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Abstracts: Neurotransmitters are chemical messengers that play a crucial role in 

transmitting signals between neurons in the brain. Their imbalance or dysfunction is closely 

associated with various mental health disorders, including depression, anxiety, 

schizophrenia, and bipolar disorder. Dopamine, serotonin, norepinephrine, and gamma -

aminobutyric acid (GABA) are among the most studied neurotransmitters influencing mood, 

cognition, and behavior. Understanding the neurochemical mechanisms behind these 

disorders allows for the development of more effective pharmacological and therapeutic 

interventions aimed at restoring neurotransmitter balance and improving mental well -

being. 
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Neurotransmitters are chemical messengers in the brain that regulate mood, emotion, and 

other functions, and their imbalance is linked to mental health disorders like depression, 

anxiety, and schizophrenia. Imbalances, where levels are too high or too low, can affect how 

the brain processes thoughts and emotions, leading to conditions like low serotonin being 

associated with depression and anxiety, while dopamine imbalances may contribute to 

issues with motivation and pleasure. Medications, such as Selective Serotonin Reuptake 

Inhibitors (SSRIs), are often used to correct these imbalances by increasing the availability 

of certain neurotransmitters 

The human brain functions through a complex network of neurons that transmit electrical 

and chemical signals. Neurotransmitters are responsible for this communication, allowing 

neurons to send messages across synapses. When the balance of neurotransmitters is 

disrupted, it can lead to various mental health issues. Research into how neurotransmitters 

affect mood, behavior, and cognition provides valuable insight into the biological causes of 

mental illnesses. 
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Major Neurotransmitters and Their Functions 

Dopamine – controls motivation, pleasure, and movement. Abnormal dopamine levels 

are linked to schizophrenia and Parkinson’s disease. Dopamine is a neurotransmitter that is 

produced in the substantia nigra, ventral tegmental area, and hypothalamus of the brain. 

Dysfunction of the dopamine system has been implicated in different nervous system 

diseases. The level of dopamine transmission increases in response to any type of reward 

and by a large number of strongly additive drugs. The role of dopamine dysfunction as a 

consequence of oxidative stress is involved in health and disease. Introduce new potential 

targets for the development of therapeutic interventions based on antioxidant compounds. 

The present review focuses on the therapeutic potential of antioxidant compounds as a 

coadjuvant treatment to conventional neurological disorders is discussed. 

Serotonin – regulates mood, sleep, and appetite. Low serotonin levels are associated with 

depression and anxiety. Serotonin syndrome (SS) or serotonin toxicity (ST) is a condition 

and potential adverse event due to excessive serotonin stimulation on CNS and visceral 

organs due to aberrant serotonin accumulation. Often, this is due to an accidental or 

intentional overdose of one or more serotonin-elevating medications. The spectrum of 

clinical manifestations can be life-threatening; thus, recognizing the manageable signs and 

symptoms that appear first is crucial to preventing deterioration. 

The signs and symptoms may develop 24 hours after medication ingestion, and diagnosis 

depends on a thorough history, medication reconciliation, and physical exam. Key features 

of serotonin syndrome include a patient history of taking a serotonergic agent, generalized 

clonus that is both spontaneous and inducible, ocular clonus, tremor, hyperreflexia, 

hyperthermia, diaphoresis, hyperactive bowels, and agitation or delirium.Alternatively, 

upon the abrupt dose reduction or discontinuation of serotonergic medications, patients may 

be at risk for SSRI discontinuation syndrome. Symptoms have been described as “flu -like” 

and may arise within a few days of medication cessation and persist for up to two weeks. 

One mnemonic for the symptoms is FINISH: flu-like symptoms, insomnia, nausea, 

imbalance, sensory disturbances, and hyperarousal.Carcinoid syndrome is a paraneoplastic 

syndrome with some clinical overlap with serotonin syndrome. Carcinoid syndrome is due 

to aberrant serotonin production from a neuroendocrine neoplasm. Symptoms include 

flushing (from serotonin’s vasoactive function) and diarrhea (from serotonin’s role in 

gastrointestinal motility). 

Norepinephrine – affects alertness and energy. Its imbalance can cause stress-related and 

mood disorders. 

GABA (Gamma-Aminobutyric Acid) – reduces neuronal activity and prevents 

overstimulation. Low GABA levels are found in people with anxiety disorders.  
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Glutamate – the main excitatory neurotransmitter that supports learning and memory. 

Excessive glutamate activity can damage brain cells and contribute to neurodegenerative 

diseases. 

2. Neurochemical Basis of Mental Disorders 

Mental health disorders are often the result of complex interactions between genetic, 

environmental, and biochemical factors. Neurotransmitter dysfunction disrupts emotional 

stability, thought processes, and behavior. For example, selective serotonin reuptake 

inhibitors (SSRIs) increase serotonin availability and are commonly used to treat 

depression. Similarly, antipsychotic medications regulate dopamine levels in patients with 

schizophrenia. Mental disorders have a neurochemical basis, meaning they are linked to an 

imbalance in the levels or function of neurotransmitters like serotonin, dopamine, and 

norepinephrine. For example, low serotonin is associated with depression, while dopamine 

pathways are implicated in schizophrenia. Neuroinflammation and genetic predispositions 

that affect neurotransmitter systems also play a role, and while neurochemical factors are a 

key target for treatments like SSRIs, they are not the sole cause, as psychosocial factors are 

also significant. This chapter discusses four important neurochemical/neurobiolo gical 

theories of major depression and schizophrenia. These theories evolved from studies of the 

mechanisms of actions of drugs that can mimic or treat symptoms of these disorders. The 

chapter begins with the development of the monoamine theory of depression, highlighting 

the seminal 1965 Joseph Schildkraut review paper implicating a deficit in norepinephrine in 

major depression and Herman van Praag’s 1970 identification of diminished central 

serotonergic activity as a possible cause of depression. The chap ter then describes the 

formation of various neurochemical theories of schizophrenia, highlighting Herbert 

Meltzer’s 1989 experimental paper demonstrating the importance of 5HT2A antagonism for 

antipsychotic drug action and Daniel Javitt and Stephen Zukin’s  1991 review arguing for a 

glutamate hypothesis; both articles represented departures from the dominant dopamine 

hypothesis of schizophrenia. These theories paved the way for current efforts to understand 

depression and schizophrenia and to generate superior treatments. 

3. Advances in Neurotransmitter Research 

Modern neuroimaging techniques such as PET and fMRI allow scientists to observe 

neurotransmitter activity in the living brain. This helps identify specific patterns of 

dysfunction linked to different psychiatric conditions. Moreover, recent studies explore how 

nutrition, stress, and sleep influence neurotransmitter balance, showing that mental health is 

deeply connected to overall lifestyle. Neurotransmitters, also known as chemical 

messengers, are the executors of neural signal transduction, and abnormalit ies in their levels 

or functions are closely associated with various neurodegenerative diseases and mental 
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disorders. Therefore, accurate detection of their levels and activities is meaningful for the 

researches of related diseases. The dopaminergic system plays important roles in 

neuromodulation, such as motor control, motivation, reward, cognitive function, maternal, 

and reproductive behaviors. Dopamine is a neurotransmitter, synthesized in both central 

nervous system and the periphery, that exerts its actions upon binding to G protein-coupled 

receptors. Dopamine receptors are widely expressed in the body and function in both the 

peripheral and the central nervous systems. Dopaminergic signaling pathways are crucial to 

the maintenance of physiological processes and an unbalanced activity may lead to 

dysfunctions that are related to neurodegenerative diseases. Unveiling the neurobiology and 

the molecular mechanisms that underlie these illnesses may contribute to the development 

of new therapies that could promote a better quality of life for patients worldwide. In this 

review, we summarize the aspects of dopamine as a catecholaminergic neurotransmitter and 

discuss dopamine signaling pathways elicited through dopamine receptor activation in 

normal brain function. Furthermore, we describe the potential involvement of these 

signaling pathways in evoking the onset and progression of some diseases in the nervous 

system, such as Parkinson’s, Schizophrenia, Huntington’s, Attention Deficit and 

Hyperactivity Disorder, and Addiction. A brief description of new dopaminergic drugs 

recently approved and under development treatments for these ailments is also 

provided.However, traditional analytical tools cannot achieve in situ, non-invasive detection 

of neurotransmitters. Molecular probes, with their advantages of flexible design, high 

spatiotemporal resolution, and in situ non-invasive labeling, have attracted widespread 

attention. They can respond to target molecules through molecular reactions or assemblies, 

holding broad prospects in the field of molecular recognition. Considering that the 

recognition of molecular probes for target molecules depends on the construction of 

recognition sites, this paper reviews the current techniques for constructing neurotransmitter 

molecular probes through molecular reactions and assemblies, and summarizes the 

recognition rules of different neurotransmitters. 
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