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Abstract
Fear is one of the six basic emotions and serves as the brain's primary threat detection and
survival response. This paper examines the neurobiology of fear, including the neurotransmitter
systems (glutamate, GABA, norepinephrine, corticotropin releasing hormone, and serotonin)
that generate and regulate it, the receptor subtypes and structures involved (the amygdala,
hippocampus, and prefrontal cortex in particular), and the genetic and environmental factors
that shape individual differences in fear reactivity. It then reviews neurological and psychiatric
conditions that arise when one's fear circuitry becomes dysregulated, such as generalized
anxiety disorder, panic disorder, and post traumatic stress disorder, along with current
pharmacological and non-pharmacological approaches to treatment. Throughout, clinical and
healthcare implications are highlighted, since accurate assessment and management of fear
related presentations are central to safe, patient centered health care across nearly every
practice setting.

Fear as a Fundamental Emotion
Alongside anger, surprise, happiness, sadness, and disgust, fear has been identified by Paul
Ekman as one of the six basic emotions (Kandel et al., 2021). Basic emotions are considered
to be biologically hardwired rather than learned, and universally recognizable, each with distinct
physiological signatures (Kandel et al., 2021). Fear is a threat detection and survival response,
triggered by perceived danger and preparing the body for defensive action through the "fight,
flight, or freeze" response (LeDoux, 2000). Fear typically focuses on a specific threat, and
therefore resolves once that threat passes. When fear becomes persistent, and often shows up
without an actual threat, it shifts from an adaptive emotion into pathological anxiety, often
observed in clinical settings (American Psychiatric Association [APA], 2022).

Neurotransmitter Systems Involved in Fear
Fear is driven by several neurotransmitters and neuropeptides. Together, they act as systems.
Glutamate is the principal excitatory transmitter. Glutamate works in the amygdala to mediate
rapid threat transmission, create fear based memories during a threatening event, and support
extinction learning, in which a new, competing "safety" memory forms when the feared stimulus
repeatedly occurs without danger (LeDoux, 2000). GABA is the main inhibitor that works to
lower amygdala excitability once a threat resolves by slowing cell activity down (Stahl, 2021).
Low levels or poor functioning of the GABA inhibitor is linked to heightened anxiety (Stahl,
2021). Norepinephrine, released from the locus coeruleus, creates arousal, increasing heart
rate and vigilance (Kandel et al., 2021). Corticotropin releasing hormone (CRH) initiates HPA
axis stress and amplifies fear, stimulating cortisol release (Stahl, 2021). Serotonin generally
has an inhibitory, modulatory influence over amygdala reactivity, which is why serotonergic
dysfunction is a prominent symptom in anxiety and trauma related disorders (Stahl, 2021).



Research Archive of
Rising Scholars (preprint)

Where bright minds share their learnings

2

Key Receptors, Subtypes, and Neuroanatomy
These transmitters act through specific receptors, creating a fear circuit. Glutamate acts
through NMDA and AMPA receptors in the basolateral amygdala (BLA), where long term
NMDA dependence encodes new memories, by facilitating the physical strengthening of
connections between brain cells to create memories that associate a specific sound, sight, or
place with danger or safety (LeDoux, 2000). GABA acts through GABA-A receptors in the
amygdala, and the binding site for benzodiazepines (Stahl, 2021). Norepinephrine acts through
alpha-1, alpha-2, and beta-adrenergic receptors; beta adrenergic receptors in the BLA are the
binding site through which norepinephrine and epinephrine strengthen the consolidation of
emotionally arousing memories (Kandel et al., 2021). This same receptor is the target of beta
blocker medications, which are sometimes used to lessen the peripheral symptoms of acute
anxiety. CRH acts through CRHR1 (amygdala, hypothalamus, locus coeruleus) and CRHR2
(more anxiolytic/recovery-related) (Stahl, 2021). Serotonin acts through 5-HT1A (largely
inhibitory, in raphe nuclei and limbic structures) and 5-HT2A/2C receptors in the amygdala and
prefrontal cortex (Stahl, 2021).

The amygdala–particularly its basolateral and central nuclei–is the hub of fear processing,
projecting to the hypothalamus (autonomic/endocrine output), periaqueductal gray (freezing
behavior), and locus coeruleus (arousal) (LeDoux, 2000). The hippocampus supplies
contextual information, while the ventromedial prefrontal cortex exerts top down inhibitory
control over the amygdala, for fear extinction (Rauch et al., 2006). Reduced inhibition of an
amygdala causes it to be overreactive, which is a consistent finding across anxiety and trauma
related disorders (Rauch et al., 2006).
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Figure 1. A schematic view of major brain circuits involved in fear and anxiety. From Steimer
(2002), The biology of fear- and anxiety-related behaviors, Dialogues in Clinical Neuroscience,
4(3), 231–249. https://doi.org/10.31887/DCNS.2002.4.3/tsteimer

Genetic and Environmental Influences
Twin studies estimate the heritability of one being prone to anxiety at roughly 30–50% (Kandel
et al., 2021). The short allele of the serotonin transporter gene (5-HTTLPR) has been
associated with heightened amygdala reactivity, specifically when combined with experiences
with adversity in one's early life (Stahl, 2021). Variants in COMT (dopamine/norepinephrine
metabolism) and CRHR1 also affect stress reactivity and fear extinction (Stahl, 2021).
Environmentally, struggles with early life adversity–such as neglect and chronic stress–are one
of the strongest predictors of heightened fear responses, in part through lasting changes in
HPA axis regulation and the communication between the amygdala and prefrontal cortex
(Rauch et al., 2006). Chronic adult stress, prenatal maternal stress, and observational/social
learning of fear further shape one's individual reactivity (Kandel et al., 2021). Gene by
environment interaction is now understood to be more predictive than either factor alone,
further enforcing the value of nurses assessing individuals based on their trauma (Stahl, 2021),
which ensures safety, transparency, and comfort across patient healthcare worker
relationships.
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Associated Neurological and Psychiatric Conditions
Dysregulated fear circuits lead to several conditions: generalized anxiety disorder (excessive,
uncontrollable worry), panic disorder (sudden fear attacks with symptoms often mistaken for
cardiac events), specific phobias, and social anxiety disorder (APA, 2022). Post traumatic
stress disorder (PTSD) is the clearest example of dysregulated fear circuitry: hyperresponsive
amygdala activity, impaired prefrontal regulation, and deficient extinction combine to produce
intrusive memories and consistent threat sensitivity (Rauch et al., 2006). Abnormal fear
processing also appears in obsessive compulsive disorder (APA, 2022) and in neurological
conditions such as temporal lobe epilepsy, where seizures near the amygdala can trigger
sudden, unprovoked fear (Kandel et al., 2021).

Current Treatment and Management Approaches
Treatment typically combines pharmacological and non-pharmacological strategies.
SSRIs/SNRIs (Selective Serotonin Reuptake Inhibitors/Serotonin and Norepinephrine
Reuptake Inhibitors) are the first options for most anxiety and trauma related disorders.
Healthcare professionals should monitor for early activation, suicidality warnings in younger
patients, and discontinuation syndrome (Stahl, 2021). Benzodiazepines (GABA-A agonists)
relieve symptoms rapidly but carry dependence and sedation risks, warranting nursing
attention to these risks (Stahl, 2021). Prazosin (alpha-1 antagonist) reduces PTSD related
nightmares, and beta blockers are sometimes used to lessen peripheral anxiety symptoms
(Stahl, 2021).

Non-pharmacological treatment is equally relevant. Cognitive behavioral therapy and exposure
based therapies strengthen prefrontal regulation of the amygdala and regulate fear levels in the
brain, EMDR (Eye Movement Desensitization and Reprocessing) is prominently used on
individuals with PTSD (Rauch et al., 2006), while mindfulness and relaxation training reduce
sympathetic and HPA axis reactivity (Stahl, 2021). In practice, healthcare workers apply these
principles directly: using screening tools such as the GAD-7 or PCL-5 (APA, 2022), using
therapeutic communication and grounding techniques during anxiety, creating a calm,
predictable environment for trauma affected patients, providing procedural education to reduce
anticipatory fear, and monitoring medication adherence and side effects in patients. Because
dysregulated fear appears across nearly every care setting, understanding its neurobiology
gives healthcare workers such as nurses a more precise, less stigmatizing framework for
assessment and intervention of patients.
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