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ABSTRACT

Antibiotics are therapeutic substances widely used to control pathogenic bacteria. Indiscriminate use
of antibiotics has often led to the development of resistance in the pathogens as well as many side
effects in the consumer. Moreover, antibiotics damage the microbial ecosystem inside the gut,
leading to further complications. The search for an alternative to antibiotics has revealed the potential
features of probiotics. Probiotics are live bacteria that provide health advantages to their host. Various
scientific articles have reported on the proven benefits of probiotics, particularly Lactobacillus and
Bifidobacterium, for animal and human health. Well-studied probiotic cultures have anti-
inflammatory, antiallergic, and other beneficial characteristics. The ability of many probiotic bacteria
to inhibit specific pathogenic bacteria has been highlighted in their therapeutic applications. This
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INTRODUCTION

The word antibiotic was first described by
Selman Waksman in 1941 as any molecule
produced by microbes to inhibit the growth
of other microbes [1,2]. Currently, there are
43 classes of antibiotics, many of which are
derivatives of first-generation antibiotics.
Initially, antibiotics were very effective in
inhibiting the pathogens and controlling the
diseases; however, they were also
instrumental in the evolution of drug-
resistant bacteria. Numerous studies have
shown that antibiotics have a significant
impact on the development of the gut

microbiome. These disruptions of the
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review aims to explore the potential of probiotic bacteria as an alternative to antibiotics.

microbiome can impact the community
[3,4] and can ultimately affect the normal

function of the commensal microbiome

[6].
In recent years, there has been an increase
in the number of reports on research in the
field of the gut microbiome, isolation of
probiotic microorganisms from various
sources, and production of antimicrobial
[6].

microorganisms when administered in an

compounds Probiotics are live

adequate amount, confer health benefits to
the host [9].

probiotic bacteria can exert their beneficial

Once established, these

effect in many ways. There are reports of
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the ability to probiotics to produce
vitamins, maintain gut pH, as well as
modulate the immune response of the host
[12]. Moreover, they are well characterized
for their ability to maintain the gut
microflora, especially after an antibiotic
course.

Imbalance in the gut flora, also known as
dysbiosis, is the decrease in the number of
desirable microorganisms and an increase
in the number of  undesirable
microorganisms in the gut. Dysbiosis can
lead to infections, poor nutrition, lack of
nutrient absorption, etc. [33, 34] as well as
acute and chronic disorders such as IBD
and IBS [35-39]. Dysbiosis is one of the
major side effects of antibiotic use.
Antibiotics are widely used to control
various infections and are a major boon for
medical science. However, indiscriminate
led the

many  drug-resistant

of antibiotics has to
of

pathogens. Moreover, many side effects

use

development

have been reported due to the overuse of
antibiotics. Hence, there is a need for an
alternative to the currently used antibiotics.
Commonly used probiotics such as L.
acidophilus, Bifidobacterium, L.
plantarum, L. pentosus, L. lactis, L. casei,
B. breve, and B. longum are reported for
their ability to inhibit many pathogenic
bacteria that can cause gastrointestinal

disorders.
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Considering these, probiotics are generally

regarded as living drugs  with

immunomodulatory, anti-carcinogenic,
anti-allergic, and anti-inflammatory effects.
Even though many reports are available
regarding the inhibition of pathogenic
bacteria by probiotics, there is ambiguity
regarding the use of probiotics against
pathogens. Hence, this review focuses on
the antimicrobial activities of probiotics.
Probiotics and their benefits

The term “Probiotics” was derived from the
Greek word for life [14]. Ellie Metchnikoff
was the first researcher to propose the
health benefits of probiotics, after
observing the correlation between daily
consumption of fermented food and health
in Bulgarian populations. She explained
that the microbiota present in fermented
food plays a major role in maintaining a
healthy gut environment [15, 17].
Currently, many probiotics have been

isolated from various sources and
characterized for various health benefits.
Probiotic characterization involves various
experiments laid down by WHO-FAO,
ICMR-DBT, and WGE for evaluating (i)
toxicity of the culture, (ii) its ability to
tolerate various pH, temperature, and
digestive enzymes, (iii) to adhere and grow
in the alimentary canal while exerting the
beneficial effect on the host [1,2]. Complete

molecular identification of the culture is
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also essential for defining the culture as a
probiotic.

The most common beneficial activity of
probiotics is (i) balancing the intestinal
microbial diversity, (ii) helping to absorb
nutrients, (ii) producing vitamins, enzymes,
and (iv) inhibition of pathogenic organisms
through various mechanisms. Recently,
researchers have proven the ability of
probiotics to control cholesterol in the
blood, as well as shown the link between
probiotics in reducing heart disease, cancer,
and diabetes. There is a proven link
between the types of microflorae present in
the gut and the onset of a disease. Evidence
accumulated in the last decade clearly
emphasizes the importance of probiotic
intervention for good microbiome health
and clinical applications [32].

A major setback in maintaining the gut
microflora is the use of antibiotics. If
probiotic bacteria can function as an
antimicrobial agent, they would not only
inhibit the pathogenic microorganisms but
also provide many other benefits for
healthy living. Hence, it is essential to know
the antimicrobial potential of probiotics and
to understand the mechanism by which they
inhibit pathogens.
Antimicrobial Probiotics and their
mechanism of inhibition.

There of

are various known ways

antagonistic effects of probiotic bacteria,
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including alteration of the gut microbiota,
competitive adherence to the mucosa,
epithelial strengthening of the gut epithelial
barrier, and manipulation of the immune
system to provide an advantage to the host
[67]. Antagonistic activity of probiotics can
be

antimicrobial

because  of epithelial  barrier

substances, bacteriocins,
adhesion, competitive exclusion, defensins,
mucins, bacterial adhesion, antifungals,
intestinal microbiota, and anti-
inflammatory activity. Enhancement of
epithelial barrier, Intestinal epithelial cells
are in permanent contact with the diverse
microbial community, and epithelial
integrity is essential to defend from
pathogenic microorganisms [68]. Once the
barrier function is disturbed, bacterial
the

submucosa and induce an inflammatory

dietary antigens can penetrate

response, leading to infectious illnesses
such as IBD [69-72]. Consumption of

probiotic microorganisms can maintain

epithelial barrier and intestinal barrier
function.
According to a study, boosting the

expression of genes involved in tight
junction signalling could be a viable option.
Lactobacillus can influence a number of
genes and junction proteins, such as E-
cadherin and B-catenin [73].

Increase adherence to the intestinal

mucosa.
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Adherence is important to the interaction
between probiotics and the host [74-76] it
role in the

also plays an important

modulation of the immune system [90-94].

Intestinal epithelial cells (IECs) secrete
mucin which is a complex glycoprotein
mixture that can prevent the adhesion of
pathogenic microorganisms [78] because it
presents lipids, free proteins,
immunoglobulins, and salt prevent mucous
gel adhesion can leads to competitive
exclusion of pathogenic bacteria [79].
Probiotics such as L. fermentum,
L.plantarum are reported to induce MUC2
and MUC3 mucin [90].

Establishment of a stable population or

and E.coli

commercial microbiota will reduce nutrient
availability for entering pathogenic micro-
organisms and inhibit their colonization to
produce epithelial cells, which s
responsible for inhibiting adherence of

enteropathogenic.

Production of Antimicrobial Substances
Probiotic microorganisms produce organic
acids, particularly acetic acid; lactic acid
has a strong inhibitory effect on Gram-
negative bacteria and is considered the
[80-82].

inside

primary antibacterial chemical
its
the

Organic acids dissociate

cytoplasm, eventually reducing

intracellular pH and forms organic acids

might lead to the death of harmful
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microorganisms [108-109].

produce antimicrobial

They also
peptides, some
specific antibacterial compounds could be
to

specific pathogens,

example Bifidobacterium  sp. which  is
Bifidocin-B specifically inhibit Salmonella
and E. coli [86]. Probiotics are known for
de conjugate bile acids which shows strong
antimicrobial compound [87].

Against viral infections

Although probiotics doesn’t possess direct
effect against viruses, but can be depicted
by
contains

It also
effects. B.

immune stimulation [92].
potential antiviral
breve can increase the production of IgA
and 1gG [93]. Anti-hepatitis A, B can be
by L.

bifidum against hepatitis A and B virus

reduced acidophilus, B.
[94. Thermophilus spp. work as anti-
herpetic [95]. Bifidobacterium lactis and
Saccharomyces boulardii can be used as
antiviral therapy against rotavirus [96].
Against HIV AIDS - probiotics raise CD4
count in blood and lower the incidence of
diarrhoea in HIV infected patients [96].

Immunomodulatory and Antimicrobial

Probiotic bacteria have an

immunomodulatory function and interact
with cells, dendritic cells,
monocytes/macrophages, and lymphocytes.
Probiotics have been shown to interact with
IECs and DCs,

significant roles in innate and adaptive

both of which play
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immunity, via pattern recognition receptors
(PPRs) [88, 89].

Probiotics boost the immune system by
raising the concentration of IgA-producing
plasma cells, improving phagocytosis, and
the T-
lymphocytes and natural killer cells [90, 91]

boosting concentration  of
modulation to upregulate the antibody
secretion to improve defence against
[97-99].

Probiotics can increase the level of anti-

pathogenic ~ microorganisms
inflammatory cytokines such as TNF [96].
Probiotics primarily produce lactic and
acetic acids as end products of carbohydrate
metabolism, as well as an increase in
butyrate and other SCFA production [43-
45].  Also,

bacteriocin contains antimicrobial proteins,

by producing bacteriocins,

peptides, antibiotic compound, etc. can be
active against pathogenic microorganisms.
After consumption of prebiotics, such as
Galactooligosaccharides (GOS) induces
immunity by enhancing phagocytosis and
maintain Th1/Th2, although probiotics may
show positive effects by enhancing non-
specific and

(adaptive) Immunity [41, 42].

(innate) antigen-specific

Can we take probiotics instead of
antibiotics? How to use probiotics
effectively?

Probiotics are routinely given to people to
help reduce the gastrointestinal side effects

of oral antibiotic therapy. It is a widely held
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belief that consuming large amounts of
bacteria, such as probiotics, can restore the
intestinal microflora after the changes
caused by antibiotics [21]. To avoid
digestive issues, probiotics can be given in
conjunction  with ~ multidrug-resistant
antibiotics to help them survive in the
presence of other medicines. Aside from
their innate sensitivity, probiotics can be
vulnerable to the majority of antibiotics, or
they can be multidrug-resistant naturally or
through treatment. In the latter situation,
they can be combined with antibiotics to
reduce gastrointestinal adverse effects
associated with oral antibiotic treatment.
According to WHO, 35% of adults over 20
and 400 million people were obese in 2008
[54] and till 2015 it reaches to 700 million
found to be obese and research states that
these changes are because of change of
eating habit, intake of abundant food and
decrease in expenditure energy and because
of high-fat sugar, and low fibre playing a
key role in chronic diseases and metabolic
syndrome such as obesity, diabetes, and
cardiovascular etc.

In a recent study, microbial profile in obese
and lean people are different, when obese
loses weight microflora reverted [55].
Probiotics can modulate the markers of
metabolic stress [56] and also help to
decreases adiposity, fatty liver, glucose

level in different mice models [57, 58]. The
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gut microbiome contributes significantly in
obesity and insulin resistance [62, 63]
associated  with

which is low-grade

inflammation [64]. Modulation of gut
microflora can be a potential target to treat
obesity and diabetes
with Bifidobacterium and Lactobacillus sh
effects [65]. Studies

increased Phyla

Bacteroidetes as compare to firmicutes in

owed beneficial
reported, with
the diabetic condition can aid in diabetes,
hypertensive condition which is closely
to Bifidobacterium

related diabetes,

reported for levering insulin resistance [50].

A recent study indicates that dietary
polyphenols contribute to maintaining gut
microbial health, stimulation of the good
microbiome which is very low in diabetic

reduce

by

patient ~ polyphenols  may

postprandial ~ glucose  response
increasing gut microbial health [38].
Disease-specific probiotics

Recent advances have been made in the
understanding of probiotics and their
beneficial and appropriate

uses as

therapeutic agents. It can be disease-
specific probiotics, as stated by reported
studies.

Change in the Gut microbiome may be the
centre point which can be responsible for
various clinical conditions, and maintaining
the normal flora of gut may be the best

therapy to overcome [47]. Hundreds of
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studies are carried out on the association of
the human microbiome and diseases, and
reported study states that a consistent
pattern of the microbiome was found at
specific diseases and can vary by disease to
disease. Some of the diseases are associated
with over 50 genera, and some are 10-15
genus-level changes [48].

Modulation in gut microbiome can leads to
a specific disease condition, which includes
metabolic disorders, inflammatory and

autoimmune diseases, neurological
[48-52]. The

depletion in specific microbial community

conditions and cancer
is associated with physiological condition
[52]. The studies reported with various
clinical ~ conditions,  patients  with
inflammatory conditions, such as IBD, as
compared with healthy controls. Faecal
microbial transplantation (FMT), which
become a successful therapy for C. difficile
infection patients can be reverted with
modulation of gut microbiome [46].
Inflammation/Arthritis

Probiotics have a direct effect on the
gastrointestinal tract, which leads to an
impact on immunity through changes in
inflammatory cytokines [22]. Probiotics
may control inflammation linked with
rheumatoid arthritis [22, 23]. Lactobacillus
GG has the potential to reinforce mucosal
in  inflammation.

barrier mechanisms

Probiotics are known to increase
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phagocytosis and also help to increase anti-
inflammatory cytokines like TNF [40].
Lactose intolerance

Lactose intolerance is defined as the
inability to digest milk sugar (lactose) or the
lactose digestive enzyme, lactase. Lactose
intolerance symptoms include gas, cramps,
nausea, diarrhoea, abdominal pain, and
flatulence. Lactose intolerance can be cured
by
Probiotic

bacteria.
like L.

administering  probiotic
microorganisms
acidophilus and bifidobacteria are
reported to improve lactose digestion [10,
24].

Vaginosis

Microbiota is important to maintain vaginal
health, vaginosis can cause by several

different organisms, and in many

cases. Lactobacilli predominate into the

healthy vagina, and a lack of LAB or

normal flora can lead to vaginosis.

The Lactobacilli species can maintain the
favourable pH in vaginal tract by producing

bacteriocin, organic acid, hydrogen

peroxide and  other  antimicrobial

compounds to maintain healthy vaginal
track. Studies suggests
that Lactobacilli may help to control the

incidence of vaginal infections [25].

Diarrhoea
Probiotics are commonly used to treat

diarrhoeal disorders. Preventing and

managing acute viral and bacterial
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diarrhoea, as well as controlling antibiotic-
associated diarrhoea, have considerable
potential benefits. Lactobacillus GG, L.
and

reuteri, Saccharomyces boulardii,

Bifidobacterium, are beneficial against
diarrhoea [26-29] and Saccharomyces
effective

boulardii reported against

antibiotic-associated diarrhoea [30, 31].

Elevated blood cholesterol

Cholesterol is important to maintain and
body functions properly. Cholesterol plays
an important role in the production of
vitamins and hormones it acting as a
precursor. In the human body, cholesterol is
important to various body functions, and
the body synthesizes and maintains the
appropriate amount for smooth function.
However, cholesterol is considered as a risk

factor for heart and cardiovascular diseases.

Probiotics are well known for excess

cholesterol reduction and  shows
considerable effects on lowering of LDL
[10, 59]. Studies

specifically Lactobacillus and Bifidobacter

reported

ium are effective to reduce cholesterol from
blood serum [60, 61].

CONCLUSION

Antibiotics have various side effects, and
there is a need to explore alternatives to
antibiotics. Probiotics are well studied and
safe for consumption and recommended to

maintain the gut microbial ecosystem and
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various health benefits. It can boost
immunity and prevent various infectious
diseases. Reported probiotic cultures are
well known for lactose intolerance,
improving intestinal health. There is a need
to explore disease-specific probiotics by
avoiding the wuse of antibiotics and
replacing them with probiotics can lead to a
healthy life.
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