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Summary

The human microbiota has a tremendous effect on our health. In the last decades, our knowledge about 
interactions between bacteria and humans have grown greatly. Not only is it necessary for humans to syn-
thesize vitamins, to have tight intestinal barriers or protect from pathogens, it also has an impact on our 
immune system and thus plays an important role in autoimmune diseases and prevention of excessive in-
flammatory response. The idea of probiotics is to restore the balance in humans digestive microbiota. There 
is a growing number of scientific papers that proves a positive impact of using probiotics in various diseases. 
However, there are still questions that need to be answered before probiotics play a bigger role in the treat-
ment. This paper presents the information about the use of probiotics in most common diseases of gastro-
intestinal tract.

Key words: probiotics, gastrointestinal diseases, microbiota

Słowa kluczowe: probiotyki, choroby układu pokarmowego, mikrobiota

Herba Pol 2021; 67(2): 39-48

DOI: 10.2478/hepo-2021-0012Received: 2021-05-04
Accepted: 2021-06-08
Available online: 2021-06-28

https://orcid.org/0000-0001-9088-6658
https://orcid.org/0000-0001-5374-7827
https://orcid.org/0000-0002-1391-4499
https://orcid.org/0000-0003-0159-5803


F. Przerwa, A. Kukowka, K. Kotrych, I. Uzar40

INTRODUCTION

The development of medicine in the XXI century is 
becoming faster and more dynamic. New causes and 
pathomechanisms of diseases, which were previously 
shrouded in secrecy, are regularly discovered. Doc-
tors and scientists all over the world are constantly 
working on solving new puzzles posed by our own 
body. New therapies and drugs make it possible to 
treat diseases that previously seemed incurable. The 
more our knowledge of the human body deepens, the 
more the complexity and variety of processes that oc-
cur within it come to the fore.

One of the most groundbreaking discoveries in hu-
man history was the discovery of bacteria by Antoni 
van Leeuwenhoek in 1674. As time passed, it was un-
derstood that a parallel micro-world within the hu-
man body may be crucial for its proper functioning 
and even existence. Bacteria inhabit our skin, res-
piratory tract, genitourinary system and, above all, 
gastrointestinal tract, and are an essential element in 
maintaining homeostasis of the entire body.

The microorganisms that inhabit a given environ-
ment are defined as the microbiota. In the case of the 
digestive microbiota, these include bacteria, archae-
ons [1], fungi [2] and viruses [3]. The microbiota of 
digestive system has evolved. It interacts with the hu-
man body to provide many benefits [4].

The role of bacteria in the pathomechanism of 
various diseases is increasingly taken into account. 
The development of knowledge about human micro-
biota brings hope for understanding the ways of their 
modulations. One of currently available methods 
influencing human microbiota is use of probiotics. 
These are defined as live microorganisms that, when 
administered in adequate amounts, have a beneficial 
effect on the health of the recipient [5]. A  possible 
modulator of intestinal microbiota are also prebiotics.
Prebiotic is a substance present or introduced into the 
food in order to stimulate the development of normal 
intestinal flora. In contrast to a probiotic, it contains 
no microorganisms, only their stimulants. These sub-
stances can be proteins, fats, oligo- or polysaccharides 
that are not digested and reach the intestinal lumen 
in an unchanged form to develop their effects in this 
place. There are many prebiotics occuring spontane-
ously in nature: for example in leeks, chicory, garlic, 
onions, asparagus or Jerusalem artichokes. Addition 
of prebiotics to different types of foods can potentially 
protect and repair the microbiome composition, espe-
cially in Western countries in which the diet contains 
low amounts of those prebiotics. Polysaccharides that 
can be extracted from agave and chicory crops - inu-
lin,   can be used to produce oligofructose (through 

hydrolysis). Sucrose and lactose can be used, in en-
zymatic reactions, to obtain short-chain fructooligo-
saccharides (scFOS) or trans-galactooligosaccharides 
(TOS) [6]. Synbiotics contain in their composition 
a probiotic and a prebiotic [6].

In this paper the use of probiotics in gastrointesti-
nal diseases such as irritable bowel syndrome, inflam-
matory bowel disease, peptic ulcer disease, peristalsis 
disorders, gastroesophageal reflux, lactose intoler-
ance and liver diseases will be presented.

GUT MICROBIOTA

Physiology and modulation of gut microbiota

The gut microbiota is an important and integral part 
of our bodies. It develops since birth, when maternal 
microbiota colonizes the newborn [7]. At this stage, 
early immune response formulates in intestinal 
mucosa. The interaction between microbiota and 
epithelial cells leads to the activation of inflamma-
tory pathways as well as subsequent desensitization. 
Both processes are extremely important because 
they result in the formation of a  protective mucin 
and immune response system against harmful mi-
croorganisms [8]. The quantitative and qualitative 
composition of microbiota undergoes numerous 
changes in life course. Bacterial colonies also vary, 
depending on the location in the gastrointestinal 
tract they inhabit. Intestinal bacteria form a specific, 
dynamic system that intervenes in a number of pro-
cesses in human body, e.g. in immune system or in 
metabolic pathways [9].

In average adult human, the sum of microorgan-
isms found in the gastrointestinal tract far exceeds 
their number in other structures of the body. It is es-
timated that there are about 100 trillion of them, or 
about ten times more than all the cells in the human 
body [10]. The digestive system is colonized by over 
a thousand different species of prokaryotes. The sev-
en main types of bacteria are: Bacteroidetes, Actino- 
bacteria, Firmicutes, Fusobacteria, Proteobacteria, 
Verrucomicrobia and Cyanobacteria. In 90% the flora 
consists of Bacteroidetes and Firmicutes [11].

The relationship between human organism and 
internal bacteria is traditionally referred to as com-
mensalism. This is a  type of protective interaction 
between organisms in which one species clearly 
benefits without harming the other one. However, 
the number of interactions and their level of com-
plexity is huge. That is why relating them to com-
mensalism is definitely downplaying the enormity 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5702186/
https://www.who.int/foodsafety/fs_management/en/probiotic_guidelines.pdf
https://www.ars.usda.gov/research/publications/publication/?seqNo115=244499
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of the functions and mechanisms of microorgan-
isms [12]. Given the importance of the influence of 
microbiota on the human body, serious considera-
tion should be given to the means of its modulation 
and the opportunities associated with it – both in 
improving health and in the treatment of serious 
diseases. Disturbances of the intestinal microbiota 
are studied for their role in a number of pathologi-
cal processes leading to the development of diseases 
such as atherosclerosis, autoimmune diseases, or 
diseases affecting the gastrointestinal tract. The way 
to modulate the composition of bacterial intestinal 
microbiota is the use of probiotics, prebiotics, and 
their combination – synbiotics. There is an ample 
clinical evidence of the positive effects of the use of 
such supplementation in the treatment of many dis-
eases. It can be expected that with the development 
of science and increase of research in this direction, 
even more applications of microbiota modulation 
will be discovered [13].

Probiotic bacteria can be supplied in dairy 
products such as kefir or yogurt or in preparations 
such as tablets, capsules or powders. The natural 
form of dairy products unfortunately poses some 
problems - a short expiration date and frequent lack 
of information from the manufacturer on the total 
number of bacterial colonies (CFU - colony forming 
units) and uncertainty about the actual composition 
and viability of bacterial cultures. Additional limita-
tions result from the influence of other ingredients 
contained in these products, such as fats, lactose and 
casein. It has also been proven that excessive con-
sumption of dairy products can lead to an increased 
risk of inflammatory bowel diseases [14]. When 
probiotics are administered in the form of supple-
ments, consideration should be given to the charac-
teristics that a good probiotic should have. The basic 
and most important assumption is their safety and 
the lowest number of potential side effects. A key re-
quirement is also that they can reach and populate 
the gastrointestinal tract. Therefore, the preparation 
should be resistant to hydrochloric acid and bile, al-
lowing the passage of colonies into the intestines. 
Bacteria should also have the ability to adhere to the 

intestinal epithelium in order to synthesize antimi-
crobial compounds. Good quality probiotics of are 
derived from human material, which increases their 
bioavailability. Unfortunately, many supplements 
containing probiotic bacteria, available in pharma-
cies, have in general poorly documented effects on 
human body and poor efficacy, which questions 
the purpose and safety of their use. It is therefore 
necessary to continue the search for appropriate 
types, species and strains of bacteria that can help 
fight various diseases.

There are three main mechanisms of action for 
probiotic bacteria (tab. 1). The first is competition 
with other bacteria for nutrients and an optimal en-
vironment. This weakens the growth of colonies of 
potentially dangerous bacteria, limiting the devel-
opment of their pathogenic potential [15].

Probiotics can also have a  direct effect on other 
microorganisms – preventing pathogen adhesion and 
subsequent colonization of the gastrointestinal tract 
[16]. Another mechanism is the production of sub-
stances against pathogens such as bacteriocins, or-
ganic acids, and short chain fatty acids [17, 18]. They 
limit the growth of potentially harmful bacteria in the 
gastrointestinal tract, but also by creating a hostile en-
vironment leading to their death and inactivation of 
toxins produced by pathogens. The third function of 
probiotics is the stimulation and modulation of the 
immune system, both specific and non-specific re-
sponses. This occurs through activation of T lympho-
cytes, production of cytokines, induction of phagocy-
tosis, and stimulation of IgA antibody secretion [19, 
20]. Through interaction with many cells of immune 
system, probiotics stimulate the body to synthesize 
defensins, antimicrobial proteins, and lecithin. This 
has a positive effect on the body by altering the over-
all profile of pro- and anti‑inflammatory cytokines 
and facilitating the inactivation of potentially harm-
ful microorganisms, but also the toxins produced by 
them [21, 22]. Modulating the composition of gut 
microbiota with probiotics can lead to lower levels of 
inflammatory markers, enhanced protection against 
oxidative stress, and reduced duration, frequency, 
and severity of digestive symptoms.

Table 1. 
Main functions of the gut microbiota

Protective Metabolic Structural

•	 Strengthening the intestinal barrier
•	 Prevention of pathogen multiplication
•	 Secretion of antimicrobial compounds
•	 Participation in immune processes

•	 Synthesis of amino acids and vitamins
•	 Biotransformation of bile acids
•	 Production of short-chain fatty acids
•	 Fermentation of fibre

•	 “Tight-junctions” regulation
•	 Development of villi and intestinal 

crypts
•	 Effect on the mucous membrane of the 

gastrointestinal tract
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Microbiota and digestive diseases

Among contemporary hypotheses regarding 
functional disorders of the gastrointestinal tract, 
the effect of altering the microbiota of the small in-
testine is considered [23]. Dysbiosis is the abnormal 
composition of the microbiota – impaired perme-
ability of the intestinal barrier and activation of in-
flammation [24].  Dysbiosis plays a role in, among 
others, irritable bowel syndrome [25] and inflam-
matory bowel disease [26].

Other factors that can disrupt gastrointestinal 
homeostasis are numerous environmental factors 
such as diet, chronic stress, stimulants, or medica-
tions, e.g. NSAIDs, PPIs [27]. Restoration of natural 
gut microbiota can help improve the patients’ qual-
ity of life. Probiotic supplementation may improve 
prognosis in gastrointestinal diseases and disorders. 
It seems that probiotics play a  large role in gastro-
intestinal diseases, as it was indicated in numerous 
studies.

USE OF PROBIOTICS IN GASTRO- 
INTESTINAL DISEASES

Irritable bowel syndrome

Some bacterial strains are recommended for the 
treatment of irritable bowel syndrome (IBS): – Bifi-
dobacterium infantis 35624; Bifidobacterium anima-
lis ssp.lactis DN-173010, Lactobacillus casei Shirota; 
Lactobacillus plantarum 299v, Lactobacillus rham-
nosus GG, Escherichia coli Nissle 1917. Also mul-
tispecies probiotics, without specifying particular 
strains, are recommended in patients with IBS. Ac-
cording to both German and American Societies of 
Gastroenterology, they relieve IBS symptoms, such 
as bloating [28, 29]. Other studies confirm that pro-
biotics can improve the quality of life and may re-
duce pain and discomfort in patients with IBS [30]. 
In addition, abdominal pain is reduced in children 
using probiotics [31].

Diarrhoea and constipation

There is an ample evidence of the beneficial effects 
of probiotics in the treatment of diarrhoea. Admini- 
stration of probiotics results in a reduced risk of di-
arrhoea associated with antibiotic use in children 
[32]. They also reduce the risk of diarrhoea associat-
ed with rotavirus infection – in which Lactobacillus 
rhamnosus is used [33]. In patients with Clostridium 

difficile-associated diarrhoea and bacterial-negative 
diarrhoea, probiotics reduced the mean duration 
of diarrhoea and its frequency and accelerated the 
recovery [34]. For acute infectious diarrhoea, pro-
biotics also show a therapeutic effect – reducing the 
average duration of diarrhoea, the number of bowel 
movements, and the total duration of the discomfort 
[35]. Probiotics may also reduce the risk of travelers’ 
diarrhoea [36].  They are also effective in the treat-
ment of chronic constipation in children, increas-
ing the frequency of bowel movements, reducing 
abdominal pain, including during defecation [37].  
There is also evidence for the beneficial effects of 
probiotics in idiopathic constipation in both chil-
dren and adults [38].  Probiotic supplementation is 
also indicated for antibiotic therapy - it reduces the 
risk of post-antibiotic diarrhoea and speeds recov-
ery when it has already occurred [39]. 

Gastroesophageal reflux

One of pathomechanisms of gastroesophageal reflux 
disease (GERD) is the relaxation of the esophageal 
sphincter muscles by retained gastric contents. It is 
also believed that one of the causes of this phenom-
enon is the action of receptors in the gastric mucosa, 
causing temporary muscle relaxation. Probiotics in-
teract with these receptors, also accelerating the pas-
sage of food content to further parts of the gastroin-
testinal tract [40]. Additionally, probiotics may re-
duce bacterial overgrowth in small intestine, affect-
ing the immune system and gastrointestinal motility 
– factors that may also influence the development 
of reflux [41]. In the majority of studies conducted, 
administration of probiotics showed positive effects 
on patients with GER symptoms. The symptoms 
such as heartburn, abdominal pain, indigestion and 
nausea were reduced. Although the results seem to 
be definitely encouraging, both the quality of studies 
and the heterogeneity of results do not allow draw 
clear conclusions [42]. Hence, further research in 
the subject is advisable and also reliable investiga-
tion of the abovementioned premises.

Peptic ulcer disease of stomach and duodenum

One of the most common diseases of the upper gas-
trointestinal tract is peptic ulcer disease. In the West-
ern world, the incidence is 2.4%, while in Asia it is es-
timated at 6.1% [43]. The mechanism of gastric mem-
brane damage is based on the disproportion between 
protective and destructive factors. Helicobacter pylori 
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infection, prolonged intake of nonsteroidal anti-in-
flammatory drugs, stress and smoking are the most 
common contributors [44, 45].

In an animal model in which gastric ulcer forma-
tion was induced by acetic acid resulting in impaired 
tissue regeneration due to the rapid emergence of 
gram-negative bacteria at the ulcer site. On the other 
hand, the appearance of gram-positive bacteria at the 
ulcer site improves tissue regeneration. The adminis-
tration of exogenous Lactobacillus spp. to the rats used 
in the study ended with a beneficial effect [46]. The 
importance of probiotics in the context of gastric ul-
cer treatment is considered in many scientific papers 
[47]. Strains such as Lactobacillus acidophilus and Bifi-
dobacterium longum have shown to have a good adhe-
sion abilities to the gastric mucosa [48]. They can sur-
vive for 3 hours, on average, in an acidic pH range of 
1.5–3.0 [49]. A number of research papers have shown 
that the use of probiotics for gastric ulcers slows their 
development and accelerates the healing by synthe-
sis of antimicrobial compounds, blocking the adhe-
sion of pathogenic bacteria, increasing competition 
for available nutrients, and their immunomodulatory 
effects that promote mechanisms that lead to gastric 
mucosal protection. Ultimately, the action of probiot-
ics leads to accelerated regeneration and protection 
of the gastric wall [47]. Helicobacter pylori infection 
is one of the most important risk factors for peptic 
ulcer disease, hence eradication of this bacterium is 
an important aspect of gastric ulcer prevention [50]. 
There are works indicating that probiotics may play an 
auxiliary role in the eradication of Helicobacter pylori 
[51]. However, the results are inconclusive. There are 
also reports indicating no positive effect, as compared 
to placebo [52]. Further studies in this area are nec-
essary to clearly establish the effect of probiotics on 
H. pylori eradication. In conclusion, the use of probi-
otics in the treatment and prevention of gastric ulcers 
is extremely promising and the information presented 
so far puts their efficacy in a positive light, although 
more research in this direction is needed.

Inflammatory bowel disease, Crohn’s disease and 
ulcerative colitis

An important role in the pathogenesis of Crohn’s dis-
ease (CD) is reduced diversity of the gut microbiota. 
Hence, probiotic-based therapies may be an impor-
tant adjunct in the treatment of CD [53, 54]. Gut 
dysbiosis is a very important risk factor for Crohn’s 
disease as well as an effect of the disease itself [55]. 
A  disturbed gut microbiota leads to a  loss of im-
mune balance, resulting in inflammation in patients 

genetically susceptible to the development of CD 
[56]. Probiotics, which can increase the diversity of 
the gut microbiota, leading to immune rebalancing, 
are a good option for treating Crohn’s disease. Unfor-
tunately, work on the effect of probiotics in Crohn’s 
disease tends to have small study groups, and the 
work itself focuses on their efficacy in maintaining re-
mission of CD [54]. Currently, there is too little data 
to confirm the efficacy of probiotics in the treatment 
of Crohn’s disease, hence probiotics are not consid-
ered helpful in therapy [57, 54]. Perhaps future illu-
mination of this topic and larger studies will occur. 
These are certainly needed to solidify the knowledge 
of probiotic use in this disease [58].  In ulcerative coli-
tis (UC), probiotics may promote remission, but they 
cannot maintain it, so it seems that they can be used 
in disease exacerbations [59]. Nevertheless, a  study 
comparing the use of mesalazine with the use of pro-
biotics indicates that the use of the latter shows no 
significant difference in maintaining remission [60]. 
Determination of the definitive role of probiotics in 
UC therapy requires further research.

Pseudomembranous colitis

Pseudomembranous colitis leads to severe damage 
of large intestine in the course of an infection, most 
commonly caused by the bacterium Clostridium dif-
ficile. It is associated with antibiotic therapy leading 
to disturbance of normal intestinal microflora. Nev-
ertheless, its aetiology may be diverse. Other etio-
logic factors include heavy metal poisoning, sepsis, 
or ischemic lesions. Typical symptoms of pseu-
domembranous colitis are watery diarrhoea, fever, 
abdominal pain, and leukocytosis [61].

Treatment is based on the withdrawal of antibi-
otics, if the patient is taking them, and implemen-
tation of empiric antibiotic therapy. The choice of 
antibiotic depends on the severity - metronidazole, 
vancomycin and fidaxomicin and in some cases 
rifaximin are used. In case of recurrence and un-
favourable results of antibiotics, FMT (foecal mi-
crobiota transplant) may be used [62]. Intestinal 
microbiota transplantation involves the transfer of 
appropriately processed stool from a healthy donor 
to the intestine of a patient. The effect is a modula-
tion of the microbiome, resulting in the restoration 
of a normal intestinal microbiota and resolution of 
symptoms of pseudomembranous enteritis. Given 
the clinical efficacy of approximately 90% [63], this 
method should be the treatment of choice for this 
disease, as evidenced by the increasing number of 
these procedures worldwide [64].

https://pubmed.ncbi.nlm.nih.gov/23511459/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7026570/


F. Przerwa, A. Kukowka, K. Kotrych, I. Uzar44

Liver diseases

The use of probiotics in patients with cirrhosis has 
been shown to significantly reduce the risk of the 
development of symptomatic hepatic encephalopa-
thy [65]. There is also evidence that probiotics can 
reduce plasma endotoxin and ammonia levels in pa-
tients with minimal hepatic encephalopathy – and 
thus prevent it from progressing to overt hepatic en-
cephalopathy [66]. A study by Aller et al. suggests 
that probiotics can reduce aminotransferase and 
gamma-GTP levels in patients with nonalcoholic 
steatohepatitis [67]. However, the evidence is too 
inconclusive at this time to clearly define a role for 
probiotics in the treatment of this disease [68].

Lactose intolerance

Probiotics have a  potential positive impact in the 
management of lactose intolerance symptoms; how-
ever, further research is required regarding the type 
of bacteria, their amount, preparation, and under-
standing the mechanism of action of probiotics in 
the care of patients with this condition [69].

CONCLUSIONS

The human microbiota plays a key role in maintain-
ing health. Many studies indicate that the use of 
probiotics or other methods restoring the balance of 
microbiota, such as prebiotics, can be a significant 
factor in improving the prognosis of diseases of the 
digestive system. At the same time, there is clearly 
room for further exploration and development of 
research in this direction. We are just beginning to 
discover how influence bacteria can have on our 
lives.
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