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Abstract: This article is based on the analysis of modern scientific publications devoted 

to the biochemical basis of neurotransmitter function, synaptic transmission, and the 

pathophysiology of neurological and psychiatric disorders. Particular attention is paid to 

the molecular mechanisms of neurotransmission, synaptic dysfunction in disease, and the 

potential application of advanced therapeutic approaches in the healthcare system of the 

Republic of Uzbekistan. 
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Introduction 

Part 1. Introduction and Main Directions 

Neurotransmitter homeostasis is a fundamental concept in medical chemistry and 

clinical neurophysiology. Normal synaptic function requires precise regulation of 

neurotransmitter synthesis, storage, release, receptor binding, and clearance. 

Disturbances in neurotransmitter systems can be broadly classified into two main 

categories. The first category includes hypofunction disorders, characterized by decreased 

neurotransmitter availability or receptor activity (e.g., Parkinson’s disease—dopamine 

deficiency; depression—serotonin and norepinephrine deficiency). The second category 

includes hyperfunction disorders, characterized by excessive neurotransmitter activity 

(e.g., epilepsy—excessive glutamatergic activity; anxiety disorders—elevated 

norepinephrine levels). 

Another important direction is the study of compensatory and pathological mechanisms. 

In addition to classical neurotransmitters (acetylcholine, dopamine, serotonin, GABA, 
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glutamate), neuromodulators such as neuropeptides, endocannabinoids, and nitric oxide 

also play crucial roles. Receptor regulation and synaptic plasticity are key determinants of 

neuronal adaptability. 

Modern technologies—including neurotransmitter biosensors, targeted drug delivery 

systems, and gene therapy approaches—are considered promising for improving 

neurological and psychiatric care and for modernizing healthcare systems, including those 

in Uzbekistan. 

Part 2. Areas of Application in Medicine 

Understanding the chemistry of neurotransmitters enables clinicians to diagnose and 

manage neurological and psychiatric disorders effectively. 

Neurotransmitter-related abnormalities can be identified using: 

Cerebrospinal fluid (CSF) neurotransmitter analysis 

Positron emission tomography (PET) with radioligands 

Magnetic resonance spectroscopy (MRS) 

Electroencephalography (EEG) 

Genetic testing for neurotransmitter-related enzymes 

Plasma and urinary metabolite measurements (e.g., HVA, 5-HIAA, MHPG) 

These approaches are widely applied in: 

Neurology (Parkinson’s disease, epilepsy, stroke, multiple sclerosis) 

Psychiatry (depression, anxiety, schizophrenia, bipolar disorder) 

Pain medicine (nociceptive and neuropathic pain) 

Sleep medicine (insomnia, narcolepsy) 

Addiction medicine (substance use disorders) 

Neurocritical care (status epilepticus, traumatic brain injury) 

For Uzbekistan, these directions are essential for reducing disability associated with 

neurodegenerative diseases, improving mental health services, and developing modern 

neurochemical diagnostic laboratories. 

Results / Main Findings 

Part 3. Modern Research Projects 

1. Diagnostics and Monitoring: CSF Analysis and Neuroimaging 

Cerebrospinal fluid (CSF) analysis remains a gold standard for diagnosing inherited 

neurotransmitter disorders. Key biomarkers include homovanillic acid (HVA, a dopamine 

metabolite), 5-hydroxyindoleacetic acid (5-HIAA, a serotonin metabolite), and 3-methoxy-

4-hydroxyphenylethylene glycol (MHPG, a norepinephrine metabolite). 

 

Advanced neuroimaging techniques such as PET allow visualization of neurotransmitter 

receptors and transporters in vivo. For example, radioligands such as [¹¹C]raclopride bind 

to dopamine D₂ receptors, while [¹¹C]DASB targets serotonin transporters. 
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These technologies may support: 

Early diagnosis of Parkinson’s disease 

Differentiation of dementia types 

Monitoring of psychiatric treatment response 

Localization of epileptic foci 

2. Dopamine: Parkinson’s Disease and Schizophrenia 

Dopamine regulates movement, motivation, reward, and cognition. It is synthesized 

from tyrosine via tyrosine hydroxylase and DOPA decarboxylase and metabolized by 

monoamine oxidase (MAO) and catechol-O-methyltransferase (COMT). 

Dopamine deficiency leads to Parkinson’s disease, characterized by bradykinesia, 

rigidity, tremor, and postural instability. 

Treatment includes: 

L-DOPA with carbidopa 

Dopamine agonists 

MAO-B inhibitors 

COMT inhibitors 

Excess dopamine activity in mesolimbic pathways contributes to schizophrenia. 

Antipsychotic drugs act primarily via dopamine D₂ receptor blockade. 

3. Serotonin and Norepinephrine: Depression and Anxiety 

Serotonin and norepinephrine regulate mood, sleep, appetite, and stress response. 

The monoamine hypothesis suggests that decreased levels of these neurotransmitters 

contribute to depression. 

Treatment options include: 

SSRIs 

SNRIs 

Tricyclic antidepressants 

MAO inhibitors 

New approaches include ketamine-based therapy and novel neuromodulatory agents. 

4. GABA and Glutamate: Excitation–Inhibition Balance 

GABA is the main inhibitory neurotransmitter, while glutamate is the primary excitatory 

neurotransmitter. 

GABA deficiency is associated with epilepsy and anxiety disorders. Glutamate 

excitotoxicity contributes to stroke and neurodegenerative diseases. 

Therapeutic strategies include: 

GABAergic drugs (benzodiazepines) 

NMDA receptor antagonists 

Neuroprotective agents 

5. Acetylcholine: Cognitive and Neuromuscular Functions 
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Acetylcholine is essential for memory, learning, and neuromuscular transmission. 

Cholinergic dysfunction is associated with Alzheimer’s disease and myasthenia gravis. 

Treatment includes: 

Acetylcholinesterase inhibitors 

NMDA receptor antagonists 

6. Nanotechnologies in Neurotransmitter-Based Therapy 

Recent advances include nanoparticle-based drug delivery, liposomal formulations, and 

gene therapy approaches targeting neurotransmitter systems. 

Emerging technologies such as optogenetics and chemogenetics allow precise control 

of neuronal activity and neurotransmitter release. 

These innovations may enable: 

Personalized treatment strategies 

Reduced systemic side effects 

Restoration of neurotransmitter balance 

Conclusion 

Understanding the biochemical mechanisms of neurotransmission is essential for both 

medical chemistry and clinical practice. Neurological and psychiatric disorders are often 

associated with neurotransmitter imbalances that require accurate diagnosis and targeted 

treatment. 

The implementation of modern neurochemical diagnostics and therapeutic approaches 

in Uzbekistan can significantly improve healthcare quality, reduce disability, and enhance 

medical education. 

Future perspectives include personalized medicine, artificial intelligence–based 

neurodiagnostics, and advanced nanotechnological therapies. 
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