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Abstract 
Depression is a common mental disorder. It is estimated that over 300 million people suffer 

from depression worldwide. Studies have demonstrated a significant link between our 

hormones and depression occurrence. Clinical observations also have revealed that the negative 

neurological status of body can induce depression. Association of neurotransmitters with major 

depression occurrence have been reported in many studies. In this mini-review we aim to 

provide a short review on neurobiological basis of depression.   
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Introduction 
Stress and problems can jeopardize the balance of our lives, such as the death of a loved one, 

job loss or other financial or personal matters. Problems can have a detrimental effect on the 

human psyche, although some people become depressed in such situations. Some are more 

flexible and can act successfully and cope with difficult experiences [1]. Increasingly, people 

with comorbidities such as chronic pain, mood disorders, etc. cause a long-term disabling 

condition in the person that significantly reduces the quality of life, so these comorbidities 

should be well managed [2]. Depression is a complex mood disorder that can have a profound 

effect on a person's health and is one of the leading causes of disability and illness worldwide. 

Signs and symptoms of depression include low self-esteem, lack of self-esteem, feelings of 

worthlessness, feelings of rejection and guilt, suicidal ideation, and more [3]. A clinical study 

on the molecular and neurophysiological mechanisms has shown an association between 

changes in brain structure and depressive symptoms [4]. Depressive disorder is a long-term 

and recurrent disease that is associated with high levels of disability and mortality. This disease 

has a neurological basis and is associated with functional and structural abnormalities of the 

brain [5]. 

Clinical heterogeneity among patients limits the ability to accurately diagnose major depressive 

disorder (MDD), and now, in many cases, a symptom-based approach is used. Given the 

complex nature of this disorder and the lack of accurate knowledge of pathophysiology, 

effective management is challenging. The etiology and pathophysiology of MDD is largely 

unknown due to the complex genetic and environmental interactions involved [6]. Patients who 

have only major depressive episodes are called major depressive disorder or unipolar 

depression. Patients with both manic and hypomanic episodes, or patients with only manic 

episodes, have bipolar disorder. Recurrent major depressive disorder is the same as major 

depressive disorder, except that the patient's previous episodes of depression have improved 

and he or she has recurred episodes after at least two months. 

 



ICCBMS21., ICFNEAS21  

 August 19-20, 2021 

Conference Book  
ISBN 978-600-98459-7-2  

 

2 
 

 

Lithium serves as a basis for the acute treatment and prevention of recurrent mania / hypomania 

and depression characterized by bipolar disorder. However, limited understanding of how 

lithium's emotional behavior is moderated and the lack of validated cellular and animal models 

have led to fewer barriers to the discovery of mood stabilizers with undesirable side effects. In 

particular, while progress has been made in the new pharmaceutical field for mania, the 

development of treatments for acute bipolar depression is insufficient. Large-scale human 

genetic studies have confirmed the complex and multi-genetic nature of dangerous bipolar 

disorder architecture and its overlap with other major neuropsychiatric disorders. Such 

discoveries have shed light on the pathophysiology of bipolar disorder. With broader advances 

in human neurobiology, neuropharmacology, noninvasive neuromodulation, and clinical trial 

design, we can envision new therapeutic strategies defined by molecular mechanisms and 

neural circuits targeted primarily for pathophysiology [7]. In another study, advances in 

understanding the underlying neurobiology of bipolar disorder (BD) could help identify new 

treatment goals as well as biomarkers for early detection, prognosis, and response to treatment 

in BD. In a review of genetic, epigenetic, molecular, physiological, and neuroimaging findings 

related to BD neurobiology shown to patients with BD due to the complexity of the brain and 

the close relationship between environmental exposure and brain function, initiatives that 

include data Genetic, epigenetic, molecular, physiological, clinical, environmental, and 

imaging modalities of the brain are essential for the production of information that can lead to 

better prevention and outcomes [8]. 

MDD is one of the most common and debilitating mental disorders. A study on the relationship 

between different biological and psychological models showed that some pathophysiological 

mechanisms of depression include neurotransmitter, HPA axis abnormalities in chronic stress, 

inflammation, reduced neuroplasticity and network dysfunction. All of these proposed 

mechanisms are seamlessly intertwined and interact bilaterally. In addition, psychological 

factors have been shown to have a direct effect on neurodevelopment and provide a biological 

basis for depression, while biological factors can also lead to psychological pathology. The 

authors suggest that while there may be several different endotypics of depression with distinct 

pathophysiological mechanisms, depression may be considered as an integrated syndrome, in 

which these mechanisms act as nodes in a matrix with each other are interaction [9]. On the 

other hand, in another study, the researchers studied the effects of tryptophan reduction on 

untreated depressed patients and showed that tryptophan reduction did not increase depression 

in the individual and argued that serotonin function was not directly related to depression [10]. 

Endocannabinoid 2-arachidonoylglycerol (2-AG) is an unusual neurotransmitter that is 

synthesized on demand in response to a wide range of stimuli, including stress exposure, also 

through the activation of cannabinoid receptors. 2-AG can interfere with excitatory and 

inhibitory neurotransmission in different areas of the brain and modulate the behavioral, 

endocrine and emotional components of the stress response. Exposure to chronic or severe 

unpredictable stress can lead to maladaptive behaviors. Major factors involved in mood 

disorders such as MDD have been shown to modify 2-AG signaling drug modification as a 

potential new therapeutic target in the treatment of MDD. Particular emphasis is placed on the 

pharmacological increase of 2-AG levels by monoacyl glycerol lipase (MAGL) inhibitors and 

modulators of peripheral cannabinoids (CB2) receptors [11]. 

Some researchers believe that genetic vulnerability and stress are key factors in causing the 

disease. Hypothalamic-pituitary-adrenal (HPA) axis disorder reduces hippocampal volume and 

frontal cortex (PFC) activity in depressed patients and disrupts homeostasis in the depressed 

neural circuit. Brain-derived antidepressants are also said to increase brain-derived 

neurotrophins [12]. 
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Research shows that nitric oxide (NO) and endocannabinoid signaling in the brain are 

synthesized and released by postsynaptic neurons and may act as a retrograde messenger in the 

presynaptic terminal and modulate neurotransmitter release. It also supports the involvement 

of these unusual neurotransmitters in the neurobiology of depression and its antidepressant 

effects [13]. 

Environmental stressors modulate subsequent vulnerability to depression. In particular, early 

adversity appears to increase responsiveness to stress through several possible mechanisms, 

both biological and psychological. This increase in reactivity leads to an increase in the 

biological mechanisms of the stress response, especially the HPA axis. The regulators of this 

system, especially signal transduction pathways including PKA and PKC, may be important in 

regulating key genes in this system, including the GR, BDNF, and trk-b genes. This system is 

potentially vulnerable to ROS and therefore indirectly to the effects of cytokines. Finally, some 

of these effects may be controlled by chemical modification of DNA, in particular, methylation 

of promoters or other gene regions. This modification is the mechanism by which long-term 

biological changes can be caused by environmental stressors. The brain is hemostatic and 

changes in different parts of the system may cause dysregulation and thus vulnerability to 

stress. Therefore, the person may be vulnerable to depression, which may be the last common 

"path" for this family of conditions. However, people may pay considerable attention to the 

source of the problem. For example, functional variants in a set of genes may predispose some 

people to depression. Others may have an epigenetic effect. And yet there may be different 

causes in others [14]. 

Psychosocial factors play an important role in the cause of unipolar depression. Although the 

evidence is limited, several biological neural mechanisms have been suggested that link 

psychosocial factors to depression. Evidence points to increased activity in the hypothalamic-

pituitary-adrenal axis, epigenetic changes in key genes, and inflammatory processes. Other 

mechanisms studied include structural changes in the limbic system, prefrontal cortex, 

cingulate cortex, and hippocampus, and the role of other molecules such as cholecystokinin, 

tachykinin, spinophylline, synaptophysin, and myelin-based protein. It is said that there is an 

overlap between these mechanisms [15]. MDD is a severe illness that imposes a great deal of 

social and economic burden on the world. Numerous rodent models have been developed to 

investigate the pathophysiology of MDD. One of the best and most widely used models is the 

Mild Chronic Stress Model (CMS), developed more than 30 years ago by Paul Wheeler. More 

than 2000 published studies use this model, mainly to evaluate new compounds with potential 

antidepressant effect. Most of these studies examined the behavioral consequences of stress 

and concomitant drug intervention [16]. 

The neurobiological basis of major depressive disorder  is only partially understood. The 

proposed hypotheses suggest irregularities in monoaminergic pathways and other 

neurotransmitters, impaired stress response, inadequate neural and neurotrophic processes 

causing incompatible neural plasticity, and inadequate inflammatory and metabolic responses. 

Proteomic approaches can make a useful contribution to the study of MDD molecular 

neurobiology due to their open nature. Studies in the brain regions of MDD patients treated 

with antidepressants have shown that the affected proteins are mainly related to energy 

pathways, molecule transport, signaling, and synaptic transmission [17]. 

Anhedoni has long been recognized as one of the main features of major depression, which 

emphasizes a decrease in pleasure and positive emotions, and there is growing evidence that 

motivation is also significantly impaired in depressed people. The two biological neural 

mechanisms — increased inflammation and decreased synaptic flexibility — that may reduce 

motivation and enhance learning in depression reflect important dimensions of symptoms that 
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are not separate from traditional Anhedonian definitions of behavior and pathophysiology [18]. 

Findings also show the role of impaired self-processing and conflicting emotions and social 

relationships among depressed adolescents [19]. Numerous studies have examined the effect 

of ketamine on the rapid reduction of depression and suicidal ideation as well as acute and 

long-term neurological biological changes induced by ketamine. Awakening, sleep, and 

circadian rhythms are closely related [20].  

Immune regulation disorders, especially inflammatory processes, are associated with 

symptoms of MDD. In particular, elevated levels of circulating proinflammatory cytokines and 

concomitant activation of microglia residing in the brain can lead to depressive behavioral 

symptoms. Repeated exposure to psychological stress has a profound effect on environmental 

immune responses and disrupts the function of brain microglia, which may contribute to the 

underlying biological neurological changes underlying MDD. Examination of immune 

neuronal mechanisms that affect neural activity as well as synaptic plasticity found that 

interventions targeting immune-related cellular and molecular pathways may help a subset of 

MDD patients with impaired immune regulation [21]. 

Since the development of the first treatments, monoamine oxidase inhibitors (MAOIs) have 

advanced greatly. Many drugs are currently available to combat depression, such as tricyclic 

antidepressants (TCAs), serotonin reuptake inhibitors (SSRIs), and norepinephrine serotonin 

reuptake inhibitors (SNRIs) [22]. It has also been suggested that antidepressants, such as 

serotonin reuptake inhibitors (SSRIs), may relieve depressive symptoms but leave residual 

symptoms. The mechanism of action of SSRIs is to increase serotonin (5-HT) activity, but 

reduces the activity of norepinephrine and dopamine [23]. These all together show that 

neurotransmitters including serotonin, dopamine and norepinephrine play a significant role in 

depression development in patients.  

In an article published on the Nature Today Website, Dias et al. reported that blocking β-catenin 

leads to depressive behavior in mice that experienced a dose of stress that is not normally the 

case. Decreased β-catenin protein levels have been observed in the hippocampus and prefrontal 

cortex of depressed subjects. These experiments point to the pivotal role of β-catenin in stress 

[24], which in turn, plays a significant role in depression occurrence. Another study has shown 

that a combination of behavioral, molecular, and electrophysiological techniques suggests that 

certain aspects of depression caused by neuroplastic changes are caused by incompatible stress 

in specific neural circuits. They also show that understanding the mechanisms of resilience to 

stress offers a new dimension to the development of new therapies for depression [25]. The 

rapid accumulation of biological neuropsychological knowledge has been shown to cause 

fundamental changes in how depressive symptoms are conceptualized and has important 

implications for the treatment and even prevention of depressive symptoms in patients [26]. 

Recently, several promising hypotheses have been developed about depression and 

antidepressants. These hypotheses are mainly based on abnormalities in the regulation of the 

hypothalamic-pituitary-adrenal and hippocampal axes, and include corticotropin-releasing 

factor, glucocorticoids, and brain-derived neurotrophic factor. Recent work has looked beyond 

the hippocampus to other areas of the brain that may be involved. For example, the nucleus 

accumbens, amygdala, and some hypothalamic nuclei are important in regulating motivation, 

eating, sleeping, energy levels, circadian rhythms, and response to rewarding and unpleasant 

stimuli, all of which are abnormal in depressed patients.  The neurological understanding of 

depression also requires the identification of genes that make individuals vulnerable or resistant 

to the syndrome. These advances fundamentally improve the treatment and prevention of 

depression [27]. Studies have shown that depression is a complex syndrome that involves 

anatomical and functional changes that originate in brain development. In people at genetic 
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risk for depression, primary stressors can mediate not only genetic risk but also gene 

expression. There is evidence that endocrine interference and immunity have a significant 

effect on monoamine function, and the altered monoamine signaling seen in depressive 

syndrome has a neuro-endocrine-immunological origin early in the development [28]. 

 

Conclusion 
Depression is a complex mood disorder in which some brain nuclei including the nucleus 

accumbens, amygdala, and some hypothalamic nuclei are impaired. In addition, 

neurotransmitters such as serotonin, dopamine and norepinephrine play a significant role in 

depression. β-catenin protein in the hippocampus and prefrontal cortex was reported to 

decrease in depressed subjects. Immune system and genetic predisposition also are important 

factors in inducing depression. 
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