (10 or 30 ug
kg~1) was without significant effects on spontaneous locomotor
activity.

Pretreatment with DAU 6215 at both doses did not signifi-
cantly reduce the hyperactivity caused by scopolamine in rats
(Table 1).

Discussion

DAU 6215, a selective 5-HT;-receptor antagonist, like other
chemically different 5-HT;-receptor antagonists, was able to
antagonize the amnestic effects of the antimuscarinic, scopola-
mine (Izquierdo 1989) in a passive-avoidance procedure in rats,
a learning and memory paradigm not yet investigated with 5-
HTs-receptor antagonists in this animal species.

DAU 6215 did not antagonize the hyperactivity caused by
scopolamine, a behavioural effect produced by antimuscarinic
drugs which does not involve cognitive performance (Bushnel
1987). The failure of DAU 6215 in antagonizing scopolamine-
induced hypermotility indicates, therefore, that the antagonism
towards scopolamine in the passive avoidance-paradigm does
not depend on a pharmacokinetic interaction.

It has been demonstrated that the 5-HT; receptor is present in
the brain (Peroutka 1990) and that its activation may mediate
inhibition of acetylcholine release (Barnes et al 1989). In animal
studies, drugs which increase acetylcholine levels antagonize the
memory deficits produced by scopolamine (Bartus 1978), sug-
gesting that blockade of central 5-HT; receptors by DAU 6215
may counteract the memory deficit caused by scopolamine
through a cholinergic mechanism. However, it has also been
reported that cholineresterase inhibitors, which would be
expected to enhance the effects of acetylcholine at cholinergic
receptors, attenuated scopolamine-induced hyperactivity (Shan-
non & Peters 1990).

Taken together, these findings suggest that increase in loco-
motor activity and cognitive impairment, both caused by
scopolamine in rats, are mediated by neural pathways differen-
tially affected by 5-HT;-receptor antagonists.

In conclusion, this study provides further evidence that 5-
HT;-receptor antagonists were able to restore memory deficits
caused by cholinergic hypofunction in different paradigms in
animals. Moreover, the interactions between 5-HT; mechanism
and the cholinergic system occurs mainly when learning and
memory functions are involved.
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