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The memory enhancing effects of orally adminis-
tered citidine-5-diphosphocholine or citicoline (CDP-
choline) on memory impairment without neuronal
cell death are still unknown. We investigated the ef-
fects of CDP-choline on memory disturbance induced
by scopolamine using an eight-armed radial maze
task. Orally repeated administration of CDP-choline
or histidine significantly restored the errors impaired
by scopolamine. CDP-choline may increase hip-
pocampal and neocortical acetylcholine levels. These
results suggest that CDP-choline has ameliorative ef-
fects on the impairment of spatial memory induced
not only by neuronal cell death but also by impaired
cholinergic signal.
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INTRODUCTION

The brain cholinergic system plays an important
role in learning and memory. The muscarinic re-
versible cholinergic antagonist scopolamine impairs
the retention of the passive avoidance test or Morris
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water maze test in rats.1, 2) Scopolamine also causes
learning and memory performance deficits in young
human subjects in verbal tasks.3) The memory im-
paired model induced by scopolamine is also called
the amnesia model without neuronal injuries.

Many experiments have demonstrated the neu-
roprotective and memory enhancing effects of
citidine-5-diphosphocholine or citicoline (CDP-
choline) in clinical and non-clinical studies.4, 5)

CDP-choline is a raw material for the synthesis
of phospholipids, which are cell-membrane com-
ponents required to maintain the structure of nerve
cells.6) However, the memory enhancing effect of
CDP-choline may be due to increasing the supply of
acetylcholine, because CDP-choline increases ex-
tracellular acetylcholine in the dorsal hippocampus
and neocortex in normal rats.7)

There are few reports of the memory enhanc-
ing effects of CDP-choline using animal models
without neuronal death, whereas there are a great
many reported cases using the model with neuronal
death. Therefore, in this study, we investigated the
effects of CDP-choline on memory disturbance in-
duced by scopolamine using the eight-armed radial
maze task.

MATERIALS AND METHODS

Male Wistar rats weighing 250–300 g were
obtained from Kyudo Co., Ltd. (Saga, Japan).
They were housed in groups of 4–5 per cage in a
temperature-controlled room (23 ± 2◦C) with a rela-
tive humidity of 60 ± 10%, and were maintained un-
der a 12-hr light-dark cycle. Animals scheduled to
undergo the eight-arm radial maze task were placed
on a restricted food intake (10–12 g/day, CE-2; Clea
Japan, Tokyo, Japan) and maintained at approxi-
mately 85–90% of the freely feeding body weight,
which had been determined during this study in-
cluding treatment period of CDP-choline or histi-
dine. All procedures regarding animal care and use
were carried out based on the regulations dictated by
the Experimental Animal Care and Use Committee
of Fukuoka University.

Behavioral testing using an eight-armed radial
maze task (Neuroscience Co., Tokyo, Japan) was
conducted as previously reported.8) The maze con-
sisted of a central platform (24 cm in diameter) with
eight arms (50 cm long, 50 cm high, 10 cm wide)
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that extended radially. Rats were allowed to visit
each arm to eat a food pellet in a food cup lo-
cated near the end of each arm. Each test animal
was trained once per day to memorize the appara-
tus. The performance of the test animals in each
trial was assessed using three parameters: number
of correct choices in the initial eight chosen arms,
number of errors (defined as choosing arms that had
already been visited), and elapsed time before the
animal ate all eight pellets. When the test animals
made seven or eight correct choices and no more
than one error in three successive sessions, they
were deemed to have memorized the maze. In other
words, the rats had acquired spatial memory of the
eight-armed radial maze. All animals met the above
criteria within 28 days.

The trained rats were treated with CDP-choline
or histidine. CDP-choline or histidine in distilled
water was orally administered once a day for seven
days. The last administration was performed at
30 min after the treatment of scopolamine. Scopo-
lamine (0.5 mg/kg) or saline was intraperitoneally
injected 30 min before retraining in the eight-armed
radial maze task.

CDP-choline (Cognizin R©) and histidine were
supplied by KYOWA HAKKO BIO CO., LTD.
(Tokyo, Japan). Scopolamine was purchased from
Sigma (St. Louis, MO, U.S.A.).

The data are expressed as the means ± S.E.
Statistical significance within each group was es-
timated using one-way analysis of variance with a
post-hoc Dunnett’s test. P values of less than 0.05
were considered statistically significant.

RESULTS

Scopolamine did not affect making correct
choices in the radial maze task, but significantly im-
paired the number of errors. Histidine significantly
restored the errors impaired by scopolamine. CDP-
choline also improved the errors impaired by scopo-
lamine in a dose-dependent manner (Fig. 1). The
elapsed time before the animal ate all eight pellets
in the scopolamine-treated group was prolonged.
Neither histidine nor CDP-choline significantly af-
fected scopolamine-prolonged elapsed time (Fig. 2).
The pupils in the scopolamine-treated group were
dilated. Histidine and CDP-choline did not change
the scopolamine dilated pupil size (data not shown).
Other apparent anticholinergic symptom was not
observed during the radial maze task.

Fig. 1. Influence of Treatment with CDP-choline or Histi-
dine on the Impairment of Spatial Memory Induced by
Scopolamine

CDP-choline (100, 300, 1000 mg/kg) or histidine (1000 mg/kg)
in distilled water was orally administered once a day for seven days.
The last administration was performed at 30 min after the treatment of
scopolamine. Scopolamine (0.5 mg/kg) or saline was intraperitoneally
injected 30 min before retraining in the eight-armed radial maze task.
(A) Correct choices in the eight-armed radial maze task in rats. (B)
Errors in the eight-armed radial maze task in rats. Values are expressed
as the means ± S.E. of 7–8 rats. ∗, ∗∗; p < 0.05, 0.01 vs. scopolamine-
treated group using the Dunnet test.

DISCUSSION

In the present study, CDP-choline improved the
impaired spatial memory induced by the muscarinic
reversible antagonist scopolamine. We are unaware
of any previous reports that demonstrate the ame-
liorative effects of CDP-choline on impaired spa-
tial memory using an eight-armed radial maze task
without neuronal cell death. These results suggest
CDP-choline is beneficial for impaired memory in a
cognitive impairment model.

Unfortunately, we cannot measure the extra-
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Fig. 2. Influence of Treatment with CDP-choline or Histidine
on the Elapsed Time in the Eight-armed Radial Maze
Task

CDP-choline (100, 300, 1000 mg/kg) or histidine (1000 mg/kg)
in distilled water was orally administered once a day for seven days.
The last administration was performed at 30 min after the treatment of
scopolamine. Scopolamine (0.5 mg/kg) or saline was intraperitoneally
injected 30 min before retraining in the eight-armed radial maze task.
The elapsed time before the animal ate all eight pellets in the eight-
armed radial maze task. Values are expressed as the means ± S.E. of
7–8 rats. ∗∗; p < 0.01 vs. scopolamine-treated group using the Dunnet
test.

cellular levels of acetylcholine in the dorsal hip-
pocampus or neocortex in scopolamine-treated rats
because scopolamine itself increases basal levels
of hippocampal acetylcholine.9) However, CDP-
choline amplifies the levels of hippocampal and
neocortical acetylcholine in normal rats.7) There-
fore, in this study, the mechanism of CDP-choline
restored memory impaired by scopolamine may be
due to the increased levels of hippocampal or neo-
cortical acetylcholine.

Scopolamine treatment represents a good model
for the learning and memory changes that occur dur-
ing central nervous system aging because scopo-
lamine caused memory impairments in healthy
young humans that paralleled the memory impair-
ments seen in the elderly.10) Muscarinic agonists
or agents that enhance acetylcholine levels are usu-
ally effective on the impaired memory induced by
scopolamine. Indeed, donepezil, an acetylcholine
esterase inhibitor, has an ameliorative effect on the
impaired memory induced by scopolamine.11) It has
not been reported that CDP-choline releases acetyl-
choline (including effects on the activity or amounts
of acetylcholine esterase) as has been reported for
donepezil. Thus, CDP-choline could improve the
memory impairment by scopolamine via enhancing
acetylcholine levels in the central nervous system.

In this study, we confirmed the ameliorating ef-
fect of histidine on memory disturbance. Several
investigators reported that histidine showed ame-
liorating effects on the impaired memory induced
by scopolamine, and that this effect was due to
histamine derived from histidine.12, 13) Moreover,
the memory enhancing effect of 2-methylhistamine,
a histamine H1 receptor agonist, was attenuated
by pretreatment with pirenzepine, a muscarinic re-
ceptor antagonist.13) Therefore, histamine might
elicit ameliorating effects on the impaired mem-
ory by scopolamine by interacting with the mus-
carinic cholinergic system via histamine H1 recep-
tors. These indications also suggested the possibil-
ity that CDP-choline might improves the impaired
spatial memory in scopolamine-treated rats via a
histamine H1 receptors.

In this study, the pupils in scopolamine-treated
rats were dilated. The elapsed time in the eight-
armed radial maze task in scopolamine-treated
groups was prolonged (Fig. 2). These prolongations
of elapsed time in scopolamine-treated groups may
be due to the effect of scopolamine on pupil size,
because a peripheral side effect could be the im-
paired cognitive function observed after treatment
of scopolamine.14) Alternatively, the central anti-
cholinergic effect of scopolamine might have con-
tributed to these prolongations of elapsed time.15)

CDP-choline or histidine did not obviously affect
pupil size in these experimental conditions. Thus,
the improving effects of CDP-choline and histidine
on impaired memory induced by scopolamine are
via the central nervous system.

In conclusion, we demonstrated that CDP-
choline has ameliorative effects on the impairment
of spatial memory induced by scopolamine with-
out neuronal cell death. The mechanism of CDP-
choline may be due to increased hippocampal and
neocortical acetylcholine levels.
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