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1.Introduction

Health statements about living
microbes particularly lactic acid bacteria in
food have a rich history. In an old-tape Persian
version, it says that "Abraham owed the
consumption of sour milk to his longevity." In
76 BC, the Roman historian Plinius suggested
that gastroenteritis be treated with fermented
dairy products (Schrezenmeir & De Vrese,
2001). Epidemiological studies suggest that
food has an important effect on human wellness:
diets with low fat and high fruit and vegetables
have been associated with a reduced prevalence
of certain ailments, including cardiovascular
disease (CVD) and colorectal carcinoma. Such a
diet involves not only components readily
ingested in the small intestine but also digestion-
free ingredients by the pancreas and small
intestine enzymes (Blaut, 2002). It is only in the
last 40 years that diets have played an important
role in emerging illnesses such as CVDs and
tumors. In this sense, among the most
metabolically active parts of the human body is
the colon which has a rather diverse microbial
environment, which is not only a barrier to
infection but also effectively contributes to the
energy conservation from diets which cannot be
influenced by enzymes of the human body
(Kolida & Gibson, 2011).

The major cause of mortality and morbidity
is airway diseases which affect the lives of more
than a billion individuals worldwide. Chronic
respiratory diseases (CRDs) are a broad type of
major disease that is associated with the
anatomy of the respiratory system. CRDs are
regarded as a primary cause of accidental
mortality in the world's population (KUMARI et
al.,, 2020). Over time, the morbidity and
mortality of CRDs are growing for infants and
young children who are highly sensitive (Burney
et al., 2015). Millions are dying owing to the
inadequacy of healthcare without accessibility
to immunizations (Ferkol & Schraufnagel,
2014). The responsibility of CRD and diagnosis
messes up the frameworks of patients' daily lives
and reduces activities (Dobler, 2019). CRDs
include chronic obstructive pulmonary disorder
(COPD), asthma, severe acute respiratory
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syndrome coronavirus 2 (SARS-CoV-2),
carcinoma of the lung, etc. COPD and asthma
are the most prevalent of all these disorders with
a very high degree of incidence and death.
COPD is one of the leading international and
Indian non-communicable causes of death
(Salvi et al., 2018). More than 4 million deaths
per year and 4% of the global prevalence of
infectious diseases are CRDs (Wang et al.,
2016). CRD risk factors are frequent and
widespread: at least 2 billion people are
vulnerable to the harmful effects of the use of
biomass fuels, 1 billion to outdoor air emissions,
and 1 billion smokers are exposed to the
detrimental effects of second-hand smoking in a
quasi-equivalent proportion in the population.
Although CRDs are not curable, different types
of treatment can help manage symptoms,
improve the quality of life of patients and
prevent adverse effects that are associated with
severe morbidity, impairment, and risk of death
(Soriano et al., 2020).

The use of, among other forms of treatment,
antibiotics, immunosuppressive therapy, and
radiation will induce alterations in the flora and
composition. Thus, it may be very tempting to
preserve microbial balance and avoid disease by
adding beneficial bacterial organisms into the Gl
tract (Gupta & Garg, 2009). Probiotics have
been identified in different ways according to
our understanding of their pathways for effect on
human well-being. Lilly and Stillwell coined the
term probiotic to describe the substances
developed by one microorganism which
stimulate another's development (Salminen et
al., 1999). These are live microbes that support
the wellbeing of the individual if given in
sufficient quantity. Many bacteria are used for a
variety of applications in clinical practice. The
most widespread and extensively studied
species are Lactobacillus, Bifidobacterium, and
Saccharomyces (Benjamin Kligler & Andreas
Cohrssen, 2008).

First, a prebiotic was described as a "non-
digestible food component that has a positive
effect on the host by selectively stimulating
bacterial growth and/or operation in the
colon and thereby improving the health of the
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host (Ringg et al., 2010; Roberfroid, 2007).
Some recognized prebiotics are low-digestible
carbohydrates and have impaired
gastrointestinal (GI) resistance, particularly in
large amounts when consumed while other
prebiotic  fibres (e.g.,, wheat dextrin,
polydextrose) show high GI resilience (Slavin,
2013). Though there is many prebiotics
available in the world market, not all of these
have been extensively studied, and thus, the
scope for discovering new prebiotics is very
much intrinsic. These can possess desirable

attributes that are not present in the current
generation (Rastall & Maitin, 2002).

Synbiotics have both probiotic and prebiotic
features and have been developed to address the
potential survival problems in the Gl tract. A
supreme impact can therefore, in contrast to the
behavior of probiotic or prebiotic alone, be
assured by the optimum combination of both
components in one product (Markowiak &
Slizewska, 2017). Different health benefits of
both pro- and prebiotics are shown in figure 1.
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Figure 1. The health benefits of probiotics and prebiotics

2. Probiotics

In 1989, R Fuller popularised the term
probiotics, which was defined as 'living micro-
organisms that exert health benefits beyond
general nutrition when ingested in certain
numbers (Arthur C Ouwehand et al., 2002).
These bacteria, normally non-motile and of
different shapes, are fermentative anaerobic
microbes. They generate lactic acid typically.
Their biological characteristics allow them to
predominate and prevail in the human digestive

tract over potentially pathogenic
microorganisms. It is currently speculated that
these organisms produce low molecular

metabolic by-products, including short-chain
fatty acids such as butyrate, which have a
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favorable regulatory influence on host metabolic
processes. Sometimes, these metabolic by-
products are called "postbiotics” and can
biologically function as immune modulators
(Dan W Thomas & Frank R Greer, 2010). The
terminology is drawn from early experiments
that examine the influence on the overall
structure of the human intestinal microbiota of
some yogurt bacteria. Probiotics were first used
for intestinal microbiota modification to affect
both human and animal health. The basic
ingredients of live microbial foods and their
health impacts are currently researched in food
matrices and as individual or mixed-cropped
preparations (Isolauri et al., 2004).
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Analysis and market interest in probiotics
have risen dramatically in recent vyears.
Increasing scientific data confirms certain of its
medical benefits, notably when treating certain
diarrheal disorders, associated with the use of
probiotics. Yeast or bacteria consist of
probiotics regulated as nutritional supplements
and foods. They are sold as pills, tablets,
packages, or powders, most commonly in yogurt
or milk beverages. A single microorganism or a
combination of several species can be included
in probiotic products (Williams, 2010).

The rising numbers of modern illnesses,
such as malignancies, atherosclerosis, heart
attacks, high blood pressure, and HIV infection,
have stimulated attention to probiotics. A
multitude of beneficial effects have been

documented in the probiotic intake, including
improved immune reactions, controlled colonic
microbiota effects, vaccine adjuvant effects,
decreased fecal enzymes involved in initiating
cancer, travel-related diarrhoea treatment and
anti-biotic medication, rotavirus regulation, and
the Clostridium difficile colitis and ulcer
prevention associated with Helicobacter pylori
(Kaur et al., 2002). The processes underlying the
use of probiotics to exercise biological effects
remain unclear, but the unidentified factors such
as resistance to colonization and competition
exclusion sometimes explain their method of
action (Soccol et al., 2010). Table 1 enlists the
known microbial species which are used as
probiotics.

Table 1. List of micro-organisms used as Probiotics (Chow, 2002)

Bifidobacterium | Lactobacillus | Saccharomyces | Streptococcus .

. . . . Other species
species species species species
B. adolescentis | L. acidophilus 5. Bacillus cereus
B. breve L. casel S boulardii S. ts)alivarius Escherichia coli

i i subsp.
B. infantis L. fermentum thernaophilus Enterococcus
B. lactis L. gasseri Propionibacterium
B. longum L. johnsonii freudenreichii
3. Prebiotics carbohydrates with a polymerization of between

In 1995, Gibson and Roberfoid presented the
idea of prebiotics as an effective solution to gut
microbiota modulation (Charalampopoulos &
Rastall, 2012). The FAO/WHO describes
prebiotics as an unsustainable food element,
which provides the host with health care benefits
connected with  microbiota  modulation.
Prebiotics are a community of complex,
unidentified carbohydrate ingredients based on
their source, fermentation characteristics, and
dose about health benefits. Prebiotic sources
include breast milk, soy, inulin, raw oats,

unrefined wheat, unrefined barley, non-
digestible carbs especially non-digestible
oligosaccharides (Pandey et al., 2015).

Currently, all the prebiotics are short-chain
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2 and 60, which are known to be non-digestible
with human or animal digestive enzymes
(Cummings J.H.* & Macfarlane, 2002). The
importance of prebiotics is due to:

a. the growing belief that a stable or healthy
intestinal microbiota exists

b. the indication that the microbiota makeup
may be altered by prebiotics toward a
healthier profile

c. Analternate to probiotics difficult to control
in certain foodstuffs, but whose health
benefits are increasingly well known as
regards the prevention of diarrhoea and
immunomodulation
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d. Since currently used prebiotics, particularly
inulin and galactooligosaccharides (GOS)
are fairly inexpensive to produce and collect
from crops and have beneficial effects on
the gut microbiota and host, these are also
useful functional components in foods with
the potential to enhance organoleptic
propagation on fat and dairy products
(Macfarlane et al., 2006).

When taken in comparatively small
quantities (5-20 g/day) of the inulin,
fructooligosaccharides (FOS), trans-GOSs, and
lactulose, the development of organisms
(responsible for health promotion) belonging to
the genera Bifidobacterium and lactobacillus in

human beings was clearly shown in the studies
(Gibson et al., 2004).

Prebiotics travel into the small intestine and
become available without the need for other
intestinal bacteria for probiotic bacteria. The
frequently used prebiotics in human diets is
lactulose, GOS, FOS, inulin and hydrolysates,
malto-oligosaccharides, and resistant starch. A
prebiotic for one or a small quantity of
probiotics is the selective substratum. Probiotics
are allowed to develop and produce short
prebiotic chain fatty acids. The Prebiotic will
then shift the host's colonic microbiota to a
healthy condition (Al-Sheraji etal., 2013). Table
2 details the various types and sources of
prebiotics.

Table 2. Types and sources of prebiotics (Al-Sheraji et al., 2013).

Type Sources

Arabinoxylo oligosaccharides

Wheat bran

Cyclodextrins

Water-soluble glucans

Fructo oligosaccharides

Asparagus, sugar beet, garlic, chicory, onion, Jerusalem
artichoke, wheat, honey, banana, barley, tomato, and rye

Galacto oligosaccharides

Human’s milk and cow’s milk

Isomaltulose Sucrose
Isomalto oligosaccharides Starch
Soybean oligosaccharide Soybean

4. Common Diseases
a. Asthma

Asthma is one of the most prominent non-
communicable disorders which has a serious
influence on the living quality of many people.
About 300 million people worldwide have
asthma, and another 100 million are expected to
be affected by 2025 (Dharmage et al., 2019).
Asthma is a chronic inflammatory disorder of
the respiratory tract in which many of the cells
in the adaptive and innate immune systems work
alongside the cells of the epithelium to create
bronchial hyperreactivity (BHR), excess
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production of mucus, remodeling of the
respiratory wall, and narrowing of the
respiratory tract. This contributes to repeated
breathing problems, wheezing, and tightness of
the chest in vulnerable patients (Lambrecht &
Hammad, 2015). These symptoms temporarily
fluctuate and may intensify during times of
exacerbation resulting in respiratory failure
(Lambrecht et al., 2019). The most critical
symptom in the detection of asthma is wheezing
(Ferrante & La Grutta, 2018), however, there
may be separate cases for the relative severity,
type of inflammatory cell, and location of
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inflammatory infiltrate. A significant number of
cells participate in the immune and
inflammatory reactions to asthma allergens
including T-cells, eosinophils, mast, and
neutrophils (Hamid & Tulic, 2009). Effective
management and care of asthmatic patients can
eliminate the mortality of the disease, while one
in 250 attributes to the global mortality of
asthma (P. Kumar & Ram, 2017). Amid the
progress made in asthma care throughout the
past few decades, changes in patient preparation,
the use of innovative medical methods, and
personalized support services have yet to be
completed.

b. Chronic Pulmonary obstructive disease

(COPD)

Because of its higher incidence and
resulting impairment and death, COPD is a
major public health problem. Worldwide, the
third leading cause of death is COPD; 3.2
million deaths were reported in 2017, and a total
of 4.4 million per year is expected by 2040
(Bartolome R. Celli & Wedzicha, 2019). The
disease has been generally recognized as an
illness caused by cigarette smoke. The classic
idea was to develop an irregular inflammatory
reaction in vulnerable people to destroy the
airways and alveoli (emphysema), speed up the
physiologic drop in lung capacity with age, and
reduce breathing limitation and CR symptoms
(Agusti & Hogg, 2019). Patients with COPD
have a distinct inflammatory pattern- the more
usually type 1 immunity and type 3 immunity-
predominantly macrophages and neutrophils
with elevated CD8+ cytotoxic T cell levels,
CD4+ TH1 cell, TH17 cell, ILC3, and B cells,
and are grouped in peripheral airways with T
cells in local lymphatic follicles (Barnes, 2018).

c. Covid-19

A current coronavirus (CoV), known as
severe acute respiratory syndrome coronavirus-
2 (SARS-CoV-2), has developed an on-going
global threat, reported by international health
agencies (Malik et al., 2020; Mohit & Hussain,
2021). The sudden onset and rapid spread of the
infection have led to an outbreak. The root of the
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virus is suspected in numerous animals eaten as
food in China, but not been proven. The initial
infection research revealed that there is a
correlation between both the local and wild
animal markets in China with most of the early
infections. Subsequently, new infections are
often transmitted through transmission from
human to human (Chhikara et al., 2020).
However, research suggests that asymptomatic
patients also can spread the virus through
droplets in the air produced while sneezing or
coughing (Agarwal et al., 2020). About 26-32
kilobases in size, the most commonly
recognized RNA virus, are enveloped by CoV of
the Coronaviridae family (CoVs) with a single
strand, RNA-positive sense genome. The term
‘coronavirus' refers to the presence of the CoV
virus when viewed under an electron
microscope, which gives the appearance of a
crown or a corona in Latin to spike projections
from the virus membrane (Su et al., 2016).
COVID-19 covers a wide variety of symptoms,
from high respiratory problems to dangerous
pneumonia associated with acute respiratory
distress syndrome (ARDS). Fever, weakness,
dry cough, myalgia, and dyspnea are the most
common symptoms displayed. Patients with
headache, hemoptysis, diarrhea, or pleuritic of
the chest are less often seen. At present, in the
case of upper and lower respiratory track
specimens, a reference procedure for diagnosing
COVID-19 is a real-time reverse transcriptase
polymerase chain reaction (RT-PCR) (Jajodia et
al., 2020). Globally, the CoV incubation period
is 3-7 days. About 80% of infectious cases
persist as mild or asymptomatic, 15% are severe,
and 5% are critical, with a requirement for
ventilation (Hussain et al., 2021).

d. Lung Cancer

Lung carcinoma has evolved in the last
century, from a rare, dim disease to the world's
most advanced carcinomaand the most
widespread cause of tumor mortality. The
identified lung cancer risk factors include
behavioral, environmental, and genetic factors,
all of which have a role in the growth of the
disease and also influence the response
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capability of particular patients (de Groot et al.,
2018). The second-most prominent gender-
based carcinoma diagnosis behind prostate
cancer in men and women's breast cancer is lung
carcinoma. In 2018, lung carcinoma accounted
for 14 percent of new male and 13 percent of
new female cancers in the United States (Siegel
et al., 2018). Per year, lung cancer affects 1.8
million people and the illness causes 1.6 million
deaths. Five-year survival of lung cancer
populations ranges from 4% to 17%, based on
stage and geographic variations (Hirsch et al.,
2017). The risk of developing lung carcinoma in
smokers is 20-30 times significantly greater than
in those who do not smoke. Lung
carcinoma rates are rising parallel to tobacco
use in developing nations. Future preventive
measures and research can focus on and clarify
state-of-the-art  exposures including non-
cigarette products to modifiable non-tobacco
factors. The 2004-2008 data for Surveillance,
Epidemiology, and End Result (SEER)
indicated that lung carcinoma has been detected
at a median age of 71 years (S & Hussain MS,
2021).

5. Mechanisms of Action of Probiotics in

Various Diseases
a. Immunomodulation

Various studies conducted on animals and
humans reported findings that variant strains of
lactic acid bacteria (LAB) can induce and
manage natural and adaptive immune responses.
Bifidobacteria and lactobacilli strains were
found to have distinctive capabilities to adjust
and regulate immune responses (H. Gill &
Prasad, 2008). The mechanism of action of
probiotics is not completely known. The
immune reaction towards the probiotics depends
upon the variant and distinction because of the
availability — of  disparate  presence of
protein/carbohydrate in the cellular walls
(Mortaz et al.,, 2013). The advantageous
effectiveness of probiotics is partially a
consequence of the capability of probiotics, to
modulate the formation of anti- and
proinflammatory cytokines as well as the
equilibrium between kinds of T-cell responses
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like T-helper 1 (Th1), Th2, and, Th17 (Ghadimi
et al., 2008; Helwig et al., 2006; Hosono et al.,
1986). Cytokines are one of the greatest
mediators showing their role in inflammation
and immunity responses. Cytokines mediate the
beginning, sustenance as well as resolution of
the natural and adaptive immune response.
Various studies have shown that probiotics
increase levels of interferon-y (IFN-y), IFN-a
and interleukin-2 (IL-2) in individuals
administered with probiotics (Halpern et al.,
1991; Kishi et al., 1996; Solis Pereyra &
Lemonnier, 1993; Wheeler et al., 1997). Regular
intake of yogurt also leads to the elevated
formation of IL-1p, IL-6, IL-10, tumor necrosis
factor (TNF-a), and IFN-y (Aattouri &
Lemonnier, 1997; Halpern et al., 1991;
Miettinen et al., 1996; Solis Pereyra &
Lemonnier, 1993). This stimulation of cytokines
and interferons in epithelial and dendritic cells
(DCs) acts as a key way to tackle viral infections
by removing viruses through the mediation via
cell-to-cell and also the adaptive immunity
(Lehtoranta et al., 2014). As per a randomized
control trial, when the various probiotic strains
were given to serious sepsis-suffering children,
it was reported that proinflammatory cytokines
such as IL6, and TNF-a were diminished and
anti-inflammatory cytokines such as IL-10
levels were elevated in comparison to those who
received placebo (Suresh K. Angurana et al.,
2018). LAB when given by oral route not only
adjusts and regulates the cytokines in the
intestinal region but also at the systemic level
(Noverr & Huffnagle, 2005). Immunity
responses are elevated by various LAB variant
strains to constitute the proliferation of T-
lymphocyte and antitumor capability of natural
killer cells (NK) as well as the phagocytic
activity of mononuclear cells (Harata et al.,
2009). Phagocytic cells are efficacious in
removing pathogenic microbes and NK cells are
important for safe guarding against cancer cells
as well as different viruses. Several studies have
revealed the capability of probiotics to enhance
the phagocytic actions of leucocytes
(Harsharnjit S. Gill, 2003). As per a recent
hypothesis, probiotic bacteria such as LAB can
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interact with Gut-associated lymphoid tissue
which is present in payer’s patches in the gut and
can increase respiratory immunity and
probiotics need not be directly given in the
airway for airway-related diseases (Izumo et al.,
2010). For natural immune receptors for
instance toll-like receptors (TLRs) which are
generally executed on epithelial cells as well as
immune cells of mucosa, probiotics generally
act as ligands to affect different signal paths
consisting of nuclear transcription factor nuclear
factor-kappa B (NF-kB) as well as peroxisome
proliferator-activated  receptor-y  (PPAR-y)
(Bermudez-Brito et al., 2012; Thomas &
Versalovic, 2010). According to a study
conducted on new born rats, it was shown that
L. reuteri DSM 17938 considerably elevated the
survival and lessen the occurrence and
seriousness of experimental Necrotizing
enterocolitis (NEC) in rat intestine by restriction
of TLR4 and NF-kB signal path. These actions
of probiotics lead to declined formation of TNF-
a and IL-1B (Y. Liu et al., 2012). Increment in
the NK activity and escalation in overall
percentage of NK cells by routine taking of
probiotic food like yogurt and curd was showed
in various studies (Chiang et al., 2000; H. S. Gill
et al., 2001; Olivares et al., 2006; Sheih et al.,
2001). Cell interceded and antibody intervened
responses are involved in adaptive immune
responses and it is quite particular in action and

has memory. Intake of some particular
probiotics reported to increase antibody
reactions and also local and systemic

immunizations (Fukushima et al., 1998; Isolauri
et al., 1995; Kaila et al., 1992; Link-Amster et
al., 1994; Majamaa et al., 1995). According to a
randomized study conducted by Kaila et al.,
greater levels of particular serum and mucosa
antibody reactions in children infected with
rotavirus administered with L. rhamnosus GG
fermented milk were observed when compared
to children administered with only placebo
(Kaila et al., 1992). In those cases, with
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salmonella vaccination, where probiotics such
as B. bifidum were administered, considerably
greater  levels of  particular  serum
immunoglobulin A (IgA) and IgA secreting cell
response were reported (Fang et al., 2000; Link-
Amster et al., 1994).

b. Antiviral/Antimicrobial Effects of

Probiotics

Primarily viruses bind to the host cell and
then the disease progresses; thus, if this step is
interrupted, it may lead to a decline in disease
progression and can be advantageous to the host.
Probiotics may precisely bind to viruses and
restrict them from binding with host cells. For
example, particular variants of LAB have been
found to inhibit the attachment of flu-like
stomatitis virus in in-vitro conditions (Boti¢ et
al., 2007). Anti-microbial activities are reported
to be shown by probiotics by forming various
compounds such as bacteriocins, hydrogen
peroxide, and various organic acids. In a study,
metabolic intermediates of bacteria in the yogurt
exhibited antiviral action against duplication of
the influenza virus (Choi et al., 2009). In the
case of the influenza virus, probiotics were
found to modulate the immune responses and
help in viral elimination as well as advantageous
effects on inflammation caused by lung damage
(Zelaya et al., 2016). In an in-vitro study
conducted by Ang et al., comprising colon cells
and skeletal muscle of humans, it was reported
that L. reuteri exhibited considerable dose-
dependable anti-viral action against enterovirus
seventy-one strain and coxsackie virus type A
(CA) six and sixteen strain (Ang et al., 2016).
Commonly viruses may lead to upper
respiratory tract infections. A Cochrane review
of 12 randomized controlled trials found that in
comparison to a placebo, probiotics were better
at reducing acute upper respiratory tract
infection (Hao et al., 2015). The flowchart (fig.
2) given below represents the mechanism of
action of probiotics.
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Figure 2. Mechanism of action of probiotics in respiratory disorders

c. Production of Bioactive Metabolites
Several bacteria present in the gut or
particular probiotics have been shown to form
various bioactive metabolites such as histamine,
rheuterin, and butyrate with anti-inflammatory
effects. L. reuteri variants obtained from humans
form reuterin  which has wide-spectrum
antimicrobial activity against various intestinal
microbes (Casas & Dobrogosz, 2000). Glycerol
is broken down into smaller components by L.
reuteri to form vitamin B12-reliant reuterin (Y.
Liu et al., 2018). L. reuteri ATCC PTA6475
variant which is derived from humans, produces
histamine  which  restrains  inflammatory
response, through activating type-2 receptor of
histamine in intestinal parts of mammals, which
leads to the restraining of inflammation of
intestinal parts as well as colorectal
tumorigenesis (Ganesh et al., 2018; Gao et al.,
2017). Probiotics also can break down particular
kinds of fibres to form short-chain fatty acids
(SCFAS) like butyrate. SCFASs act as protection
of host and have an important part in immune
responses in addition to antioxidant action and
activities against malignancy (Peng & Biswas,
2017). Butyrate intervenes inflammatory signal
path to manage the formation of cytokines and
also restricts the histamine deacetylase for
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adjusting  the  exhibition of  several
proinflammatory genes (Y. Liu et al., 2018).

6. Effects of Probiotics on Various Diseases
a. Asthma

The effectiveness of probiotics in the cure or
prevention of asthma has been focused on by a
few studies. A clinical trial was conducted on
1187 children by Giovannini et al. to study the
efficacy of fermented milk consisting of L. casei
on the occurrence of asthma and allergic rhinitis.
It was observed that there was no distinction
between the controlled and experiment groups in
the case of asthma in 12 months of the trial
(Giovannini et al., 2007). Another randomized
controlled study of adults and juveniles reported
that there was no betterment in signs in those
who were administered with yogurt consisting
of S. thermophilus and L. bulgaricus in the
absence or presence of L. acidophilus and also
there was no distinction in the inflammatory
markings (Wheeler et al., 1997). In a double
randomized, placebo-regulated study including
toddlers with the possibility of allergy, it was
reported that repetition of wheezing episodes
was not reduced because of probiotic intake, and
also it could not have any effect on the
pervasiveness of asthma till two years of age
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(Abrahamsson et al., 2007; Taylor et al., 2007).
In another case, asthma-related signs were
averted in toddlers with atopic dermatitis, and
with the administration of probiotics, there was
a considerable reduction in the expiration flow
(Van Der Aa et al., 2011). In a mouse model,
intake of probiotics via the oral route weakened
the signs of allergic asthma, stimulated by the
adjustment of immune responses by the
regulatory T (Treg) mechanism, and reduced air
passage hypersensitiveness (Jang et al., 2012).
Several infections related to respiratory parts
specifically viral infections precisely can cause
comorbidities as well as can lead to fatality and
asthma-like conditions also. It has been
contemplated that if probiotics are recognized
can prevent or manage virus infections, then in
the initial years of life, asthma can be prevented
(Holtzman et al., 2009; Yoo et al., 2007).

b. Chronic Pulmonary obstructive disease

(COPD)

The most significant role is played by
smoking as a lifestyle-associated factor in the
development of COPD (Barnes, 2010). The
seriousness of COPD in patients is related to the
degree of inflammation in an air passage which
is crucially associated with the pathogenesis of
COPD in experimental conditions [100]-[102].
Characterizations such as escalated shortness of
breath, increased phlegm, elevated
inflammation, and a decrease in lung activity are
seen in COPD (Bhowmik et al., 2000; Sapey &
Stockley, 2006). The worsening of COPD
symptoms is primarily because of viral
infections in forty to sixty percent of cases (B.
R. Celli & Barnes, 2007; Sapey & Stockley,
2006). In animal models, increased respiratory
and enhanced airway apoptosis is caused by
virus infection post-exposure to cigarette smoke
(B. R. Celli & Barnes, 2007). Commonly it is
acknowledged that, after virus infection,
primary immunity response depends upon the
detection of pathogen-associated molecular
pattern molecules by TLRs such as TLR7 (Kang
et al., 2008; Newman & Riley, 2007). These
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receptors are present in DCs and inflammation
cells and induction of these causes stimulation
of NK cells by forming IL-12, IL-15, etc.
(Kawai & Akira, 2006; Lucas et al., 2007
Newman & Riley, 2007). In managing virus
infections in primary phases, NK cell
stimulation is crucial (Strowig et al., 2008). NK
cells were considered just killer cells because of
their capability to damage virus-affected cells
(Ortaldo et al., 1991). Now consideration is also
being given to the noncytotoxic effects of NK
cells (Strowig et al., 2008). Stimulated NK cells
form greater concentrations of IFN-y (Schroder
et al., 2004). IFN-y stimulated by NK cells is
crucial for the inflammation process that keeps
virus infections in check (Orange et al., 1995;
Scharton & Scott, 1993). NK cells and the
mediators are thought to be crucial in COPD
condition worsening symptoms. The use of
cigarettes leads to hindered cytotoxic actions of
NK cells and the generation of cytokines (Mian
et al., 2008). Those individuals who do smoke
have lesser activity of NK cells than those who
do not smoke (Morimoto et al., 2005). Everyday
routine administration of L. casei probiotics
leads to enhanced NK cells (Naruszewicz et al.,
2002). Thus, it is advised that probiotics can be
beneficial in COPD-suffering individuals,
especially those who have repetitive virus
infections (Morimoto et al., 2005).

c. COVID-19

Lactobacillus and Bifidobacterium are
probiotics that may act at various phases in the
case of COVID-19 unlike antiviral drugs as well
as drugs used to cope with inflammation which
act in a few phases. Probiotics may play a role
in the reclamation of the microbiome of the gut
region, managing cytokine storm, averting other
virus and fungus invasions as well as having
antiviral activities (Suresh Kumar Angurana &
Bansal, 2020). Such activities of probiotics can
help in averting and/or improving the signs
associated with COVID-19 and provides passive
proof to use probiotics in the management of the
novel coronavirus disease. Also, the probiotics
are inexpensive, and effortlessly accessible and
administration is not difficult in comparison to
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drugs utilized in COVID-19 against viruses
(Infusino et al., 2020). When food ferments,
bioactive peptides are formed by probiotics, and
those compounds can restrict angiotensin-
converting enzyme (ACE) by hindering the
active sites. The litter of dead probiotic cells
plays antagonizing role for the ACE enzyme
(Olaimat et al., 2020). Probiotics can impede the
ACE receptor which plays a role in access of
severe acute respiratory syndrome corona virus-
2 (SARS-CoV-2) to host gastrointestinal cells.
For this virus, no standard management regimes
are available yet. The utilization of probiotics in
managing COVID-19 has not been confirmed by
any trials, but managing COVID-19 clinically
can be an appropriate plan. Various trials are
being conducted to access the efficacy of
probiotics in curing COVID-19-suffering
individuals  (Infusino et al.,, 2020). Few
individuals suffering from COVID-19 showed
dysbacteriosis in the intestine represented by
lesser probiotics such as lactobacillus etc.,
which suggests that those individuals may have
feeble immunity thus, administration of
probiotics can be beneficial to stabilize the
imbalanced microflora and also in reducing the
possibility of infection (Xu et al., 2020). Intake
of probiotic foods such as fermented products
can improve symptoms of COVID-19.
According to research, the intake of fermented
milk with probiotics may considerably decrease
the occurrence of upper respiratory tract
infections (Makino et al., 2010; Merenstein et
al., 2010; Shida et al., 2017; Taipale et al.,
2011). Because of the role of probiotics in
several virus infections, it can be considered in
COVID-19 management without concrete
proof. It has been established with an escalation
of age that there is a decline in gastrointestinal
microflora and its variation also reduces. This
reduction is a cause of various ailments in
elderly people such as diseases linked to
inflammation, obesity, etc. Individuals with
imbalanced microbial flora and old aged people
are more prone to be infected with COVID-19.
Thus, in such cases, probiotics can act beneficial
and help strengthen immunity by helping the
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intestinal microflora to modulate the immune
responses (Olaimat et al., 2020).

d. Lung cancer

Around the world, the occurrence of cancer
and death rates have elevated over the previous
10 years, and probiotics act in safeguarding
against several cancers and it spellbound the
science society. Various findings have shown
the utilization of probiotics in preventing and
managing distinct kinds of cancers (M. Kumar
et al., 2010). The attainable multiple health-
related effects of probiotics can be
antimicrobial,  antitumor,  retarding the
development of a tumor and enhancing natural
and acquired immunity, precise restriction of
food-originated microbes by competing as well
as help in alleviating adverse effects of
chemotherapy (P. C. Liuetal., 2017; R. M. Patel
& Denning, 2013; Raman et al., 2013).

7. Direct Effect of Probiotics on Lung Cancer

According to a study, if the flora of the
intestine is in equilibrium then it acts as a
safeguard in managing malignancy (lida et al.,
2013). The use of probiotics in lung cancer is
being considered nowadays. In research
including 30 lung cancer-suffering individuals,
it was examined whether gut microbiome got

enhanced or not upon treating with
chemotherapy along with probiotic
supplementation. The group in  which

chemotherapy and probiotics were given in a
combined way was reported to have enhanced
gut microbiome and declined intestine
indigestion whereas, in the case of another group
with only chemotherapy, the individuals
reported to have constipation and decline in
lactobacillus and Bacteroides and disease-
causing bacterial strains were elevated (Serkova
et al., 2013). Another study was conducted in-
vivo on the lewis lung cancer (LLC) bearing
mice to elaborate utilization of probiotics. Lung
malignant cells were in 3 different groups, and it
was found that groups with cisplatin as well as
cisplatin/antibiotic  combinations such as
vancomycin, ampicillin, and neomycin, found to
have lesser continuity rate than the group with
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cisplatin/probiotics (L. acidophilus). In this case
(cisplatin/probiotics), the continuity rate of life
was lengthier. Furthermore, the activity of
probiotics on cancer-suppressing as well as
oncogenes was also examined and it was found
that the exhibition of oncogenes declined and the
exhibition of cancer-suppressing genes was
diminished (Gui et al., 2015). In another study
on tumor cell lines such as lung carcinoma cell
lines (SK-MES-1), breast adenocarcinoma
(AGS), and colon carcinoma (HT-29), the
actions of strain Lactococcus lactis KC24 were
observed. Rapid multiplication of SK-MES-1,
AGS, and HT-29 was restricted by 86.53 %,
90.12 %, and 68.30 % sequentially (Lee et al.,
2015). A study on probiotic L. lactis NK34
showed that the strain showed anti-cancer
activity as well as anti-inflammation properties
against different carcinoma cell lines such as
SK-MES-1, AGS, etc. As a consequence of
managing with L. lactis, it led to firm inhibition
of cell rapid multiplication; in the case of SK-
MES-1, itwas 96.71 % and for AGS it was 82.07
%. Because of its anti-inflammatory activity, L.
lactis NK34 was found to have decreased
proinflammation cytokines (Han et al., 2015). In
a study conducted to evaluate the effectiveness
of a vaccine with probiotics against cancer solid
sarcoma 37 (S37) and lewis lung carcinoma, it
was found that consolidation of vaccine and
probiotic strains mixture of Enterococcus
faecium and Saccharomyces cerevisiae 14 K led
to a combined enhanced effect of vaccine and
probiotics in treating the S37 in mice and lewis
lung carcinoma. The consolidated effect was
turned up by 2-2.5 in comparison to the vaccine
alone (Tanasienko et al., 2005). In another study,
in which fermented milk with L. casei CRL 431
was givento BALB/c mice and it was found that
there was a restriction of cancer development,
and reduced lung metastasis (Aragon et al.,
2015). According to a study conducted to
evaluate the effect of probiotic-containing
fermented milk products on lung metastasis,
fermented milk products showed, toxicity
toward 4T1 breast tumor cells (Zamberi et al.,
2016).
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8. Mechanism of Action of Prebiotics

The assumed mode of action of prebiotics
can be in distinct ways, such as direct and
indirect approaches. In the case of an indirect
approach, sustenance is provided to gut
microflora by prebiotics which leads to natural
development, thus, leading to health advantages.
In direct mode, there can be precise restriction
of various disease-causing bacteria, prohibition
of malignancy, etc. (Al-Sheraji et al., 2013; S.
Patel & Goyal, 2012).

9. Therapeutic Effects of Prebiotics
a. Effects against pathogens

Probable utilization of prebiotics in different
animal studies has been shown, concerning
gastric infections. Against several diseases
causing bacteria such as Escherichia coli by the

usage of different modes including the
formation of restrictive factors such as
bacteriocin, SCFA and elimination by

competing, etc. (Emanuel Vamanu & Adrian
Vamanu, 2010; Licht et al., 2012). Actions of
prebiotics such as inulin, dahlia, raffinose, and
lactulose on the formation of bacteriocins have
been studied from L. paracasei CMGB16
variant. It was reported that on supplementing
the medium with inulin, raffinose, and lactulose,
there was a considerable elevation in the actions
of bacteriocin (Emanuel Vamanu & Adrian
Vamanu, 2010). Bacteriocin formation by
Pediococcus acidilactici LAB 5 is effected
positively by prebiotic sorbitol (Mandal et al.,
2009). In prohibiting pathogens, SCFA has a key
role in decreasing the pH of the gastrointestinal
tract. Lowered pH leads to a decrease in the
decomposition of peptides (Mohanty et al.,
2018). Colonic crypt cells are induced by SCFA,
which reduces the possibility of intestinal
mutation and helps in elevating the biomass by
escalating protein formation (Cavaglieri et al.,
2003; Coles et al., 2005; Fooks & Gibson,
2006).

b. Activities against Cancer

Prebiotics play the guarding role against
cancer-causing substances in case of colon
cancer. Propionate is SCFA which has
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properties against inflammation in colon cancer
cells. Galactooligosaccharide (GOS)
fermentation forms butyrate which manages
apoptosis and decreases the metastasis in colon
cancer cells. It improves the exhibition of
enzymes that causes detoxification leading to
safeguarding from cancer-causing compounds
(Nurmi et al., 2005; Pool-Zobel, 2005; Pool-

Zobel & Sauer, 2007). Lists of patents in
prebiotics and probiotics are shown in Table 3
(Dixit et al., 2016). Table 4 lists the
Commercially  available  probiotics and
prebiotics and their information regarding the
manufacturer, source, and origin (Douglas &
Sanders, 2008; Mishra et al., 2018).

Table 3. Patents involved with different probiotics/prebiotics

Probiotics/Prebiotics

Patent Involved

Inventors

Bifidobacterium

Jens Kildsgaard, Thomas Dyrmann Leser,
Thomas Gunnarsson, Mette Weise, Ditte

EP2318513A1 )
longum Marie Folkenberg, Thomas Janzen,
Benedicte Flambard
Lactobacillus Young Kwack, Se Jin You, Tae-Hun Park,
US20160151434A1 | Bum Jin Lee, Kye Ho Shin, Jin Oh Chung,
plantarum
Jun Cheol Cho
Streptococcus sanguis | US20140023620A1 | Natalya loudina
Bacillus coagulans US8697055B2 Sean Farmer
Enterococcus faecium | US20070098744A1 | Ruth Knorr, Christoph - Cavadini, Jalil
Benyacoub, Ebenezer Satyaraj
Albertus Alard Van Dijk, Yulia M.
Oligosaccharide US20120294980A1 Efimova, Margot Elisabeth Franc0|s.e
Schooneveld-Bergmans, Natalja
Alekseevna Cyplenkova
Table 4. Commercially available probiotics and prebiotics
Sources/ Strain Brand/ Trade Type Manufacturer Origin
name
Lactobacnlgs casel Actimel Probiotics Danone France
Immunitas
Sh_o rt-chain . Ensure Fiber Prebiotics Abk.)(?tt United
fructooligosaccharides Nutrition States
Lactobacillus reuteri Rela Probiotics | Ingman Foods Finland
Oligofructose, inulin, Cereal bars, meal - South Beach United
. Prebiotics :
or combination replacement Diet States
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bars, and snacks
Bacillus sp. strain S . .
1P5832 Bactisubtil Probiotics Synthelabo Belgium
) ) i . H
Lactobacillus strain JO_VIt_a Probiotics & Germany
Probiotisch Bruggen
} ) ) N . . United
isomaltooligosaccharides VitaFiber Prebiotics BioNeutra States
Lactobacillus casei .
.I N ! Yakult Probiotics Yakult Japan
Shirota
Lactobacillus strain Vifit Probiotics Campina The
P Netherlands

10. Conclusions

Approximately 104 bacterial cells can hold
the human intestine which can impact individual
wellbeing. The  regulation  of  the
microorganisms in the intestines by diets (e.g.,
pro- and prebiotics) can be seen as a wonderful
opportunity to affect people's health favorably.
However, with certain health arguments made
for pre- and probiotics, there are no definitive
proofs and there is no appropriate explanation
for their mechanism of action to describe these
results. To conclude, a mixture of fundamental
and applied science is desperately required to
test intensively the health arguments made for
pro and prebiotics and to learn about the actual
mechanistic approach. Well before final
declarations on the importance of pro- and
prebiotics can be made- several unanswered
issues need to be addressed.
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