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Abstract
Anxiety disorders can impair cognition and emotional control, particularly in the face of novel
situations, which is concerning due to the high prevalence of such diagnoses. Exposure to
unpredictable chronic stress can provide a way to induce anxiety-like behaviors in rodents by
disrupting the stress response systems, including the HPA axis and autonomic nervous system.
Pharmacological treatments, including SNRIs like venlafaxine, and voluntary exercise are both
anxiolytic treatments that can alleviate the impacts of chronic stress. Using unpredictable chronic
stress to mimic the human condition, and exposure to venlafaxine and exercise to mitigate the
stress, the open field and elevated plus maze were used to assess anxious-like behaviors in
Sprague-Dawley rats. It was hypothesized that chronic stress administration would induce
anxious-like behaviors in the rodents and that implementing venlafaxine, exercise, or both would
decrease anxiety behaviors. Chronic stress did cause an increase in anxious behaviors measured
by the open field and elevated plus maze, supporting the effectiveness of unpredictable chronic
stress as an anxiogenic. However, neither pharmacological nor non-pharmacological treatments
decreased anxious-like behaviors when administered independently or in combination. Although
the effects of treatment type were not found to be significant, it is important to consider various
treatment options to best help anxiety symptoms in individuals, as anxiety is pervasive, can be

debilitating, and more effective treatments are needed to help.



Introduction
Anxiety

Anxiety is a prevalent psychological diagnosis, with an estimated 31.1% of adults in the
United States having some type of anxiety disorder in their lifetime (Kessler et al., 2005). It can
present in many types of anxiety-related disorders, including generalized anxiety disorder, social
anxiety disorder, panic disorder, posttraumatic stress disorder (PTSD), obsessive compulsive
disorder, and phobias (American Psychiatric Association, 2013). It is also common for anxiety to
present with another disorder, like depression or ADHD (Kompagne et al., 2008; Tsai et al.,
2017). Of patients diagnosed with depression, 85-90% also had a comorbid anxiety disorder
diagnosis (Tiller, 2013). Commonly, anxiety is associated with high levels of fear or an abnormal
fear response (Etkin & Wager, 2007). Anxiety can impair areas such as the social and economic
wellbeing of the person it is affecting. Due to the disruptions that anxiety disorders can cause, it
is vitally important to know how to treat these disorders and assist in mitigating the negative
effects that anxiety may promote.

One specific anxiety disorder is generalized anxiety disorder (GAD). GAD is the most
common anxiety disorder and one of the most prevalent disorders overall. This anxiety disorder
has common symptoms, including excessive anxiety and worry that are difficult to control and
potentially creates feelings of restlessness, fatigue, concentration issues, irritability, tension, or
sleep issues (American Psychiatric Association, 2013). GAD has been involved with
impairments in cognitive functions like learning, attention, and memory, while specific brain
regions associated with cognitive processes have changed in people with GAD (Mantella et al.,
2007; Paulesu et al., 2009). In particular, an overly strong response to any anticipatory cue, either

negative or neutral was observed in the amygdala of patients with GAD compared to patients



without GAD (Nitschke et al., 2009). Similarly, GAD is highly comorbid with depression,
showing that anxiety is often a precursor for depression (Gorman, 2002). GAD significantly
impacts cognitive and behavioral functioning of patients with the disorder.

Other common anxiety disorders include PTSD and social anxiety disorders that can also
significantly impact daily functioning. Common symptoms of PTSD include hypervigilance and
hyperarousal, dissociation, emotional numbing, and flashbacks or nightmares (Etkin & Wager,
2007). The amygdala has been highly linked with the expression of fear in patients diagnosed
with PTSD. With the increase in amygdala activation, there is an increase in both fear response
and the intensity of other PTSD symptoms (Shin et al., 2006). In contrast, the involvement of
regions of the medial prefrontal cortex (mPFC) were observed to decrease in patients presenting
with PTSD (Etkin & Wager, 2007). With less mPFC activation, there is less ability to inhibit the
hypervigilance and hyperarousal that come with PTSD, as well as a decrease in conscious
decision making. Social anxiety is characterized by avoidance of social situations due to fear of
negative perceptions (Michopoulos et al., 2016). Similar to PTSD, there is an observed increase
in the activation of the amygdala, but there was no observed decrease in the activity of the mPFC
with social anxiety.

Development of an anxiety disorder is highly linked with genetic and environmental
factors. Genetic factors may include a family history of anxiety or depressive disorders (Smoller,
2015). When a parent or family member has been diagnosed with anxiety or depressive
disorders, the individual themselves are at a higher risk for being diagnosed with an affective
disorder. Heritability for anxiety disorders has been estimated at 26% for a lifetime prevalence
(Purves et al., 2020). Other research has been able to show that humans are evolutionarily

predisposed to viewing the world negatively (Todd et al., 2013). Due to our evolutionary need



for survival, humans needed to be able to focus on the negative in order to remain safe and
healthy. This creates higher rates of anxiety as well as other affective disorders, like depression,
due to evolutionary factors and past need for survival. Another way for anxiety to develop are
environmental stressors, like early life stressors or exposure to negative stimuli into adulthood.
Long-term stress exposure also poses a risk for establishing anxiety disorders (Faravelli et al.,
2012).

Typically, anxiety is a reaction to stressful situations or unpredictable threats; it can be a
beneficial reaction in some situations. For instance, when an animal is exposed to a threat, a
rapid response is necessary for survival. Fear has allowed for an adaptive and beneficial
response, preparing the animal for responding to threats efficiently (Kalin & Shelton, 1989).
Acute stressors can generate a fear response that helps the species remain aware and adequately
react to situations. There can be an evolutionary benefit to short-term stress exposure and the
resulting fear that it creates. While acute stressors are applied for only a short time frame, there
are also long-term stressors that can prolong the fear response leading to the development of
anxiety. When the stressor is applied over a longer time period, there is no longer the same
evolutionary benefit of a fear response. Instead, long-term, or chronic, stressors can lead to
maladaptive responses and potentially anxiety related disorders.

Involvement of the autonomic nervous system is one of the primary ways that an
individual can respond to physiological or psychological stressors. Activation of the
sympathetic-adreno-medullar pathway (SAM) via stress provides the individual with a rapid
response, increasing awareness and vigilance. One of the primary neurotransmitters secreted
during SAM activation is norepinephrine. This neurotransmitter is highly involved with feelings

of alertness and through the SAM system, is able to impact the autonomic nervous system



activity throughout the body. In response to stress, the sympathetic nervous system dominates
inducing signaling pathways that alter cardiovascular processing along with rates of digestion
(Godoy et al., 2018). The increase in norepinephrine increases attention, alarm, and excitation
through changes to autonomic nervous system activation.

Another way the brain responds to stressors and generates an anxiety response is through
the hypothalamic pituitary adrenal (HPA) axis. When exposed to stress, either acute or chronic
stress, the HPA axis is activated, causing the release of corticotrophin-releasing hormone (CRH)
and adrenocorticotropic hormone (ACTH), inducing release of corticoids. Involvement of the
HPA axis has been implicated in many affective disorders, including anxiety and depression
(Liston et al., 2006). For an acute stressor applied for a brief period of time, the HPA axis will
become activated and the secretion of CRH and ACTH will occur. Once the stressor is removed,
the HPA axis will shut off, which will shut down the production of corticoids. This will cause the
autonomic nervous system to switch between the sympathetic nervous system activation, that is
involved in the fight-or-flight stressful levels, to the parasympathetic nervous system, linked to
the slowing, rest and digest stage of activity. The HPA is able to self-regulate via a negative
feedback system to return to its baseline activity (Stephens & Wand, 2012). The negative
feedback can be observed in the hypothalamus as it detects the rise in the glucocorticoids and
thereby decreases its output of CRH. This will then decrease the levels of glucocorticoids in the
system (Figure 1). The negative feedback mechanism provides an effective, rapid way of
returning the system back to normal levels following a stressful event.

Figure 1
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Note. Activation of the HPA axis causes the release of corticotropin releasing hormone (CRH,
labeled as CRF) that will affect the pituitary causing the release of adrenocorticotropic hormone
(ACTH).This hormone goes on to influence the adrenal cortex, which then releases
glucocorticoids. The glucocorticoids can help to feedback into the system, thereby shutting
down the production of CRH and ACTH, which decreases the stress response. Adapted from
(Liyanarachchi et al., 2017).

However, when a stressor is applied chronically, the system becomes overly activated
disrupting the balance between specific brain areas. The hypothalamus will overproduce CRH,
and the adrenal gland will overproduce glucocorticoids. This will disrupt the balance between the
amygdala, hippocampus, and prefrontal cortex (PFC). The amygdala is associated with negative
emotional states and habitual learning, whereas the hippocampus is responsible for memory and
cognitive learning. The PFC is responsible for decision-making and executive functions, like

attention, planning and control. Normally, the brain will rely on the hippocampus for
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consolidation and retrieval of memories, and the amygdala will play a minor role. However,
when anxiety is present the roles are reversed: the amygdala dominates learning, and the
hippocampus activity is minimized. This is seen in the decrease in dendritic density in the
hippocampus after repeated stressful events (Davis & Whalen, 2001). Specifically,
glucocorticoids that are generated in response to stress have been linked to a decrease in
plasticity in specific brain regions, like the hippocampus and the dendritic connections in the
hippocampus. While the hippocampal activity is decreased, the amygdala activation is
strengthened (Vyas et al., 2002). This shifts the way that learning and memory occur in the brain.
A cycle is readily developed that is hard to break as negative emotions and memories are more
readily available, creating more stress, continuing the hyperactivation of the amygdala (Stephens
& Wand, 2012). Without the negative feedback mechanism to shut down the HPA axis, the stress
response is able to continually grow. The chronic exposure to stress also continuously initiates
amygdala activation over the hippocampus or PFC. This means that the regular mechanisms for
higher level cognitive processes, like learning and memory, are functioning differently than
before. The stress system is no longer serving an adaptive response and instead is generating
negative consequences to cognitive functioning.

The effects of long-term stress that induces anxiety are widespread in various brain
regions due to involvement of hormones and secondary messengers. One primary stress hormone
secreted by the hypothalamus is corticotropin-releasing hormone (CRH), that results in the
production and release of glucocorticoids from the adrenal gland. Usually, these hormones are
able to rapidly increase production during a stressful event over the course of a several minutes,
causing activation of the sympathetic nervous system responses by decreasing metabolism and

digestion, and increasing cardiovascular rates. Long term exposure to glucocorticoids has been
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linked to a decrease in plasticity in the brain and decreased dendritic composition in the
hippocampus, which impairs learning and memory (Bondi et al., 2008). CRH is also a major
regulator of endorphins found in the hypothalamus, brainstem, and limbic systems (Owens et al.,
1993). Endorphins help to regulate pain perception and mood, specifically generating pleasant
feelings. CRH and endorphin production that are upregulated during a stressful event through the
HPA axis are able to increase sympathetic nervous system activation and decrease the perception
of pain, along with various diverse effects throughout the body.

Due to the activation of proteins and secondary messengers, the HPA axis activation can
alter synaptic communication, generate intracellular changes, and influence cognitive processes.
Brain derived neurotropic factor (BDNF) and cyclic AMP (cCAMP) are impacted by an increase
in the response from the HPA axis due to stress. BDNF is a neurotrophin that has been linked
with the protection of the central nervous system, with high levels in the hippocampus and
cerebral cortex (Murakami et al., 2005). This means that BDNF ensures that neurons are healthy,
growing properly, and works to maintain the cell as needed. BDNF activates intracellular
processes, including extracellular signal-regulated kinase, as well as influencing neuronal
survival and synaptic plasticity (Huang & Reichardt, 2001). With acute or chronic stress, BDNF
levels decrease, decreasing the protection to the hippocampus, impacting the learning and
memory systems in the brain (Radecki et al., 2005). BDNF levels were shown to decrease in the
PFC following exposure to chronic stress and repeated activation of the HPA axis (Chen et al.,
2008). Cyclic AMP levels were observed to decrease in the hippocampus when stress was
applied (Nair & Vaidya, 2006). The secondary molecule is highly involved in changes in
neurotransmitter concentrations, receptor concentrations, or cellular processing that happens as a

result of receptor activation. CAMP is able to upregulate many intracellular processes, which
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have significant and widespread effects on neurons throughout the nervous system. The HPA
axis is associated with the increased levels of corticosterone, decreased levels of BDNF, and
decreased CAMP responsiveness (Song et al., 2006). Because of the decrease in BDNF and
CAMP, stress can negatively impact learning and memory as well as cellular processing.

Similarly, anxiety linked with stress has been shown to decrease the activation of the
medial prefrontal cortex (mPFC). The PFC is involved in higher level processing, like executive
decision making and control of actions. When chronic stress is present, the PFC has been shown
to decrease its activation. A decrease of function of the PFC in chronic stress was observed with
lessened dendritic mass by 20% in chronically stressed rodents (Bondi et al., 2008; Liston et al.,
2006). Attention shifting and decision-making capabilities thereby decrease, which negatively
impacts the anxious human or rodent. Cognitive functioning in the prefrontal cortex decreases in
patients with anxiety and depressive disorders. With stress-induced anxiety, abilities, and
performance of the PFC, specifically the mPFC, is significantly decreased. This impacts the
ability for higher level cognitive functioning to occur.

The activation of the stress system and the hypothalamic pituitary adrenal (HPA) axis are
related to the neurotransmitter serotonin (Lapmanee et al., 2013). When cortisol levels in humans
or corticosterone levels in rodents are raised in response to stress, the serotonin response is
affected in most hypothalamic nuclei. The serotonin neurotransmitter has a higher concentration
of 5-HT> receptors to bind to in the post-synaptic cell but less 5-HT1a receptors (Barden, 2004).
The 5-HT1a receptor is an autoreceptor on the pre-synaptic neuron that will downregulate the
amount of serotonin released into the synapse when there is a certain level of serotonin present.
In the presence of stress, the 5-HT1a prevent the release of serotonin by inhibiting the pre-

synaptic cell (Celada et al., 2013). This restricts the amount of serotonin present in the brain and
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contributes to symptoms associated with anxiety. When functioning of the 5-HT1a autoreceptor
was measured in mice, mice with fewer receptors present were more resilient to stress and more
responsive to different pharmacological treatments (Yohn et al., 2017). On the post-synaptic cell,
the 5-HT1a has potential to negatively impact memory encoding, but not memory consolidation.
It also reduces the activity of adenylyl cyclase and cCAMP, which decreases neuronal excitability
(Stiedl et al., 2015). Stress that decreases the levels of serotonin coming from pre-synaptic cells
and signaling pathways present in post-synaptic cells that will restrict the communication
between neurons and generate an anxiety response. Meanwhile, the activity of 5-HT> receptors is
highly linked with CRH release inducing a fear and anxiety response. These receptor types for
serotonin are affected by the stress response while also inducing some of the impacts of chronic
stressors.

Another primary neurotransmitter involved in the HPA axis neuronal response is
norepinephrine. Norepinephrine (NE) helps to activate the responses of the HPA axis. When an
acute stressor is applied, the release of NE increases which has been linked with an increase in
the anxiety behaviors. It increases the amount of corticotropin-releasing hormone (CRH) and
acts to signal other neurotransmitters, like GABA and glutamate, in the presence of HPA
activation (Levy & Tasker, 2012; Morilak et al., 2005). The increase in the release and
subsequent receptor binding of norepinephrine creates the fight or flight response typical of the
sympathetic nervous system activation (Guilliams and Edwards, 2010). Norepinephrine increases
in response to stress and, as a result, affects the other hormones released and activates the

sympathetic nervous system.
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Pharmacological Treatments

Many pharmacological treatment methods have been used to help treat anxiety or other
closely related affective disorders. One commonly prescribed treatment method is
benzodiazepines, which are a class of pharmacological agents that impact neurotransmitters,
specifically gamma-aminobutyric (GABA) (Roy-Byrne, 2005; Olfson et al., 2015). This helps
improve symptoms of anxiety disorders and sleep problems. However, benzodiazepines are not
without issues, sometimes leading to a dependence and misuse of the drug (O’Brien, 2005). The
medically related visits due to benzodiazepine usage increased to 7.4% in 2015 from 4.4% in
2010, showing that more individuals were receiving benzodiazepines, using them for a longer
period of time, and displaying negative implications of the drug (Agarwal & Landon, 2019).
While benzodiazepines have provided an option to decrease anxious behaviors, they also come
with risks that can be avoided with other pharmacological agents.

An alternative treatment to benzodiazepines is antidepressants, in particular tricyclics.
Tricyclics are able to function by increasing levels of the neurotransmitters serotonin and
norepinephrine by blocking reuptake from the synapse. This makes both neurotransmitters
remain in the synapse for a longer period of time, meaning they can have more effects on the
post-synaptic neuron (Moraczewski & Aedma, 2020). Administration of tricyclic antidepressants
has been able to show an impact in decreasing the stress related response in rodent models
(Prevot et al., 2019; Song et al., 2006). Tricyclics have proven effective when used for anxiety.
However, this drug is able to influence serotonin and norepinephrine to variable rates depending
on the type of tricyclic administered, but it lacks specificity to just one neurotransmitter. Because
of this, it has been shown to have consistent negative side effects, including dizziness (Trindade

et al., 1998), changes in appetite and weight (David & Gourion, 2016), and cardiovascular issues
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(Fanoe et al., 2014). Even though tricyclics are able to decrease anxiety effectively, the lack of
specificity and multiple adverse effects encourages the use of other pharmacological agents to
treat anxiety.

A better tolerated pharmacological treatment are selective reuptake inhibitors, either
serotonin or norepinephrine, or both. Typically, these are referred to as selective serotonin
reuptake inhibitors (SSRI) or selective norepinephrine reuptake inhibitors (SNRI). SSRIs and
SNRIS specifically block the reuptake of the neurotransmitter by the presynaptic neuron, which
again means the neurotransmitter lasts longer in the synapse and can have more of an effect on
its receptors. SSRIs will increase the levels of serotonin most directly and SNRIs will increase
norepinephrine. SSRIs and SNRIs are regularly used to treat anxiety and depression (Bandelow
et al., 2015; He et al., 2019; Kornstein et al., 2010). For both humans and rodent models, the
SSRI or SNRI needs time in order to be effective. At minimum, it takes two weeks, but can take
up to six weeks for the drug to properly impact the neuronal physiology in humans (Bandelow et
al., 2017). For a rodent model, short-term administration can actually result in an enhancement of
anxiety as well as less consistent and reliable decreases in anxious behaviors in various
behavioral tests (Borsini et al., 2002; Rodgers et al., 1997). In human patients diagnosed with
anxiety, SSRIs and SNRIs have both been readily prescribed for anxiety and have been shown to
improve symptoms of anxiety (Hillhouse & Porter, 2015). SSRIs and SNRIs have been an
effective treatment strategy for anxiety. Specifically, increasing the concentrations of serotonin
or norepinephrine in the synapse provides a direct effect on neurotransmitters that are highly
involved with anxiety and the HPA axis activation. By increasing specified neurotransmitters,
the behavioral impacts of anxiety are less prevalent, making the symptoms of anxiety less

impactful.
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In human and rodent models, SSRIs have been shown to be an effective treatment
method for anxiety. SSRIs and SNRIs are one of the primary pharmacological treatment methods
commonly prescribed for anxiety in humans. While originally intended for alleviating symptoms
of depression, these drugs work well with anxiety as the two disorders are often comorbid. For a
rodent model, when measured by various anxiety behavioral tasks, SSRIs generally produced an
anxiolytic effect (Borsini et al., 2002). When various chronic stressors were administered to
rodents, SSRIs consistently abolished the impacts of the anxiety caused by stress (Leveleki et al.,
2006; Rodgers et al., 1997). Reuptake inhibitors, specifically SSRIs, have been shown to be
beneficial to treating anxiety in humans as well as rodents over a long-term period.

Considerably less research has been conducted on the effects of SNRIs in rodent models
after chronic stress administration induced anxiety. SNRIs have been frequently prescribed and
used in humans for treatment of anxiety alongside SSRIs. One experiment conducted by
Lapmanee et al. (2013) investigated various pharmacological treatments, including an SSRI and
SNRI and found equal effectiveness in decreasing anxiety in anxiety behavioral testing measures
for the rodents. Because SNRIs impact the level of norepinephrine, there should be an observed
effect when rodents are treated with this drug as norepinephrine is highly linked with stress-
induced anxiety and the involvement of the HPA axis. An SNRI treatment method should be as
effective as an SSRI, which has been supported in human models, but has been used far less
frequently in rodent studies investigating anxiety. Because of the neurotransmitter system that
SNRIs impact, there should be an observed anxiolytic effect with SNRI treatments.
Non-pharmacological Treatments

There are many alternative treatments for treating anxiety that do not include a

pharmacologically prescribed medication. One of these options is cognitive behavioral therapy,
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or CBT. CBT helps patients alter their responses to anxiety or anxiety-causing events. This is
done by cognitive restructuring to develop more suitable responses and behavioral exposure to
help approach the anxiety-causing event and observe the outcomes (Arch & Craske, 2008).
When CBT was implemented, it was observed that 63% of patients no longer met the diagnosis
criteria for anxiety disorders after 6 months of treatment (Cartwright-Hatton et al., 2004). CBT is
an effective method for reducing anxiety without the need of a pharmacological intervention.

A newly investigated treatment for relieving symptoms of anxiety is cannabidiol, or
CBD. This is a component present in the Cannabis sativa plant that does not create psychoactive
effects and is not addictive. In patients with social anxiety disorder, a CBD intervention was able
to reduce anxiety measured in a questionnaire over three weeks (Masataka, 2019). Specifically,
CBD is able to activate many different receptor types, including the cannabinoid type 1 receptor
and the serotonin 5-HT1a receptor, which are able to have beneficial effects on symptoms of
anxiety disorders (Blessing et al., 2015). With activation of the cannabinoid type 1 receptor, fear
response changes, such that fear extinction occurs more readily and it protects against fear
reconsolidation (Marsicano et al., 2002). Agonists of the 5-HT1a receptor, like CBD, have been
shown to prevent the adverse effects of stress (Campos et al., 2012). CBD provides a
nonpharmacological, nonprescription method for reducing anxiety through involvement of
cannabinoid and serotonin receptors.

An additional alternative treatment is exercise. Exercise is a beneficial activity for the
physical health of a person, improving circulation and reducing the risk of diseases like diabetes
or osteoporosis (Fentem, 1994). In patients suffering from anxiety related diseases, the risks of

heart related diseases and health risks increase. With exercise, the risk of health-related
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conditions decreases, which also decreases some of the adverse consequences of anxiety related
diseases.

Exercise is one of the potential non-pharmacological treatment options to help with
limiting the impacts of stress induced anxiety. When implemented, exercise conditions
demonstrate a decrease in the anxious and depressive behaviors in humans (Salmon, 2001). The
decrease in anxiety response may be due to lower sympathetic nervous system and HPA axis
reactivity, or potentially an increase in the ability to self-regulate and distract from the anxiety
causing event. While exercising, the HPA axis is more activated, creating an increase in the heart
rate and sympathetic system activation. As the HPA axis is activated for the healthy exercise
activity, the individual is primed for HPA axis involvement during acute or chronic stress
exposure. As a result, the stress does not activate the HPA axis and the subsequent stress
response to the same extent as before. The healthy activation of the HPA axis improves the
tolerance for HPA axis activation during stressful events. Exercise can also be implemented as a
distractor. The individual is relieved of the anxiety that they experience, instead focusing
intentionally on their exercise condition. This helps to relieve HPA activation and reduce anxiety
by distracting from the stressor (Anderson & Shivakumar, 2013; McCann & Holmes, 1984).
Exercise can provide many psychological benefits when it is implemented in humans that can
help to improve symptoms associated with anxiety disorders

Exercise also influences anxiety by altering neurotransmitter levels, BDNF, and
endorphins. Exercise specifically impacts the levels of serotonin and norepinephrine, two of the
primary monoamine neurotransmitters. While reductions in these neurotransmitters are linked
with more anxious and depressive behaviors, the neurotransmitters have been shown to increase

in a rodent model after an exercise condition was implemented (Eyre & Baune, 2012; Meeusen
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& De Meirleir, 1995). The monoamine neurotransmitters that are increased with SSRIs, SNRISs,
or other pharmacological interventions are also increased following exercise administration. This
helps the anxious behaviors dissipate. Likewise, the levels of BDNF were found to increase
following a physical activity task in a rodent model specifically in the hippocampus (Russo-
Neustadt et al., 1999). This may promote hippocampal neurogenesis and a return to regular
hippocampal activation following impairment from glucocorticoids and stress system activation.
Increasing BDNF levels also improves brain plasticity and helps return the memory systems
back to balance (Fuss et al., 2010). The amygdala returns to its normal, baseline level of
activation and the hippocampus becomes more activated. Along with influencing
neurotransmitter levels and BDNF, exercise also influences endorphins or other endogenous
opioids. These endogenous opioids have an effect in mood and emotions and have been observed
to be decreased in patients with depression and anxiety (Darko et al., 1992). An increase in
endorphins following exercise helps to create a positively affected emotional state and reduce
pain, benefitting the mental and physical state of the individual exercising (Thoren et al., 1990).
Overall, exercise increases the levels of monoamine neurotransmitters, boosts BDNF levels
improving learning and memory, and strongly decreases the impacts of anxiety related disorders.

Non-pharmacological treatments, like exercise, are effective for individuals that are
treatment resistant, patients with mild or early symptoms, are low cost, and easy to implement.
While pharmacological agents are readily used to treat anxiety, in particular selective serotonin
or norepinephrine reuptake inhibitors or benzodiazepines, they have the potential not to work,
and create a tolerance and dependance in the individual (Bystritsky, 2006). Non-responsive
individuals do not gain any relief from their symptoms, even when receiving the

pharmacological treatment. This can push treatment to much more drastic measures, like
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electroconvulsive therapies or deep brain stimulation. While electroconvulsive therapies have
been shown to be effective at alleviating the symptoms of depression and anxiety, it is usually a
last resort measure to help the individual (Beale et al., 1995). Using exercise conditions as an
anxiolytic can be done at home or in a gym with less economic burden compared to frequent
therapy appointments for CBT. Exercise provides an alternative or adjunctive treatment that is
still effective at reducing anxiety with less cost that is relatively easy to implement into a routine.

In a rodent model, exercise shows a comparable reduction in anxious-like behaviors as a
pharmacological treatment. For instance, when the rat was chronically stressed via restraint stress
and given a wheel to voluntarily run on, the anxious behavior of the rodent was reduced to levels
comparable to an SSRI or SSNRI intervention (Lapmanee et al., 2013). Even when physical
exercise was forced and not voluntary, rodents showed a comparable effect to an SSRI treatment
on reducing anxiety-like behaviors in the rodents (Brenes et al., 2020). VVoluntary wheel running
did increase levels of BDNF in rodents and also increased the levels of corticosterone for the
rodents (Fuss et al., 2010). This shows that there are positive benefits to exercise in the increase
in BDNF to help promote neurogenesis. Exercise has been an effective agent implemented in a
rodent model that reduces anxiety behaviors and neurogenesis equally effectively as
pharmacological interventions, with increased benefits to physical health.
Stress Induction

Similar to humans, rodents can be genetically predisposed to anxiety-like behaviors. One
of these genetic models is the Wistar-Kyoto (WKY) rat, that consistently express anxiety- and
depressive-like behaviors. The WKY rats have commonly demonstrated low activity in the open
field, increased sensitivity to stressors, and changes in learning and memory (Aleksandrova et

al., 2019). Along with this, WKY rats present with higher rates of behavioral inhibition, or
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withdrawal from novel situations, as measured by an operant box with novel stimuli
presentations (McAuley et al., 2009). The WKY rat is able to display symptoms common in
anxiety that can be comparable to the human model of anxiety, with an increase in the
responsiveness of stress-related hormones (McAuley et al., 2009). Although this model is
effective at expressing symptoms of anxiety, it is also readily expressing behaviors associated
with depression (Aleksandrova et al., 2019; Gunter et al., 2000; Lahmarme et al., 1997).
Although the disorders are often comorbid, it is best to minimize behaviors associated with
depression and instead isolate anxiety-like behaviors. Even though the WKY rat is able to exhibit
signs of anxious-like behaviors, other models that display more strict anxiety behaviors may
provide a better model.

Another method to induce anxiety in rodents is by stress. As anxiety is highly related to
the overactivation of the prolonged stress response, the introduction of a stressor to a rodent will
activate the HPA axis that can create anxiety. When an individual is exposed to stress repeatedly
or is consistently experiencing a high-level of stress for a prolonged period of time, the HPA
system cannot regulate itself, which as described earlier, can induce anxiety in humans or
anxious-like behaviors in rodents. The overactivation of the HPA axis will increase the
production of stress-related hormones, including ACTH and glucocorticoids, that can have broad
implications for responding to stressors throughout the body. Stress will also increase the
synaptic density of the amygdala, while simultaneously decreasing functioning in the PFC and
synaptic density of the hippocampus (Bondi et al., 2008; Davis & Whalen, 2001; Liston et al.,
2006; Vyas et al., 2002). With stress, emotional and executive processes are impaired and as a

result, anxious-like behaviors can be readily observed.
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Acute or chronic stressors can cause anxiety to be induced. With acute stressors, the
stress is applied only for a brief period of time, which could include short-term restraint or
exposure to a predator. Social avoidance was induced in rats via exposure to an electric shock a
day before testing were conducted, showing the induction of a symptom of anxiety disorders in
humans (Leveleki et al., 2006). While this investigation was able to replicate one of the primary
symptoms of anxiety, it did not investigate if other common markers of anxious-like behaviors in
the rodent model. In addition, a drawback of acute stressors is that they only create short-term
behavioral outcomes that make it hard to measure or observe (Yin et al., 2016). This means that
long-term administration of a pharmacological or non-pharmacological treatment cannot
adequately be determined to be effective. Other studies have also been able to determine that
acute stressor implementations do not adequately alter behaviors of the rodents. When acute
stress was administered to mice by restraint, there was no observed difference in behavior from
baseline, non-stressed mice (Prevot et al., 2019). Considering the mixed results with acute
stressors, long-term stress options provide a more reliable means to induce anxiety.

Chronic stressors will adequately induce anxious-like behaviors in the rodents by creating
more long-lasting, permanent changes in the activation of the stress system. With chronic stress,
stressors are applied for a longer period of time, usually 14 days or longer. As with humans,
when a rodent is exposed to chronic stress, the HPA axis will be activated for a prolonged period
of time. This can create a rapid rise in the levels of glucocorticoids as well as cellular changes in
the corticolimbic brain regions (McEwan & Morrison, 2013). When glucocorticoid levels are
elevated, it negatively alters the PFC and hippocampus, while in general increasing amygdala
activity (Mizoguchi et al., 2003; Stephens & Wand, 2012). This is observed by the dendritic

atrophy in the hippocampus matched with more dendritic growth in the amygdala. Exposure to
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stressors for a long period of time can create lasting and more permanent changes in dendritic
composition and thereby structural changes and activation of various brain regions. Chronic
stressors also increase the levels of the stress hormone, corticosterone, which can have effects
broadly in the body system (Wood et al., 2003). The chronic stress administration in rodents
induces anxious-like behaviors similar to the effects of chronic stress in adults generating
symptoms of generalized anxiety disorder (Patriquin & Matthew, 2017). Chronic stress has been
able to induce dysregulation in the HPA axis, in particular hormonal disruptions with diverse
effects to other regions of the brain and body, to create anxiety-like behaviors similar to those
observed in humans.

One commonly employed method for inducing anxiety by exposure to chronic stress is
by restraining rodents, called chronic restraint stress. This method can be used to induce stress by
placing rodents into restraining tubes such that they can breathe but cannot escape or turn
around. The rodents become immobilized which has been shown to create helplessness and
anxiety-like behaviors along with dendritic density and cell signaling changes matching
physiological alterations due to the HPA axis (Fontella et al., 2005; Mdiller et al., 2011). Chronic
restraint stress is able to create changes in neuronal morphology and generates a fear response in
open field investigations (Holmes & Wellman, 2009; Sandi et al., 2001). Other research found
that chronic restraint stress decreases the spatial abilities of male rats as measured by a T-maze
(Sunanda et al., 2000) and the Y-maze (Wright & Conrad, 2005). Along with that, chronic
restraint stress impacts levels of specific neurotransmitters, in particular dopamine and serotonin
(Torres et al., 2002). When administered chronically, restraint stress creates prolonged activation
of the HPA axis, leading to changes in activation and responsiveness of different brain regions

while elevating levels of corticosterone and inducing anxiety for the rodent.
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One of the primary challenges in using chronic restraint stress is that the rodents
habituate to their stressor due to the ability to predict their stressor. Predictive stressors have
been shown to decrease anxiety- and depressive-like behaviors after a prolonged time period.
Predictive stressors have been indicated in almost doubling total dendritic length and the volume
of dendrites in the hippocampus of rodents compared to the control group without stressors
(Parihar et al., 2011). Other investigations determined that predictive chronic mild stress
produced an anxiolytic and antidepressant effect over a long-term period, decreasing the anxiety
in rodents (Parihar et al., 2011; Suo et al., 2013). In order for anxiety-like behaviors to be
properly observed in rodents, the stressors should not be as predictable as repetitive chronic
restraint stress.

Unpredictable chronic mild stress will also create anxiety-like behaviors without the
rodent becoming too accustomed to the stressor it is receiving. The stressors are varied during
the stressing period, with each individual stressor being able to generate an elevated stress
response in the rodents. Unpredictable chronic mild stress increases corticosterone levels and
changes levels of monoamines as predicted by stress system activation (Cox et al., 2011). It has
also been shown to decreases dendritic density in the mPFC and impacts the behaviors of rodents
(Liston et al., 2006). Unpredictable chronic mild stress works effectively on Sprague Dawley
rodents (Brenes et al., 2020; Liston et al., 2006; Owens et al., 1993). As Sprague Dawley rats are
typically considered the normal rodent model of behavior with no predisposition to any one
disorder or any behavior indicative of any disorder, it is relatively simple to observe the impacts
of stressors on these rodents. Implementing chronic unpredictable stressors to these rodents will

readily change their behaviors and show how the rodents were influenced by the stressors. Other
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rodent models were seen to be less effective at showing anxiety-like behaviors in general and the
behavioral outcomes of stressing techniques would have been harder to obtain (Tsai et al., 2017).
In order to investigate the effects of unpredictable chronic mild stress on the rodents,
specific behavioral testing measures need to be conducted. Anxiety-like behaviors are typically
measured via open field, elevated plus maze, or novelty suppressed feeding. Both open field and
elevated plus maze tests have been used frequently as a measure of anxious-like behaviors in
rodents after administration of chronic stress (Burokas et al., 2017; Castros et al., 2012; Huynh et
al., 2011; Prevot et al., 2019; Rodgers et al., 1997; Zhu et al., 2014). The open field and elevated
plus maze are also commonly used for investigating the effects of pharmacological agents and
exercise conditions lowering anxiety-like behaviors of rats after chronic stress administration.
Several investigations have been able to show that SSRIs (Borsini et al., 2002; Elizalde et al.,
2008; Leveleki et al., 2006) and exercise (Brenes et al., 2020; Fuss et al., 2010; Lapmanee et al.,
2013; Lapmanee et al., 2017) conditions help to minimize the anxiety-like behavior of the
rodents. For the open field test, rodents are placed into an open field, where distance traveled and
location in the maze are measured. For the elevated plus maze, rodents are placed into an
elevated plus and again distance traveled, and location are measured for open and closed arms of
the test. When a rodent spends more time in the exposed middle portion of the open field or in
the open arms of the elevated plus maze, it is displaying less anxiety-like behaviors (Lezak et al.,
2017). The open field test and elevated plus maze provide an effective, consistent measure of the
anxiety-like behavior found in the rodents, able to indicate the effectiveness of treatment options

like SNRI dosage and exercise or the combination of both.
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The Present Study

Various investigations have been able to show that voluntary exercise has beneficial
outcomes to decreasing the anxiety-like behaviors present and can counteract some of the
impacts that anxiety had on an individual. Chronic unpredictable stressors are able to induce
behavioral and physiological changes in a rodent model to display anxiety-like behaviors similar
to anxiety disorders in humans. SSRIs and SNRIs are also readily used as anxiolytics in human
patients and have been proven effective. However, there is less known about SNRIs with a
rodent model, even though SSRIs are frequently implemented in investigations and have been
shown to decrease anxiety-like behaviors. Because of the lack of investigations of SNRIs in
rodent models as well as a need for alternative treatments, such as exercise, this experiment
sought to investigate the effects of an SNRI, exercise, or both on anxiety-like behaviors in
rodents. At the start, all rodents were given a pretest on the open field to get a baseline
measurement of anxiety-like activity. All rodents were then stressed using chronic unpredictable
mild stressors to induce chronic anxiety-like behaviors. When the stress administration was
complete, one group of rodents received water injections and acted as a control to ensure that the
stressor was effective. The remaining rodents were given either a dosage of venlafaxine, an
SNRI, a running wheel in their cage, or both the SNRI and running wheel. This means the group
of rodents with both an SNRI and exercise were treated pharmacologically and non-
pharmacologically at the same time. Following the treatment condition, the rodents were retested
in the open field and elevated plus maze to provide insight into the effectiveness of the stress
condition and of the treatment administration. Sprague Dawley rats will be used as the rodent
model, considering past effectiveness of implementing chronic stress and observing anxious-like

behaviors in the rodent model (Brenes et al., 2020; Liston et al., 2006; Owens et al., 1993). The
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anxiety-like behaviors in the rodents will be measured via the open field test and elevated plus
maze. Both are reliable and effective methods for observing the anxiety-like behavior in rodents
for the pre- and post-tests.

Based on previous work and the experimental design, we developed four hypotheses.
First, unpredictable chronic mild stress will result in more anxious-like behaviors as measured by
the open field test and elevated plus maze as compared to their baseline performance from their
pre-test (Cox et al., 2011; Liston et al., 2006). The second hypothesis is that rodents who receive
the pharmacological intervention, in this case the SNRI venlafaxine, will show less anxious-like
behaviors than rats with no interventions and return to their baseline anxiety levels as observed
during the pre-test on open field and elevated plus maze (Lampanee et al., 2013). The third
hypothesis is rodents who get access to a running wheel, or a voluntary exercise condition, will
show less anxious-like behaviors in the open field and elevated plus maze, and return to their
original pre-test anxiety level (Anderson & Shivakumar, 2013; Brenes et al., 2020; Lapmanee et
al., 2013). The effect of pharmacological interventions and exercise conditions will be observed
to be similar and equally effective treatment options. The final hypothesis is that rodents that
experience exercise and pharmacological interventions will present with the largest decrease in
anxiety-like behavior measured by the open field test and elevated plus maze compared to the
only chronically stressed group as well as both the pharmacological and exercise condition
groups (Fuss et al., 2010).

Method

Subjects

Sprague Dawley rats were used (n = 32) from the College of Wooster animal lab. There

was mixed sex (F =23, M = 17) and approximately equal amounts of rodents that were 8 months
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and 5 months old (8 months = 18, 5 months = 22). All rodents were pair-housed under a 12:12
hour light-dark cycle. All rodents had access to food and water at all times except under some
short-term chronic unpredictable stressor conditions. For each condition, there were
approximately equal distribution of rats across sex and age (n = 10 for exercise, SNRI, and both,
n = 9 for stress only control).

Open Field Test (OF)

The open field maze was made from white plywood with walls high enough that the rats
could not escape (36x36x18 in). Each rat was placed within the start box at the corner of the
maze and was released after 10 seconds. Movement was measured via an overhead tracking
system for 5 minutes. This test examined general movement, preference for center versus sides,
gross locomotive activity and exploration habits. Fecal movements were also recorded during the
testing but was not analyzed further as most animals had a score of zero. The perimeter of the
open field provides protection with its walls, which will encourage the rats to stay at the
perimeter more, particularly when the rodent is anxious. The open field maze was cleaned with a
1:1 solution of Natures Miracle and water. Testing occurred on day 1 and after the chronic stress
administration followed by the treatment type.

Elevated Plus Maze (EPM)

The elevated plus apparatus was elevated 21 in. above the floor in a plus shape. The maze
is comprised of four arms total, two left open, and two enclosed in 20 in. opaque walls. The arms
of the maze were 20 x 4 in. Testing began when the rats were placed in the center of the maze
facing an open arm. Testing was conducted with indirect incandescent lighting, and a video
camera mounted above the maze. The number of entries into and time spent in each arm was

recorded for 5 minutes. The entries and amount of time in the closed arms was indicative of
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anxious behavior. Testing occurred twice, before any experimental manipulation and after the

chronic stress administration followed by the treatment type.

Chronic Mild Stress Administration

Chronic mild stress administration was modified from Kompagne et al. (2008) and Zhu et

al. (2014). The rats were exposed to various stressors including tilted cage, altered light-dark

cycle, restraint in a plastic tube, white noise disruption, limited food access, crowded housing,

isolated housing, wet bedding, and no nesting materials. Details about each individual stressor is

provided below:

Tilted Cage: tilted at 20° for 4-hours with plank of wood

Altered Light-Dark Cycle: lighting the rodent cages outside of the typical light
cycle that they are kept on either for a few hours (8°PM — 10 PM) or overnight
Restraint: rodents placed into plastic tube for 1-hour such that they could not
move but had a mesh or perforated metal opening to breathe comfortably

White Noise: placing a fan producing consistent noise at 60 dB during the light
cycle of the rodents to disrupt their sleep/wake cycles

Limited Food: rats were given only 1/3 of their normal food amounts overnight to
induce physiological distress in the rodents, but was not full food deprivation
Crowded Housing: rats were placed into cages with twice as many of their normal
amount of cage residents of the same sex, or four rats per cage for females and
males.

Isolated Housing: rodents were placed in individual cages without any other

rodents with them overnight
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e Wet Bedding: 100 mL of water were spilled into the bedding material, such that
the bedding became wet, and the rodent was kept in the soiled bedding for 4-
hours
e No Nesting Materials: no bedding material in cages overnight
Each stressor was administered at different times in the day with at least an hour between
stressors. Chronic stress was administered twice daily, as summarized in Table 1. The stress
procedure was administered for 14 days to all the rodents. Animals were monitored for welfare,
grooming, eating, and drinking habits, and normal social interactions throughout the stress
condition. No animals demonstrated significant distress and had to be removed from the stressors
or experiment.
Table 1

Chronic Stress Administration

Time of Day Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Morning Tilted Crowded Restraint
cage4h Housing 3 ina
(8AM - 12 PM) h plastic
tube 1 h
Afternoon Restraint Restraint ~ Wet
ina ina bedding 4
(12 PM -4 PM) plastic plastic h
tube 1 h tube 1 h
Evening Lightson  White Disrupted  Limited Isolation, Empty
2h noise 4 h  light-dark accessto  overnight cage/no
(4 PM -8 PM) cycle, food, nesting
overnight  overnight materials
8h

Note. Rodents were exposed to various chronic stressors. Administration began on Day 1 and
each stressor was administered at least twice in order to expose the rat to stressors for 14
days.
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Drug Administration

Stressed rats were given a one daily injection of either 10 mg/kg venlafaxine or water.
Venlafaxine was solubilized in water at 20 mg/mL. The administration of venlafaxine or saline
persisted for three weeks after the chronic stress administration ceased. The venlafaxine dosage
was selected due to its effectiveness on anxiety-like behaviors (Lapmanee et al., 2013).
Voluntary Wheel Running Exercise

One group of rats that did not get administered dosages of venlafaxine or water were
provided free access to a running wheel. Another group of rats that received venlafaxine also had
a running wheel provided in their cage. The wheel was provided for the rodents for three weeks
following the chronic stress procedure.

Experimental Design

Rats were first tested on the open field and elevated plus maze in order to get a baseline
level of their anxiety and activity levels. This acted as a pre-test before the administration of
chronic stress and/or an anxiolytic treatment option. Following the pre-test, the rats underwent a
chronic mild stress condition for 14 days. Each stressor was presented for various lengths of time
and all rodents received two stressors every day but their final stressor day (see Table 1). The
chronic stress condition was intended to induce anxiety behaviors in the rodents.

After the stressors were administered, rodents were either given a water solution,
venlafaxine, a running wheel in their cage, or both venlafaxine and a running wheel. Venlafaxine
and the exercise condition were intended to provide anxiolytic effects on the stressed rats both
separately and together. Each treatment condition was administered for 20 days. Once the three
weeks were completed, the rodents were re-tested on the OF and EPM as a post-test behavioral

measure. An overview of the experimental procedure is depicted in Figure 2.
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Figure 2

Experimental Procedure

Behavioral Testing Unpredictable Chronic Treatment Conditions: Behavioral Testing

(Pre-Test): Mild Stress: 3 weeks - (Post-Test):

OF, EPM 2 weeks, twice daily Water, control OF, EPM
10 mg/kg venlafaxine

Exercise wheel
10 mg/kg venlafaxine
and exercise wheel

el ol -

Note. Following the pre-test, all subjects underwent chronic mild stress for two weeks, receiving
two stressors a day. Then the rodents were sorted into one of four treatment conditions
(control/saline, 10 mg/kg of venlafaxine, exercise wheel, or 10 mg/kg venlafaxine and exercise
wheel) for a three-week time period. To determine the impacts of the treatment condition, the rats
were re-tested on the OF and EPM.

Statistical Analysis

Data were analyzed via a one-way ANOVA for the pre-test with a 2x2 design with the
pharmacological agent and exercise as independent variables. A paired samples t-test was run to
determine the changes between the pre-test and post-test. Another one-way ANOVA with the
same 2x2 design was performed for the post-test conditions in order to determine the effects of
treatment on the rodents.

Results

This study aimed to assess the induction of anxious-like behaviors in rodents induced by
unpredictable chronic mild stress administration and the mitigation of anxious-like behaviors
caused by stress with various treatment types, either venlafaxine, exercise, or venlafaxine and
exercise. Anxiety-like behaviors were assessed using the following variables in OF: distance,
percent time at the perimeter, and percent time at the center. Similarly, behavior was investigated
with the following variables in EPM: distance traveled, percent time in open arms, and percent

time in closed arms.
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Pre-Test

In order to determine if all animals were displaying approximately equal anxiety-like
behaviors before stress and treatment implementations, all rats were tested on the OF and EPM.
This provided a baseline of behavior for the rodents as analyzed by a 2x2 ANOVA. There was
no significant effect of drug or exercise before the treatments were implemented on any
dependent measures for the OF or EPM (all p’s > 0.06; Table 2). There was no interaction effect
for any variable of the OF (all p’s > 0.09; Table 2). There was also no interaction effect between
drug and exercise for distance traveled in the EPM (p > 0.05; Table 2). There was a significant
interaction effect for time spent in the open arms (F (1,36) = 4.73, p = 0.04) and time spent in the
closed arms (F (1,36) = 4.65, p = 0.04) for the elevated plus maze. Tukey post-hoc testing
revealed that the group of rodents that would become the stressed group spent significantly more
time in the open arms (M = 41.11, SD = 11.99) than the group that would become the
venlafaxine group (M = 22.54, SD = 11.75; p = 0.03), but there was no significant difference
between groups for the closed arms (all p’s > 0.32). Because there were no significant main
effects on any dependent measure and only significant interaction effects in the time spent in the
open and closed arms of the elevated plus maze, all rodents were presumed to be approximately
equal before stress and treatment administration.
Table 2

2x2 ANOVA for Pre-Test Measures

Drug Exercise Interaction

Testing Measure Df F p-value F p-value F p-value

OF
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Distance Traveled 1,37 040 0.53 0.47 0.50 1.01 0.32

Time in Perimeter 1, 37 1.39 0.25 0.00 0.98 3.11 0.09

Time in Center 1, 37 1.16 0.29 0.42 0.52 0.01 0.93
EPM

Distance Traveled 1,36  0.02 0.89 0.10 0.75 2.06 0.16

TimeinOpenArms 1,36  4.03 0.06 1.01 0.32 4.73 0.04 *

Time in Closed Arms 1, 36 0.13 0.72 0.13 0.73 4.65 0.04 *

Note. * indicates statistical significance (p < 0.05).

Effects of Unpredictable Chronic Stress

All rodents were then stressed for 14 days. To ensure that chronic unpredictable mild
stress was effective at inducing anxiety-like behaviors in the rodents, a paired samples t-test was
run to compare pre-tests to post-tests for all dependent measures using only the no treatment
condition. This group was exposed to the stressor but received no treatment. There was a
significant change from pre- to post-testing on open field distance traveled (t (8) =3.22, p =
0.01) demonstrating a decrease in activity overall, and time spent in the perimeter (t (8) = 3.71, p
=0.01; Fig. 3A) demonstrating an increase in anxiety, but no differences in time spent in the
center of the open field (t (8) = 0.68, p = 0.51). Similarly, there was a significant change in
elevated plus maze distance (t (7) = 3.10, p = 0.02) demonstrating a decrease in activity, time
spent in the open arms (t (7) = 2.14, p = 0.04; Fig. 3B) demonstrating an increase in anxiety, and
time spent in closed arms (t (7) = 2.16, p = 0.03; Fig. 3C) opposite a change in anxiety.

Figure 3
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Note. Stress only rodents significantly increased time spent in the perimeter of open field from
pre- to post-test (A), showing an increase in anxious-like behavior. Stress only rats also
decreased time spent in open arms (B) and decreased time in closed arms (C) , showing less
activity and more anxious-like behaviors overall.

Post-Test
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Post-testing in the open field and elevated plus maze occurred after the administration of

stress for all of the animals and various treatments, including no treatment, venlafaxine, exercise,

and venlafaxine and exercise. In order to determine if any treatment had an effect on activity or

anxious-like behaviors, a 2x2 ANOVA was performed. There was no significant impact of drug

or exercise treatment on any OF measure or any EPM measure following stress induction (all p’s

> 0.06; Table 3). There was also no interaction effect between drug and exercise for any

dependent measure in OF or EPM (all p’s > 0.21; Table 3).

Table 3

2x2 ANOVA for Post-Test Measures

Drug

Exercise

Interaction

Testing Measure Df F p-value F

p-value
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OF
Distance Traveled 1,37 0.29 0.59 0.87 0.36 0.28 0.60
Time in Perimeter 1, 37 1.47 0.23 0.65 0.43 1.29 0.26
Time in Center 1,37 013 0.72 0.31 0.58 1.22 0.28
EPM
Distance Traveled 1,37 3.85 0.06 1.07 0.31 1.00 0.33
Timein Open Arms 1,37  0.12 0.73 0.03 0.87 0.45 0.51

Time in Closed Arms 1, 37 0.00 0.97 0.56 0.46 1.57 0.22

Discussion

The aim of this study was to investigate the effects of various treatments on anxiety-like
behaviors caused by chronic stress exposure. It was predicted that unpredictable chronic stress
would induce anxious-like behaviors in rodents and that pharmacological interventions and
exercise would help to mitigate these effects. It was also expected that the use of both
pharmacological treatments and exercise would have the greatest decrease in anxiety-like
behaviors caused by stress.
Effects of Chronic Stress Exposure

All of the rodents were exposed to a rotating schedule of stressors for 14 days modified
from Kompagne et al. (2008). Rodents in the stress group with no treatment did show an increase
in anxious behaviors as measured by the OF. The rodents increased their amount of time at the
perimeter of the test, demonstrating higher anxiety after the administration of stress and spent
almost all of their time at the perimeter of the field. This meant that the rodents were less likely
to explore and more anxious, which is comparable to other investigations that have shown a

similar increase in anxiety-like behaviors following chronic stress (Liston et al., 2006; Owens et



38

al., 1993). There was not a significant change in the time spent at the center of the OF, likely due
to a very small percentage of time spent there for both pre- and post-testing.

Previous studies have demonstrated that chronic stress will also increase the anxiety
behaviors in the EPM by decreasing time spent in the open arms (Burokas et al., 2017; Prevot et
al., 2019). In the current study, the exposure to stress significantly decreased the time spent in the
open arms, replicating past research. The open arms have minimal walls that leave the rodent
exposed and a decrease in time spent in them demonstrates anxious-like behaviors in the rodents.
While rodents in the stress only group did decrease their time spent in the open arms, this pattern
was not true for any of the different treatment groups. Because the other three groups received
treatment, they may have shown less of a decrease due to unpredictable chronic mild stressors,
even showing a minor increase in open arms time (Figure 3B). However, the treatments were not
significantly different from the stress only condition during post-testing (Table 3), showing that
the treatments did not significantly change the behavior of the rats.

Although the time spent in the open arms decreased as anticipated, the time in the closed
arms also decreased, opposite of the expected results (Yohn et al., 2020; Zhu et al., 2014). The
closed arms act as a protective space and shelter the rodent, so the anxious rodent should spend
significantly more time in them compared to the open arms. One potential cause for the lack of
anxious behavior is that chronic mild stress has had mixed effectiveness on anxious-like
behaviors in rodents compared to other measures, like depressive-like behavior (Elizalde et al.,
2008; Yin et al., 2016). Similarly, the time frame for the chronic stress administration was only
14 days, which is the minimum amount of time that rodents can be stressed chronically (Prevot

et al., 2019), meaning that there could be less of an impact on behaviors. Similarly, the rodents in
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the three other groups receiving treatments did decrease their closed arm time (Figure 3C),
showing a comparable pattern of behavior regardless of receiving treatment.

A more likely cause of the decrease in closed arm time was that the rodents were no
longer as active in the post-test as they were in the pre-test. This means that the rodents showed a
decrease in movement and investigations into other parts of the maze and were staying frozen in
the middle of the EPM for the majority of their post-testing. The freezing in the middle of the
maze could demonstrate a fear response in the rodents and demonstrates anxious behaviors in
another way. Prior work has shown that freezing in the OF was an indicator of high stress and
high anxiety for rodents (Billah et al., 2019). Similar freezing is seen as a result of fear
conditioning with other behavioral tests and demonstrates a response to stress (Dias et al., 2009;
Stairs et al., 2020). The decrease in closed arm time then might be explained by a fear response,
seen as an increase of time in the middle and significant decrease in activity overall, supporting a
fear response that is prevalent in anxious-like behaviors.

In sum, we believe the stress did increase the anxious-like behaviors as seen in stress only
rats. This supports the hypothesis that chronic unpredictable stress exposure was effective at
creating anxious-like behaviors in the rodents as measured by OF and EPM.

Effect of Treatments

Venlafaxine was selected as an anxiolytic drug as it influences both serotonin and
norepinephrine transporters as an SNRI, both of which are highly involved in the stress response
of the HPA axis and sympathetic nervous system. Pharmacological agents that can influence
specific neurotransmitters, like SSRIs, are commonly used to treat depression and anxiety in
humans. SNRIs, that are less commonly used, have been shown to be as effective as SSRIs

against anxiety (Lapmanee et al., 2013; Kornstein et al., 2010), and what we explored with a
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chronic stress model in rodents (Wang et al., 2020). In opposition to the hypothesis, our
experiment demonstrated no significant effect of the SNRI on anxiety-like behaviors in the OF or
the EPM. There is research in support of the inconsistent results of SNRIs on behavioral
measures in rodents (Borsini et al., 2002). This could be linked with specificities in dosage
concentrations, timing, and means of administration of the drug. Although the results do not
support my hypothesis and show a decrease in anxiety-like measures, they provide more support
for the inconsistent effects of SNRISs.

Past literature suggests that the availability of a running wheel provided rodents with
access to voluntarily exercise and could even provide enrichment to the environment (Islas-
Preciado et al., 2016; Tsai et al., 2017). As exercise provides many benefits, like appropriate
activation of the HPA axis (Anderson & Shivakumar, 2013), increasing levels of growth factors
(Russo-Neustadt et al., 1999) and neurotransmitter levels (Eyre & Baune, 2012), it was
anticipated that exercise would decrease anxiety-like behaviors as supported in previous studies
(Duman et al., 2007; Fulk et al., 2004). In opposition to the hypothesis, the non-pharmacological
intervention of exercise did not have any significant impacts on behaviors measured on OF and
EPM. This literature, however, is not entirely consistent as one investigation found no change in
anxiety following exercise (Pietropaolo et al., 2006), and others found an increase in anxiety-like
behaviors following exercise (Burghardt et al., 2004; VVan Hoomissen et al., 2004). Another
potential reason for the lack of effects was the exercise being voluntary, unrecorded, and access
to only one wheel per two rodents housed together. This could cause variability in the rodents in
the amount of exercise they did and the consistency of their exercise.

With all of the positive implications of both drug and exercise separately, we expected to

see an increased effectiveness against anxiety with the administration of both drug and exercise
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for the rodent. This means that the rodents exposed to both drug and exercise should be
displaying the largest mitigation of anxiety and return to pre-test levels of anxious-like behaviors
as measured by the OF and EPM given past research (Fuss et al., 2010). However, the group that
experienced both drug and exercise was not statistically different from the stress only group, or
the treatment types independently. Again, this fits into the mixed results of both SNRIs and
exercise but does refute my primary research hypothesis about the effectiveness of combined
treatments.
Limitations and Future Work

Given the lack of effects for both drug and exercise treatments independently and in
combination despite the previous literature, certain steps can be taken to rectify the shortcomings
of this experiment. One of the primary variations with implementing a drug is determining the
proper dosage amount for each rodent. In figuring out what dosage to implement, there was
literature supporting varying dosage levels and routes of administration (Lapmanee et al., 2013;
Stuart et al., 2013; Zhang et al., 2019) as well as timing of the dosage during stress (Song et al.,
2006) or after stress (Leveleki et al., 2006; Prevot et al., 2019). While the wide variety provided
a plethora of options, it could be possible that the drug concentration or administration was not
potent enough to have an effect on the animals, or that the anxiety induced by chronic stress
could not be overcome with only pharmacological intervention following the stressor. Future
investigations should explore the various concentrations and timing to determine when the drug
is effective. Venlafaxine was also specifically selected in order to investigate a pharmacological
agent with mixed effectiveness on chronic stress induced anxiety. It is therefore possible that the
pharmacological agent was just not powerful enough and that our results support that the drug

did not mitigate anxiety caused by chronic stress. Comparably, the exercise condition did not
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work as anticipated given previous work (Duman et al., 2007; Miller et al., 2018). Other studies
have been able to demonstrate anxiolytic effects with a forced exercise condition for the rodents
(Kim & Leem, 2006), rather than passive access to a wheel and exercising driven by the
motivation of the rodent. Similarly, exercise protocols have been administered before the start of
stress in some investigations and were able to show an effect of exercise on decreasing anxiety
behaviors (Gerecke et al., 2013). Given past research, more active and involved running
exercises or changing the order of stress and treatment plans would alter the procedure and
potentially provide results in support of the anxiolytic effects of exercise.
Implications

The purpose of my research was to examine different treatment options in order to
determine an optimized treatment for anxiety. Chronic stress exposure increases the activation of
the HPA axis as well as the sympathetic nervous system, which increases the likelihood of
developing an affective disorder, like anxiety and depression. Anxiety can significantly impact
daily life and well-being of the individual who has it. Given current events happening in the
world, like COVID-19 that acts as a chronic stressor, anxiety levels are increasing. For example,
U.S. adults reported symptoms of anxiety from 7.4-8.6% in 2019 that has more than tripled to
28.2-37.2% in 2021 (“Depression and Anxiety Escalate During COVID”). Although my
experiment did not adequately support either pharmacological or non-pharmacological
treatments, other studies have been able to show promising results in regard to both intervention
types. Individuals experiencing anxiety need to have treatment options that are effective for them
to help them improve all aspects of their lives. In general, it is vitally important to create
effective strategies to mitigate anxiety symptoms, whether this be through pharmacological

means, exercise, other non-pharmacological treatments, or some combination of treatment types.



43

References
Agarwal, S. D., & Landon, B. E. (2019). Patterns in Outpatient Benzodiazepine Prescribing in
the United States. JAMA Network Open, 2(1).

https://doi.org/10.1001/jamanetworkopen.2018.7399

Aleksandrova, L. R., Wang, Y. T., & Phillips, A. G. (2019). Evaluation of the Wistar-Kyoto Rat
Model of Depression and the Role of Synaptic Plasticity in Depression and
Antidepressant Response. Neuroscience & Biobehavioral Reviews, 105, 1-23.

https://doi.org/10.1016/j.neubiorev.2019.07.007

American Psychiatric Association. (2013). Anxiety disorders. In Diagnostic and statistical
manual of mental disorders (5th ed.).

https://doi.org/10.1176/appi.books.9780890425596.dsm05

Anderson, E., & Shivakumar, G. (2013). Effects of Exercise and Physical Activity on Anxiety.

Frontiers in Psychiatry, 4. https://doi.org/10.3389/fpsyt.2013.00027

Any Anxiety Disorder. (n.d.). National Institute of Mental Health (NIMH). Retrieved November

30, 2021, from https://www.nimh.nih.gov/health/statistics/any-anxiety-disorder

Arch, J. J., & Craske, M. G. (2008). Acceptance and Commitment Therapy and Cognitive
Behavioral Therapy for Anxiety Disorders: Different Treatments, Similar Mechanisms?
Clinical Psychology: Science and Practice, 15(4), 263-279.

https://doi.org/10.1111/j.1468-2850.2008.00137.x

Bandelow, B., Michaelis, S., & Wedekind, D. (2017). Treatment of Anxiety Disorders.

Dialogues in Clinical Neuroscience, 19(2), 93-107.


https://doi.org/10.1001/jamanetworkopen.2018.7399
https://doi.org/10.1016/j.neubiorev.2019.07.007
https://doi.org/10.1176/appi.books.9780890425596.dsm05
https://doi.org/10.3389/fpsyt.2013.00027
https://www.nimh.nih.gov/health/statistics/any-anxiety-disorder
https://doi.org/10.1111/j.1468-2850.2008.00137.x

44

Bandelow, B., Reitt, M., Rover, C., Michaelis, S., Gorlich, Y., & Wedekind, D. (2015). Efficacy
of Treatments for Anxiety Disorders: A Meta-Analysis. International Clinical

Psychopharmacology, 30(4), 183-192. https://doi.org/10.1097/Y1C.0000000000000078

Barden, N. (2004). Implication of the Hypothalamic—Pituitary—Adrenal Axis in the
Physiopathology of Depression. Journal of Psychiatry and Neuroscience, 29(3), 185—
193.

Beale, M. D., Kellner, C. H., Pritchett, J. T., & Burns, C. M. (1995). ECT for OCD. The Journal
of Clinical Psychiatry, 56(2), 81-82.

Billah, M., Rayhan, M., Yousuf, S., Nawrin, K., Rayhan, J., & Khengari, E. (2019). A Novel
Integrated (OF-HC-EPM) Approach to Study Anxiety Related Depressive Behavior in
Mice Model: A Comparison of Neuro Standards. Advances in Pharmacology and

Pharmacy, 7, 39-48. https://doi.org/10.13189/app.2019.070301

Blessing, E. M., Steenkamp, M. M., Manzanares, J., & Marmar, C. R. (2015). Cannabidiol as a
Potential Treatment for Anxiety Disorders. Neurotherapeutics, 12(4), 825-836.

https://doi.org/10.1007/s13311-015-0387-1

Bondi, C. O., Rodriguez, G., Gould, G. G., Frazer, A., & Morilak, D. A. (2008). Chronic
Unpredictable Stress Induces a Cognitive Deficit and Anxiety-Like Behavior in Rats that
is Prevented by Chronic Antidepressant Drug Treatment. Neuropsychopharmacology,

33(2), 320-331. https://doi.org/10.1038/sj.npp.1301410

Borsini, F., Podhorna, J., & Marazziti, D. (2002). Do Animal Models of Anxiety Predict
Anxiolytic-like Effects of Antidepressants? Psychopharmacology, 163(2), 121-141.

https://doi.org/10.1007/s00213-002-1155-6



https://doi.org/10.1097/YIC.0000000000000078
https://doi.org/10.13189/app.2019.070301
https://doi.org/10.1007/s13311-015-0387-1
https://doi.org/10.1038/sj.npp.1301410
https://doi.org/10.1007/s00213-002-1155-6

45

Brenes, J. C., Fornaguera, J., & Sequeira-Cordero, A. (2020). Environmental Enrichment and
Physical Exercise Attenuate the Depressive-Like Effects Induced by Social Isolation

Stress in Rats. Frontiers in Pharmacology, 11. https://doi.org/10.3389/fphar.2020.00804

Burghardt, P. R., Fulk, L. J., Hand, G. A., & Wilson, M. A. (2004). The Effects of Chronic
Treadmill and Wheel Running on Behavior in Rats. Brain Research, 1019(1), 84-96.

https://doi.org/10.1016/j.brainres.2004.05.086

Burokas, A., Arboleya, S., Moloney, R. D., Peterson, V. L., Murphy, K., Clarke, G., Stanton, C.,
Dinan, T. G., & Cryan, J. F. (2017). Targeting the Microbiota-Gut-Brain Axis: Prebiotics
Have Anxiolytic and Antidepressant-like Effects and Reverse the Impact of Chronic
Stress in Mice. Biological Psychiatry, 82(7), 472-487.

https://doi.org/10.1016/j.biopsych.2016.12.031

Bystritsky, A. (2006). Treatment-Resistant Anxiety Disorders. Molecular Psychiatry, 11(9),

805-814. https://doi.org/10.1038/sj.mp.4001852

Cartwright-Hatton, S., Roberts, C., Chitsabesan, P., Fothergill, C., & Harrington, R. (2004).
Systematic Review of the Efficacy of Cognitive Behaviour Therapies for Childhood and
Adolescent Anxiety Disorders. The British Journal of Clinical Psychology, 43(4), 421

436. https://doi.org/10.1348/0144665042388928

Castro, J. E., Diessler, S., Varea, E., Marquez, C., Larsen, M. H., Cordero, M. I., & Sandi, C.
(2012). Personality Traits in Rats Predict Vulnerability and Resilience to Developing
Stress-Induced Depression-like Behaviors, HPA Axis Hyper-reactivity and Brain
Changes in pERK1/2 Activity. Psychoneuroendocrinology, 37(8), 1209-1223.

https://doi.org/10.1016/j.psyneuen.2011.12.014



https://doi.org/10.3389/fphar.2020.00804
https://doi.org/10.1016/j.brainres.2004.05.086
https://doi.org/10.1016/j.biopsych.2016.12.031
https://doi.org/10.1038/sj.mp.4001852
https://doi.org/10.1348/0144665042388928
https://doi.org/10.1016/j.psyneuen.2011.12.014

46

Celada, P., Bortolozzi, A., & Artigas, F. (2013). Serotonin 5-HT1A Receptors as Targets for
Agents to Treat Psychiatric Disorders: Rationale and Current Status of Research. CNS

Drugs, 27(9), 703-716. https://doi.org/10.1007/s40263-013-0071-0

Chen, Z.-Y ., Bath, K., McEwen, B., Hempstead, B., & Lee, F. (2008). Impact of Genetic Variant
BDNF (Val66Met) on Brain Structure and Function. Novartis Foundation Symposium,
289, 180-195.

Cox, B. M., Alsawah, F., McNEeill, P. C., Galloway, M. P., & Perrine, S. A. (2011).
Neurochemical, Hormonal, and Behavioral Effects of Chronic Unpredictable Stress in the
Rat. Behavioural Brain Research, 220(1), 106-111.

https://doi.org/10.1016/j.bbr.2011.01.038

Darko, D. F., Risch, S. C., Gillin, J. C., & Golshan, S. (1992). Association of -endorphin with
Specific Clinical Symptoms of Depression. The American Journal of Psychiatry, 149(9),

1162-1167. https://doi.org/10.1176/ajp.149.9.1162

David, D. J., & Gourion, D. (2016). Antidepressant and Tolerance: Determinants and
Management of Major Side Effects. L 'Encephale, 42(6), 553-561.

https://doi.org/10.1016/j.encep.2016.05.006

Davis, M., & Whalen, P. J. (2001). The Amygdala: Vigilance and Emotion. Molecular

Psychiatry, 6(1), 13-34. https://doi.org/10.1038/sj.mp.4000812

Depression and anxiety escalate during COVID. (n.d.). American Psychological Association.

Retrieved February 26, 2022, from https://www.apa.org/monitor/2021/11/numbers-

depression-anxiety

Dias, G. P., Bevilaqua, M. C. do N., Silveira, A. C. D., Landeira-Fernandez, J., & Gardino, P. F.

(2009). Behavioral profile and dorsal hippocampal cells in carioca high-conditioned


https://doi.org/10.1007/s40263-013-0071-0
https://doi.org/10.1016/j.bbr.2011.01.038
https://doi.org/10.1176/ajp.149.9.1162
https://doi.org/10.1016/j.encep.2016.05.006
https://doi.org/10.1038/sj.mp.4000812
https://www.apa.org/monitor/2021/11/numbers-depression-anxiety
https://www.apa.org/monitor/2021/11/numbers-depression-anxiety

47

freezing rats. Behavioural Brain Research, 205(2), 342—-348.

https://doi.org/10.1016/j.bbr.2009.06.038

Duman, C. H., Schlesinger, L., Russell, D. S., & Duman, R. S. (2008). Voluntary Exercise
Produces Antidepressant and Anxiolytic Behavioral Effects in Mice. Brain Research,

1199, 148-158. https://doi.org/10.1016/j.brainres.2007.12.047

Elizalde, N., Gil-Bea, F. J., Ramirez, M. J., Aisa, B., Lasheras, B., Del Rio, J., & Tordera, R. M.
(2008). Long-lasting Behavioral Effects and Recognition Memory Deficit Induced by
Chronic Mild Stress in Mice: Effect of Antidepressant Treatment. Psychopharmacology,

199(1), 1. https://doi.org/10.1007/s00213-007-1035-1

Etkin, A., & Wager, T. D. (2007). Functional Neuroimaging of Anxiety: A Meta-Analysis of
Emotional Processing in PTSD, Social Anxiety Disorder, and Specific Phobia. American
Journal of Psychiatry, 164(10), 1476-1488.

https://doi.org/10.1176/appi.ajp.2007.07030504.

Eyre, H., & Baune, B. (2012). Neuroimmunological Effects of Physical Exercise in Depression.

Brain, Behavior, and Immunity, 26(2), 251-266. https://doi.org/10.1016/].bbi.2011.09.015

Fanoe, S., Kristensen, D., Fink-Jensen, A., Jensen, H. K., Toft, E., Nielsen, J., Videbech, P.,
Pehrson, S., & Bundgaard, H. (2014). Risk of Arrhythmia Induced by Psychotropic
Medications: A Proposal for Clinical Management. European Heart Journal, 35(20),

1306-1315. https://doi.org/10.1093/eurheartj/ehul00

Faravelli, C., Lo Sauro, C., Godini, L., Lelli, L., Benni, L., Pietrini, F., Lazzeretti, L., Talamba,
G. A, Fioravanti, G., & Ricca, V. (2012). Childhood Stressful Events, HPA Axis and
Anxiety Disorders. World Journal of Psychiatry, 2(1), 13-25.

https://doi.org/10.5498/wjp.v2.i1.13.



https://doi.org/10.1016/j.bbr.2009.06.038
https://doi.org/10.1016/j.brainres.2007.12.047
https://doi.org/10.1007/s00213-007-1035-1
https://doi.org/10.1176/appi.ajp.2007.07030504
https://doi.org/10.1016/j.bbi.2011.09.015
https://doi.org/10.1093/eurheartj/ehu100
https://doi.org/10.5498/wjp.v2.i1.13

48

Fentem, P. H. (1994). ABC of Sports Medicine: Benefits of Exercise in Health and Disease.

BMJ, 308(6939), 1291-1295. https://doi.org/10.1136/bmj.308.6939.1291

Fontella, F. U., Siqueira, I. R., Vasconcellos, A. P. S., Tabajara, A. S., Netto, C. A., & Dalmaz,
C. (2005). Repeated Restraint Stress Induces Oxidative Damage in Rat Hippocampus.

Neurochemical Research, 30(1), 105-111. https://doi.org/10.1007/s11064-004-9691-6

Fulk, L., Stock, H., Lynn, A., Marshall, J., Wilson, M., & Hand, G. (2004). Chronic Physical
Exercise Reduces Anxiety-Like Behavior in Rats. International Journal of Sports

Medicine, 25, 78-82. https://doi.org/10.1055/s-2003-45235

Fuss, J., Ben Abdallah, N. M.-B., Vogt, M. A., Touma, C., Pacifici, P. G., Palme, R.,
Witzemann, V., Hellweg, R., & Gass, P. (2010). Voluntary Exercise Induces Anxiety-like
Behavior in Adult C57BL/6J Mice Correlating with Hippocampal Neurogenesis.

Hippocampus, 20(3), 364-376. https://doi.org/10.1002/hip0.20634

Gerecke, K. M., Kolobova, A., Allen, S., & Fawer, J. L. (2013). Exercise Protects Against
Chronic Restraint Stress-Induced Oxidative Stress in the Cortex and Hippocampus. Brain

Research, 1509, 66—78. https://doi.org/10.1016/j.brainres.2013.02.027

Gorman, J. M. (2002). Treatment of Generalized Anxiety Disorder. The Journal of Clinical
Psychiatry, 63(Suppl 8), 17-23.

Guilliams, T.G., & Edwards, L. (2010). Chronic Stress and the HPA Axis: Clinical Assessment
and Therapeutic Considerations. The review of natural & neutraceutical therapies for
clinical practice. The standard, 9(2), 1-12.

Gunter, W. D., Shepard, J. D., Foreman, R. D., Myers, D. A., & Beverley. (2000). Evidence for
Visceral Hypersensitivity in High-Anxiety Rats. Physiology & Behavior, 69(3), 379-382.

https://doi.org/10.1016/S0031-9384(99)00254-1



https://doi.org/10.1136/bmj.308.6939.1291
https://doi.org/10.1007/s11064-004-9691-6
https://doi.org/10.1055/s-2003-45235
https://doi.org/10.1002/hipo.20634
https://doi.org/10.1016/j.brainres.2013.02.027
https://doi.org/10.1016/S0031-9384(99)00254-1

49

He, H., Xiang, Y., Gao, F., Bai, L., Gao, F., Fan, Y., Lyu, J., & Ma, X. (2019). Comparative
Efficacy and Acceptability of First-line Drugs for the Acute Treatment of Generalized
Anxiety Disorder in Adults: A Network Meta-Analysis. Journal of Psychiatric Research,

118, 21-30. https://doi.org/10.1016/j.jpsychires.2019.08.009

Hillhouse, T. M., & Porter, J. H. (2015). A Brief History of the Development of Antidepressant
Drugs: From Monoamines to Glutamate. Experimental and Clinical

Psychopharmacology, 23(1), 1-21. https://doi.org/10.1037/a0038550

Holmes, A., & Wellman, C. L. (2009). Stress-induced Prefrontal Reorganization and Executive
Dysfunction in Rodents. Neuroscience and Biobehavioral Reviews, 33(6), 773-783.

https://doi.org/10.1016/j.neubiorev.2008.11.005

Huang, E. J., & Reichardt, L. F. (2001). Neurotrophins: Roles in Neuronal Development and
Function. Annual Review of Neuroscience, 24(1), 677-736.

https://doi.org/10.1146/annurev.neuro.24.1.677

Huynh, T. N., Krighaum, A. M., Hanna, J. J., & Conrad, C. D. (2011). Sex Differences and
Phase of Light Cycle Modify Chronic Stress Effects on Anxiety and Depressive-like
Behavior. Behavioural Brain Research, 222(1), 212-222.

https://doi.org/10.1016/j.bbr.2011.03.038

Islas-Preciado, D., Lopez-Rubalcava, C., Gonzalez-Olvera, J., Gallardo-Tenorio, A., & Estrada-
Camarena, E. (2016). Environmental enrichment prevents anxiety-like behavior induced
by progesterone withdrawal in two strains of rats. Neuroscience, 336, 123-132.

https://doi.org/10.1016/j.neuroscience.2016.08.050



https://doi.org/10.1016/j.jpsychires.2019.08.009
https://doi.org/10.1037/a0038550
https://doi.org/10.1016/j.neubiorev.2008.11.005
https://doi.org/10.1146/annurev.neuro.24.1.677
https://doi.org/10.1016/j.bbr.2011.03.038
https://doi.org/10.1016/j.neuroscience.2016.08.050

50

Kalin, N. H., & Shelton, S. E. (1989). Defensive Behaviors in Infant Rhesus Monkeys:
Environmental Cues and Neurochemical Regulation. Science, 243(4899), 1718-1721.

https://doi.org/10.1126/science.2564702.

Kim, D.-M., & Leem, Y.-H. (2016). Chronic Stress-Induced Memory Deficits are Reversed by
Regular Exercise via AMPK-mediated BDNF Induction. Neuroscience, 324, 271-285.

https://doi.org/10.1016/j.neuroscience.2016.03.019

Kompagne, H., Bardos, G., Szénasi, G., Gacsalyi, I., Harsing, L. G., & Lévay, G. (2008).
Chronic Mild Stress Generates Clear Depressive but Ambiguous Anxiety-like Behaviour
in Rats. Behavioural Brain Research, 193(2), 311-314.

https://doi.org/10.1016/j.bbr.2008.06.008.

Kornstein, S. G., Clayton, A. H., Soares, C. N., Padmanabhan, S. K., & Guico-Pabia, C. J.
(2010). Analysis by Age and Sex Efficacy Data from Placebo-Controlled Trials of
Desvenlafaxine in Outpatients with Major Depressive Disorder. Journal of Clinical
Psychopharmacology, 30(3), 294-299.

Lahmame, A., del Arco, C., Pazos, A., Yritia, M., & Armario, A. (1997). Are Wistar-Kyoto Rats
a Genetic Animal Model of Depression Resistant to Antidepressants? European Journal

of Pharmacology, 337(2), 115-123. https://doi.org/10.1016/S0014-2999(97)01276-4

Lapmanee, S., Charoenphandhu, J., & Charoenphandhu, N. (2013). Beneficial Effects of
Fluoxetine, Reboxetine, Venlafaxine, and VVoluntary Running Exercise in Stressed Male
Rats with Anxiety- and Depression-like Behaviors. Behavioural Brain Research, 250,

316-325. https://doi.org/10.1016/j.bbr.2013.05.018

Lapmanee, S., Charoenphandhu, J., Teerapornpuntakit, J., Krishnamra, N., & Charoenphandhu,

N. (2017). Agomelatine, Venlafaxine, and Running Exercise Effectively Prevent


https://doi.org/10.1126/science.2564702
https://doi.org/10.1016/j.neuroscience.2016.03.019
https://doi.org/10.1016/j.bbr.2008.06.008
https://doi.org/10.1016/S0014-2999(97)01276-4
https://doi.org/10.1016/j.bbr.2013.05.018

51

Anxiety- and Depression-like Behaviors and Memory Impairment in Restraint Stressed

Rats. PLOS ONE, 12(11), e0187671. https://doi.org/10.1371/journal.pone.0187671

Leveleki, Cs., Sziray, N., Levay, G., Barsvari, B., Soproni, K., Mikics, E., & Haller, J. (2006).
Pharmacological Evaluation of the Stress-Induced Social Avoidance Model of Anxiety.
Brain Research Bulletin, 69(2), 153-160.

https://doi.org/10.1016/j.brainresbull.2005.11.015

Levy, B. H., & Tasker, J. G. (2012). Synaptic Regulation of the Hypothalamic—Pituitary—Adrenal
Axis and its Modulation by Glucocorticoids and Stress. Frontiers in Cellular

Neuroscience, 6. https://doi.org/10.3389/fncel.2012.00024

Lezak, K. R., Missig, G., & Carlezon Jr, W. A. (2017). Behavioral Methods to Study Anxiety in
Rodents. Dialogues in Clinical Neuroscience, 19(2), 181-191.

Liston, C., Miller, M. M., Goldwater, D. S., Radley, J. J., Rocher, A. B., Hof, P. R., Morrison, J.
H., & McEwen, B. S. (2006). Stress-Induced Alterations in Prefrontal Cortical Dendritic
Morphology Predict Selective Impairments in Perceptual Attentional Set-Shifting.

Journal of Neuroscience, 26(30), 7870-7874. https://doi.org/10.1523/JNEUROSCI.1184-

06.2006.
Liyanarachchi, K., Ross, R., & Debono, M. (2017). Human Studies on Hypothalamo-Pituitary-
Adrenal (HPA) Axis. Best Practice & Research Clinical Endocrinology & Metabolism,

31(5), 459-473. https://doi.org/10.1016/j.beem.2017.10.011

Mantella, R. C., Butters, M. A., Dew, M. A., Mulsant, B. H., Begley, A. E., Tracey, B., Shear,
M. K., Reynolds, C. F., & Lenze, E. J. (2007). Cognitive Impairment in Late-L.ife
Generalized Anxiety Disorder. The American Journal of Geriatric Psychiatry, 15(8),

673-679. https://doi.org/10.1097/JGP.0b013e31803111f2.



https://doi.org/10.1371/journal.pone.0187671
https://doi.org/10.1016/j.brainresbull.2005.11.015
https://doi.org/10.3389/fncel.2012.00024
https://doi.org/10.1523/JNEUROSCI.1184-06.2006
https://doi.org/10.1523/JNEUROSCI.1184-06.2006
https://doi.org/10.1016/j.beem.2017.10.011
https://doi.org/10.1097/JGP.0b013e31803111f2

52

Marsicano, G., Wotjak, C. T., Azad, S. C., Bisogno, T., Rammes, G., Cascio, M. G., Hermann,
H., Tang, J., Hofmann, C., Zieglgéansberger, W., Di Marzo, V., & Lutz, B. (2002). The
Endogenous Cannabinoid System Controls Extinction of Aversive Memories. Nature,

418(6897), 530-534. https://doi.org/10.1038/nature00839

Masataka, N. (2019). Anxiolytic Effects of Repeated Cannabidiol Treatment in Teenagers with
Social Anxiety Disorders. Frontiers in Psychology, 10.

https://doi.org/10.3389/fpsyq.2019.02466

McAuley, J. D., Stewart, A. L., Webber, E. S., Cromwell, H. C., Servatius, R. J., & Pang, K. C.
H. (2009). Wistar-Kyoto Rats as an Animal Model of Anxiety Vulnerability: Support for
a Hypervigilance Hypothesis. Behavioural Brain Research, 204(1), 162-168.

https://doi.org/10.1016/j.bbr.2009.05.036

McCann, I. L., & Holmes, D. S. (1984). Influence of Aerobic Exercise on Depression. Journal of

Personality and Social Psychology, 46(5), 1142-1147. https://doi.org/10.1037/0022-

3514.46.5.1142

McEwen, B. S., & Morrison, J. H. (2013). The Brain on Stress: Vulnerability and Plasticity of
the Prefrontal Cortex over the Life Course. Neuron, 79(1), 16-29.

https://doi.org/10.1016/j.neuron.2013.06.028

Meeusen, R., & De Meirleir, K. (1995). Exercise and Brain Neurotransmission. Sports Medicine

(Auckland, N.Z.), 20(3), 160-188. https://doi.org/10.2165/00007256-199520030-00004

Michopoulos, V., Powers, A., Gillespie, C. F., Ressler, K. J., & Jovanovic, T. (2017).

Inflammation in Fear- and Anxiety-Based Disorders: PTSD, GAD, and Beyond.

Neuropsychopharmacology, 42(1), 254-270. https://doi.org/10.1038/npp.2016.146.


https://doi.org/10.1038/nature00839
https://doi.org/10.3389/fpsyg.2019.02466
https://doi.org/10.1016/j.bbr.2009.05.036
https://doi.org/10.1037/0022-3514.46.5.1142
https://doi.org/10.1037/0022-3514.46.5.1142
https://doi.org/10.1016/j.neuron.2013.06.028
https://doi.org/10.2165/00007256-199520030-00004
https://doi.org/10.1038/npp.2016.146

53

Miller, R. M., Marriott, D., Trotter, J., Hammond, T., Lyman, D., Call, T., Walker, B.,
Christensen, N., Haynie, D., Badura, Z., Homan, M., & Edwards, J. G. (2018). Running
Exercise Mitigates the Negative Consequences of Chronic Stress on Dorsal Hippocampal
Long-Term Potentiation in Male Mice. Neurobiology of Learning and Memory, 149, 28—

38. https://doi.org/10.1016/j.nIm.2018.01.008

Mizoguchi, K., Ishige, A., Aburada, M., & Tabira, T. (2003). Chronic Stress Attenuates
Glucocorticoid Negative Feedback: Involvement of the Prefrontal Cortex and

Hippocampus. Neuroscience, 119(3), 887-897. https://doi.org/10.1016/S0306-

4522(03)00105-2

Moraczewski, J., & Aedma, K. K. (2021). Tricyclic Antidepressants. In StatPearls. StatPearls

Publishing. http://www.ncbi.nlm.nih.gov/books/NBK557791/

Morilak, D. A., Barrera, G., Echevarria, D. J., Garcia, A. S., Hernandez, A., Ma, S., & Petre, C.
0. (2005). Role of Brain Norepinephrine in the Behavioral Response to Stress. Progress
in Neuro-Psychopharmacology and Biological Psychiatry, 29(8), 1214-1224.

https://doi.org/10.1016/j.pnpbp.2005.08.007

Miller, H. K., Wegener, G., Popoli, M., & Elfving, B. (2011). Differential Expression of
Synaptic Proteins after Chronic Restraint Stress in Rat Prefrontal Cortex and
Hippocampus. Brain Research, 1385, 26-37.

https://doi.org/10.1016/j.brainres.2011.02.048

Murakami, S., Imbe, H., Morikawa, Y., Kubo, C., & Senba, E. (2005). Chronic Stress, as well as
Acute Stress, Reduces BDNF mRNA Expression in the Rat Hippocampus but Less
Robustly. Neuroscience Research, 53(2), 129-139.

https://doi.org/10.1016/j.neures.2005.06.008



https://doi.org/10.1016/j.nlm.2018.01.008
https://doi.org/10.1016/S0306-4522(03)00105-2
https://doi.org/10.1016/S0306-4522(03)00105-2
http://www.ncbi.nlm.nih.gov/books/NBK557791/
https://doi.org/10.1016/j.pnpbp.2005.08.007
https://doi.org/10.1016/j.brainres.2011.02.048
https://doi.org/10.1016/j.neures.2005.06.008

54

Nair, A., & Vaidya, V. A. (2006). Cyclic AMP Response Element Binding Protein and Brain-
Derived Neurotrophic Factor: Molecules that Modulate our Mood? Journal of
Biosciences, 31(3), 423-424.

Nitschke, J. B., Sarinopoulos, I., Oathes, D. J., Johnstone, T., Whalen, P. J., Davidson, R. J., &
Kalin, N. H. (2009). Anticipatory Activation in the Amygdala and Anterior Cingulate in
Generalized Anxiety Disorder and Prediction of Treatment Response. American Journal

of Psychiatry, 166(3), 302-310. https://doi.org/10.1176/appi.ajp.2008.07101682.

O’brien, C. P. (2005). Benzodiazepine Use, Abuse, and Dependence. The Journal of Clinical
Psychiatry, 66 Suppl 2, 28-33.
Olfson, M., King, M., & Schoenbaum, M. (2015). Benzodiazepine Use in the United States.

JAMA Psychiatry, 72(2), 136-142. https://doi.org/10.1001/jamapsychiatry.2014.1763

Owens, M. J., Vargas, M. A., & Nemeroff, C. B. (1993). The Effects of Alprazolam on
Corticotropin-Releasing Factor Neurons in the Rat Brain: Implications for a Role for
CRF in the Pathogenesis of Anxiety Disorders. Journal of Psychiatric Research, 27 Suppl

1, 209-220. https://doi.org/10.1016/0022-3956(93)90029-2

Paulesu, E., Sambugaro, E., Torti, T., Danelli, L., Ferri, F., Scialfa, G., Sberna, M., Ruggiero, G.
M., Bottini, G., & Sassaroli, S. (2010). Neural Correlates of Worry in Generalized
Anxiety Disorder and in Normal Controls: A Functional MRI Study. Psychological

Medicine, 40(1), 117-124. https://doi.org/10.1017/S0033291709005649.

Parihar, V. K., Hattiangady, B., Kuruba, R., Shuai, B., & Shetty, A. K. (2011). Predictable

Chronic Mild Stress Improves Mood, Hippocampal Neurogenesis and Memory.

Molecular Psychiatry, 16(2), 171-183. https://doi.org/10.1038/mp.2009.130


https://doi.org/10.1176/appi.ajp.2008.07101682
https://doi.org/10.1001/jamapsychiatry.2014.1763
https://doi.org/10.1016/0022-3956(93)90029-2
https://doi.org/10.1017/S0033291709005649
https://doi.org/10.1038/mp.2009.130

55

Patriquin, M. A., & Mathew, S. J. (2017). The Neurobiological Mechanisms of Generalized
Anxiety Disorder and Chronic Stress. Chronic Stress, 1.

https://doi.org/10.1177/2470547017703993

Pietropaolo, S., Feldon, J., Alleva, E., Cirulli, F., & Yee, B. K. (2006). The Role of Voluntary
Exercise in Enriched Rearing: A Behavioral Analysis. Behavioral Neuroscience, 120(4),

787—803. https://doi.org/10.1037/0735-7044.120.4.787

Prevot, T. D., Misquitta, K. A., Fee, C., Newton, D. F., Chatterjee, D., Nikolova, Y. S., Sibille,
E., & Banasr, M. (2019). Residual Avoidance: A New, Consistent and Repeatable
Readout of Chronic Stress-Induced Conflict Anxiety Reversible by Antidepressant
Treatment. Neuropharmacology, 153, 98-110.

https://doi.org/10.1016/j.neuropharm.2019.05.005

Purves, K. L., Coleman, J. R. I., Meier, S. M., Rayner, C., Davis, K. A. S., Cheesman, R.,
Beaekvad-Hansen, M., Bgrglum, A. D., Wan Cho, S., Jurgen Deckert, J., Gaspar, H. A.,
Bybjerg-Grauholm, J., Hettema, J. M., Hotopf, M., Hougaard, D., Hubel, C., Kan, C.,
Mclntosh, A. M., Mors, O., ... Eley, T. C. (2020). A Major Role for Common Genetic
Variation in Anxiety Disorders. Molecular Psychiatry, 25(12), 3292-3303.

https://doi.org/10.1038/s41380-019-0559-1

Radecki, D. T., Brown, L. M., Martinez, J., & Teyler, T. J. (2005). BDNF Protects Against
Stress-Induced Impairments in Spatial Learning and Memory and LTP. Hippocampus,

15(2), 246-253. https://doi.org/10.1002/hipo0.20048

Rodgers, R. J., Cao, B. J., Dalvi, A., & Holmes, A. (1997). Animal Models of Anxiety: An

Ethological Perspective. Brazilian Journal of Medical and Biological Research = Revista


https://doi.org/10.1177/2470547017703993
https://doi.org/10.1037/0735-7044.120.4.787
https://doi.org/10.1016/j.neuropharm.2019.05.005
https://doi.org/10.1038/s41380-019-0559-1
https://doi.org/10.1002/hipo.20048

56

Brasileira De Pesquisas Medicas E Biologicas, 30(3), 289-304.

https://doi.org/10.1590/s0100-879x1997000300002

Roy-Byrne, P. P. (2005). The GABA-benzodiazepine Receptor Complex: Structure, Function,
and Role in Anxiety. The Journal of Clinical Psychiatry, 66 Suppl 2, 14-20.

Russo-Neustadt, A., Beard, R. C., & Cotman, C. W. (1999). Exercise, Antidepressant
Medications, and Enhanced Brain Derived Neurotrophic Factor Expression.
Neuropsychopharmacology: Official Publication of the American College of

Neuropsychopharmacology, 21(5), 679-682. https://doi.org/10.1016/S0893-

133X(99)00059-7

Salmon, P. (2001). Effects of Physical Exercise on Anxiety, Depression, and Sensitivity to
Stress: A Unifying Theory. Clinical Psychology Review, 21(1), 33-61.

https://doi.org/10.1016/S0272-7358(99)00032-X

Smoller, J. W. (2016). The Genetics of Stress-Related Disorders: PTSD, Depression, and
Anxiety Disorders. Neuropsychopharmacology, 41(1), 297-319.

https://doi.org/10.1038/npp.2015.266.

Sandi, C., Merino, J. J., Cordero, M. |, Touyarot, K., & Venero, C. (2001). Effects of Chronic
Stress on Contextual Fear Conditioning and the Hippocampal Expression of the Neural
Cell Adhesion Molecule, its Polysialylation, and L1. Neuroscience, 102(2), 329-339.

https://doi.org/10.1016/S0306-4522(00)00484-X

Shin, L. M., Rauch, S. L., & Pitman, R. K. (2006). Amygdala, Medial Prefrontal Cortex, and
Hippocampal Function in PTSD. Annals of the New York Academy of Sciences, 1071, 67—

79. https://doi.org/10.1196/annals.1364.007



https://doi.org/10.1590/s0100-879x1997000300002
https://doi.org/10.1016/S0893-133X(99)00059-7
https://doi.org/10.1016/S0893-133X(99)00059-7
https://doi.org/10.1016/S0272-7358(99)00032-X
https://doi.org/10.1038/npp.2015.266
https://doi.org/10.1016/S0306-4522(00)00484-X
https://doi.org/10.1196/annals.1364.007

57

Song, L., Che, W., Min-wei, W., Murakami, Y., & Matsumoto, K. (2006). Impairment of the
Spatial Learning and Memory Induced by Learned Helplessness and Chronic Mild Stress.
Pharmacology Biochemistry and Behavior, 83(2), 186-193.

https://doi.org/10.1016/j.pbbh.2006.01.004

Stairs, D. J., Chacho, N. M., Wunsch, C., Pipitone, L., & Dravid, S. M. (2020). Environmental
Enrichment Increases Cue-dependent Freezing and Behavioral Despair but Decreases
Anxiety-like Behavior in Rats. Pharmacology Biochemistry and Behavior, 196, 1-8.

https://doi.org/10.1016/j.pbb.2020.172979

Stephens, M. A. C., & Wand, G. (2012). Stress and the HPA Axis: Role of Glucocorticoids in
Alcohol Dependence. Alcohol Research : Current Reviews, 34(4), 468-483.

Stiedl, O., Pappa, E., Konradsson-Geuken, A., & Ogren, S. O. (2015). The Role of the Serotonin
Receptor Subtypes 5-HT1A and 5-HT7 and its Interaction in Emotional Learning and

Memory. Frontiers in Pharmacology, 6. https://doi.org/10.3389/fphar.2015.00162

Stuart, S. A., Butler, P., Munafo, M. R., Nutt, D. J., & Robinson, E. S. (2013). A Translational
Rodent Assay of Affective Biases in Depression and Antidepressant Therapy.

Neuropsychopharmacology, 38(9), 1625-1635. https://doi.org/10.1038/npp.2013.69

Sunanda, Rao, B. S. S., & Raju, T. R. (2000). Chronic Restraint Stress Impairs Acquisition and
Retention of Spatial Memory Task in Rats. Current Science, 79(11), 1581-1584.

Suo, L., Zhao, L., Si, J., Liu, J., Zhu, W., Chai, B., Zhang, Y., Feng, J., Ding, Z., Luo, Y., Shi,
H., Shi, J., & Lu, L. (2013). Predictable Chronic Mild Stress in Adolescence Increases
Resilience in Adulthood. Neuropsychopharmacology: Official Publication of the
American College of Neuropsychopharmacology, 38(8), 1387—-1400.

https://doi.org/10.1038/npp.2013.67



https://doi.org/10.1016/j.pbb.2006.01.004
https://doi.org/10.1016/j.pbb.2020.172979
https://doi.org/10.3389/fphar.2015.00162
https://doi.org/10.1038/npp.2013.69
https://doi.org/10.1038/npp.2013.67

58

Thorén, P., Floras, J. S., Hoffmann, P., & Seals, D. R. (1990). Endorphins and Exercise:
Physiological Mechanisms and Clinical Implications. Medicine & Science in Sports &
Exercise, 22(4), 417-428.

Tiller, J. W. G. (2013). Depression and Anxiety. Medical Journal of Australia, 199(6).

https://www.mja.com.au/journal/2013/199/6/depression-and-

anxiety?fbclid=IwAR1kDPMihnRi24XcknQYasyBix71Y PVLF83XxXCBOXFFX6vyXF

fahm1RxmQ.

Todd, R. M., Miller, D. J., Lee, D. H., Robertson, A., Eaton, T., Freeman, N., Palombo, D. J.,
Levine, B., & Anderson, A. K. (2013). Genes for Emotion-Enhanced Remembering Are
Linked to Enhanced Perceiving. Psychological Science, 24(11), 2244-2253.

https://doi.org/10.1177/0956797613492423.

Torres, I. L. S., Gamaro, G. D., Vasconcellos, A. P., Silveira, R., & Dalmaz, C. (2002). Effects
of Chronic Restraint Stress on Feeding Behavior and on Monoamine Levels in Different
Brain Structures in Rats. Neurochemical Research, 27(6), 519-525.

https://doi.org/10.1023/A:1019856821430

Trindade, E., Menon, D., Topfer, L. A., & Coloma, C. (1998). Adverse Effects Associated with
Selective Serotonin Reuptake Inhibitors and Tricyclic Antidepressants: A Meta-Analysis.
CMAJ: Canadian Medical Association Journal, 159(10), 1245-1252.

Tsai, M.-L., Koztowska, A., Li, Y.-S., Shen, W.-L., & Huang, A. C. W. (2017). Social Factors
Affect Motor and Anxiety Behaviors in the Animal Model of Attention-Deficit
Hyperactivity Disorders: A Housing-Style Factor. Psychiatry Research, 254, 290-300.

https://doi.org/10.1016/j.psychres.2017.05.008.



https://www.mja.com.au/journal/2013/199/6/depression-and-anxiety?fbclid=IwAR1kDPMjhnRi24XcknQYgsyBix71Y_PVLF83XxCBOXFFX6vyXFfahm1RxmQ
https://www.mja.com.au/journal/2013/199/6/depression-and-anxiety?fbclid=IwAR1kDPMjhnRi24XcknQYgsyBix71Y_PVLF83XxCBOXFFX6vyXFfahm1RxmQ
https://www.mja.com.au/journal/2013/199/6/depression-and-anxiety?fbclid=IwAR1kDPMjhnRi24XcknQYgsyBix71Y_PVLF83XxCBOXFFX6vyXFfahm1RxmQ
https://doi.org/10.1177/0956797613492423
https://doi.org/10.1023/A:1019856821430
https://doi.org/10.1016/j.psychres.2017.05.008

59

Van Hoomissen, J. D., Holmes, P. V., Zellner, A. S., Poudevigne, A., & Dishman, R. K.
(20041213). Effects of B-Adrenoreceptor Blockade During Chronic Exercise on
Contextual Fear Conditioning and mRNA for Galanin and Brain-Derived Neurotrophic

Factor. Behavioral Neuroscience, 118(6), 1378. https://doi.org/10.1037/0735-

7044.118.6.1378.

Vyas, A., Mitra, R., Shankaranarayana Rao, B. S., & Chattarji, S. (2002). Chronic Stress Induces
Contrasting Patterns of Dendritic Remodeling in Hippocampal and Amygdaloid Neurons.
The Journal of Neuroscience, 22(15), 6810-6818.

https://doi.org/10.1523/JNEUROSCI.22-15-06810.2002

Wang, J.-L., Wang, Y., Gao, T.-T., Liu, L., Wang, Y.-J., Guan, W., Chen, T.-T., Zhao, J., Zhang,
Y., & Jiang, B. (2020). Venlafaxine Protects Against Chronic Stress-Related Behaviors in
Mice by Activating the mTORC1 Signaling Cascade. Journal of Affective Disorders, 276,

525-536. https://doi.org/10.1016/j.jad.2020.07.096

Wood, G. E., Young, L. T., Reagan, L. P., & McEwen, B. S. (2003). Acute and Chronic
Restraint Stress Alter the Incidence of Social Conflict in Male Rats. Hormones and

Behavior, 43(1), 205-213. https://doi.org/10.1016/S0018-506X(02)00026-0

Wright, R. L., & Conrad, C. D. (2005). Chronic Stress Leaves Novelty-Seeking Behavior Intact
while Impairing Spatial Recognition Memory in the Y-maze. Stress (Amsterdam,

Netherlands), 8(2), 151-154. https://doi.org/10.1080/10253890500156663

Yin, X., Guven, N., & Dietis, N. (2016). Stress-Based Animal Models of Depression: Do We
Actually Know What We are Doing? Brain Research, 1652, 30-42.

https://doi.org/10.1016/j.brainres.2016.09.027



https://doi.org/10.1037/0735-7044.118.6.1378
https://doi.org/10.1037/0735-7044.118.6.1378
https://doi.org/10.1523/JNEUROSCI.22-15-06810.2002
https://doi.org/10.1016/j.jad.2020.07.096
https://doi.org/10.1016/S0018-506X(02)00026-0
https://doi.org/10.1080/10253890500156663
https://doi.org/10.1016/j.brainres.2016.09.027

60

Yohn, C. N., Gergues, M. M., & Samuels, B. A. (2017). The Role of 5-HT Receptors in

Depression. Molecular Brain, 10(1), 28. https://doi.org/10.1186/s13041-017-0306-y

Yohn, C. N., Shifman, S., Garino, A., Diethorn, E., Bokka, L., Ashamalla, S. A., & Samuels, B.
A. (2020). Fluoxetine Effects on Behavior and Adult Hippocampal Neurogenesis in
Female C57BL/6J Mice Across the Estrous Cycle. Psychopharmacology, 237(5), 1281

1290. https://doi.org/10.1007/s00213-020-05456-5

Zhang, Y., Bi, X., Adebiyi, O., Wang, J., Mooshekhian, A., Cohen, J., Wei, Z., Wang, F., & L1,
X.-M. (2019). Venlafaxine Improves the Cognitive Impairment and Depression-Like
Behaviors in a Cuprizone Mouse Model by Alleviating Demyelination and
Neuroinflammation in the Brain. Frontiers in Pharmacology, 10.

https://www.frontiersin.org/article/10.3389/fphar.2019.00332

Zhu, S., Shi, R., Wang, J., Wang, J.-F., & Li, X.-M. (2014). Unpredictable Chronic Mild Stress
Not Chronic Restraint Stress Induces Depressive Behaviours in Mice. Neuroreport,

25(14), 1151-1155. https://doi.org/10.1097/WNR.0000000000000243



https://doi.org/10.1186/s13041-017-0306-y
https://doi.org/10.1007/s00213-020-05456-5
https://www.frontiersin.org/article/10.3389/fphar.2019.00332
https://doi.org/10.1097/WNR.0000000000000243

	The Effects Of Venlafaxine And Voluntary Exercise On Chronic Unpredictable Stress Induced Anxiety
	Recommended Citation

	tmp.1646684417.pdf.dRCDd

