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Introduction 

Depression is a multifactorial psychiatric disorder with 
complex neurobiological underpinnings involving genetic, 
biochemical, structural, and functional brain alterations. 
Despite being one of the leading causes of disability worldwide, 
its heterogeneous presentation has often limited early 
diagnosis and optimal treatment selection. Advances in 
neuroscience, neuroimaging, molecular biology, and 
computational psychiatry have provided deeper insights into 
the biological mechanisms driving depression, ranging from 
neurotransmitter imbalances to neural circuitry dysfunctions 
and neuroinflammatory processes. These discoveries are 
shaping more accurate diagnostic methods and fostering 
innovative therapeutic strategies beyond conventional 
antidepressants [1].                                                                                                    

Description 

At the core of depression’s neurobiology are disruptions in 
monoaminergic systems, particularly serotonin, dopamine, and 
norepinephrine pathways, which influence mood regulation, 
motivation, and cognitive functions. Recent findings, however, 
emphasize that depression cannot be explained solely by 
neurotransmitter deficiencies. Dysregulation of the 
Hypothalamic–Pituitary–Adrenal (HPA) axis, leading to abnormal 
cortisol levels and impaired stress response, has been strongly 
associated with depressive symptoms [2].  

    Additionally, neuroinflammation, driven by elevated 
cytokines and microglial activation, has emerged as a key 
pathological pathway, linking immune dysfunction to altered 
neuroplasticity and impaired synaptic connectivity 
Neuroimaging studies have further identified structural and 
functional changes in brain regions such as the prefrontal 
cortex, hippocampus, and amygdala, highlighting depression as 
a disorder of neural circuitry [3].   

Reduced hippocampal volume and impaired connectivity 
in fronto-limbic networks correlate with emotional 
dysregulation and memory impairments commonly 
observed in patients. Advances in functional MRI and PET 
imaging have enabled researchers to uncover biomarkers 
that may differentiate depression subtypes and predict 
treatment response, paving the way for precision 
psychiatry. Moreover, genetic and epigenetic studies, 
including findings related to brain-derived neurotrophic 
factor (BDNF) and variability in treatment outcomes [4].      

   Therapeutically, these neurobiological insights have 
expanded treatment strategies beyond traditional Selective 
Serotonin Reuptake Inhibitors (SSRIs). Novel 
pharmacological interventions targeting glutamatergic 
neurotransmission, such as ketamine and esketamine, have 
shown rapid antidepressant effects by enhancing synaptic 
plasticity [5].  

Conclusion  

The exploration of neurobiological mechanisms in 
depression has profoundly advanced our understanding of 
its pathophysiology, enabling the development of more 
refined diagnostic tools and innovative treatment 
strategies. By moving beyond the monoamine hypothesis to 
include neurocircuitry dysfunction, neuroinflammation, and 
genetic regulation, research is transforming clinical 
approaches toward a precision-based model of care. 
Improved treatment outcomes, and a more comprehensive 
understanding of depression as both a brain and systemic 
disorder. 
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