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Abstract

Molecular diagnostic tools that can robustly and quantitatively measure the
response to traumatic stress would be of considerable value in assessing the individual risk
of developing post-traumatic stress disorder or stress-induced depression following stress
exposure. The gene regulatory network can integrate and encode a large number of
different signals, including those elicited by exposure to stress. We find that many genes
respond to at least one modality of stress but only a subset of stress-sensitive genes track
stress exposure across multiple stress modalities and are thus universal markers of stress
exposure. A sensitive and robust measure of stress exposure can be constructed using a
small number of genes selected from this modality-independent set of stress-sensitive
genes. This stress-sensitive gene expression (SSGE) index can detect chronic traumatic
stress exposure in a wide range of different stress models in a manner that is relatively
independent of the modality of stress exposure and that parallels the intensity of stress
exposure in a dose-dependent manner.
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Introduction

Exposure to traumatic stress can lead to the development of post-traumatic stress
disorder (PTSD) and/or stress-induced depression, both of which can cause severe
personal distress as well as interfere with occupational and social function, resulting in
significant individual and social costs (1). There is considerable interest in developing
molecular diagnostic tools for the assessment of traumatic stress exposure (2). Ideal
markers for traumatic stress exposure would be graded, or dose-dependent, producing an
increasing signal with increasing intensity of stress exposure thereby allowing quantitative
assessment of the degree of stress exposure. A second requirement is that the diagnostic
test be robust, meaning that the test would be similarly responsive to the broad range of
different traumatic stressors that an individual might encounter.

The effects of traumatic stress exposure are encoded in both the gene regulatory
and neural networks of individuals subjected to stress (3-5). One approach to developing
molecular diagnostic tools is to use changes in gene regulatory function as markers of
stress exposure (6). The gene regulatory network integrates a large number of different
signals in order to yield a particular pattern of gene expression (7). In this study, we sought
to find those nodes in the regulatory network that are the most sensitive and robust
indicators of stress exposure.

There is no single, universally agreed upon pre-clinical model of PTSD or stress-
induced depression. This is because a wide variety of stressors and temporal patterns of
stress exposure can produce long-lasting changes in psychological and physiological
function (8, 9). In general, studies on the development of molecular markers for stress
exposure have used only a single stressor paradigm to elicit a stress response. This
approach carries the risk that the biomarkers identified in these studies will only be
representative of that particular stress paradigm and will not adequately characterize
responses to the broad range of stress paradigms that are used experimentally or, more
importantly, to the diverse set of traumatic stressors that can occur in life. A primary
purpose of this study was to determine the feasibility of identifying biomarkers that
respond to most, or all, stress modalities.

In this report, RNA sequencing was used to examine the response of the
transcriptome to a variety of different chronic stress protocols. Changes in gene regulatory
function were examined in the adrenal gland, which plays a pivotal role in mediating the
stress response, as both the terminal organ in the HPA axis as well as a major component of
the peripheral sympathetic nervous system (10, 11). We reasoned that, if a universal
response to chronic stress could not be observed in this tissue, it would be unlikely to be
present in other tissues, which have more diverse physiological roles, independent of the
response to stress. Large differences in the response to different stress protocols were
observed, as measured by changes in gene expression, but a set of stress modality
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independent responses, which may reflect a universal response to chronic stress in this
tissue, were also observed. Members of this set of universal response genes were used to
construct a stress-sensitive gene expression index that was capable of reliably detecting
and quantitating differences in traumatic stress exposure across six different chronic stress
models.
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Methods and Materials
Animals

Male Sprague-Dawley rats were used in all experiments. All procedures were
approved by the Institutional Animal Care and Use Committee (IACUC) at Stony Brook
University.

Chronic Stress Models

Seven different animal treatment protocols were used. Protocols were typically 3
weeks in duration and started at postnatal day 28. More detailed descriptions of these
protocols are given in the Supplemental Information.

Control (C): Animals lived socially in groups of three per cage, with no additional stressors
other than daily weighing and routine husbandry.

Social Isolation (SI): Animals were singly housed, with no additional stressors other than
daily weighing and routine husbandry.

Social Defeat (SD): Animals were exposed to daily sessions of defeat in the home cage of
male Long Evans rats. Several variations of defeat were used including direct physical
defeat, psychological threat of defeat, and witnessing defeat in a conspecific. For socially
housed defeat, the rats were housed socially in groups of three per cage, before and after
the defeat sessions.

Isolation Defeat (ID): This protocol was identical to the Social Defeat protocol except that
the rats were singly housed, before and after the defeat sessions, for the duration of the
stress protocol.

Grid housing (GH): Animals lived singly on metal grid of shock apparatus (Coulbourn
Instruments), with no additional stressors other than daily weighing and routine
husbandry.

Chronic shock (CS): Animals lived singly on metal grid of shock apparatus and were
administered an electric foot shock of randomly varying duration and intensity, at random
time intervals.

Chronic variable stress (CVS): Animals were exposed to a series of diverse physical,
psychological and psychosocial stressors, including predator threat using either live
animals or predator scent, water submersion, cold and warm room exposure, cage tilt and
rotation, restraint, bedding disruptions, circadian rhythm disruption, shock, food and water
deprivation, forced swim, isolation, and social instability.
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RNA Preparation, Sequencing, Data Analysis and Real-time PCR

Total RNA was extracted from tissue samples using the RNeasy Miniprep Kit
(Qiagen). cDNA libraries were prepared using the NEBNext Ultra II Directional RNA Library
Prep Kit (New England BioLabs). Alignment of RNA sequencing data was performed using
the Rsubread package (12). Count matrices were created using the featureCounts function in
Rsubread (13). Raw and processed RNA sequencing data have been deposited in NCBI's
Gene Expression Omnibus database (GSE100454). Real-time PCR analysis was performed
using standard methods (14). See Supplemental Information for details.

Raw and processed RNA sequencing data have been deposited in NCBI's Gene
Expression Omnibus database (GSE100454).

Behavioral Tests

The acoustic startle response test (ASR) and elevated plus maze test (EPM) were
performed using essentially standard procedures (15-18). See Supplemental Information
for details.

Statistics

For comparison of multiple means, ANOVA with post-hoc t-tests using Benjamini-
Hochberg correction (19) were performed using R (20). Principal component analysis was
also performed using R. Effect sizes are reported as Cohen’s d, calculated using SDy,401eq =

V((SDf +SD3)/2).
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Results
Diverse and Common Changes in Response to Intense Chronic Stress

A total of six different chronic stress paradigms were developed: social isolation,
social defeat, social defeat with social isolation, grid housing, chronic shock and chronic
variable stress (see Methods and Materials for details). We initially focused on the two
most intense protocols, chronic shock (CS) and chronic variable stress (CVS), which use
very different methods to induce stress.

In the adrenal gland, a relatively large number of genes were found to be
differentially expressed following exposure to each of these protocols (Figure 1A). There
were more changes in response to the chronic shock protocol than to the chronic variable
stress protocol, with 196 genes differentially expressed following the chronic shock
protocol versus 124 genes following the chronic variable stress protocol (FDR = 0.05).
Notably, a majority of the genes that changed in response to chronic variable stress did not
change in the chronic shock animals and vice versa (Figure 1B).

A subset of 44 genes was found to be differentially expressed in both protocols
(Table S1). With a few exceptions, this common set of differentially expressed genes
changed similarly in response to both stress protocols (Figure 1C). A preponderance of
these genes were down-regulated. Gene ontology analysis did not point to any particular
process or processes in which this common set of genes were broadly involved.

Stress-Sensitive Gene Expression Index

The existence of a common set of differentially expressed genes, which respond to
both of these very different stress protocols, suggested that these genes might be universal
markers of traumatic stress exposure in the adrenal gland. We hypothesized that a subset
of these common response genes could be used to construct a stress-sensitive gene
expression (SSGE) index that could be used to measure stress exposure in a consistent and
quantitative way across a broad array of chronic stress modalities. It was anticipated that
this index might function in an analogous way to a stock market index, which can capture
the mood of the market by sampling only a small subset of the most characteristic stocks.

Genes were selected from the common set of 44 genes for potential inclusion in the
stress-sensitive gene expression index based on several criteria. Genes with the largest
effect size and for which the fold-changes were similar in both the CS and CVS protocols
were selected. In addition, genes with consistent expression levels within the control
group, as measured using real-time PCR, were favored. Based on these criteria, six genes
were selected: Pah, Sic9a3, Thrsp, Scd, Cdh8 and Cd36. The index was deliberately restricted
to a relatively small number of genes in order to simplify measurement across large
numbers of individual animals.
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Principal component analysis (PCA) of the expression values derived from real-time
PCR analysis of gene expression for the six genes selected for the index demonstrated that
there was no overlap between individuals in the stress (CVS or CS) and control groups
along the axis of the first principal component (Figure 2A). This was important because it
implies that these expression values could be used to reliably distinguish individuals
exposed to chronic stress from controls, essentially functioning as a diagnostic test.

A Stress-Sensitive Gene Expression (SSGE) index was then calculated as follows. For
each individual, j, an expression ratio, x;, was determined for each gene, i,

x} = log, (Ci/y}) +1 : for down-regulated genes (Pah, Slc9a3, Cdh8 and Cd36)
x} = log, (y}/Ci) +1 : for up-regulated genes (Thrsp and Scd)

where, y} was the mRNA expression value for gene, i, in individual, j, and C I was the
mean expression level for gene, i, in the control animals. Expression ratios were converted
to logarithm base 2 to maintain within group variance relatively constant across the
different experimental groups. The expression ratios, x}, were normalized so that the mean,
x}, for the control samples, for each gene, i, was equal to unity. Expression ratios x} for each
of the genes were then averaged to give the SSGE index, I;, for each individual, j. The index
has a mean value of unity for the control samples.

The SSGE index performed as well as principal component analysis in distinguishing
all the individual animals in the CVS and CS groups from the control animals (Figure 2B).
The advantage of the index over PCA was that the index scale is only dependent on the
average expression values in the control samples. These average values were stable across
different experimental replicates, facilitating the comparison of stress exposure across
different protocols.

Stress-Sensitive Gene Expression Index Applied to Multiple Stress Protocols

To determine whether the index could perform in a predictable manner across
different modalities of stress exposure, average index values were determined for the
control group and the six different stress protocol groups (Figure 2C). There was a
statistically significant difference between the groups as determined by one-way ANOVA
(F(6,105) =55.97, p < 2x10-16) and all stress groups were different to the control group.

The average SSGE index values increased in a manner consistent with the relative
intensity of the different stress protocols. Social isolation was the least stressful of these
protocols but exposure to this protocol could still be readily detected, with the SSGE index
being higher in the stress group than controls, who were socially housed (p = 1x10-4,d =
1.2). It is reasonable to assume that grid housing (GH) would be more stressful than social
isolation since it combines social isolation with difficult housing conditions. Indeed, the
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SSGE index was found to be higher for grid housing in comparison with the social isolation
group (p = 3x10-3, d = 1.3). Similarly, it is reasonable to assume that chronic shock would
be more stressful than grid housing, since this adds electric shocks to the social isolation
and difficult housing conditions. As expected the index was higher for this group relative to
grid housing (p = 5x10-4, d = 1.8). The relatively high score for grid housing was consistent
with our observations of the rat’s general condition and the lengths to which the animals
would go to get off the grid, even in the absence of shock.

Based on body and organ weight changes (see below), the chronic variable stress
(CVS) and chronic shock (CS) stress protocols were more stressful than the other protocols
and were similar in intensity to each other. This assessment was also reflected in the stress
index results (Figure 2C). Rats are less likely to display symptoms of anxiety following
social defeat when they are housed socially rather than in isolation (21), suggesting that
the isolation defeat (ID) is more stressful than social defeat (SD). The difference in the
respective index values for the two protocols (p = 0.01, d = 1.1) was consistent with this
expectation.

Although the individual expression ratios for each of the six genes that contribute to
the index responded somewhat differently to the different stress protocols, the trend for
each expression ratio across the six different protocols was in broad agreement with the
overall trend of the SSGE index (Figure 2D). For the three most intense protocols (ID, CS
and CVS) all six individual genes were differentially expressed relative to the controls (p <
0.005). These genes can reasonably be considered universally responsive to these different
stress modalities. The number of genes that were differentially expressed relative to
controls fell as the protocols became less intense (GH: 5/6, SD: 3/6, SI: 3/6), suggesting
that some genes in the index are more responsive to lower levels of stress than others.

The performance of the index was not particularly sensitive to the number or
combination of genes included in the index. Reducing the number of index genes to only
four, those with the largest effect size (Pah, SIlc9a3, Thrsp and Scd), did not substantially
alter the performance of the index, although it did result in a modest increase in the within-
group variance (average S.D. for each group with six index genes was 0.39 versus 0.49 with
only four genes).

To examine the effect of different durations of stress exposure, the standard CVS
protocol (3-week duration) was compared with a shorter CVS protocol (1-week duration)
(Figure 2E). The magnitude of the SSGE index after the 1-week stress exposure was smaller
than that seen for the 3-week protocol (p = 1x10-4, d = -1.5), but remained well above
control levels (p = 2x10-9, d = 2.9), suggesting that shorter periods of stress exposure can
also be readily detected by the index. The time period over which the SSGE index remains
elevated following the cessation of stress exposure was examined by exposing animals to a
1-week duration CVS protocol and then returning them to social housing for two weeks
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before analysis. In this case the SSGE index remained elevated compared to controls (p =
6x10-3, d = 2.7) although the index value was smaller than for the other two CVS groups,
where stress exposure occurred closer to the time of measurement (Figure 2E). This result
suggests that the index decays relatively slowly, with a time period of weeks.

Weight Changes in Response to Chronic Stress

Reduction in body weight is a common response to chronic stress exposure (22).
Changes in body and organ weight in response to the different stress protocols were
consistent with the results from the SSGE index suggesting that the chronic shock (CS) and
chronic variable stress (CVS) protocols were more intense than the other stress protocols
(Figure 3). Average body weight was reduced relative to controls one day after the end of
the three-week stress exposure period for both the CS and CVS groups (p = 1x10-7,d = -1.6;
and p = 1x10-12, d = -3.3; respectively) (Figure 3A).

Adrenal gland weight was not changed in any of the stress protocols relative to
controls (Figure 3B). Thymus weight was reduced relative to controls for the CVS group (p
=2x109, d = -2.7) with a smaller effect for the CS group (p = 0.01, d = -0.9). Thymus weight
was lower in the CVS group than in the CS group (p = 2x10-3, d = -1.3). Spleen weight was
reduced for both the CS (p = 4x10-¢,d =-1.9) and CVS (p = 5x10-8, d = -3.2) groups. Testis
weight was modestly reduced for both the CS and CVS groups (p =.02,d =-0.9; and p =
0.05, d =-0.9; respectively).

Behavioral Responses to Chronic Stress

It is has previously been reported that behavioral responses can be quite sensitive
to the modality of stress exposure (23) and we observed similar effects in response to our
stress models. An example of this is shown for the acoustic startle response (ASR, Figure
4A). In this experiment, ASR was tested before the start of the stress protocol and then
tested once a week for the following three weeks of stress exposure. Animals in the chronic
variable stress (CVS) and chronic shock (CS) exposure groups responded quite differently
in this test (Figure 4A), despite the fact that both stress protocols appear to be similarly
intense. Chronic shock exposure produced a persistent decline in the startle response,
whereas chronic variable stress had no significant effect on the startle response.

Modality specific effects were also seen using the elevated plus maze (Figure 4B and
C). There was no significant difference between the CVS and the control groups in the mean
values for time spent in the open arms of the elevated plus maze (Figure 4B) but there was
a large increase in the variance for the CVS group (Figure 4C). The CVS animals tended to
‘freeze’ in one of the compartments. Mean time spent in the ‘frozen’ state over the 5-minute
test period was much higher for the CVS animals (92 + 34 seconds) than for controls (0.8 +
0.6 seconds) (p =0.01, d = 1.4). Freezing behavior was also reflected in an average 38%
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reduction in distance travelled by the CVS group compared to controls (p = 0.009, d = -1.5).
In contrast, the chronic shock protocol had no significant effect on the rats’ performance in
the elevated plus maze.
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Discussion

In this report, we demonstrate that a subset of stress-sensitive genes responds to
traumatic stress exposure in manner that is relatively independent of the modality of stress
exposure. A sensitive and robust measure of traumatic stress exposure can be constructed
using a small number of biomarkers chosen from this set of genes. This stress-sensitive
gene expression index can detect traumatic stress exposure in a wide range of different
stress models in a manner that is both relatively independent of the modality of stress
exposure and parallels the intensity of stress exposure in a dose-dependent manner.

The data described in this report are consistent with the hypothesis, derived from
psychological studies of chronic traumatic stress exposure (24, 25), that the response to
traumatic stress exposure is dose-dependent. It is difficult to draw a direct correlation
between animal studies and the experiences of humans subjected to extreme and repeated
traumatic stress (24-27). Nonetheless, our results are consistent with the hypothesis,
developed from these studies, that there is a graded response to stress exposure. In this
model, no individual has an absolute resilience to stress, only relative resilience that can be
overcome with a sufficiently high ‘dose’ of traumatic stress. Consistent with this idea, every
individual animal exposed to the two most intense stress protocols is distinguishable from
the control animals, using the stress-sensitive gene expression index (Figure 2B). Similarly,
there is no obvious threshold for the effects of stress exposure. The response to even the
mildest stressor tested, social isolation, could be detected with this same index.

In addition to the universal stress-response genes, many stress-responsive genes
were sensitive to the modality of stress exposure. This suggests that studies using
preclinical models should take account of the fact that the stress response, even at the level
of transcription, can be quite sensitive to the modality of stress exposure and that
validation of any potential stress-sensitive biomarkers requires testing against multiple
different models of stress exposure to ensure cross-modality validity.

The index-based measure of stress-sensitive gene expression described in this
report is a practical tool for quantitating level of traumatic stress exposure in animal
models. It is relatively easy and inexpensive to implement and many steps can be
automated so that it can be scaled for large numbers of animals. There are many different
ways to measure the effects of chronic stress exposure in laboratory animals (9), including
behavioral tests and analysis of endocrine function. Behavioral tests can be very sensitive
but behavioral responses can be dependent on the modality of stress exposure (23) (see
Figure 4). Endocrine responses to stress can be complex, transitory and habituate in the
maintained presence of the stressor (8, 28), and can also depend on stress modality (22). In
principle, the gene regulatory apparatus can integrate a variety of stress related signals
over time producing a more stable and robust signal for measurement.
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The stress-sensitive gene expression index described here appears to be as sensitive
as most behavioral tests currently used to measure chronic stress exposure. Isolation
housing is established as a stressor in rats (29-31) but its effects are not always apparent
using standard behavioral assays (21, 32) and results from different studies can be
contradictory (31). The SSGE index could clearly distinguish the social isolation group (rats
housed singly) from the control group (rats housed three per cage) (Figure 2C), suggesting
that the assay is at least as sensitive as typical behavioral tests.

Many of the genes found to be differentially expressed in the adrenal gland
following stress exposure in this study have previously been reported to be stress-sensitive
(33, 34). All of the genes included in the SSGE index (Table 1) have been implicated in the
response to stress in one or more tissues (35-43). Currently, however, relatively little is
known about the specific role that these genes might play in mediating the response to
stress in the adrenal gland. Phenylalanine Hydroxylase (Pah) catalyzes the irreversible
conversion of L-phenylalanine into L-tyrosine, an essential step in the catecholamine
biosynthesis pathway (44). However, it is generally believed that tyrosine synthesis occurs
predominantly in the liver, with only the downstream catecholamine synthesis steps
occurring in the adrenal medulla (10). Three genes (Thrsp, Scd and Cd36) are involved in
fatty acid metabolism. The adrenal gland has a high content of lipids, whose main function
is to serve as precursors for steroid hormone biosynthesis in the cortex (45). Changes in
expression of genes implicated in lipid metabolism and transport in the adrenal gland may
indicate a long-term effect of stress on steroid hormone biosynthesis. Expression of
Cadherin-8 (Cdh8) is decreased in the prefrontal cortex in response to stress and it has
been hypothesized that this may alter tissue plasticity to favor adaptive synapse
remodeling (43). The Na/H exchanger (Slc9a3) uses an inward sodium ion gradient to
expel acids from the cell (46). Its role in sodium and pH homeostasis has been studied
mainly in the kidney and intestine and its function in adrenal gland tissue has not been
characterized.

Molecular diagnostic measures of traumatic stress exposure in humans are an
important and realistic goal (2). Robust tests would be of considerable value in predicting
the risk of developing stress related disorders such as PTSD and stress-induced depression.
This report suggests that one viable approach towards the development of such a test is an
index based on those changes in gene regulatory function that are universal across a range
of stress modalities. The stress-sensitive gene regulatory index performs as required for
such a diagnostic test, since it responds in a dose-dependent way to stress exposure, is
independent of the modality of stress exposure, and is precise, even while relying on a
relatively small number of measured variables. A practical diagnostic test in humans would
necessarily use tissues that can be easily biopsied such as peripheral blood mononuclear or
buccal cells, which also show stress-induced changes in gene regulatory function (5, 6, 47,
48).
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Figure 1. A. MA plots of RNA sequencing data from adrenal gland for animals exposed to the
chronic variable stress (CVS) or chronic shock (CS) protocols. The x-axis corresponds to
log2(average expression) and the y-axis to log2(Stress/Control). Differentially expressed genes
(marked in red) were selected using FDR = 0.05. RNA samples were pooled (n=8-9) before
sequence analysis for each of the four independent replicates of the experimental groups (2 CVS
and 2 CS) and three independent control groups. Fold-change values reflect dispersion
moderation in DESeq2. See Tables S2 and S3 for complete list of differentially expressed genes. B.
Venn diagram of the differentially expressed genes for the two different stress groups. The total
number of differentially expressed genes was 124 for the CVS protocol, 196 for CS protocol and 44
genes were differentially expressed in both protocols. C. Heat map for those genes changed in both
CVS and CS stress protocols. Expression values were log2 transformed and scaled to each row.
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Figure 2. A. Principal component analysis using real-time PCR expression values for six genes
(Pah, Sic9a3, Thrsp, Scd, Cdh8 and Cd36) comparing control (n=36) animals and animals exposed
to the two most intense stress protocols (n=33), either chronic variable stress (CVS) or chronic
shock stress (CS). B. Strip plot comparing the stress-sensitive gene expression index for control
animals and animals exposed to either chronic variable stress (CVS) or chronic shock stress (CS).
C. Average stress-sensitive gene expression (SSGE) index for control (C) and six different chronic
stress groups: social isolation (SI), social defeat (SD), grid housing (GH), isolation defeat (ID),
chronic variable stress (CVS) and chronic shock (CS). There was a statistically significant
difference between the groups as determined by one-way ANOVA (F(6,105) = 55.97, p < 2x10-16).
All stress groups were different to the control group: SI (p = 1x10-4,d=1.2),SD (p=1x10+4,d =
1.5), GH (p=1x10-8,d = 2.8), ID (p =6x10-10,d = 2.8), CS (p < 2x10-16,d = 4.5) and CVS (p < 2x10-16,
d = 4.9). D. Mean expression ratios for each of the six selected genes compared to the index (black)
across the seven different experimental groups. E. Comparison of SSGE index for control (C), the
standard 3 week duration CVS protocol (CVS), a protocol of 1 week CVS and a protocol of 1 week
CVS followed by 2 weeks of social housing. There was a statistically significant difference between
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the groups as determined by one-way ANOVA (F(3,48) = 76.5, p < 2x10-16). All stress groups were
different to the control group: CVS (p < 2x10-16,d = 5.3), CVS 1 week (p = 2x10-%,d = 2.9) and CVS
1 week with 2 week delay (p = 6x10-3, d = 2.7). Error bars are s.e.m.
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Figure 3 A. Body weight one day after the end of the stress protocols in control and chronically
stressed animals. There was a statistically significant difference between the groups as
determined by one-way ANOVA (F(6,105) = 18.0, p = 3x10-14). Average weights for stress groups
that were changed relative to the control group are marked with colored circles, p < 0.05 (black)
and p<0.001 (red). B. Organ weights for adrenal gland, thymus, spleen and testes. One-way
ANOVA for: adrenal gland (F(6,105) = 2.95, p = 0.01), thymus (F(6,105) = 11.2, p = 1x10-°), spleen
(F(6,70) =11.5, p = 6x10-?) and testis (F(6,105) = 2.78, p = 0.02). Error bars are s.e.m.
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Figure 4 A. Acoustic startle response (ASR). ASR tests were administered on days 0, 7, 16 and 22,
relative to the start of the stress protocol on day 1. Results for control (C) (green symbol), chronic
variable stress (CVS) (brown symbol) and chronic shock (CS) (blue symbol) are shown. The
average startle response of the CS group was lower than the control group on days 7, 16 and 22 (p
=0.0004,d=-2.3; p=0.002,d =-1.9; and p = 0.01, d = -1.4, respectively) whereas the response of
the CVS groups was unchanged on any test day. Data were normalized so that the average peak
response of the control group to a 115 dB pulse for each trial was equal to 100. Similar results
were also seen using 95 and 105 dB test pulses. Data values are means with s.e.m. error bars (n =
8 or 9). B. Elevated plus maze (EPM). Average time spent in the open arm as a percentage of the
total time, for the control and CVS groups. Data values are means with s.e.m. error bars (n = 8 or
9). C. Individual open time values for the same EPM experiment as shown in B.
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Table 1. SSGE Index Genes and Their Potential Role in Stress

Protein Name Gene Specific Function Potential Role in Stress Response
Symbol

Phenylalanine Pah Converts Phenylalanine into Catecholamine biosynthesis

Hydroxylase Tyrosine

Sodium-Hydrogen Slc9a3 Imports one Na* in the unknown

Antiporter 3 cell/exports one H*

Thyroid Hormone Thrsp Regulator of lipid metabolism Altered fatty acid metabolism in adrenal

Responsive gene gland

Stearoyl-CoA Scd Biosynthesis of Altered fatty acid metabolism in adrenal

desaturase monounsaturated fatty acids gland

Cadherin 8 Cdh8 Mediates cell-cell adhesion Adaptive changes in tissue plasticity

Cluster of Cd36 Fatty Acid Transport Altered fatty acid metabolism in adrenal

Differentiation 36

gland
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