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A mild stressor induces short-term anxiety and long-term phenotypic changes in trauma-related behavior in female rats
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Introduction: Anxiety and anxiety-influenced disorders are sexually dimorphic with women being disproportionately affected compared to men. Given the increased prevalence in women and the documented differences in anxiety and trauma behavior between male and female rats this paper sought to examine the link between stress, anxiety, and fear learning and extinction in female rats. We tested the hypothesis that a mild stressor will induce short-and long-term increases in anxiety and produce long term effects on subsequent fear learning and extinction behavior.

Methods: We induced anxiety in female Sprague– Dawley rats with a short (3 min) exposure to a ball of cat hair infused with 150 μl of cat urine (mild stressor) that elicits innate fear but does not cause fear conditioning. The control group was exposed to fake cat hair. Anxiety was assessed in the Light-Dark Open Field (LDOF) or Elevated Plus Maze (EPM) before, immediately after and 4 days after stimulus exposure. Two weeks later, all animals were subject to Contextual Fear Conditioning (CFC) in the Shock Arm of a Y-maze, blocked off from the rest of the maze. Memory and fear extinction (learning of safety) was assessed in the following four days by placing each rat in one of the Safe Arms and measuring avoidance extinction (time spent and number of entries in the Shock Arm).

Results: Cat hair exposure induced changes in anxiety-like behavior in the short-term that appeared resolved 4 days later. However, the cat-hair exposed rats had long-term (2 weeks) phenotypic changes expressed as altered exploratory behavior in an emotionally neutral novel place. Fear learning and extinction were not impaired. Yet, using avoidance extinction, we demonstrated that the phenotypic difference induced by the mild stressor could be documented and dissociated from learning and memory.

Discussion: These findings demonstrate that the history of stress, even mild stress, has subtle long-term effects on behavior even when short-term anxiety appears resolved.
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Background

Anxiety is a state of fear, worry, or unease that is characterized by physical symptoms such as increased heart rate, sweating, trembling, and difficulty concentrating (American Psychiatric Association, 2013). Anxiety is not a uniform concept and is separated into two broad categories: state anxiety, anticipation of a negative experience with a stimulus, and trait anxiety, a characteristic of the individual (Steimer, 2011; Saviola et al., 2020) with varying symptomology and severity (Bandelow et al., 2017). Anxiety disorders such as generalized anxiety disorder, panic disorder, phobias, etc., by themselves affect nearly 34% of the population (Bandelow and Michaelis, 2015). Anxiety is a component of many psychiatric disorders, such as depression, obsessive compulsive disorder, and post-traumatic stress disorder (PTSD; Craske et al., 2017) and is sexually dimorphic with women typically reporting higher levels of anxiety than men (Maeng and Milad, 2015; Jalnapurkar et al., 2018; Bangasser and Cuarenta, 2021).

Another aspect of anxiety is that its relationship with stress is bidirectional such that stress can cause anxiety and anxiety can cause stress (Kessler and Greenberg, 2002; Li and Goldsmith, 2012; Shamsuddin et al., 2013). Stress is considered “a strain or a pressure of a constraining or impelling nature” (Izquierdo et al., 2016) and a stressor is a stimulus that has such an effect. The effect of a stressor then varies based on perceived intensity and tends to range from mild to traumatic. We delineate between these two by defining a mild stressor as one that induces stress responses such as HPA axis activation but does not induce fear conditioning whereas a traumatic stressor does induce fear conditioning. Conditioned fear responses tend to be freezing and/or avoidance behavior to stimuli previously associated with the stressor that is above baseline (Shanazz et al., 2022). It is imperative to understand the relationship between anxiety and stress in the short and long term, especially given the high prevalence of anxiety and stress caused by the COVID-19 pandemic across the world (Al Omari et al., 2020; Kamal and Othman, 2020; Lakhan et al., 2020; Alnazly et al., 2021; Shah et al., 2021).

The relationship between anxiety and stress can be extrapolated to PTSD. PTSD and anxiety are both characterized by intrusive and persistent thoughts and memories, difficulty controlling emotions, and avoidance of situations associated with the trauma or negative stimulus. Moreover, anxiety before trauma has been shown to be associated with a higher rate of developing PTSD (Mason et al., 2002; Cameron et al., 2006; Sareen, 2014) making anxiety a risk factor for developing PTSD (Alexander et al., 2020). After trauma, PTSD shares a high comorbidity with anxiety (Spinhoven et al., 2014; Gagne et al., 2018), so much so that it was previously classified as an anxiety disorder in the DSM-IV (American Psychiatric Association, 2000). Like anxiety, PTSD is sexually dimorphic with women being affected more than men (Kessler et al., 1995; Christiansen and Elklit, 2012; Gamwell et al., 2015). The relationship between stress, anxiety, and response to trauma in female rats is the focus of the study presented here.

Similar to humans, the relationship between PTSD-like responses and anxiety-like behavior is documented in rats. Rats exposed to traumatic events such as foot-shock display more anxiety-like behavior on the elevated plus maze (Davis, 1990; Korte et al., 1999; Mechiel Korte and De Boer, 2003). Conversely, rats that display high anxiety-like behavior prior to trauma exposure have an exaggerated PTSD-like phenotype after trauma exposure (Nalloor et al., 2011). Thus, the relationship between anxiety and PTSD is clearly documented in both humans and rats such that anxiety before trauma contributes to PTSD outcomes and PTSD contributes to anxiety outcomes. We tested the hypothesis that a stressor will exacerbate both short-and long-term anxiety-like behavior and subsequent trauma response in female rats.



Methods


Animal handling

Young adult (2 months old) female (175–200 g) Sprague–Dawley rats (Charles River Laboratories Inc., MA, United States) were housed in pairs on a 12 h light/dark cycle (lights on at 7:00 am) with ad lib food and water. Experiments were conducted during the light phase between 8 am and 5 pm. Three days after arrival, rats were handled for 2–3 min for three consecutive days prior to behavioral testing. Both Fake cat hair (FakeCH) and Cat Hair (CH) groups had six animals each except for Figures 1, 2 where one animal was excluded from the FakeCH group due to shock equipment malfunction during foot-shock delivery. Animals were allowed to cycle naturally during experiments and estrus phase was not analyzed. All behavioral procedures were approved by the Institutional Animal Care and Use Committee (IACUC) at the Charlie Norwood VA Medical Center (CNVAMC).
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FIGURE 1
 Novel exploration 2 weeks after cat hair exposure or fake cat hair exposure. (A) Schematic of Y-Maze. (B) Time spent in the Shock Arm, Safe Arm 1, and Safe Arm 2 of the Y-maze during habituation. (C) Total entries in the Y-Maze during habituation. (D) Crossings in the Shock Arm before foot-shock the day after Y-Maze habituation (FakeCH: Fake cat hair; CH: Cat hair). Unpaired two-tailed t-tests *p < 0.05, **p < 0.01.
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FIGURE 2
 Post-shock behavior and avoidance extinction in the Y-maze. (A) Crossings in the Shock Arm after foot-shock, Unpaired two-tailed t-test. (B) Time spent in the Shock Arm during avoidance extinction. (C) Total entries in the Y-maze during avoidance extinction. (D) Entries into the Shock Arm during avoidance extinction (FakeCH: Fake cat hair; CH: Cat hair). Repeated measures ANOVA ***p < 0.001, ****p < 0.0001, Repeated measures ANOVA post-hoc *p < 0.05, and ns, not significant.




Behavioral tests

All behavior was recorded for later analysis. Scoring was done by observers “blinded” to the experimental assignment of each animal. Behavioral testing was done in the same large room (24′ × 15′) on different days with different tests set up in different parts of the room such that extra maze cues were sufficiently different.



Experimental design

Animals were first tested on the Light–Dark Open Field (LDOF) to assess baseline locomotion and anxiety. A day later they were exposed to a stressor (cat hair) and tested in the LDOF 10–15 min later. The next day anxiety-like behavior was measured in the Elevated Plus Maze (EPM). Four days later anxiety was assessed again in the LDOF. Two weeks after cat hair exposure animals were habituated to the Y-Maze and experienced Contextual Fear Conditioning (CFC) followed by Avoidance Extinction in the Y-maze described in detail in Shanazz et al. (2022) (Figure 3A).

[image: Figure 3]

FIGURE 3
 Cat hair is a mild stressor. (A) Experimental design: LDOF, Light–dark open field; EPM, Elevated plus maze; CFC, Contextual fear conditioning; and D, Days. (B) Schematic of cat hair box. (C) Number of interactions with Fake cat hair and cat hair. (D) Number of entries into quadrants of the box during exposure (FakeCH: Fake cat hair; CH: Cat hair). Unpaired two-tailed t-tests, *p < 0.05, **p < 0.01.




Light–dark open field

Animals were tested for anxiety-like behavior in the LDOF for 10 min. The LDOF (Figure 4A) is a circular arena measuring 142 cm diameter × 60 cm height with floodlights positioned on the floor to cast a shadow (called the Dark Perimeter) on the maze that covers approximately 20% of the arena. The delta lux between the Light and Dark perimeter was 40 which we have previously established as above the threshold for detecting anxiety to light (Shanazz et al., 2021). Behavior was analyzed with Noldus Ethovision XT 14 software (Noldus Information Technology Inc.). The apparatus was cleaned with dH2O between animals.

[image: Figure 4]

FIGURE 4
 Anxiety-like behavior in the LDOF immediately after cat hair or fake cat hair exposure. (A) Schematic of Light–Dark Open Field (LDOF); (B) Distance moved over the session; (C) % Time spent in the center of the LDOF; (D) Open space anxiety index; (E) % Time spent in the light perimeter; (F) Light anxiety index; (G) % Time spent in the dark perimeter; (H) LDOF anxiety index (FakeCH: Fake cat hair; CH: Cat hair). Dashed lines represent the average of all animals on the initial test (LDOF 1). Unpaired two-tailed t-tests, *p < 0.05, **p < 0.01, and ns, not significant.


The LDOF arena has three areas (or zones):

• Center: 25% of the total arena area and a diameter of ½ of the total diameter of the arena.

• Dark Perimeter: 20% of the total arena; a shadowed crescent-shaped area adjacent to the wall.

• Light Perimeter: 20% of the total arena; a crescent-shaped area adjacent to the wall and opposite of the Dark Perimeter.

Three indices were used to interpret data from the LDOF (Shanazz et al., 2021):This index quantifies the extent of light aversion such that higher numbers represent increased anxiety to light.This index quantifies the extent of open space aversion such that higher numbers represent increased anxiety to open space.This index combines both anxiogenic components within the LDOF: light and open space, with the center representing high light and open space and the Dark Perimeter representing low light and sheltered space. The LDOF Anxiety Index allows for an integrated quantification of anxiety-like behavior such that higher numbers represent increased overall anxiety.

1. The Light Anxiety Index =[image: image]

2. The Open Space Anxiety Index =[image: image]

3. The LDOF Anxiety Index =[image: image]



Cat hair exposure

Animals were exposed for 3 min to a ball of cat hair (∼10 cm) obtained from a pathogen-free male cat and infused with ∼150 μl of cat urine in a 32 cm × 32 cm × 50 cm box (Figure 3B). We have previously shown that in male rats such exposure elicits unconditioned fear responses but does not induce CFC (Vazdarjanova et al., 2001; Nalloor et al., 2011, 2014) and thus is considered a mild stressor. A control group was exposed to Fake cat hair (FakeCH) of approximately the same size as the cat hair ball and comprised of clean pillow stuffing. Fresh cat hair and urine is acquired for each experiment session as standard lab practice. FakeCH animals were tested first followed by CH exposed animals to avoid any residual olfactory cues. Groups were run in separate boxes with the stimuli positioned in the upper right corner of the box (Figure 3B). The boxes were cleaned with dH2O between animals. To prevent lingering smell from the cat hair in the behavior room, the box was cleaned with 5% acetic acid after the last cat hair animal was tested. Cat hair interactions were scored when the animal’s head was within 1 cm of, or front paws were in physical contact with, the ball of cat hair. Fewer interactions with the stimulus indicate the animals perceive the stimulus as aversive. The box was virtually divided into four equal quadrants and the number of entries into each quadrant was scored when the body and base of the tail crossed the quadrant line of the box and were recorded as an indicator of overall activity.



Elevated plus maze

We measured anxiety-like behavior on the EPM (Figure 5A) 1 day after Cat Hair exposure. The EPM is plus-shaped with four 50 cm × 12 cm arms, elevated 84 cm above the floor. Two opposite arms are surrounded by 46 cm tall opaque black walls on three sides, and the other two are open, except for a 1 cm high ledge (Kinder Scientific, San Diego, CA, United States). Each animal was introduced into the center area (10 cm × 10 cm) facing an Open Arm and allowed to explore freely for 5 min. An Arm Entry was scored when all four paws and the base of the animal’s tail entered an arm. More entries into the Open arms indicates lower anxiety-like behavior (Hogg, 1996). Closed arm entries are used as an indicator of activity, which may be influenced by anxiety state (Pellow et al., 1985; Gonzalez and File, 1997; Ramos et al., 1997). The apparatus was cleaned with dH2O between animals.
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FIGURE 5
 Anxiety-like behavior in the elevated plus maze (EPM) 1 day after cat hair or fake cat hair exposure. (A) Schematic of EPM. (B) Number of entries into the open arms. (C) Number of entries into the closed arms; (D) Ratio of open arm entries over total entries expressed as a percentage (FakeCH: Fake cat hair; CH: Cat hair). Unpaired two-tailed t-tests *p < 0.05, **p < 0.01.




Contextual fear conditioning training

The Y-maze apparatus consists of three identically shaped arms (50 cm × 20 cm × 12 cm), separated by 120° (Figure 1A) and covered with translucent Plexiglass lids. One arm of the Y-maze (henceforth referred to as Shock Arm) was fitted with stainless steel walls and floor plates separated by a 1 cm gap in the floor through which a foot-shock can be administered and a removable wall that allows this arm to be isolated from the other arms. Visual cues were distinct between arms. Rats were habituated to the Y-maze for 5 min the day before CFC training to assess whether they have a natural aversion/preference to any of the arms. Animals were started in the Shock Arm during habituation and Time Spent per arm and the number of Arm Entries were scored. The day after habituation, animals experienced CFC in the isolated Shock Arm of a Y-maze as previously described (Vazdarjanova and McGaugh, 1998). After 3 min of acclimation, animals received two foot-shocks (1 mA ac, 1 s) delivered at 30-s intervals. Ninety seconds after the second foot-shock, the rats were removed from the Shock Arm and returned to their home cages. Number of crossings is scored as a measure of locomotor activity and defined as all four paws and the base of the tail crossing over the midline of the Shock Arm. The apparatus is cleaned with 10% ethanol between animals.



Avoidance fear extinction

The day after CFC, avoidance fear extinction was performed in the Y-maze as previously reported (Shanazz et al., 2022). Rats were reintroduced into one of the Safe Arms of the Y-maze (alternating arms each day) and allowed to explore all arms for 5 min per day for 4 consecutive days, without foot-shocks. Time Spent in each arm, and the Number of Arm Entries were scored. Avoidance Extinction is defined as more entries or more Time Spent in the Shock Arm over days of extinction. Freezing is not reported because we and others have shown that female rats tend to freeze very little during extinction (Mitchell et al., 2022; Shanazz et al., 2022).



Statistics

Unpaired two-tailed t-tests were used to compare Fake cat hair (FakeCH) and Cat Hair (CH) groups on Cat Hair measures, EPM, LDOF measures, Y-maze habituation measures, and behavior during CFC. Mixed-Design repeated measures-ANOVA with condition factor “Cat Hair” repeated factor “Time” was used to compare groups on Avoidance Extinction measures. Uncorrected Fisher’s LSD post hoc was used to compare Day 1 of Avoidance Extinction and Total Entries in the Y-maze to assess 24 h memory of the CFC training. Differences were considered statistically significant at p < 0.05. Graphs are reported with standard error of the mean. Data was analyzed with StatView (SAS Institute, Cary, NC, United States) and visualized with PRISM (GraphPad Prism version 8.0.0 for Windows, GraphPad Software, San Diego, CA, United States).




Results


Cat hair exposure is a mild stressor

Animals exposed to cat hair had fewer interactions with the stimulus [Figure 3C, two-sample t(10) = 2.243, p = 0.0488] and made fewer Entries into all quadrants of the box [Figure 3D, two-sample t(10) = 3.259, p = 0.0086] compared to fake cat hair exposed animals suggesting that exposure to cat hair is stressful. However, it is not a traumatic stressor the way foot-shock is (see Supplementary Figure 1).



Cat hair exposure increases anxiety-like behavior in the LDOF immediately after exposure

Prior to cat hair exposure, there were no differences between groups in and of the LDOF measures indicating that there were no inherent differences in anxiety [Distance moved: two-sample t(10) = 0.0850, p = 0.9340, %Time Spent in Center: two-sample t(10) = 0.3819, p = 0.7105, %Time Spent in the Dark/Light Perimeter: two-sample t(10) = 0.0364, p = 0.9717, Light Anxiety Index: two-sample t(10) = 0.1374, p = 0.8934, Open Space Anxiety Index: two-sample t(10) = 0.3567, p = 0.7288, and LDOF Anxiety Index: two-sample t(10) = 0.4500, p = 0.6625, Average shown as dashed lines on Figure 4 graphs].

Immediately after exposure, animals exposed to cat hair moved less in the LDOF compared to animals exposed to fake cat hair [Figure 4B, two-sample t(10) = 2.497, p = 0.0316]. Additionally, cat hair exposed animals spent less time in the Center of the LDOF [Figure 4C, two-sample t(10) = 2.807, p = 0.0186] but there was no difference in time spent in the Light or Dark Perimeter [Figures 4E,G, two-sample t(10) = 0.4650, p = 0.6519]. Reflective of this, Cat Hair exposed animals had more anxiety to open space as their Open Space Anxiety Index was greater than that of Fake Cat Hair exposed animals [Figure 4D, two-sample t(10) = 3.284, p = 0.0082] while there was no difference in their Light Anxiety Index [Figure 4F, two-sample t(10) = 0.5129, p = 0.6192]. The difference in their open space anxiety was great enough to generate a difference in the combined LDOF Anxiety Index [Figure 4H, two-sample t(10) = 2.366, p = 0.0396].



Cat hair exposure increases anxiety in the short term

One day after cat hair exposure we measured anxiety-like behavior on the EPM. Animals exposed to Cat Hair made fewer entries into the Open Arms [Figure 5B, two-sample t(10) = 3.003, p = 0.0133] indicating more anxiety-like behavior in these animals. In addition Cat hair exposed animals also had fewer Closed Arms entries [Figure 5C, two-sample t(10) = 3.804, p = 0.0035] indicating lower overall activity. Despite overall suppressed activity, Entries into the Open Arms were still proportionally lower in the Cat Hair group [Figure 5D, two-sample t(10) = 2.334, p = 0.0418] indicating that anxiety from the cat hair exposure persists for at least 24 h after exposure.



Anxiety-like behavior from cat hair exposure is diminished by day 4 in the LDOF

Four days after Cat Hair exposure, no differences were detectable between Cat Hair and Fake Cat Hair exposed animals in any of the measures of the LDOF [Figures 6A–G; A: two-sample t(10) = 1.284, p = 0.2282, B: two-sample t(10) = 1.011, p = 0.3357, C: two-sample t(10) = 1.247, p = 0.2407, D&F: two-sample t(10) = 0.7069, p = 0.4958, E: two-sample t(10) = 0.5993, p = 0.5623, and G: two-sample t(10) = 0.7325, p = 0.4807] indicating that the effect of cat hair exposure on anxiety measures persists for less than 4 days.
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FIGURE 6
 Anxiety-like behavior in the LDOF 4 days after cat hair exposure or fake cat hair exposure. (A) Distance moved over the session; (B) % Time spent in the center of the LDOF; (C) Open space anxiety index; (D) % Time spent in the light perimeter; (E) Light anxiety index; (F) % Time spent in the dark perimeter; (G) LDOF anxiety index (FakeCH: Fake cat hair; CH: Cat hair). Unpaired two-tailed t-tests. ns, not significant.




Novel exploration is disrupted in cat hair exposed animals in the long-term

Two weeks after cat hair exposure, rats were habituated to the Y-maze by allowing them to explore freely—a novel exploration event before foot shock. There was no difference between groups in Time Spent in either of the safe arms [Safe Arm 1: two-sample t(10) = 0.0391, p = 0.9697; Safe Arm 2: two-sample t(10) = 0.1701, p = 0.8687] or the Shock Arm [two-sample t(10) = 0.1277, p = 0.9012; Figure 1B] indicating that there was no natural aversion to the Shock Arm. Note that during habituation, rats were started in the Shock Arm. Therefore, more time spent in this arm compared to others is expected. Cat Hair exposed animals had significantly fewer Total Entries compared to Fake Cat Hair [Figure 1C, two-sample t(10) = 2.347, p = 0.0435] demonstrating that their exploratory movement was suppressed. This is corroborated by significantly fewer Crossings in the Cat Hair group when they are confined to the Shock Arm the next day before the foot-shock was delivered [Figure 1D, two-sample t(10) = 4.759, p = 0.0010].

Although time spent in each arm was not different, the presence of a difference in exploration suggests that behavior was disrupted even 2 weeks after cat hair exposure.



Cat hair exposure does not affect fear learning, but it does affect behavioral expression strategy after trauma

Despite differences in overall activity mentioned above, immediately after foot-shock, both Fake cat hair and Cat Hair exposed animals showed no difference in number of crossings in the shock arm [Figure 2A, two-sample t(10) = 1.108, p = 0.2967]. Likewise, on day 1 of Avoidance Extinction, groups were not different in Time Spent in the Shock Arm (Figure 2B; p = 0.5674) and Number of Shock Arm Entries (Figure 2D, p = 0.9065). These findings suggest that Cat Hair animals were able to learn fear conditioning and there was no impact on learning and expression of fear.

There was no effect of Cat Hair condition in Time Spent in the Shock Arm [Figure 2B; F(1,9) = 0.200, p = 0.6653, η2 = 0.068] and Number of Shock Arm Entries [Figure 2D; F(1,9) = 1.124, p = 0.3167, η2 = 0.152] indicating that both groups avoided the Shock Arm to a similar extent. Furthermore, there was an effect of Time on Time Spent in the Shock Arm [Figure 2B, F(3,27) = 8.078, p = 0.0005, η2 = 0.985] and Number of Shock Arm Entries [Figure 2D, F(3,27) = 9.112, p = 0.0002, η2 = 0.994] such that animals in both groups spent more time and made more entries in the Shock Arm over days of extinction. There was no interaction effect of Cat Hair condition × Time on Time Spent in the Shock Arm [F(3,27) = 0.272, p = 0.8452, η2 = 0.095] and on Number of Shock Arm Entries [F(3,27) =1.087, p = 0.3715, η2 = 0.254]. Combined, these findings suggest that both Cat Hair and Fake cat hair groups learned Avoidance Extinction/safety similarly well.

Although Cat Hair and Fake cat hair groups learned fear conditioning and fear extinction to the same extent (Figures 2B,D, Day 1), Cat Hair exposed animals made fewer entries over time and on Day 1 of extinction. There was an effect of Cat Hair condition on Total Entries [F(1,9) = 5.564, p = 0.0427, η2 = 0.553] as well as a significant difference on Day 1 (p = 0.0175) using post hoc tests. These findings suggests that cat hair exposure induced a long-term phenotypic difference. Despite this phenotypic difference, all animals had increased Total Entries over days of extinction as there was a main effect of Time on Total Entries [F(3,27) = 16.51, p < 0.0001, η2 = 1.000] with no Cat hair condition × Time interaction [F(3,27) = 1.116, p = 0.3599, η2 = 0.260]. Combined with the measures of extinction, these data suggest that cat hair exposed animals showed no deficits in learning but remained phenotypically different from controls 2 weeks after the mild stressor.




Discussion

Anxiety and related anxiety-influenced disorders are sexually dimorphic with women being disproportionately affected compared to men. Given the increased prevalence in women and the documented differences in anxiety and trauma behavior between male and female rats (Shanazz et al., 2022) this paper sought to examine the link between stress, anxiety, and fear learning and extinction in female Sprague–Dawley rats. We tested the hypothesis that a mild stressor will have short-and long-term increases in anxiety and produce long term effects on subsequent fear learning and extinction behavior. We induced anxiety with a short exposure to a ball of cat hair (mild stressor) that elicits innate fear but does not cause fear conditioning (Vazdarjanova et al., 2001; Nalloor et al., 2011). The control group was exposed to fake cat hair. We found that cat hair exposure, as a stressor, induces changes in anxiety-like behavior in the short-and long-term without affecting fear learning and extinction.

Varying degrees of predator exposure has been known to elicit anxiety-like and defensive behavior in rats (Blanchard et al., 1986, 1989; Blanchard and Blanchard, 1989; Adamec and Shallow, 1993; Dielenberg and McGregor, 2001; McGregor et al., 2004; Muñoz-Abellán et al., 2009; Hacquemand et al., 2013). We have previously shown that cat hair exposure is equally stressful to male and female rats but that female rats expressed anxiety differently compared to males and engaged in anxioescapic behavior compared to males (Shanazz et al., 2022). Here we report that cat hair exposure induced short-term anxiety-like behavior that persisted for less than 4 days. This was illustrated by two tasks: EPM and LDOF (Shanazz et al., 2021) where cat hair exposed animals expressed more anxiety to open space than to light compared to controls. The anxiety phenotype of cat hair exposed animals included less exploration of the LDOF. Notably, these differences were not present before cat hair exposure demonstrating that there were no pre-existing differences between groups. The anxiety phenotype lasted beyond the initial stress response as demonstrated by their behavior on the EPM 24 h later where cat hair exposed animals made fewer Open Arm entries and had suppressed exploration with lower total arm entries. These results corroborate findings in male rats that a stressor induces anxiety-like behavior in the short-term (Blanchard et al., 1986, 1989; Blanchard and Blanchard, 1989; Adamec and Shallow, 1993; Dielenberg and McGregor, 2001; McGregor et al., 2004; Muñoz-Abellán et al., 2009; Nalloor et al., 2011; Hacquemand et al., 2013).

The duration of the short-term effect of the stressor on anxiety-like behavior was limited to 4 days as there were no differences on the LDOF 4 days after exposure. EPM was not tested again because it is subject to learning effects, unlike the LDOF (Shanazz et al., 2021). This finding is corroborated by previously published data showing that female rats tended to make an average of seven open arm entries on the EPM 5 days after cat hair exposure (Shanazz et al., 2022) which is similar to the number of entries made by the Fake cat hair exposed animals the day after exposure (average = 7). Together, these findings suggest that by 4 days after exposure their anxiety-like behavior is similar to baseline.

Despite this apparent resolution of the anxiety-like behavior there were long-term effects of the mild stressor as illustrated by changes in exploratory behavior to a novel space that was not previously paired with an aversive stimulus. Specifically, the cat hair exposed group had suppressed total entries in the Y-maze. Both groups spent the same amount of time exploring all arms of the maze indicating that the fewer entries in the cat hair exposed group did not affect their ability to explore a novel place. Suppressed exploratory movement was again demonstrated during the habituation phase of CFC where they made fewer crossings in the blocked off shock arm of the Y-maze. This cannot be explained by the fact that this was their second exposure to the Shock Arm because fake cat hair exposed animals did not show suppressed exploratory movement. The suppression effect was exaggerated by the size of the exploration environment such that it was more evident in a smaller environment. Cat hair exposed animals explored less when confined to the Shock Arm (exploration was ~18% of controls) than the entire Y-maze (exploration was ~54% of controls). To our knowledge, this is the first demonstration of a long-term effect of a mild stressor in adult rats. One study with female rats found that exposure to predator odor in adolescence resulted in reduced social interactions in adulthood (Wright et al., 2013) which could have been driven by long term developmental changes in anxiety which is documented in rats (Avital and Richter-Levin, 2005).

Another long-term change induced by the mild stressor exposure is a phenotypic change that does not affect learning of fear association or fear extinction. The phenotypic difference was evident in overall activity in the Y-maze where cat hair exposed animals had significantly fewer total entries. This did not have an effect on learning and memory as there was no difference in avoidance extinction between cat hair and fake cat hair exposed animals. Combined, these data suggest that the mild stressor may be affecting some generalized anxiety-like behavior independent of learning of safety in the long-term. It may also suggest that cat hair exposure facilitates stronger generalization of fear to environments that were not paired with the foot-shock but were previously associated with the foot-shock paired context, i.e., the safe arms.

The existence of both short-and long-term effects on anxiety-like and exploratory behavior highlights an important consideration that the impact of stress, even a mild stressor, might have subtle impacts on behaviors of interest. It remains to be determined what the implications of these behavioral observations and their relationship with neuronal circuit function are. We have previously shown that male rats in a negative emotional state impacts the encoding of ongoing emotionally neutral events in the hippocampus (Dixon-Melvin et al., 2022). From a mechanistic perspective, it is possible that the long-term effects of the stressor on the rats have altered their state sufficiently such that when exploring a novel environment, they are perceiving it as more stressful than control rats and thus, although they appear to extinguish fear responses similarly to fake cat hair exposed animals, they are in fact having an entirely different experience. These effects have been previously demonstrated with trauma paradigms with only a week between the stressor and the foot-shock (Nalloor et al., 2011, 2014; Dixon-Melvin et al., 2022). In future experiments we will examine if these findings are sexually dimorphic.

Anxiety effects from predator stress exposure have been shown to have strain dependent effects (Cohen et al., 2006) such that Lewis rats tend to have more extreme anxiety-like responses compared to Sprague–Dawley. Moreover, it is known that stress enhances fear learning (Izquierdo et al., 2016). The lack of differences in learning of safety in the long-term in the current study may be an effect of strain and a prolonged period (2 weeks) between the mild stressor exposure and CFC testing. Additionally, the mild stressor was not of a traumatic nature as the parameters used in this experiment do not induce CFC comparable to foot-shock. This may also explain why there are no long-term effects on learning of safety. Therefore, a mild stressor exposure 2 weeks before a traumatic event does not necessarily have any effect on PTSD-like behavior in female Sprague–Dawley rats but it does generate phenotypic differences in how those previously stressed rats behave in a traumatic context.

Despite the above-mentioned limitations, this work has some implications for observations in humans. It is well documented that people in high stress situations, where they are likely to encounter traumatic events such as public safety and fire fighters (Carlier et al., 1998; Marmar et al., 2006; Pinto et al., 2015), military service (Bleich and Solomon, 2004; Berge et al., 2020), and other chaotic environments (Breslau et al., 1999; Gillespie et al., 2009; Shalev et al., 2019) have a higher probability of developing PTSD. While our findings do not directly indicate that PTSD-like behavior is exacerbated by the mild stressor exposure, their susceptibility status might be changed in the long-term by previous stress exposure as indicated by the existence of phenotypic differences due to cat hair exposure. A further stressor/traumatic event could result in PTSD-like behavior. Future studies will examine the effect of repeated mild stressor exposure on long-term anxiety-and PTSD-like behavior following a subsequent traumatic stressor. Nonetheless, our behavioral findings in these rats indicate that even a mild stressor has a long-term impact on behavioral interaction with the environment.

The current findings also suggest broader implications for research with animals with the caveat that this study was done in female rats. The subtle impact of the mild stressor on long term behavior highlights the importance of considering all conditions which may be stressful such as housing, handling, and sequence of behavioral testing as it may affect reproducibility.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The animal study was approved by Institutional Animal Care and Use Committee (IACUC) at the Charlie Norwood VA Medical Center (CNVAMC). The study was conducted in accordance with the local legislation and institutional requirements.



Author contributions

KS and AV wrote the manuscript with input from RN. KS, AV, and RN participated in the designing and running of experiments. KS performed behavioral testing and data acquisition. All authors contributed to the article and approved the submitted version.



Funding

This material is based upon work supported in part by the Department of Veterans Affairs, Veterans Health Administration, Office of Research and Development, Biomedical Laboratory Research and Development, I01BX001978 and I01BX003890.



Acknowledgments

The authors thank Rachael Dixon-Melvin for technical support and Madden James for comments on a previous version of the manuscript. The contents of this manuscript do not represent the views of the VA or the United States Government.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fnbeh.2023.1231563/full#supplementary-material



References

 Adamec, R. E., and Shallow, T. (1993). Lasting effects on rodent anxiety of a single exposure to a cat. Physiol. Behav. 54, 101–109. doi: 10.1016/0031-9384(93)90050-P 

 Al Omari, O., Al Sabei, S., Al Rawajfah, O., Abu Sharour, L., Aljohani, K., Alomari, K., et al. (2020). Prevalence and predictors of depression, anxiety, and stress among youth at the time of COVID-19: an online Cross-sectional multicountry study. Depress. Res. Treat. 2020:e8887727. doi: 10.1155/2020/8887727 

 Alexander, K. S., Nalloor, R., Bunting, K. M., and Vazdarjanova, A. (2020). Investigating individual pre-trauma susceptibility to a PTSD-like phenotype in animals. Front. Syst. Neurosci. 13:85. doi: 10.3389/fnsys.2019.00085 

 Alnazly, E., Khraisat, O. M., Al-Bashaireh, A. M., and Bryant, C. L. (2021). Anxiety, depression, stress, fear and social support during COVID-19 pandemic among Jordanian healthcare workers. PLoS One 16:e0247679. doi: 10.1371/journal.pone.0247679 

 American Psychiatric Association (2000). Diagnostic and Statistical Manual of Mental Disorders (DSM-4). 4th Edn. Arlington, VA: American Psychiatric Association.

 American Psychiatric Association (2013). Diagnostic and Statistical Manual of Mental Disorders (DSM-5®). Arlington, VA: American Psychiatric Pub.

 Avital, A., and Richter-Levin, G. (2005). Exposure to juvenile stress exacerbates the behavioural consequences of exposure to stress in the adult rat. Int. J. Neuropsychopharmacol. 8, 163–173. doi: 10.1017/S1461145704004808 

 Bandelow, B., and Michaelis, S. (2015). Epidemiology of anxiety disorders in the 21st century. Dialogues Clin. Neurosci. 17, 327–335. doi: 10.31887/DCNS.2015.17.3/bbandelow

 Bandelow, B., Michaelis, S., and Wedekind, D. (2017). Treatment of anxiety disorders. Dialogues Clin. Neurosci. 19, 93–107. doi: 10.31887/DCNS.2017.19.2/bbandelow 

 Bangasser, D. A., and Cuarenta, A. (2021). Sex differences in anxiety and depression: circuits and mechanisms. Nat. Rev. Neurosci. 22, 674–684. doi: 10.1038/s41583-021-00513-0 

 Berge, E. E., Hagen, R., and Øveraas Halvorsen, J. (2020). PTSD relapse in veterans of Iraq and Afghanistan: a systematic review. Mil. Psychol. 32, 300–312. doi: 10.1080/08995605.2020.1754123

 Blanchard, R., and Blanchard, C. D. (1989). Antipredator defensive behaviors in a visible burrow system. J. Comp. Psychol. 103, 70–82. doi: 10.1037/0735-7036.103.1.70 

 Blanchard, R., Blanchard, D. C., and Hori, K. (1989). “An ethoexperimental approach to the study of defense” in Ethoexperimental Approaches to the Study of Behavior. eds. R. J. Blanchard, P. F. Brain, D. C. Blanchard, and S. Parmigiani (New York, NY: Kluwer Academic Publishers), 114–136.

 Blanchard, R. J., Flannelly, K. J., and Blanchard, D. C. (1986). Defensive behavior of laboratory and wild Rattus norvegicus. J. Comp. Psychol. 100:2.

 Bleich, A., and Solomon, Z. (2004). Evaluation of psychiatric disability in PTSD of military origin. Isr. J. Psychiatry Relat. Sci. 41, 268–276.

 Breslau, N., Chilcoat, H. D., Kessler, R. C., Peterson, E. L., and Lucia, V. C. (1999). Vulnerability to assaultive violence: further specification of the sex difference in post-traumatic stress disorder. Psychol. Med. 29, 813–821. doi: 10.1017/S0033291799008612 

 Cameron, C. M., Purdie, D. M., Kliewer, E. V., and McClure, R. J. (2006). Mental health: a cause or consequence of injury? A population-based matched cohort study. BMC Public Health 6:114. doi: 10.1186/1471-2458-6-114 

 Carlier, I., Lamberts, R., Van Uchelen, A., and Gersons, B. (1998). Disaster-related post-traumatic stress in police officers: a field study of the impact of debriefing. Stress Medicine 14, 143–148. doi: 10.1002/(SICI)1099-1700(199807)14:3<143::AID-SMI770>3.0.CO;2-S

 Christiansen, D., and Elklit, A. (2012). “Sex differences in PTSD” in Post Traumatic Stress Disorders in a Global Context. ed. E. Ovuga (United Kingdom: InTechOpen)

 Cohen, H., Zohar, J., Gidron, Y., Matar, M. A., Belkind, D., Loewenthal, U., et al. (2006). Blunted HPA Axis response to stress influences susceptibility to posttraumatic stress response in rats. Biol. Psychiatry 59, 1208–1218. doi: 10.1016/j.biopsych.2005.12.003 

 Craske, M. G., Stein, M. B., Eley, T. C., Milad, M. R., Holmes, A., Rapee, R. M., et al. (2017). Anxiety disorders. Nat. Rev. Dis. Primers 3:24. doi: 10.1038/nrdp.2017.24

 Davis, M. (1990). Animal models of anxiety based on classical conditioning: the conditioned emotional response (CER) and the fear-potentiated startle effect. Pharmacol. Ther. 47, 147–165. doi: 10.1016/0163-7258(90)90084-F 

 Dielenberg, R. A., and McGregor, I. S. (2001). Defensive behavior in rats towards predatory odors: a review. Neurosci. Biobehav. Rev. 25, 597–609. doi: 10.1016/S0149-7634(01)00044-6 

 Dixon-Melvin, R., Shanazz, K., Nalloor, R., Bunting, K. M., and Vazdarjanova, A. (2022). Emotional state alters encoding of long-term spatial episodic memory. Neurobiol. Learn. Mem. 187:107562. doi: 10.1016/j.nlm.2021.107562 

 Gagne, C., Dayan, P., and Bishop, S. J. (2018). When planning to survive goes wrong: predicting the future and replaying the past in anxiety and PTSD. Curr. Opin. Behav. Sci. 24, 89–95. doi: 10.1016/j.cobeha.2018.03.013

 Gamwell, K., Nylocks, M., Cross, D., Bradley, B., Norrholm, S. D., and Jovanovic, T. (2015). Fear conditioned responses and PTSD symptoms in children: sex differences in fear-related symptoms. Dev. Psychobiol. 57, 799–808. doi: 10.1002/dev.21313 

 Gillespie, C. F., Bradley, B., Mercer, K., Smith, A. K., Conneely, K., Gapen, M., et al. (2009). Trauma exposure and stress-related disorders in inner city primary care patients. Gen. Hosp. Psychiatry 31, 505–514. doi: 10.1016/j.genhosppsych.2009.05.003 

 Gonzalez, L. E., and File, S. E. (1997). A five minute experience in the elevated plus-maze alters the state of the benzodiazepine receptor in the dorsal raphe nucleus. J. Neurosci. 17, 1505–1511. doi: 10.1523/JNEUROSCI.17-04-01505.1997 

 Hacquemand, R., Choffat, N., Jacquot, L., and Brand, G. (2013). Comparison between low doses of TMT and cat odor exposure in anxiety-and fear-related behaviors in mice. Behav. Brain Res. 238, 227–231. doi: 10.1016/j.bbr.2012.10.014 

 Hogg, S. (1996). A review of the validity and variability of the elevated plus-maze as an animal model of anxiety. Pharmacol. Biochem. Behav. 54, 21–30. doi: 10.1016/0091-3057(95)02126-4 

 Izquierdo, I., Furini, C. R. G., and Myskiw, J. C. (2016). Fear memory. Physiol. Rev. 96, 695–750. doi: 10.1152/physrev.00018.2015

 Jalnapurkar, I., Allen, M., and Pigott, T. (2018). Sex differences in anxiety disorders: a review. J Psychiatry Depress. Anxiety 4:012. doi: 10.24966/PDA-0150/100012

 Kamal, N. M., and Othman, N. (2020). Depression, anxiety, and stress in the time of COVID-19 pandemic in Kurdistan region, Iraq. Kurdistan J. Appl. Res. 37–44, 37–44. doi: 10.24017/covid.5

 Kessler, R. C., and Greenberg, P. E. (2002). Chapter 67 in Neuropsychopharmacology the 5th Generation of Progress, in American College of Neuropsychopharmacology. eds. K. L. Davis, D. Charney, J. T. Coyle, and C. Nemeroff Lippincott Philadelphia, PA: Williams & Wilkins (pub), 981–992.

 Kessler, R. C., Sonnega, A., Bromet, E., Hughes, M., and Nelson, C. B. (1995). Posttraumatic stress disorder in the National Comorbidity Survey. Arch. Gen. Psychiatry 52:1048. doi: 10.1001/archpsyc.1995.03950240066012

 Korte, S. M., De Boer, S. F., and Bohus, B. (1999). Fear-potentiation in the elevated plus-maze test depends on stressor controllability and fear conditioning. Stress 3, 27–40. doi: 10.3109/10253899909001110 

 Lakhan, R., Agrawal, A., and Sharma, M. (2020). Prevalence of depression, anxiety, and stress during COVID-19 pandemic. J. Neurosci. Rural Pract. 11, 519–525. doi: 10.1055/s-0040-1716442 

 Li, A. W., and Goldsmith, C.-A. W. (2012). The effects of yoga on anxiety and stress. Altern. Med. Rev. 17, 21–35.

 Maeng, L. Y., and Milad, M. R. (2015). Sex differences in anxiety disorders: interactions between fear, stress, and gonadal hormones. Horm. Behav. 76, 106–117. doi: 10.1016/j.yhbeh.2015.04.002 

 Marmar, C. R., McCaslin, S. E., Metzler, T. J., Best, S., Weiss, D. S., Fagan, J., et al. (2006). Predictors of posttraumatic stress in police and other first responders. Ann. N. Y. Acad. Sci. 1071, 1–18. doi: 10.1196/annals.1364.001 

 Mason, S., Wardrope, J., Turpin, G., and Rowlands, A. (2002). The psychological burden of injury: an 18 month prospective cohort study. Emerg. Med. J. 19, 400–404. doi: 10.1136/emj.19.5.400 

 McGregor, I. S., Hargreaves, G. A., Apfelbach, R., and Hunt, G. E. (2004). Neural correlates of cat odor-induced anxiety in rats: region-specific effects of the benzodiazepine midazolam. J. Neurosci. 24, 4134–4144. doi: 10.1523/JNEUROSCI.0187-04.2004 

 Mechiel Korte, S., and De Boer, S. F. (2003). A robust animal model of state anxiety: fear-potentiated behaviour in the elevated plus-maze. Eur. J. Pharmacol. 463, 163–175. doi: 10.1016/S0014-2999(03)01279-2 

 Mitchell, J. R., Trettel, S. G., Li, A. J., Wasielewski, S., Huckleberry, K. A., Fanikos, M., et al. (2022). Darting across space and time: parametric modulators of sex-biased conditioned fear responses. BioRxiv [Preprint]. doi: 10.1101/2021.06.30.450556

 Muñoz-Abellán, C., Daviu, N., Rabasa, C., Nadal, R., and Armario, A. (2009). Cat odor causes long-lasting contextual fear conditioning and increased pituitary-adrenal activation, without modifying anxiety. Horm. Behav. 56, 465–471. doi: 10.1016/j.yhbeh.2009.08.002 

 Nalloor, R., Bunting, K., and Vazdarjanova, A. (2011). Predicting impaired extinction of traumatic memory and elevated startle. PLoS One 6:e19760. doi: 10.1371/journal.pone.0019760 

 Nalloor, R., Bunting, K. M., and Vazdarjanova, A. (2014). Altered hippocampal function before emotional trauma in rats susceptible to PTSD-like behaviors. Neurobiol. Learn. Mem. 112, 158–167. doi: 10.1016/j.nlm.2014.02.006 

 Pellow, S., Chopin, P., File, S. E., and Briley, M. (1985). Validation of open: closed arm entries in an elevated plus-maze as a measure of anxiety in the rat. J. Neurosci. Methods 14, 149–167. doi: 10.1016/0165-0270(85)90031-7

 Pinto, R. J., Henriques, S. P., Jongenelen, I., Carvalho, C., and Maia, Â. C. (2015). The strongest correlates of PTSD for firefighters: number, Recency, frequency, or perceived threat of traumatic events? J. Trauma. Stress. 28, 434–440. doi: 10.1002/jts.22035

 Ramos, A., Berton, O., Mormède, P., and Chaouloff, F. (1997). A multiple-test study of anxiety-related behaviours in six inbred rat strains. Behav. Brain Res. 85, 57–69. doi: 10.1016/S0166-4328(96)00164-7 

 Sareen, J. (2014). Posttraumatic stress disorder in adults: impact, comorbidity, risk factors, and treatment. Can. J. Psychiatr. 59, 460–467. doi: 10.1177/070674371405900902 

 Saviola, F., Pappaianni, E., Monti, A., Grecucci, A., Jovicich, J., and De Pisapia, N. (2020). Trait and state anxiety are mapped differently in the human brain. Sci. Rep. 10:11112. doi: 10.1038/s41598-020-68008-z 

 Shah, S. M. A., Mohammad, D., Qureshi, M. F. H., Abbas, M. Z., and Aleem, S. (2021). Prevalence, psychological responses and associated correlates of depression, anxiety and stress in a global population, during the coronavirus disease (COVID-19) pandemic. Community Ment. Health J. 57, 101–110. doi: 10.1007/s10597-020-00728-y 

 Shalev, A. Y., Gevonden, M., Ratanatharathorn, A., Laska, E., van der Mei, W. F., Qi, W., et al. (2019). Estimating the risk of PTSD in recent trauma survivors: results of the international consortium to predict PTSD (ICPP). World Psychiatry 18, 77–87. doi: 10.1002/wps.20608 

 Shamsuddin, K., Fadzil, F., Ismail, W. S. W., Shah, S. A., Omar, K., Muhammad, N. A., et al. (2013). Correlates of depression, anxiety and stress among Malaysian university students. Asian J. Psychiatr. 6, 318–323. doi: 10.1016/j.ajp.2013.01.014 

 Shanazz, K., Dixon-Melvin, R., Bunting, K. M., Nalloor, R., and Vazdarjanova, A. I. (2021). Light-dark open field (LDOF): a novel task for sensitive assessment of anxiety. J. Neurosci. Methods 363:109325. doi: 10.1016/j.jneumeth.2021.109325 

 Shanazz, K., Dixon-Melvin, R., Nalloor, R., Thumar, R., and Vazdarjanova, A. I. (2022). Sex differences in avoidance extinction after contextual fear conditioning: Anxioescapic behavior in female rats. Neuroscience 497, 146–156. doi: 10.1016/j.neuroscience.2022.06.031 

 Spinhoven, P., Penninx, B. W., van Hemert, A. M., de Rooij, M., and Elzinga, B. M. (2014). Comorbidity of PTSD in anxiety and depressive disorders: prevalence and shared risk factors. Child Abuse Negl. 38, 1320–1330. doi: 10.1016/j.chiabu.2014.01.017 

 Steimer, T. (2011). Animal models of anxiety disorders in rats and mice: some conceptual issues. Dialogues Clin. Neurosci. 13, 495–506. doi: 10.31887/DCNS.2011.13.4/tsteimer

 Vazdarjanova, A., Cahill, L., and McGaugh, J. L. (2001). Disrupting basolateral amygdala function impairs unconditioned freezing and avoidance in rats. Eur. J. Neurosci. 14, 709–718. doi: 10.1046/j.0953-816x.2001.01696.x 

 Vazdarjanova, A., and McGaugh, J. L. (1998). Basolateral amygdala infusions of lidocaine disrupt both acquisition and consolidation of memory for contextual fear conditioning. Soc. Neurosci. Abstr. 24, 15003–15007.

 Wright, L. D., Muir, K. E., and Perrot, T. S. (2013). Stress responses of adolescent male and female rats exposed repeatedly to cat odor stimuli, and long-term enhancement of adult defensive behaviors. Dev. Psychobiol. 55, 551–567. doi: 10.1002/dev.21060 



OPS/xhtml/Nav.xhtml




Contents





		Cover



		A mild stressor induces short-term anxiety and long-term phenotypic changes in trauma-related behavior in female rats



		Background



		Methods



		Animal handling



		Behavioral tests



		Experimental design



		Light–dark open field



		Cat hair exposure



		Elevated plus maze



		Contextual fear conditioning training



		Avoidance fear extinction



		Statistics









		Results



		Cat hair exposure is a mild stressor



		Cat hair exposure increases anxiety-like behavior in the LDOF immediately after exposure



		Cat hair exposure increases anxiety in the short term



		Anxiety-like behavior from cat hair exposure is diminished by day 4 in the LDOF



		Novel exploration is disrupted in cat hair exposed animals in the long-term



		Cat hair exposure does not affect fear learning, but it does affect behavioral expression strategy after trauma









		Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		References



















OPS/images/cover.jpg
@ frontiers | Frontiers in Behavioral Neuroscience

A mild stressor induces short-term
anxiety and long-term phenotypic
changes in trauma-related
behavior in female rats












OPS/images/crossmark.jpg
(®) Check for updates







OPS/images/logo.jpg
& frontiers | Frontiers in Behavioral Neuroscience






OPS/images/fnbeh-17-1231563-g002.jpg
‘Y-maze Avoidance Extinction

A B
Crossings in Shock Arm Time Spent In Shock Am
immediately after Foot-Shock
- FalaCH
15 -
- ns
£
g 1.0 . i e,
5 t
2 E
8os *
E
5
z [
0.0
FakeCH CcH
1 2 3
Days
c D
Total Entries ;3 Entries In 8hock Arm
w—— Py
_ e —
*: +
"
g™ 3
- {
i u
5 s 52
£ i
5 H H
z , 2,
2
1 2 3 4 1 2 3





OPS/images/fnbeh-17-1231563-g003.jpg
1D | stressor (Cat

Hair) + LDOF 2

4D 9D | v-Maze
LDOF 3 —
Habituation

| Avoidance
Extinction (4 Days)

2 weeks

Interactions with Cat Hair

*
A

Number of Interactions

FakeCH CH

D
Quadrant Entries in Box

50 *k

40

30

20

10

Number of Entries

FakeCH CH





OPS/images/fnbeh-17-1231563-e003.jpg
:%Time in Center

o Time in Dark Perimeter





OPS/images/fnbeh-17-1231563-g001.jpg
B Time Spent in Y-Maze
Safe Arm 1 1007 mm Fake CH

E

Shock Arm t;xx'
? g

H E

3

Shack Arm Safe Amn 1 Safe Am 2
Safe Arm 2
D Crossings in Shock Arm
Total Entries in Y-Maze before Foot-Shock

Number of Entries
Number of Crossings

FakeCH CH FakeCH cH





OPS/images/fnbeh-17-1231563-g006.jpg
Distance Moved

10000-

g g

Distance {cm)
a
H

2000

Fake CH CH

Light Perimeter

FakeCH CH

Open Space Anxiety Index

Fake CH CH

Light Anxisty Index

100+
204
2 60
=
R 40
20
o =10 T T
Fake CH CH Fake CH cH
e LDOF Anxisty Index
Dark Perimeter
ns
100+ 10 . o3
0 X
=
2 o Soe
1=
£ .
204 02






OPS/images/fnbeh-17-1231563-g004.jpg
% Tima

% Time

% Time

Dark Perimter

Light Perimeter

Fake CH

Light Perimeter

Index Unit

Distance (cm}

Distance Moved

10000
8000-]
6000
4000-]

2000

FakeCH CH

Open Space Anxiety Index

Fake CH CH

Light Anxiety Index

100
30
60 £
ns %
404 [ 2
e 0.5
1.0 T *
Fake CH cH Fake CH cH
Dark Perimeter LDOF Anxiety Index
ns *
100 . 10
30 08
60+ H 5 os
= x
5
of .. . 204
20 02
o 00

Eake CH






OPS/images/fnbeh-17-1231563-g005.jpg
Open Arm Closed Arm Open Arm Entries/

Entries Total Entries
*

-

*x

Closed Arm "
oo

8

Percentage (%)

Number of Entries

Number of Entries

FakeCH CH FakeCH CH FakeCH CH






OPS/images/fnbeh-17-1231563-e001.jpg
Y%Time in Light Perimeter

% Time in Dark Perimeter





OPS/images/fnbeh-17-1231563-e002.jpg
g %Time in Center

%Time in Light Perimeter





