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THE EFFECT OF STRESS ON SPATIAL MEMORY IN RATS
BY
Rebecca Wyckoff Kim

ABSTRACT

Research investigating the effects of stress on spatial learning and memory in rats is
conflicting and often unclear. Some research indicates that the length of time or frequency of
stress induction has an effect on rats’ ability to learn and remember a spatial memory task. Other
research indicates that the type of stressor plays an important role. In this experiment, the role of
housing, individual or group, along with induction of restraint stress was examined. Lew and
F344 rats were divided in four groups based on housing (single v. grouped) and experimental
condition (restraint stress v. non-restraint control) and tested on a Morris water maze. The results
indicated that, in general, F344 rats learned and remembered the maze better than the Lew rats.
In both strains, the group-housed rats performed better during the acquisition trials than the
single-housed rats. These results provide interesting insight into how housing conditions and rat

strain play a role in learning and memory tasks.
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CHAPTER 1

INTRODUCTION

Research on the effect of stress on learning and memory is often conflicting, as the results
of different studies show that the cause and duration of stress, the strain of the rat and the
housing conditions all play important roles in the outcome (Simpson & Kelly, 2011; Schwabe,
Schichinger, & Oitzl, 2008; Sadowski, Jackson, Wieczorek, & Gold, 2009; De Quervain,
Roozendaal, & McGaugh, 1998; Sunanda, Shankaranarayana, & Raju, 2000). It has been shown
that stress increases blood levels of corticosterone (Sternberg, Glowa, Smith, Cologero, Listwak,
Aksentjevich, Chrousos, Wilder, & Gold, 1992; Freed, Martinez, Sarter, De Vries & Bergdall,
2008; Wu & Wang, 2010) and that this increase in corticosterone influences cognitive functions,
such as learning and memory (Nooshinfar, Akbarzdeh-Baghban & Meisami, 2011; Harrison,
Hosseini & McDonald, 2009).

Certain housing conditions, such as being housed in cages with wire bottoms, being
housed singly, or overcrowded housing have been shown to be a source of stress (Freed et al.,
2008; Simpson & Kelly, 2011; Sternberg et al., 1992; Wu & Wang, 2010). For example, Freed et
al. (2008) demonstrated that animals housed in wire cages, as compared to rats housed in solid
bottom cages, had “enhanced and prolonged responses” to acute restraint stress as measured by
levels of corticosterone. Another possible source of stress is the number of rats housed together.
Simpson and Kelly (2011) showed that the number of animals per cage itself could be considered
a stressor. Individually housed rats often show “social isolation syndrome” with hyperactivity,
poor adaptability, less exploration of new objects, and more anxiety (Simpson & Kelly, 2011).
Whereas, rats housed in groups of between two and four performed between the levels of
individually housed rats and rats that are housed in enriched environments (Simpson & Kelly,

2011).



Fischer (F344) and Lewis (Lew) inbred rats are commonly used in research to study
stress. These two strains are characterized by their different response to stressors. Whereas F344
rats are hyper-responsive to stress, Lew rats are hypo-responsive to the same stimuli as expressed
by lower levels of plasma corticosterone, plasma ACTH and hypothalamic CRH mRNA as
compared to the F344 strain (Sternberg et al., 1992).

The effect of housing conditions in stress response was studied in F344, Lew and
Sprague-Dawley rats (Wu & Wang, 2010). In this study, rats were doubly or singly housed.
After rats were exposed to chronic mild stresses (e.g., small cage, a crowded cage with two extra
rats in it, overnight water deprivation), F344 and Sprague-Dawley strains were found to have
significantly higher corticosterone levels than the controls. The authors additionally found that
the corticosterone levels were elevated in the singly-housed control groups for both Sprague-
Dawley and Fischer rats as compared to the corresponding doubly-housed control groups (Wu &
Wang, 2010). Lewis rats showed no significant difference in corticosterone levels between the
singly-housed control, the doubly-housed control or the experimental group. In addition to
demonstrating that both the strain and housing environment are important in the outcome, this
study indicates that the corticosterone levels of F344 and Sprague-Dawley rats were affected by
housing and chronic mild stress. Although there is a large amount of research done with these
strains on stress, there is less research addressing the relationship between strain differences and
learning and memory.

Based on this research, it is apparent that housing conditions affect the stress levels of the
animals as indicated by their higher levels of corticosterone. The question of how higher levels

of corticosterone effect memory and learning tasks remains. By using these different strains of



rats, this study will be able to examine how inherent sensitivity to stress affects the learning and
memory.

Conrad et al. (2007) showed that chronic elevation of glucocorticoids can increase
neurotoxin-induced damage to CA3 cells in the hippocampus. These results indicate that long-
term glucocorticoid elevation may make CA3 damage by chronic stress worse (Conrad et al.,
2007).

Studying how corticosterone affects memory performance in rats, McLay, Freeman, and
Zadina (1998) examined rat performance in the Barnes maze. The authors exposed the rats for 80
days to corticosterone through CORT-secreting pellets (controls received control pellets). This
administration of corticosterone was thought to elevate corticosterone levels similar to those of
chronic stress (McLay et al., 1998). After 16 trials, the authors demonstrated that both control
and experimental rats were capable of learning the Barnes maze, however, a significant
difference was observed between CORT-treated and control animals as measured in errors,
distance to escape, ambulatory time to escape and time to escape. In all cases, CORT-treated
animals performed worse than the controls (McLay et al., 1998). The authors concluded that the
poorer performance in Barnes maze after corticosterone treatments is due to cognitive
impairment. The authors further argue that, because of HPA-axis activation due to stress such as
the Morris water maze or other external stressors, it is possible that over shorter periods of time
stress can improve learning and memory (McLay et al., 1998).

Thus far, I have described how a chronic artificial increase in corticosterone levels
negatively affects the performance maze tasks. Corticosterone levels can also be elevated by
immobilization (both chronic and acute) (Nooshinfar et al., 2011). Nooshinfar et al. (2011)

exposed male Wistar rats to either acute immobilization (1 hour, 3 hours or 5 hours) or chronic



immobilization (2 hours a day for a week) to study the effects of immobilization on
corticosterone levels and learning. Learning was evaluated through step-through latency in a
passive avoidance procedure. The authors found that both the 5-hour and the long-term exposure
immobilization stress caused significant increases in corticosterone levels. Learning was
positively affected by 3- and 5-hour immobilization but was negatively affected in the
chronically immobilized group. These results demonstrate that immobilization can increase
corticosterone secretion and also may decrease memory.

The objective of the present experiment is to assess how stress induced by restraint and

housing conditions affects learning and spatial memory of rats as tested in a water maze task.



CHAPTER 2
METHODS

Subjects

Twenty-four F344 rats and twenty-four Lewis male rats approximately 8 months old were
obtained from Harlan Sprague-Dawley (Indianapolis, IN). The rats were housed in two different
conditions: individually (n=24, 12 F344 and 12 Lew) or in groups of 3 (n=24, 12 F344 and 12
Lew). The individually housed rats were in stainless steel, wire-mesh hanging cages (24.3 X 19
X 18cm). The group-housed rats were in plastic bins (48 cm X 27 cm X 20 cm). All animals
were maintained on a 12/12 hr light/dark cycle, with lights off at 1000 h and on at 2200 h and at
an ambient temperature of 23°C. Rat chow and water were available ad libitum at all times in
the home cage. Guidelines established by the Institutional Animal Care and Use Committee at

American University were followed.

Procedure
Acquisition Trials

Rats in all conditions were transported to the testing room in their home cages. For those
who were group-housed, their grouping was maintained throughout training and testing in the
Morris water maze task and during restraint (if in the experimental group). Rats were trained and
tested on the water maze task between 1100 h and 1500 h. In the group-housed rats, rat 1 was
placed into the water maze and allowed to explore and search for the hidden platform for 60
seconds. The other rats from the grouping remained in their home cage during this first
acquisition trial. At the conclusion of that time, if the rat had not found the platform, it was
placed on the platform for ten seconds. The rat was then dried off and allowed to rest during the

first acquisition trials of the other two rats from the same housing bin. Rat 2 was then introduced



to the maze following the same procedure as with Rat 1. Once Rat 2 had completed acquisition
trial 1, it was dried off and allowed to rest alongside Rat 1 while Rat 3 completed its first
acquisition trial. This cycle was continued until each rat had completed six acquisition trials to
allow for learning and memorization of the maze.

The same procedure was followed for individually housed rats and their six acquisition
trials. Rats were given the same amount of time between acquisition trials as were given to the

group-housed rats.

Restraint

One week after the rats were trained in the Morris water maze, rats in the experimental
group were subjected to one hour of restraint in a transparent plastic restrainer (68 mm diameter).

Control rats were left undisturbed in their home cage.

Post-restraint water maze test

After restraining, the rats were removed from the tube and immediately placed into the
water maze. They were given 60 seconds to locate the platform. Upon locating the platform or
the conclusion of the 60 seconds, the rat was removed from the water maze, dried off and
returned to the home cage.

Control rats were maintained in their home environments until testing time where they

were also given 60 seconds to locate the platform and then returned to the home cage.

Data analysis

For determination of statistical significance, a= 0.05. To assess strain differences in
learning, data was analyzed using a 2 X 2 X 6 repeated measures ANOVA with the between-

subjects variable of Strain (F344 and Lew) and Housing Condition (Single and Group-housed)



and the within-subjects variable of Trial (1-6) followed by t-tests when appropriate. To
investigate the effects of stress on memory, a 2 X 2 X 2 ANOVA was used with the between-
subjects variable of Strain (F344 and Lew), Housing Condition (Single and Group-housed) and

Condition (Stressed and Control) followed by t-tests when appropriate.



CHAPTER 3

RESULTS
Trials

A 2 X 2 X 6 repeated measure ANOVA performed on these data revealed significant
effects of strain (F(1,44)=16.183, p<0.001), housing (F(1,44)=40.867, p<0.001) and trial
(F(1,44)= 40.496, p = 0.000). There was a significant interaction between strain, housing and
trial (F(1,44)= 7.974, p = 0.007) with the F344 rats being faster than the Lew rats to find the
platform and housed group rats being faster than their single-housed counterpart. Moreover, in
general, all groups except Lew single-housed rats showed a reduction in the time to find the
platform across acquisition trials. Specifically, the Lew single rats were significantly slower than
the Lew grouped rats in trial 3 (p=0.034), trial 5 (p=0.0015), and trial 6 (p=0.000068). Moreover,
whereas Lew single rats did not show an improvement across trials, Lew grouped rats became
faster in locating the platform across trials, showing significant improvement in trial 4

(p=0.0097), trial 5 (p=0.00005), and trial 6 (p=0.00013). (See Fig. 1)
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Figure 1. Time (sec) for Lewis rats to locate the platform in Morris water maze over six acquisition trials.



In the case of the F344 strain, we observed that the single-housed animals were
significantly slower than the grouped housed ones in trial 1 (p=0.028), trial 2 (p=0.0016), trial 3
(p=0.0195), and trial 5 (p=0.031). Interestingly, both the single-housed (p=0.027) and the group-
housed F344 rats (p=0.035) showed a significant improvement in performance over the six trials

in locating the platform. (See Fig. 2)
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Figure 2. Time (sec) for Fischer rats to locate the platform in Morris water maze over six acquisition trials.

Test
A one-way ANOVA performed on this data revealed significant effects of strain
(F(1,40)=20.926, p = 0.00) at test with the F344 rats of both housing condition performing better
at test than the Lew rats in both housing conditions. There was not significant effect of housing
and stress condition (all p’s > 0.05). There was no significant interaction between strain, housing

and stress condition (F(1,40) = 1.189, p =0.185).
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Figure 3. Time (sec) for Lewis and Fischer rats to locate platform in Morris water maze on test day. Groups divided
by housing condition and by restrained vs non-restrained control condition
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CHAPTER 4

DISCUSSION

The present study found that housing conditions and strain are significant factors in the
ability of rats to learn a Morris water maze. Further, the results indicate that F344 rats learned
faster over trials than Lew rats and that group-housed rats of each strain learn faster than single-
housed rats of each strain.

Additionally, the study showed significant effects of strain at test in the Morris water
maze. As compared to the prior results examining learning of the water maze task, these results
showed that F344 rats are better able to remember the Morris water maze task at test than the
Lew rats. With regard to the induction of stress, there were mixed results. For the Lew rats, the

single-housed rats that were exposed to restraint stress performed better than the control group.

Strain

It has been well established that F344 and Lew rats differ in their HPA-axis response to
stress.  Specifically, F344 rats are hyper-responsive to stress whereas Lew rats are hypo-
responsive to the same stimuli (Sternberg et al., 1992) as measured by their lower corticosterone
levels, hypothalamic CRH mRNA expression and plasma ACTH levels. Sternberg et al. (1992)
also measured the different behavioral responses to stressors such as open field test and swim
test, finding that Lewis rats have a significantly more difficult time than the Fischer rats in a
swim test in which the rats were placed in the water to evaluate if they would stay afloat for the
twenty minute test period (Sternberg et al., 1992). It is of note that the behavioral differences
were directly correlated to the detected hormonal differences, with Lew rats having significantly

lower plasma corticosterone, plasma ACTH, and hypothalamic CRH mRNA levels than the F344
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in response to the stressor. Sternberg et al. (1992) data suggested that differential endogenous
CRH levels in Lew and F344 rats might contribute to behavioral differences.

In the present study, we observed that F344 rats are faster in the water maze than Lew.
These results are not surprising given that the Morris water maze itself is considered a stressor
(McLay et al., 1998) and it has been shown that short periods of stress can in fact improve
learning (Harrison et al., 2009). Given that F344 rats are hyper-responsive to stress and Lew rats
are hypo-responsive to the same stimuli, the task itself (with the stress associated with it) may
have facilitated the learning in F344 rats but not in the Lew rats. Moreover, while conducting
the experiment the researcher observed that F344 rats are in general better swimmers than Lew
rats. This phenomenon has been also described by Sternberg et al., (1992). The current research
does not examine how speed of swimming acted as a factor in the results of learning and
memory. This limitation could be further investigated by evaluating distance swam to platform
or number of errors in a future study. It is possible that the differences observed between strains
are not only caused by the HPA-axis but also by a natural predisposition to swim in the F344
strain.

F344 rats were not only better than Lew in the learning phase of the maze task; they were
also better at remembering at test. Further, the results indicate while that the Lew group-housed
rats had learned the maze during acquisition trials, it appears that they forgot the solution at trial.
F344 rats of both housing condition not only learned the maze during acquisition trials but also
appeared to remember the solution at test. This issue of forgetting in the Lew rats is an
interesting finding of the current study and could serve as a model of aging and memory.

Corticosterone has been shown to have a profound effect on both the structure and the

function of the hippocampus and, therefore, corticosterone can modulate memory formations
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(Schaaf, De Kloet, & Vreugdenhil, 2000). Although there are not studies in mature (up to 10
months) F344 and Lew rats on how the hippocampal changes due to stress affect learning; there
have been studies with old F344 rats (31 months). These older rats remember the water maze
task better when they were exposed to higher levels of corticosterone for periods of two weeks
(Hebda-Bauer, Morano & Therrien, 1999). It is possible that corticosterone has the same effect

on mature F344 and Lew rats in remembering the water maze task.

Housing

The results indicate additionally that the group-housed rats performed better in the
learning aspects of the task across strains. Although initially these results may seem surprising
given that isolated animals are more stressed than grouped house animals. For example, Wu and
Wang (2010) found that the corticosterone levels of F344 rats were affected by housing, with
those who were single-housed having higher corticosterone levels than double-housed groups. In
the aspect of housing, higher corticosterone levels cannot be surmised as an explanation for
better performance as the group-housed rats, who would have had lower corticosterone levels,
performed better.

Within the scope of the current research examining how housing condition affect learning
and memory, it is acknowledged that the use of two different housing cages poses a limitation.
The group-housed rats were housed in plastic cages while the single-housed rats were housed in
wire-mesh bottom cages. It is not known how this discrepancy in cage type affected results or if
the discrepancy confounded the results at all. A follow up study using the same type of cage
could be conducted to confirm the results of this study.

Filipovic, Zlatkovic, Pavicevic, Mandic, and Demajo (2012) showed that chronic

isolation for 21 days caused unaltered corticosterone levels in Wistar rats. Moreover, the authors
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showed that chronic isolation caused reduced response to a novel acute stressor, such as
immobilization, as measured by corticosterone levels (Filipovic et al., 2012). Given that our rats
were individually housed for 6 months, it is possible that their HPA-axis stopped or decreased
the response to the particular stressor of isolation. This concept of the HPA axis, along with other
adaptive systems in the body, becoming over or under active is called allostatic load (McEwen,
1998). Allostasis, an essential part of the maintenance of homeostasis, is the system that
responds to the body’s current state and to the external environment and promotes adaptation to
the surroundings (McEwen, 1998). The HPA axis is very sensitive to allostatic changes.
McEwen (2000) argues that unaltered corticosterone response to stressors is not healthy and can
be caused by a general deregulation of the HPA-axis.

Moreover, this overexposure to stress or allostatic load, could also desensitize the rats’
ability to respond to the acute stressor that was the Morris water maze task and affect their ability
to learn the escape route. Furthering this idea and helping to explain why the singly housed rats
are unable to learn the water maze task, McEwen (1999) indicates that repeated stress produces
dendritic atrophy in the CA3 region of the hippocampus and can impair hippocampal-dependent
learning. Even looking at human brain, recent evidence indicates that the human hippocampus is
particularly sensitive and shows greater changes in response to stress than other brain areas do
(McEwen, 1999).

While both Wu and Wang (2010) and Sternberg et al. (1992) found that Lew rats do not
demonstrate significant differences in corticosterone levels with respect to stress levels,
including those induced by housing condition, it may still follow that the group housing
condition positively affected the Lew rats’ abilities to perform in the learning task, explaining the

results of this experiment.
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Acute Stress

At test, it was found that the singly-housed rats in the restrained experimental condition
performed better than the non-restrained control singly-housed rats for both strains. In the group-
housed condition, the non-restrained control group performed better than the restrained
experimental condition for both groups.

Little research has been found on the long-term effects of single housing of rats in terms
of stress levels but research has demonstrated that single housing does cause elevated
corticosterone levels (Wu & Wang, 2010). Von Frijtag et al (2000) looked at individual housing
as a chronic stressor and saw the effects of this stressor up to three months after induction.

Further examining how single housing effects the behavior of rats, de Jong, van der Vegt,
Buwalda, and Koolhaas (2005) demonstrated that animals housed alone after exposure to social
defeat reacted more strongly than group-housed rats to various behavioral tests and also showed
an increase in HPA activity. The authors speculated that social isolation may induce hyper-
responsiveness to relatively mild stressors (de Jong et al, 2005). If this was true, it could be
extrapolated that, in this experiment, the singly housed rats were more sensitive to the restraint
stress, which then positively affected their performance in the water maze, perhaps through an

increase in corticosterone levels which enhanced their memory retrieval.

Other explanations

In reflecting on the results of this experiment, it is possible that other biological factors
are being affected by stress exposure and could play a role in the memory storage and retrieval.
Das, Rai, Dikshit, Palit, and Nath (2005) showed that acetyl cholinesterase activity in the brain
areas and memory function of rats was dependent on the nature of the stressors. The authors

found that chronic-unpredictable stress was more effective in decreasing the AChE activity in all
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areas of the brain except in the hippocampus than the chronic-predictable and acute stressor
paradigms (Das et al., 2005). AChE raises acetylcholine levels in the brain, which help maintain
cognitive functions. Additionally, in these rats, there was a degeneration of the hippocampal
cholinergic neurons that are important in cognitive behavior. If there is no AChE activity in the
hippocampus in the chronic-unpredictable paradigm resulting in the impairment of memory, it

could indicate that AChE is an important factor in stress and learning and memory paradigms.
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