
 

Citation: Carlos Alberto Camacho Palacios, “Nutrients, Metabolism, and the Microbiota-Gut-Brain Axis.  
A New Integrative Approach.” MAR Gastroenterology Volume 2 Issue 2 

www.medicalandresearch.com (pg. 1) 

eview Article                                                    Journal of MAR Gastroenterology (Volume 2 Issue 2) 

Nutrients, Metabolism, and the Microbiota-Gut-Brain Axis.  

A New Integrative Approach. 

Carlos Alberto Camacho Palacios * 

 

Corresponding Author: Carlos Alberto Camacho Palacios, General Surgeon of the National 

University of Colombia. Gastrointestinal Surgeon and Digestive Endoscopist of the Pontifical 

Javeriana University. Nutritionist. Postgraduate in Psychology and Psychosomatic Diseases. Former 

Professor of the Department of Surgery at the National University of Colombia. Director of the 

MEDINBLUE Center of Gastroenterology, Nutrition, Exercise, and Wellness. 

Copy Right: © 2022 Carlos Alberto Camacho Palacios, This is an open access article distributed under the 

Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any 

medium, provided the original work is properly cited. 

 

Received Date: November 23, 2022 

Published Date: December 01, 2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.medicalandresearch.com/


                                                                      Journal of MAR Gastroenterology (Volume 2 Issue 2)  

Citation: Carlos Alberto Camacho Palacios, “Nutrients, Metabolism, and the Microbiota-Gut-Brain Axis.  
A New Integrative Approach.” MAR Gastroenterology Volume 2 Issue 2 

www.medicalandresearch.com (pg. 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Abbreviations  

GBNM2: Gut-Brain-Nutrients-Microbiota-Metabolism System 

IBS: Irritable Bowel Syndrome  

GBA: Gut-Brain Axis  

HPA: Hypothalamus-Pituitary-Adrenal Axis,  

MFB: Muscle, Fat, and Bone,  

SCFAs: Short-Chain Fatty Acids 

IMB: Intestinal Mucosal Barrier 

 

Abstract 

The gut-brain axis is a bidirectional pathophysiological model that has been studied in 

the last decades as the origin of multiple diseases. Its dysfunction has been related to the 

appearance and development of irritable bowel syndrome, dyspepsia, inflammatory bowel 

disease, obesity, anxiety, depression, fibromyalgia, and even Alzheimer's disease and 

cancer. Several studies allow us to take this gut-brain axis to a broader system that also 

includes the microbiota, nutrients, and metabolism, which we will call the “gut-brain-

nutrients-microbiota-metabolism system”. The elements of this system are multi-

directionally related, and their dysfunction has in common the alteration of the intestinal 

barrier, its permeability, immune alteration, and the development of some degree of low-

grade inflammation. In this article, we review the five elements of this system, how they 

are related in their balanced and dysfunctional state and propose a new and integral 

structure that serves to act on these five objectives by balancing the entire system and thus 

obtain better results in the prevention and development of related diseases. 

Keywords: gut-brain axis, functional gastrointestinal disease system, irritable bowel 

syndrome, obesity, low-grade inflammation, intestinal barrier disruption, 7-zones 

program, gut-brain-nutrients-microbiota-metabolism system. 
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Introduction 

In the last decades, we have gone from being an individual to an organism (holobiont) [1] containing 

multiple microorganisms (the microbiota) with which we share our genes, nutrients, mediators, and 

metabolic pathways. How we relate to our bacteria depends on the integrity of the intestinal barrier, 

the degree of inflammation of the intestinal mucosa, and at the systemic level. We have gone from 

having a gut-brain axis (GBA) to being a system or better a metasystem (supra system containing other 

subsystems) with a major information highway between the brain and the gut. [2] 

We behave as a gut-brain-nutrients-microbiota-metabolism system (GBNM2), its balance is 

orchestrated by a proper communication of the whole system, between emotions, the type of 

microbiota, the intestinal barrier, the nutrients, and the type of metabolism defined not only by diet but 

also by body composition. Any change in one of them modifies the whole system. 

This system behaves in two ways adapted to its dysfunctional state or state of comfort in discomfort 

(distortion in communication) or in its functional form adapted to its state of well-being. 

The dysfunction of the GBNM2 system is related to a common factor which is the inflammation and 

alteration of the intestinal barrier with increased permeability, activation of the immune system, and 

with the appearance of functional gastrointestinal diseases, such as irritable bowel syndrome (IBS), 

dyspepsia, metabolic diseases — as diabetes and obesity —, liver disease, emotional disturbances — 

as anxiety and depression —, even with fibromyalgia, Alzheimer's disease, and cancer. [3-8] 

There are five elements that interact in this GBNM2 system, as follows.  

 

Brain-emotional system 

Brain networks are activated by internal stimuli (interoception, proprioception, cognitive stimuli) and 

external stimuli (through the senses) generating emotional behavioral strategies that can be defensive 

— hypothalamus-pituitary-adrenal (HPA) axis — or emotional strategies of growth, well-being, and 

integration through conscious networks.[9] There are brain networks that participate in the internal 

dialogue (default network), when we are interested in a goal (executive network) or when we seek a 

reward (reward network). The brain connects and disconnects from the different networks according 

to the area or strategy we are interpreting, that is why different connectivity in depression, in stress, or 

in falling in love. [10, 11, 12] 
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Since childhood, the brain has built strategies that become algorithms with which it will automatically 

respond to different daily events. These predesigned emotional strategies allow the brain to act quickly, 

and unconsciously, saving energy. These algorithms with which our brain compares reality can be 

correct or incorrect. The communication of the GBNM2 system is done in several ways: 

Bidirectional neuronal pathway – through the communication of the brain with the autonomic nervous 

system via the vagus nerve. [13] 

Immune pathway – through the intestinal immune system. [14] 

Endocrine pathway – by the cerebral neuroendocrine system (HPA) and by the production of 

metabolites of the intestinal microbiota that behave like hormones which circulate in the body and 

reach other organs. [15, 16] 

Metabolites production – such as SCFA (butyric and propionic acid) by bacteria that can act at the 

brain level. [17, 18, 19, 20] 

 

Intestine 

Participating in this communication network or GBNM2 system are the intestinal barrier, the enteric 

nervous system (myenteric and submucosal plexus), the epithelial cells of the intestinal mucosa with 

their intercellular junctions, immune cells, dendritic cells, macrophages, lymphocytes, and plasma 

cells. [21] 

 

Microbiota 

The gut microbiota is a complex community of 100 trillion microbes that are more than 10 times the 

number of cells in the body and have more than 150 times more genes than those in our genome. [22] 

The microbiota produces many neurotransmitters such as catecholamines, GABA, and tryptophan that 

impact the hypothalamus. [23, 24] 

The microbiota is considered as if it were another organ of the individual or an ecosystem capable of 

influencing brain function and regulation, metabolism, and the degree of inflammation. It can change 

neuroendocrine function [25] and can affect brain physiology, behavior, and cognitive function. [20, 

26, 27, 28] It also has an important influence on the brain through the neural network, the 

neuroendocrine system, and the immune system [29] and regulates energy expenditure and appetite. 

[30] 
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The microbiota produces short-chain fatty acids (SCFAs) that regulate intestinal functions including 

(free fatty receptor) motility, secretion, and inflammation. [31] It stimulates enteroendocrine 

production of serotonin 5-HT, [32] which acts in the enteric nervous system modulating motility, 

secretion, and visceral hypersensitivity, and at the central nervous system (CNS) level it acts 

modulating mood. Serotonin modulates symptoms related to IBS. [33, 34] 

 

Nutrients 

The type of nutrients we choose from the diet will define the composition of the microbiota and its 

metabolism [34], body composition, and energy expenditure. Alcohol consumption alters the 

composition and function of the microbiota and the host intestinal barrier. [35- 39] The diet can also 

alter intestinal permeability. [40] 

 

Metabolism 

A proper body composition and hormonal balance are also part of the GBNM2 system. Exercise makes 

the cells work better, improves the quality of mitochondria and cellular respiration, [41, 42] and has 

an anti-inflammatory effect. [43] When a proper ratio between muscle, fat, and bone content (MFB 

balance) is achieved, there is better management of caloric expenditure. 

 

Figure 1: GBNM2 system 

 

 

http://www.medicalandresearch.com/


                                                                      Journal of MAR Gastroenterology (Volume 2 Issue 2)  

Citation: Carlos Alberto Camacho Palacios, “Nutrients, Metabolism, and the Microbiota-Gut-Brain Axis.  
A New Integrative Approach.” MAR Gastroenterology Volume 2 Issue 2 

www.medicalandresearch.com (pg. 6) 

Dysfunctions of the GBNM2 system 

Emotional dysfunction 

Our brain is also involved in metabolic balance through the neuroendocrine axis and is in permanent 

communication with the microbiota and its genetic load.2 The amygdala is located deep in the temporal 

lobe of the brain and regulates defensive emotions. [44, 45, 46] Stress induces alterations in the 

neuroendocrine and immune pathways of the GBA.[47] This causes changes in the sensitivity of 

peripheral immune cells resulting in an imbalance between pro- and anti-inflammatory responses [48] 

and induces dysbiosis. [49] 

Stress can cause hyper- or hypoactivity of the HPA axis, the autonomic nervous system, and the 

metabolic and immune systems, altering the GBA and leading to alteration of the physiological 

functions of the gastrointestinal tract. [50] It affects the composition and growth of the microbiota [50], 

[51] and visceral hypersensitivity.[52] Acute and chronic stress alters the microbiota, intestinal 

mucosal immune cells, and neurotransmitter production.[47] Stress can lead to disruption of the 

sympathetic and parasympathetic nervous system of the HPA axis, endogenous pain modulation, and 

the ascending aminergic pathway. [53] It can also develop or aggravate IBS symptoms.[54] 

Excessive activation of the amygdala has been reported to cause mood disorders and cognitive 

dysfunction. [55, 56] There is evidence of autonomic dysfunction and impaired HPA axis activity in 

patients with IBS and inflammatory bowel disease (IBD). [58] Stress induces alterations in the 

microbiota accompanied by changes in cytokines and chemokines. [57, 59] Stressful moments also 

alter the microbiota through glucocorticoid production. [60, 61, 62] 

Stress and the HPA axis affect the composition of the microbiota. Stress in childhood can lead to 

changes in the microbiota and this becomes a risk factor for stress-related disorders in adult life. [63, 

64] Early stress and maternal separation could lead to long-term changes in the HPA and microbiota. 

[65, 66] Rodent studies showed that stress changed the barrier function of the intestinal mucosa, caused 

LPS and other cytokines to enter the blood circulation, and stimulated TLR4 and other TLRs that 

produce inflammatory cytokines. Peripherally produced inflammatory factors could increase the 

permeability of the blood-brain barrier, making it possible for peripherally produced inflammatory 

factors to directly influence the brain.[67] 

The brain acts through the autonomic nervous system and the HPA axis in the digestive system 

including transit, motility, on the intestinal mucosal barrier (IMB) for secretion and permeability, and 

on the expression of the microbiota. [68] 

http://www.medicalandresearch.com/
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Emotional disturbances predispose to alterations in bowel function and in turn, bowel disruption 

predispose to emotional disturbances, as seen in studies of IBS. [69, 70, 71] Stress induces intestinal 

inflammation, in animal models and humans. Stress and intestinal infections can alter the IMB and 

encourage inflammation, [72, 73] as well as leading to IMB dysfunction with motor abnormalities and 

visceral pain as seen in IBS.74, 75 Stress can increase intestinal permeability [51, 76, 77, 78] by mast 

cell mechanisms and by elevation of cortisol, [51, 79, 80] which can lead to bacterial translocation and 

mucosal inflammation [73] and induce activation of intestinal mast cells.[81, 82, 83] There is a vicious 

circle between chronic stress, activation of peripheral stress systems, psychiatric comorbidity, and 

gastrointestinal symptoms.[52] 

 

Intestinal dysfunction 

The emotional system has a great impact on the intestine (autonomic nervous system — ANS), on its 

microbiota [84], and on the permeability of IMB, likewise changes in the microbiota and alterations in 

IMB cause alterations and activation of the immune system with a certain degree of low-grade 

inflammation. [85, 86] The central nervous system and the enteric system can also modulate the 

microbiota through changes mainly in the function of the intestinal wall. [2, 87] 

 

Nutritional dysfunction 

Changes in diet can alter the microbiota and this, in turn, alters the intestinal mucosal layer allowing 

access to microbial particles that come in contact with dendritic cells increasing the permeability of 

the IMB — releasing mediators that lead to immune activation in different organs including the brain 

(metabolic endotoxemia) [88] — resulting in low-grade inflammation that has been linked to several 

diseases. 

Diets with fast and processed foods have been associated with increased intestinal permeability and 

depressive symptoms. On the other hand, diets rich in vegetables, fruits, and fish are associated with 

lower depressive symptoms. [89] 

Diets high in fat cause the expression of more gram-negative bacteria with high levels of LPS [90] 

(metabolic endotoxemia) which is related to inflammation of the intestine, liver, adipose tissue, and in 

diabetes [91] and are capable of altering the microbiota. [92] 
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The interaction between diet, microbiota and gut plays an important role in host health in the 

suppression of pathogens, blood lipids, and the development of metabolic disorders. [93] It is necessary 

to change the diet for a long time to transform the composition of the microbiota. [94] 

 

Microbiota dysfunction 

The microbiota is an independent organ [95] and is also a complex system of organisms [96] connected 

to all other organs in the system by bidirectional neural, immune and endocrine pathways68 that will 

influence CNS and enteric development, [97] intestinal motility, [98] immune system, nutrition, degree 

of intestinal inflammation, and can also cross the IMB when it becomes permeable and affect other 

organs at a distance. The microbiota modulates various host physiological functions including glucose 

metabolism and liver function [99] and acts on brain development.[100] It may also affect the Enteric 

Nervous System [101] and participate in mood and behavioral changes, such as depression, through 

microbial metabolites (SCFAs) and generate proinflammation (LPS) [102, 103] through the vagus 

nerve104 and through the production of neurotransmitters such as serotonin (5-HT).[105] The 

microbiota affects neurogenesis and hippocampal gene expression, thus participating in 

neuroplasticity.[106] GABA-producing bacteria have been shown to alleviate depression and anxiety 

behavior.[107] 

The particular genetics of an individual is also a factor that selects the type of microbiota [108] and 

different cultures, since different diets present a different type of microbiota.[57, 109, 110] 

The microbiota is capable of modifying behavior including sexual and social behavior, stress, learning, 

memory, and eating and obesity behaviors.[111] 

Depression has been associated with the alteration of the microbiota, and the transfer of microbiota 

from depressive rodents to healthy rodents induces depressive behaviors in the recipients suggesting 

the role of the microbiota in the pathophysiology of depression. [112, 113] 

Alteration of the microbiota is related to chronic diseases such as asthma, IBD, depression, obesity, 

type 2 diabetes (insulin resistance, inflammation),[114, 115] cardiometabolic complications, [8] and 

even cancer.[116] 
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Metabolism dysfunction 

The fifth element of the GBNM2 system is the type of metabolism, which is the process of the 

organism to obtain or produce energy. It depends on the food in the diet, the state of the hormonal 

system, and the body composition, i.e. the MFB balance and the physical activity that determine the 

metabolic rate. 

Obesity can decrease the quality of life and increase the frequency of mental disorders, such as 

depression and anxiety.[117] The network of neurons and hormones between the brain and the 

gastrointestinal tract act on receptors that regulate appetite, food intake, and obesity.[118] The 

microbiota of an obese person provides more energy to the host than the microbiota associated with 

leanness.[119] 

The GBNM2 system adapts to the internal and external environment in a dysfunctional and functional 

manner. 

 

Description of how this dysfunctional GBNM2 system behaves: 

When there is an imbalance in one or more of its components, the whole system suffers and 

manifestations of pain and hypersensitivity appear in various organs. Symptoms of IBS and dyspepsia 

overlap with other non-gastrointestinal conditions such as fibromyalgia, chronic fatigue syndrome, 

overactive bladder, chronic pelvic pain, and other chronic pain syndromes. They all fit into the same 

bio-psycho-social pathophysiological model.[120] 

Due to the multifactorial pathogenesis of functional gastrointestinal disease, psychological and 

lifestyle intervention, self-help strategies, and nutritional approaches are required in addition to 

pharmacological therapy.[121] 

 

Dysfunction of the GBNM2 system is accompanied by dysfunction of its subsystems, as follows. 

1. Emotional dysfunction: an emotional blockage with the alteration of the stress axis. HPA with 

hyperactivation or hypoactivation of the sympathetic system. It then appears a greater tendency 

to mood disorders with depression, anxiety, and exhaustion, since that stress alters the 

microbiota and intestinal permeability. When the brain uses its predictive system erroneously. 

2. Intestinal dysfunction: disruption of the intestinal barrier. Increase of intestinal permeability, 

altering the intestinal cells and their neurotransmitters. Appearing an environment conducive 
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to bacterial translocation. Alteration of the enteric nervous system with visceral 

hypersensitivity. 

3. Microbiota dysfunction: alteration of the composition and growth of the microbiota, knowing 

that chronic stress induces dysbiosis. 

4. Immune dysfunction: all the previous leads to a low-grade inflammation with immune 

activation of the intestinal wall, with the release of mast cells, mediators, and cytokines. When 

stress is prolonged there will be an increase in cortisol and chronic systemic inflammation. 

Dysfunction of the intestinal barrier and of the microbiota leads to a certain degree of 

inflammation which has repercussions on the brain and the blood-brain barrier 

(neuroinflammation). 

5. Nutritional dysfunction: contributing to this is a diet of fast food and abundant fats that increase 

intestinal permeability, causing depressive symptoms and altering the microbiota. 

6. Metabolic dysfunction: as a result, there are changes in body composition with imbalanced 

MGB with an increased percentage of fat, increased inflammation, endothelial dysfunction and 

metabolic disorders, such as obesity and diabetes. 

7. GBNM2 dysfunction: then there is a dysfunction of the entire GBNM2 system, which is the 

combination of emotional, intestinal, nutritional, microbiota and metabolic dysfunction with 

the appearance of different manifestations such as IBS, dyspepsia, migraine, anxiety, 

depression, fibromyalgia, pelvic pain, chronic fatigue, accelerated aging that when related to 

chronic inflammation may predispose to the development of Alzheimer's disease and cancer. 

Figure 2: GBNM2 system dysfunction 
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Dysfunction Alteration Results 

Emotional dysfunction - Blockage of the emotional system, 

alteration of the brain predictive 

processing model, hyperactivation and 

hypersensitivity of the central and 

peripheral nervous system, HPA axis, and 

vagus nerve 

- Increased cortisol causes alteration of 

microbiota and intestinal barrier 

permeability 

- Anxiety, stress, depression, 

aggressiveness, appetite 

dysregulation 

- Alteration of the microbiota, of 

the intestinal barrier, causing 

mucosal inflammation, IBS 

Intestinal and Immune 

Dysfunction 

- Alteration of the intestinal barrier with 

increased permeability and immune 

system (barrier dysfunction), dysbiosis, 

cytokine production, intestinal 

inflammation affecting the mood 

- Bacterial translocation 

- Activation of the intestinal 

immune system 

- Low-grade inflammation 

- Alteration of intestinal motility, 

hypersensitivity (IBS) 

Microbiota dysfunction - Alteration in the composition of the 

microbiota, dysbiosis 

- Proinflammatory factors through an 

immune pathway, causing 

neuroinflammation and cognitive 

impairment 

- Decrease of bacterial neurotransmitters 

and alteration of metabolite production, the 

microbiota is selected in each disease, e.g. 

in obesity 

- The microbiota imbalance 

orchestrates the development of 

neuropsychiatric 

(neuroinflammation), metabolic and 

functional disorders 

- Increased degree of inflammation 

- Increased efficiency of food 

calorie intake (obesity)122, 

endothelial dysfunction, 

hypertension, heart disease 

Nutritional dysfunction - Unbalanced intake, high consumption of 

fat, refined carbohydrates, sweeteners, 

processed foods, etc. 

- Excess fat, abdominal obesity, 

inflammation 

Microbiota dysfunction - Alteration in the composition of the 

microbiota, dysbiosis 

- Proinflammatory factors through an 

- The microbiota imbalance 

orchestrates the development of 

neuropsychiatric 
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immune pathway, causing 

neuroinflammation and cognitive 

impairment 

- Decrease of bacterial neurotransmitters 

and alteration of metabolite production, the 

microbiota is selected in each disease, e.g. 

in obesity 

(neuroinflammation), metabolic and 

functional disorders 

- Increased degree of inflammation 

- Increased efficiency of food 

calorie intake (obesity)122, 

endothelial dysfunction, 

hypertension, heart disease 

Metabolic dysfunction - Excess fat, reduced muscle, and bone 

tissue, MFB imbalance, increased fat 

percentage 

- Alteration of body composition, 

abdominal obesity, metabolic 

syndrome, overweight, 

inflammation 

 

Table 1: Dysfunction of the GBNM2 system 

 

Figure 3: Imbalance of GBNM2 System 
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Therapeutic objectives in the dysfunction of the GBNM2 system 

There are five therapeutic objectives to correct the dysfunction of the GBNM2 system, as presented in 

the following table. 

GBNM2 system dysfunction Therapeutic objectives 

Emotional dysfunction - Knowing the structure of the emotional system, emotional 

zones, and strategies, to flow and integrate the whole system, 

relearning behavioral programs, and intestinal sensitivity. 

- Psychotherapy can reconfigure predetermined activation 

patterns89 

Intestinal and Immune dysfunction - Natural nutrition, and microbiota balance, restore the 

intestinal barrier 

- Control of the degree of inflammation 

- Prebiotics, probiotics, fermented foods 

Microbiota dysfunction - Natural and varied nutrition, fermented foods, promoting a 

diverse microbiota, appropriate use of antibiotics, specific 

prebiotics and probiotics, symbiotics, fecal matter 

transplantation 

Nutritional dysfunction - Natural nutrition, fermented foods, avoiding toxins, 

processed foods, excess fat, refined carbohydrates, alcohol, 

and sweeteners 

Metabolic dysfunction - Balance of body composition (MFB), balance of diet and 

physical activity 

 

Table 2: Therapeutic objectives in the dysfunction of the GBNM2 system 

 

A functional emotional system 

It is very important to know the emotional system to transform it and enter into a state of growth, self-

realization, and well-being. For this, I suggest the 7-zones program, which is a structure where we can 

intervene in the different levels of the GBNM2 model based on emotional intelligence.[9] 

The first zone is our essence, our true nature, which has to do with our fundamental values. 
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The second zone is the survival zone, it is constituted by all the information that allows us to survive 

and contains all the defensive strategies to face what we consider a threat, either real or imaginary, and 

the way we react to them. Being in this zone for a long time causes stress and inflammation in different 

parts of the body — dyspepsia, IBS, fibromyalgia, and many more —, it is where psychosomatic 

diseases are expressed. We are usually unaware of being trapped in this area, identified with our 

defensive selves. It is where defensive emotions, such as aggressiveness, fear, or sadness (a state of 

comfort in discomfort), manifest themselves. 

This zone has two levels — neuro-programming level corresponds to all the information and strategies 

with defensive emotions that have been created since childhood and neuro-reaction level is the way 

the individual reacts to a threat with preconceived strategies. 

The third zone is the zone of neuro-transformation and resistance to change. It is the zone where we 

can appreciate, be conscious and take distance from the survival zone and the strategies that cause 

discomfort, its predictive model and its content (limiting beliefs, filters, meanings, expectations, 

interpretations, symptoms, needs, identities). The different distortions of language are evaluated and 

the individual can become aware of his world and his environment; he can modify the models he uses 

to interpret it, using the principles of cognitive behavioral therapy [123], defuse thoughts from 

emotions; stop seeing himself not as his defensive self but as the context (the observing consciousness) 

where reality happens; disidentify himself from the content, accepting pain as part of life, and commit 

to his values to follow what he most wants from life [124] being aware of his reality in the present 

(mindfulness).[125] 

In this zone of transformation, it is normal that there is resistance to change because the brain does not 

like to change the networks to which it has been adapted for a long time and from which it obtains a 

reward, it tries to protect the person from being rejected, from making a mistake or from anxiety.126 

Change is a process that goes from not knowing that you need to change, to knowing that you need to 

change, then doing it, and then staying in that new state.[127] 

The brain is probabilistic, it creates an adaptive model of the internal and external world, its best 

hypothesis. If we learn new strategies the brain will make different simulations - it will take new 

algorithms as predictive models towards well-being - the brain continuously predicts what is going to 

happen using already pre-designed strategies (internal models) to maintain allostasis (adaptation to 

environmental demands and energy balance) if these strategies are not correct (altered predictive 

models) its actions will cause discomfort and pain (as in IBS where there may be a continuous 

perception of pain even though the sensory sensations of the gut are normal or in depression where 
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there may be interrupted reward prediction errors) with an incongruence between brain perception and 

interoceptive bottom-up information, then it should re-evaluate its predictive model (updating the 

model and its emotional strategies) to correct this predictive error (learning). [128-132] 

Some consider that the gut is capable of learning. Stress could alter perception through a process of 

learning and memory. Opening a door to cognitive-behavioral therapies to extinguish learning as in 

the case of IBS.[120] 

Zone four is the zone of growth, development, and well-being, it is easier to enter it if we have already 

overcome zone three. It has two levels — neuro-design and neuro-wellness. The level of neuro-design 

is the level of self-realization where a journey is made from the values (what is most important to the 

person) to the goals that have been proposed. Letting oneself be carried by a creative tension that 

results from starting from the current state to reach the desired state.[133] The second level of this 

zone is where the person can use their strengths, virtues, and positive emotions such as gratitude, joy, 

compassion, optimism, and empathy to enter a state of plenitude, taking advantage of the positive 

aspects of the human experience, avoiding concentrating only on repairing the negative and traumatic 

aspects of existence.[134] 

The fifth zone is the neuro-connection zone, when developing this zone the values are aligned with 

the goals and with a life purpose which is the legacy you want to leave to others, something great, 

good, and positive for the world. Humans are characterized by the search for meaning, for self-

transcendence, for a life purpose through consciousness.[135] 

Zone six, the zone of neuro-integration is where all the zones become conscious, where you can move 

with flexibility in all of them and not remain blocked in the zone of survival. From here you can 

contemplate the whole mental model, the defensive, creative, and wellbeing strategies that you are 

using and decide if you want to make changes that allow you to have a better life experience. 

Zone seven is the body zone, it is where the emotions are reflected in the organs of the body, if there 

is discomfort there will be symptoms, if it enters the wellness zones and flows throughout the system 

the symptoms will have no value. The result is the balance of the GBNM2 system in a state of comfort 

in wellness. 
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Zone  Intervention Impulse 

Zone 7 Body - GBNM2 system equilibrium - Homeostasis, control of 

inflammation, regulation of 

metabolism 

Zone 6 Neuro-integration - Observation, awareness, and 

fluidity in all emotional areas 

- Vision of the system 

- Protective, holistic, nurturing, 

empowered self 

Zone 5 Neuro-connection - Alignment of values, goals, 

and purpose 

- Tension of intention 

Zone 4 

(growth zone) 

Neuro-wellness 

level 

- Focus on strengths, virtues, 

and positive emotions 

- Mindfulness 

- Compassionate self 

Zone 4 

(growth zone) 

Neuro-design level - Creative strategies 

- Moving from the current state 

to the desired state 

- Creative tension 

- Creative self 

Zone 3 Neuro-

transformation 

zone and 

resistance to 

change 

- Becoming aware of and 

distancing oneself from 

defensive strategies 

- Process of change 

-Correction of wrong 

predictive strategies 

- Observing and transforming self, 

emotional liberation 

Zone 2 

(survival zone) 

Neuro-reaction 

level 

- Acting in a reactive, 

defensive manner 

- Unconscious patterns 

- Defensive tension 

- Defensive self, contained self, 

dramatic, historical, 

critical self 
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Zone 2 

(survival zone) 

Neuro-

programming level 

- Emotional information 

- Psychobiography 

- Creation of defensive 

strategies/ predictive strategies 

- Emotional stress 

- Fear, unresolved needs 

Zone 1 Essence - Values - Honesty, justice, love 

 

Table 3: 7-zones program 

Adapted from the 7-zones program from the book “La estrategia del bienestar” (The Wellbeing 

Strategy), by Carlos Alberto Camacho Palacios.[9] 

When you transcend all the zones you enter a state where you can flow in wellness, in complete 

homeostasis of the whole system. 

 

A Functional Gastrointestinal System 

In this system, we will focus on all the actions we can do to maintain and restore the intestinal barrier, 

to control and balance its state of inflammation and prevent bacterial translocation and immune 

disruption. 

 

A Designed Nutrition 

Nutrition should be based on natural foods, with plenty of fiber, fruits, vegetables, fermented foods, 

and water, avoiding excess of saturated fats mainly, excess of refined carbohydrates, additives, and 

sweeteners. Supplements are necessary when there is a deficiency or when we want to support a 

specific function of the organism. Designed nutrition means that the diet must be personalized as all 

foods may not be suitable for all individuals considering the underlying pathologies. 

 

Restoring the Microbiota 

It is important to keep a stable and diverse gut microbiota as it helps maintain the immune system, 

brain development, intestinal barrier, metabolism, appetite control, mood, and disease prevention by 

reducing the magnitude of inflammation.[136] The type of diet will depend on the type of 

microbiota.[137] If we consume protein and fat, this will increase the bacteroids; on the other hand, if 

http://www.medicalandresearch.com/


                                                                      Journal of MAR Gastroenterology (Volume 2 Issue 2)  

Citation: Carlos Alberto Camacho Palacios, “Nutrients, Metabolism, and the Microbiota-Gut-Brain Axis.  
A New Integrative Approach.” MAR Gastroenterology Volume 2 Issue 2 

www.medicalandresearch.com (pg. 18) 

we consume carbohydrates, it will increase the genus prevotella (MetaHIT).[138] Dysbiosis has been 

associated with the development of anxiety, depression, neuroinflammation, autoimmune disease, 

[139] obesity, diabetes, and heart disease [140] and influences the energy balance of the host. [141] 

The microbiota of non-obese individuals has shown to be more diverse than that of obese individuals. 

[142] 

Prebiotics promote the growth of beneficial bacteria in the gut. [143] Also, prebiotics have an anti-

obesity impact by reducing the proinflammatory state, elevating SCFAs production, and improving 

the intestinal barrier. [22, 144] 

On the other side, probiotics may even correct the harmful effects of microbiota alteration and 

inflammation.[145] They help to restore the intestinal barrier146 and tight junctions between epithelial 

cells, reducing permeability, preventing bacterial translocation, and reducing lipopolysaccharide-

derived inflammation.[147, 148] As an example, bifidobacteria have demonstrated their ability to 

improve intestinal barrier function in several studies.[149] Probiotics may have effects in regulating 

overweight, but this appears to be strain and species-specific.[150] They are a tool that can help 

decrease the problem of obesity.[8, 151] 

Symbiotics modulate metabolic activity in the gut [152] and help in the control of blood sugar and fat 

levels and in the prevention of osteoporosis.[153] 

Fecal transplantation may be useful in the treatment of chronic constipation, irritable bowel syndrome, 

Crohn's disease, ulcerative colitis, obesity, and type 2 diabetes.[154] 

The composition of the microbiota may be helpful in the comprehensive treatment of the balance of 

the GBNM2 system, but more research is needed to verify the efficacy of this therapeutic approach. 

 

The metabolic factor 

Diets high in sugar and fat cause damage to cellular metabolism (mitochondrial dysfunction) while 

exercise makes the cell work better, and improves the quality of mitochondria and cellular respiration 

[42, 155] 

The MFB balance consists of bringing the body through aerobic/anaerobic type exercise at least three 

times a week to a composition with an adequate amount of muscle, a correct percentage of fat, and 

maintaining a good bone density, thus facilitating an active metabolism and a controlled inflammatory 

state. 
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Conclusion 

The connection between the brain and the intestine called the “gut-brain axis” can be expanded to a 

gut-brain-nutrients-microbiota-metabolism system; it goes from being a bidirectional axis to a 

multidirectional system, where all these subsystems interact and any dysfunction in any of them alters 

the whole superorganism that is the individual. The prevention and treatment of diseases should seek 

the recovery and balance of all five areas of the GBNM2 system simultaneously. 

To intervene in the emotional system, it is necessary to do it from a structure that allows us to address 

all the emotional areas of the individual and their impact on the body. For this, this article proposes 

the 7-zones program where the emotional balance is integrated considering the different psychological 

theories of greater effectiveness as cognitive behavioral therapy, acceptance and commitment therapy 

and positive psychology, in addition to the correction of the predictive brain model, as well as the 

recovery of the intestinal barrier to regulate the state of inflammation using a natural and balanced diet, 

prebiotics and selected strains of probiotics, and thus obtain a diverse and appropriate microbiota for 

each individual. Regarding the search for a balance in body composition in terms of the percentage of 

muscle, fat, and bone tissue (MFB balance), continuous aerobic and anaerobic exercise is suggested. 

All this is to correct the dysfunctionality of the GBNM2 system and bring the individual to his best 

state of well-being. Restoring the balance of the GBNM2 system (7-zone program) by optimizing each 

of its subsystems is a comprehensive way to prevent and treat diseases such as dyspepsia, irritable 

bowel syndrome, obesity, fibromyalgia, anxiety, depression, Alzheimer's, and cancer. We know that 

all of them have a multifactorial origin and with common factors in their pathophysiology 

(inflammation and alteration of BMI), therefore, they require a comprehensive management. Although 

evidence is growing on how these subsystems are related, there is still a lack of clarity on their 

underlying mechanisms and how we can influence them for the benefit of health. Careful clinical trials 

must be designed to have more solid evidence. 
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