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1 Dimemorfan, an antitussive for more than 25 years, has previously been reported to be a relative
high-a�nity ligand at sigma-1 (s1) receptor with the Ki value of 151 nM.

2 To test whether dimemorfan has anti-amnesic e�ects similar to a s1 receptor agonist, this study
examined its e�ects on scopolamine- and b-amyloid peptide-(25-35)-induced amnesia in mice.

3 Dimemorfan (10 ± 40 mg kg71, i.p.) administered 30 min before the training trial, immediately
after the training trial, or 30 min before the retention test signi®cantly improved scopolamine
(1 mg kg71, i.p.)- or b-amyloid peptide-(25-35) (3 nmol mouse71, i.c.v.)-induced amnesia in a step-
through passive avoidance test. Dimemorfan (5 ± 40 mg kg71, i.p.) pretreatment also attenuated
scopolamine (8 mg kg71, i.p.)-induced amnesia in a water-maze test. And, these anti-amnesic e�ects
of dimemorfan, like the putative s1 receptor agonist (+)-N-allylnormetazocine ((+)-SKF-10047),
were antagonized by a s receptor antagonist haloperidol (0.25 mg kg71, i.p.).

4 These results indicated that dimemorfan has anti-amnesic e�ects and acts like a s1 receptor
agonist.
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Introduction

Dimemorfan (d-3-methyl-N-methylmorphinan) is an analogue

of dextromethorphan and both compounds are non-opioid
antitussive drugs safely used in the clinic for more than 25
years (Kase et al., 1976). In addition, dextromethorphan has

been shown to have anticonvulsant and neuroprotective e�ects
in a variety of experimental models (Tortella & Musacchio,
1986; Choi, 1987; Leander et al., 1988; Steinberg et al., 1993).

Our previous study demonstrated that dimemorfan has
equipotent anticonvulsant e�ect as dextromethorphan, but
does not produce phencyclidine-like hyperlocomotion exhib-
ited by dextromethorphan in mice (Chou et al., 1999).

Furthermore, we demonstrated that dimemorfan has a relative
high a�nity at sigma-1 (s1) receptors (Ki=151 nM) vs sigma-2
receptors (Ki=4421 nM) as determined by receptor binding

assay on rat brain membranes (Chou et al., 1999).
The s1 receptors are a subtype of s receptors known to be

widely distributed in the nervous, peripheral, endocrine, and

immune systems (Su, 1991; Hanner et al., 1996). Over seven
diverse structural classes of pharmacological agents, including
morphinans (e.g., dextromethorphan), (+)-benzomorphans

(e.g., (+)-N-allylnormetazocine ((+)-SKF-10047)), butyro-
phenones (e.g., haloperidol) and neurosteroids, can bind s1
receptors with high a�nity. The s1 receptor has been cloned
and its deduced amino acid sequence is 30% identical and

66% similar to a yeast C8-C7 sterol isomerase, but without
similar enzymatic activity (Hanner et al., 1996; Prasad et al.,
1998). s1 receptors are ordinarily present in the endoplasmic

reticulum, while in the presence of s1 receptor ligand a part

of s1 receptors translocate to the nuclear membrane and
plasma membrane (Morin-Surun et al., 1999; Hayashi et al.,
2000). Despite the fact that it is not a GTP-binding protein

coupled receptor, some e�ects at the s1 receptor are indirectly
inhibited by pertussis toxin (Monnet et al., 1994; Hayashi et
al., 2000) and activation of this receptor can result in the

recruitment of the subsequent, calcium-dependent phospho-
lipase C and protein kinase C cascade (Morin-Surun et al.,
1999). Hayashi & Su (2001) reported that s1 receptor formed
a trimeric complex with ankyrin B (a cytoskeletal adaptor

protein) and inositol 1,4,5-trisphosphate (IP3) receptor and s1
receptor agonists might modulate vesicle transport and
neurotransmitter release by regulating the dynamics of

ankyrin B. Although the precise physiological function of
this receptor is unclear, many preclinical studies have implied
that selective s1 receptor ligands have therapeutic potentials

in the treatment of certain disorders of central nervous
system including learning and memory impairments (Maurice
& Lockhart, 1997; Maurice et al., 1999; 2001).

It is well known that central cholinergic system plays an
important role in the learning and memory processes (Smith,
1988). The s1 receptors appear to play a potent neuromo-
dulatory role on the cholinergic neurotransmission including

the enhancement of stimulus-evoked acetylcholine (ACh)
release in cerebral and hippocampal slices in vitro (Siniscalchi
et al., 1987; Junien et al., 1991) and the increment of the

extracellular ACh concentrations in the rat frontal cortex and
hippocampus in vivo (Matsuno et al., 1992; 1993a; 1995).
Furthermore, several selective s1 receptor ligands have been
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reported to have anti-amnesic e�ects against cholinergic
dysfunction-induced memory impairments in rodents, includ-
ing those induced by muscarinic ACh receptor antagonist

scopolamine (Earley et al., 1991; Matsuno et al., 1993b;
1997), nicotinic ACh receptor antagonist mecamylamine
(Maurice et al., 1994), choline uptake blocker hemicholi-
nium-3 (Matsuno et al., 1994), the toxic aggregated b-
amyloid peptide-(25-35) (Maurice et al., 1998), and the
lesions of the basal forebrain (Senda et al., 1996).
Although dimemorfan is a relative high a�nity ligand at s1

receptors, its putative anti-amnesic e�ect and s1 receptor
agonist properties are unclear. Therefore, this study examined
the e�ects of dimemorfan on scopolamine- and b-amyloid

peptide-(25-35)-induced amnesia in mice using a step-through
passive avoidance test or a water-maze test and compared
with those of the selective s1 ligand (+)-SKF-10047.

Methods

Animals

Male ICR (Institute of Cancer Research) mice (25 ± 30 g)

were obtained from the Animal Center of National Taiwan
University. They were maintained on a 12-h light and 12-h
dark cycle (light on between 0700 and 1900 h) with food and

tap water ad libitum.

Drugs and reagents

Dimemorfan phosphate was kindly given by Dr Yueh-Ching
Chou as a gift from Yamanouchi Pharmaceutical Company
Ltd.; (+)-SKF-10047 hydrochloride was purchased from

Tocris (Ballwin, U.S.A.); haloperidol (Binin-U1 injection)
was obtained from Swiss Pharmaceutical Co., Ltd. (Tainan,
Taiwan); (7)-scopolamine hydrochloride and amyloid b-
protein fragment 25-35 (b-amyloid peptide-(25-35)) were
purchased from Sigma Chemical Co. (St. Louis, MO,
U.S.A.). Drugs were dissolved in twice-®ltered water and

administered in a dosage of 0.1 ml per 10 g of body weight.

Step-through passive avoidance test

This experiment was according to our previous established
method (Wang et al., 2001). The experimental apparatus for
the step-through passive avoidance test is an automated

shuttle-box (Cat. 7551 Passive Avoidance Controller and Cat
7553 Passive Avoidance Mouse Cage, UGO Basile, Italy),
that is divided into an illuminated compartment and a dark

compartment of the same size by a wall with a guillotine
door. Each mouse was put through the adaptation trial by
placing it gently in the illuminated compartment, facing away

from the dark compartment. After 10 s, the door was opened
and the mouse moved into the dark compartment freely.
When the latency to leave the illuminated compartment was
less than 30 s, the mouse was chosen for the training trial 2 h

later. The training trial is similar to the adaptation trial
except that the door is closed as soon as the mouse steps into
the dark compartment and an inescapable foot shock

(0.6 mA, 2 s) is delivered through the grid ¯oor (Venault et
al., 1986). The responses to the electric shock were observed
and scored as follows: 0, no response; 1, ¯inch (movement of

any part of the body); and 2, run (running or jumping) or
vocalization (Riekkinen, 1994). The retention test was
performed 24 h after the training trial in the similar manner

without the electric shock and the step-through latency to the
dark compartment was recorded. The maximal cut-o� time
for step-through latency was 300 s (Venault et al., 1986).

In scopolamine-induced amnesia, scopolamine (1 mg kg71,

i.p.) was administered 20 min prior to the training trial. In b-
amyloid peptide-(25-35)-induced amnesia, the peptide was
dissolved in sterile twice-®ltered water and aggregated by

incubation at 378C for 4 days before use. The aggregated
form of b-amyloid peptide-(25-35) (3 nmol) was administered
i.c.v. using a microsyringe with a 28-gauge stainless-steel

needle 3.0-mm-long (Hamilton), according to previous studies
(Maurice et al., 1996a, b; Wang et al., 2001). The needle was
inserted unilaterally 1 mm to the right of the midline point

equidistant from each eye, at an equal distance between the
eyes and the ears and perpendicular to the plane of the skull.
Peptides or sterile twice-®ltered water (3 ml) were delivered
gradually within 3 s. Mice exhibited normal behaviour within

1 min after injection. After 10 days, the mice were put
through the passive avoidance test. To examine the anti-
amnesic e�ect of a test drug, dimemorfan or (+)-SKF-10047

was administered i.p. 30 min before or immediately after the
training trial, or 30 min before the retention test (Matsuno et
al., 1994). To examine the e�ect of a s receptor antagonist,

haloperidol was administered i.p. 40 min before the training
trial in scopolamine-induced amnesia or immediately after the
training trial in b-amyloid peptide-(25-35)-induced amnesia.

All tests were performed between 1000 and 1800 h.

Place learning in the water-maze test

This experiment was according to the method of Urani et al.
(1998) with some modi®cations. The apparatus consisted of a
black plexiglass rectangular pool (30660636 cm high) ®lled

with water at a height of 15 cm and a transparent plexiglass
platform (568.5614 cm) ®xed in the southeast corner of the
pool, 1 cm below the water surface. China black ink was used

to render the water opaque and the water temperature was
controlled at 23+18C before experiments. Each mouse was
placed in the middle of the west side of the pool, facing the
wall, and the escape latency to reach the hidden platform was

recorded. The mouse was allowed to stay on the platform for
20 s then removed to its home cage. Each mouse was trained
in this manner for a total of ®ve trials on day 1 and three

trials on day 2. The starting point and platform location did
not change during all training trials and the interval between
each training trial was about 15 min. On day 4, 48 h after the

last training trial, the animals were tested for retention. The
platform was removed and each mouse was placed again at
the starting point and observed for 60 s. The escape latency

to reach and the time spent on the platform location were
recorded. Scopolamine was administered i.p. 20 min before
the ®rst acquisition trial on each training day and the test
drug was administered i.p. 10 min before scopolamine.

Statistical analysis

The results of the passive avoidance test were expressed as
the medians with interquartile and 5th to 95th percentile
ranges and the data were analysed by Kruskal-Wallis non-

British Journal of Pharmacology vol 138 (5)

Anti-amnesic effect of dimemorfanH.-H. Wang et al942



parametric one-way analysis of variance (ANOVA) and
followed by Mann ±Whitney U-test. The results obtained
from the water-maze test were expressed as means+ s.e.mean

and were analysed with ANOVA followed by Newman-Keuls
test. The statistical signi®cance level was set at P50.05.

Results

Study on scopolamine-induced amnesia in passive
avoidance test

None of the drug treatments had signi®cant e�ects on either

the step-through latency in the training trial or the sensitivity
to electric shocks throughout the passive avoidance test as
compared with the control group (data not shown). As

shown in Figures 1 ± 3, the median values of step-through
latency in the retention test for many groups of naõÈ ve mice
were around 300 s. Scopolamine (1 mg kg71, i.p.) adminis-
tered 20 min before the training trial signi®cantly reduced the

median values of step-through latency to about 20 s
(P50.01).
As shown in Figure 1, (+)-SKF-10047 (0.025 ±

0.25 mg kg71, i.p.) signi®cantly attenuated scopolamine-
induced amnesia when administered 30 min before the
training trial (H(3)=8.66, P50.05), immediately after the

training trial (H(3)=8.40, P50.05), and 30 min before the
retention test (H(3)=9.61, P50.05). In all three administra-
tion schedules, the dose-response curves for the anti-amnesic

e�ect of (+)-SKF-10047 exhibited a bell-shaped pattern with
the signi®cant doses at 0.05 ± 0.1 mg kg71.
Because our previous study found that dimemorfan, at the

doses higher than 120 mmol kg71 (42.4 mg kg71), produced

hypolocomotion in mice, the doses examined in this test did
not exceed 40 mg kg71. As shown in Figure 2, dimemorfan
(5 ± 40 mg kg71, i.p.) signi®cantly attenuated scopolamine-

induced amnesia when administered 30 min before the
training trial (H(4)=10.20, P50.05), immediately after the
training trial (H(4)=9.90, P50.05), or 30 min before the

retention test (H(4)=9.95, P50.05). When administered in
the pre-training trial (Figure 2a) or pre-retention test (Figure
2c), the dose-response curve for the anti-amnesic e�ect of
dimemorfan exhibited a bell-shaped pattern with the

signi®cant dose at 10 mg kg71. However, the anti-amnesic
dose of dimemorfan administered immediately after the
training trial was only signi®cant at the maximal test dose,

40 mg kg71 (Figure 2b).
As shown in Figure 3, haloperidol pretreatment

(0.25 mg kg71, i.p., 40 min before the training trial) had no

signi®cant e�ect on the passive avoidance task or on
scopolamine-induced amnesia but abolished the anti-amnesic
e�ects of (+)-SKF-10047 (0.1 mg kg71, i.p., Figure 3a) and

dimemorfan (10 mg kg71, i.p., Figure 3b) administered
30 min before the training trial.

Study on b-amyloid peptide-(25-35)-induced amnesia in
passive avoidance test

Ten days after i.c.v. administration of twice-®ltered water

(vehicle control) or the aggregated form of b-amyloid
peptide-(25-35) (3 nmol mouse71), mice were trained for the
step-through passive avoidance task. None of the i.c.v.

treatments had signi®cant e�ects on either the step-through
latency in the training trial or the sensitivity to electric shocks
throughout the passive avoidance test as compared with the

Figure 1 E�ects of (+)-SKF-10047 on scopolamine-induced amne-
sia in the step-through passive avoidance test in mice. Scopolamine
(1 mg kg71, i.p.) was administered 20 min before the training trial to
induce amnesia. Various doses of (+)-SKF-10047 (0.025 ±
0.25 mg kg71, i.p.) were administered 30 min before the training
trial (a), immediately after the training trial (b), or 30 min before the
retention test (c). The step-through latency was recorded in the
retention test performed 24 h after the training trial. Data are
expressed as medians (horizontal bar within the column), inter-
quartile range (column), and 5th to 95th percentile range. The
number of mice in each group is indicated in parentheses. *P50.05,
**P50.01, as compared with the scopolamine-treated control group
(SC) (Mann±Whitney U-test).
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non-treated group (data not shown). As shown in Figures 4 ±
6, the median values of the step-through latency in the
retention test for the vehicle control group was around
111.3 ± 295.0 s, which were comparable to those of the non-

treated group (around 197.5 ± 300.0 s). However, the b-

amyloid peptide-(25-35)-treated group showed a signi®cant
decrease in the median values of step-through latency in the
retention test (around 18.5 ± 25.9 s).

As shown in Figure 4, (+)-SKF-10047 (0.025 ±
0.1 mg kg71, i.p.) signi®cantly attenuated b-amyloid pep-
tide-(25-35)-induced amnesia when administered 30 min

before the training trial (H(3)=8.05, P50.05), immediately
after the training trial (H(3)=8.37, P50.05), or 30 min
before the retention test (H(3)=11.6, P50.01). In all three

administration schedules, the dose-response curves for the
anti-amnesic e�ect of (+)-SKF-10047 exhibited a bell-shaped
pattern with the signi®cant doses at 0.025 ± 0.05 mg kg71.

Figure 3 E�ects of haloperidol on the anti-amnesic e�ects of (+)-
SKF-10047 (a) and dimemorfan (b) in the step-through passive
avoidance test in mice. Scopolamine (SCOP, 1 mg kg71) was
administered i.p. 20 min before the training trial to induce amnesia.
Vehicle (10 ml kg71), (+)-SKF-10047 (SKF, 0.1 mg kg71) or
dimemorfan (DF, 10 mg kg71) was administered i.p. 30 min before
the training trial, whereas haloperidol (HAL, 0.25 mg kg71) was
pretreated i.p. 10 min prior to SKF or DF administration. The step-
through latency was recorded in the retention test performed 24 h
after training trial. Data are expressed as medians (horizontal bar
within the column), interquartile range (column), and 5th to 95th
percentile range. The number of mice in each group is indicated in
parentheses. *P50.05, **P50.01, as compared with SCOP-treated
control group; +, #P50.05, as compared with (SCOP+SKF) group
and (SCOP+DF) group, respectively (Mann ±Whitney U-test).Figure 2 E�ects of dimemorfan on scopolamine-induced amnesia in

the step-through passive avoidance test in mice. The experimental
procedures were the same as listed in Figure 1. Various doses of
dimemorfan (5 ± 40 mg kg71, i.p.) were administered 30 min before
the training trial (a), immediately after the training trial (b), or
30 min before the retention test (c). Data are expressed as medians
(horizontal bar within the column), interquartile range (column), and
5th to 95th percentile range. The number of mice in each group is
indicated in parentheses. *P50.05, **P50.01, as compared with the
scopolamine-treated control group (SC) (Mann±Whitney U-test).
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Figure 5 E�ects of dimemorfan on b-amyloid peptide-(25-35)-
induced amnesia in the step-through passive avoidance test in mice.
The experimental procedures were the same as listed in Figure 4.
Various doses of dimemorfan (10 ± 40 mg kg71, i.p.) were adminis-
tered 30 min before the training trial (a), immediately after the
training trial (b), or 30 min before the retention test (c). Data are
expressed as medians (horizontal bar within the column), inter-
quartile range (column), and 5th to 95th percentile range. The
number of mice in each group is indicated in parentheses. *P50.05,
**P50.01, as compared with the b-amyloid peptide-(25-35)-treated
control group (AC) (Mann ±Whitney U-test).

Figure 4 E�ects of (+)-SKF-10047 on b-amyloid peptide-(25-35)-
induced amnesia in the step-through passive avoidance test in mice.
Ten days after i.c.v. administration of the vehicle, twice-®ltered water
(V), or the aggregated form of b-amyloid peptide-(25-35) (3 nmol
mouse71), mice were subjected to the passive avoidance test. Various
doses of (+)-SKF-10047 (0.025 ± 0.1 mg kg71, i.p.) were adminis-
tered 30 min before the training trial (a), immediately after the
training trial (b), or 30 min before the retention test (c). The step-
through latency was recorded in the retention test performed 24 h
after the training trial. Data are expressed as medians (horizontal bar
within the column), interquartile range (column), and 5th to 95th
percentile range. The number of mice in each group is indicated in
parentheses. *P50.05, **P50.01, as compared with the b-amyloid
peptide-(25-35)-treated control group (AC) (Mann ±Whitney U-test).
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As shown in Figure 5, dimemorfan (10 ± 40 mg kg71, i.p.)
signi®cantly attenuated b-amyloid peptide-(25-35)-induced
amnesia when administered 30 min before the training trial

(H(3)=8.31, P50.05), immediately after the training trial
(H(2)=7.38, P50.05), or 30 min before the retention test
(H(3)=12.4, P50.01). The anti-amnesic e�ect of dimemorfan
showed a dose-dependent pattern with the signi®cant doses at

20 ± 40 mg kg71.
As shown in Figure 6, haloperidol (0.25 mg kg71, i.p.)

administered immediately after the training trial had no

signi®cant e�ect on b-amyloid peptide-(25-35)-induced amne-
sia but abolished the anti-amnesic e�ects of (+)-SKF-10047
(0.05 mg kg71, i.p.) and dimemorfan (40 mg kg71, i.p.)

administered immediately after the training trial.

Study on scopolamine-induced amnesia in place learning
in the water-maze test

In the control group, the escape latencies for the animal to
reach the platform normally decreased over the training

sessions on day 1 (from around 40 s to 10 s) and day 2 (from
around 15 s to 10 s), whereas the latency to reach and the
time spent on the platform location were around 5 s and 10 s,

respectively, in the retention test on day 4. In an initial study
to choose the most appropriate dose of scopolamine to

induce amnesia in this test, it was found that scopolamine
(1 ± 8 mg kg71, i.p.) had no signi®cant e�ect on acquisition
pro®les (i.e. latencies to reach the platform) over the training

trials on day 1 and day 2 (data not shown). However,
scopolamine treatment (5 mg kg71 and 8 mg kg71) dose-
dependently increased the latency to reach the platform
location (8.1+1.4 s and 17.5+2.9 s vs control 5.9+1.5 s)

and decreased the time spent on the platform location
(3.6+1.1 s and 2.0+0.3 s vs control 9.7+1.3 s) in the
retention test on day 4. Due to its consistent and signi®cant

amnesic e�ect, scopolamine at the dose of 8 mg kg71 was
used in this test.

(+)-SKF-10047 (0.325 ± 3.0 mg kg71, i.p) or dimemorfan

(5 ± 40 mg kg71, i.p.) treatment had no signi®cant e�ect on
acquisition pro®les over the training trials (data not shown),
but attenuated scopolamine-induced amnesia in the retention

test (Figures 7 and 8). As shown in Figures 7a and 8a, (+)-
SKF-10047 (1.5 and 3.0 mg kg71) and dimemorfan (5 and
20 mg kg71) pretreatment signi®cantly reduced scopolamine-
induced increase in the latency to reach the platform location.

As shown in Figures 7b and 8b, they also reversed the
scopolamine-induced decrease in the time spent on the
platform location.

Haloperidol (0.25 mg kg71, i.p.) treatment had no sig-
ni®cant e�ect on either the acquisition pro®les over the
training trials or scopolamine-induced amnesia in the

retention test (data not shown), but it reversed the anti-
amnesic e�ects of 3.0 mg kg71 (+)-SKF-10047 (Figure 7)
and 20 mg kg71 dimemorfan (Figure 8).

Discussion

This study has demonstrated for the ®rst time that
dimemorfan can attenuate both scopolamine-induced amne-
sia in a step-through passive avoidance test as well as a

water-maze test and b-amyloid peptide-(25-35)-induced
amnesia in a step-through passive-avoidance test in mice.
These e�ects of dimemorfan, like those for the selective s1
receptor agonist (+)-SKF-10047, were abolished by a s
receptor antagonist haloperidol, indicating the involvement of
s1 receptor activation. It is well known that haloperidol is an
antagonist for dopamine D2 receptors. Because dimemorfan

has no signi®cant interaction with the D2 receptors at the
concentration of 0.1 mM as determined by receptor binding
assay (Wang et al., unpublished data), it is unlikely that

haloperidol acts on D2 receptors to block the e�ects of
dimemorfan.

The present study showed that both dimemorfan and (+)-

SKF-10047 administered 30 min before the training trial,
immediately after the training trial, and 30 min before the
retention trial all improved scopolamine- and b-amyloid

peptide (25-35)-induced amnesia in a step-through passive
avoidance test, indicating the facilitating e�ect of the s1
receptor agonist on cognitive functions in the acquisition,
consolidation and retrieval stages of learning and memory.

These results are consistent with an earlier study for (+)-
SKF-10047 (Senda et al., 1997).

Although similar anti-amnesic e�ects were observed,

dimemorfan was less potent than (+)-SKF-10047 to produce
a comparable e�ect, which was consistent with its lower
binding a�nity for the s1 receptors than (+)-SKF-10047

Figure 6 E�ects of haloperidol on the anti-amnesic e�ects of (+)-
SKF-10047 (a) and dimemorfan (b) in b-amyloid peptide-(25-35)-
induced amnesia in the step-through passive avoidance test in mice.
The experimental procedures were the same as listed in Figure 4.
(+)-SKF-10047 (SKF, 0.05 mg kg71), dimemorfan (DF,
40 mg kg71), or haloperidol (HAL, 0.25 mg kg71) was administered
i.p. immediately after the training trial. The step-through latency was
recorded in the retention test performed 24 h after training trial.
Data are expressed as medians (horizontal bar within the column),
interquartile range (column), and 5th to 95th percentile range. The
number of mice in each group is indicated in parentheses. *P50.05,
**P50.01, as compared with b-amyloid peptide-(25-35)-treated
group; +, #P50.05, as compared with SKF- and DF-treated
groups, respectively (Mann ±Whitney U-test).
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(Chou et al., 1999). The minimal e�ective doses (i.p.) for
dimemorfan to improve scopolamine- and b-amyloid peptide-
(25-35)-induced amnesia were around 10 ± 40 mg kg71 in the

step-through passive avoidance test, whereas it was
5 mg kg71 in the water-maze test. These di�erences may be
related to di�erent administration schedules, amnesia models,

and behavioural tests which involved the complexities of
di�erent learning and memory processes. Since the acute
toxicity and subacute toxicity studies showed that the oral

median lethal dose (LD50) and maximum nontoxic dose for
dimemorfan were 514 and 50 mg kg71, respectively, in male
mice (Ida, 1997), the present i.p. anti-amnesic doses may
provide the basis for examining its e�ective oral anti-amnesic

doses in future to determine its safety margin.
The dose of scopolamine (8 mg kg71, i.p.) used in the

present water-maze test is much higher than that (2 mg kg71,

s.c.) in the study of Urani et al. (1998). Although
scopolamine is known to produce sedation, it had little e�ect

on the animals in the swimming behaviour at this test dose
(data not shown). Furthermore, it also had no signi®cant
e�ect on acquisition pro®les over the training trials on day 1

and day 2, which contrasts with the observation of Urani et
al. (1998). The reason for this discrepancy is unclear because
the test apparatus and protocol are almost the same except

that the strain of the test animal (ICR vs Swiss mice) and the
route of scopolamine administration (i.p. vs s.c.) are di�erent.
The dose of scopolamine used in the present water-maze test

is also much higher than that (1 mg kg71, i.p.) in the step-
through passive avoidance test. However, dimemorfan
administered in the pre-training session seems to be more

potent to improve scopolamine-induced amnesia in the water
maze-test than in the step-through passive avoidance test
(5 mg kg71 vs 10 mg kg71).
The central cholinergic system plays a major role in the

process of learning and memory and has been carefully
articulated over the last several decades. Whitehouse et al.
(1981) reported that cholinergic cell bodies are destroyed by

the disease process in Alzheimer's disease patients, leading to

Figure 7 E�ect of (+)-SKF-10047 on scopolamine-induced amnesia
in the water-maze test in mice. Scopolamine (8 mg kg71) was
administered i.p. 20 min before the ®rst acquisition trial on each
training day and vehicle (V, 10 ml kg71), (+)-SKF-10047 (0.325 ±
3.0 mg kg71), or haloperidol (HAL, 0.25 mg kg71) was administered
i.p. 10 min before scopolamine. The retention test was performed
48 h after the last training trial, and (a) the escape latency to reach
and (b) the time spent on the platform location were recorded. Data
are expressed as means+s.e.mean (n=7). *P50.05, **P50.01, as
compared with scopolamine-treated group (C); ++P50.01, as
compared with ((+)-SKF-10047 3.0+scopolamine) group (ANOVA
followed by Newman-Keuls test).

Figure 8 E�ect of dimemorfan on scopolamine-induced amnesia in
the water-maze test in mice. The experimental procedures were the
same as listed in Figure 7, except that various doses of dimemorfan
(5 ± 40 mg kg71, i.p.) were examined. The data for (a) the escape
latency to reach and (b) the time spent on the platform location are
expressed as means+s.e.mean (n=7). HAL means haloperidol.
*P50.05, **P50.01, as compared with scopolamine treated group
(C); ++ P50.01, as compared with (dimemorfan 20+scopolamine)
group (ANOVA followed by Newman-Keuls test).
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a de®ciency of the neurotransmitter ACh. On the other hand,
several studies have shown that blockade of ACh e�ects by
muscarinic receptor antagonist scopolamine caused memory

de®cits in both normal (Drachman & Leavitt, 1974) and
elderly groups (Sunderland et al., 1987). These observations
led to the experimental strategies for anti-amnesic studies that
use the scopolamine-induced amnesia model, which also has

become the common manipulation for anti-amnesic drug
evaluations. Because b-amyloid peptide is the major con-
stituent of senile plague that is one of the pathological

hallmarks of Alzheimer's disease and represents the under-
lying cause of the cognitive de®cits observed in Alzheimer's
disease (Cummings et al., 1996), the aggregated b-amyloid

peptide-(25-35)-induced amnesia model (Maurice et al.,
1996a) was used as the ®rst step to evaluate the potential
application of an anti-amnesic drug in the treatment of

Alzheimer's disease. In addition to its e�ects in the
scopolamine- and b-amyloid peptide-(25-35)-induced amnesia
models, as demonstrated in the present study, s1 receptor
ligands are also found to be e�ective in other amnesia models

in rodents such as the learning and memory de®cits in
senescence-accelerated mouse (Maurice et al., 1996c) and
those induced by a central serotonin releaser p-chloroamphe-

tamine (Matsuno et al., 1994), an N-methyl-D-aspartate
(NMDA) receptor channel blocker dizocilpine (Maurice et
al., 1994), a nitric oxide synthase inhibitor Nw-nitro-L-

arginine methyl ester (Maurice & Privat, 1997), an L-type
Ca2+ channel blocker nimodipine (Maurice et al., 1995), a
protein synthesis inhibitor anisomycin (Flood et al., 1988), or

carbon monoxide gas (Maurice et al., 1999). In addition to
the cholinergic system, s1 receptor ligand has been reported
to modulate noradrenergic (Gonzalez-Alvear & Werling,
1995), serotonergic (Bermack & Debonnel, 2001), dopami-

nergic (Steinfels et al., 1989; Gonzalez-Alvear & Werling,

1994), and NMDA-related glutamatergic e�ects (Monnet et
al., 1990; Maurice & Privat, 1997). Furthermore, a1 receptor
ligands are reported to increase cerebral glucose utilization

(Hohmann et al., 1992), NMDA-dependent adrenocortico-
tropic hormone release (Iyengar et al., 1990), and the
contractility of cardiac myocytes (Ela et al., 1994). The
e�ects as summarized above may be important in the

regulation of cognition and motor performance. Because
therapies aimed multiple central nervous targets are thought
to have more bene®ts on memory and cognition than

treatments aimed at a single target (Buccafusco & Terry Jr,
2000), s1 receptor ligands with the ability to modulate at
multiple central neurotransmission systems appear to be able

to provide this bene®t. Therefore, it is worth further studying
the possibility that dimemorfan is bene®cial in these amnesia
models because it may act on di�erent neurotransmission

systems in combination. Additionally, providing the dose
required is not too toxic, its e�ects may justify a clinical trial
in the treatment of Alzheimer's disease and senile dementia.

In conclusion, this study indicated that dimemorfan acts as

a a1 receptor agonist to exhibit anti-amnesic e�ects against
scopolamine- and b-amyloid peptide-(25-35)-induced memory
impairments. This new ®nding hopefully will open a possible

opportunity for the evaluation of this old antitussive drug in
the treatment of Alzheimer's disease and senile dementia.

The authors thank Dr Yueh-Ching Chou for providing dimemor-
fan, a gift from Yamanouchi Pharmaceutical Company. This work
was supported by grants from the National Science Council (NSC
89-2320-B-010-016, NSC 89-2320-B-010-100, and NSC 90-2315-B-
010-005).
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