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Abstract: The mind-body relationship has always been the centre of attention for a lot
of studies in the field of medicine, corporate entities, as well as mental health trials and
research. From this, the idea of psychoneuroimmunology, a branch of psychology that studies
the causal-effect relationship between psychology, Immunology and neurology and how they
interact with each other to enhance or disrupt one's overall well-being, emerged. This review
aims to understand how a ‘leaky gut’ and other factors of gut permeability can impact the
process of neuroinflammation in an individual and how this interplay influences the
effectiveness of the mind-body communication. It also shed light on the need for a dynamic
interventional approach that includes the use of probiotics to enhance the gut-brain axis.

Keywords: Gut Permeability, Nero Inflammation, Mind Body Relationship, Psycho-
Neuro Immunological

1. Introduction
The microbiota of the human gut is significantly important for the overall well-being
of individuals and not just for digestion, and the regulation of the central nervous system.

Recent studies have found that alterations in the microbiota of gut microbiota and its
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permeability, known as ‘leaky gut,” can also lead to neuroinflammation and can become an
associated etiological factor of various psychological disorders. (Foster et al., 2017).

Psychological disorders like Anxiety, Depressive and Psychotic Symptoms are
associated with an activated immune system and a defensive CNS, often known as the process
of Neuro-inflammation, which can cause neurodegenerative disorders, too. (Miller & Raison,
2016). The exploratory development in these studies resonates with the interconnectivity of
physiological processes and the functioning of the mind.

Shining light on the psychological approaches for the same, we can highlight several
attempts, theories and models to analyse the impact of neuro-inflammation on psychological
disorders and mental functions. One such theory is the Cytokine Theory of Depression. This
theory suggests that cytokines, especially of the pro-inflammatory type, like TNF-a and IL-6,
facilitate depressive symptoms by tailoring neurotransmitters (Khandekar et al., 2015).

Furthermore, a study from 2018 explained how severe inflammation, which is usually
caused by gut dysbiosis, can interfere with genetic predispositions and eventually increase the
probability of developing psychological disorders, too. These approaches undermine the
function of systematic inflammation as a mechanism of potential for mental well-being and,
hence, fill in the gap between physiological and cognitive functioning.

Gut-Brain Axis

The Gut-Brain Axis is a communication network that includes the CNS (Central
Nervous, Autonomic and Enteric Nervous Systems. The gut mechanisms of the microbiome
affect the digestive processes, which can be explained via pathways of neurotransmitters
connecting to various centres in the brain. This system is perpetuated through the mind and
body pathways, allowing the gut to establish a connection with the brain functions, which
complements the mind-body relationship (Cryan & Dinan, 2012).

One psychological theory that complements this idea is the polyvagal theory, which
suggests that vagal activation is a major contributor in the regulation of human emotions,
stress, and behavioural processes in a social setting (Porges, 2007). Psychological disorders
and psychotic manifestations related to the stress tolerance of individuals are usually
influenced by abrupt changes in vagal tone, further connected to the disruptions of the gut
microbiome.

The concept of gut permeability gets affected by the gut microbiota, which explains
its influence on mental health inconsistencies in humans. Increased gut permeability allows

harmful substances like LPS that enter the bloodstream that triggering systemic inflammation
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that is usually responsible for altering the neurotransmitters, which raises the probability of
mental health abnormalities (Kelly et al., 2015).
Gut Permeability and Mental Health

Gut Permeability and neuroinflammation are very closely related to each other when
it comes to impacting the mental health of an individual. When the intestinal barrier is
disrupted, many damaging microbial metabolites (LPS) can trigger systemic inflammation by
entering the bloodstream, which activates the immune cells in the CNS (Kelly et al., 2015).
This process of immune activation can result in adverse neuroinflammation, disturbed
neurotransmitter functions, and oxidative stress, which are associated with many
psychological disorders (Miller & Raison, 2016).

Neuroinflammation and Psychological Disorders

Felger and Lotrich (2013) suggested that the process of neurological inflammation can
alter brain chemistry and is involved in mood distress via disruptions in the hippocampus,
amygdala, and prefrontal cortex. This is also associated with the decreased production of
Serotonin and a heightened and excited glutamate toxicity, along with the elevation of the
HPA (hypothalamic-pituitary-adrenal axis), which further affects the psychological function
of an individual.

It is also mentioned in The Neuroimmune Model of Anxiety Disorders that, can result
in increased responses in fear and make the individual susceptible to conditions that generate
chronic anxiety (Smith et al., 2020).

Furthermore, the Model of Gut Microbiota Dysbiosis that is designed for
psychological Disorders insinuates that imbalances of microbial functions can influence the
development of neuroactive compounds such as GABA, which facilitate mood and cognition
functions (Dinan & Cryan, 2017). Increased levels of activated inflammatory cytokines have
been known in people who struggle with depression, schizophrenia and anxiety.

The Role of Probiotics

Probiotics (the live microorganisms that possess benefits when consumed in adequate
quantities) have been demonstrated as a potential interventional agent when looking at gut-
related issues, neuroinflammation and psychological disorders.

Gut barrier integrity has been shown to improve by strains of Lactobacillus and
Bifidobacterium, and it has also helped to build gut barrier integrity while modulating
immunity and has also been observed to facilitate the process of producing Serotonin &

GABA. This further elevates the mood regulation of the mind (Mayer et al., 2014).
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2. Review of Literature

The findings by Fleshner et al (1994) indicate that psychological and behavioural
processes could alter immune function, and events occurring during immune responses might
affect behaviour. The discussion regarding the psychological influence on immunity highlights
conventional factors and stress, focusing on the behavioural effects produced by substances
released by the immune system.

Marrier & Watkins (1998) explored how the brain and immune system form a
bidirectional communication network in which the immune system functions as a broad
sensory organ, transmitting information about physical occurrences to the brain. This allows
immune cells to trigger and bring about physiological, behavioural, emotional, and cognitive
changes.

Watkins et al. (1999) suggested that behaviour is an element of host defence and is
linked with patterns of immune processes. It is argued that the circuitry created to enable these
effects has taken on a wider function in behaviour regulation, and we investigate the
implications for understanding stress. It was inferred that immune functions could influence
behaviour.

Mair (2003) studied the functions of cytokines in the nervous system, and it was
proposed that they play a vital role in overseeing the neural control of immune activities in
the periphery. The brain-driven host defence includes alterations in behaviour, sensation,
mood, and cognition, immune activation.

Perry (2004) found pieces of evidence suggesting that any challenges in the outgoing
systemic inflammation may affect local inflammation of cytokines and neurons, which in turn
can reduce the brain's plasticity, making the individual more prone to an increased risk of
neurodegenerative diseases.

Evidentiary support from a review by Kiecolt-Glaser et al. (2004) suggested that the
characteristics of many relationships formed by an individual affect their physical health and
social awareness through their influence on inflammatory and immunological processes of the
body, backing the polyvagal theory that suggests how the fight or flight response is related to
the social abilities of the person.

Mahony et al. (2011) offered a proposition that the regulation of certain gut microbiota
can be viewed as a significant interventional add-on for various stress-related disorders and
can be used for regulating certain co-morbid gastrointestinal disorders like inflammatory

bowel syndrome, along with irritable bowel syndrome.
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The evidence by Grenham 2011 highlighted the involvement of gut microbiota in
brain-gut axis disorders is reviewed, stressing its clinical importance for irritable bowel
syndrome, a functional gastrointestinal issue associated with stress. The treatment options
arising from this study specifically investigate whether targeting the microbiome might be a
viable strategy for addressing CNS disorders.

Haroon et al. (2011) suggested that leaky gut, psychological stress, and irregular
proinflammatory T cells can contribute to the adverse effects of the chronic
neuroinflammatory process. This study also correlated this to the development of depressive
symptoms and recurrences of other mental health disorders.

Renoir et al. (2013) reviewed and concentrated on the biological processes through
which peripheral dysfunction could influence neuronal activity and, consequently, psychiatric
conditions. The psychological pressures linked to chronic illness or poor health could enhance,
prolong, and worsen psychiatric disorders.

Miller & Spencer (2014) tried to find the association between the probability of
overeating and hypothalamic and microglial proliferation and further researched how this
affects the cognitive functions of individuals as well. They also formulated a relationship
between obesity, chronic inflammation, and free fatty acids in the body that might contribute
to the development of a leaky gut as well.

Lyman et al. (2014) gathered shreds of evidence that pointed out that
neuroinflammation is one of the reasons why neurodegenerative illness develops, and it
accelerates while playing a crucial role in the development of mental health disorders with
early-onset epidemiology. The review also suggests dynamic and multi-dimensional
preventive and interventional strategies to combat the adverse effects of chronic
neuroinflammation.

Quan et al. declared that the purpose of their 2016 review was to understand the
possible effects of neuroinflammation on immunological processes, brain function and further
connect them to the detailed consequences of psychological dysfunctions in individuals. They
tried to focus on the interference of neuroinflammation on the blood-brain barrier (BBB) and
how it further affects the CNS.

A Goehler (2017) study illustrated how the mind-body relationship is influenced by
stress and inflammation, focusing on how chronic inflammation can contribute to
degenerative diseases and other physical ailments like metabolic disorders. It was also
understood how immune cells are affected by chronic inflammation, which further causes

oxidative stress in the body.
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Wallace & Milev (2017) aimed to assess different studies that suggested that a
significant and inverse relationship exists between probiotics and depressive symptoms in
humans. There was a variation in the duration and intensity of the consumption of probiotics
and their impact on depressive symptoms

Bottaciolli et al. (2018) highlighted the significance of epigenetics in determining the
pathway to regulate the influences of social and physical environmental agents on brain
structure and function, including the immunity and psycho-physiological health of psychiatric
patients. It also summarised the effect of stress management techniques in the resolution of
bio-psychosocial symptoms.

Liang et al. (2018) explained that the microbiota-gut-brain axis, mainly comprising
the nervous, endocrine, and immune systems, regulates how gut microbiota influences
behaviour and brain activity. Various methods for promoting microbiota, including faecal
microbiota transplantation, probiotics, prebiotics, a balanced diet, and a healthy lifestyle.

Martin & Mayer (2018) explained how certain factors, such as diet, stress, and
prenatal, perinatal, and postnatal variables like breast-feeding processes, hormonal
escalations, and oxygen levels during pregnancy, influence the assembly of an individual’s
gut microbiota and determine the health of their gut-brain axis.

Cussotto et al. (2018) focused on how certain elements of the endocrine system interact
with various microorganisms to regulate stress-related behavioural processes, mainly focusing
on the eating, sexual and social patterns of the individual along with their cognition and
addiction.

Lekander et al. (2019) suggested that the CNS can affect peripheral immune functions
while also being capable of sensing and interpreting signals from the peripheral immune
system. The bidirectional interaction between the CNS and the peripheral immune system has
garnered insights into disease mechanisms, enhanced patient health and treatment outcomes,
and illuminated the relationship between modifiable lifestyle factors and well-being.

Cheng et al. (2019) conducted a brief review that highlighted the impact of
Psychobiotoics on many neurodevelopmental and neurodegenerative mental health disorders.
It was also summarised how Psychobiotoics can help in alleviating the distress in autism
spectrum disorder as an alternative and complementary intervention strategy as well.

Bower et al. (2019) explored how the neuro-immune network might be influenced by
“positive” psychological focusing on positive emotions, eudaimonic well-being, physical
activity, and relaxation. There is substantial evidence indicating that these favourable

conditions and actions are associated with changes in the body's immune function.
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Giacobbo et al. (2019) found that inflammation levels (both acute and chronic) impact
BDNF (Brain-derived neurotrophic factor) levels and their relationship the prognosis of
neurodegenerative disorders. It entails how neuroinflammation is involved in declaring it as
an etiological factor for brain disorders.

Ansari et al. (2020) A study concluded that probiotics, along with prebiotics, can
enhance one’s mental health and psychological well-being. It also explores the idea of
developing a pharmacological interventional strategy of ‘Psychobiotoics’ that has a positive
effect on the CNS and can be proven to handle challenges like neuroinflammation and
oxidative stress.

Hirsch & Standaert (2020) aimed to explore how neuroinflammation is closely related
to the onset and pathology of Parkinson’s Disorder and how an intricate study of the process’s
mechanisms can help in developing interventional strategies for neurodegenerative disorders
like Parkinson’s as well as many other immunological problems.

Troubat et al. (2020) indicated that vascular inflammatory functions are affected by
the psychological stress that an individual experiences. This evidentiary support backs up the
assumption that neuroinflammation can be an interventional aim for depressive symptoms of
clinically diagnosed patients.

Johnson et al. (2021) explored the idea of including probiotic intervention in
addressing the etiological and pathological symptoms like MDD, chronic inflammation, and
challenges in the hypothalamic pituitary adrenal (HPA) by complementing antidepressants
and other therapeutic interventions in the field of psychology.

Sivamurthi et al. (2021) studied the significance of probiotics in regulating the gut
microbiota by improving crucial cognitive functions like decision making and rationalising in
individuals. It also explored the relationship between the central nervous system and
neurodegenerative diseases, and how probiotics can help in controlling chronic inflammation.

Dey and Mookherjee (2021) explained how new Psychobiotoics-related multi-
dimensional therapeutic strategies in the future can help in assessing their physiological
impact on neurological pathways, further widening the ways for developing new mental health
strategies for neurogenerative disorders as well.

A 2022 (Ciancarelli et al.) review explored the relationship between inflammation and
oxidative stress and the increased probability of developing an ischemic stroke in poorly
rehabilitated patients with neurodegenerative cases, where brain plasticity is not restored

properly. It also explained how an unhealthy gut increases the probability of ischemic strokes.
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Robles et al. (2022) Utilised a PNI approach in studies on social factors affecting
health can uncover new understandings, highlight pathways, and identify points for
intervention.

Patel (2023), among many PNI researchers, reviewed how we can improve patients'
quality of life, well-being, and longevity and how it acts as a fundamental motivation.

Bistas & Tabet (2023) explore the relationship between characterises of the gut
microbiota and the individual’s ability to regulate it and various psychological symptoms like
depression, anxiety, psychosis, and if the presence of these symptoms was reaftfirmed the how
probiotics can help in interventional strategies of enhancing the individual’s overall wellbeing.

Schoenberg & Gonzalez (2013) proposed that mind-body interventions, rooted in yoga
and meditation, may not directly focus on inflammatory biomarkers; instead, they might
influence the central and connective pathways linked to chronic systemic inflammation, which
can elevate the HPA axis and reduce Allostatic Load.

Bower & Kuhlman (2023) explore the importance of clinical psychology and the
physiology of communication between the immune system and the brain. It was investigated
how immune activation impacts key domains, like positive and negative valence systems,
social behaviour,

Marchi et al. (2024) aimed to provide a relationship between gut and other nutritional
and immunogenic factors like production of cytokines, lymphocytes and the overall chronic
development of neuroinflammation and how it affects the cognitive decision abilities of
clinically overseen Dementia patients, especially in cases of Alzheimer's.

Clarke et al. (2024) reviewed the possibility of an underlying association between
weight management techniques and how it is crucial to do a thorough analysis of how factors
like overweight, obesity, and weight loss affect the central nervous system and further
influence the eating habits of individuals, disrupting various other physiological processes.

Toader et al. (2024) emphasised how closely gut microbiota is related to psychiatric
disorders, as well as the enhancing effect of antimicrobial elimination from Psychobiotoics
medications can help in developing various strategic approaches for individuals struggling
with mental health disorders as well.

Popovici et al. (2013) suggested certain neuroinflammatory influences induced by
stress can lead to the production of cytokines, which don’t exclusively impact brain functions
but include heavy influences on the mood and behaviour of individuals. To mitigate and
understand the relationship between these two variables, there is a need to develop therapeutic

interventions that address the significance of psychoneuroimmunology.
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Reddy (2025) published his literature, including a research book suggesting various
neuroimaging evidence that suggested a relation between brain activity and neuroimmunology
processes, further indicating how these can be affected by mental health disorders and how
certain sub-factors in this relationship, like inflammatory discrepancies, pharmacological
factors, etc., can affect the brain-body relation.

A study by Moussiopoulou & Falkai (2025) reveals how inflammatory processes
encompass a strong relationship between the endocrine system and various determinants of
the social agents of health and disease. Understanding this association will help us explore
more therapeutic approaches that are multi-dimensional and dynamic, coinciding with the
characteristics of psychoneuroimmunology.

A comprehensive review by Petrut et al. 2025 studies the mechanisms and composition
of microbiota, and how it facilitates the possibility of using the findings of a closely related
gut-brain axis and mental health in future development of therapeutic and interventional
strategies, especially in the field of neurodegenerative and gastrointestinal treatments.
Research Gap and Justification

Despite increasing interest in the gut-brain axis, several gaps exist in our knowledge
regarding the exact mechanisms by which probiotics affect neuroinflammation and psychiatric
disorders. More longitudinal human studies are needed to establish causality, as most current
studies are based on animal models or short-term clinical trials. Furthermore, variability among
individuals in the composition of gut microbiota suggests that a one-size-fits-all approach to
probiotic therapy may not be effective (Dinan & Cryan, 2017).

In addition to this, probiotics have been reported to be potentially beneficial for mental
health outcomes, though their effects appear to be strain-specific, which would concern the use
of specific interventions rather than generalised probiotic supplementation (Sarkar et al., 2016).

As the prevalence of mental disorders rises and the limitations of conventional
psychiatric therapy increase, exploring the potential therapeutic efficacy of probiotics as an

adjunctive treatment is of specific clinical interest.

3. Method
3.1 Research Objective

The purpose of this research is to examine the impact of probiotics and gut
permeability on neuroinflammation and how these contribute to the development of
psychological disorders. The primary objectives are:

e To explore the interrelation between gut permeability and neuroinflammation.
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e To compare the effect of probiotics on gut integrity and immune responses.

e To review current evidence regarding the use of probiotics in the treatment of mental
health.

e To establish limitations of existing studies and propose directions for future study.

e To examine the aetiology of psycho-neuro-immunological treatment intended to limit
neuroinflammation and contribute towards better outcomes of mental illness.

3.2 Research Questions

e To understand how gut permeability is related to neuroinflammation and how
probiotics can help in mediating these processes.

e To analyse how the gut-brain axis is involved in psychological dysfunctions and
disrupted immune response in an individual.

e To see if any current therapeutic strategies involve the use of probiotics for mental
health disorders.

3.3 Evaluating Data Sources

e For this secondary research, the data were derived from many academic journals,
organisational reports, published works of literature, and international publications
related to the reliable interface of the online database.

e These sources have been established and are valid for the last 5 to 15 years. They are
relevant since they are trying to fill the already existing research gap around gut
microbiota studies and are very much aligned with ethical considerations when
experimenting and running clinical trials.

e After analysing the data, it was organised into chapters and subtopics for presenting
the data in a refined format. After following the transformation and cleaning method,
the data were paraphrased according to the research questions.

e Specific themes and trends of the research topic were listed, and a detailed content
analysis and selection strategy was adopted to understand the relevance of the rationale
for the study. It was also important to understand the relationship between the variables
of the research, focusing on the operational characteristics and mechanisms that
enticed the focus of this study.

e The main framework of this study included rigorous thematic analysis, where the
qualitative data were collected according to the themes of the research, and it coincided

with the research purpose and objectives.
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e There is a probability of a lack of unbiased data and limited variability of research
types that can become a challenge for analysing this study. It doesn’t spring from a
longitudinal research background but from cross-sectioning various other research,

which can become monotonous in the discussion of the themes of the research.

4. Discussion
Need for Psychoneuroimmunology

Psychoneuroimmunology (PNI) is a branch of treatment that incorporates the
functioning of the immune, nervous, and mind-body mechanisms. This phenomenon
represents a closely linked system where stress responses and emotional dysfunctions can
influence and be influenced by the immune system. This disruption can lead to delayed wound
healing and weak resistance to infections in the body.

Psychotherapies like Cognitive Behavioural Therapy can help in navigating and
identifying negative thought patterns, where different strategies to manage the stress emerging
from these situations, as well as coping techniques to deal with life's challenges, are suggested
to individuals. On the other hand, Interventions like Yoga and other mindfulness practices are
known to reduce distress and improve the CNS, ANS and ENS in the human body.

It is also helpful in managing anxiety and restlessness emerging from various mental
health conditions. These interventions are also beneficial in facilitating the body's threshold
to repulse foreign pathogens and enhancing the immune system.

This branch of psychology acknowledges the mind-body relationship and significantly
works towards developing new treatment strategies to ensure smooth functions in the nervous
system, immune system and the psychological well-being of the individual. PNI-based
strategies have the potential to decrease stress, increase the reactivity time of the neurons, and
strengthen the white blood cells. It also effectively regulates the hormonal secretions of the
brain while increasing the emotional stability of individuals.

The Gut-Brain Mechanism

The brain is composed of cells, such as microglia and astrocytes, that are responsible
for infiltrating the peripheral system, resulting in neuroinflammation. In this situation, the
blood-brain barrier separates the two systems that can trigger destruction of neural pathways.

The nervous system, due to its bidirectional communication and neurotransmitters that
can regulate the immune cell activity, can be disrupted due to various mental health conditions,

like degeneration of brain cells, resulting in Parkinson’s, resulting in low-grade inflammation.
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The Mind-Body Relationship

It is known how the central nervous system, the autonomic nervous system, and the
nervous system relate to the neurological pathways and the physiological reactions of the
body, and the scientific bodies of work pay attention to the mind-body relationship of human
health by focusing on the psychological aspects as well.

A pathway that includes the psycho neuro immunological mechanisms is the
hypothalamic pituitary axis, which explains how a decreased production of certain hormones
can lead to adverse neuroinflammation and depressive symptoms. Neurotransmitters in
balance have been linked to mood disorders in cognitive functions in various research, as
quoted by Smith et al. in the neuroimmune model of anxiety disorders, which delves deeper
into the mechanisms of immune cells and how they affect the physiological, behavioural and
emotional changes in people suffering from mental disorders.

Key Findings of the Research

By analysing recent studies and published journals, it was clear that a more dynamic
approach towards the interventional strategies for mental health adversity is the need of the
hour. A lot of the above-mentioned studies stem from the idea of psychoneuroimmunology
and how the study of mental processes, neurological mechanisms, and immunity can help us
understand human beings and their behaviours better.

This research paper especially focuses on how gut permeability and the process of
neuroinflammation can disturb the mind-body relationship of an individual. It further defines
how certain mechanisms like the production of cytokines, functionalities of neurotransmitters
and regulation of hormones from the pituitary and hypothalamus.

Many researchers have pointed out the influence of gut microbiota on mental health
while focusing on specific psychological abnormalities diagnosed in individuals. Like Miiller
in 2018, who hypothesised the inflammation hypothesis of schizophrenia, along with
explaining how oxidative stress, activated by adverse new information, can be associated with
psychological disorders as well.

In a natural shell, a leaky gut can allow harmful substances to enter the bloodstream
of the body, which can activate low-grade systemic inflammation. If the immune activation is
consistent, it can lead to chronic inflammation of neurons as well as other parts of the body,
which can lead to autoimmune disorders, metabolic dysfunction and psychological

adversities.
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Figure 1: A flow chart depicting the influences of the gut-brain axis and neuroinflammation on mental health of

an individual

5. Conclusion

Neuroinflammation was originally thought to be a way to prevent the brain
homeostasis from being disturbed, as it includes activation of cytokines and other neurological
cells that help in the working privileged immune system of the brain, but if this activation
occurs in a prolonged period or is dysregulated, it can cause various mental health symptoms.

This process can also get activated due to a leaky gut or a poor gut permeability in
individuals in individuals which leads to a decrease in the brain’s ability to perform plasticity
(gut-brain axis) and perform other cognitive functions. It also affects the immune system by
constantly producing cytokines, T cells and Natural Killers in the bloodstream, as many
harmful substances are let in by an unhealthy gut.

In conclusion, it can be said that by analysing all the previous studies and articles, a
new therapeutic intervention can be developed by the body of the pristine science’s using
probiotics to be used in a way where it can positively impact the gut-brain axis, regulate the
neuroinflammation processes and improve the psychological functioning of the body as well.

Along with adopting a healthy lifestyle and fostering healthy eating habits, a probiotic
choice named ‘Psychobiotoics’ can help in producing neurological substances like the GABA
(Gamma aminobutyric acid), serotonin and help in facilitating the distribution of digestive

juices from the mucus lining of the stomach. It also has the additional benefits of modulation
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of the HPA and chronic inflammatory responses of the body. They can only grow in a specific
and healthy gut and have sufficient nutrients to provide a positive microbiome for ensuring

the well-being of the individual.

References

Ansari, F. Pourjafar, H. Tabrizi, A. Homayouni, A. (2020) The Effect of Probiotics and
Prebiotics on Mental Health Disorders: A review on Depression, Anxiety, Alzheimer,
and Autism Spectrum Disorders, Current Pharmaceutical Biotechnology, vol 21, 7
(555-565).

Becher, B. Spath, S. Goverman, J. (2017) Cytokine networks in neuroinflammation, Nature
Review Immunology, vol 17, (49-59)

Bistas, KG. Tabet JP. (2023) The Benefit of Prebiotics and Probiotics on Mental Health, Cureus
15(8).

Bower, J. Kuhlman, K. Haydon, M. Boyle, C. Radlin, A (2019) Cultivating a health neuro-
immune network: A health psychology approach, social and personality psychology
compass, vol 13, 9.

Bower, J. Kuhlaman, K (2023). Psychoneuroimmunology: An Introduction to Immune-to-
Brain Communication and its Implications for Clinical Psychology, Annual Review of
Clinical Psychology, vol. 19 (331-359).

Bottaccioli, AG, Bottaccioli, F. Minelli, A. (2018) Stress and the psyche—brain—-immune
network in psychiatric diseases based on psychoneuroendocrineimmunology: a
concise review, Neuroimmunomodulation in Health and Disease (Animals of the New
York Academy of Science) vol 1437, 1 (37-42)

Cheng, JH. Liu, YW. Wu, CC. Wang, S. Tsai, YC. (2019) Probiotics in mental health,
neurodegenerative and neurodevelopmental disorders, Journal of Food and Drug
Analysis, vol 27, 3 (632-648).

Ciancarelli, 1. Giovanni, M. losa, M. Cerasa, A. Calabro, RS. Lolascon, G. Gimigliano, F.
Tonin, P. Cianceralli, MGT. (2022) Influence of Ocidative Stress and Inflammation on
Nutritional Status and Neural Plasticity: New Perspectives on Post-Stroke
Neurorehabilitative Outcome, Nutrients, vol 15, 1.

Clarke, GS. Page, AJ. Eldeghaidy, S. (2024) The gut-—brain axis in appetite, satiety, food intake,
and eating behaviour: Insights from animal models and human studies, Pharmacology

Research & Perspectives, vol 12, 5.

1306



International Journal of Interdisciplinary Approaches in Psychology (IJIAP)

Vol. 3, Issue 5 May 2025 ISSN: 2584-0142

Cussotto, S. Sandhu, KV. Dinan, T. Cryan, JF. (2018) The Neuroendocrinology of the
Microbiota-Gut  Brain Axis: A  Behavioural Perspective, Frontiers in
Neuroendocrinology, vol 51 (80-101).

Dey, G. Mookherjee, S. Probiotics-targeting new milestones from gut health to mental health,
FEMS Microbiology Letters, 368, 15.

DiSabato, DJ. Quan, N. Godbout, JP. (2016) Neuroinflammation: the devil is in the details,
Journal of Neurochemistry vol 139, S2.

Fiorillo, A. Javed, A. Sartorius, N. (2025) The Common Biological and Social Bases for
Physical and Mental Disorders: Focus on Inflammation and Neuroendocrine System,
Comorbidity between Physical and Mental Disorders (61-87).

Giacobbo, BL. Doorduin, J. Klein, HC. Dierckx, RJ. Bromberg, E. De Vries, E. (2018). Brain-
Derived Neurotrophic Factor in Brain Disorders: Focus on Neuroinflammation,
Molecular Neurobiology, vol 56 (3295-3312).

Goehler, LE. (2017) Mind-Body Interactions and the Stress-Inflammation Connection,
Institute for Brain Potential.

Grenham, S. Clarke, G. Cryan, J. (2011) Brain-gut-microbe communication in health and
disease, Front. Physio. (SEC. Gastrointestinal Sciences). Vol 2.

Haroon, E. (2012) Psychoneuroimmunology Meets Neuro psychopharmacology: Translational
Implications of the Impact of Inflammation on Behaviour, Neuro psychopharmacology
reviews vol 37, (137-162).

Hirsch, EC. Standaert, DG. (2020) Ten Unsolved Questions About Neuroinflammation in
Parkinson's Disease, Movement Disorders, vol 36, 1 (16-24)

Johnson, D. Letchumanan, V. Thum, CC. Thurairajasingam, S. Lee, LH. (2023) A Microbial-
Based Approach to Mental Health: The Potential of Probiotics in the Treatment of
Depression, Nutrients, vol 15, 6.

Johnson, D. Thurairajasingam, S. Letchumanan, V. Chan, KG. Lee, LH. (2021) Exploring the
Role and Probiotice in Field of Mental Health: Major Depressive Disorder, Nutrients,
13, 5.

Kiecolt-Glaser, J. Gouin, JP. Hantsoo, L. (2010) Close Relationships, inflammation, and health,

Neuroscience & Biobehavioral Reviews, vol 35, 1 (33-38).

1307



International Journal of Interdisciplinary Approaches in Psychology (IJIAP)

Vol. 3, Issue 5 May 2025 ISSN: 2584-0142

Lasselin, J. Schedlowski, M. Lekander, M. Hadamitzky, M. (2019) Editorial: Clinical
Relevance of the Imnnune-to-Brain and Brain-to-Immune Communications, Front.

Behav. Neurosci. vol 12.

Liang, S. Wu, X. Jin, F. (2018). Gut-Brain Psychology: Rethinking Psychology from the
Microbiota-Gut-Brain Axis, Front. Integr. Neurosci. Vol 12.

Lyman, M. Lloyd, D. Ji, X. Marcela, VP. Ma, D. (2014) Neuroinflammation: The role and
consequences, Neuroscience Research, vol 79 (1-12).

Maier, S. Watkins, L. (1999) Bidirectional communication between the brain and the immune
system: implications for behaviour, Animal Behavioural Vol 57, 4 (741-751).

Mair, S. (2003) Bi-directional immune-brain communication: Implications for understanding
stress, pain and cognition, Brain, Behaviour and Immunity vol 17, 2 (68-85)

Marchi, FD. Vignaroli, F. Mazzini, L. Comi, C. Tondo, G (2024) New Insights into the
Relationship between Nutrition and Neuroinflammation in Alzheimer's Disease:
Preventive and Therapeutic Perspectives, CNS & Neurological Disorders - Drug
Targets (Formerly Current Drug Targets - CNS & Neurological Disorders), vol 23, 5.

Martin, CR. Mayer, EA. (2018) Gut-Brain Axis and Behaviour, National Centre for
Biotechnology Information, vol 88 (45-53).

Miller, A. Spencer, S. (2014) Obesity and Neuroinflammation: A pathway to cognitive
impairment, Brain, Behaviour and Immunity, vol 24 (10-21).

Patel. M (2024) Psycho Neuro Immunology: An introduction to brain-immune communication
and its implications for clinical psychology, Pramukh Swami Science and H.D Patel
Arts College, Kadli.

Perry, VH. (2004) The influence of systemic inflammation on inflammation in the brain:
implications for chronic neurodegenerative disease, Brain, Behaviour and Immunity,
vol 18, 5 (407-413).

Petrut, SM. Bragaru, AM. Munteanu, AE. Moldovan, AD. Moldovan, CA. Rusu, E. (2025)
Gut over Mind: Exploring the Powerful Gut-Brain Axis, Nutrients, vol 17, 5.

Reddy, KIJ. (2025) Neuroimaging in Psychoneuroimmunology Research, Research
Methodologies and Practice Applications in Psychoneuroimmunology.

Renoir, T. Kesebe, K. Gray, L. (2013) Mind and body: how the health of the body impacts on

neuropsychiatry, Front. Pharmacol., Vol 4.

1308



International Journal of Interdisciplinary Approaches in Psychology (IJIAP)

Vol. 3, Issue 5 May 2025 ISSN: 2584-0142

Salcudean, A. Popovici, RA. Pitic, DE. Sarbu, D. Boroghina, A. Mohammad, J. Salehi, MA.
Alsayed, AMK. Lica, MM. Bodo, CR. Enatescu, VR. (2025) Unravelling the Complex
Interplay Between Neuroinflammation and Depression: A Comprehensive Review,
International Journal of Molecular Sciences, vol 26(4).

Schoenberg, PLA. Gonzalez, KM. (2023) Allostatic Mechanism of Mind-Body Medicine for
Neuroinflammation, OBM Integrative and Complementary Medicine, vol 8, 1.

Shrma, H. Bajwa, J. (2021) Approach of probiotics in mental health as a psychobiotics,
Archives of Microbiology, vol 204.

Sivamurthi, BS. Prasanth, MI. Kesika, P. Chaiyasut, C. (2021) Probiotics in human mental
health and diseases- A mini review, Tropical Journal of Pharmaceutical Research, vol
18, 4.

Troubat, R. Barone, P. Leman, S. Desmidt, T. Cressant, A. Atanasova B, Brizard, B. Hage, WE.
Surget, A. Belzung, C. Camus, V. (2020) Neuroinflammation and depression: A review,
European Journal of Neuroscience, vol 53, 1.

Toader, C. Dobrin, N. Costea, D. Glavan, AL. Covache-Busuioc, RA. Dumitrascu, DA. Bratu,
BG. Costin, HP. Ciurea, AV. (2024) Mind, Mood and Microbiota—Gut—Brain Axis in
Psychiatric Disorders, International Journal of Molecular Sciences, vol 25, 6.

Wallace, CJK. Milev, R. (2017) The effects of Probiotics on depressive symptoms in humans:
a systematic review, Annals of General Psychiatry, vol 16, 14.

Warren, A. Nyavor, Y. Zarabian, N. Mahoney, A. Frame, LA. (2024) The microbiota-gut-brain-
immune interface in the pathogenesis of neuroinflammatory diseases: a narrative

review of the emerging literature, Front. Immunol. Vol 15

1309



