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ABSTRACT

Probiotics are the microorganisms that provide health benefits to hosts when administered in adequate amounts.
Probiotic strains are mainly consumed in form of fermented dairy products and also as commercially available
supplement. Probiotic strains are well known for their beneficial effects on human health. Various probiotics strains are
commercially available these days and have been found effective in management of overall health and some specific
diseases. Probiotics also have beneficial affect on immune system, inflammation and several digestive tract specific
disorders. Further, probiotics strongly affects the gut microbiome. Gut microbiota is very important to maintain
balanced homeostasis. Probiotics have emerged as candidate of interest in prevention and management of several
diseases including specific cancers. Probiotics along with prebiotics in forms of synbiotics may be the functional food of
importance in future. Probiotics along with prebiotics are the major focus of research in management of gut health,
prevention and management of various diseases. Further research is required on the specific diseases management, over
all health benefits and related aspects.
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INTRODUCTION

Probiotics are non-pathogenic microbes, that play an important role in the host's health benefits when
administered in sufficient quantities [1]. Probiotics refers to beneficial microbes as bacteria and yeast
which play an important role in human gut health and also strengthen the immunity. In other words,
probiotics are “live strains of strictly selected microorganisms which, when administered in adequate
amounts, give health benefits to the host” [2]. Not only the intact living probiotics but, the dead probiotics
and their metabolic secretions have the similar response in different biological activities [3; 4]. Selection
of suitable probiotic strains and application of an appropriate dose affects the efficacy of probiotic
preparations. Also, the safety assessment of probiotic strains is very important for their optimal usage [5].
As per the suggestions of the WHO, FAO and the European Food Safety Authority (EFSA), the selection
process of new probiotic strains must meet both safety and functionality criteria, and those related to
their technological usefulness [6].

The major characteristics of probiotics include their resistance to gut conditions, survival in gut, adhesion
to mucosal or epithelial cells, antimicrobial resistance and bile salt hydrolase potential [2]. Also,
probiotics have been reported to have properties of immune-stimulation, antagonistic activity against
pathogens, anti-mutagenic and anti-carcinogenic activities [4; 7]. Probiotics and their probioactive
cellular materials form several beneficial effects in the gastrointestinal tract. They have been reported to
have beneficial affects on digestion. Specific cellular constituents in probiotic lactic acid bacteria induce
potential adjuvant effects such as cell mediated immune responses modulation, reticulo-endothelial
system activation, cytokine pathways augmentation, and interleukins and tumor necrosis factors
regulation [8].
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Probiotics are mostly categorized into bacterial or lactic acid and non-lactic acid bacteria strains, and also
in some cases yeast strains. Lactobacillus, Lactococcus, Bifidobacterium and Enterococcus are common
bacterial probiotics [4; 9]. Some other bacterial strains have also been reported for their probiotic
attributes. Several yeasta have also been investigated for their probiotics potential including
Saccharomyces cerevisiae var. boulardii, Candida, Kluyveromyces, Pichia, Debaryomyces, Hanseniaspora,
and Metschnikowia [10; 11; 12].

Among bacteria, the most extensively studied and characterized probiotics belongs to the lactic acid
bacteria (LAB) group. Among yeasts, Saccharomyces cerevisiae var. boulardii has been studied more
elaborative. Bacteria of the genera Bifidobacterium and Faecalibacterium are also studied in an
elaborative way [13; 14]. Several bacteria have been used for a long time in several industrial processes
for the production of fermented foods, such as cheese, yogurts, etc. and they frequently present probiotic
properties [15]. Many probiotics strains are able to colonize the gastrointestinal tract (GIT) and stimulate
the immune system [16; 17]. The resistance to antibiotics in probiotic strains should be analyzed in order
to assess their safety, as well as the level and the source of this resistance [18].

MECHANISM OF ACTION OF PROBIOTICS

Probiotics improves the gut environment and supports the balanced gut microbiota. They affect the
digestion, metabolic processes and the immunological response.Along with theessential nutrients and
beneficial microorganisms, the gastro-intestinal lumen also has pathogenic microorganisms, toxins, and
some foreign antigens [19; 20]. Epithelial cells in the intestinal mucosa create a selectively permeable
barrier between the lumen environment and the internal body tissues [21]. This barrier is the first line of
host defense against harmful microbes in gut innate immunity (GIT) but several factors such as stress or
disease conditions can disrupt this barrier [22]. Certain probiotic microorganisms can enhance the
function of intestinal barrier. Probiotics mediated restoration of the GIT mucosa barrier function has been
reported in both in vitro and in vivo models [23; 24]. Re-establishment of barrier functions may be related
to the alterations in secretion of mucus or chlorides, or the changes in the expression of tight junction
proteins by epithelial cells [25].

Consumption of probiotics exerts health benefits for human, mainly for GIT diseases and for several other
metabolism associated diseases also including cancer, depression, atopic dermatitis, obesity and type 2
diabetes [26; 27; 28; 29; 30]. Therefore, the possible mode of actions of the probiotics may include
homeostasis of intestinal microbiota, protection of the epithelial barrier, maintenance of epithelial
integrity, growth inhibition of harmful microbial population through competition (for available nutrients
& adhesion sites), competitive elimination of pathogenic microorganisms, production of antimicrobial
substances, production of SCFAs with anti-inflammatory properties, effect on various cellular, molecular-
immunological pathways, alteration of cell signaling pathway, interaction with the gut-brain axis and also
modulation of the host immune system [31; 32; 33; 34; 35; 36; 37]. Majority of these aspects have been
studied extensively and under consideration for elucidation of mechanisms related to probiotics.

The probiotic have the ability to modulate the composition of gut microbial. Probiotics enhance the
beneficial microbial population and suppress the growth of harmful/ pathogenic bacteria in the gut.
Several probiotics have been found to produce antimicrobial peptides, acetic acid, lactic acid as well as
propionic acid, and therefore, alters the intestinal pH. This alteration consequently inhibits the growth of
several pathogenic gram-negative bacteria [38]. Various probiotic strains have been reported to inhibit
the disease causing harmful bacteria. Probiotic strains have been reported to, inhibit the Helicobacter
pylori, Salmonella enterica [39; 40; 41] and decrease the fecal coliforms and clostridia [42]. Probiotics also
significantly affect the gut microbiota composition and therefore, resulted in increase of anti-
inflammatory metabolites generating bacteria as Prevotella and Oscillibacter[43]. Also, some microbial
communities in gut supports production of short-chain fatty acids (SCFAs)and contributes to the
production ofimportant metabolites like acetate, propionate, and butyrate depending on the
fermentation of fiber-rich prebiotics [44]. The SCFA have significant role in stimulating intestinal
hormones production, lipogenesis and also affects the various mechanisms/ pathways associated with
cell proliferation, apoptosis, and immune system [36; 45]. Although, lactic acid bacteriaare
not directly concerned in SCFA production, but certain probiotic species such asBifidobacteriaand
Lactobacilli can affect the composition of the gutmicrobiota and therefore have an effecton
the production of SCFA. Production of butyrate by some members ofFirmicutes families
(Ruminococcaceae, Lachnospiraceae, and Clostridiaceae) also have beneficial role, promote apoptosis and
inhibit cancer cell proliferation in vitro[45; 46].

The intestinal epithelial barrier plays a crucial role in maintaining host homeostasis [47]. Scientific
reports on probiotics have suggested that regular consumption of probiotics may lead to the improved
profile of the intestinal microbiota and it may result in reduced chronic inflammation as well as the
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reduced production of carcinogenic compounds [48; 49; 50; 51]. It has been found that the fermented
products and metabolites generated due to probiotics and prebiotics have the potential to prevent
disruption of the intestinal epithelial barrier [52]. Scientific reports have revealed that probiotic culture,
may preserve epithelial barrier function, can reduce the intestinal permeability and inhibit the
inflammatory response [53; 54; 55; 56]. Inhibitory activity of L. plantarum have been reported earlier
against the transepithelial resistance of Caco-2 cells [55]. Probiotic products also help to reduce
intestinal permeability and inflammatory response in patients [54]. The microorganism or their produced
metabolites generally interact with the immune system and epithelial cells [57]. Probiotic also have the
ability to reinforce the expression of tight junction protein i.e. mucin gene (MUC2 and MUC3), which
enhance the intestinal gut barrier functions. Hence, the probiotics play protective role in retaining the
mucus layer integrity, which is vital for an efficient intestinal barrier function [58]. Various scientific
findings have revealed the protective role of probiotics in mutagen-induced DNA damage or DNA adducts
formation in the colonic epithelium [59; 60]. Probiotics showed protection against enterocyte apoptosis
and 5-fluorouracil (5-FU) induced loss of intestinal barrier function [61]. Probiotics in particular, the
lactic acid bacteria, have also been reported to possess ability to modulate host immune system. This
immune-modulatory action further causes suppression and regression of carcinogenesis.

THERAPEUTIC POTENTIAL AND HEALTH BENEFITS OF PROBIOTICS

Probiotics directly or indirectly improve human health by affecting the colonizing microbiota(Figure 1).
These microorganisms reside in the host body symbiotically and nourish it internally [62].
Probiotics have great therapeutic potential to treat or prevent dental caries, periodontal diseases,
urogenital infections, gastrointestinal infections, intestinal membrane injury, inflammation, diabetes,
obesity and carcinogenesis [63; 64]. Probiotics stimulates and controls the response of the immune
system by triggering the action of specific genes of cells responsible for activating gastrointestinal
hormone release [62; 65]. The use of antibiotics, immunosuppressive therapy and irradiation for
treatment of a particular disease cause alterations in the microbioata composition of GI tract which later
on results in dysbiosis and onset of metabolism associated diseases. Therefore, the introduction of
beneficial bacterial species to GI tract may be a very attractive option to re-establish the microbial
equilibrium and prevent disease Earlier studies also reported effectiveness of probiotics to treat several
disease/disorders or infections in various clinical conditions such as infantile diarrhoea, antibiotic-
associated diarrhoea, necrotizing enterocolitis, relapsing Clostridium difficle colitis, Helicobacter pylori
infections, inflammatory bowel disease (IBD) and surgical infections [65; 66; 67].

Wide range of anti-pathogenic metabolites is produced by various probiotics. These metabolites not only
maintain a suitable gut environment but also exert various health benefits including control of diseases.
The nervous system is stimulated by the probiotics which possess some physiological functions helpful
for the inhibition of the adipose tissue. Various strains of lactobacillus retard the growth of the adipocyte
tissues which cause weight loss and decrease the obesity [68]. A species of yeast i.e. Saccharomyces
boulardii, is used for protection against injury of intestine and inflammation [62]. The vaginal infections
in women also occur due to abnormal microflora [63].Earlier studies also reported that probiotics also
help in neutralizing diabetes (Type-I & Type-II) by increasing bacteroidetes and reducing firmicutes
concentration [68; 69; 70].

Probiotics have been reported to have beneficial effects against cancer [65; 71]. Numerous reports along
with mechanism are available that describe the anti-cancerous potential of probiotics. Even probiotics
have been found effective during various treatment procedures of cancer. Several mechanisms of action
are presented that describe the cancer prevention and treatment using probiotics. The probiotics works
through, gut microbiota modulation, improvement of gut barrier functions, protective effect of DNA
damage of intestinal epithelium, the degradation of potential carcinogens, and also through improving the
immune system as well as inflammatory system [65; 71]. Further, the carcinogenesis and the
inflammation can be controlled by anti-inflammatory response shown by probiotics.
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Figure 1: General presentation showing some of the health benefits and therapeutic potential of
probiotics.

Probiotics have been studied for their role in prevention, treatment and also in management of colon
cancer [72]. The immunomodulatory properties have been found to vary according to probiotics strains.
Therefore, all probiotic strains are not equally efficient in modulating the immune system and to prevent
the occurrence of colon cancer [51; 65; 71; 72]. Interestingly, not only the whole microbial cell is effective,
but also the probiotic derived proteins, cell free supernatant and cell free extracts have been reported for
anticancer properties [72]. Probiotic strains improve the safety and reduce the severe gastrointestinal
sideeffects associated with anticancer treatments [73]. Along with probiotics, prebiotics are now under
consideration for health benefits. Functional foods are of particular interest in today’s scenario [74; 75]
and require more research in the area. Probiotics have been investigated for their effect on various gut
related diseases/ disorders. Probiotics have been found promising and requires more elaborative
investigations for management of various diseases/ disorders.

CONCLUSION AND FUTURE PROSPECTS

Probiotics have emerged as important candidate in prevention and management of various diseases.
Probiotics are consumed in various forms including fermented dairy products, fermented foods and
commercially available supplements. Probiotics are known to have beneficial effect on gut health,
microbiome maintenance, prevention as well as management of diseases including specific cancers.
Probiotics aid in digestion and also helps the immune system. In most of cases, bacteria are consumed in
form of probiotics. Researchers have worked on yeast strains also and some yeast strains are now known
for their probiotics attributes. Further, research is required for use of probiotics along with the prebiotics
and in form of synbiotics. New probiotics are the need of future and requires extensive research along
with mechanistic insights. Probiotics may be the functional food of importance along with the prebiotics
in near future.
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