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Abstract

Stress and depression are among the most prevalent neuropsychological conditions
affecting modern society. While acute stress may serve adaptive functions, chronic stress and
depressive disorders exert profound negative effects on the central nervous system. These
conditions are associated with structural, functional, and biochemical alterations in the brain,
leading to impaired cognition, emotional dysregulation, and increased vulnerability to
neurological and psychiatric disorders. This article provides a comprehensive clinical and
neurobiological review of the effects of stress and depression on the central nervous system.
Particular attention is given to hypothalamic—pituitary—adrenal HPA axis dysregulation,
neurotransmitter imbalance, neuroplasticity impairment, and neuroinflammatory processes.
Understanding these mechanisms is essential for improving diagnostic accuracy, therapeutic
strategies, and preventive interventions.
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Introduction

Stress and depression have become major public health concerns worldwide, affecting
individuals across all age groups and socioeconomic backgrounds. Rapid urbanization,
increased occupational demands, social instability, and continuous exposure to information
overload have significantly increased psychological stress levels. When stress becomes
persistent and exceeds an individual’s adaptive capacity, it may progress into chronic stress and
eventually contribute to the development of depressive disorders. The central nervous system
plays a pivotal role in the perception, processing, and regulation of stress-related responses.
Chronic exposure to stressors and depressive states induces long-term alterations in brain
structure and function, affecting emotional regulation, cognition, memory, and behavior. Over
the past decades, advances in neuroimaging, molecular neuroscience, and
psychoneuroendocrinology have provided valuable insights into how stress and depression alter
CNS physiology.

Concept and Types of Stress

Stress is defined as a state of threatened homeostasis triggered by internal or external
stressors, requiring adaptive physiological and psychological responses. The stress response is
mediated primarily by the central nervous system and endocrine signaling pathways.

* Acute stress: Short-term response to immediate threats or challenges

» Chronic stress: Prolonged exposure to stressors with persistent activation of stress
pathways
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* Eustress: Beneficial stress that enhances motivation and performance

* Distress: Harmful stress associated with maladaptive physiological and psychological
effects

Depression as a Neuropsychiatric Disorder

Depression is a multifactorial psychiatric disorder characterized by persistent low mood,
anhedonia, cognitive impairment, and somatic symptoms. It is increasingly recognized as a
disorder with a strong biological basis rather than solely a psychological condition.

Core symptoms include:

* Persistent sadness or emotional numbness
* Loss of interest or pleasure

» Fatigue and psychomotor slowing

» Sleep and appetite disturbances

* Impaired concentration and memory

Hypothalamic—Pituitary—Adrenal (HPA) Axis

The HPA axis is the primary neuroendocrine system involved in stress regulation.
Stressful stimuli activate the hypothalamus to release corticotropin-releasing hormone, which
stimulates the pituitary gland to secrete adrenocorticotropic hormone. ACTH, in turn, triggers
cortisol release from the adrenal cortex. While cortisol plays a protective role during acute
stress by mobilizing energy resources, prolonged elevation of cortisol has detrimental effects on
the brain, particularly in regions rich in glucocorticoid receptors.

Effects of Stress on the Central Nervous System

Neuronal Structural Changes :

Chronic stress leads to significant morphological changes in neurons, including:
* Reduced dendritic branching

* Decreased synaptic density

* Increased neuronal vulnerability to apoptosis

Neurotransmitter Imbalance
Stress and depression disrupt the balance of several neurotransmitter systems:
» Serotonin: Regulates mood, sleep, and emotional stability

* Dopamine: Involved in motivation and reward processing
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* Noradrenaline: Modulates alertness and stress responses

Impairment of Neuroplasticity

Neuroplasticity refers to the brain’s ability to adapt structurally and functionally in response to
experience. Chronic stress suppresses neuroplasticity by:

* Decreasing brain-derived neurotrophic factor levels
* Inhibiting neurogenesis in the hippocampus

* Disrupting synaptic remodeling

Depression-Related Brain Changes
Hippocampal Atrophy :

Numerous neuroimaging studies have demonstrated reduced hippocampal volume in patients
with major depressive disorder. This structural change correlates with:

* Memory impairment
* Reduced learning capacity

* Poor stress regulation

Prefrontal Cortex Dysfunction :

The prefrontal cortex is responsible for executive functions such as decision-making, impulse
control, and emotional regulation. Depression is associated with:

* Reduced metabolic activity in the prefrontal cortex
* Impaired cognitive flexibility

* Difficulty in emotional regulation

Amygdala Hyperactivity :

The amygdala plays a central role in processing fear and emotional responses. In depression
and chronic stress:

» Amygdala activity is increased
» Emotional reactivity becomes exaggerated

 Anxiety and negative emotional bias intensify

Cognitive and Behavioral Consequences
Long-term stress and depression are associated with:

* Reduced attention and concentration
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* Impaired working and long-term memory
* Increased risk of neurodegenerative disorders

* Heightened vulnerability to anxiety and substance use disorders

Clinical Implications and Treatment Approaches
Pharmacological Treatment

* Selective serotonin reuptake inhibitors

* Serotonin—norepinephrine reuptake inhibitors

* Neuroprotective and anti-inflammatory agents

These medications aim to restore neurotransmitter balance and reduce neurobiological damage.

Psychotherapeutic Interventions
* Cognitive-behavioral therapy
+ Stress management techniques

» Mindfulness-based therapies

Lifestyle and Preventive Strategies

* Regular physical activity

* Adequate sleep hygiene

* Social support and emotional resilience training
Conclusion

Stress and depression exert profound and multifaceted effects on the central nervous
system. Through dysregulation of the HPA axis, neurotransmitter imbalance, impaired
neuroplasticity, and neuroinflammatory processes, these conditions disrupt normal brain
function and structure. Chronic exposure leads to cognitive decline, emotional instability, and
increased susceptibility to neurological and psychiatric disorders. Early identification,
integrated treatment approaches, and preventive strategies are essential to mitigate the long-
term impact of stress and depression on the central nervous system.
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