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Abstract

As a natural food, probiotics have proven their efficacy in preventing several types of cancer. Probiotics confer anti carcinogenic
effect by excluding pathogenic microorganisms by competing for nutrients and receptors, producing antimicrobial metabolites and
intern activating host immune system. Metabolites produced by probiotics confer protection against cancer, reducing mutagenicity,
diminishing the genotoxicity of dietary carcinogens by mitigating xenobiotic metabolism, regulating apoptosis and suppressing tu-
mor proliferation. In addition, probiotics alter food preference, influencing the physiology and mental health conferring the reduced

risk of carcinogenesis. Therefore, probiotics would be considered safe adjuvant strategy to prevent cancer.
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Introduction

The word cancer is startling and frightening the world. The cancer patients and their kin seem to be stranded because the rate of
survival is very low, if survived, recovery is very challenging. As mentioned in the World Health Organization fact sheet (2014), cancer is
a generic term for a large group of diseases that can affect any part of our body. It is one of the major leading causes of death worldwide
and obviously has gained much attention of scientific community to develop and improve the cancer treatment with the intention to
reduce the side effects of existing treatment and also to make the expensive drugs affordable to common man [1-2]. The primary goal of
the scientific community involved in cancer research is to cure the disease or if not at least continuous efforts need to be make consider-
ably to prolong the life of the patients by improving the quality of life. Intense research on cancer in recent years has increased the public
awareness also. Publication of data from cancer research in the field of genomics, proteomics, and molecular pathology has also enhanced
the knowledge about cancer and different promising treatments currently available [3-4]. Although, many drugs are in use to treat can-
cer, tolerance to their burden is really a challenging task. As it is well said that prevention is better than cure, an alternative to drugs in
preventing cancer is the use of natural foods that confer anti carcinogenic effects. Therefore, in this article probiotics in combination with

prebiotics as natural products to prevent different types of cancer has been discussed.

In recent years, dietary intervention to prevent cancer has received an incredible attention from clinical nutritionists, scientists and
industrialists. In this context, foods with probiotics and prebiotics are in forefront as potential therapeutic agents in preventing cancer.
The World Health Organization /Food and Agriculture Organization (2001) defined probiotics as live microorganisms which when ad-
ministered in adequate amounts confer a health benefit on the host [5]. While Marcel Roberfroid who identified and named the prebiotics

first in 1995 defined prebiotic as a selectively fermented ingredient that allows specific changes, both in the composition and/or activity
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in the gastrointestinal microflora that confers benefits upon host well-being and health [6]. Probiotics provide health benefits to their host
when supplied in appropriate amounts in viable form, enhancing digestion and absorption of nutrients, modulating mucosal and systemic
immune responses, balancing the population of beneficial gut flora, excluding pathogens and producing essential vitamins and amino
acids [7]. The mechanism of probiotic action primarily includes alteration in the composition of gut microbiota, maintaining epithelial
barrier function, competition with harmful gut flora for nutrients and adhesion to the epithelium of the gastrointestinal tract. In addi-
tion, probiotics enhance the host immunity to pathogens by producing antibacterial substances that result in the suppression of specific
pathogens. Hydrogen peroxide, bacteriocins, lactic and acetic acids are primarily responsible for non-specific inhibition of pathogens
[8-10]. In addition to the above mentioned probiotic properties, certain species of intestinal microbiota particularly Lactic acid bacteria
are proven to exhibit anti-carcinogenic action, anti-inflammatory effects and also take part in alleviating symptoms of lactose intolerance
[11,12]. However, they are also characterized by anticholesterol activities. They reduce the cholesterol levels by producing lipase and also
by assimilating fat in the body [11,13-14]. Many of these properties of probiotics directly or indirectly confer anti carcinogenic effects to
hosts (Figure 1). In this context, present article throws light on different mechanism of action of probiotics in conferring anti carcinogenic
effects in host.

Figure 1: Different strategies of probiotics in conferring anticancer property.
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Different strategies by which probiotics confer protection against carcinogenesis

Exclusion of pathogenic microorganisms

Several microbial infections are known to associate with the development of cancer and it has been reported that 17.8% of global
cancer burden is due to infections. However, the exact mechanism is not yet clearly understood. Further, in developing countries the rate
of infection associated cancer is 26.3% while in developed countries, 7.7% [15]. A growing body of literature showed that the bacterial
and viral infections are of major threats compared to parasitic infections. Furthermore, 15.6% of worldwide incidence of cancer was
ascribed to infection with bacterium Helicobacter pylori and viruses such as hepatitis B, hepatitis C, human papilloma viruses, human T
cell lymphotrophic virus I (HTLV1) Epstein Barr virus, and HIV virus [16-17]. Epstein Barr virus has proven to cause Burkitt's lymphoma,
nasopharyngeal carcinoma and many other types of lymphomas [18] while HTLV1 causes adult T-cell leukemia [19]. Whereas human pap-
illoma virus causes bladder carcinoma [20] and parasites like liver fluke causes cancer of liver [21]. Therefore, elimination of pathogens

would help in preventing cancer and thereby reduce the burden of infection associated cancer in humans.

On contrary, in several studies beneficial bacteria have proven to exclude pathogens by their mechanism of action and found useful in
preventing infections. To consider, HIV is indirectly responsible for the development of many types of cancer due to immunodeficiency.
Studies on HIV-1 infection and vaginal microbiota showed that beneficial microbiota helps in reducing the transmission rate of HIV- 1 in
women. In women with normal vaginal microbiota, the frequency of HIV-1 was 14.5% while it is 26.7% in women with severe bacterial
vaginosis [22]. In another study, probiotics such as L. rhamnosus found to eliminate herpes simplex virus type [ by activating macrophages
[23]. In addition, probiotics in the gut also helps to eradicate H. pylori mitigating the frequency of epigastric pain, vomiting, nausea and
diarrhea [24-25]. The possible explanation for these findings may attribute to immunomodulatory properties of probiotics such as in-
creased immune response by elevated levels of sIgA and anti-inflammatory cytokines, production of antiviral compounds that aids in
restricting the pathogenesis. In addition, probiotics are known to exclude pathogens in the gut by inhibiting and displacing their adhesion
by competing for the receptors on epithelial cells, nutrients, producing antimicrobial metabolites and strengthening the intestinal barrier.
Moreover, probiotics also proven to inhibit the expression of genes for virulence and proteins by interfering signal transduction pathway
of pathogens [22,26-27]. Prevention of the pathogens that are known to take part in carcinogenesis directly or indirectly would be one of
the strategies to be considered in the prevention of initiation of cancer development. In this regard, perhaps probiotics serve as an effec-

tive tool in eliminating pathogens and protecting host from pathogen induced carcinogenesis.

Anti-mutagenic property of probiotics

Development of cancer is a multi-stage process that would initiate when mutations accumulate in the tumor suppressor and proto-
oncogenes. The mutations may activate oncogenes or inactivate tumor suppressor genes or sometimes both [28]. Advanced molecular
techniques facilitated the exploration of human genome at deeper level and documented a very high rate of mutations in cancer cells [29].
Cooking of fat and protein rich food such as meat at high temperature results in the release of mutagens such as acrylamide, heterocy-
clic amines, N- nitrosamines, polycyclic aromatic hydrocarbons, and other potent mutagens. In addition to cooking at high temperature,
sometimes processing and preserving methods also contribute to the release of mutagens in the food [30-32]. In addition, certain species
of intestinal microorganisms also sometimes produce genotoxic compounds and there by contribute to the increased risk of carcinogen-
esis. On the contrary, some of the beneficial intestinal bacteria found to mitigate the formation of mutagens and their effects. This can be
explained better as follows; the intestinal microbial composition is directly related to the kind of food intake. Therefore, balanced diet
helps in the establishment of good microbiota which is beneficial to the host while imbalanced food such as high protein and fat content
with low fibres may increase the occurrence of harmful microorganisms in the intestine. For instance, Fecapentaenes, a class of dietary
genotoxin produced in the colon by Bacteroides spp., has been frequently found in the feces of individual with high fat and protein rich
diet [33]. In addition, anaerobic bacteria in the large intestine take part in enzymatic deconjugation and dehydroxylation of primary bile
acids resulting in the formation of secondary bile acids which have been proven to exhibit tumor promoting ability in animal models [34].

In colon, Eubacterium and Clostridium sp. activate the cooked food mutagens namely 2-amino-3-methylimidazo/4, 5-f/qginoline (IQ) and
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2-amino-3,4-dimethylimidazo/4,5-f/quinoline (MelQ) to 7-hydroxy form which is directly mutagenic to Salmonella. In experimental ani-

mal models these heterocyclic amines proven to induce cancer in the liver and other organs. The formation of adducts with guanine would
be one of the possible mechanism of heterocyclic amines in carcinogenesis [33,35]. Apart from this, the hydrogen sulfide produced by
sulfate-reducing bacteria in the large intestine also shown to induce DNA damage in mammalian cells [36-37]. These findings may explain

why food rich in protein and fat are more prone to cancer.

As mentioned above, certain groups of bacteria in the intestine are beneficial in preventing carcinogenesis. Probiotics mainly the spe-
cies of lactobacilli and bifidobacteria have proven to stand first. It has been reported by in vitro and in vivo studies that lactobacilli can
reduce mutagen induced chromosome aberrations by 80% [38]. The possible mechanism that confers antimutagenic or anticarcinogenic
property involves the binding of mutagenic compounds such as heterocyclic amines to the bacteria, reducing their absorption in intestine,
minimizing their retention time and eliminating through feces. In another study, lactic acid bacteria isolated from milk products showed
characteristic antimutagenic effect against the mutagenicity of Trp-P2, a tryptophan pyrolysate for Salmonella typhimurium TA98 [39].
Live probiotics bound or inhibit the mutagens permanently, compared to killed bacteria indicating that the interaction with mutagens may
influence the bacteria at genetic level to express the formation of some of the components, may be cell wall proteins to bind firmly or to
inhibit by transforming the mutagens [40]. This is corroborated in a study, where the cell wall of bacteria isolated from natto a fermented
food effectively bound hetero cyclic amines than the cytoplasmic contents, indicating the significance of cell wall components in reducing
the effect of mutagenicity. Further, in an animal study, combination of B. longum and lactulose has been shown to confer protection against
colon tumorogenesis in rats. Upon feeding of B. longum and lactulose the suppression of azoxymethane induced aberrant crypts foci was
observed with an increased levels of colonic mucosal glutathione S-transferase, a phase II enzyme marker that participate in the detoxifi-

cation of toxic metabolites and carcinogens [41].

Furthermore, the polysaccharide producing B. longum PS+ strain showed antimutagenicity against the mutagenecity of both 3-ami-
no-1,4-dimethyl-5H-pyrido-[4,3-b] indole (Trp-P-1) and 3-amino-1-methyl-5H-pyrido[4,3-b] indole (Trp-p-2) in a related Ames test using
S. typhimurium TA98 in dose dependent manner with increased fermentation period [42]. In addition, the glycoproteins of L. plantarum
from kimchi- a kind of Korean fermented food also exhibited antimutagenic activity [43]. Further, the possibility of Lactobacillus casei DN
114001 to metabolize and adsorb heterocyclic amines was also reported [32]. Two strains of LAB, B. longum and L. acidophilus bound
to two dietary carcinogens benzo[a]pyrene (B[a]P) and 3-amino-1-methyl-5H-pyrido[4,3-b] indole (Trp-p-2) more effectively and it has
been also shown that the extent of binding of the heterocyclic amine carcinogens was pH dependent [44-45]. However, further research
is required to corroborate these results in animal models and also to decipher the lactic acid bacterial mechanism in carcinogen binding
at molecular level such that alternative strategies could be found to bind and eliminate the carcinogens more effectively, in reducing the

risk of carcinogenesis.

Xenobiotic enzymes

The products and intermediates of xenobiotic metabolism also take part in the development of carcinogenesis. The enzymes respon-
sible for the xenobiotic metabolism are generally referred as xenobiotic metabolic enzymes or xenobiotic enzymes. Some of the intestinal
microorganisms produce these enzymes at higher levels which catalyze an array of reactions resulting in the formation of xenobiotic
derived or transformed genotoxic and carcinogenic compounds [46]. To explain further, liver is the main site for metabolic transforma-
tions of xenobiotic and other endogenously produced compounds, where they would conjugate to molecules such as glucuronic acid and
sulfate before excretion from the body. But for a high number of microbial species in the intestine, the final electron acceptors to carry out
metabolic activities are other than oxygen due to less oxygenic environment. Therefore, the oxidized conjugated xenobiotic metabolites
from the liver become final electron acceptors and are reduced by the intestinal microoganisms. In the intestine, particularly putrefactive
bacteria Eubacterium spp., Clostridium clostridiiforme, C. paraputrificum, C. nexile, Butyrivibrio spp., and Bacteroides spp. produce higher
levels of enzymes such as 3-glucuronidase, nitroreductase, nitrate reductase and azoreductase that tend to deconjugate xenobiotic conju-

gates and release metabolites such as aglycones and other procarcinogenic substances in the intestine which further undergo reabsorp-
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tion and recirculation thus extending their retention time in the body. As these metabolites are proven as potent carcinogens to humans
and other animals it is evident that the presence of xenobiotic metabolizing enzymes increases the genotoxicity and carcinogenicity in
the colon [47-50].

On contrary, certain species of probiotics inhibit or mitigate the activity of xenobiotic enzymes. For example, probiotic bacteria such
as Lactobacillus acidophilus hindered the conversion of exogenously administered aromatic nitro azo and amine glucuronide compounds
to free amines [51]. When viable Lactobacillus acidophilus of dose 106/ml of milk was fed continuously for 4 weeks, 2 - to 4 - fold reduc-
tions in the activities of -glucuronidase, nitroreductase and azoreductase was observed. Supplementation of Lactobacillus acidophilus in
omnivorous diet has also significantly decreased the fecal bacterial 8-glucuronidase and nitroreductase activity. However, withdrawal of
probiotic from feed reversed the condition suggesting that continuous feeding of probiotic may mitigate the chances of development of
dietary aromatic and amine compounds induced carcinogenesis in the colon by influencing the metabolic activity of intestinal microflora.
While, ingestion of a fermented dairy product containing L acidophilus, Bifidobacterium bifidum, Streptococcus lactis and S cremoris did
not affect the activities of B-glucuronidase and azoreductase, but decreased the activity of nitroreductase [52]. Whereas Lactobacillus ca-
sei strain Shirota, L. fermentum and L. plantarum decreased B-glucuronidase activity [12,52-55]. From these studies, it can be understood
that although bacterial xenobiotic enzyme activity is strain specific, the duration and dose of probiotic intake are also other considering
factors in reducing the effects of xenobiotics. Therefore, further extensive research is required to work out which strain of probiotics is
effective against which type of xenobiotic enzymes and also the size of the dose needs to be determined, such that the consortium of pro-

biotic strains which are proven effective can be used in preventing xenobiotic metabolism induced carcinogenesis.
Production of protective metabolites

Probiotics produce a wide range of metabolites that confer health benefits to the host. The metabolites of probiotic bacteria such as
arginine, glutamine, Short Chain Fatty Acids (SCFAs), bacteriocins and hydrogen peroxide are protective to the intestine [56]. Acetate,
butyrate and propionate are the most significant primary SCFAs produced by the probiotics in the intestine during fermentation of prebi-
otics. Among the organic acids produced by probiotic lactobacilli and bifidobacteria which were assayed for their antimutagenic activity
against the mutagens according to Ames TA-100 assay using a mutant of Salmonella typhimurium, butyric acid showed highest inhibition
of mutagens compared to acetic acid, while lactic and pyruvic acids failed to inhibit at appreciable levels [40]. Further, milk fermented by
Propionibacterium freudenreichii induced apoptosis features such as DNA laddering, chromatin condensation, cell cycle arrest, accumula-
tion of reactive oxygen species, disruption of mitochondrial transmembrane potential, formation of apoptotic bodies, caspase activation
and release of cytochrome C in HGT-1 human gastric cancer cells indicating that the fermented metabolites are capable of inducing apop-

tosis, a mechanism of programmed cell death thought to be promising strategy in controlling tumorogenesis [57].

Further, the following discussion could help to give possible explanation for the mechanism of protective role of metabolites such as
short chain fatty acids produced by probiotics in preventing or treating cancer. Butyrate nourishes the colonic mucosa and meantime
it has also been proven to promote the apoptosis of transformed colonocytes. In addition, it has also been reported to inhibit histone
deacetylase enzyme which together with histone acetyltransferases determines the acetylation status of histones and thereby affect the
regulation of gene expression [58-59]. By altering the transcription of small number of genes responsible for cell differentiation, arrest
of cell growth and apoptosis in tumour cells, butyrate has proven its efficiency in the prevention and management of cancer. In another
study, butyrate and propionate induced apoptosis and necrosis in Kato III human gastric carcinoma cell line has also been reported. The
butyrate effects were comparatively greater than propionate [60]. This was also corroborated in another study where the combination of
butyrate and propionate effectively induced apoptosis compared to propionate alone in Caco-2 human colon cancer cell line [61]. While in
another study, propionate and acetate from propionibacteria along with other metabolites in the culture supernatants induced apoptosis
by loss of mitochondrial transmembrane potential, caspase-3 processing, nuclear chromatin condensation and generation of reactive

oxygen species [62]. These studies evidence the therapeutic property of SCFAs, mainly acetate, butyrate, and propionate for cancer.
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Further, the acetone extracts of freeze dried yogurt containing palmitic and iso palmitic acids produced during lipolysis of milk showed
significant dose dependent anti N-methyl-N’-Nitro-N-nitroguanidine (MNNG) activity in the Ames test and it has also been proven that
anti mutagenic activity of the yogurt is associated with bacterial growth [63-64]. These studies evidenced and suggested that the inclu-
sion of the short chain fatty acids or the administration of synbiotics with high potential to produce SCFAs can be used for the prevention
of carcinogenesis. Apart from fatty acids, other metabolites of fermented milk and milk products are proven to confer anti carcinogenic
effect. To consider, in an in vivo assay with yogurt isolate L. bulgaricus 191R, Dimethylhydrazine (DMH) induced DNA damage was pre-
vented while Streptococcus thermophilus failed. However, St. thermophilus CH3 and L. bulgaricus 191R was shown to produce antigeno-
toxic metabolites that can deactivate MNNG in vitro. The possible explanation for the underlying mechanism may be attributed to the
fermentation metabolite such as thiol group containing cysteine produced during protein metabolism inactivated MNNG and reduced
MNNG induced DNA damage in rat colon cells as determined by comet assay [65]. Probiotics produce wide range of metabolites that are
beneficial to host and many of which are not yet characterized. Screening and characterization of these metabolites with the help of struc-
tural, functional and comparative genomics may help in exploring the significant properties for the betterment of human health. Once the
expression of genes that code for these metabolites are located in the sequenced genome, production of metabolites can be enhanced,

improving the strains of probiotics through biotechnological approach.

Anti-proliferative activity and regulation of apoptosis

Apoptosis is a process of programmed cell death that occurs in physiological and pathological conditions. It depletes the cancer cells
and constitutes a target for anti-cancer chemotherapy. Both morphological as well as physiological changes can be observed during apop-
tosis. Morphological changes in nucleus mainly involve the chromatin condensation, nuclear fragmentation while cytoplasmic changes
involves rounding up of the cell, pyknosis and retraction of pseudopodes. The physiological changes involve activation of caspases, break-
down of DNA and proteins, and changes in the membrane and recognition by phagocytic cells [59-62]. During oncogenesis, removal
of genetically unstable cells through apoptosis is helpful in the down regulation of proliferative tumor cells to treat cancer. However,
malignant cells resist apoptosis signals and do not undergo apoptosis easily. Furthermore, recent studies deciphered the potentiality of
probiotics in regulation of apoptosis. For example, in a study, L. ruteri quelled TNF induced NF kappaB and has also been shown to reduce
the expression of NF kappa B dependent gene products that intercede cell survival and cell proliferation. The study also reported that L.
ruteri may regulate cell proliferation by facilitating apoptosis of activated immune cells via inhibition of Ikappa Balpha ubiquitination and
enhancing pro apoptotic MAPK signaling [66].

It has also been reported that probiotic isolates, L. rhamnosus and Bifidobacterium lactis induced apoptosis through mitochondrial
pathway in Caco-2 cells [67]. In addition, cell bound exopolysachcharide (cb-EPS) has also been shown to inhibit colon cancer cell line by
directly affecting cell morphology [68]. In another in vitro study, the soluble polysaccharide from L. acidophilus showed anticancer activ-
ity by inducing apoptosis in the HT cell line [69]. Similarly, exopolysaccharides obtained from L. casei 1 also exhibited antiproliferative
activity against HT-29 cells suggesting that the exopolysaccharides of lactobacilli have the potentiality in controlling the development
of tumors [70]. The synbiotic combination of Bifidobacterium lactis and resistant starch promoted the apoptotic deletion of carcinogen
damaged cells in the rat colon [71]. The combination of B. breve, L. lactis and oligoalternan a glucooligosaccharide inhibited the prolifera-
tion of HT-29 cells [72]. Similarly, in another study, feeding of lyophilized B. longum to rats resulted in the significant suppression of colon
tumor incidence, tumor multiplicity and also reduced the tumor volume [73]. However, administration of L. plantarum and L. fermentum
with vincristine significantly decreased the aberrant crypts per focus in 1, 2 Dimethylhydrazine (DMH) treated mice [12]. These findings

suggest the use of synbiotics in combination with other therapeutics for the prevention of cancer effectively.

The expression of Cyclooxygenase 2 (Cox 2) was found more in colon cancer tissues [74] and over expression of prostaglandin endo-
peroxide synthase-2 or Cox 2 found to induce phenotypic changes in intestinal epithelial cells (IEC) which could intensify their tumoro-

genic potentiality and it has also been proven to increase resistance to apoptosis [75]. However, distinct strains of probiotics proven to
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suppress the expression of Cox 2 in IEC [76]. The probiotics that confer inhibitory activity to Cox 2 could be useful in designing future
probiotic regimes for the prevention of carcinogenesis. Another strategy to prevent carcinogenesis is the inhibition of ornithine decar-
boxylase (ODC) and spermidine/spermine N1 acetyltransferase (SSAT). ODC and SSAT are the rate limiting enzymes in polyamine biosyn-
thesis and catabolism respectively. Polyamines cause cell proliferation and are expressed at higher levels in cancer tissues [77]. Dietary
administration of Lactobacillus rhamnosus GG reduced both ODC mRNA and the activity as well as polyamine content and neoplastic
proliferation in HGC-27 human gastric cancer cells [78]. Dietary administration of lyophilized cultures of Bifidobacterium longum signifi-
cantly suppressed the azoxymethane induced colon carcinogenesis in rats which was associated with a decrease in colonic mucosal cell
proliferation, colonic mucosal and tumor ODC, and ras-p21 oncoprotein activities [79-80]. Down regulation or arresting of uncontrolled
proliferation of tumor cells is of prime significance in treating cancer. In this regard probiotics with antiproliferative and apoptosis regula-

tory properties could be a promising strategy along with the combination of other therapies to treat cancer at early stages.

Probiotics for altered food preference and mental health

Several studies on gut microbiota and its host provided evidence that both human and microbiota in the gut are mutually regulated
by each other. This can be related and described as follows: the human behavior, mainly the food habit i.e. the kind of food ingested,
frequency and quantity greatly determines the gut microbial composition and diversity of an individual. On the other hand, it has been
well studied that gut microbiota influence the host physiology to a greater extent, therefore, the kind of microbial diversity in the gut de-
termines the health of an individual [81]. In addition, several studies have also reported that gut microflora influences the mental health
and also to some extent take part in the function of brain. Norris., et al. (2013) hypothesized that “bacteria control host appetite” [82]. As
above mentioned, the fat and protein rich diet is mainly associated with the increased risk of carcinogenesis; to overcome this one has
to adapt to change the food habit, preferring a balanced diet not containing high fat and protein which upon overcooking release dietary
amines and other genotoxins. Further, the infusion of intestinal long chain fatty acids such as linolenic and linoleic acids modulated food

preference as well as total calorie intake via the vagal nerve and midbrain hypothalamic neural pathways [34-35,83].

In addition, the pharmabiotics such as gamma amino butyric acid (GABA), acetylcholine, serotonin, catecholamines etc., produced
by probiotics and other commensal gut microbiota may modulate neural signaling with enteric nervous system when they release into
intestinal lumen [84-85]. Acetylcholine the principal vagal neurotransmitter significantly attenuated the release of cytokines TNF, inter-
lukin-1beta, I1-6 and IL-18 [86]. However, the exact mechanism is yet to be elucidated, additionally several studies also showed that TNF
blocking in anti-cancer therapy [87-88].

Since several beneficial aspects of probiotics on health are evident, probiotics can be also used to improve the physical and mental
health status of cancer survivors. Psychobiotics, a class of probiotics produces a health benefit in patients suffering from psychiatric ill-
ness. These bacteria are capable of producing and transferring neuro active substances such as GABA and serotonin which acts on gut
brain axis [89]. Furthermore, L. rhamnosus (JB-1) induced region-dependent alterations in GABAB1b mRNA in the brain which increases
in cortical regions and accompanying reductions in the expression of hippocampus, amygdala, and locus coeruleus regions, in compari-
son with control-fed mice and also reduced stress induced carticosterone and anxiety, depression related behavior. In an another study,
B. longum, decreased excitability of enteric neurons, conferring anxiolytic effect by activating vagal pathways in mice [90]. Balancing gut
microflora, producing health benefiting pharmacobionts, influencing mental health, altering food preferences probiotics definitely would

aid in keeping away the cancer, perhaps help to restore the health status in cancer survivors in addition to management.

Conclusion

Probiotics and prebiotics selectively modulates the gut microbiota, eliminating pathogens, reducing mutagenecity and genotoxicity of
dietary carcinogens, suppressing xenobiotic enzyme activity, preventing the release and reabsorption of procarcinogenic substances, pro-

ducing metabolites with anticancer properties, regulating apoptosis, and modulating immunity, confer protection against carcinogenesis
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to the host. In addition, a healthy balanced diet can aid in reducing the risk of carcinogenesis. Accordingly, probiotics also proven to alter

the food preference and helps an individual to adopt healthy food, thereby conferring protection against cancer. Therefore, probiotics

perhaps a promising and safe natural product for the prevention and management of cancer.
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