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ABSTRACT

Objective: The aim of this study was to investigate the effects of restraint stress and nitric oxide synthase (NOS) inhibition by NwNitro-L-Arginine (LNA)
on learning and strategy preference.

Material and Methods: Rats were randomly divided into four groups (Saline, Saline+Stress, LNA, LNA+Stress). Stress was applied for one hour in glass
cylinders during 13 days. One hour after this stress application, water maze experiments were started. Injections (saline 1 ml/kg or 50 mg/kg LNA) were
given 10 minutes before each experiment. The platform was kept visible or hidden (on the 4%, 8%, 12" days) at the same position. On the 13" day the

platform was located on the opposite quadrant.

Results: Saline groups exhibited significantly better performances (F, ,,

,=174.038 p<0.05) at the beginning compared to the NOS inhibited groups. For
initial hidden platform days; stress was determined as an impairment factor (F,

=5.190 p=0.012). At the end, acquisition occurred on both visible and

1.31)

hidden platform days for all groups. There was no significant strategy preference difference between the groups.Development of the stress and NOS
inhibition impairments were seen, particularly at different periods of the acquisition.

Conclusion: NOS inhibition did not worsen restraint stress-induced learning impairments in rats. Lack of effect may be explained by the antidepressive

consequences of NOS inhibition.
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Introduction

Chronic stress reveals a number of physiological respons-
es including glucocorticoids, which reverse the homeostasis
of the subject. Animals can exhibit several behavioral re-
sponses in stressful conditions according to their emotional
perception of the stress. Exposure to chronic stressors can
cause long-term structural and functional deficits in the brain,
such as reduced memory processing. Hippocampal formation
is sensitive to these effects (1).

Place learning in the Water Maze (WM) is a frequently
used cognitive test which can be applied with various modifi-
cations. Different strategies of learning such as visual, spatial,
and response learning can be adapted to the WM apparatus.
The WM can also be designed to include more than one op-
tion, such as visual or spatial clues, for the animal to solve the
problem. This allows researchers to test the cognitive strat-
egy preference (2).

Nitric Oxide Synthase (NOS) is an enzyme that produces
nitric oxide (NO) from L-Arginine. NO is a well known gas-
eous secondary messenger. It produces neurotransmission
via 3'5'-cyclic guanosine monophosphate (cGMP) and glu-

tamatergic N-methyl-D-Aspartate (NMDA) receptors of sur-
rounding cells. In the central nervous system, NO acts as a
retrograde messenger in the glutamatergic NMDA receptor
pathway. In the presynaptic terminal, the soluble Guanylate
Cyclase (sGC) is induced by NO released from postsynaptic
cells. Then secondary messenger cGMP is formed by sGC,
and the increasing level of cGMP accelerates the release of
glutamate from the presynaptic terminal. As a result, these
presynaptic mechanisms contribute to the early phase of
long term potentiation (LTP). Thus NO takes part in hippo-
campal LTP, learning and memory formation processes. For
this reason NOS has an important role in these cognitive
functions (3, 4).

Nitric Oxide Synthase has various forms: The consti-
tutive forms, endothelial NOS (eNOS) and neuronal NOS
(nNQOS), are found in the brain. On the other hand, induc-
ible NOS (iNOS) is found in immune system cells. Both
eNOS and nNOS play a role in cognitive functions (5).
NOS inhibition produces impairment in spatial learning
and reduces performance in memory tasks (6). NoNitro-L-
Arginine (LNA) is a selective inhibitor on nNOS and eNOS
but not on iINOS (7).
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The relationship between NOS and stress depends on the
role of NO in pathological and physiological alterations during
hippocampal responses to the stress. Stress-induced chang-
es in nNOS expression levels have also been revealed (8). In
some studies it was shown that NOS inhibition has antidepres-
sive effects in rats under stress (9, 10). Nevertheless, little has
been learned about the relevance of NOS inhibition and stress
on learning. The purpose of this study was to investigate the
effects of stress and NOS inhibition on cognitive learning abili-
ties and strategy preference in rats by the WM task.

Material and Methods

Experimental Animals

Thirty-five male Sprague-Dawley rats (3-4 months old
220+40 g) were divided into four groups randomly: Control
(Saline, n=9), Stress (Saline+Stress, n=9), NOS inhibition (LNA,
n=9), NOS inhibition combined with Stress (LNA+Stress, n=8).
Animals were kept under standard colonial conditions (4/5
animal per cage, 21£1°C, 12 hours day/night cycle), food and
water were available ad lib. Handling was done for each ani-
mal starting three days prior to and during the experiments.
Animals were treated according to the European Communi-
ties Council directive (86/609/EEC). Ege University Animal
Ethics Committee approved this study.

Morris Water Maze Apparatus

A circular pool (130 cm @, 75 cm in height) was filled with
water to a depth of 45 cm at 22+1°C. Water was colored by an
opaque, non-toxic, water soluble, dark yellow dye. The water
maze tank was virtually divided into four quadrants: south (S),
west (W), north (N), and east (E). The platform was located
on the NE position of the pool. The platform, when visible,
protruded 2.5 cm above the water and when hidden was sub-
merged 2 cm below water level. The water tank was located
in a 3x4 m room and extramaze (spatial) cues included items
such as posters, cages and two researchers.

Monitoring and Recording

Experiments were recorded by a camera and a video re-
corder. Images were captured by a tracker (HVS Image, UK)
and processed by a computer with HVS-Water software. Es-
cape latency (EC), path length (PL), swim speed (SS), and, on
probe day, time spent in the quadrant where the platform had
been during acquisition (TS) were recorded and analyzed.

Stress protocol

Restraint stress was applied in glass cylinders (6.5 cm &, 15
cm in height) for one hour (8.30 am-9.30 am) during 13 days.
Cylinders were designed to help ventilation but restrict mobil-
ity. After stress application, animals were taken to cages and
after a one hour recess water maze experiments were started.

Chemical Treatment

Each day, 10 minutes prior to swim tests, NwNitro-L-
arginine (LNA, 50 mg/kg Sigma 5501) or saline (1 mL/kg) was
injected intraperitoneally to the animals. Non-LNA rats were
injected with the same volume of saline as control.

Experimental Protocol

In 1994 McDonald and White (11) developed a new ex-
perimental protocol for water maze that allows learning using
visual and navigational cues. Kanit et al. (2) modified this pro-
tocol to research cognitive preferences.

Before the first trial, animals were placed on the platform
to familiarize the location. Animals were then released sequen-
tially from S point, allowed to find the platform and then taken
to their cage, with at least 15 minutes between releases. Each
animal was released from W-N-E points on the same day as
done for S point. If an animal failed to find the platform in 30
seconds during the first trial of the first day, introducing was
done. Introducing is accompanying an animal to the platform.
Every day the starting point shifted in the clockwise direction.
On the 1% to 3, 5 to 7t, 9% to 11* days, the platform was
visible and on the 4%, 8" and 12" days the platform was hid-
den. During the whole experiment each animal was released
4 times each day, with either the visible or hidden platform.

On the 13* day, the probe trial was done by placing the
platform visibly in the opposite direction (SW direction) to the
initial location, and animals were tested for their strategy pref-
erence. Animals were released four times and intertrial inter-
vals were at least 15 minutes for the probe trial. Only the data
from first releases were assessed for the probe trial, because
only this data can test the preference between a learned place
and a novel, closer visible platform.

Statistical analysis

The acquisition of place learning was evaluated by repeat-
ed measures analysis of variance (ANOVA) with EL, PL, SS as
the dependent variables, and NOS inhibition, stress and days
of testing as between and within subjects factors, respectively.
Multifactorial and one way ANOVA was performed for probe
trial dates and post-hoc analyses were applied as required.
SPSS 17.0 program was used for all statistical analyses.

Results

Three main parameters were recorded, processed and an-
alyzed during the acquisition phase. EL is the time required by
an animal to find the platform and is expressed in seconds. PL
is the distance covered by an animal to reach the platform and
is expressed in meters. SS is the speed of an animal and is ex-
pressed in meters per second. EL and PL are the two primary
candidate measures for acquisition, however SS gives an idea
about non-cognitive abilities or locomotor activity.

To detect the cognitive strategy preference, four param-
eters were recorded, processed and analyzed for the probe
trial. EL, PL and SS parameters and also the percentage of
time spent in the quadrant where platform was initially locat-
ed (TS), for the first release of the first trial of probe day were
recorded.

Escape Latencies

Visible Platform: EL of all groups to find the platform
decreased through days, thereby a main effect of days
[F;3,=39.499 p<0.001] was observed. These results revealed
that all groups of animals learned to find the platform and, at
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Figure 1. (A) On day 13, trial 1 The escape latency to the new platform and (B) percent time spent in the quadrant where the old
platform had been during acquisition. Bars represent group averages £SEM. Detailed statistical analyses are given in Section 3

the end of the study, all rats reached asymptotic level. NOS in-
hibition statistically significantly impaired the acquisition at the
early phase when compared to control groups [F, ;,,=174.038
p<0.05]. There was no statistically significant stress effect or
any interaction of the other factors.

Hidden Platform: All groups learned to find the hidden plat-
form’s location rapidly [F, ,,=8.404 p=0.001]. Stress statistically
significantly arose as an impairment factor at early phase of
hidden platform [F(1_31)=5.190 p=0.012]. NOS inhibition did not
have any significant effect in the hidden platform days.

Path Length

Visible Platform: In subsequent days, rats used a shorter
path to reach the platform [F, ,,=39.436 p<0.001]. On visible
platform days, NOS inhibition statistically significantly im-
paired the acquisition [F, ; =10.176 p<0.01] but stress had no
effect on this factor.

Hidden Platform: Rats learned to find the platform
quickly [F,,,=9.656 p=0.001]. Stress statistically significantly
emerged as an impairment factor on acquisition at the early
phase [F( )=4.283 p=0.01].

(1.31

1.31

Swim Speed

Days emerged as a statistically significant factor
[F,, 5,=4.008 p<0.01] with a visible platform. There was no sig-
nificant difference between experimental groups, either with
other factors of the visible platform or on any hidden platform
date.

Probe Trial

On probe trial day according to the first releases, the es-
cape latency of the control group was quicker and also the
path length was shorter than in other groups; however, there
was no significant difference between groups (Figure 1A).

There was also no significant difference between the
groups in the time spent in the former quadrant of the plat-
form (Figure 1B). When the swim speed values were evalu-
ated, the control group had a better score, but it was not sig-
nificantly different.

According to our results, all groups of animals preferred
spatial strategy. When the data is examined generally, the con-
trol group performed better in finding the new platform loca-

tion, but nevertheless there was no significant evidence sup-
porting a difference between groups in strategy preference.

Discussion

Nitric Oxide Synthase inhibition, due to its physiological
effects on the brain and vascular endothelial system, can in-
duce a group of responses ranging from altering acquisition
and cognitive functions to regulation of stress-related mech-
anisms. In this study we investigated the effects of restraint
stress and NOS inhibition on learning and preference in young
adult male rats.

Chronic stress mostly impairs acquisition in the WM, but
there is still conflict about it. Some studies show chronic stress
can enhance learning in the WM, and some studies demon-
strate that there was no effect on learning (12-14). The vari-
ous results in different studies arose from the different type
of chronic stressors, application conditions, and durations.
Also the type of data which was evaluated is very important
(15). Our results showed that, at the beginning, stress affect-
ed rats negatively. On the fourth (first hidden platform) day,
which corresponds to the probe day of a classical WM, stress
emerged as a significant impairment factor on learning. The
stress impaired acquisition at the early phase; was restored
mostly on subsequent visible platform days (Figure 2 and 3). It
is possible to say that stress precluded conceptual rather than
perceptual learning in the initial phase.

NowNitro-L-Arginine was used to inhibit NOS, and LNA
does not inhibit iINOS, as aforementioned (7). Scientists
showed that nNOS is dramatically dominant to eNOS in the
rodent brain (16). But NO involved in LTP is derived from
eNOS instead of nNOS (17). NOS inhibition via LNA is ap-
propriate in memory testing experiments. Inhibiting both
nNOS and eNOS is essential in order to interrupt acquisition
in brain. However, inhibiting eNOS has locomotor effects;
non-selective NOS inhibitors increase blood pressure, which
can alter performance by changing the muscular functions in
learning and memory tests (18). A decrease in motor activity
is an inevitable effect of NOS inhibition, especially with non-
specific NOS inhibitors (19). To gauge locomotor activity re-
duction, swim speed data is an alternative option. As previously
reported in a sex difference study, the decrease in swim speed
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Figure 2. Mean escape latency (EL) during the acquisition of
place learning with the platform visible (V) on days 1-3, 5-7,
9-11, and hidden (H) on days 4, 8, 12. Symbols represent
group averages of all four trials on each day. Filled circles
with solid lines represent the Saline group. Filled squares
with dotted lines represent the Saline+Stress group. Open
circles with solid lines represent the LNA group. Open
squares with dotted lines represent the LNA+Stress group.
Detailed statistical analyses are given in Section 3. For vi-
sual clarity, the error bars are not included in the figures
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Figure 3. Mean path length (PL) during the acquisition of
place learning with the platform visible (V) on days 1-3, 5-7,
9-11, and hidden (H) on days 4, 8, 12. Symbols represent
group averages of all four trials on each day. Filled circles
with solid lines represent the Saline group. Filled squares
with dotted lines represent the Saline+Stress group. Open
circles with solid lines represent the LNA group. Open
squares with dotted lines represent the LNA+Stress group.
Detailed statistical analyses are given in Section 3. For vi-
sual clarity, the error bars are not included in the figures

after NOS inhibition was apparent mostly in female rats (20).
Our results confirm that there was no difference between NOS
inhibited and saline-treated male rats. Also, stress did not af-
fect the swim speed. In one study, 7-nitro-indazole was applied
to inhibit nNNOS selectively, to refrain from decreasing motor
activity. The impairment was seen at the early phase, but at the
late phase there was no impairment in radial arm maze (18). The
results of this selective NOS inhibitor study and our findings
are overlapping, which may suggest that the systemic effects
of LNA have not biased our results. It was shown in some NOS
inhibition studies that LNA has negative effects on acquisition
at the early phase (20, 21). If the acquisition period was kept
between four to seven days, the impairment was observed dur-
ing the whole experiment (22, 23). However in longer acquisi-
tion periods, such as 12 days, the impairment gradually disap-
peared after the middle phase (20). Our results proved that,
again, NOS inhibition impaired the acquisition during the early-
mid phases and this impairment disappeared at the late phase.

In one study, antinociceptive effects of NOS inhibition
emerged five days after the stress application, indicating that
stress masked the antinociceptive effect of NOS inhibition for
five days (24). Also, in several studies it was shown that NOS
inhibition has antidepressive effects on rodents (9, 10, 25). It
was demonstrated that restraint stress affects the NOS depen-
dent nociceptive mechanisms of the hippocampus at the cel-
lular level (8). There may be a strong relationship between NOS
inhibition and stress. In our study, there was an increase instead
of a decrease in the learning performance of NOS inhibition
combined stress group at the beginning of the mid phase. In a
knock-out nNOS study it was shown that learning was impaired
in the WM and other learning experiments. However, it was
concluded that little evidence exists for the antidepressive ef-
fects of NOS deficiency. Wultsh et al. (26) claimed that nNOS
deficient animals should be used as a model for Alzheimer’s
disease or attention deficit disorder in order to emphasize the
antidepressive effects of NOS inhibition.

Strategy preference may differ from strain to strain or male
to female (2, 27). In this study, at the late phase of WM there
was no difference between groups for the time and distance
for reaching the platform (Figure 2 and 3), so we were able to
investigate the preference on probe trial. Our results showed
that there was no significant difference between groups ac-
cording to their learning strategy preference (Figure 1). Previ-
ously it was displayed that there was a tendency in NOS inhib-
ited male rats to prefer the new visual platform, like females,
in strategy learning (20). It is ambiguous that NOS inhibition
reveals a female type behavior pattern. According to our find-
ings, there is no tendency toward female type behavior pat-
tern in either the stressed, the NOS inhibited or the NOS in-
hibition combined stress groups. Because of these results, we
suggested that, in NOS inhibition and stress groups, spatial
preferences are more prominent than in controls.

Conclusion
Our findings indicate that stress and NOS inhibition cre-

ated impairment on acquisition particularly and at different
periods. Stress especially impaired acquisition for the first
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hidden platform day. NOS inhibition created impairment at
the early phase of visible platform days. In conclusion, NOS
inhibition does not amplify the impairment created by chronic
restraint stress and this may be a result of antidepressive ef-
fects of NOS inhibition.
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