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On Earth, we find an amazing number of creatures living together. 
Each creature is unique. All of them interact together, without borders, 
making this world—our world—a beautiful place to live. Bacteria are tiny 
organisms present almost everywhere, including on and in our bodies. 
Gut bacteria have a strong communication with the brain. A correct 
communication between gut bacteria and the brain is important for 
adequate mental health. Situations that damage our gut bacteria are 
able to harm our brains. Moreover, mental stress can damage bacteria 
living in the gut. We need to take care of our gut bacteria. A balanced 
diet, including fish, vegetables, cereals, fruits, and water can help our 
gut bacteria to be healthy. Healthy gut bacteria will have a positive 
effect on the brain and our moods. “Happy gut bacteria” will help us 
to have “happy brains.”
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BACTERIA: TINY ORGANISMS LIVING IN AND ON THE BODY

You have most likely heard about bacteria. Bacteria are very tiny crea-
tures that are difficult to see without a microscope. They live almost 
everywhere. Bacteria are present in what we eat and touch. They live 
in and on our body. It is possible to find bacteria living in the gut or 
on the skin. Many millions of them inhabit our bodies. We have more 
bacteria than human cells in our bodies.

Normally, we associate bacteria with illness. We say that bacteria are 
dangerous only if they cause a disease. However, most bacteria in and 
on our bodies are beneficial for our health. Most of the time the body is 
able to control the “bad bacteria”. When the body fails to control them, 
it is necessary to visit a doctor. Doctors will evaluate whether we need 
any treatment to control bacteria or not. There are drugs that can kill 
bacteria or prevent them from growing. These drugs are called antibi-
otics. It is important to know that antibiotics kill both bad bacteria and 
good bacteria. So, it is important to take antibiotics only if it is really 
necessary, in order to keep the good bacteria alive.

Throughout our lives, we acquire bacteria. Each part of the human body 
has different types of bacteria. Bacteria living in the mouth are different 
from those ones living on the hair. Bacteria arrive in our bodies very 
early. For example, when we are born, we acquire our first bacteria 
through the contact with the skin of our mothers. Also, when we are 
newborns, we receive a significant number of bacteria from the food 
that we receive. Breast milk is one of the main sources of our first good 
bacteria.

GUT MICROBIOTA: A PARADISE FOR BACTERIA IN THE 
BODY

The human microbiota is the word we use to refer to the entire popula-
tion of bacteria and other organisms living in and on the human body. 
The gastrointestinal tract is the part of the body with the largest popula-
tion of bacteria living in it: around 100 trillion bacteria live there [1]. The 
mouth, esophagus, stomach, and intestines form the gastrointestinal 
tract. Bacteria and other organisms living in the gastrointestinal tract 
are called the gut microbiota. Throughout this article, we will focus on 
gastrointestinal bacteria.

Every time that we eat or drink something, it goes into the gastroin-
testinal tract. This is where digestion of food takes place. Digestion is 
a process where enzymes and acids convert food into very small frag-
ments that can be absorbed by the gut. Enzymes are molecules that help 
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to convert something into another thing very quickly. For example, in 
the gastrointestinal tract, enzymes convert pieces of food into tiny bits. 
Gastrointestinal cells produce these enzymes and acids. Together with 
gastrointestinal cells, gut bacteria help the body with food digestion. 
From digestion, the human body obtains nutrients, such as proteins, 
sugars, fats, and vitamins that the human body requires to work and 
grow. Bacteria also help to produce some of these nutrients. Bacteria 
have the capacity to convert food molecules into energy for the human 
body. In fact, gut bacteria produce around 10% of the energy that the 
body uses [2]. In the human body, the endocrine system manages the 
energy that the body needs. Endocrine cells produce hormones, which 
are molecules that allow the endocrine cells to communicate with 
other cells of the body. Through this communication, the endocrine 
system knows whether a group of cells needs more energy or if it has 
too much energy.

In humans, the immune system protects the body against illness. The 
presence of bacteria in and on the human body helps us to have a 
stronger immune system. The immune system learns from bacteria 
how to protect the body against illness. When the body has contact 
with bacteria, it increases its defenses. This helps to reduce bad bacteria 
and to improve the environment for good bacteria, making the healthy 
gastrointestinal tract a paradise for the good bacteria.

THE MICROBIOTA-GUT-BRAIN AXIS: A CONNECTION 
BETWEEN GUT BACTERIA AND THE BRAINS

The microbiota-gut-brain (MGB) axis is a connection between gut 
bacteria and the brain (Figure 1). It is like a direct phone line between 
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Figure 1

The microbiota- 
gut-brain (MGB) axis is 
a link between gut 
bacteria and brain. It is 
a bidirectional axis that 
uses the vagus nerve as 
main connection. This 
figure includes the 
hypothalamic- 
pituitary-adrenal (HPA) 
axis and its link with the 
MGB axis.
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gut bacteria and the brain. The MGB axis is a neuroendocrine-immune 
system. That means that it links the nervous system, the endocrine 
system, and the immune system (Figure 2).

The brain is part of the nervous system. It is the main control center 
of the body. The brain orders our muscles to move. It interprets all the 
things that we sense. The brain is the origin of our thoughts and mood. 
Scientists divide the nervous system into two subsystems: the central 
nervous system, which that includes the brain and spinal cord, and the 
peripheral nervous system, which includes all the nerve connections 
outside of the brain and spinal cord.

The gastrointestinal tract is connected to the brain through an 
important nerve called vagus nerve. The vagus nerve is like a 
cable that links the heart, gastrointestinal tract and lungs to the 
brain. The vagus nerve links to an area of the brain called the  
hypothalamus, which is a brain region that controls hunger and 
emotions.

The MGB axis uses the vagus nerve as a main phone line. This com-
munication goes in both directions, meaning that the gut microbiota 
can communicate with the brain through the vagus nerve, but the brain 
can also communicate with the gut microbiota using the same axis.

GUT MICROBIOTA AND MOOD REGULATION: HAPPY 
BACTERIA, HAPPY BRAIN

Since the hypothalamus controls emotions, it is also an important brain 
structure for stress regulation. Stress is the response of the body to 
something that happens in our environment. Examples of daily things 
that induce stress are activities such as practicing sports, going to 

Figure 2
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links the nervous 
system, the endocrine 
system, and the 
immune system. The 
communication 
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through the vagus 
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school, and sitting for an exam. In the human body, the nervous sys-
tem and another axis, called the hypothalamic-pituitary-adrenal (HPA) 
axis, are the main systems that respond to stress. The HPA axis includes 
glands that produce a substance called cortisol, which is a hormone 
that prepares the body to cope with stressful situations. This hormone 
tells the body’s cells that they need to produce enough energy to deal 
with the stressful situation. Some environmental situations that worry 
us or make us sad can cause a stress response in the body that lasts 
for weeks, months, or even years. This long-term stress can alter the 
normal function of the HPA axis. That means that after a long-term 
worrisome situation, the human body can have problems regulating 
its response to stress. At the level of the MGB axis, long-term stress 
can damage the bacteria living in the gut. This happens because the 
HPA axis is also linked to the MGB axis. Since communication through 
the axis can happen in either direction, stress factors that affect the 
brain can also harm the gut and the bacteria living in it. A difficult life 
situation can be enough to reduce the diversity (number of different 
kinds) of gut bacteria and to increase the numbers of bad bacteria in 
the gut. These changes in the gut microbiota can cause changes in the 
brain, as well—increasing the risk of brain disorders such as depression. 
Depression is a brain disorder that affects one’s feelings. People with 
depression feel sad and guilty for a long time. However, we do not know 
the exact mechanism that produces depression. It is possible that the 
changes in the body that result in depression involve the participation of 
the three systems that make up the MGB axis: the nervous, endocrine, 
and immune systems. Together with emotional stress, malnutrition, 
and high use of antibiotics are risk factors that may alter the MGB axis 
and that increase the risk of developing depression.

TAKING CARE OF THE GUT MICROBIOTA: WATCH WHAT 
YOU EAT

A correct communication between the gut bacteria and the brain is 
important in order to have adequate mental health. The MGB axis makes 
this communication possible. Scientists are still trying to understand 
exactly how this axis works. However, it is clear that there is an associa-
tion between a healthy brain and a functional MGB axis.

Diet is probably the most important strategy for maintaining a healthy 
MGB axis. A balanced diet, including fish, vegetables, cereals, fruits, 
and water is important to keep both a functional MGB axis and a good 
mood. The food that we consume has a direct impact on our bacteria 
and their home—our bodies.
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Patients suffering from depression may benefit from this research on 
the MGB axis. These patients might be able to improve their condition 
by eating a healthy diet. Our habits, such as diet, definitely influence our 
moods, so we should take care with our diets. Eat well and be happy!
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