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Abstract

Individual differences in coping response lie at the core of vulnerability to conditions like post
traumatic stress disorder (PTSD). Like humans, not all animals exposed to severe stress show
lasting change in affect. Predator stress is a traumatic experience inducing long-lasting fear, but
not in all rodents. Thus, individual variation may be a cross species factor driving responsiveness
to stressful events. The present study investigated neurobiological bases of variation in coping
with severe stress. The amygdala was studied because it modulates fear and its function is affected
by stress. Moreover, stress-induced plasticity of the amygdala has been related to induction of
anxiety, a comorbid symptom of psychiatric conditions like PTSD. We exposed rodents to
predator stress and grouped them according to their adaptability based on a standard anxiety test
(the elevated plus maze). Subsequently we investigated if well-adapted (less anxious) and mal-
adapted (extremely anxious) stressed animals differed in the structure of dendritic trees of their
output neurons of the right basolateral amygdala (BLA). Two weeks after exposure to stress, well-
adapted animals showed low anxiety levels comparable to unstressed controls, whereas mal-
adapted animals were highly anxious. In these same animals, Golgi analysis revealed that BLA
neurons of well-adapted rats exhibited more densely packed and shorter dendrites than neurons of
mal-adapted or unstressed control animals, which did not differ. These data suggest that dendritic
hypotrophy in the BLA may be a resilience marker against lasting anxiogenic effects of predator
stress.
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Introduction

Stress and trauma affect individuals differently. While traumatic experience leads to post
traumatic stress disorder (PTSD) in some, others exposed to severe stressors are less
affected (29;30;47). Relatively little is known about molecular and neural substrates of such
individual differences in coping (47). However correlational behavioral research implicates
a variety of possible factors, including personality traits (28;36), interaction of genetic
factors and experiential factors, such as reduced functioning polymorphisms in the serotonin
transporter (5-HTTLPR), and life stress or social support at the time of stress (4;27;31).
Moreover, reactivity of amygdala to environmental threat is modulated by 5-HTTLPR (27)
which has also been implicated in PTSD (31;34). So factors affecting functional amygdala
reactivity may be important contributors to vulnerability to stress. In PTSD patients right
amygdala activity is enhanced in response to both trauma reminder and general negative
stimuli (43;45).

These studies are suggestive, but being correlative, do not reveal causal factors (47;48). One
way to identify putative causal substrates, however, is to study impact of stress on brain and
behavior of more and less stress vulnerable animals. A useful paradigm in this regard is
exposure of rodents to brief predator stress, a putative model of hyperarousal and
generalized anxiety characteristics of PTSD (3).

Domesticated strains of laboratory rats retain the fear of predators like a cat, even if they
have never been exposed to predators (5;13). On exposure to a cat (predator stress) or cat
stimuli (predator scent stress-PSS), laboratory rats and mice develop long-lasting (3 weeks
or longer) anxiety (7;9;10;17-19). However, not all stressed animals respond similarly.
Some remain unaffected, showing little fear sensitization (19;20).

Reasons for these individual differences remain largely unknown, though there has been
recent progress. In hippocampus (area CA1), up regulation of ARC gene expression
(mRNA) was found in well-adapted rats unaffected by PSS (33), whereas down regulation
of BDNF and up regulation of TrkB receptors was observed in mal-adapted rats made
extremely fearful by PSS (32). In addition serotonin transporter gene knockout mice are
more vulnerable to predator stress (4;8), providing an interesting parallel to the human
clinical literature, and in that context, implicating modulation of amygdala function in
vulnerability to stress. Interestingly, predator stress induces a lasting enhancement of
excitability of right rodent amygdala, detected as a potentiation of afferent and efferent
transmission in basolateral (BLA) and central amygdala (2;12). Furthermore, degree of
anxiogenic effect of predator stress is tightly predicted by degree of potentiation in
amygdala circuitry (11). Moreover, electrophysiological studies suggest that one mechanism
mediating predator stress potentiation of amygdala circuitry could be changes in dendritic
morphology (12). Structural variation which alters neural transmission in BLA could alter
fearful response which highly correlates with BLA transmission (11).
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Indeed, variation in dendritic arbors of BLA neurons is related to the ability of restraint
stress to generate anxiety (49;50). Anxiety generated by stress and stress hormone is
accompanied by BLA hypertrophy (39;49;50), and experimental reduction of dendritic
length results in reduction of anxiety (37). Moreover, once generated, BLA hypertrophy is
as long lasting as stress induced anxiety (50).

Given the above considerations, it is timely to ask if neurons of the BLA and their plasticity
are involved in individual differences in coping with predator stress. Two hypotheses can be
proposed to explain individual differences. First, in mal-adapted animals, stress causes
neural expansion in BLA related to the enhanced anxiety they experience. Second, stress
causes neural retraction in well-adapted animals, and this plasticity prevents maladaptive
effects of trauma. In this report, we attempted to test these two hypotheses.

Methods and Materials

Subjects and Groups

A total of 81 adult male Long-Evans hooded rats were used. At arrival from Charles River
Canada, rats were approximately 4 weeks of age and weighed between 76g and 100g. Rats
were housed individually in standard clear polycarbonate cages. The animals were fed and
watered ad lib, and were maintained on a 12 hour light-dark schedule (lights on at 07:00).
Rats were first habituated to their home cage for one day, after which they were handled
once per day for one minute over the following five days. Finally, rats were randomly
assigned to either the predator stressed group (to be exposed to a cat, n = 71) or handled
control (n = 10). Observations reported in this manuscript refer to young animals (5 weeks at
start of experiment); an important variable because stress sensitivity can vary across lifespan
of rodents.

Predator Stress and Handling

One week after arrival, predator stress group animals were exposed to one of two cats.
Exposures were unprotected and occurred between the hours of 09:00 and 12:00. All
exposures took place in a large enclosed room with a floor area of approximately 35 square
feet as described elsewhere (7). Exposures lasted for ten minutes and were videotaped to
capture the activities of both the rat and the cat. Cat response consisted of watching the rat
from a distance, followed by several approaches, pawing, and the occasional mild attack. No
rats were injured. Handled animals were handled for one minute on the day of cat exposure
of predator stressed groups. Handled and predator stressed rats were housed in separate
rooms and did not come into contact with each other. Time of treatment was
counterbalanced among all groups. Following treatment, all rats were returned to their home
cages and left unhandled until testing for lasting effects on rodent anxiety.

Behavioral Measures taken from Cat Exposures

Behavior of both the rat and cat was analyzed from videotape. Cat behaviors consisted of
latency to approach the rat, the number of approaches, and time spent near the rat; latency to
sniff the rat and the time spent sniffing; latency to bite the rat, number of bites, and
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frequency of pawing. The cat was considered near the rat when it moved to within one foot
of the rat determined from one foot square floor markings.

Rat behavior in response to the cat was also analyzed. Defensive behavior was categorized
as frequency of active, passive, or escape as described elsewhere (7).

Post Treatment Behavioral Testing

Two weeks after handling or predator stress, anxiety-like behavior was examined using the
hole board and elevated plus maze (EPM) tests. Such tests are commonly used to assess
rodent exploration, activity, and anxiety (23-25). Behavior in all tests was video taped
remotely for later blind analysis. All tests were 5 minutes in duration and conducted between
09:00 and 11:00 under normal room lighting. Rats were tested first in the hole board
immediately followed by testing in the EPM.

Hole Board Testing

The hole board test provided independent measures of activity and exploratory tendency
(25). The hole board apparatus was an open top square wooden box measuring 60 x 60 x 35
cm (length x width x height). In addition four evenly spaced holes were drilled 14 cm from
the walls in a floor that was raised 12 cm above the ground. Both floor and walls were
painted with grey enamel. Tape marked a square inside the box, separating it into center
(containing the 4 holes) and perimeter (near the wall) segments.

Rats were placed in the center of the hole board apparatus and allowed to explore freely for
5 minutes. Rats were then immediately transferred to the EPM located in the same room for
a further 5 minutes of testing. After each test the box was cleaned with a 5 % alcohol
solution.

Measures of activity and exploratory behavior were taken from video taped records. Activity
was recorded as time spent in motion of any kind. Exploratory tendency was scored as the
number of head dips (placing the head or snout into one of the four holes drilled in the
floor). In addition the amount of time spent near the walls of the box was measured. Rats
were considered to be near the wall of the box when all four feet were outside the center
square marked by tape.

Elevated Plus Maze (EPM)

Immediately following the hole board test, rats were placed in the EPM. The EPM was a
wooden four armed platform with arms arranged in the shape of a plus. The platform was
painted with gray enamel, and was raised 50 cm above the floor. All arms were 10 cm wide
and 50 cm long and joined in the center to a 10 cm square platform. Two arms facing each
other were closed arms, the other two were open. Closed arms were surrounded by 40 cm
high wooden walls which were open at the top, while open arms were bounded by a 3 cm
high edge only.

At the start of each test, rats were placed in the center square facing the same open arm, and
were allowed to move freely for 5 minutes. At the conclusion of each test, rats were returned
to their home cage and the maze was cleaned and wiped dry using a 5% alcohol solution.
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A number of behavioral measures were taken from videotape. These included standard
measures of rodent anxiety: ratio time and ratio entry. Ratio time refers to the total time
spent in the open arms of the maze divided by the total time spent in any arm of the maze.
Ratio entry refers to the total entries into the open arms of the maze divided by the total
entries into any arm of the maze. Smaller ratios indicate less open arm exploration, or more
“anxiety”. A rat was considered within an arm of the maze when all four feet were within
the arm.

In addition, entries into the closed arms of the maze were taken as a measure of activity/
exploratory tendency. Finally, risk assessment was measured. Risk assessment was scored
when a rat poked its head into the open arm of the maze with its hindquarters in one of the
closed arms. Frequency of risk assessment was recorded. The frequency of risk assessment
was divided by the total time spent in the closed arms of the maze to produce a relative
frequency risk assessment measure.

Selection of Mal-Adapted and Well-Adapted Predator Stressed Rats and Handled Controls

On the day of EPM testing, ratio time measures were calculated for each rat. Inclusion into
the mal-adapted group of predator stressed rats required a ratio time score of 0. Well-
adapted predator stressed rats were identified as those with ratio time scores falling

between .25 and .50. This was based on an extensive data base of handled hooded rat data in
the Adamec laboratory and was considered characteristic of the range of handled control
EPM response (95% confidence intervals around a mean of .375). From the 71 predator
stressed rats it was possible to select four well-adapted rats; thus, four mal-adapted rats were
also selected. Four handled rats were randomly selected from the 10 handled controls.

Morphological studies and analysis

Animals were sacrificed under deep (chloral hydrate, 1 ml, 1 g/ml) anesthesia one day after
EPM testing and 15 days after predator exposure or handling. Fresh brain tissue was
removed and cut into a block containing right posterior amygdala from approximately 2.80
mm posterior to bregma back. This was done to capture that part of the right posterior BLA
in which potentiation of ventral hippocampal afferent transmission is produced by predator
stress (2;12). Dissected brain tissues containing posterior amygdala were processed for
staining individual neurons using rapid Golgi method. Golgi-stained BLA tissue was
sectioned (120 pm thick), mounted with cover slips and used for morphological analysis.
Camera Lucida tracings (500 x) were obtained (Nikon, USA) from up to ten selected
neurons per rat (a mix of stellate and pyramidal principle output cells) and were then
scanned (8-bit grayscale TIFF images with 600 dpi resolution; HP Scan Jet 6200C) along
with a calibrated scale for subsequent computerized image-analysis. Custom-designed
macros embedded in ‘Scion Image’ software (http://www.scioncorp.com/) were used for
morphometric analysis of digitized images. Using the center of the soma as the reference
point, dendritic length and branch points were measured as a function of radial distance from
the soma by adding up all values in each successive concentric segment (Sholl's analysis).
Golgi analysis was done blind to the group assignment of the brain under study. A total of
four brains from each group were processed except for the predator stressed well-adapted
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group, which for technical reasons had three brains with well enough stained sections to
process.

Statistical analysis

Values are reported as mean + SEM. One way analysis of variance (ANOVA) tested
differences between handled controls, mal- and well-adapted animals. Post-hoc Fisher's
Least Significant Difference (LSD) test was used for mean contrasts. For the purpose of
morphological studies each neuron was considered as a data point (49), a widely accepted
method of analysis in golgi studies of dendritic morphology similar to the present study
(14;22;42;44;46;52;53).

Ethical Approval

Results

All procedures involving animals in this study adhered to the guidelines of the Canadian
Council on Animal care, and were approved by the Institutional Animal Care committee of
Memorial University. All efforts were made to minimize pain, stress, and the number of
animals used.

Mal-adapted animals are more anxious in the EPM than well-adapted and handled controls
two weeks after treatment

While rats in the mal- and well-adapted groups were selected based on ratio time criteria,
handled controls were randomly selected from a larger group. It was therefore important to
confirm the expected pattern of differences in open arm exploration (ratio time and ratio
entry) among the groups. Moreover, it was necessary to compare groups on measures of
activity and exploration in order to ensure that differences in ratio time could be interpreted
as differences in anxiety (open arm avoidance due to fear) and not differences in activity/
exploration.

As expected, one way ANOVA confirmed that mal-adapted animals exhibited reduced open
arm exploration (reduced ratio time and entries) relative to the other groups (Figure 1 B,C,
all F(2,8) = 18.23 all p<.001, mean contrasts p < .05 LSD), which did not differ (p > .05
LSD). Similar group differences were observed in closed arm entries (Figure 1 A, F(2,8) =
6.56, p<.021, mean contrasts p < .05 LSD), suggesting reduced locomotor activity in mal-
adapted rats. To assess if locomotor activity contributed to group differences in anxiety (i.e.,
reduced open arm exploration), closed arm entries were used as a covariate in a reanalysis of
ratio time and ratio entry. Reduced locomotor activity in the EPM did not contribute to
reduced open-arm exploration, as the original pattern of group differences was preserved in
the analysis of covariance (Figure 2 A,B, all F(2,7) = 12.81 all p<.01, mean contrasts p < .05
LSD). Consistent with this analysis, there were no group differences in the hole board
measures of activity/ exploration (time active or head dips), nor did the groups differ in time
near the wall (all F(2,8) <2.72, all p>.12). These data support the conclusion that mal-
adapted rats are selectively more anxious in the EPM than well-adapted rats and handled
controls, which do not differ in anxiety.

Behav Brain Res. Author manuscript; available in PMC 2014 May 15.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Mitra et al.

Page 7

Mal-adapted rats displayed less risk assessment in the EPM than well-adapted rats, and
handled controls fell between these groups, differing from neither (Figure 1 D, F(2,8) =
6.54, p<.03; mean contrasts, p<.05, LSD). Though reduced risk assessment in mal-adapted
rats is consistent with previous reports of effects of predator stress on this measure (7;12), in
the present study the group differences appear to reflect differences between groups in EPM
activity (closed arm entries). Reanalysis of risk assessment data with closed arm entries as a
covariate eliminated the group differences (Figure 2 C, F(2,7) = 2.45, p<.16).

The predator stress experience

Well- and mal-adapted rats were compared with respect to cat response to them and their
responses to the cat. There were no group differences (all F(1,5) < .75, p>.43). Therefore the
predator stress experience, as measured, did not differ between well and mal-adapted rats.

Predator stressed animals per se are more anxious in the EPM than handled controls two
weeks after treatment

It is important to confirm that there was an overall anxiogenic effect of predator stress in the
group from which mal-adapted and well-adapted rats were selected. Therefore, behavioral
responses in the EPM and hole board of all handled (n=10) and all stressed (n=71) rats were
compared. Stressed animals exhibited significantly reduced open arm exploration (reduced
ratio times and entries) relative to handled animals (Table 1). Of interest, groups did not
differ in closed arm entries (F(1,79) = 0.50, p>.48, means + SEM of handled, stressed
respectively: 9.4 + .88, 8.7 £ .33). These data suggest that locomotor activity did not
contribute to group differences in anxiety, a conclusion drawn in the selected group analysis
above. Consistent with this conclusion, there were no group differences in time active or
head dips in the hole board (all F(1,79) < 2.36, all p>.12). Interestingly, stressed rats spent
more time near the wall than handled controls (Table 1), consistent with increased EPM
anxiety. Taken together the data support the conclusion that overall predator stressed rats
were more anxious in the EPM than handled controls. Finally, consistent with the smaller
group analyses above, groups did not differ in risk assessment (F(1,79) = 2.20, p<.15)

Predator stress well-adapted animals show differences from other groups in dendritic
morphology of BLA neurons

BLA stellate and pyramidal principle output neurons of the groups differed in dendritic
length, number of branch points, branch packing (number of branches per 100 um of
dendrite length) and extent of dendritic tree (farthest distance from soma that any dendrite
could be detected) (all F(2,91) > 4.20, p<.02). Mal-adapted animals did not differ
significantly from handled controls in any dendritic parameter (p > 0.25). Total dendritic
length was lowest in well-adapted animals compared to mal-adapted (26% reduction, p <
0.001 LSD, Figure 3 A) and to handled control animals (22% reduction, p = 0.001 LSD). In
contrast, total number of branch points was highest in well-adapted animals compared to
handled controls (p < 0.01 LSD, Figure 3 B) and to mal-adapted animals (p < 0.05 LSD).
Thus, the number of branches per 100 um of dendritic length (branch packing) was highest
in animals well-adapted to predator stress (> 38 % increase over handled controls, p < 0.001
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LSD, Figure 3 C). Additionally well-adapted animals exhibited the shortest dendritic extent,
significantly differing from the other two groups (p < 0.01 LSD, Figure 3 D).

In summary, well-adapted animals showed retracted dendritic arbors with higher branch
packing, compared to both handled controls and mal-adapted animals. Dendritic trees of
mal-adapted animals, on the other hand, were not different from control animals.
Representative neurons from the three groups and a typical golgi-stained BLA neuron are
depicted in Figures 4 A and B respectively.

Well-adapted animals show maximum branch packing at radial distance 75-125 pm from

the soma

We conducted a segmental analysis of branch packing to qualitatively determine if dendritic
changes were localized to certain parts of the arbor. Using the soma as the center, dendritic
trees of individual neurons were sub-divided into successive concentric circles (25 pm
successive increase in radius; Figure 5 B). Group means of dendritic length in each segment
were divided by number of branch points of cells in a given group at that segment to
generate a coefficient of packing for that group (Figure 5 A, no SEM plotted, none
calculated since this is a ratio of a group mean to total group branch points at a given
segment). Mal-adapted animals and handled controls exhibited sparser packing (more
dendritic length per branch point) compared to well-adapted animals. These differences
were evident between 75 pm to 125 um distance from the cell soma. So well-adapted
animals exhibited greater branch packing at a radial distance of 75 pm to 125 um from the
soma.

Total dendritic length correlates selectively with EPM anxiety

Total dendritic length, dendritic extent, total branch points and branch packing (branch
points per 100. pm) were correlated with behavior in the EPM. Data consisted of dendritic
parameter values averaged over cells for each rat in the different groups, as well as EPM
measures that differed between groups: ratio time and entry and closed arm entries for each
rat. Spearman non-parametric correlations were used since some variables were not
normally distributed (Kolmogorov-Smirnov test > .304, p<.05). Correlations were calculated
on stressed mal- and well-adapted rats as well as all three groups together (including
handled controls).

Correlating BLA dendritic morphology and behavior in stressed rats revealed significant
negative correlations between total dendritic length and ratio time and ratio entry only (all
Spearman correlations or Spearman's rho - p < - 0.865 all p < .012; see scatter plot example
for ratio time vs length; Figure 6 A). The negative correlations indicate that the shorter the
length and extent of dendrites, the larger the ratio time and entry, and the less the anxiety. In
addition, dendritic extent correlated negatively with ratio time and entry (all p <-0.866 all p
<.012). However this correlation was apparently mediated by total dendritic length as the
correlation was not significant when the influence of total dendritic length was removed by
partial correlation (p >.20). Total branch points and branch packing did not correlate with
ratio time or ratio entry (all p > .05). In contrast, branch packing was positively related to
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closed arm entries (p = 0.873 p <.011), while closed arm entries did not correlate with total
dendritic length, dendritic extent or total branch points (all p > .05).

When handled controls were included, dendritic morphology and behavior correlations
broke down (all p > .13; see Figure 6 B), with one exception. Branch packing remained
positively correlated with closed arm entries (p = 0.626, p < .040). Therefore total dendritic
length is selectively predictive of EPM anxiety in stressed rats only. Moreover, a different
aspect of dendritic morphology (branch packing) is selectively predictive of activity (closed
arm entries) in stressed and unstressed rats.

Of importance to the interpretation is the apparent overlap of average total dendritic length
of pairs of handled controls with that of well- and mal-adapted stressed rats (Figure 6 B).
Handled rats segregated into pairs with cells of comparable total dendritic length (all p >.
20), and the cells of the segregated pairs differed from each other in total dendritic length
(t(28)=3.26, p<.003). In addition similar comparisons of averages of the other dendritic
parameters for each rat within each group showed no differences between rats within a given
group. Thus, the segregation is particular to total dendritic length. Moreover the analysis
also suggests that within groups, there were no outlier rats dominating a group's average, an
important point, given the small group sizes.

Discussion

Exposure to a cat induces long-lasting increases in anxiety in rats (7). Yet, not all animals
show increased anxiety. A subset that we referred to here as well-adapted remains
unaffected by the cat exposure. Thus, the same stress experience evokes different degrees of
behavioral response. Here we report that animals showing these disparate behavioral
outcomes differ in dendritic architecture of basolateral amygdala (BLA) neurons, which
form part of the neural circuitry mediating stress-induced anxiety (11;12;39;49). Well-
adapted animals exhibit retracted dendrites and increased packing density of dendrites
compared to mal-adapted animals with high anxiety, and surprisingly, compared to
unstressed handled controls. These findings point to a putative neurobiological substrate for
resilience to the anxiogenic effects of severe (predator) stress. Interestingly, these resilient
individuals do not differ from their less resilient counterparts in their interaction with the cat.
Rather their differences are limited to the fact that these individuals do not generalize fear
experienced during the trauma. Animal models have been successfully used to study key
aspects of stress effects on anxiety and fear. We believe that this naturally occurring
variation gives us an important animal model to study resilience.

There is significant interest in understanding resilience, that is, the process of adapting well
in face of adversity or trauma (16;21;26,;35;41). Understanding mechanisms behind such
resilience is important from the perspective of designing effective therapies. Our findings
implicate variation in dendritic arbor of amygdala neurons as a candidate mechanism for
variation in stress resilience. Correlation analysis suggests that dendritic length is
particularly relevant to anxiety levels. Moreover, a reduced dendritic arbor as a mediator of
resilience to stress makes functional sense. As reviewed in the introduction, the BLA is
important in mediating anxiogenic effects of stress. The BLA can undergo structural
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reorganization in response to stressors as diverse as immobilization, maternal stress and
external application of the stress hormone, corticosterone (38;39;49;51). A prominent
feature of such structural reorganization is dendritic expansion (hypertrophy) of excitatory
neurons of the BLA. Once evoked, BLA hypertrophy is as lasting as long-lasting anxiety
(50). Conversely, dendritic retraction, achieved by viral-mediated over expression of
inhibitory SK2 potassium channels in BLA, results in reduction of anxiety (37).

Based on a positive relationship between dendritic structure and anxiety, three hypothesis
can be proposed to explain individual differences. First, mal-adapted animals showing
greater anxiety undergo dendritic expansion, while well-adapted animals are resistant to
such dendritic expansion. Second, well-adapted animals undergo dendritic retraction, thus
countering anxiogenic effects of predator exposure. Third, preexisting differences in
dendritic morphology in BLA cells predispose towards differences in the neuroplastic
excitatory effect of stress on BLA response to afferent input, and towards differences in
anxiety. Data presented here support the second and third possibilities. BLA dendritic trees
of well-adapted animals either undergo dendritic retraction relative to mal-adapted animals
and handled controls in response to stress, or well-adapted animals have a preexisting less
extensive dendritic tree which works against the enhancement of anxiety by stress.

Variation in dendritic arbors can directly influence electrical properties of the neuron.
Effects of a reduced arbor range from altered passive electrotonic properties to shorter
surface area for receiving synaptic inputs. With regard to the latter possibility, reduced BLA
response to excitatory input from the ventral hippocampus is associated with less EPM
anxiety in predator stressed rats (11;12). A working hypothesis requiring further testing is
that reduced dendritic arbors in well-adapted rats reduces excitatory transmission in BLA
circuitry and thereby counters the normal predator stress-induced potentiation in BLA
afferent transmission. Interestingly, reduced dendritic length in hippocampal CA1 neurons is
associated with impaired LTP (15). Moreover, the concentration of dendritic branches near
the soma might have inhibitory influences, which would be in agreement with a recent
report (40).

In this study only a small number of animals (4 out of 71) showed resilience in the face of
predator stress. From our present data, it is difficult to determine if morphometric
differences between well- and mal-adapted animals were stress-induced, or were pre-
existing differences. The segregation of handled controls into greater and lesser dendritic
arbor lengths is suggestive of the latter, however. It is not possible to achieve paired
measurements before and after stress, because of the post-mortem nature of Golgi staining.
Nor is it yet possible to reliably predict mal- or well-adapted responses to predator stress, so
a test of whether arbor retraction is induced by stress or is preexisting is difficult at this time.
The fact that the correlations between dendritic length and behavior hold only for stressed
rats, together with the finding that well-adapted stressed rats show smaller dendritic arbors
than do handled controls with similar EPM anxiety, are consistent with a stress-induced
retraction of dendritic arbor in well-adapted stressed rats.

Perhaps more compelling is the following: the pattern of findings point to total dendritic
length as a critical neurostructural parameter underlying vulnerability to anxiogenic
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response to predator stress. It is likely that handled controls contain a mixture of dendritic
length profiles akin to stress mal-adapted and stress well-adapted animals; thereby
suggesting that dendritic length profiles are individual phenotypic differences. It is possible
that smaller dendritic length prior to stress presents less of a substrate for the neuroplastic
(LTP-like) changes in afferent inputs to the BLA shown to be induced by predator stress and
to predict the degree of EPM anxiety (11). The opposite would apply to greater dendritic
length profiles prior to stress. Animals with smaller total dendritic length profiles would be
expected to show well-adapted responses to stress, whereas animals with greater total
dendritic length would show mal-adapted stress responses. This logic is also consistent with
the data showing anxiety-total dendritic length correlations only in stressed rats, since stress
must act on the preexisting dendritic substrate to change neural response and behavior.

Finally, the present data also suggest that different aspects of dendritic morphology may
contribute to different behaviors. A variety of studies, including the present study, point to
differences in neural substrates mediating stress effects on EPM anxiety (open arm
avoidance, ratio time/entry) and risk assessment and activity (closed arm entries) in EPM
(1;6). Intriguingly, the present data suggest no relationship between BLA output, dendritic
morphology and risk assessment, but a relationship between branch packing of BLA
dendrites and EPM activity, while variation in dendritic length of the same cells may
contribute to stress effects on EPM anxiety.

In conclusion, we show that well-adapted and mal-adapted animals systematically differ in
terms of BLA dendritic arbors. Moreover, dendritic differences relate to disparate changes in
anxiety exhibited by these animals. Thus different patterns of plasticity in BLA-neurons in
response to stress could form the basis of widely reported individual differences observed in
coping response to stress and trauma.
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Figure 1.

Plotted across handled, and stressed mal- and well-adapted groups in Figures A - D are
mean + SEM of behaviors measured in the EPM. Within a given behavioral plot, means
marked with the same letter do not differ, means marked differently differ, and means
marked with two letters fall between and do not differ from means marked with either letter.

Behav Brain Res. Author manuscript; available in PMC 2014 May 15.

0.5

0.4

0.3

0.2

0.1

0.0

012

0.10

0.08

0.06

0.04

0.02

0.00

((pasolD swi+usdo swi)/(uado swil)) awil oney

((swuy pasold ur awi | )/(uawssassy ysiy baid)) ysiy oney



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Mitra et al.

Ratio Entry ((Open Arm Entries)/(Total Arm Entries))

Page 16

[ Handled Well Adapted Elevated Plus Maze (EPM)
I Predator Stressed Mal Adapted

[ Predator Stressed Well Adapted Covary Closed Arm Entries FrOm

Ratio Time/Entry/Risk
05 A B a 405
a |
a

04} T a T 404
03} H03
02} H02
01} b 4041
0.0 T 0.0

2 012 - C

£

<

B

2 0.10 -

a T

£

£

£ 0081

g

(]

5 0.06 - T

2]

&

2]

<

G 0.04 -

['4

g

C

< 0.02 -

i)

4

2

& 0.00

Figure 2.

Plotted across handled, and stressed mal- and well-adapted groups in Figures A - C are mean
+ SEM of measures of open arm exploration (ratio time/entry) and risk in the EPM after
covarying closed arm entries from them. Within a given behavioral plot, means marked with
the same letter do not differ, means marked differently differ. Unmarked means in C do not
differ.
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Figure 3.
Plotted across handled, and stressed mal- and well-adapted groups in Figures A - D are

mean + SEM of dendritic morphological measures taken from BLA neurons (n = 30 neurons
for well-adapted [10 cells from each of 3 rats], n = 25 for handled [6 cells from each of 3
rats and 7 cells from the fourth] and n = 39 [10 cells from each of 3 rats and 9 cells from the
fourth] for mal-adapted groups of animals). Within a given plot, means marked with the
same letter do not differ, means marked differently differ.
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Figure 4.
Qualitative representation of neurons from each group of animals. A. Schematic diagram of

neuronal tracing from handled (left), well-adapted (middle) and mal-adapted (right) animals.
Scale bar = 100 mm. B. A typical BLA field stained with Golgi, showing a stellate neuron at
500x.
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Figure 5.
Segmental analysis showing packing density (Iength per branch). A. Well-adapted animals

show highest packing density compared to other two groups at a radial distance 75-125 mm
from cell soma. B. Sholl's analysis (with a typical tracing of a golgi-stained neuron) used for
determination of segmental branch-packing in all groups; each concentric circle with 25 mm
radial distance away from inner one.
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Figure 6.

Scatter plots illustrating the variation of EPM ratio time with total dendritic length - A.

scatter plot of predator stressed rats (well- and mal- adapted) only; B. scatter plot including

all groups (handled and well- and mal- adapted).
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