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Opinion

Neurobiological Mechanisms in Post-traumatic Stress Disorder (PTSD): 
A Comprehensive Review of Current Research and Future Directions 
for Treatment
Emily Clarke*

Department of Psychiatry, University of Tokyo, Japan

INTRODUCTION
Post-traumatic Stress Disorder (PTSD) is a debilitating mental 
health condition triggered by exposure to traumatic events, 
characterized by symptoms such as intrusive memories, 
flashbacks, severe anxiety, and avoidance behaviour. 
Understanding the neurobiological mechanisms underlying 
PTSD is crucial for developing effective treatments and advancing 
our knowledge of the disorder. This review synthesizes current 
research on the neurobiological underpinnings of PTSD 
and explores future directions for treatment. Research has 
identified several key neurobiological mechanisms implicated 
in PTSD. One of the most significant findings is the dysregulation 
of the stress response system. Central to this dysregulation 
is the hypothalamic-pituitary-adrenal (HPA) axis, which is 
responsible for regulating the body’s response to stress. In 
individuals with PTSD, there is often a disruption in HPA axis 
functioning, characterized by both hyper- and hypo-secretion 
of cortisol, a critical stress hormone. This dysregulation can 
lead to an impaired ability to manage stress and contribute to 
the persistence of PTSD symptoms. Neuroimaging studies have 
revealed alterations in brain structures and functions in PTSD 
patients. 

DESCRIPTION
This hyperactivity is associated with heightened emotional 
reactivity and increased fear responses. Conversely, the 
prefrontal cortex, which plays a role in executive functions 
and regulation of emotional responses, is often found to 
be underactive. This imbalance between the amygdala and 
prefrontal cortex can impair the ability to regulate emotions 
and contribute to the symptoms of PTSD. Additionally, 
research has highlighted changes in brain connectivity patterns 

in PTSD. Functional connectivity studies using techniques 
like Functional MRI (fMRI) have shown altered connectivity 
between the amygdala and prefrontal cortex, reflecting 
disrupted communication between these regions. These 
connectivity changes are thought to contribute to the emotional 
dysregulation and difficulty in extinguishing fear responses 
observed in PTSD. The role of neurotransmitters in PTSD has 
also been a focus of research. Imbalances in neurotransmitters 
such as serotonin, norepinephrine, and glutamate have been 
observed in PTSD patients.

CONCLUSION
Another promising area is the development of precision 
medicine approaches that tailor treatments based on individual 
neurobiological profiles. By integrating neurobiological 
findings with treatment strategies, clinicians could offer 
more personalized and effective interventions for PTSD. In 
conclusion, understanding the neurobiological mechanisms 
underlying PTSD has significantly advanced our knowledge of 
the disorder. Dysregulation of the HPA axis, alterations in brain 
structure and function, and imbalances in neurotransmitter 
systems all contribute to the development and persistence of 
PTSD symptoms. While current treatments are effective for 
many, ongoing research into novel therapies and personalized 
approaches holds promise for improving outcomes and 
addressing the complex neurobiological aspects of PTSD.
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