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SUZUKI, M., T. YAMAGUCHI, Y. OZAWA, A. IWAI AND M. YAMAMOTO. Effect of YM796, a novel musca-
rinic agonist, on the impairment of passive avoidance response in senescence-accelerated mice. PHARMACOL BIOCHEM
BEHAV 51(4) 623-626, 1995. — We compared the effects of YM796 {(—)-S-2,8-dimethyl-3-methylene-1-oxa-8-azaspiro[4,5]-
decane L-tartrate monohydrate}, a novel muscarinic agonist, on passive avoidance response with those of the cholinomimetics
AF102B [( +)-cis-2-methylspiro-(1,3-oxathiolane-5,3’)-quinuclidine hydrochloride] and NIK247 {9-amino-2,3,5,6,7,8-hexahydro-
1H-cyclopenta(b)-quinoline monohydrate hydrochloride] in senescence-accelerated mice. SAMP8//YAN (SAM-P/8, senes-
cence-accelerated-prone substrain) showed an age-dependent shortening in the latency of step-through when compared with
SAMR1/YAN (SAM-R/1, senescence-accelerated-resistant substrain). The shortened latency of step-through in SAMPS8//
YAN was prolonged by administration of YM796 (0.3 and 1 mg/kg, PO), AF102B (3 and 10 mg/kg PO), and NIK247 (30
mg/kg, PO) in a bell-shaped manner. In contrast, amitriptyline (10, 30, and 50 mg/kg, PO), with cholinolytic properties, had
no effect on this shortened latency of step-through. These results suggest that YM796, AF102B, and NIK247 ameliorated the
disturbance of learning behavior, presumably due to facilitation of the central cholinergic system in SAMP8//Y AN mice and
that SAMP8//Y AN may be an appropriate age-dependent model of amnesia for evaluating pharmacological actions of drugs.

YM796 Passive avoidance response SAM

AF102B

NIK247 Amitriptyline

THE SENESCENCE-accelerated mouse (SAM), a murine
model of accelerated senescence, was established by Takeda
et al. (14). SAM consists of the senescence-accelerated-prone
mouse (SAM-P) and senescence-accelerated-resistant mouse
(SAM-R), which shows normal aging characteristics. It has
been demonstrated that SAM-P/8 show earlier onset and irre-
versible progress of senescence as manifested by a grading
score system designed to represent changes in behavior, ap-
pearance, eyes, and spine (3,14). In pathologic studies, these
mice show spontaneous age-related systemic amyloidosis ac-
companying the presence of the amyloid protein (2,12,13,15).
They also show a decrease in muscarinic receptor density in
the hippocampus (6,7), and a disturbance in learning behav-
iors such as passive avoidance, active avoidance, and water
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maze tasks (4,9,20). The SAM-P/8 mice therefore are ex-
pected to be useful as an age-related model of amnesia for
evaluating pharmacological actions of drugs. Yamamoto et al.
reported that indeloxazine, dihydroergotoxine (cerebral acti-
vators), TRH, and azetireline (TRH analogue), which have
facilitatory effects on the central cholinergic system, amelio-
rated the impairment of passive avoidance response in
SAMPS8//YAN (21-24).

YM796 {( - )-S-2,8-dimethyl-3-methylene-1-oxa-8-azaspiro-
(4,5}decane L-tartrate monohydrate} is a novel muscarinic ag-
onist that possesses selective affinity for M, receptors (17,18):
the drug stimulates phosphoinositide hydrolysis linked to M,
receptors in both hippocampal slices (17,18) and transfected
cells expressing the M, receptor gene (19). It has been pre-
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viously reported that YM796 improves the impairment of
learning behavior in passive avoidance and Morris water maze
tasks in rodents with cholinergic hypofunction (11,17,18). In
the present study, the effects of YM796 on the impairment of
passive avoidance response in SAMP8//YAN (SAM-P/8)
were compared with those of AF102B (muscarinic agonist) (1)
and NIK247 (acetylcholinesterase inhibitor) (8).

METHOD
Animals

SAMP8//YAN and SAMRI1/YAN aged 2-6 months old
were used. They were kept at a temperature of 23 + 1°C
under a 13L : 11D cycle (light on 0730-2030 h) with free access
to food and water.

Passive Avoidance

A one-trial step-through passive avoidance task was carried
out as previously described (5). The apparatus (O’Hara & Co.,
Tokyo, Japan) consisted of two compartments, an illuminated
box (14 x 10 x 10 cm, with a 60-W light at a height of 25 cm
from the top the chamber) and a dark box (20 x 45 x 25
cm). These compartments were separated by a guillotine door.
In the training session performed 45 min after oral administra-
tion of drugs, each mouse was placed in the illuminated com-
partment and allowed to enter the dark compartment through
the door. Immediately after entry, a scrambled foot shock (30
V, 50 Hz for 2 s) was delivered through the grid floor. The
mouse could escape from the shock only by stepping back into
the “safe” illuminated side. In the test trial 24 h after the
training, the mouse was again placed in the “safe” illuminated
compartment and the response latency to enter the dark com-
partment was measured. The latency of mice not entering the
dark compartment during the 300-s observation period was
regarded to be 300 s.

Drugs

YM796, AF102B, and NIK247 were synthesized in our lab-
oratory. Amitriptyline hydrochloride (Yamanouchi Pharma-
ceutical Co. Ltd.) was purchased commercially. All drugs
were dissolved in distilled water and administered orally com-
pulsorily with a probe of 5 cm length at a volume of 0.1 ml/10
g body weight.

Data Analysis

The results were analyzed by one-way ANOVA followed
by Dunnett’s muitiple range test and Mann-Whitney’s U-test.
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FIG. 1. Latency of step-through in passive avoidance of SAMP8//
YAN and SAMRI1/YAN aged 2, 4, and 6 months. Each value repre-
sents the mean + SE of 7-9 mice. **p < 0.01: significantly different
from the value for SAMR1/YAN (Mann-Whitney U-test).
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TABLE 1

EFFECTS OF YM796 AND OTHER COMPOUNDS ON THE
STEP-THROUGH PASSIVE AVOIDANCE RESPONSE IN SAMP8//YAN

Dose Step-Through

SAM Drug (mg/kg, PO) Latency (s)
R1/YAN Solvent - 202 + 34
P8//YAN Solvent - 64 + 28*
YM796 0.1 122 + 29
0.3 204 + 30%
1 188 + 30*

AF102B 1 128 + 33
3 223 * 34%
10 178 + 32%

NIK247 10 79 + 28

30 182 + 29%

50 148 + 41

R1/YAN Solvent - 273 £ 74
P8//YAN Solvent - 75 + 18§
Amitriptyline 10 68 + 31

30 75 + 34

50 90 + 40

SAMPS8//YAN and SAMRI1/YAN aged 6 months old were used.
Each value represents the mean + SE of 10 mice. The solvent and
drugs were administered orally 45 min before training.

*p > 0.01: significantly different from values for SAMR1/YAN
(Mann-Whitney U.-test).tp > 0.01: significantly different from val-
ues of the SAMP8//YAN solvent control group (one-way ANOVA
followed by Dunnett’s multiple range test).

*ip > 0.05: Significantly different from values of the SAMP8//
YAN solvent control group (one-way ANOVA followed by Dunnett’s
multiple range test.

*§p > 0.05: Significantly different from values for SAMRI/YAN
(Mann-Whitney U-test).

RESULTS

Latency of step-through in passive avoidance of SAMP8//
YAN was shortened in an age-dependent manner when com-
pared with that of SAMR1/YAN (Fig. 1), in agreement with
the report of Miyamoto et al. (9). SAMP8//YAN aged 4 and
6 months had significantly shorter latency compared with
SAMRI1/YAN at the same respective ages. In SAMP8//YAN
aged 6 months, the shortened latency of step-through was
significantly prolonged by administration of YM796 (0.3 and
1 mg/kg, PO) in a bell-shaped manner (Table 1). AF102B (3
and 10 mg/kg, PO) and NIK247 (30 mg/kg, PO) also signifi-
cantly prolonged the shortened latency of step-through in a
bell-shaped manner. On the other hand, amitriptyline at doses
of 10, 30, and 50 mg/kg had no influence on the shortened
latency. No significant difference in latency to enter the dark
compartment in the training session was found among the
groups (data not shown). All mice escaped from the dark
compartment immediately after the scrambled foot shock.

DISCUSSION

The present study demonstrated that latency of step-
through in passive avoidance of SAMP8//YAN was short-
ened in an age-dependent manner, in agreement with previous
observations (9,20). Latency in SAMP8//YAN aged 4 and 6
months was significantly shorter than that in SAMR1/YAN
at the same respective ages. SAMP8//YAN and SAMRI1/
YAN aged 6 months were therefore used to evaluate pharma-
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cological actions of drugs. YM796 prolonged this shortened
latency of step-through in SAMP8//YAN. It is known that
changes in spontaneous movement and sensitivity to pain may
affect the passive avoidance response; in the present study,
however, latency from the illuminated compartment to the
dark compartment and escape behavior from the electric
shock in the training session remained unchanged after admin-
istration of YM796. These findings suggest that the ameliorat-
ing effects of YM796 on the impairment of passive avoidance
response in SAMPS8//YAN is attributable not to any effect
on spontaneous movement and sensitivity to pain but to the
amelioration of cognitive function per se. Both AF102B and
NIK247 showed a similar action to YM796, but with less po-
tency than YM796.

Kitamura et al. reported that the B,,,, of "H]quinuclidinyl
benzilate (QNB) binding in the hippocampus of SAM-P/8 was
decreased when compared with that of SAM-R/1 (6,7). The
impairment of learning behavior in SAMP8//YAN may there-
fore be partly attributable to the decrease in muscarinic recep-
tors in the central nervous system. It has aiready been reported
that the muscarinic agonists YM796 (11,17,18) and AF102B
(1,17) and the cholineacetylesterase inhibitor NIK247 (10,16)
ameliorate the impairment of passive avoidance response in
rodents with cholinergic hypofunction induced by treatment
with scorolamine and aridinium ion (AF64A) or lesion of
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the nucleus basalis magnocellularis (NBM). We showed that
amitriptyline, with monoaminergic and cholinolytic proper-
ties, had no effect on the impairment of passive avoidance
response in SAMP8//YAN. These suggest that the ameliorat-
ing effects of the present cholinomimetics on the impairment
of learning behavior in SAMP8//YAN may therefore be due
to their facilitatory effects on the central cholinergic system.

Yamamoto et al. have reported that drugs with facilitatory
effects on central cholinergic and monoaminergic systems
such as indeloxazine, dihydroergotoxine (cerebral activators),
TRH, and azetireline (TRH analogue) ameliorate the impair-
ment of passive avoidance response not only in cycloheximide-
treated mice and scopolamine-treated rats currently used
for evaluating pharmacological actions of drugs but also in
SAMPS8//YAN at similar doses (21-24). Amitriptyline, with
monoaminergic property, had no effect on the impairment of
passive avoidance response, presumably due to having choli-
nolytic property in SAMP8//YAN. From these results, it is
suggested that SAM-P/8 may be an appropriate age-depen-
dent model of amnesia for evaluating the effects of drugs on
brain dysfunction.
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