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Ameliorative effect of sansoninto on sleep disturbance and spatial memory impairment

in an Alzheimer’s disease rat model
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Abstract

Aim: Alzheimer s disease (AD) is associated with a high incidence of sleep disturbance, and several studies have
reported that sansoninto (SNT), a Kampo medicine, ameliorates sleep disturbance. The effects of SNT on sleep dis-
turbance and spatial memory impairment, however, have not been investigated in animal models of AD, therefore
the aim of the current study was to carry out these investigations using a rat AD model.

Methods: Combined intracerebroventricular injections of aggregated beta-amyloid (Ap) and cerebral ischemia
(CI) were used to induce a rat model of AD. The quantity and quality of sleep in these rats were determined on
electroencephalography and electromyography. Spatial memory impairment was examined using the water maze
task. Triazolam, a hypnotic, and donepezil, approved for treating AD, were used as positive controls. We examined
hippocampal choline acetyltransferase (ChAT) level using western blot and prefrontal cortical gamma-aminobutyr-
ic acid (GABA) level using ELISA.

Results: Compared with sham-operated rats, the AD model rats had decreased total non-rapid eye movement sleep
time, more frequent nocturnal awakening in the light phase, and poorer quality of non-rapid eye movement and
rapid eye movement sleep on electroencephalography and electromyography. The AD rats also took longer than
sham-operated rats to pass the platform area in the water maze retention test. Oral SNT 1000 mg/kg improved those
impairments. SNT tended to increase GABA level in AP + Cl-treated rats in prefrontal cortex GABA. Treatment
with SNT ameliorated the reduction of ChAT level in AP + Cl-treated rats in hippocampal ChAT.

Conclusion: AD model rats had sleep disturbances, including decreased time spent in NREM sleep, frequent noc-
turnal awakening, and poor quality of sleep, as well as memory impairment. This sleep disturbance phenotype is
similar to that observed in patients with AD. SNT ameliorated these sleep disturbances and improved the memory
impairment observed in these rats. The mechanism of the ameliorative effect of SNT on sleep disturbance may be
due, to the increasing of GABA level in prefrontal cortex. The mechanism of the ameliorative effect of SNT on spa-
tial memory impairment due, at least in part, to the improved ChAT level in hippocampus. These suggest that SNT
is useful for treating sleep disturbance and cognitive dysfunctions in AD.
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Fig.1 Protocol of EEG and EMG recording.
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Fig.2 Protocol of water maze task.
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Fig.3 Protocol of sampling for prefrontal cortex in rats.
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Fig.4 Effect of sansoninto on total wake and NREM sleep time during 12 h light phase in AP + CI rats.
(A) wake, (B) NREM sleep. Sham (n=10), vehicle (n=11), SNT (mg/kg) 100 (n=7), 300
(n=7), 1000 (n=8), triazolam (TZL,n=7). *p<0.05, **p<0.01 vs vehicle, Dunnett’s test.
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Fig.5 Effect of sansoninto on number of wake episodes during 12 h light phase in AP + CI rats.
Sham (n=10), vehicle (n=11), SNT (mg/kg) 100 (n=7), 300 (n=7), 1000 (n=8), triazolam
(TZL,n=7). *¥p<0.01 vs vehicle, Dunnett’s test.



—
&
Lh
(=]
73] =)
o o

Theta power (%)@
=

Delta power (%)
(o]
Lh

Sham AB+CI

Fig. 6 Effect of sansoninto on delta power density in NREM sleep and theta power density in REM sleep
during 12 h light phase in A} + Cl rats.
Sham (n=10), vehicle (n=11), SNT (mg/kg) 100 (n=7), 300 (n=7), 1000 (n=8), triazolam
(TZL,n=7). *p<0.05, **#p<0.01 vs vehicle, Dunnett’s test.
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Fig.7 Effect of sansoninto on time to platform (A) and number of platform crossing (B) for probe test in
AP + Cl rats.
Sham (n=8), vehicle (n=11), SNT (mg/kg) 100 (n=8), 300 (n=7), 1000 (n=8), triazolam
(TZL,n=7). *#p<(0.01 vs vehicle, Dunnett’s test.
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Fig.8 Effect of sansoninto on GABA expression in prefrontal cortex (A) and ChAT (B) expression in

hippocampus using A} + CI rats.
(A) Sham (n=9), vehicle (n=12), SNT 1000 mg/kg (n=7). (B) Sham (n=6), vehicle (n=7),
SNT 1000 mg/kg (n=6). *p<0.05, **p<0.01 vs vehicle, Dunnett’s test.
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