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OGASAWARA, T., Y. UKAI, M. TAMURA AND K. KIMURA. NS-3 (CG3703), an analog of thyrotropin-releasing
hormone, ameliorates cognitive impairment in rats. PHARMACOL BIOCHEM BEHAYV 50(4) 499-503, 1995. — The effects
of thyrotropin-releasing hormone (TRH) and its analog, N-[[(3R, 6R)-6-methyl-5-oxo-thiomorpholinyl] carbonyl}-L-histidyl-
L-prolinamide tetrahydrate (NS-3, CG3703) on disturbance of memory of a passive avoidance response (PAR) and an escape
response in rats were investigated. NS-3 improved amnesia caused by scopolamine, electroconvulsive shock (ECS), and
cycloheximide (CXM), but TRH improved only the ECS-induced amnesia. NS-3 reversed learning deficits caused by hypercap-
nia, but TRH had no effect. These differences in the effect between NS-3 and TRH may be due to their biological half-life in

rat plasma. These results suggest that NS-3 possesses more potent antiamnestic effects than TRH in rats.
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THYROTROPIN-RELEASING hormone (TRH) was first
isolated from porcine hypothalamus (38) and chemically iden-
tified as a tripeptideamide consisting of pyroglutamyl-histidyl-
prolinamide (Pyr-His-Pro NH,) (3). Soon after, it was found
to be located widely in extrahypothalamic brain areas (17,33)
and demonstrated to have a wide variety of neurochemical
and behavioral effects that were independent of hormonal
action (TSH releasing action) (26,47).

TRH is known to produce antiamnestic actions in rodents
(43-45). It is, however, known to be easily inactivated by
TRH-degrading enzymes in plasma, brain, and other tissues,
and to penetrate poorly through the blood-brain barrier
(2,16,21). NS-3 is a TRH analog synthesized to increase its
resistance to enzymatic degradation and to increase its CNS,
but not endocrine effects, and was investigated for possible
therapeutic potential in CNS disturbances (11). In our previ-
ous study (31), NS-3 showed various CNS effects more mark-
edly than TRH.

In the present study, we compared the effects of NS-3 and
TRH on cognitive impairment caused by scopolamine, electro-
convulsive shock, cycloheximide, and hypercapnia in rats ac-
cording to the methods of Cumin et al. (7).
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METHOD

Subjects

Male Wistar rats (Japan SLC Inc., Shizuoka, Japan), 6-7
weeks of age, were housed with free access to food (Clea
Japan Inc., Tokyo, Japan) and water in an air-conditioned
room maintained at 21-25°C, with a relative humidity of 45-
65% anda 12 L : 12 D cycle.

Procedures for a Passive Avoidance Task

Rats were first trained to remain on a rubber platform (15
X 15 x 0.5 cm) placed at a corner of the Skinner box (25 x
30 x 33 cm) that had been equipped with an electrifiable grid
floor. When the rats moved away from the safety zone, they
were exposed to continuous electroshocks (0.8 mA) from the
grid floor.

The training session of PAR was composed of five consec-
utive trials. Each trial was carried out every 1 min. All animals
learned not to step down the grid floor by the final trial of
training session.
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Prevention of Scopolamine-Induced Disruption of a PAR

Immediately after the training session, scopolamine (0.5
mg/kg) was administered IP and followed by NS-3 or TRH.
Fifteen minutes later, the latent periods of step-down onto the
grid floor were measured up to 60 s.

Prevention of Electroconvulsive Shock (ECS)-Induced
Disruption of a PAR

Immediately after the training session, the rats received
ECS (45 mA, 2 s) through the ears and were subsequently
injected IP with NS-3 or TRH. Fifteen minutes later, their
PAR was tested.

Reversal of Cycloheximide (CXM)-Induced Disruption of
Retrieval of a PAR

Immediately after the training session, CXM (3 mg/kg)
were administered SC and animals were returned to their
cages. Forty-eight hours later, they were subjected to the PAR
test. Test drugs were administered IP 15 min before the test
session.

Reversal of Hypercapnia-Induced Deficit of Learning

After the test drugs were injected IP 15 min before CO,
exposure for 12 s, rats were placed into the shuttle box (Ugo
Basil, Italy) and then acquisition sessions were started with the
following schedule: a 10-s silence, a 5-s buzzer presentation, a
15-s buzzer presentation plus foot shocks. The shock intensity
was 40-80 V. The grid floor was connected to a shocker (Ugo
Basil) that was set to deliver scrambled foot shock. One acqui-
sition session consisted of six consecutive trials. A shuttle re-
sponse, i.e., moving to the other compartment during the pre-
sentation of both buzzer and buzzer plus foot shocks was
considered as a discrete escape response. The results were ex-
pressed as the number of animals that performed the discrete
escape response at the sixth trial.

Drugs

NS-3 was synthesized at the laboratories of Griinenthal
GmbH (Germany). The following drugs were commercially
obtained. Scopolamine HCI (Sigma), Cycloheximide (Nacalai
tesque, Japan), TRH (United Pharmaceutical Works, Czecho-
slovakia). NS-3, TRH and scopolamine were dissolved in sa-
line and injected IP in a volume of 1 ml/kg. Cycloheximide
was dissolved in a saline and injected SC in a volume of 1 ml/
kg. Regarding to the pretreatment time and injection route,
we employed the 15-min and IP injection according to our
previous study (31).

Statistical Analysis

Statistical analyses for the latent periods were made by
Dunnett’s test and for the yes/no response data were made by
Fisher’s Exact Probability test.

RESULTS
Acquisition of a Passive Avoidance Task

In the training session, the normal reaction of naive ani-
mals was to jump back onto the platform at first and/or
second trial. All rats never stepped down onto the grid floor
after the third trial.

More than 80% of rats given vehicle instead of amnestic
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agents, retained a PAR when tested 15 min to 48 h after the
training session.

Prevention of Scopolamine-Induced Disruption of a PAR

NS-3, at doses from 0.03-1 mg/kg, produced no changes
in the PAR in naive rats (data not shown). Figure 1 shows the
effects of NS-3 and TRH on the scopolamine-induced disrup-
tion of a PAR in rats. As shown in the figure, scopolamine, at
a dose of 0.5 mg/kg, produced a marked reduction in the
number of animals showing retention of the acquired task
(disruption of a PAR).

NS-3 prevented the scopolamine-induced disruption of
PAR significantly at the dose range of 0.05-0.3 mg/kg. The
dose-response results showed a bell-shaped curve, with doses
higher than 0.5 mg/kg showing no significant increase in the
latent period, as compared to the scopolamine + saline (con-
trol) group.

TRH also showed a bell-shaped dose-response curve, but
no significant effect was observed at the doses used, i.e., 5-30
mg/kg.

Prevention of ECS-Induced Disruption of a PAR

NS-3, at doses from 0.1 to 3 mg/kg, produced no changes
in the PAR in naive rats (data not shown). As shown in Fig.
2, ECS produced complete disruption of PAR. When NS-3
was injected IP immediately after convulsive seizures at the
dose range of 0.1-3 mg/kg, a bell-shaped dose-response curve
was obtained against the disrupted PAR, with significant ef-
fects being observed at doses of 0.3-1 mg/kg.

TRH also showed a bell-shaped dose-response curve at the
dose range of 3-30 mg/kg, and significant effects were ob-
served only at 10 mg/kg.

Reversal of CXM-Induced Disruption of Retrieval of a PAR

NS-3, at doses from 0.01-0.3 mg/kg, produced no changes
in the PAR in naive rats (data not shown). Figure 3 shows the
effects of NS-3 and TRH on the CXM-induced disruption of
a PAR in rats. As shown in the figure, NS-3 or TRH was
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FIG. 1. Effects of NS-3 and TRH on the scopolamine-induced dis-
ruption of a PAR in rats. Each value represents the mean + SE of
latency of step-down onto the grid floor in a group of 10 animals.
Significantly different from SCO + SA; *p < 0.05, **p < 0.01
(Dunnett’s test). SA: saline, SCO: scopolamine.
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FIG. 2. Effects of NS-3 and TRH on the ECS-induced disruption of
a PAR in rats. Each value represents the mean + SE of latency of
step-down onto the grid floor in a group of 10 animals. Significantly
different from ECS + SA; *p < 0.05, **p < 0.01 (Dunnett’s test).
SA: saline.

injected IP 15 min before the test sessions, which were con-
ducted 48 h after CXM injection.

NS-3, at the dose range of 0.01-0.3 mg/kg, showed a bell-
shaped dose-response curve against CXM-induced disruption
of retrieval of the memory, and a significant reversal was
observed at a dose of 0.05 mg/kg.

TRH showed no significant effect in this test at all doses
employed, i.e., 1-30 mg/kg.

Reversal of Hypercapnia-Induced Deficit of Learning

Results are shown in Fig. 4. Number of naive animals that
showed the discrete escape response at each trial was increased
gradually during the five training trials, and at the sixth trial,
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FIG. 3. Effects of NS-3 and TRH on the CXM-induced disruption
of the retrieval of a PAR in rats. Each value represents the mean +
SE of latency of step-down onto the grid floor in a group of 10
animals. Significantly different from CXM + SA; **p < 0.01
(Dunnett’s test). SA: saline, CXM: cycloheximide.
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FIG. 4. Effects of NS-3 and TRH on the deficit of learning acquisi-
tion caused by hypercapnia in rats. Each value represents the number
of animals that performed the discrete escape response at the sixth
trial. Ten animals were used for each group. Significantly different
from CO, + SA; *p < 0.05, **p < 0.01 (Fisher’s exact probability
test). SA: saline.

9 out of 10 animals performed the escape response. NS-3, at
the doses from 0.03-3 mg/kg, produced no changes in the
escape response in naive rats (data not shown). In contrast,
control animals that were exposed to CO, showed deficits of
learning of escape responses. NS-3, at doses of 0.1-1 mg/kg,
significantly reversed the deficit of learning, but TRH at doses
of 10-50 mg/kg had no effect. NS-3 and TRH showed no
increase of locomotor activity in rats exposed to hypercapnia.

DISCUSSION

NS-3 was selected as a compound having the most potent
resistance to enzymatic degradation and having CNS activities
with a wide potency ratio between CNS and TSH-releasing
activities (11,31). NS-3 has been shown to have potent CNS
stimulant activities including an increase of locomotor ac-
tivity, antagonism of barbiturate-narcosis, and reserpine-
induced hypothermia (11,15,31). These activities of NS-3 were
at least 20 times more potent than those of TRH.

In this study, ameliorating effects on amnesia were com-
pared with those of TRH in rats with experimentally impaired
learning and memory. We first investigated the effect of NS-3
on scopolamine-induced retrograde amnesia, because there is
much evidence showing the linkage of neuropharmacological
and pathologic changes and cholinergic deficits in dementia of
the Alzheimer’s type. Scopolamine has been found to impair
the function of learning and memory in healthy volunteers as
well as Alzheimer’s patients, and in various animal species
(6,29,41).

In our present study using rats, NS-3 prevented scopol-
amine-induced amnesia effectively at very low doses. TRH
and its analogs have been shown to ameliorate the cognitive
impairment caused by scopolamine in rats (42,46) and humans
(28). Several investigators (12,30,32,39) suggested that the
ameliorating effect of TRH on scopolamine-induced impair-
ment of cognition may be due to the enhancement of choliner-
gic activity in the frontal cortex and hippocampus, which are
well known to play an essential role in the learning and
memory.
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NS-3 was effective in ameliorating amnesia caused by ECS.
Scopolamine (1,7,13) and ECS (24,25,34) have been widely
employed to cause retrograde amnesia by interfering with
memory consolidation, if applied immediately, or shortly
after learning or training sessions. Therefore, these results
indicate that NS-3 reverses the deficit of consolidation of the
memory process (7). One of the mechanisms involved in the
ECS-induced retrograde amnesia is considered to be a deficit
in cholinergic functions in CNS because ECS decreases cholin-
ergic activity in CNS (8,14,22). The authors (19,20) reported
that TRH and NS-3 improved the performance in a T-maze
and water maze task of rats subjected to ECS and suggested
that ameliorating effects of NS-3 and TRH on ECS-induced
retrograde amnesia may be due to the enhancement of cholin-
ergic neuronal activity in CNS.

Inhibition of cerebral protein synthesis has been reported
to impair the formation of long-term memory, especially the
memory retrieval (7,35). NS-3 prevented the impairment of
memory retrieval induced by CXM. The protein synthesis in-
hibitors are commonly known to cause the disruption of cen-
tral adrenergic systems and induce amnesia (4,35,37,40).
Therefore, in addition to the cholinergic mechanisms, en-
hancement of noradrenergic activity in the CNS may be con-
tributing to the antiamnestic effects of NS-3 in rats treated
with protein synthesis inhibitors. Such an idea is supported by
the report (18) that NS-3 enhances the noradrenaline (NA)
release from the rat cerebral cortex.

NS-3 restored hypercapnia-induced deficit of learning in
rats. Conditions that reduce the energy supply to the brain
have been reported to cause cognitive impairment or learning
deficits (23). It remains to be determined whether NS-3 pro-
tects against the CNS cytotoxic effect caused by hypercapnia
or whether it improves directly the processes involved in learn-
ing and memory. The authors (27) have reported that behav-
ioral disturbances induced by hypoxia are considered to be
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due to the failure of synaptic transmission rather than to an
insufficiency of energy supply in the brain. They suggest that
the turnover rate of NA under hypoxia is decreased only in the
cerebral cortex and hippocampus. The authors (9,10) have
also shown that hypoxia decreases synthesis and metabolism
of monoamines in rat brain. Therefore, ameliorating effect of
NS-3 on hypercapnia-induced learning deficit is considered to
be due to the facilitation of NA release.

A bell-shaped dose-response curve has been repeatedly re-
ported in studies with other drugs that are thought to improve
cognitive functions (7,43). The mechanism responsible for this
dose-effect function is not clarified, but we assume that at
higher doses, NS-3 produced neuronal and/or behavioral dis-
advantages that may counteract the ameliorating effect of the
disruption of the memory.

TRH has been reported to produce consistent antiamnestic
actions in mice (44,45); however, in our present study using
rats, TRH produced no significant antiamnestic effect except
for the prevention of ECS-induced retrograde amnesia. This
species difference may be partly due to the difference of its
biological half-life of TRH in plasma. The plasma half-life of
TRH in rats is short, being about one-tenth of that in mice
(5). The fact that the greater resistance of NS-3 to enzymatic
degradation was responsible for the antiamnestic effect in var-
ious types of amnestic models suggests that substantially TRH
could also have similar effects in rats if plasma concentrations
could be maintained at higher levels.

In conclusion, NS-3 will be a promising drug in ameliorat-
ing the cognitive impairment caused by cerebral cholinergic or
adrenergic dysfunction, i.e., patients with senile dementia of
the Alzheimer’s type.
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