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A closer look at the subordinate population within the visible
burrow system

Susan J Melhorn®1, Clinton T ElfersP2, Karen A Scott?3, and Randall R Sakai?
aDepartment of Psychiatry, University of Cincinnati College of Medicine, Cincinnati, OH

bDepartment of Medicine, University of Cincinnati College of Medicine, Cincinnati, OH

Abstract

The visible burrow system (VBS) utilizes the natural social behavior of rodents to model chronic
social stress. Classically, when male and female rats are housed together in the VBS a dominance
hierarchy rapidly forms with one dominant (DOM) and three subordinate (SUB) males. SUB
animals show signs of chronic social stress, including loss of body weight and elevated basal
corticosterone. This study furthered examined differences among the SUB population.
Quantitative observations across numerous VBS colonies within the Sakai Lab suggest that there
is variability in the effects of stress on the SUB population, specifically that some animals may
experience more severe effects of chronic social stress than others. To further examine this
observation, SUB animals were classified as OMEGA if they received a disproportionate amount
of their colonies’ wounds. OMEGA animals received more wounds to their body compared to
SUB (P<0.0001) and lost significantly more weight throughout the stress period compared to all
other VBS-housed animals (group x time interaction P<0.0001). Following VBS housing it was
determined the OMGEA also lost lean body mass (P<0.01 vs. controls and DOM), are
hyporesponsive to an acute restraint challenge (P<0.01 vs all other groups) and show depressive-
like behavior during a forced swim test. Furthermore, expression of neuropeptide Y within the
amygdala, known for anxiolytic properties following chronic stress, was elevated among OMEGA
(group x region interaction P<0.001). Together these observations suggest that an additional
phenotype exists among the SUB animals within a VBS colony and represents the variability of
the effects of chronic social stress.
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Introduction

Methods

Animals

The Visible Burrow System (VBS) is a model of chronic social stress, which has been
extensively studied in relation to behavioral, physiological, endocrine, neurochemical, and
metabolic consequences of stress exposure (1-9). A classic VBS colony consists of four
male and two female rats. Upon colony formation one male rat emerges as the dominant
(DOM) and shows clear phenotypic behaviors and characteristics. These include residing in
and defending the large open surface chamber of the VBS, guarding the tunnel openings that
lead to other smaller chambers, offensive attack behaviors, minimal wounding, and minimal
body weight loss. Subordinate (SUB) animals, by definition, have a contrasting phenotype
including significant weight loss, higher basal corticosterone, a defensive wound pattern,
and habitation of the smaller enclosed chambers. SUB animals are thought to experience
chronic social stress during the 2-week VBS housing period, although it is likely DOM
animals experience some level of stress maintaining their status within the hierarchy.

SUB animals adapt to the VBS by avoidance of the DOM, remaining in the smaller
chambers, and even altering their meal patterns (6). However, qualitative observations across
the countless VBS colonies established in the Sakai Lab suggest differences within the SUB
population may exist. Within any given VBS colony, often one SUB appeared to receive a
disproportionality high number of wounds suggesting continual engagement with the DOM
or other SUB long past the establishment of the hierarchy. Given this, we sought to
characterize the animals that receive a disproportionate number of wounds during VBS
housing and hypothesize that these animals display differential behavior and exhibit more
severe effects of chronic social stress.

We conducted experiments in which traditional VBS dominance hierarchies were formed.
SUB animals were then further grouped and classified as OMEGA based on a
disproportionally high number of wounds received within their assigned colony and were
compared to the DOM and remaining SUB. Changes in body weight, body composition, and
food intake were compared between groups to assess effects of social stress. We further
examined the meal taking strategy of these animals during VBS housing and assessed
consequences of chronic social stress with an acute restraint challenge and a forced swim
test post-VBS. Finally, to explore potential central mechanisms involved in the regulation of
behavior during chronic social stress we assessed amygdalar neuropeptide Y (NPY)
expression. NPY is classically known for its role in the homeostatic regulation of food intake
within the hypothalamus (10), however within the amygdala, NPY has anxiolytic effects (11,
12).

Male and female Long-Evans rats (90-days old; Harlan; Indianapolis, IN) were individually
housed for 4 weeks, the last week of which they were habituated to a standard powdered
chow diet (5% fat, 3.46 kcal/g Teklad Lab Animal Diets #7012) used in the VBS. All
protocols, animal handling, and treatment were approved by the Institutional Animal Care
and Use Committee of the University of Cincinnati. Animals were maintained in a
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temperature- and humidity- controlled room on a 12:12-h light-dark cycle (lights off at
1800h).

Male rats were body-weight matched (to within 25¢) to form standard VVBS colonies of 4
males and 2 females. Controls (CON) consisted of 8 males that were weight-matched to one
of the VBS colonies and individually housed with one adult female during the VBS stress
period.

Colonies were run in 2 cohorts, each with 4 colonies. All 8 colonies underwent behavioral
evaluation, wound counting, and body weight assessment. Cohort 1 underwent body
composition analysis, an acute restraint stress test and meal pattern analysis (N=4 CON, 4
DOM, 7 SUB, 5 OMEGA). Cohort 2 completed a forced swim test after VBS housing (N=4
CON, 4 DOM, 8 SUB, 4 OMEGA). See below for further description. Prior to VBS
housing, animals from cohort 1 were briefly anesthetized with isoflurane and implanted with
a unique subcutaneous microchip behind their ears (Trovan, Electronic Identification
Devices; Santa Barbara, CA) allowing for identification and monitoring of feeding behavior
while group housed.

Behavioral analyses

Each colony was continuously housed for 14 days in a VBS modified for recording
individual food intake (for details see (6)). Behavior was digitally recorded for all colonies
using an infrared light source and camera mounted above each VBS apparatus. Recordings
were taken for the first 6 hours of lights out (1800h) every other day throughout the 2 weeks
of VBS housing.

Videos were evaluated for the first 15 minutes of every hour for each of the 6 hours of each
day recorded and analyzed for specific offensive (biting, boxing, lateral attack, on-top-of,
chasing), defensive behaviors (on-the-back and flight) and other behaviors such as tumbling
((1, 7, 9). Time spent in the open surface area was noted.

Wound counts and body weight measures were recorded every other day of VVBS housing
(~1100h). Males would be removed from the colony one-by-one, quickly weighed and
wounds counted from the head, back, lower back and tail. All males were returned to the
colony at the same time. This was all done under red light, and animals were out of their
colonies for 5-10 minutes. During analysis of the wound counts it was observed that within
any given colony the amount of wounding was variable. To correct for this we expressed the
data as a percent of the total wounds received in that colony (the sum of all four males’ total
wounds).

Body composition

Adipose and lean mass was measured using an EchoMRI (Echo Medical Systems, Houston,
TX) body composition analyzer prior to and immediately following VBS housing. Body
weight and body composition data are expressed as change from baseline.
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Food intake and meal pattern analysis

The food intake monitoring system and meal pattern analyses applied to this study have been
described elsewhere ((6, 13)). Briefly, each VBS was equipped with 3 microchip-scale
systems (one in each of the VBS chambers). A food cup filled with powered chow was
placed on each scale with an access tunnel positioned above. Each tunnel was equipped with
a beam sensor and RFID reader which was activated when an animal placed their head in the
tunnel to access food thus recording their unique microchip ID. Both the tunnel and scale
were connected to a central analyzer which recorded time and duration of entry and changes
in food cup weight.

Data were recorded for 22h periods and meal patterns were analyzed as previously reported
((6, 13)). Ingestive bouts were considered valid at a consumption rate of 0.50g/min and
meals were established by combining ingestive bouts with an interbout interval of <5min.
VBS colonies in cohort 2 had an identical tunnel-scale set up, but the tunnels were not
equipped with beam sensors or RFID readers. CON animals’ meal patterns and food intake
were not monitored during this study, but have been previously reported (6).

Acute restraint challenge and forced swim test (FST)

VBS colonies in cohort 1 underwent an acute restraint challenge on day 13 of VBS housing.
Colonies in cohort 2 were subjected to a forced swim test immediately following VBS
stress.

The acute restraint test began at 1000h, males were removed from their assigned housing
and placed directly into Plexiglas restraint tubes (length 21.5cm, inner diameter 6.3cm). A
small blood sample (~50ul) via tail nic was immediately obtained and animals remained
restrained for 60 minutes at which time another blood sample was taken. Then, animals were
removed from the restraint tube and placed in individual cages to recover with only water
available. After 60 minutes a final sample was obtained. All samples were collected in
heparinized microcentrifuge tubes, processed and stored at —20°C until analyzed. Total
corticosterone was measured by radiocimmunoassay using a commercially available kit
(CORT DA; MP Biomedicals, Solon, OH).

The FST occurred on day 14 of VBS housing. FST chambers were constructed out Plexiglas
and measured 46¢m high, 21cm wide. Each chamber was surrounded by opague material so
each rat could not observe another’s behavior. Water temperature was between 33 and 37°C.
Males were placed 4 at a time into individual FST chambers and video recorded for 15
minutes. Climbing, swimming, diving and immobile behaviors were evaluated at 15 second
intervals for each animal.

In situ hybridization of Neuropeptide Y (NPY)

The definition of the OMEGA phenotype was applied to other colonies in order to assess
mRNA expression of NPY in the amygdala (N=6 CON, 3 DOM, 4 SUB, 4 OMEGA). These
animals were of the same age to all other animals reported in this manuscript and displayed
VBS-weight loss patterns appropriate to their hierarchical status (i.e. OMEGAs lost the most
amount of weight).
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Animals were sacrificed by rapid decapitation following 14 days of VBS stress. Brains were
immediately removed, flash frozen, and stored at —20°C until coronally sectioned (14 um,
Leica cryostat). Tissue was mounted on Fisherbrand Superfrost-Plus charged glass slides
(Hampton, NH) and stored at —20°C until further analysis. NPY in situ hybridization
methods are detailed elsewhere (6). Briefly, slides were hybridized with the NPY riboprobe
(1.0 x 108 cpm/50ul buffer), combined with hybridization buffer (50% dextran sulfate, 5x
hybridization stock, formamide, fish sperm (ssSDNA), tRNA and DTT) and covered with
glass cover-slips before being placed into hybridization chambers which were moist with
50% formamide and incubated overnight at 55°C. The following morning slides were post-
treated following the removal of the coverslips beginning with a wash in 2x standard saline
citrate (SCC). Next, slides were incubated in RNase A for 20 minutes at 37°C, washed
numerous times in 0.2X SSC, once in 65°C 0.2X SSC for 1 hour, dehydrated through an
ethanol series and air-dried.

Image analysis

Statistics

Hybridized slides were exposed to Kodak BioMax MR film for 4-6 days and subsequently
developed. To further identify the amygdalar nuclei a thionin stain was applied. The
riboprobe treated slide were soaked in Citrisolv for 5 minutes, 100% ethanol for 2 minutes
and Citrisolv again for 3 minutes, then hydrated through an abbreviated ethanol series
(100%, 95% and 70%) followed by purified water. Slides were dipped in thionin stain for up
to 2 minutes, dehydrated and cover-slipped.

Each stained slide section was over-laid on top of the corresponding section on the
developed film and an image was captured displaying the mRNA message and tissue fibers.
Without moving the film, the slide was removed and a second image was captured of just the
X-ray film in the same orientation. On the combined digital image, regions of interest for the
central, medial and basolateral nuclei of the amygdala were identified using anatomical
markers based on the Paxinos and Watson rat brain atlas (14). These regions were
transferred to the same location on the second image and analyzed by subtracting the non-
hybridized tissue (background) from the hybridized signal within the same brain section and
data expressed as corrected gray level (CGL) (Scion Image, Alpha 4.0.3.2; Scion
Corporation, Frederick, MD). Twenty-four brain sections were analyzed per region per
animal. Average CGL values were calculated in series for each of the three brain regions and
the highest average value was used for that individual animal. 14C standards were developed
with each film and analyzed for CGL to confirm that all measured gray levels were within
the liner range of the film.

Data are expressed as mean + SEM unless otherwise noted. One-way ANOVA models with
Bonferroni correction or linear mixed models capable of accounting for repeated measures
were used to evaluate differences between groups and output measures repeated at the
subject level (e.g. behaviors assessed in the FST). Statistical analyses were done using
STATA (13.1, College Station, TX).

Physiol Behav. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Melhorn et al. Page 6

Results

Classification of OMEGA

Classic dominance hierarchies were formed in each of the 8 VBS colonies. SUB animals
were further grouped based on wounds received (% of total wounds within their assigned
colony) with animals receiving a disproportional amount of wounds classified as OMEGA.
This classification was further confirmed by reviewing the wounds received during the
hierarchy maintenance phase (d7-14 of VBS housing), a time in which agonistic interactions
tend to subside and the hierarchy is normally stable (6), with OMEGA animals continuing to
have a disproportional amount of wounds compared to other males in their colony. On
average, DOM received less than 1% of the colony’s total wounds, where OMEGA received
42% of the total wounds. This was true in 7 of the 8 colonies evaluated, with 2 animals in
the 8t colony receiving an equally high percentage of wounds (34% and 38%, respectively)
(Table 1). Compared to the other SUB, these animals did not differ in the time they spent in
the open surface area of the VVBS (the chamber classically inhabited and guarded by the
DOM) or in number of agonistic interactions, but did receive significantly more defensive
wounds to their body compared to the DOM and other SUB (Table 1).

Body weight and composition

DOM, SUB and OMEGA lost a significant amount of body weight compared to CON
during VBS housing (group x day interaction P<0.0001). Although SUB maintained a
greater weight loss than DOM during VBS housing (P<0.05 starting at day 5), OMEGA lost
and maintained a significantly higher percent body weight loss compared to all other groups
(P<0.05 beginning on day 7) (Figure 1A).

Similar to previous reports, all groups lost a significant amount of adipose tissue during
VBS exposure compared to CON (P<0.0001), however OMEGA also had a dramatic loss of
lean tissue during VBS housing (P<0.05 vs DOM and CON) (Figure 1B&C).

Food intake and meal patterns

OMEGA animals consumed significantly less food on average per day during VBS housing
compared to DOM (P=0.02). This was due to taking fewer meals per day than the DOM
(P=0.02). Interestingly all groups consumed meals of similar size during the chronic social
stress period (Table 2).

We further examined meal patterns within each chamber of the VBS. A significant group x
chamber interaction for daily average food intake (P=0.04) confirms that SUB and
OMEGAs consume less food than the DOM in this surface chamber (P<0.05). In fact, SUB
and OMEGA take meals across the chambers in a stepwise pattern, with the most meals
consumed in the smallest chamber, an intermediate amount in the large chamber and very
few in the surface chamber (P<0.05 for both groups large vs small chamber and large vs.
surface chamber). No differences were found in the size of meal taken (Table 3).
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Acute restraint stress test and forced swim test

Immediately following VBS exposure, male rats from cohort 1 were challenged with a novel
1-hour restraint stress test. A significant group x time interaction (P<0.001) confirmed that
all groups mounted an appropriate stress response except for OMEGA who were
hyporesponsive at the 60 minute mark (P<0.01 vs all other groups) (Figure 2A).
Furthermore, although not significant, OMEGA had a higher basal plasma corticosterone
level (101+44.7 ug/dL) compared to CON, DOM and SUB (40.3+10.5, 23.5+5.7 and
40.3+14.6 ug/dL, respectively).

VBS colonies from cohort 2 that did not undergo the restraint stress test were evaluated with
a forced swim test directly following the social stress period. Although the interaction for
activity x group only approached significance (P=0.055), OMEGA showed reduced
climbing activity compared to DOM (P=0.02) and spent more time immobile compared to
SUB (P=0.04) (Figure 2B).

Amygdalar NPY expression

Directly after VBS exposure OMEGA had increased NPY mRNA expression across all
regions of the amygdala measured (group x region interaction P<0.001). Specifically, within
the basolateral amygdala, OMEGA had higher NPY expression compared to all other groups
(P<0.001) and within the central and medial nuclei OMEGA had higher NPY expression
compared to SUB and CON (P<0.05) (Figure 3).

Discussion

This study sought to characterize phenotypic differences within the SUB population of VBS
colonies. To do this, classic VBS SUB populations were further stratified by the number of
wounds received during VBS housing and stress-related outcomes were evaluated. Animals
with high wound patterns, termed OMEGA, exhibited notable differences from other SUB
animals in changes in body weight, body composition, and altered meal patterns, as well as
differences in post-stress evaluations such as a suppressed glucocorticoid response, an
increase in passive behaviors and elevated expression of NPY in the amygdala. Together
these outcomes confirm that a sub-phenotype exists within the SUB population of the classic
VBS hierarchy; and that these animals appear to experience differential effects of chronic
social stress.

The behaviors that lead to the differential wounding patterns among SUB remain unclear.
OMEGA, by definition, endured a disproportional amount of wounds, which were mostly
located on the body suggesting more antagonistic interactions and specifically, more
defensive behavior. However, observed interactions failed to show any difference in
defensive behaviors among any of the groups resulting in a discrepancy of resulting data (i.e.
OMEGA animals received more wounds, but did not express differential behavior). Given
only segments of the VBS housing period were analyzed for behavior (i.e. the first 15
minutes of the first 6 hours of the dark cycle each day), it is possible differences in defensive
behaviors went undetected. More extensive video analyses would yield more insight
including the location of the interaction. Confrontations within the smaller VBS chambers
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could limit escape options yielding more severe defensive wounds. Furthermore, the status
of the opposing animal could be helpful to understand if the wounds received by the
OMEGA were inflicted by the DOM or other SUB. Although the identity of the opposing
animal nor location of interactions are known, the meal pattern data can provide insight as it
indicates time spent within a specific area of the VBS. OMEGA animals take the majority of
their meals in the smaller chamber, in contrast DOM predominantly consume their meals in
the open surface chamber, however also display eating bouts in both of the enclosed spaces.
SUB consume an equal number of meals in the smaller chamber as OMEGASs. Therefore, it
is possible that OMEGASs endured confrontations within the smaller chambers, perhaps from
both the DOM and other SUB. Further video analyses are required to confirm these
conjectures; specifically, if the OMEGA defends the smaller chamber in a similar manner
that the DOM defends the surface area; if the OMEGA initiates confrontations (and with
which animals) or if they are unable, or unwilling to avoid post-hierarchy formation
interactions; and if the source of the OMEGA’s disproportional wounding pattern is from
the DOM or other SUB or both.

All VBS-housed animals lost weight during stress, however OMEGA sustain a greater than
10% weight loss on average throughout VBS housing, and more importantly lose a
significant amount of lean tissue. The extensive body weight loss can be attributed to a
reduction in food intake, specifically by reduced meal frequency, but loss of lean mass
suggests chronic negative energy balance. It is unclear how the stress-induced reduction of
energy stores in OMEGAS (or even potential elevation of pro-inflammatory factors due to
extensive wounding) plays a role in current outcomes, but, it is clear that OMEGASs do not
compensate for their chronic negative energy balance during the stress period suggesting
other indirect controllers of ingestive behavior may be playing a role. For example, ingestive
behavior begins with the initial evaluation of risk to seek a meal. The reduced meal
frequency seen in OMEGAS could represent that this risk was often determined to be too
high thus leading to reduced meal number and thus decreased food intake.

Although this is the first detailed examination of the SUB population, differences among
SUB have been previously observed. Specifically, some SUB animals, but not all, have
shown a lack of glucocorticoid response to a 1-hour restraint test (2, 15, 16). In fact, it was
suggested that these animals were the most severely stressed as they lose the most body
weight, have the lowest plasma level of testosterone and greatest extent of adrenal
hypertrophy (17). The current study’s OMEGA classification supports and extends these
findings. Furthermore, during a forced swim test, an evaluation used to assess depression,
OMEGA:s display more passive behaviors. This could suggest post-stress depression,
however it is unclear if the state of these animals (e.g. reduced energy availability) is playing
arole in their immobility.

Previous studies have shown that following VBS housing, SUB have increased
corticotropin-releasing hormone (CRH) in the central amygdala (2). Corticotropin-releasing
hormone (CRH), the initiating peptide of the HPA axis, plays an anxiogenic role within the
amygdala and may contribute to the fight-or-flight response to a stressful stimulus (18-20).
Intraventicular and intra-amygdalar administration of CRH decreases general activity, social
interaction time, time spent on the open arms of the elevated plus maze and increases startle

Physiol Behav. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Melhorn et al.

Page 9

response, all measures of increased anxiety (18, 20, 21). In contrast, NPY, most well-known
for its role in food intake within the hypothalamus, has anxiolytic properties within the
amygdala (22-25) and can oppose the anxiogenic effects of CRH during time in which
anxiety may be maladaptive such as during chronic stress (24, 26-31). For example, acute
restraint increases anxiety, as measured on the elevated plus maze, and amygdalar NPY
levels are reduced, but, following chronic restraint where there is no longer an anxiogenic
effect on the elevated plus maze or an endocrine stress response, NPY is upregulated in the
amygdala (31, 32).

The current study reports OMEGA animals have increased NPY mRNA expression
following the chronic social stress period in all three of the amygdalar nuclei measured,
potentially opposing the effect of increased CRH and promoting anxiolytic behaviors.
Within the VBS, anxiolytic behaviors could be considered increased time in the open surface
area, which could increase the OMEGA’s exposure to the DOM thus promoting more
agonistic interactions. However, this was not clearly observed. Preferred location of food
intake suggest that OMEGA spent very little time in the open chamber; but their
disproportional wound pattern suggests increased agonistic social interaction. Anxiolytic
behavior can also be measured through the increased acceptance of punished responding.
The Vogel and Geller-Seifter punished responding paradigms deprive animals of water or
food then expose them to a shock chamber either immediately following deprivation, or with
training to press a lever. During testing each level press, which provides the previously
deprived element, is paired with a footshock (21, 23, 33). An anxiolytic agent will increase
the number of punished-responses for water or food meaning the animal accepts more
punishment. Although this cannot be mimicked in the VBS, it is possible that within the
VBS environment the OMEGA accepts more punishment and does not flee or alter his
behavior, supporting the increase in wounds received by these animals.

As discussed, NPY within the amygdala may play a role in stress resiliency specifically
through anxiolytic-like effects in social behavior (29), however OMEGA animals show signs
of chronic social stress despite their elevated amygdalar NPY. Similarly, repeated restraint
stress results in elevated NPY expression and a suppressed corticosterone response (31),
however, direct administration of NPY to the amygdala did not have an effect on the HPA
axis response (29). Furthermore, general central administration of NPY has mixed outcomes
on plasma levels of corticosterone. Intraventricular NPY increases plasma corticosterone,
where intranasal NPY reduces anxiety-like behavior and suppresses the corticosterone
response following a stress challenge (34, 35). These outcomes suggest that NPY likely
plays a role in modulating the HPA axis response to a stressor, but it is unclear how NPY
within the amygdala may be involved.

Furthermore, within the medial amygdala both DOM and OMEGA animals had elevated
NPY expression. This region has been implicated in stress-induced body weight regulation
(36) and the modulation of aggressive behaviors (37), the latter being of specific interest to
the current study given it is likely, although not confirmed, that both DOM and OMEGA
animals engage in more agonist behaviors-potentially with one another. However, it is not
clear what role elevated amygdalar NPY may play in these processes.
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In conclusion, clear differences exist between DOM, SUB and OMEGA animals within the
VBS hierarchy. The characterization of the OMEGA animals highlight the variability of the
effects of chronic social stress and introduce a phenotype that could be useful in elucidating
what factors and mechanisms make an individual more susceptible to stress-related disease.
Further investigation into the elevated amygdalar NPY in OMEGA animals is of interest,
specifically does NPY within this region drive behavior within the VBS, or is it a result of
VBS-stress.

Perspectives

Being a direct trainee of Randall’s was quite the experience. | hold many memories of the
years | spent as a student in the Sakai Lab and feel extremely fortunate to have had the
opportunity to be one of Randall’s graduate students, but to also be one of Randall’s friends.

Randall touched many people and had a tremendous impact on the scientific community.
But, most importantly to me was the community that was built within his own lab both by
Randall and because of Randall. The atmosphere Randall created lead to teamwork and the
confidence to be independent. | will never forget the generosity, critique (specifically of my
oral presentations) and unique support Randall bestowed upon me as his graduate student as
it changed me as a person. Randall’s ability to bring people together is what | most admired
about him, and even now that he is gone he continues to bring people together in a way no
one else could.
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Highlights

. Further phenotypes may exist within the classic VBS dominance hierarchy,
specifically within the subordinate population suggesting variability in the
effects of chronic social stress.

. Animals that receive a disproportionate amount of wounds while housed in
the visible burrow system exhibit more severe stress-related consequences
such as loss of lean mass, a dysregulated hypothalamic-pituitary-adrenal axis,
and show signs of depression.

. Unlike other subordinates, the most severely stressed animals exhibited
elevated neuropeptide Y expression in the amygdala, which may promote
anxiolytic behavior.
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Figure 1. Body weight and body composition
A) Dominant (DOM) and subordinate (SUB) animals displayed classic VBS-weight loss

patterns compared to controls (CON) with SUB animals sustaining greater weight loss
compared to DOM starting on day 5and throughout the chronic social stress period.
OMEGA lost the most weight during VBS-housing with significantly greater reductions
compared to DOM beginning on gay 3and to SUB beginning on day 7. B) Animals housed
in the VBS lost a significant amount of adipose tissue as a result of chronic social stress
compared to CON. C) OMEGA lost significantly more lean tissue during VBS-housed
compared to CON and DOM. N= 8(CON), 8(DOM), 15(SUB), 9(OMEGA\) for % body
weight change from baseline; N= 4(CON), 4(DOM), 7(SUB), 5(OMEGA) for change in
adipose and lean tissue (post-vbs — baseline). Data are mean £ SEM. *P<0.01 vs. CON,
**P<0.001 vs. CON, $P<0.05 vs. CON and DOM, #P<0.05 vs. CON, DOM and SUB.
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Figure 2. Acute restraint stress test and forced swim test
A) Following chronic social stress, OMEGA animals were hyporesponsive to an acute

restraint stress challenge. B) During a forced swim test, OMEGA animals displayed less
climbing behavior compared to dominants (DOM) and more immobility compared to
subordinates (SUB). N=4(CON), 4(DOM), 7(SUB), 5(OMEGA) for restraint stress test; N=
4(CON), 4(DOM), 8(SUB), 4(OMEGA). *P<0.01 vs. CON, $P<0.01 vs. DOM, #P<0.05 vs.
SUB.
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Figure 3. Neuropeptide Y mRNA expression in the amygdala after chronic social stress
OMEGA animals had higher expression of neuropeptide Y (NPY) within the basolateral

(BLA), central (CeA) and medial (MeA) nucleus of the amygdala. CGL=corrected gray

level. *P<0.05 vs. CON, $P<0.01 vs. DOM, #P<0.01 vs. SUB.
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Table 1
VBS Behavior and Wound Counts
DOM SsuB OMEGA P-value
# offensive behaviors? 56+30 9:85% 78:+48% p<00001%
#defensive behaviorsl 05+0.8 6.9+6.2 11+15 NS5

% Time in Surface Chamber? 4614 9619388 11+13%8  p<0.0001®

% of wounds received 08%07 28+64%8 424508 p<0.00015
Wound pattern: Head 1723 11+12  12+13

Wound pattern: Body# 01+01 190+31%5 16+39%# p<0.00016
Wound pattern: Tail4 04204 274+24%5 47+44%

Data are mean + SD.

'ZTotaI count of behaviors observed during video evaluation (first 15min of every hour for first 6 hours of lights out every other day of VBS
housing).

2 . . L .
Average % time spent in the surface chamber during video evaluation.

3 . . . . .
Average % of wounds received during VBS housing, calculated on a colony-by-colony basis (wound count evaluations were done every other day
of chronic social stress period).

4 . .
Average number of wounds received per day of VBS housing.

5 . . . . .
One-way model with Bonferroni correction for multiple comparisons.

6Gr0up x Location Interaction by general linear mixed model. N= 8(DOM), 15(SUB), 9(OMEGA);

$$P<0.0001 vs DOM,

$P<0.05 vs. DOM,

#P<0.0001 vs. SUB.
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Average daily food intake and meal patterns during chronic social stress.

Table 2

DOM SuB OMEGA  p.yaluel
Food intake,g 135173 105+132 g5g540paf 002
Meal number  14.3+1.27 976+£122 7994199% 0.02
Meal size, g 093+0.10 1.11+0.10 0.94+0.10 NS

Data are mean + SEM.

'Zone—way model with Bonferroni correction for multiple comparisons. N= 4(DOM), 7(SUB), 5(OMEGA);

$P<0.0001 vs. DOM.

Physiol Behav. Author manuscript; available in PMC 2018 September 01.

Page 18



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Melhorn et al.

Table 3
Meal patterns within VBS chambers.
Small Large Surface p-valuel

Meal Number
DOM 210+£1.74 3.99+135  4.60+1.26
suB 544+073% 271:081" 150+059%" 00009
OMEGA  5174+0.72% 150£069" 0.63+0.28%"

Meal Size, g
DOM 0.64+0.07 0.82+0.13  1.01+0.09
suB 1194014 088+0.19  095+0.19 NS
OMEGA 110020 060+0.07  0.70+0.27

Data are mean £ SEM.

JGroup x chamber interaction by general linear mixed model. N= 4(DOM), 7(SUB), 5(OMEGA);

$P<0.05 vs. DOM within same chamber,

A

P<0.05 vs. small chamber within same hierarchical status.
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