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Improvement of health by probiotics: Theroleson human gut and immune
modulation

Abstract

LA review eoencerningof the beneficial effect of probiotics to human heaish presentedl.
wserijintroduction section discuss details about backguswof probiotic, criteria associated with
probiotic, mechanisms and beneficial effect on hurgat and immune system, and beneficial
effects of probiotics on health. The review maifdgused on clinical studies with probiotics,
and different investigations are discussed in He@n these regard many experimental studies
have found that probiotics have specific effectsdifferent diseases that have been studied are
presented. This review also gives back ground &ferdnt strain of probiotics and introduces

some harmful strains and there possible healthegtleonsequences.
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Introduction

We are exposed daily to tens of thousands of patebacterial pathogens, through dermal
contact, ingestion and inhalation. The system ohia immunity prevents these pathogens, in
small to modest doses, from colonizing and growioga point where they can cause life

threatening infections [1, 2].

Most foods are unsterile and contaminated with ggehic and saprophytic microorganism.
Saprophytic microorganisms utilize substrates indfo The metabolites they produce are
accumulated and causing microbial spoilage [3]. HarRathogens that contaminate food cause
food borne iliness and disorders, gastritis, etiserpeptic ulcer, ulcerative colitis, and others
when they enter the gastrointestinal tract. To ensure foddtgaand to protect public health,
there is a trend for enrichment of food withctobacilli, bifidobacterig propionic acid bacteria
with high antimicrobial activity against pathogethat causig food toxic infections, toxemia
and saprophytic microorganisms [4].

The term probiotic refers to viable, non-pathogemaroorganisms when ingested an

adequate and controlled amowanfer health benefits for the host. They are comignlactic

acid producing and constitute a major part of tbemal intestinal microflora in animals and
humans [5]. These include a wide spectrum of speoifelLactobacillus Bifidobacterium
Streptococcs, Lactococcus some Enterococcusspecies and probiotic yeaSaccharomyces
boulardii [3, 6].

A number of health benefits have been claimed fmbiptic bacteria and are also being
recommended as a preventive approach to maintaifdhance of intestinal microflora. Their
beneficial effects on humans include stabilizatmnintestinal microflora [7], reduction of
lactose intolerance [8], prevention of antibiotichiced diarrhea, and stimulation of the immune
system. In addition, probiotic have been found todpce antimicrobial products during
fermentation which has been proposed for safe amgl $toring of foods [9]. They fightagainst
pathogenic bacteria through blocking effects bydpming bactericidal substances, competing
with pathogens, toxins for adherence to the inmtektepithelium, regulation of the immune

responses enhancing the innate immunity and sttinglgrotective responses [10, 11]. The



probiotic microorganisms have a characteristicrémlee to high acidity, bile and ability to
adhere to intestinal surfaces to survive and cabim gastro-intestinal tract of the host [12].
This review discusses the role of probiotics oattreent of GIT related illness such as diarrheal,
Inflammation andHelicobacter pyloriinfection, oral cavity inflammation, Lactose irgchnce,
NEC, HIV, atopy and asthma, candida infection aB8.IThe review also gives background on
innate and adaptive immune modulation mechanispraifiotics and introduces different strains

of probiotics found with an optimal number for cdetp coverage.

Overview of probiotic bacteria
Criteria associated with probiotic bacteria

Probiotic have constituted a major part of the ratmicroflora of human intestine and create a
healthy equilibrium between beneficial and potdiytinarmful microflora in the gut [13]. For
some positive effects on human health, a probistiain has to reach the large intestine.
Microorganisms ingested with food begin their joayro the lower intestinal tract via the mouth
and are exposed during their transit through tletrgmtestinal tract to successive stress factors

that influence their survival [12, 13].

Probiotic bacteria must overcome physical and chahtarriers in the Gl tract, especially acidic
environment of the stomach, and then the activithyarolytic enzymes and bile salts in the
small intestine. In a typical acid tolerance te#ts, viability of potential probiotic organisms is
determined by exposing them to low pH in a bufi@uson or medium for a certain period of
time, during which the number of surviving probembacteria is determined [13]. For example,
Lactobacilliare adhering to the intestinal mucosa duringtatiy phase than log phase [14] and
auto-aggregation of probiotic strains appearecetodressary for adhesion to intestinal epithelial
cells. According to some literatures, co-aggregaadilities may form a barrier that prevents
colonization by pathogenic microorganisms [14, 1Ahtimicrobial compound produced by

Lactobacilli provided this organism a competitive advantage otteer microorganism [16].
Production and development of probiotic foods

It is common that probiotic are incorporated indesuch as yoghurt, cheese, ice cream, infant

formulas, breakfast cereals, sausages, luncheotsaecolates, puddings, and also sold as
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capsules containing freeze-dried cell powders [Wihile adding probiotic to a food product,
several factors must be considered that may inflee¢he viability of the culture and its benefit

in human intestine [17].

The major challenge in probiotic food preparatisrthe maintenance of viability of the cultures.
Typical methods for preserving sensitive biologicalaterials include freeze drying,
cryopreservation, and spray drying. These techsigmeolve the use of extreme temperatures
that may initiate structural damages to the celmimenes, protein denaturation, and/or DNA
damage, and can lead to a decrease in cell viafllg]. In order to increase the resistance of
probiotic bacteria against the detrimental foodcpssing conditions, several approaches such as
selection of acid- and bile-tolerant strains, mércapsulation, packaging in oxygen protected

materials, double-step fermentations, pre adaptatictress conditions.

Any new drug under investigation must be submiéted approved by FDA as safe and effective
before an investigational or biological product da® administered to humans. Probiotic is
intended for use as a drug, it must undergo thelaewyy process as a drug, which is similar to
that of any new therapeutic agent [17]. In an apteto standardize the global requirements
needed to make health claims regarding probiotientsy the Joint Food and Agriculture
Organization of the United Nations/World Health @mgation Expert Consultation on

Evaluation of Health and Nutritional PropertiesRobbiotics developed guidelines for evaluating
probiotics in food that could lead to the substtiin of health claims. The recommended

evaluation of probiotics for food use is shownigufe 2.
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Figure 2. FAO/WHO Guidelines for the evaluation of probiotfos food use

Neutr aceuticals and functional foods

The term nutraceuticals was originated from nwinitand pharmaceutical. It is the food or |
of a food that provides health benefits, includihg prevention and treatment of a disease
20]. These products may range from dietaupplements, herbal products, functional foods ¢
as yoghurt, cereals, fermented food and enrichedsf@o genetically engineered designer fc
[21]. The word nutraceuticals in the food indugtas no regulatory definition. Hence the tel
nutraceuticls, functional or medical foods, or dietary suppdens are often use
interchangeablyFor instance functional food is a term to emphasoms that may have
beneficial effect on the health [21, 22]. But, wharfunctional food is associated with -

prevention and treatment of disease, it is calledutraceuticals [23 Since nutraceutica



provide nutrition and health benefitsan be considered as food used for the prevention,
treatment, or cure of a disease and therefore @mncdmsidered as drugs. Functionally,
nutraceuticals occupy a central area between foaddaugs. Food is generally recognized as
safe (GRAS). Whereas nutraceuticals, even though they contatiaral substances may not be
GRAS simply because they have not gone throughpprogal process [24]. Probiotic produces
various nutraceuticals such as B vitamins (maialgte, riboflavin, and Cobalamin), low-calorie
sugars (mannitol, sorbitol) and L-alanine [25]. Byoghurts containing..acidophilus and
bifidobacteria and other specialist fermented products such &siltyanestles (providing-
johnsoni), and the culturelle (providingactobacillusGG) are leaders in Dairy industry sector
[26].

Probiotic as bio-preservative

Bio preservation is the use of natural or addedabiota and/or their byproducts for extending
the shelf life and enhanced food safety. Probiasibio-preservation organisms are of particular
interest since they greatly influence the nutriiprsensory, and shelf-life characteristics of
fermented food products [27]. They do so fpducingproductionof organic acids, mainly
lactic acid. In addition to this, their productiai acetic acid, ethanol, aroma compounds,
bacteriocins, exopolysaccharides, and several eezysof importance in health benefits.

Traditionally based on spontaneous fermentatiobawks lopping, industrial food fermentation
is nowadays performed by theirpeseaddition of probiotic bacteria as starter cultuteghe
food medium. This has been a breakthrough in tbegssing of fermented foods, resulting in a
high degree of control over the fermentation precasd standardization of the end products.
Recently, the use of functional starter culturevehagenerations that offers functionalities
beyond acidification are being explored [5, 11].r Fastance, probiotic bacteria capable of
inhibiting various microorganisms (table 1) in aodo environment and display crucial
antimicrobial properties with respect to food prgadon and safety are in use. Moreover,
certain strains of probiotic are further known t@guce bioactive molecules such as ethanol,
formic acid, fatty acids, hydrogen peroxide, digketeuterin, and reutericyclin. One of the
characteristics of these probiotic is the potentbtatombat gastrointestinal pathogenic bacteria

such asHelicobacter pylorj Escherichia coli andSalmonellaby producing bacteriocas [24].



More over bacteriocinthat-produced by probiotghave important application on the human

gastrointestinal health and food preservation.
Probiotic and Human health
Diseases and some disorder s caused by alterationsin the human gut microbiota

Probiotic plays an important role in human healMlost existing probiotics have been isolated
from the human gut microbiota. Not only due topesticipation in the digestion process, but
also for the functiomasit playsed in the development of the gut and the immune syg26].
The mechanisnmew-by which probioticsareactng is not completely understood. Howeyvas
generathe generaffelewing-mechanism of actiorsreincludethefollowing; 1) Adherence into
gut and colonization, 2) Inhibitioof the overall growth of pathogenic bacteria, 3) Rutithn of
antimicrobial compounds, 4) Improvement of intestibarrier activities, 5) Prompt the mucosal
and systemic host immunity, 6) Controlled transfiedietary antigens [27] (figure 1).

The most important function of this intestinal noloiota is to act as a microbial barrier against
pathogens, by so-called competitive exclusion meishas. But also influence the humoral and
cellular mucosal immune responses during the nabphase of life, and thereafter to maintain a
physiologically-normal steady-state condition thgbaut life [28]. Commensal probiotic

bacteria supply the host with essential nutriemd defend the host against opportunistic
pathogens. They are involved in the development tled intestinal architecture and

immunomodulatory processes. On the other handhdisé provides the bacteria with nutrients

and a stable environment. This function of the oflora is also known as the barrier effect [29].

Gastrointestinal (Gl) tract is approximately 25tféeng and is responsible for digesting and
absorbing the nutrients in the foods, while alsiping to eliminate waste products from body.
Beyond these important functions, Gl tract, patddy the intestines, also performs very
important immune functions in the body [30]. A hbaglintestinal tract is critical for optimal
digestive function and immune system supportsltevident that prenatal maternal exposure
influences postnatal microbial colonization [Ajd this plays pivotal roles in gut-
associated lymphoid tissue (GALT) developmgBR], specific aspects of immune system
development [33, 34].



Many studies have associated diseases sucHiaaea [35, 36, 37] and lactose intolerai
[37] to dterations in the g_microbiome (table 1). In many instances, ¢hes an
imbalance in the population densities of guicrobiota (dysbiosis) and this results in
overgrowth of pathogenic microbes. In obesitjie alterec microbial population is
associated with a shift in function of thellg, resulting in increased energy harvesmi

ingested food; unexpended excess energy pesited as adipose tissue |.
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Figure 1. The mechanism of probioticrevention of intestinal tract infecti

There are different strains of probiotic microongams isolated and characterized for hur
health benefi As such, predominantly known strains are disedss table 1Common strain o

these probiotics has several Ith benefits of GIT associated problems and immustem
modulation.



Table 1. The strains of probiotigr-and their role irtreatment of different illness

Strains

Potential role of probiotics

Findings

Lactobacillus Salivarius

Protects against cavities and
gingivitis

The strain called as gingivitis-fighter has beeovah to be useful
in targeting peridontopathic bacteria. [39,40]

Lactobacillus Casel

Inhibits inflammatory responses

Disturbances of the intestinal
microbial flora

Inflammation limited to the
unattached gingiva and Affects all
supporting tissues of the teeth

The strain has potential in anti-inflammatory ratethe human
intestine. Studies suggest it has also been shawvmeduce
inflammation in cells from individuals with Chrobkrdisease. [41,
42]

Eradication oHelicobacter pyloriinfection of the gastric mucosa
in humans. Inhibit the growth &f. pylori.[43, 44]

Inhibit the growth period of pathogens and plagla in the oral
ecological balance. [45, 46]

Lactobacillus Plantarum

Wound healing properties

This versatile type strain of probiotic is valuabiethe treatment
of first, second and third-degree burns. Similad&s suggest it
accelerated healing and decreased inflammationutaneous
(skin) wounds. [47, 48]

Bifidobacterium | nfants

advances the immune system

Studies have foundifidobacterium Infantsstrain of probiotic
works to improve the immune response within theesliye
system. Another study is showing this immune-bogsproperty
actually extends to the entire body.[49]




Bifidobacterium Bifidum

Fights candida overgrowth

Disrupt intestinal function

Depletion of gut microbiota
permits Candida albicans
proliferation and infection

Maintain changes in bacterial
fermentation

A study conducted found thaifidobacterium bifidumreduced
candida in the digestive system. Supplementatioth whis
probiotic would be useful for people on antibiotias they often
cause yeast infections.[50]

Other studies found that, the bacterium competé wiltuses or
pathogenic bacteria for binding sites on epitheatills. [51, 52,
53]

Study suggests probiotics maintain gut microbiorheough
antimicrobial activity. [54]

Disturbances of mucosa-associated bacteria maynperiant in
the pathogenesis of IBS symptoms. [55]

Lactococcus Lactis

Breaks down carbohydrates

Lactococcus lactisvas found to break down the sugars lactose,
galactose and glucose. Different investigationsgesg that, it
works to break down all carbohydrates in the digessystem,
not just sugars. [56,57]

Lactobacillus Paracasel

Clinically proven relief

A study of children with atopic dermatitis treatedith
Lactobacillus paracaseishowed clinical improvement in the
children's dermatitis. Another study found the saefiect in
adults. [58, 59]

Streptococcus
Thermophilus

Fights respiratory infections

A study conducted in children with respiratoryections found
that, supplementation witktreptococcus thermophilugduced
the toxic load in the body.[60]

Lactobacillus Acidophilus

Reduces blood pressure and
cholesterol

This strain uses several mechanisms to minimizedoforessure
and total cholesterol. Studies suggest it could abdnelpful
addition to traditional medications for these ditas. [61]
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Bifidobacterium Breve Reduces gas and bowel irritations This strain of probiotic improved gastric transtie pathway of

stomach intestine the food you ingest through the body. It also destrates
“intestinal persistence,” meaning once it's in tut, it's staying
there.[62]
Lactobacillus Brevis Protects against kidney stones Manipulation of gastrointestinal flora with prokicd including

Lactobacillus brevisvas found to decrease the oxalate content in
urine. Lower oxalate concentrations are likely ¢ad to fewer
kidney stones.[63]

Bifidobacterium Lactis Improves digestive comfort Studies have shown that daily consumption of thisbiotic
improves digestive comfort in healthy people withdigestive
disorders. It has also been used in the treatnfanitable bowel
syndrome (IBS.)[64]

LactobacillusBulgaricus Draws away toxins This disease-fighter is capable of knocking &utcoli toxins,
which can cause serious intestinal distress and death. It has
also been shown to kill c. difficile toxins, whiaan also be
deadly to humans.[65,66]

Bacillusanimalis Immature intestinal barrier Study suggests protect from NEC illness throughelobacteria
diversity in all preterm of infants. [67]

EeclateellIfehhaiioss The strain maintains gut microbiome dysbiosis maxfitical for

GG MEIIEND G TE i pathogenesis. An important relationship exisétween alterel
mucosal bacterial communities and intestinaflammation
during chronic HIV-1 infection. [68, 69]

Lactobacillus casel Respiratory system organ ) o

Shirota P = . One study suggests the strain has potentials pyaiod asthma

pre- and postnatal microbial exposures influencemume
development. [70]
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Bacillus bifidum

Maintain ecological balance of oral Inflammation limited to the unattached gingiva aaifects all

cavity
Maintain gut microbiome through
antimicrobial activity

supporting tissues of the teeth. Inhibit the grovpriod of
pathogens and play a role in the oral ecologickruz. [71, 72]
The strain has potential in depletion of gut micotd permits
Candida albicans proliferation and infection. [73]

Saccharomyces Disrupt intestinal function Several studies suggest the bacterium has a patémtcompete

Cerevisiae with viruses or pathogenic bacteria for bindingsion epithelial
cells. [74, 75, 76]

B. breve Antirotaviral effect in Mice The study conducted usirlgis strainshowed it has a potential in

antirotaviral activity by increasing production WfA and anti-
influenzal effect by increasing 19G.[77]

Yogurt bacteria

Effect in HIV/AIDs infection

Study suggests yogurt bacteria have potential toease CD4
count in blood and also reduce diarrhea incidendelVY infected
patients.[78]

Saccharomyces boulardii

Rotavirus mediated
gastroenteritis in children

One study suggested th&accharomyces boulardiias a useful
effect in antirotaviral therapy.[79]

L. acidophilus Hepatitis A, B vaccination Study showed the potential bf acidophilusstrain as vaccination
against Hepatitis A , B. [80]
L. rhamnosus Treatment of RTI in children Study suggests the strain has significant reduction

infection.[81]
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I mmune system and probiotic bacteria

The practical application of bacterial-epitheliaitaration is the communication between
colonizing bacteria and the germ-free neonatalrgeéstinal tract immediately after birth. The
nature and composition of these colonizing bactera important contributors to the
development of gastrointestinal host defenses apamfection and allergic reacticm-in the

newly born children.

The innate and adaptive mechanisms are the two @eemps of immune systems. The former
includes, Neutrophils, Natural Killer (NK) cells duiserum complement system and involved to
protect the human system from pathogens. Howekieretare many agents that this system is
unable to control the effect of the pathogens antheir toxic byproduct. Hence, the adaptive
system (B and T cells) should be involved and mtevadditional means afefenceefense
while cells of the innate system modulate the b&gm and subsequent direction of adaptive
immune responses as described by many researc82}s Natural killer cells, including
gamma/delta T cells, control the development oérgit airway disease, where the immune
messengers like cytokine particularly the interlegkplay an important roldrobiotic antigenic
fragments (e.g., cell wall compounds) are able rws< the intestinal barrier via intestinal
epithelial cells and mast cells. Then these caltegss and present the pathogens for further
action by the immune system and modulate evenrthate and adaptive response [83]. The

interaction of the immune system and the probistghown in Figure 2 below.
Modulation of innate immunity

Non-specific or the innate immune response corsstthe first line oflefencelefensefor the
host as describe above. It is induced by diffeseimuli and it is quickly activated. The cell base
of non-specific immunity is composed of mononucleghagocytic cells (monocytes,
macrophages), polymorph nuclear leukocytes (maneytrophils) and NK cells Phagocytosis
(figure 2) which initiates a series of intracellular reactions tbamtinue with the production of

reactive oxygen and nitrogen radicals, ThlBnd IL-1 [84].

The ability of specific strains of probiotic to emfte aspects of natural immunity in human

subjects have been researched and reviewed by reaagrcherg85] [userzireported enhanced
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phagocytic capacity of peripheral blood leucocyteshealthy human adults administered
fermented milk supplemented with specific strairfspoobiotic (Lactobacillus johnsoniior
Bifidobacteriumlactis) for three weeks as a starter culture. The imprems in phagocytic
activity have-hadas sustained for several weeks after cessation dfiptioc consumption and

granulocytes showed higher increases in phagocgtidunction compared with monocytes.

Lactobacilli had been found to be capable of translocationsamdving for many days in the
spleen, liver, and lungs.r3. Immune modulation of blood leukocytes in humapdastic acid
bacteria had also been reported. The increasddardarproduction and increagigein numbers

of T lymphocytes, CD cells and antibody-secreting cells, including thasethe intestinal
mucosa, and enhance lymphocyte proliferation, NHKl eetivity, IL-1, TNF and IFN-
production, antibody production, phagocytic activéind the respiratory burst of macrophages
[86, 87]. All these showed that the probiotic aralvfor modulation of the innate immune
system to act against pathogens.

Modulation of the adaptive immune system

The specific (adaptive) immune response can bel@ivinto two main categories: humoral
immunity and cellular immunity. Antibodies producedplasma cells (mature B-lymphocytes)
mediate humoral immunity. Cellular immunity is maitgid by T-lymphocytes, which proliferate
after contact with antigens processed in the inmateune system, produce specific cytokines,
and influence the activity of other immunocompeisgzits [88].

Many probiotic strains haviead the capabilityef-to stimulagig the production of IgAs by B-
cells [86]. Probiotic have been shown to stimulatavirus-specific IgA antibody responses in
children significant in the prevention of re-infects by the said virus [83]. Probiotic can
influence the production of cytokines by intestingmphocytic cells and, modulate the
orientation of the adaptive response [89]. Accaydio Wheeler et al[90] the Thl cytokines
augment cellular immunity and Th2 cytokines augntamnoral immunity. The balance of the
two cell populations is believed to be important lee maintenance of homeostasis in the host
(figure 2). Once this balance becomes disturbediows immunological diseases, such as
allergies and infections can occur through the iemasf hostdefenceefensemechanisms.

Probiotic have the potential to improve host imeggstem disorders via regulation of the Thl
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and Th2 balancdt is time for researchers to focus more researchrobigtic for the treatment
of immunemediated diseases, including allergies and oth®iramune disease

1 Hnten [ .
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Figure 2. Mechanism oProbiotic effecimechanisron innate and adaptive immune respi

Risks associated with the use of probiotics

Mostly considereds safetypes-efprobiotics ard_actococcusandLactobacillus. Streptococc,

Lactobacillusand Enterococcu, speciesare containrg some opportunistic infectioubactera
specieq91]. In generaleensideratiorprobioticsaregrouped into two classes based on their

to human health. The first groups are risk group, amhich is known as (No risk) consists
Lactolaecillus and Bifidobacteria. The second group termed &sk group two, this grou
characterized by the presenof small risk containL. rhamnosusand Bifidobacterium dentiur
[90]. In addition to their harmful effect, probioticengrate resistant factor for antibio]. This

resistance is normally non transmissible. So tigeer® safety concern regarding ttrse of those
bacteria having intrinsic resistafuseral. But it may be possible that resistance may
transmissible as presemnt plasmid mediated resistance [. For exampleEnterococcihave
resistance against glycopeptides antibiotic (van@dmandteicoplanin) and can transmit tt
resistance to other bacteria. Vancomycin _—ast-drug of choice in multi drug resiste
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pathogen. When the is se-getresistance against vancomytiyirerm Enterococcithen itwill
be very difficult to treat them [91]. Studies suggest different strains of probiotidh w
potential adverse effects. Some of theseSaeharomyces bulardi,if8lobacteria -Bacteraemia

and Meningitis [90];Bifidobacteria, Lactobecillus - Abdominal abscess [92];. rhamnosus-

Liver abscess [93] and casei Pneumonia and sepsis [94].
Conclusion

This review has illustrated the potential of prdiw® in improvement of human health through
treatment of gastrointestinbkaltidisorders Probiotics have exhibited treatment potergiaior

GIT related illness such as diarrhea, Inflammatéon Helicobacter pyloriinfection, lactose
intolerance, atopy and asthma, candida infectioV,, NEC, IBS and Oral cavitynfections
Probiotics boost human immune system through mdduolaof innate and adaptive immune
mechanisms. These positive findings suggpethe potential use of dietary alternatives such as
probiotics, to alleviate the occurrence of diffdreiiseases and metabolic disorders via a less
radical approach compared to drugs or hormone plgeraith milder, if not none, known side

effects.
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