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ABSTRACT:

The emergence of resistance and tolerance to the existing drugs has created a decreased efficacy of
these drugs in use. Along with the advancement in other fields of medicine, the problem of resistance
has been tried to be overcome by increasing the drug delivery to the target site by the use of
polymers or through nanotechnology, synthesis of new drugs, either by the use of proteomics or
synthesis from lactic acid bacteria, or marine microorganisms. Recent research has revealed a
potential therapeutic role for the manipulation of the microbiota in the maintenance of human
health and treatment of various mucosal disorders. Probiotic microorganisms can shape the immune
system both at the local and systemic level which will allow future probiotics as treatments for many
diseases. The benefits include either a shortened duration of infections or decreased susceptibility to
pathogens.

Probiotic bacteria have multiple and various influences onthe host. Different organisms can influence
the intestinal luminal environment, epithelial and mucosal barrier function, and the mucosal immune
system. The numerous cell types affected by probiotics involve epithelial cells, dendritic cells,
monocytes/macrophages, B cells, T cells. Probiotics do not always colonize the intestinal tract to
exert their effects. Some probiotics like Bifidobacterium longum become part of the human intestinal
microflora, whereas others like Lactobacillus casei indirectly exert their effects in a transient manner
as they pass through by remodeling or influencing the existing microbial community.

Probiotics seem to have promising role in shortening duration of infections or decreasing
susceptibility to the pathogens. Incorporation of probiotics in nutrition as a means of derivation of
health benefits. The best documented effects include bowel disorders such as lactose intolerance,
antibiotic-associated diarrhea and infectious diarrhea, emerging evidence accumulates concerning
their potential role in various other conditions. In the same time as relevant consumer awareness
grows, such products are becoming increasingly popular and tend to represent one of the largest
functional food markets.

Key words: probiotics, Antibiotic associated diarrhea, microorganisms, Antibiotic resistance, Lactic
acid bacteria.
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INTRODUCTION

The emergence of resistance and tolerance to
the existing drugs has created a decreased
efficacy of these drugs in use. Along with the
advancement in other fields of medicine [1, 2,
3], the problem of resistance has been tried to
be overcome by increasing the drug delivery to
the target site by the use of polymers [4,5] or
through nanotechnology [6,7], synthesis of
new drugs, either by the use of proteomics
[8,9,10], or synthesis from lactic acid bacteria
[11], or marine microorganisms [12]. However,
now a days, the trend is being changed from
synthetic drugs to the natural drugs either
from plants or microbes to control the
diseases. The natural products are constantly
being screened for their possible
pharmacological value particularly for their
anti-inflammatory [13], hypotensive [14],
hepatoprotective [15,16], hypoglycemic
[17,18], amoebicidal [19], as flatulence or
diarrhea most probably by their effect on the
gut microflora [20,21,22], anti-fertility, control
the infections acting as antibiotic [23],
spasmolytic, bronchodilator [24], antioxidant
[25], suppress tumors and protect against
colon/bladder cancer [26] and anti-
Parkinsonism properties. As a natural product,
probiotics have been emerged as new
management tools for the control of different
diseases.

Recent research has revealed a potential
therapeutic role for the manipulation of the
microbiota in the maintenance of human
health and treatment of various mucosal
disorders. Probiotic microorganisms can shape
the immune system both at the local and
systemic level which will allow future
probiotics as treatments for many diseases.
The benefits include either a shortened
duration of infections or decreased
susceptibility to pathogens [27].

The term probiotic was derived from the
Greek, meaning “for life.” The Food and
Agriculture Organization of the United Nations

(FAO) and the World Health Organization
(WHO) have stated that there is adequate
scientific evidence to indicate that there is
potential for probiotic foods to provide health
benefits and that specific strains are safe for
human use. The use of probiotics is not a new
invention but in fact it exists in our traditional
food such as preparation of Dahi, Yoghurt,
Koumis, and Leben, different types of cheese,
beverages and alcoholic products [28]. An
expert panel commissioned by FAO and WHO
defined probiotics as “Live microorganisms
which  when administered in adequate
amounts confer a health benefit on the host.”
[29].

The development of adjuvant or alternative
therapies based on bacterial replacement is
becoming important owing to the rapid
emergence of antibiotic-resistant pathogenic
strains and the adverse consequences of
antibiotic therapies on the protective flora,
which enhances the risk of infection
[30].Probiotics were originally used to improve
the health of both animals and humans
through the modulation of the intestinal
microbiota. At present, several well-
characterized strains of Lactobacilli and
Bifidobacteria are available for human use to
reduce the risk of gastrointestinal (Gl)
infections or treat such infections [31]. Some

of the beneficial effects of probiotic
consumption  include improvement of
intestinal health by the regulation of

microbiota, and stimulation and development
of the immune system, synthesizing and
enhancing the bioavailability of nutrients,
reducing symptoms of lactose intolerance, and
reducing the risk of certain other diseases [32].

MECHANISMS OF PROBIOTIC FUNCTION:

Probiotic bacteria have multiple and various
influences onthe host. Different organisms can
influence the intestinal luminal environment,
epithelial and mucosal barrier function, and
the mucosal immune system. The numerous
cell types affected by probiotics involve
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epithelial cells, dendritic cells,
monocytes/macrophages, B cells, T cells. [33].
Probiotics do not always colonize the intestinal
tract to exert their effects. For example, some
probiotics like Bifidobacterium longum become
part of the human intestinal microflora,
whereas others like Lactobacillus casei
indirectly exert their effects in a transient
manner as they pass through by remodeling or
influencing the existing microbial community
[34].

The following are the major mechanisms of
action of probiotics on the host,

Barrier function:

By decreasing apoptosis of intestinal cells or by
increased mucin production, probiotics are
capable of influencing many of the
components of epithelial barrier function.
Lactobacillus rhamnosus GG was able to
prevent  cytokine-induced apoptosis in
intestinal epithelial cell models by inhibiting
tumor necrosis factor (TNF) [35]. Lactobacillus
species have been shown to increase mucin
expression in vitro in human intestinal
epithelial cells, thus blocking pathogenic E. coli
invasion and adherence [36, 37]. Lactobacillus
rhamnosus GG has shown to prevent
inflammation and programmed cell death of
the lining intestinal epithelial cells [38] and
shown to exert mitogenic effects and
enhancing mucosal regeneration [39].

Production of antimicrobial substances:

Probiotics either by inducing host cells to
produce peptides or by directly releasing
peptides interfere with pathogens, and
prevent epithelial invasion. Defensins (hBD
protein) and cathelicidins are the antimicrobial
peptides expressed constitutively by the
intestinal  epithelial cells and display
antimicrobial activity against a wide variety of
bacteria, fungi and some viruses [40]. Healthy
volunteers who received probiotics had
increased fecal hBD protein and remained
elevated for 9 weeks after completion of 3

weeks of probiotic treatment [41, 42].
Probiotics have been shown to suppress
pathogen growth through the release of a
variety of antimicrobial factors like defensins,
bacteriocins (Bacillus clausii constitute < 1% of
gut microbial communities, stimulate CDA4
proliferation, and produce bacteriocins to limit
the growth of potential pathogens [43],
hydrogen peroxide, nitric oxide, and short
chain fatty acids (SCFA), such as lactic and
acetic acids, which reduce the pH of the lumen
[44]. SCFA can disrupt the outer membranes of
gram-negative pathogens causing inhibition of
pathogen growth [45]. Bacteriocins can either
permeabilize the inner membrane of gram-
negative bacteria, leading to disruption and
formation of pores [46]. Microcins (produced
by gram negative bacteria), on the other hand,
can influence the inner membrane, enzymes
that are involved in DNA or RNA structure and
synthesis, or enzymes which are essential for
protein synthesis [47].

Competition for adherence:

Probiotic bacteria compete with invading
pathogens for binding sites to epithelial cells
and the overlying mucus layer in a strain-
specific manner. Surface layer proteins purified
from L. helveticus  R0052 inhibited
enterohemorrhagic Escherichia coli 0157:H7
adherence and the subsequent rise in
permeability, without modifying the growth of
the pathogen [48]. S. boulardii secretes a heat-
unstable factor which has shown to be
responsible for the decreased bacterial
adherence [49].

Immune modulation:

L. casei have been shown to supplement total
and pathogen-specific secretory IgA levels
upon infection in mice by stimulating B cell
class switching to IgA [50]. Specific antibodies
against L. casei were not produced, indicating
the non-responsiveness of the gut immune
system to this beneficial bacterium. In infant
rabbits pretreated with L. casei, morbidity of
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subsequent EHEC (Entero-Hemorrhagic E. coli)
infection was reduced due to increased
mucosal levels of anti-EHEC and anti-Shiga
toxin IgA antibodies compared with controls
[51]. L. casei down-regulated the transcription
of a number of genes encoding pro-
inflammatory effectors such as cytokines and
chemokines and adherence molecules induced
by invasive S. flexneri. This resulted in an anti-
inflammatory effect that appeared mediated
by the inhibition of the NF-kB pathway,
particularly through stabilization of I-kBa [52].

Interference with quorum sensing signaling:

Bacteria communicate with each other as well
as with their surrounding environment through
chemical signalling molecules called auto-
inducers. This phenomenon is called quorum
sensing [53]. The use of this cell-to-cell
signaling mechanism facilitates the regulation
of important traits of enteric microbes that
allow them to successfully colonize and/or
start infection in their host [54]. Medellin-Pena
et al. [55] demonstrated that Lactobacillus
acidophilus secretes a molecule that inhibits
the quorum sensing signalling or directly
interact with bacterial transcription of E. coli
0157 gene, involved in colonization and thus,
bacterial toxicity is opposed.

APPLICATIONS OF PROBIOTICS IN HUMAN
HEALTH:

Probiotic research suggests a range of
potential health benefits to the host organism.
The potential effects can only be attributed to
tested strains but not to the whole group of
probiotics. Probiotics have shown to provide a
diverse variety of health benefits to human,
animal, and plans. However, viability of the
microorganisms throughout the processing
and storage play an important role in
transferring the claimed health effects.
Therefore, the health benefits must be
documented with the specific strain and
specific dosage [56]. Microbial communities
also enhance nutritive value by producing

several enzymes for the fermentation of
nondigestible dietary residue and
endogenously secreted mucus [57] and help in
recovering lost energy in the form of short-
chain fatty acids. They also have a role in the
synthesis of vitamins [58] and in the
absorption of calcium, magnesium, and iron
[59].

Infection control:

Probiotics are involved in altering gut pH,
antagonizing pathogens through the
production of antimicrobial compounds,
competing for pathogen binding and receptor
sites as well as for available nutrients and
growth factors, stimulating
immunomodulatory cells, and producing
lactase. The most important point of Probiotics
is that they are proven to be safe, cost
effective, and could interfere with the
microbial infection. In 1994, the World Health
Organization deemed Probiotics to be the
next-most important immune defense system
when commonly prescribed antibiotics are
rendered useless by antibiotic resistance [60].

Cholesterol reducing ability:

There have been several mechanisms
proposed for the purported cholesterol
lowering effects of probiotics, including
deconjugation of bile acids by bile-salt
hydrolase enzymes of probiotics [61],
assimilation of cholesterol by probiotics [62],
co-precipitation of cholesterol with
deconjugated bile [63], cholesterol binding to
cell walls of probiotics [64], incorporation of
cholesterol into the cellular membranes of
probiotics during growth [65], conversion of
cholesterol into coprostanol [66] and
production of short-chain fatty acids upon
fermentation by probiotics in the presence of
prebiotics [67]. A study aimed to investigate
whether the combination of plant sterol esters
with soy protein or soy isoflavones would have
extra cholesterol-lowering effects. In
conclusion, the combination of PSE and soy
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protein more dramatically lowers plasma lipids
than the individual ingredients [68].

Lactose intolerance:

In persons lacking lactase, when lactose
reaches the large intestine, it is metabolized by
the colonic microflora to produce methane,
carbon dioxide, and hydrogen and altering the
osmotic balance in the colonic lumen, causing
symptoms such as cramping, diarrhea,
flatulence, and abdominal bloating [69]. A
number of human studies have shown that
high-lactose milk products supplemented with
starter cultures containing Lactobacilli and/or
Bifi dobacteria can be tolerated by lactose-
intolerant individuals, possibly because these
fermented products contain the microbial B-
galactosidase which functions in the small
intestine to support lactose hydrolysis [70].
Additionally, it has been demonstrated that in
mice Streptococcus thermophilus or
Lactobacillus casei subsp defensis are able to
hydrolyze lactate during transit through the
gut [71].

APPLICATIONS OF PROBIOTICS IN VARIOUS
DISEASES:

Crohn’s disease and ulcerative colitis:

Crohn’s disease (CD) and ulcerative colitis (UC)
are the chronic diseases of GIT with more or
less common symptoms. Both are collectively
called inflammatory bowel disease
(IBD).Crohn’s disease is associated with
diarrhea, weight loss and abdominal pain while
Ulcerative colitis has the symptoms of diarrhea
and bleeding Clinical placebo controlled
studies shows that Probiotics cause
improvement in the condition of IBD[72].

Inflammatory bowel disease:

Probiotics are used in the treatment of
inflammatory bowel disease considering that
bacteria are involved in the etiology of the
disease. Different studies show beneficial
effect of probiotic in the treatment of

inflammatory bowel disease in animal models
[73].

Effects on diarrheal diseases:

The World Health Organization (WHO)
estimates 8.1 million deaths occur yearly in
children (<5 vyears of age) with diarrhea
accounting for 14% of those deaths [74].
Diarrhea elicits serious long-term effects with
multiple episodes and persistent diarrhea
affecting growth, nutrition, and cognition [75].
Rotavirus is the most common cause of
diarrhea in children [76]. The beneficial effects
of probiotics on preventing rotavirus-caused
diarrhea have been studied with a standard
infant formula which is supplemented with
Bifidobacterium bifidum (1.9x108 CFU/g) and
Streptococcus thermophilus (1.4x107 CFU/g)
for 14 days. The results demonstrated
significantly lower numbers of children
experiencing diarrhea who received the
supplemented formula compared to un-
supplemented control groups [77]. The
European Society for Pediatric
Gastroenterology, Hepatology and Nutrition
(ESPGHAN) and the European Society for
Pediatric Infectious Diseases recommend that
only probiotic strains with proven clinical
efficacy and in appropriate dosages be used as
an adjunct to rehydration therapy for the
management of children with acute diarrhea
[78].

Antibiotic associated diarrhea:

Antibiotics disturb the gastrointestinal flora
and cause diarrhea as a side effect [79,80]. The
incidence of antibiotic-associated diarrhea
(AAD) ranges between 5% and 30%. The risk is
greatest with amino penicillin therapies
(Ampicillin or Amoxicillin), amino penicillin
combined with clavulanic acid, cephalosporins,
and clindamycin [81]. Probiotics given in
conjunction with antibiotics have been
extensively studied for the prevention of AAD
in both adults and children. The major changes
in the microbiota of the gut with antibiotics are
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decrease in total number and species diversity
of Bacteroides and Bifiobacteria associated
with decreased amylolytic activity with
increase in facultative anaerobes such as
Fusobacteria, Clostridia, and Eubacteria
species [82]. Decreased short chain fatty acid
production and increased proteolytic activity
was also noted in elderly patients treated with
antibiotics [83]. Ingestion of certain probiotic
strains, primarily Lactobacilli either alone or in
combination with other genera, before and
during antibiotic treatment reduces the
frequency, duration and severity of antibiotic
induced diarrhea [84].

Helicobacter pylori Infections:

Helicobacter pylori, a small curved to spiral rod
shaped bacterium, is strongly associated with
duodenal peptic ulceration and it is the main
etiologic agent of chronic gastritis and gastric
cancer and other gastric malignancies. Today
the therapy to eradicate this bacterium is
based on a combination of antibiotics and
proton pump inhibitors. Probiotics seem to
have a direct antimicrobial effect, as shown
through in vitro studies, through competition
with H. pylori, inhibition of adherence and
production of metabolites and antimicrobial
molecules. In a randomized, double blind,
placebo-controlled trial, 60 participants were
treated with triple antibiotic therapy on days 1-
7 and Lactobacillus GG on days 1-14 [85].

Results of clinical trials indicate that probiotics
generally do not eradicate H. pylori, but
decrease the density of colonization, thereby
maintaining lower levels of this pathogen in
the stomach; in association with antibiotic
treatments, some  probiotics increased
eradication rates and/or decreased adverse
effects due to the antibiotics. Many studies
show a moderate higher eradication rate
(~10%) of H. pylori when probiotics are added
to the antibiotics and proton pump inhibitor
[86].Although L. rhamnosus GG appears not to
improve eradication,[87]most probiotic
bacteria and yeasts reduce the adverse effects

of standard H. pylori eradication
regimens.[88,89]. Probiotics supplementation
in triple therapy for H. pylori infection may
have beneficial effects on eradication and
therapy-related side effects, particularly
diarrhea, in children [90]. Lactobacillus
salivarius capable of producing high amounts
of lactic acid, which can inhibit the growth of
H. pylori in vitro [91].

Diabetes Mellitus:

Diabetes management includes a large number
of medications but none of them could be
helpful in complete cure of disorder. Many
researches are being carried out at bimolecular
and pharmacological level. One of the efforts
to cure this disorder is to use symbiotic
(probiotic and prebiotics). Recent researches
show that there is a connection between
bacterial population in gut and metabolic
disease in human (especially diabetes). Recent
studies based on large-scale 16S rRNA gene
sequencing, quantitative real time PCR (qPCR)
and fluorescent in situ hybridization (FISH),
have shown that there is a connection
between the composition of the intestinal
microbiota and metabolic diseases like obesity
and diabetes [92]. Low-fat (2.5%) dahi
containing probiotics Lactobacillus acidophilus
and Lactobacillus casei was tested in rats
against high fructose-induced type-2 diabetes.
Both these bacteria proved beneficial effect in
lowering blood glucose by decreasing insulin
resistance [93]. It is also suggested that the use
of probiotics can decrease the insulin
resistance and can also lower the incident of
hypertensive conditions that are closely
related to diabetes. It has also been found that
Bifidobacterium spp  delivers pharmaco
nutritional support in treating insulin
resistance [94].

Hypertension and Hypercholesteramia:

Most important causes of hypertension are
lipid abnormality, hypercholesterolemia and
obesity [95]. New researches have shown that
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not only the Lactobacilli exhibit
hypocholesterolemic effects, but
Bifidobacteria could also cause a significant
reduction in  serum cholesterol when
cholesterol is elevated. As we know that most
of the cholesterol is synthesized and absorbed
in intestine, therefore intestinal micro flora has
shown to effect cholesterol level in blood.
Studies have shown that probiotics have been
proved beneficial in lowering hypertension by
decreasing blood cholesterol level and
increasing resistance of LDL to oxidation [96].

A randomized, crossover, and placebo
controlled design trial was performed to test
the hypocholesterolemic effect of yoghurt
containing L. acidophilus and B. longum by
administering 300g/day yogut for 21 weeks.
The result of the study showed that HDL
increased significantly [97]. Another placebo-
controlled experiment was performed to study
the effects of a probiotic containing food on
blood cholesterol levels in 20 young Swiss
mice. The results showed that the food sample
of L. casei and Saccharomyces boulardii cause
19% decrease in total serum cholesterol, while
LDL cholesterol levels was decreased by 37%
after the 42 day feeding trial [98]. Most
important biochemical factor which regulate
blood pressure is rennin-angiotensin system
(RAS) [99]. Angiotensin converting enzyme
(ACE) regulates this pathway. There are some
probiotics which upon fermentation produces
proteinases capable of producing ACE
inhibitory peptides. And thus regulate blood
pressure [100].

Upper respiratory tract infection:

Upper respiratory tract infection includes
laryngitis, tracheal inflammation and common
cold and these are associated with symptoms
like fever, headache, and pain and cough [101].
Most of the upper respiratory tract infections
(URTs) are caused by viruses and these resolve
in 3 to 7 days. Fermented food containing
probiotics like Lactic acid bacteria and
bifidobacteria are found to reduce the episode

of URTs. Probiotics are also found to decrease
the risk and incidence of respiratory tract
infection (RTIs) in the children having age of 3-
5 years [102].

Atopic diseases:

Atopic dermatitis is the first symptom of atopic
disease and it is a chronic skin condition
associated with inflammation and pruritis,
eczematous papules, itch and plaques. It is one
of the most prevalent skin diseases [103].
Atopic dermatitis tends to run in family,
children are high risk of developing atopic
disease whose mother is atopic. It is found that
probiotics play a major role in reducing
occurrence of atopic diseases. The risk of
occurrence of eczema during first 2 years of
infant life was reduced significantly in those
whose mother received probiotics as
compared to those whose mother takes
placebo [104].

Liver diseases:

The liver and gut has an important relation in a
sense that the blood is carried form gut to the
portal system. Liver functions are stimulated
by intestinal blood content. Similarly bile
secretion produced by liver affects gut
performance. It is found that any change in the
normal composition of gut micro flora alter
liver function and can lead to initiation and
progression of liver diseases. Many
complications (Hepatic encephalopathy,
cirrhosis, spontaneous bacterial peritonitis) are
associated with overgrowth of harmful
bacteria, changed intestinal permeability and
improper immune function. Probiotics are
useful in the treatment of chronic liver
diseases as they block entry of microorganisms
to blood flow and ultimately to liver by
increasing the strength of intestinal barrier
[105]. Another mechanism involves the
regulation of gut micro flora and regulation of
immune functions [106,72].

Acute Pancreatitis:

6l|Page



Yasaman Pakdaman, Journal of Biomedical and Pharmaceutical Research

Probiotics have been shown to be effective in
preventing complications in experimental
acute pancreatitis by reducing bacterial
translocation [107]. A clinical trial conducted
on patients with acute pancreatitis with L.
plantarum 299 dose of 1x10° along with oat
fiber significantly reduced infected pancreatic
necrosis and the number of surgical
interventions [108]. Subsequently, several
studies reported similarly positive effects of
probiotics with or without prebiotics [109,
110].

Colon cancer:

In laboratory experimentation, some stains of
LAB (Lactobacillus delbrueckii  subsp.
bulgaricus) have shown anti-mutagenic effects
because they have ability to bind with
heterocyclic amines which are carcinogenic
[111]. Animal studies proved beneficial effects
of LAB against colon cancer of rodents. Human
trials also suggest that some types of LAB are
anti-carcinogenic due to ability to decrease the
activity of enzyme called B glucuronidase
(which can generate cancer producing
substances in the digestive system). The
incidence of colon cancer in people consuming
dairy product has been low compared to
others during population studies [112].

Clostridium difficile infections:

Clostridium difficile is a spore-forming,
anaerobic, Gram-positive bacterium that
causes gastrointestinal infection with diarrhea
and colitis. An enzyme weigh 54 kDa serine
protease produced by S. boulardii which
directly degrades C. difficile toxin A and B and
also produces a protease capable of degrading
the colonic receptor site for C. difficile. S.
boulardii may cause an increase in anti-toxin
secretory IgA levels in the intestine [113,114].
Several randomized-controlled trials used
Lactobacillus spp, Saccharomyces boulardii or a
combination with C. difficile toxin acquisition
and/or CDI as a primary or secondary outcome
[115-122]. The trials had a small number of

cases and short follow-up, the longest being 7
weeks by McFarland et al. [115]. Statistically
significant decrease in CDI with use of a
combination probiotic milkshake. No patients
in the probiotic group acquired CDI, whereas 9
out of 53 (17%) in the placebo group
developed CDI (P=0.001) (122).

Conclusion:

Probiotics seem to have promising role in
shortening duration of infections or decreasing
susceptibility to the pathogens. Incorporation
of probiotics in nutrition as a means of
derivation of health benefits. The best
documented effects include bowel disorders
such as lactose intolerance, antibiotic-
associated diarrhea and infectious diarrhea,
emerging evidence accumulates concerning
their potential role in various other conditions.
In the same time as relevant consumer
awareness grows, such products are becoming
increasingly popular and tend to represent one
of the largest functional food markets. Dairy
products, particularly yoghurt, continue to be
the most important vehicles for delivery of
probiotic bacteria to the consumer with the
nondairy sector continuously evolving as well,
as a result of food technology advances and
the growing demand. There are evidences
from well-conducted clinical trials of beneficial
health effects from probiotics in a range of
clinical conditions. from the ongoing research,
more of promising potential health effects of
probiotics are being observed, more
standardized and verifiable clinical studies are
needed to demonstrate the safety, efficacy,
and limitations of a putative probiotic, to
determine effects on the immune system in
healthy and diseased individuals and effects of
long-term consumption, and to resolve
whether it is superior to existing therapies.
Also, the prospect of GM probiotics targeted
for clinical conditions demands a rigorous
safety strategy to prevent spread into the
environment and dissemination of the genetic
modification.
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