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Abstract 
This paper aims to examine theories that attempt to explain biochemical 
changes in the brain as well as the metabolism of individuals who experience 
symptoms and conditions related to neurological disorders like depression. A 
systematic literature search was performed on NCBI and PubMed. The search 
included the keywords neurological disorders, monoamine hypothesis, me-
tabolic syndrome, oxytocin receptor, dietary health, and magnesium intake. 
Twenty-five research articles met the criteria for the literature review of this 
examination. In particular, this paper will review multiple studies that inves-
tigate the monoamine (MAO) hypothesis of depression and metabolic syn-
drome (MetS) as a risk factor for neurological disorders. While studies that 
evaluate additional risk factors for neurological disorders, such as autoim-
munity and rheumatic diseases, oxytocin receptor (OXTR) DNA methylation 
in postpartum depression, dietary health in children and their psychological 
health, and dietary magnesium and cardiovascular disease, will be reviewed as 
well. 
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1. Introduction 

The monoamine hypothesis of depression explains how applying the pharmaco-
logical therapy for depression involves increasing the amount of monoamines, 
dopamine, epinephrine, norepinephrine, and serotonin in an individual’s neu-
rochemistry. The monoamine theory of depression has been the prevailing hy-
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pothesis in understanding the pathophysiology of depression and has been the 
primary antecedent behind the development and implementation of psycho-
pharmacological treatments for over five decades [1]. It has also given birth to 
multiple generations of antidepressant psychotropic medications [2]. In addi-
tion, the monoamine hypothesis also functions as a basis of explaining how elec-
trical dysfunction can be the cause of neurological disorders, and is also impli-
cated in regulatory dysfunction related to synaptic and central acting monoa-
mine concentrations of dopamine, epinephrine, norepinephrine, and serotonin 
[1]. Hinz et al. (2012) argue that the bundle damage theory provides a more ac-
curate explanation for chronic dysfunction. This theory proposes that the meas-
ure of synaptic monoamines is sufficient but not abundant in conditions asso-
ciated with continuing electrical dysfunction. Therefore, the amount of synaptic 
monoamines must be elevated to adjust for the electrical disruptions caused by 
the destruction to them. While the bundle damage hypothesis challenges the 
monoamine theory of depression as the foremost explanation for electrical and 
synaptic disruptions that occur during depressive episodes. 

In addition to monoamines, there is a possibility of deficiencies in the neuro-
transmitter gamma aminobutyric acid (GABA) influencing depression as well 
[3]. In fact, it has been proposed that the deamination of the neurotransmitter 
gamma aminobutyric acid GABA, lacking in depression, by brain MAO may 
have clinical significance for the treatment of depressive disorders [3]. 

The metabolic syndrome (MetS) is a complex disorder that combines obesity, 
dyslipidemia, hypertension, and insulin resistance [4]. It is likely that MetS as a 
whole (insulin resistance, abdominal obesity, atherogenic dyslipidemia, and hyper-
tension) may be a bigger risk indicator than any single MetS factor for adverse 
health outcomes such as stroke, Alzheimer’s disease, and depression [4]. MetS 
and cardiovascular (CV) risk factors influence CV mortality as well. 

A key anxiety and stress regulator is the OXTR, which is a receptor of oxyto-
cin. And may be controlled by both psychosocial factors and gonadal hormones 
[5]. 

Kimmel et al. (2016) examined serum hormone and postpartum depressive 
disorder (PPD)-specific DNA methylation variation in the OXTR. The investi-
gators proposed that OXTR DNA methylation is related to PPD at significant 
locations of their area of function. In particular, those women who were physi-
cally or sexually abused as children would have higher rates of PPD [5]. 

O’Neil et al. (2014) discovered a strong association between unhealthy diet (an 
increase in the intake of saturated fats, refined carbohydrates, and processed food 
products) and a decline in the psychological health in both children and adoles-
cents. The researchers also found a positive relationship between good-quality diet 
(vegetables, salads, fruits, fish, and other healthy food groups) and better mental 
health [6]. Rosique-Esteban et al. (2018) discovered a negative relationship be-
tween magnesium (Mg) consumption and cardiovascular diseases (CV). The re-
searchers also concluded that elevated consumption of Mg is linked with lower 
risk of major CV risk factors (mainly metabolic syndrome, diabetes, and hyper-

https://doi.org/10.4236/wjns.2022.122006


K. P. Barman 
 

 

DOI: 10.4236/wjns.2022.122006 47 World Journal of Neuroscience 
 

tension), stroke, and overall cardiovascular disease (CVD) [7]. Similarly, higher 
rates of circulating Mg are associated with lower risk of CVD, mainly ischemic 
heart disease and coronary heart disease [7]. 

2. Objectives 

The objective of this paper is to examine several theories that attempt to explain 
the nature of biochemical changes in the brain as well as metabolism of individ-
uals who experience symptoms and conditions related to neurological disorders 
like depression. In particular, this paper will review multiple studies that inves-
tigate the monoamine (MAO) hypothesis of depression and metabolic syndrome 
(MetS) as a risk factor for neurological disorders. Any effort to categorize a sin-
gular cause for a diverse disorder like depression would be an oversimplification 
of the general understanding of this complex disorder. Therefore, further inves-
tigation through deployment of hypotheses (i.e., GABA deficiency, metabolic 
syndrome, and oxytocin receptor) may reveal more insights into the causes of 
depression and help researchers find effective treatments for them. 

3. Material and Methods  

The systematic literature review for this study was executed in the NCBI and 
PubMed databases. The papers included published studies up until the year 
2021, and are reported following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis Guidelines (PRISMA) (Figure 1) [8]. The search in-
cluded the keywords neurological disorders, monoamine hypothesis, metabolic 
syndrome, oxytocin receptor, dietary health, and magnesium intake. Excluding 
those that did not involve symptoms of neurological disorders. Twenty-five re-
search articles were consulted and met the criteria for the literature review of 
this examination. 

4. Results  

The Monoamine Hypothesis of Depression  
For over half a century the majority of psychopharmacological research de-

voted to the treatment of depression, has relied on the monoamine hypothesis as 
the basis of study. It has given birth to several generations of antidepressant me-
dication. Unfortunately, there are severe disadvantages to the present day mo-
noamine theory. Other mechanisms including hypothalamic–pituitary–adrenal 
(HPA) axis dysfunctions, in addition to neurodegenerative and inflammatory 
alterations are possibly linked to the pathogenesis of mood disorders [2]. The 
adjustment to stressors in the environment is one of the key processes of biolog-
ical regulation. Being exposed to constant stress involves the long-term dysregu-
lations at neurotransmitter, neurohormone, and cellular levels, which can result 
in changes of behaviors. In turn, metabolism is controlled by sophisticated phy-
siological and behavioral systems, regulated by the brain. Which are influenced 
by a variety of effectors that include endocrine and immune regulations, neural  

https://doi.org/10.4236/wjns.2022.122006


K. P. Barman 
 

 

DOI: 10.4236/wjns.2022.122006 48 World Journal of Neuroscience 
 

 
Figure 1. PRISMA flow chart Identifying the search, selection, and inclusion of the ar-
ticles of the systematic literature review. 
 
plasticity, circadian rhythms, and chromatin modulations. In the past, some stu-
dies suggest that these systems are inter-connected and may be the cause of 
brain disorders in specific mood-related syndromes [2]. While the disturbance 
of the metabolism of neurotransmitters, circadian clock genes, and modifica-
tions of chromatin act together and undoubtedly determine, to some point, be-
havioral related disorders. The control of chromatin, manifestation of clock 
genes, and neurotransmitter metabolic processes, are all three assumed to be 
implicated in mood disorders and HPA axis regulation, and located in an altered 
state in GR-i mice. Therefore, it is crucial to understand the precise nature of 
various alterations of these structures as well as their associations, in order to 
construct novel clinical approaches for treating depression [2]. 

The monoamine hypothesis has also served as a primary basis for compre-
hending how electrical dysfunction related with states of pathology and regula-
tory dysfunction linked to synapses that consists of high levels of central-
ly-behaving monoamines, dopamine, epinephrine, norepinephrine, and seroto-
nin [1]. It also describes how reduced levels of synaptic monoamines are a main 
cause of disease, but unfortunately does not provide an acceptable key reference 
point for understanding chronic electrical dysfunction associated with central-
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ly-acting monoamines [1]. The hypothesis adds that the bundle damage theory is 
a more precise model for comprehending chronic dysfunction. It is the bundle 
damage theory that suggests that the levels of synaptic monoamines are normal 
but not sufficient enough in states related to chronic dysfunction. Therefore, the 
amount of synaptic monoamines must be raised to maintain the balance for the 
persistent postsynaptic electrical dysfunction, as a result of existing loss [9]. 
However, the monoamine hypothesis does not explain the etiology of chronic 
neuronal electrical flow by dysfunction in the endogenous state [1]. 

5. Gamma Aminobutyric Acid  

This discussion reveals how the inhibitory neurotransmitter gamma aminobu-
tyric acid (GABA) and monoamines contribute to depression. The potential of 
hydrogen level (pH) of cerebral spinal fluid (CSF) closely approximates the isoe-
lectric point of GABA, and there is good evidence to support small quantities of 
lipophilic GABA micro species in CSF. Initial results determine that deamina-
tion of non-physiologic amounts of GABA is catalyzed by MAO [3]. Regardless 
if the amount of lipophilic GABA and deamination materials may be very small, 
in the environment of the central nervous systems, where minute reductions in 
GABA may demonstrate clinical significance [3]. If evidence for these ideas can 
be discovered, even with the known autonomic risks, treatment with monoa-
mine oxidase inhibitor’s (MAOI) may be offered sooner in the application of 
pharmacotherapy for depression [3]. 

6. Metabolic Syndrome  

In general, metabolic syndrome is a common cause of neurological disorders. 
Metabolic syndrome (MetS) is a cluster of pathologies: abdominal obesity, dysli-
pidemia, and hypertension (neurochemical changes). At the molecular level, 
MetS is accompanied by dysregulation in the expression of adipocytes (cytokines 
and chemokines) and alterations in levels of leptins, a peptide hormone released 
by white adipose tissue [10]. These changes modify immune response and in-
flammation that can lead to changes in the hypothalamic/bodyweight/appetite/ 
satiety set point. This results in the imitation and advancement of MetS. The 
molecular mechanism underlying the mirror relationship between MetS and 
neurological disorders are not very well understood. It appears that all cellular 
and biochemical alterations observed in metabolic syndromes like impairment 
of endothelial cell function, abnormality in essential fatty acid metabolism, and 
alterations of lipid mediators along with abnormal insulin/lipid signaling may 
represent a pathological bridge between MetS and neurological disorders like 
stroke, Alzheimer’s disease, and depression. This paper discusses the involve-
ment of the brain in the pathogenesis of MetS and neurochemical changes in 
stroke, Alzheimer’s disease, and depressions [4]. 

MetS is a cluster of metabolic and cardiovascular (CV) risk factors that in-
clude, obesity and visceral adiposity, insulin resistance, dyslipidemia, and hyperten-
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sion that lead to risks of CV mortality [11]. While Medina et al. (2018) discussed 
interactions between MetS and autoimmune rheumatic diseases (ARD) in their 
study [12]. They identified interactions between metabolic and immune systems, 
where those interactions are regulated between genetics, nutritional status, and 
intestinal microbiome, where changes in immune-metabolic communication 
lead to the occurrence of disorders of the autoimmune system. Adipokines are 
cytokines (cell signaling proteins) secreted by adipose tissue and exert a variety 
of metabolic activities that contribute to the etiopathogenesis of MetS and are 
involved in the regulation of both inflammatory processes and autoimmunity in 
rheumatic diseases. Patients with autoimmune diseases like gout and those with 
ARD including but not limited to systematic lupus erythematosus, rheumatoid 
arthritis, antiphospholipid syndrome, ankylosing spondylitis, and vasculitis have 
an increased prevalence of MetS.  

7. Oxytocin Receptor DNA Methylation in Postpartum  
Depression  

Psychosocial factors may be associated with postpartum depression (PPD) for 
those women who experienced physical or sexual abuse or trauma as children. 
This is evident by a significant increase in DNA methylation on the oxytocin re-
ceptor gene (OXTR) [5]. These women are more likely to develop PPD which 
affects anywhere from 10% to 20% of women, who experienced physical or sex-
ual abuse or trauma as children and can lead to significant distress in both 
mother and child. In fact, PDD affects 30% of women with a history of depres-
sion and 52% of women with the bipolar disorder. There is also evidence that an 
increased sensitivity to change in gonadal hormone levels may modulate biolog-
ical vulnerability to PPD, especially, in regard to estrogens [5]. Kimmel et al. 
(2016) claim it is not the level of estrogens but the differences in downstream 
responses and psychological consequences to them that may make it risky for 
vulnerable women. In fact, some of these relationships may suggest a sophisti-
cated interaction among systems of dysregulated hormones and their down-
stream consequences, specifically, hormones associated with estrogen signaling 
including progesterone, its metabolites, and oxytocin. 

There has been increased speculation in the involvement of the oxytocin 
(OXT) system in PPD, because it is a hormone of crucial importance in the in-
stigation of maternal behavior after parturition [13]. Another factor is where 
diminished OXT levels of prenatal plasma have been observed in cases of PPD 
[14]. The authors propose the oxytocin receptor (OXTR) as an attractive candi-
date for study of epigenetic variation associated with PPD as modulation of the 
OXT system occurs with estrogen at the OXTR [5]. It has also been found that 
the female hormone estradiol increases OXTR gene transcription [15], which 
leads to increases within the uterus [16] and various areas of the brain like the 
hippocampus, amygdala, and arcuate nucleus [17]. While Bell et al. (2015) have 
provided details of DNA methylation links of the OXTR with PPD [18]. The as-
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sociation involved an interaction of OXTR genotype at rs53576 and epigenetic 
factors such that antenatal euthymic women who developed PPD had increased 
OXTR DNA methylation in GG homozygotes [5]. 

Along with biological evidence, there is epidemiological evidence that may 
account for a separate set of risk factors for perinatal depression. Whereas ante-
natal depression and PPD each demonstrate evidence of psychosocial risk factors 
such as diminished amount of partner and social support [19]. While a woman’s 
history of trauma can influence the onset of PPD [20]. In an assessment and 
evaluation of studies from 2000 to 2013, Yim et al. (2015) discovered substantial 
risks for the development of PPD related to factors of, chronic strain and stress, 
severe life stressors, quality of relationships, and romantic partner and maternal 
support [21]. The biological and epidemiological data lends support to the hy-
pothesis that stressors associated with childbirth and caring for a newborn in the 
postpartum period may interact with underlying biological risk factors that re-
sult in the onset of depressive symptoms. It is also important to recognize that 
the OXT system may be modified for different outcomes. For example, protec-
tive factors like social support can influence the modification of the OXT system 
as well as the risk factors such as early trauma or severe life events. In terms of 
risk factors for depression that may lead to depressive episodes or symptoms, the 
physiological result of estrogen sensitivity and a lack of social support may lead 
to physiological changes that may result in a depressive phenotype.  

Due to the fact that the OXT system is implicated in the process of social 
bonding and a coping mechanism for anxiety and stress, the oxytocin receptor 
itself may be a viable resource for linking the influence between the psychosocial 
stressors and estrogen sensitivity in PPD and antenatal depression. In some past 
experiments with rats, the blocking of OXTR in progesterone withdrawal model, 
led to increased hypothalamic pituitary adrenal (HPA) axis activation [22]. 
Another study showed that OXT administration inhibited stress activation of the 
HPA axis through recruitment of GABAergic neurons [23]. While in human 
beings, it has been demonstrated that a substantial amount of childhood trauma 
on OXT administration induced mood [5]. In terms of genetic influences, it has 
been found that genetic variations in the OXTR together with early life adversity 
and therefore a strong predictor of anxious and depressive symptoms [24]. 

8. Dietary Health and Child and Adolescent Mental Health 

There may exist a relationship between dietary health and mental health in both 
children and adolescents. Children whose diet consist of unhealthy foods like 
increased saturated fat, refined carbohydrates, and processed food products usual-
ly have poorer mental health irrespective of their socioeconomic status (SES). In 
contrast, children who consume higher rates of healthy foods like vegetables, 
salad, fish, fruits, and other foods tend to be healthy and also enjoy better mental 
health [6]. O’Neal et al. concluded that diets that are rich in fat and sugar may 
influence proteins which are implicated in certain developing processes of the 
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brain, like the signaling molecule brain-derived neurotrophic factor (BDFN). 
Brain-derived neurotrophic factor is often reduced in individuals with symp-
toms of depression, and increasing its production lowers symptoms of depres-
sion. To the contrary, considerable evidence exists that high quality diets of food 
packed with nutrients and increased consumption of saturated fats and refined 
carbohydrates are each exclusively associated with depressive symptoms, which 
may suggest the possibility of separate operant pathways [6]. 

9. Dietary Magnesium and Cardiovascular Disease  

Research studies suggest a relationship involving magnesium (Mg) intake and 
cardiovascular risk factors (CV) and cardiovascular disease (CD) [7]. The review 
of epidemiological studies [7], indicates a link between high Mg intake and low-
er risk of major CV risk factors such as metabolic syndrome, diabetes, hyperten-
sion, stroke and total CVD. Higher levels of circulating Mg have been found to 
be related to a decreased risk of rates of CVD, primarily coronary and ischemic 
heart disease [7]. 

Mg provides an important mineral for the function of human health and is 
deeply involved in metabolic processes including adenosine triphosphate 
(ATP)-dependent biochemical reactions, synthesis of DNA and RNA expression, 
the signaling of cells at both muscle and nerve levels, and together in blood and 
glucose pressure control [7]. 

Rosique-Esteban et al. (2018) claim that Mg intake is implicated in the risk of 
CVD and CV risk factors including type 2 diabetes (T2D), MetS or hyperten-
sion, and overall mortality. They add that chronic Mg deficiency is associated 
with increased risk of cardio-metabolic disorders. This study demonstrates that 
higher MG intake, through diet or supplements, protects against major CV risk 
factors, MetS, T2D and hypertension, stroke, and overall CVDs. 

10. Discussion  

This review identifies significant relationships between biochemical changes in 
the brain and the metabolism of the human body that may influence neurologi-
cal disorders, metabolite syndrome, and cardiovascular diseases. Even though 
the monoamine hypothesis of depression is not settled yet, there seems to be 
evidence that dopamine, epinephrine, norepinephrine, and serotonin do influ-
ence symptoms of depression though do not provide complete explanation for 
depression. The monoamine hypothesis has served as a major reference point for 
the understanding of electrical dysfunction related to neurological disorders as 
well as regulatory dysfunction associated with synaptic and the central acting 
monoamine concentrations of dopamine, epinephrine, norepinephrine, and se-
rotonin.  

However, the bundle damage theory suggests a different explanation for chronic 
dysfunction. The theory claims synaptic monoamine levels are normal but are 
not adequate enough in states related to chronic electrical dysfunction. The 
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synaptic monoamine levels must be increased to compensate for the chronic 
postsynaptic electrical dysfunction from existing damage. It is clear that the 
bundle damage theory challenges the status of monoamine hypothesis of depres-
sion as a reference point for synaptic and electrical dysfunction [1]. There may 
be evidence that a reduction in the amount of the neurotransmitter GABA may 
induce depression [3]. In fact, it has been hypothesized that the deamination of 
the neurotransmitter GABA, deficient during depression, by brain MAO may 
have clinical significance for the treatment of depression [3]. The excessive dep-
loyment of the monoamine hypothesis as the main reference point for the ex-
planation and treatment of depression is noted for its lack of efficacy, given the 
low rate of success when reuptake inhibitors are used as the primary pharmaco-
logical treatment [1]. Hinz et al. (2012) remind us that double-blind place-
bo-controlled studies have steadily demonstrated the efficacy of rates of reuptake 
depression at 7% to 13% more than the patients in placebo groups treated with 
reuptake inhibitors. This may suggest according to the reuptake monoamines 
current hypothesis that blocking transporter reuptake leads to increased con-
centrations of synaptic monoamines and restoration of electrical flow is not very 
effective [1]. Hinz et al. (2012) add that monoamines cannot cross the blood 
brain barrier. However, this is not the case for the amino acids, precursors to the 
dopamine and serotonin, L-dopa and serotonin. The amino acids freely travel 
through the blood brain barrier to synthesize into their specific monoamines 
without biofeedback inhibition. 

The metabolic syndrome (MetS) is a complex disorder that combines obesity, 
dyslipidemia, hypertension, and insulin resistance. It is likely that MetS as a 
whole (insulin resistance, abdominal obesity, atherogenic dyslipidemia, and hyper-
tension) may be a bigger risk indicator than any single MetS factor for adverse 
health outcomes such as stroke, Alzheimer’s disease, and depression [25]. MetS 
and cardiovascular (CV) risk factors influence CV mortality as well. It is appar-
ent that this complex set of metabolic disorders is multifaceted, and early as-
sessment and detection may reduce or even eliminate these risk factors. 

It is the oxytocin receptor (OXTR) that is a primary regulator of anxiety and 
stress, and may be influenced by both psychosocial factors and gonadal hor-
mones [5]. This study has examined serum hormone and postpartum depressive 
disorder (PPD)-specific DNA methylation variation in the OXTR., while the 
hypothesis is that OXTR DNA methylation is associated with PPD at function-
ally relevant loci [5]. In particular, women who were physically or sexually 
abused as children would have higher rates of PPD [5]. It is clear that stress and 
anxiety can influence an epigenetic change in the production of oxytocin and 
expression of women who experience physical or sexual abuse or trauma in con-
trast to women who did not, while these victims were more likely to present with 
symptoms of postpartum depression [26]. While postpartum depression is more 
likely in such female victims, it is not guaranteed as other physiological and 
psychosocial factors associated with individual women matter, too. 
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As far as diet and mental health are concerned, there is a negative relationship 
between unhealthy diet (increased saturated fats, refined carbohydrates, and 
processed food products) and poorer mental health for both children and ado-
lescents. On the other hand, good-quality diet (vegetables, salads, fruits, fish, and 
other healthy food groups) improve mental health [6]. 

A separate dietary study discovered inverse associations between magnesium 
(Mg) intake and cardiovascular diseases (CV). While increased rate in the con-
sumption of Mg is related to a decreased risk of developing a major CV risk fac-
tors (i.e., diabetes, hypertension, and metabolic syndrome, stroke, and total 
CVD) The examination also discovered that increased levels of Mg are related to 
a lower risk of CVD, chiefly coronary and ischemic heart disease [7]. 

11. Conclusion  

It is unrealistic to believe that any effort to rely on a single theory like the mo-
noamine hypothesis of depression to explain a diverse neurological disorder like 
depression is an oversimplification of the general nature of this multifaceted and 
multidimensional disease. Therefore, other hypotheses such as GABA deficien-
cy, metabolic syndrome, and oxytocin receptor deserve investigation as they may 
reveal more information about the causes of depression and other neurological 
disorders, in order to assist clinicians and researchers to develop more effective 
clinical treatments for neurological disorders. 
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