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ameliorates scopolamine-induced memory disruption in rats. PHARMACOL BIOCHEM BEHAV 51(4) 929-934, 1995.—
The effects of a metabolically stable TRH analog, N-[[(3R, 6R)-6-methyl-5-0x0-3-thiomorpholinyljcarbonyl}-L-histidyl-L-pro-
linamide tetrahydrate (NS-3, CG3703) on the scopolamine-induced memory disruption in maze performance tests were
investigated in rats. a) In the delayed nonmatching-to-sample (DNMS) task using a T-maze, NS-3 (0.3 mg/kg) produced a
significant reversal of the marginal disruption of choice accuracy induced by scopolamine (0.3 mg/kg) at the short (5 s) and
long (120, 480 s) interval delays. Physostigmine (0.5 mg/kg) produced a significant reversal only at a 5-s interval delay. b) In
the eight-arm radial maze task, NS-3 (0.3 mg/kg) significantly reversed the deficit of choice accuracy induced by scopolamine
(0.3 mg/kg), whereas neither TRH (3-30 mg/kg) nor physostigmine (0.1-1 mg/kg) had any effect. The consistent reversal of
these maze-learning performances by NS-3, but not by TRH or physostigmine, may be due to its potent enhancement of

cholinergic and noradrenergic neuronal activities.
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Scopolamine Rat
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THYROTROPIN-releasing hormone (TRH) is a tripeptidea-
mide consisting of pyroglutamyl-histidyl-prolineamide (Pyr-
His-Pro NH,), which was found to be located widely in the
brain (20,33) and demonstrated to have wide varieties of neu-
rochemical and behavioral effects independent of its hor-
monal action (TSH releasing action) (26,45). TRH is known
to produce antiamnestic actions in rodents (41-43). However,
it has some clinical disadvantages, i.e., a short duration of
action due to its short biological half-life, a reflection of its
rapid metabolism by endopeptidase, and poor penetration
through the blood-brain barrier (3,17,24). With the aim of
increasing the resistance to metabolism and CNS effects rela-
tive to its TSH-releasing activity, a variety of TRH analogs
were synthesized and NS-3 (CG3703) was selected as the most
appropriate candidate (4,11,12).

For determination of the short-term memory processes in
animals, the delayed nonmatching-to-sample (DNMS) task
and radial arm maze (RAM) task have been widely used. The
DNMS task is now established as a standard test of object
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recognition memory, i.e., nonspatial and working memory
(21,46), and consists of a forced and a choice trial. The RAM
task was initially devised for studying spatial memory based
on both working and reference memory in rodents (34). This
task requires successive selection of a number of arms radiat-
ing from the center of the maze to obtain food as a reward.
The optimal strategy is to select each arm once and avoid
reentering the arm where the reward had been consumed dur-
ing a previous choice (5).

The septo-hippocampal system has been shown to play an
essential role in short-term or working memory. Lesions of
fimbria-fornix, which contains the large majority of choliner-
gic inputs to the hippocampus, caused disruption of short-
term and/or working memory (9,27). Centrally acting anti-
cholinergics such as scopolamine produced disruption of the
working memory in a manner similar to lesioning of the hip-
pocampus and/or fimbria-fornix (1,9,10,38). From the above
findings, cholinergic mechanisms in the septo-hippocampal
system appear to be involved in the working memory process.
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NS-3, as well as TRH, has been shown to have a cholinomi-
metic property in the CNS, and NS-3 was confirmed to cause
the reversal of scopolamine-induced retrograde amnesia in
passive avoidance responses in rats (30).

In the present study, we investigated the effects of NS-3 on
the DNMS and RAM tasks in rats. To determine the roles of
cholinergic systems in the memory disruption in the DNMS
and RAM tasks, the effects of NS-3 were compared with those
of physostigmine, a centrally acting cholinesterase inhibitor.

METHOD
Subjects

In the DNMS task and RAM task, male Wistar rats (Japan
SLC Inc., Shizuoka, Japan), initially weighing 250-320 g,
were used. Throughout the experiments, they were individu-
ally housed with free access to water, but were food deprived
and maintained at 80% of free-feeding body weight in an
air-conditioned room maintained at 21-25°C with humidity
of 45-65% and a 12 L : 12 D cycle.

DNMS TASK

Apparatus

The apparatus was a T-maze with 220 X 20 x 30 cm start
box, a 72 X 12 X 30 cm choice area, and two 50 x 12 x 30
cm goal boxes, at each end of which was a food well (1 cm
deep and 6 cm in diameter). Manually operated guillotine
doors separated the choice area from the start box and from
each of the goal boxes.

Procedure.

Training. Training of the DNMS task was carried out ac-
cording to a modification of the method of Dunnett et al. (8).
Each rat received pretraining sessions. In the first pretraining
session, a piece of cheese (25 to 30 mg) as a reward was placed
in the food well in both goal boxes, which were not blocked
by the guillotine doors. The rat was placed in the start box and
allowed to run the maze to get the reward placed at either goal
box. Daily sessions in this period consisted of six trials, and
was continued for at least 3 days. In the first period of pre-
training, the percent alternation and side bias of 120 rats were
calculated according to the procedure reported by Dunnett et
al. (8). Following this period, the second pretraining sessions
were commenced. In this period, one of two goal boxes was
baited and the guillotine door to the baited goal box was
opened, while the unbaited goal box was closed. Each rat was
allowed to get a reward placed at the open goal box. Animals
were given six trials per day for several days.

After pretraining, each rat was given six daily sessions with
approximately 2-min intersession intervals. Each session con-
sisted of a forced and a choice trial. In the forced trial, one
goal box was blocked by the guillotine door. The rat was
placed in the start box, and the start door was raised to allow
the animal to enter the open goal box where a piece of cheese
was placed as a reward. After consumption of the reward, the
animal was replaced and was kept in the start box for 5s (a
5-s interval delay) for the choice trial. In the choice trial, both
goal boxes were unblocked and the animal could choose either
one freely. A reward was placed only in the goal box opposite
to that baited previously during the forced trial. The sequence
of forced responses on the forced run of six sessions was fully
balanced over days. Training was continued until the rat
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reached a criterion of more than five correct choices in the six
sessions for more than 3 consecutive days.

Testing. After the rat achieved this criterion, the effects of
drugs on this task with 5-, 30-, 120- and 480-s interval delays
were examined (the retention test). Each rat was given four
interval delays for each drug test, which was repeated three
times at intervals of 3 to 4 days. Each delay was presented in a
random sequence. Means of correct choices of the same delay
interval in the three consecutive tests were obtained. In the
drug tests, scopolamine, NS-3, or physostigmine was injected
intraperitoneally (IP) 10, 5, or 5 min prior to the test, respec-
tively.

RAM TASK
Apparatus

The apparatus used consisted of an eight-arm radial maze
elevated 50 cm above the floor, with a central platform sur-
rounded by eight radial arms (60 cm long x 12 cm wide).
Food wells 1 cm deep and 3 cm in diameter were placed at the
distal end of each arm.

Procedure

Training. Training of the RAM task was carried out ac-
cording to the method of Olton et al. (34), with slight modifi-
cations. After adapting to the experimental apparatus, the rat
received one training trial per day. A piece of cheese (25 to 30
mg) as a reward was placed in each food well and the rat was
allowed to choose between them freely until (a) eight rewards
were taken or (b) 10 min after the start of the trial. When the
rat entered the unselected arm and ate the reward, this selec-
tion was considered as a correct choice, while if the rat reen-
tered a previously selected arm, this selection was defined as
an error choice. Rats were trained for at least 10 days until
they reached a criterion of seven correct choices in the first
eight choices or eight correct choices in the first 10 choices for
three consecutive trails.

Testing. After the rat reached this criterion, the effects of
drugs on this task were examined. In the drug tests, rats were
injected IP with scopolamine 30 min prior to the test, followed
by NS-3, TRH or physostigmine 15, 10 and 15 min prior to
the test, respectively.

Drugs. Drugs used were NS-3 (Griinenthal GmbH, Aachen,
Germany), TRH (United Pharmaceutical Works, Prague,
Czechoslovakia), scopolamine hydrochloride (Sigma, St.
Louis, MO), and physostigmine salicylate (Tokyo Kasei, Ja-
pan). All drugs were dissolved in an appropriate volume of
saline and injected IP in a volume of 1 ml/kg.

Data analysis. Statistical analysis was performed with re-
peated measures of variance (two-way ANOVA) for assessing
group, delay, and group X delay interaction effects, and with
the two-tailed Student’s ¢-test for two means or with the analy-
sis of variance followed by Dunnett’s test to compare multiple
means.

RESULTS
DNMS Task

Spontaneous alternation and side bias. The degrees of
spontaneous alternation and side bias observed during the pre-
training session were 41.8% and 70.3%, respectively. In the
first training session, the average degree of correct choices and
side bias were 61.3% and 83.5%, respectively. After reaching
the criterion, the proportion of animals showing the degree of
correct choices at 5-s interval delay was elevated to 93.3%.
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FIG. 1. Effects of NS-3 on correct choices in the DNMS task in rats.
Numbers in parentheses represent number of experiments. SA; saline.

Effects of NS-3 on performance of the DNMS task. Re-
sults are shown in Fig. 1. Correct choices in the control group
were decreased dependent on the interval delays. NS-3, at
doses of 0.03-0.3 mg/kg, caused a slight and insignificant
increase in correct choices at all interval delays studied. A
two-way analysis of variance showed that group, F(3, 46) =
3.35, p < 0.05, and delay, F(3, 138) = 37.66, p < 0.01,
main factor terms were significant, while the group x delay
interaction, F(9, 138) = 0.33, p = 0.949, was not significant.
Data concerning physostigmine (0.3-0.5 mg/kg) are not
shown because this drug produced severe neurological effects
on behavior such as tremors and body twitches with immo-
bility.

Effects of scopolamine on performance of the DNMS task.
Results are shown in Fig. 2. Scopolamine, at a dose of 0.1
mg/kg, significantly reduced correct choices at 30- and 120-s
interval delays, but had no effect at 5- or 480-s interval delays.
At a dose of 0.3 mg/kg, this drug reduced correct choices
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FIG. 2. Effects of scopolamine on correct choices in the DNMS task
in rats. Numbers in parentheses represent number of experiments. The
control data (SA + SA) is the same group data from the Fig. 1. SA;
saline. SCO; scopolamine. Significantly different from control (SA
+ SA): *p < 0.05, **p < 0.01.
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significantly at every delay time applied. A two-way analysis
of variance indicated that group, F(2, 57) = 29.55,p < 0.01,
and delay, F(3, 171) = 30.32, p < 0.01, were significant,
while the group X delay interaction, F(6, 171) = 1.07, p =
0.384, was not significant.

Effects of NS-3 and physostigmine on the scopolamine-
induced deficit in performance of the DNMS task. Results are
shown in Fig. 3. NS-3, at a dose of 0.1 mg/kg, produced a
slight and insignificant reversal of the reduction in correct
choices caused by scopolamine (0.3 mg/kg) at a 5-s interval
delay. However, at a dose of 0.3 mg/kg, NS-3 significantly
reversed this effect of scopolamine at 5-, 120- and 480-s inter-
val delays. Physostigmine, at a dose of 0.5 mg/kg, signifi-
cantly reversed the scopolamine-induced reduction in correct
choices only at a S-s interval delay. Two-way analysis of vari-
ance showed that group, F(3, 46) = 9.38, p < 0.01, and de-
lay, F(3, 138) = 19.94, p < 0.01, were significant, while the
group X delay interaction, F(9, 138) = 0.50, p = 0.863, was
not significant.

RAM Task

Effects of NS-3, TRH and physostigmine on performance
of the RAM task. Results are shown in Fig. 4. NS-3 and TRH
showed no significant effects on the correct choices in the first
eight selections at all doses employed. Physostigmine, at a
dose of 0.1 mg/kg, showed no significant effect, and at doses
of 0.3 and 0.5 mg/kg caused tremors and body twitches with
immobility.

Effects of scopolamine on performance of the RAM task.
Results are shown in Fig. 5. Scopolamine, at doses of 0.1-0.5
mg/kg, decreased correct choices in the first eight selections
in a dose-dependent manner, and significant decreases were
observed at doses of 0.3 and 0.5 mg/kg.

Effects of NS-3, TRH and physostigmine on the scopol-
amine-induced deficit in performance of the RAM task. Re-
sults are shown in Fig. 6. NS-3, at a dose of 0.3 mg/kg,
significantly reversed the deficit in the RAM task caused by
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FIG. 3. Effects of NS-3 and physostigmine on the scopolamine-
reduced correct choices in the DNMS task in rats. Numbers in paren-
theses represent number of experiments. The control (SA + SA) and
the other control data (SCO 0.3 mg/kg + SA) is the same group data
from the Figs. 1 and 2, respectively. SA; saline. SCO; scopolamine.
PHY; physostigmine. Significantly different from control (SCO 0.3
mg/kg + SA): *p < 0.05, **p < 0.01.
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FIG. 4. Effects of NS-3, TRH and physostigmine on correct choices
during the first eight selections in the RAM task in rats. Numbers
in parentheses represent number of experiments. SA; saline. PHY;
physostigmine.

scopolamine (0.3 mg/kg), although it had no significant ef-
fects at any other dose administered (0.03, 0.1 or 0.5 mg/kg).
Neither TRH nor physostigmine reversed the scopolamine-
induced deficit in the RAM task at any dose examined.

DISCUSSION

Scopolamine has been reported to impair learning and
memory in healthy volunteers and in various animal species
(7,28,37). In the present study, scopolamine significantly re-
duced correct choices at doses of 0.1-0.3 mg/kg in the DNMS
task. These results confirm earlier reports that scopolamine
disrupts delayed responses (9,15,16,25,35,40) in a dose-
dependent manner. Scopolamine blocks muscarinic receptors
at several central sites including terminal fields of cholinergic
neurons in both the cerebral cortex and hippocampus. The
disruptive effects of scopolamine on a delayed matching-to-
sample task were reported to be attributable to a combination
of disruption of the two major forebrain cholinergic systems
originating in the nucleus basalis magnocellularis (NBM) and
sept-diagonal band (9). It is strongly suggested that disruption
of septo-hippocampal system, including cholinergic afferents
via the fimbria-fornix, produces short-term or working mem-
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FIG. 5. Effects of scopolamine on correct choices during the first
eight selections in the RAM task in rats. Numbers in parentheses
represent number of experiments. SA; saline. SCO; scopolamine. Sig-
nificantly different from control (SA): **p < 0.01.
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ory impairments, whereas disruption of the cortical choliner-
gic system affects more stable long-term aspects or reference
memory of task performance (9). Therefore, in the present
study, we employed longer as well as shorter delays for the
assessment of short-term and long-term memory disrupted by
scopolamine.

NS-3 caused no significant effect on the DNMS task in
scopolamine-untreated animals. However, at a dose of 0.3
mg/kg, NS-3 significantly reversed the scopolamine-induced
reduction of correct choices at short and long delays in the
DNMS task. In the same task, physostigmine, at the highest
dose administered (0.5 mg/kg), reversed the scopolamine-
induced reduction of correct choices only at the shortest (5-s
interval) delay. These results are incompatible with those of
many previous reports that physostigmine and TRH failed to
ameliorate the disruption of short-term memory caused by
scopolamine in DNMS tasks (2,15,44). Considering the evi-
dence (13,22,29,31,36) that NS-3 and TRH enhanced choliner-
gic activity in the cerebral cortex and hippocampus, this lack
of an ameliorating effect of TRH on scopolamine-induced
disruption of short-term memory may be due to the short
duration of action due to poor penetration through the blood-
brain barrier. Despite the potent cholinomimetic activity of
physostigmine, its weak and incomplete effect on DNMS and
RAM tasks in comparison with NS-3 is suggestive of the
involvement of mechanisms other than cholinergic mecha-
nisms in the DNMS task.

Recently, we showed that NS-3 enhanced noradrenaline
(NA) release from the cerebral cortex in rats (23). The norad-
renergic system also appears to play an important role in
learning and memory (30). Several experiments were con-
ducted previously to explore the possible interactions between
cholinergic and noradrenergic systems in memory tasks in rats
(6,14).

Previous studies suggested that DSP-4, a neurotoxin that
produces selective degeneration of noradrenergic neurons, im-
pairs choice accuracy of rats at long delays in the T-maze
paradigm (39). Therefore, we speculated that the potent en-
hancement of NA release from the cerebral cortex evoked
by NS-3 may contribute to the observed marked reversal of
scopolamine-induced reduction in correct choices at short and
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FIG. 6. Effects of NS-3, TRH, and physostigmine on the reduction
in correct choices induced by scopolamine (0.3 mg/kg) during the first
eight selections in rats in the RAM task. Numbers in parentheses
represent number of experiments. SA; saline. SCO; scopolamine.
PHY; physostigmine. Significantly different from control: ##p <
0.01 vs. SA (I); *p < 0.05 vs. [SA (II) + SCO 0.3 mg/kg].



NS-3 AND MAZE LEARNING

long delays in the DNMS task in association with the enhance-
ment of acetylcholine (ACh) release in the cerebral cortex and
the hippocampus. The noradrenergic as well as the cholinergic
system may regulate memory, especially in the consolidation
process. The observed lack of effect of physostigmine with
longer delays might reflect its lack of an interaction with the
noradrenergic system.

The present results confirm earlier reports that scopol-
amine disrupts radial maze performance in a dose-dependent
manner (6,18,19,32). NS-3 reversed the scopolamine-induced
reduction of correct choices in the RAM task in the present
study, but TRH and physostigmine did not. It was reported
previously (6) that the effects of scopolamine could be en-
hanced by noradrenergic depletion. Functional relationships
between ACh and NA systems have been suggested to contrib-
ute to memory performance in the RAM task (6,14). These
previous studies indicated that the ascending noradrenergic
system can regulate the activity of cholinergic neurons in the
forebrain. Reversal by NS-3 of the scopolamine-induced re-
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duction in correct choices in the RAM task may be due to
activation of both cholinergic and noradrenergic systems.

In the present study, NS-3, at a dose of 0.3 mg/kg IP,
significantly reversed the scopolamine-induced reduction in
correct choices in both DNMS and RAM tasks in rats, while
TRH and physostigmine had no effect.

In conclusion, NS-3 may improve the deficit of spatial and
nonspatial memory mediated by the enhancement of ACh re-
lease in the cerebral cortex and hippocampus, and by the en-
hancement of NA release in the cerebral cortex. NS-3, there-
fore, is a promising drug for clinical use in ameliorating the
cognitive impairment caused by cerebral cholinergic or adren-
ergic dysfunction; i.e., in patients with senile dementia of the
Alzheimer’s type.
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