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Abstract
Previous research has found that exposure to unpredictable stress can augment anxiety in humans
and animals. The appearance of anxiety symptoms in humans frequently develop after stress exposure
has terminated, but few rodent studies have systematically examined the delayed anxiogenic effects
of unpredictable stress. Therefore, the current study investigated whether anxiety-like behaviors in
rats would increase at several time intervals following exposure to chronic unpredictable stress
(CUS). Unconditioned and conditioned response tasks were used to assess anxiety in male rats 1, 7
or 14 days following exposure to 10 days of a variety of stressors. Rats exposed to CUS showed
increased burying behaviors and immobility during the defensive burying test, a conditioned anxiety
test. The effects on burying behavior were apparent 7 and 14 days after the termination of the
unpredictable stress procedure, but not when tested 1 day after CUS. Total time immobile in the
defensive burying test also increased 14 days after termination of the last stressor. In contrast, there
were no significant effects of CUS on behavioral measures in the unconditioned response tasks, the
elevated plus-maze or light-dark box, at any time point following exposure to CUS. The current
findings suggest that CUS may be a useful model of human conditioned anxiety that develops
subsequent to chronic stress exposure.
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I. Introduction
A large number of individuals report high levels of chronic stress in their lives [22,49]. One
potential negative outcome associated with chronic stress exposure is the development of
mental illnesses, including anxiety or affective disorders. The increased risk of mental illness
has been reported in individuals with high life stress due to low income and education levels
[29,35,42] or high risk occupations [46]. In addition, high levels of self-reported stress in the
workplace or academic setting predicts a greater risk of mental illness [17,20]. While the human
data clearly support a correlative relationship between stress exposure and mental illness, it is
difficult to isolate the contribution of stress to the etiology or the severity of a mental illness
due to the limitations associated with human studies [16].
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Animal studies have also demonstrated that exposure to stress increases behaviors associated
with anxiety or depression, while providing greater experimental control of variables. Exposure
of rodents to unpredictable stress has resulted in behavioral profiles indicative of human
psychopathology [7,14,61,63]. Several chronic stress procedures have been published that use
different stressors, 1-2 times per day for 7-54 days to model long-term human stress exposure
[14,33,50,62,63]. Rodents exposed to these unpredictable stress procedures have shown
increased anxiety-like behavior on a number of behavioral tasks, including the elevated plus-
maze, unconditioned and conditioned freezing tests, the social interaction test and the passive
avoidance task [33,50,63].

Frequently, the detrimental effects of stress reported by humans are not experienced until after
the stress exposure has ended. The most common example of this situation is posttraumatic
stress disorder, in which the symptoms and disruption in daily living may not occur for several
weeks following exposure to the stressor. Although the unpredictable stress procedures have
been suggested as appropriate animal models of anxiety disorders due to their behavioral
effects, these behavioral effects have not been measured after the cessation of the stress
procedure [14,58]. Previous research with chronic predictable or single stress exposure
reported an increase in anxiety measures 1-3 weeks following the last stress exposure [4,7,
19,30,32,54,55,59]. Therefore, to systematically investigate the delayed effects of chronic
unpredictable stress (CUS), the current study exposed rats to 10 days of unpredictable stress
and then assessed anxiety on several behavioral measures 1, 7 or 14 days following the last
stress exposure.

There are many tests that have been used to assess anxiety behavior in rodents to screen
potential pharmacological treatments or model particular aspects of anxiety or emotional
behavior in humans [15,43,44,51]. These behavioral tests can be separated into 2 broad
categories, unconditioned and conditioned responses, based on the type of responding
measured and the test situation [43,44]. Unconditioned response tests make use of rodents’
innate response to anxiogenic situations, such as an open space or light conditions [for reviews
see 10,36,44,60]. The elevated plus-maze and light-dark box are examples of unconditioned
response tests that are frequently used to assess anxiety, most analogous to Generalized Anxiety
Disorder [53]. In contrast to unconditioned tests, conditioned response tasks require the animal
to learn that a particular stimulus is aversive through experience, such as defensive burying
[for review see 15]. Previous studies have found unpredictable stress to increase or have no
effect on anxiety-like behaviors in unconditioned response tasks [14,25,33,58,63], while
anxiety behaviors were shown to increase in a conditioned response task [63]. The current
experiment was conducted to clarify the effects of CUS on both unconditioned and conditioned
response tasks. Identifying the effects of unpredictable stress on specific behavioral tasks
related to anxiety may lead to a greater understanding of the utility of the stress procedures in
modeling specific anxiety disorders.

2. Materials and methods
2.1 Animals and housing

Male Sprague-Dawley rats weighing 250-425g were obtained from the Psychology
Department’s rat colony at Northern Illinois University. The subjects were housed in white
opaque polycarbonate cages (46 × 25 × 21cm) on a 12:12-hr light/dark cycle (lights on at 6:00)
with food and water available ad libitum. All subjects were weighed daily to monitor general
health. Rats were paired housed from weaning (postnatal day 21) until euthanasia, unless
specified by the stress protocol as isolation housing. The morning following isolation, all rats
were returned to a cage with their original cage mate. The current procedures complied with
National Institutes of Health’s Guide for the Care and Use of Laboratory Animals (NIH
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Publications No. 80-23, revised 1996). All procedures were approved by the Northern Illinois
University’s Institutional Animal Care and Use Committee.

Rats were randomly assigned to 1 of 4 groups: control, stress-1, stress-7, and stress-14. The
animals in the 3 stress groups were exposed to the CUS protocol [21,24,37] as follows: Day 1
11:00 a.m. 50 min cold room (4°C), and 12:00 p.m. 60 min cage rotation; Day 2 1:00 p.m. 4
h wet bedding (400 ml tap water in home cage), and 6:00 p.m. lights on overnight; Day 3 12:00
p.m. 3 h lights off, and 3:00 p.m. 60 min restraint stress (6 × 21.6 cm; Harvard Apparatus, Inc.,
Holliston, MA); Day 4 6:00 p.m. 50 min cage rotation, and food and water deprivation
overnight (15 h); Day 5 3:00 p.m. 15 min cold room isolation, and 4:00 p.m. isolation housing
overnight (17 h); Day 6 11:00 a.m. 4 h wet bedding, and 3:00 p.m. 2 h lights off; Day 7 1:00
p.m. 30 min cage rotation, and 6:00 p.m. 1 h lights on; Day 8 10:00 a.m. 20 min cage rotation,
and 3:00 p.m. 60 min restraint stress; Day 9 10:00 a.m. 4 h wet bedding, and 6:00 p.m. food
and water deprivation; and Day 10 6:00 p.m. isolation housing and lights on overnight.

Control animals were left undisturbed until the time of the experiment with the exception of
daily weighing. The stress groups differed by the number of days between the last stressor and
the behavioral tests as follows: stress-1 rats were tested 1 day after, stress-7 rats were tested 7
days after, and stress-14 rats were tested 14 days after cessation of the stress protocol. The
same rats were tested for elevated plus-maze and then defensive burying, while separate
subjects were used for the light-dark box test. A total of 80 rats were tested in the elevated
plus-maze and defensive burying tests, divided into the following groups: 39 non-stressed
controls, 16 stress-1 rats, 14 stress-7 rats, and 11 stress-14 rats. A total of 68 rats were tested
in the light-dark box, divided into the following groups: 29 controls, 11 stress-1 rats, 10 stress-7
rats, and 18 stress-14 rats. Rats assigned to the control group were matched to a specific stress
delay group, such that both stress and control rats were introduced into the colony, handled
and weighed for the same number of days.

2.2. Procedures
2.2.1. Defensive Burying—The defensive burying task was used to measure anxiety-like
behavior following a single shock from a novel object, a wood dowel. The defensive burying
apparatus was a modified home cage (46 × 25 × 21 cm) with 4 cm of wood chip bedding
material evenly distributed throughout the cage. One end of the cage contained a 0.75 cm hole
through which a shock probe was inserted, extending 6 cm into the cage. The shock probe was
made in the laboratory by using a wooden dowel 0.5 cm in diameter wrapped with 2 uninsulated
copper wires, such that the two wires spiraled to the end of the probe. A constant current
generator (Lafayette Instrument Company, Lafayatte, IN) was connected to the shock probe
and delivered a shock of approximately 1.0 mA upon contact with the probe [52].

On the test day, animals were placed in a holding room 3 hours prior to testing. The holding
room and adjacent testing room were dimly lit with red lighting and contained an exhaust fan
to provide background noise. For the defensive burying test, each animal was placed
individually into the testing apparatus facing away from the shock probe for a 15 min test.
When the animal received a shock by making contact with the shock probe, the current was
terminated so as not to provide additional shocks upon contact. At the end of the 15 min session,
the animal was removed from the testing apparatus and returned to his home cage. The testing
apparatus was cleaned and new bedding was placed into the test cage for the next rat.

All behavioral testing sessions were videotaped for later analysis for the latency to contact the
shock probe, latency to begin burying after contact with the shock probe and duration of
burying. Burying was defined as any spraying or throwing of the bedding with the head or
forepaws in the direction of the shock probe [41]. Two independent raters scored each
behavioral test with a reliability correlation of 0.987 for duration of defensive burying, similar
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to a previous study [52]. The height of the bedding pile against the wall with the shock probe
was measured immediately at the end of the each test. In addition, the duration of immobility
and frequency of immobility episodes were recorded with immobility assessed when the rat
was standing on 4 feet, sitting or lying with body and head motionless. An immobility episode
was any period of time greater than 1 sec during which the rat was immobile.

2.2.2. Elevated Plus-Maze—The elevated plus-maze was used to measure anxiety-like
behaviors by utilizing an animal’s natural fear of elevated, open spaces. The apparatus
consisted of 4 arms, 2 open arms (11 × 50 cm) with 0.5 cm ledges and two enclosed arms of
the same size with 50 cm high walls. The arms were attached to a central square (10 cm2) and
shaped as a plus sign. The entire apparatus was elevated 48 cm above the floor.

The testing room was dimly lit with red lighting. For testing, each rat was placed individually
on the apparatus with half of their body in a closed arm facing the central square. The rat was
allowed to explore the plus-maze for 5 minutes with the test being videotaped for later analysis.
After each rat, the maze was cleaned with a diluted cleaning solution containing a citrus odor
and 3.95% hydrogen peroxide. The following behaviors were scored for the 5 min trial: latency
to enter the open arm, time spent with all four paws in the open arms and the frequency of
entries into each arm.

2.2.3. Light-Dark Box—The light-dark box was used to measure anxiety-like behavior by
utilizing the rat’s natural preference for dark spaces. The light-dark box was a Plexiglas box
(80 × 40 × 20cm) divided into two compartments of equal size [6]. The light compartment had
a clear Plexiglas ceiling with the surrounding walls and floor painted white. Four black lines
divided the floor of the light compartment into nine 13.3 × 13.3 cm2 squares. The dark
compartment also had a Plexiglas ceiling with the surrounding walls, floor and ceiling painted
black. The rat could cross between the 2 compartments through an opening of 10 × 8 cm in the
dividing wall (transition). Two 60-W fluorescent bulbs were placed above the light
compartment to provide illumination.

Each experimental session lasted for 10 minutes. The rat was placed in the center of the light
compartment with its head facing the opening in the dividing wall. The behavior of each animal
was then videotaped for later analysis. After each animal the cage was cleaned with a diluted
citrus cleaner with 3.95% hydrogen peroxide. Videotapes were scored for the number of
transitions between the light and dark compartments, initial latency to enter the dark
compartment and total time spent in the light compartment.

2.3 Statistics
Multiple analysis of variance (MANOVA) tests were conducted for the behavioral measures
associated with each behavioral test. These analyses compared the dependent measures
between control and stressed rats for each delay interval (0, 7 and 14 days post stress).
Statistically significant MANOVA findings were followed by Dunnett’s t-test to compare each
stress group to the control group and by Tukey’s post hoc test to compare the 3 stress groups.
The scores for non-stressed control rats in all conditions (matched to each stress delay group)
were initially compared, but there were no statistically significant differences. Therefore, the
measures of all control rats were combined for statistical and graphical purposes.

Pearson’s correlational analyses were used to compare the behavioral measures on the elevated
plus-maze and defensive burying to determine if there was a relationship between the measures
assessed in the 2 tasks. The light-dark box measures were taken from separate groups of rats
and therefore a comparison of their measures on different tasks could not be made. Pearson’s
correlational analyses were also used to compare measures within each task separately. Chi-
square calculations were used to assess the proportion of rats for the following measures: entry
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into any open arm in the elevated plus-maze, falling off the maze, and failure to touch the shock
probe or bury the probe in the defensive burying task.

Repeated measures analysis of variance was used to compare the body weight of CUS and
control rats during the 10 days of the stress procedure. Independent t-tests were used to compare
the total weight gain (day 1 - day 11 difference) of the 2 groups for all rats used in all
experiments. Additional independent t-tests were used to compare the body weight differences
for control and stress rats following the stress exposure period for the rats tested after a delay
(day 11 - 17 difference and day 17 - 24 difference).

3. Results
3.1. Defensive Burying

Overall, there was a significant effect of group on burying behavior in rats. Chronically stressed
rats had increased pile heights when tested 7 or 14 days following the last stressor compared
to non-stressed controls (F(3,65)=4.87, p< .01; Figure 1a). Rats exposed to CUS and tested 7
(Stress-7D) or 14 days (Stress-14D) later also had greater pile heights than CUS rats tested 1
day later (Stress-1D, p<.05). There was a significant difference in the duration of time spent
burying between the groups as well (F(3,65)=4.66, p<.01, Figure 1b). When compared with
the Dunnett t-test, chronically stressed rats tested 7 or 14 days after the last stressor buried the
probe for a greater duration compared to the control group (p<.05).

There was a statistically significant effect of group on latencies to begin burying the probe (F
(3,65)=4.14, p<.01, Figure 2a). Rats exposed to CUS and then tested 1 day later initiated
burying the probe more quickly than controls (p<.05). Rats exposed to CUS and tested 14 days
later showed significantly longer latencies to bury than CUS rats tested 1 day later (p<.05) and
tended to show longer latencies than CUS rats tested 7 days after stress (p=.056). There were
no differences observed in shock latencies between groups (F(3,65)=1.26, n.s.; Figure 2b). A
similar proportion of rats failed to bury at all during the test in both groups (12.5% of controls
and 10.5% of CUS rats) when compared across groups (χ2(3)=3.25, n.s.). Likewise, there was
no difference in the proportion of rats that contacted the shock probe (χ2(3)=2.82, n.s.).

Immobility measures in the defensive burying task also differed by group. There was a
significant effect of group on the total time immobile (F(3,45)=4.212, p<.05; Figure 3a) and
the frequency of immobility episodes (F(3,45)=11.124, p<.01; Figure 3b) within the defensive
burying task. Rats tested 14 days after the last stressor showed greater immobility than all other
groups (p<.05).

3.2 Elevated Plus-Maze
There were no significant effects of exposure to CUS on behavioral measures in the elevated
plus-maze. The duration of time spent on the open arm and latency to enter the open arm were
similar across groups (duration: F(3,55)=1.93, n.s.; latency: F(3,43)=1.96, n.s., Table 1).
Likewise, the frequency of entries into open arms was similar between groups (F(3,37)=1.16,
n.s.), as was the total number of arm entries (F(3,54)=1.47, n.s.).

There were no differences between groups on the proportion of rats that remained in the closed
arms for the entire test (χ2(3)=6.07, n.s.) or fell off the platform (χ2(3)=1.86, n.s.). However,
rats exposed to CUS and then tested 14 days later were less likely to enter the open arm (36.6%)
compared to control rats (20.5%; Table 1).
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3.3 Correlational Analysis
Eight dependent variables were selected for comparison of behavioral measures from the
elevated plus-maze and defensive burying tasks. The variables included 5 measures from
defensive burying—duration of burying, height of bedding pile, burying latency, duration of
immobility and frequency of immobility episodes—and 3 measures from elevated plus-maze
— duration in the open arm, frequency of arms entered and latency to enter the open arm.

An overall comparison of all rats showed a significant correlation between the duration of
burying and height of bedding pile in the defensive burying task (r=0.752, p<.01) and
immobility frequency and duration (r=.577, p< .01). When the measures were compared within
control and CUS rats, the correlation for both groups separately between duration of burying
and height of bedding pile was significant (controls: r=0.913, p<.01; CUS: r=0.680, p<.01;
Table 2) and between immobility frequency and duration (controls: r=.814, p<.01; CUS: r=.
573, p<.01). Rats tested 14 days after CUS exposure had significant negative correlations
between latency to bury and duration of burying (r=-0.866, p<.05) and pile height (r=-0.874,
p<.05). In rats exposed to CUS only, there was a significant positive correlation between
immobility duration and burying latency (r=.716, p<.01). However, the negative correlation
between immobility and burying durations was not significant (r=-.04, n.s.).

For control rats, the correlation in the elevated plus-maze between the duration in the open arm
and frequency of arms entered was also significant (r=.472, p<.05). There were no significant
correlations between any measures of the elevated plus-maze and the defensive burying task.

3.4 Light-Dark Box
Rats exposed to CUS showed similar behavioral responses in the light-dark box to non-stressed
control rats. None of the behavioral measures were statistically significant: duration of time in
the light box (F(3,63)=1.17, n.s., Table 1); latency to enter the dark box (F(3,63)=1.37, n.s.);
or frequency of transitions (F(3,63)=0.09, n.s.).

3.5 Body Weights
Overall, rats exposed to CUS for 10 days showed less body weight gain than control rats when
compared immediately following the stress procedure (t(144)=12.15, p<.001). When body
weights were compared over all days of CUS exposure, there was a statistically significant
interaction between group and day (9,1224)=109.64, p<.001; Figure 4). There were no
differences when weight gain was compared from day 11 to 17 between control and CUS rats
(t(41)=1.02, n.s.). Interestingly, when weight gain was compared between control and CUS
rats from day 18 to 24, there was almost a statistical difference between the groups (t(49)=1.99,
p=0.052) with the CUS rats gaining more weight than control rats (CUS: 28.8 ± 1.54 g; control:
24.2 ± 1.73 g).

4.0 Discussion
Overall, the current study found that exposure to 10 days of unpredictable stress augmented
the expression of anxiety-like behavior in rats when assessed 1 and 2 weeks following the
termination of the stress procedures. The increased anxiety-like behavior was observed in the
defensive burying test through two types of behavioral strategies, the active behavior associated
with burying the shock probe and the passive behavior associated with immobility or freezing.
Rats exposed to CUS and tested 7 or 14 days later showed an increase in measures associated
with burying the shock probe (Figure 1) and an increase in immobility compared to non-
stressed control rats (Figure 3). Moreover, CUS rats tested 7 or 14 days following the last
stressor showed increased immobility and buried the probe to a greater extent than CUS rats
tested 1 day following the last stressor. This later finding indicates that the delay between stress
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exposure and testing sensitizes the anxiety behavior in rats exposed to CUS when tested in a
conditioned response task.

The current results are consistent with previous research testing the sensitized effects of stress
exposure on anxiety-like behavior in rodents. Our findings in the defensive burying task are
similar to a study in which rodents were exposed to 7 days of unpredictable stress and
subsequently showed increased freezing behavior in a conditioned freezing test [63]. This study
by Zurita and colleagues (2000) did not systematically examine anxiety measures at different
time points following stress exposure, but the increase in freezing behavior occurred at 7 days,
which supports the importance of the delay between stress exposure and potentiation of
anxiety-like behaviors. The delayed effects following stress exposure have also been reported
after single stress exposure in rodents. Rats exposed to inescapable shock demonstrated an
increase of anxiety-like behaviors in a shuttle box, 14 days after the shock application [30].
Likewise, a single tail shock session produced increased startle response 7 days later, while 3
days of tail shock increased startle 10 days after shock exposure [47]. The current study
provides additional evidence that chronic unpredictable stress, similar to acute stress,
potentiates anxiety-like responses after the stress exposure has ceased and may be an
appropriate model for understanding human anxiety.

There were no significant effects of CUS on anxiety-like behaviors when assessed through 2
unconditioned responses tasks, the elevated plus-maze and light-dark box (Table 1). In general,
the published studies examining the immediate effects of unpredictable stress procedures on
anxiety-like behaviors support the current findings. Vyas and colleagues (2002) reported no
significant effects of CUS exposure on behavioral measures assessed in the elevated plus-maze
when testing occurred immediately after stress exposure. Likewise, exposure to longer
unpredictable stress procedures (3 or 9 weeks) had no effect on or decreased anxiety measures
when assessed in the elevated plus-maze [14,25]. However stress-induced arterial hypertensive
rats showed increased anxiety in the elevated plus-maze following 12 days of unpredictable
stress, although the same stress procedures did not affect anxiety measures in Wistar rats
[33]. Based on the above chronic unpredictable stress studies, it appears that a more sensitive
rat strain may be important for detecting changes in anxiety-like behaviors immediately
following unpredictable stress exposure.

On the other hand, long-lasting anxiogenic effects of chronic or single stress exposure on
measures in unconditioned response tasks have been reported. Rats exposed to 7 days of
unpredictable stress and tested 7 days later in the elevated plus-maze or a novel environment
showed increased anxiety-like behaviors [13]. Single or multiple experiences of exposure to a
predator, predator odor or social defeat augmented anxiogenic responses in rodents when tested
1 to 21 days following the exposure episode [1,2,4,5,7,8,11,45]. The sustained effects of
predator stress have been reported in several unconditioned response tasks, including the
elevated plusmaze and light-dark box [1-3,5,8]. Similarly, a single session of foot shocks
increased immobility and freezing behaviors in a novel environment when assessed 1-4 weeks
after the stress exposure [54-56]. The greatest increases in anxiety-like behavior following foot
shock occurred 7-14 days following the stress exposure [56], similar to the time interval
observed in the defensive burying task for the current study. Thus, acute or chronic stress
exposures result in an increase of anxiety-like behaviors on unconditioned response tasks that
lasts for several weeks. Although the elevated plus-maze measures did not reach statistical
significance in the current study following CUS exposure when compared across all stress
groups, the CUS rats 14 days after stress tended to spend less time in the open arm than non-
stressed control rats or CUS rats tested immediately (Table 1). Likewise, the CUS rats tested
at 14 days were less likely to enter the open arm anytime during the test compared to non-
stressed rats or rats exposed to CUS and tested immediately. However, a similar pattern did
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not emerge on the elevated plus-maze with rats tested 7 days after CUS or CUS rats tested in
the light-dark box.

The inconsistency between the behavioral measures on conditioned and unconditioned
response tests observed in the current paper have been reported previously and may suggest
that such tests assess different components of anxiety or types of responses [15]. Although the
behavioral measures within defensive burying associated with anxiety were highly correlated
as expected, no behavioral measures correlated between the defensive burying test and the
elevated plus-maze (Table 2). Unfortunately, the same rats were not tested in both of the
unconditioned response tests. Several studies have used factor analysis to identify the
dependent measures assessed in unconditioned response tasks that contribute to specific
behavioral components, such as anxiety, locomotion, reactivity, and exploration [1,9,12,18,
43,60]. The papers assessing 2 or more behavioral tasks tended only to find significant
correlations between parameters on 2 tasks if the rat was genetically engineered for increased
anxiety [15,18,40].

The current data suggests that CUS selectively alters behavioral responses to a conditioned
stimulus, but not unconditioned anxiety. In the conditioned response task, CUS exposure
appears to influence both active and passive behaviors associated with anxiety for both burying
and immobility increased in CUS rats 14 days following the last stressor. This result was
surprising given previous research that reported a negative correlation between the two types
of behaviors in the same task [15]. It is possible that CUS rats shift their behavioral expression
of anxiety throughout the 15 min defensive burying task from passive to active behaviors.
There was a significant positive correlation between the latency to bury and the duration of
immobility in rats exposed to CUS, suggesting that the initial behavioral response following
the shock stimulus may be passive as indicated by immobility, but then more active behavioral
strategies may dominate such as burying behavior. Certain characteristics of the defensive
burying task may optimize the sensitivity of the task to the effects of CUS. For example, the
shock used to elicit the anxiety-like behavior is an acutely stressful stimulus. The stressful
stimulus may be necessary to potentiate passive and active anxiety-like behaviors in rats
exposed previously to chronic stress, as seen with other behavioral or neurochemical responses
[e.g. 13,23,26,38,39,48].

Behavioral research, such as the current study, demonstrates that the potentiated anxiety
response after the cessation of stress exposure in humans can be modeled in rodents. The rodent
model then can provide an opportunity to understand the neural mechanisms underlying the
behavioral change and suggest potential treatment opportunities. Of particular interest would
be to understand how chronic unpredictable stress alters brain regions and neurotransmitters
thought to participate in stress activation and anxiety behaviors. Previous studies have found
that structural remodeling of neurons in the dorsal hippocampus and basolateral amygdala
persists for 3 weeks following termination of chronic restraint stress, as does increased anxiety-
like behaviors [7,31,57,59]. Unpredictable stress exposure did not result in similar structural
or immediate behavioral changes, which may suggest that different neural substrates mediate
the increase in anxiety behaviors following predictable compared to unpredictable stress [57,
58]. We have previously found that CUS alters serotonin receptor mediated responses for
several months following termination of the last stressor [34]. The increase in anxiety responses
following unpredictable stress exposure may be related to alterations in the serotonin receptor
system, although glutamatergic alterations have also been reported [27,28]. Future studies will
be aimed at determining the neuorochemical substrates mediating the effects of CUS and
reversing those effects with behavioral or pharmacological interventions.
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Fig 1.
Exposure to CUS increased anxiety measures in the defensive burying task. Rats exposed to
CUS and tested 7 or 14 days later demonstrated increased burying behaviors as indicated by
the height of the bedding pile (top panel) and the duration of burying behavior in the 15 min
test (bottom panel). Bars represent mean ± SEM. * indicates a significant difference from non-
stressed control group (p<.05), + indicates a significant different from CUS rats tested 1 day
after stress ended (p<.05).
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Fig 2.
Exposure to CUS altered the latency to initiate burying in the defensive burying task. The rats
exposed to CUS and tested 1 day later initiated burying faster than non-stressed controls (top
panel). There were no differences in the time to initiate shock between groups (bottom panel).
Bars represent mean ± SEM. * indicates a significant difference from non-stressed control
group (p<.05), + indicates a significant different from CUS rats tested 1 day after stress ended
(p<.05).
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Fig 3.
Exposure to CUS altered immobility measures in the defensive burying task. Rats exposed to
CUS and tested 14 days later showed increased immobility behavior as indicated by the
duration of immobility in the 15 min test (top panel) and the frequency of immobility episodes
(bottom panel). Bars represent mean ± SEM. * indicates a significant difference from non-
stressed control group (p<.05), + indicates a significant different from CUS rats tested 1 or 7
days after stress ended (p<.05).
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Fig 4.
Exposure to CUS decreased body weight gain. During the stress exposure (days 2-11), CUS
rats gained less weight over time than non-stressed control rats. Symbols represent mean +
SEM. Each arrow indicates when behavioral tests were conducted. The 1st arrow also indicates
the end of the CUS procedure for all stressed rats.
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Table 1
Behavioral measures from the elevated plus-maze and the light-dark box for controls rats and CUS rats tested at
3 delay periods.

Non-Stressed CUS Rats CUS Rats CUS Rats
Rats 1 D Delay 7 D Delay 14 D Delay

Elevated Plus Maze
 Duration in Open Arm (sec) 60.71 ± 8.16 78.21 ± 16.23 51.70 + 8.70 30.71 + 7.97
 Latency to Open Arm (sec) 24.65 ± 5.27 51.33 ± 19.24 48.80 + 4.64 16.43 + 4.78
 Frequency of Entries into All Arms 8.89 ± 0.63 6.93 ± 0.93 8.30 + 0.73 9.29 + 0.89
 Proportion of Rats that did not
  Enter the Open Arm 20.50% 0 21.40% 36.36%
 Proportion of Rats that Fell 5.13% 9.52% 12.50% 0.00%
Light-Dark Box
 Duration in Light Box (sec) 203.31 + 18.94 165.27 + 33.55 217.44 + 31.62 161.50 + 18.28
 Latency to Dark Box (sec) 48.89 + 6.23 22.73 + 3.24 65.33 + 25.96 43.89 + 14.64
 Frequency of Transitions 12.48 + 0.98 12.91 + 2.00 11.90 + 2.21 11.94 + 1.29
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Table 2
Correlation coefficients for behavioral measures of the defensive burying test and the elevated plus-maze.

Non-Stressed CUS
Dependent Measures Rats Rats

Pile Height - Bury Duration 0.913** 0.680**
Bury Latency - Bury Duration -0.026 -0.217
Bury Duration - Immobility Duration 0.246 -0.138
Bury Latency - Immobility Duration 0.235 0.716**
Immobility Frequency - Immobility Duration 0.814** 0.573**
Duration EPM - Bury Duration -0.214 -0.274
Duration EPM - Total Arms Entered 0.472* -0.158

*
indicates significant correlation at p<.05

**
indicates significant correlation at p< .01.

Physiol Behav. Author manuscript; available in PMC 2007 July 23.


