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Introduction
Psychopathology, the study of mental disorders, has long 
been a field driven by clinical observations and behavioral 
assessments. However, advances in neurobiological 
research have revolutionized our understanding of the 
underlying mechanisms of these disorders. The emergence of 
neurobiological markers—measurable biological indicators 
that reflect abnormal functioning or predispositions—
has provided a new framework to investigate the origins, 
manifestations, and treatments of psychopathology. These 
markers span a wide spectrum, from genetic variations to 
brain connectivity patterns, offering insights into how mental 
illnesses develop and progress [1].

Genetic studies have highlighted the heritability of various 
mental disorders, with conditions like schizophrenia, bipolar 
disorder, and major depressive disorder showing significant 
genetic contributions. Genome-wide association studies 
(GWAS) have identified numerous genetic loci associated with 
these disorders. For instance, variants in the CACNA1C gene 
have been linked to both schizophrenia and bipolar disorder, 
indicating overlapping genetic risks. However, despite these 
findings, single genes rarely provide definitive answers, and 
complex gene-environment interactions often play a critical 
role [2].

In recent years, the concept of polygenic risk scores (PRS) has 
gained prominence. PRS aggregate the effects of many genetic 
variants, each contributing a small amount to the overall risk 
of developing a disorder. While PRS cannot predict with 
certainty whether an individual will develop a condition, they 
offer a probabilistic framework that can identify individuals at 
higher genetic risk. These scores are particularly promising in 
understanding disorders with polygenic inheritance, such as 
depression and anxiety [3].

While genetic predispositions lay the foundation for 
psychopathology, epigenetic modifications help explain how 
environmental factors interact with genes to influence mental 
health. Epigenetic mechanisms, such as DNA methylation 
and histone modification, can alter gene expression without 
changing the underlying DNA sequence. For example, early-
life stress has been shown to induce epigenetic changes in 
genes regulating the hypothalamic-pituitary-adrenal (HPA) 
axis, which governs stress responses, and these changes may 
increase vulnerability to mood and anxiety disorders [4].

Neurotransmitter systems, such as those involving dopamine, 
serotonin, and gamma-aminobutyric acid (GABA), play 
crucial roles in regulating mood, cognition, and behavior. 
Abnormalities in these systems have been strongly implicated 
in psychopathology. In depression, for instance, serotonin 
dysregulation is a well-documented feature, leading to the 
development of selective serotonin reuptake inhibitors 
(SSRIs) as a treatment. Similarly, dopaminergic dysfunction 
is central to the understanding of schizophrenia, contributing 
to both positive symptoms (e.g., hallucinations) and negative 
symptoms (e.g., emotional blunting) [5].

Structural neuroimaging techniques, such as magnetic 
resonance imaging (MRI), have allowed researchers to 
examine the brain's anatomy in detail. Numerous studies 
have reported brain volume abnormalities in individuals 
with mental disorders. For example, schizophrenia has been 
associated with reduced gray matter volume in the prefrontal 
cortex, hippocampus, and other regions involved in cognition 
and memory. In contrast, individuals with bipolar disorder 
often exhibit abnormalities in the amygdala, a key brain 
structure involved in emotion regulation [6].

While structural changes offer important insights, functional 
connectivity between brain regions has become a critical 
area of investigation in psychopathology. Resting-state 
functional MRI (fMRI) studies have revealed disruptions in 
large-scale brain networks, such as the default mode network 
(DMN), the salience network, and the executive control 
network, across multiple psychiatric conditions. For example, 
hyperconnectivity within the DMN is commonly observed in 
major depressive disorder, reflecting excessive self-referential 
thought processes, such as rumination [7].

The prefrontal cortex (PFC) plays a central role in higher 
cognitive functions, including decision-making, impulse 
control, and emotional regulation. Dysfunction of the PFC is 
a hallmark of various mental health conditions, particularly 
those involving executive dysfunction, such as attention-
deficit hyperactivity disorder (ADHD) and borderline 
personality disorder. Neuroimaging studies frequently reveal 
hypoactivity of the PFC in these conditions, contributing to 
impaired cognitive control and impulsivity [8].

The amygdala, a key brain structure in processing emotions, 
has been extensively studied in the context of psychopathology. 
Hyperactivity of the amygdala has been implicated in anxiety 
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disorders, including post-traumatic stress disorder (PTSD) 
and generalized anxiety disorder. This heightened reactivity 
may underlie the exaggerated fear responses and heightened 
threat perception commonly observed in these conditions. 
Conversely, in depression, hypoactivity of the amygdala in 
response to positive stimuli may contribute to anhedonia, or 
the inability to experience pleasure [9].

Emerging research has highlighted the role of neuroinflammation 
in the development of psychopathology. Elevated levels of 
inflammatory markers, such as cytokines, have been detected 
in individuals with depression, schizophrenia, and bipolar 
disorder. This suggests that immune system dysregulation may 
contribute to the onset and maintenance of mental disorders, 
potentially through mechanisms such as blood-brain barrier 
dysfunction, oxidative stress, and neuronal damage. Anti-
inflammatory treatments are currently being explored as 
potential therapeutic strategies [10].

Conclusion
The identification of neurobiological markers has provided 
significant insights into the mechanisms underlying 
psychopathology, from genetic variations to brain network 
disruptions. While challenges remain in translating these 
findings into clinical practice, ongoing research is advancing 
our understanding of the biological underpinnings of 
mental disorders. By integrating genetic, neuroimaging, 
and functional markers, the field of psychiatry is moving 
towards a more personalized, biologically-informed approach 
to diagnosis and treatment, promising better outcomes for 
individuals affected by mental illness.
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