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Introduction

The prevalence ofigestive disorderhas risen significantly over the past 15 years.
Digestive disorders amstimated to affect nearly 35% of Americans vathigher prevalence in
women and seniol&verhart et al., 2009 he most common symptoms associated with poor
digestion include heart burn, diarrhea, gas, cramping, bloating, constipation, and bad breath.
With an increase i n t henalpdiedndtheimmortaace of digestiees s o f
health and increse products aimed at improving various elements of digestive health has also
increased. A quick google.com search of “colo
fasts, and internal therapies touting beneficial res@ise of the most populahoweveieast
understoodmethodof improving digestive health is by supplementing with probiotlosorder
to better educate the consumer regarding the potential health benefits to improving the digestive
function, a brief understanding of the inteat ecosystem is needed.

Gut Flora

The intestinal system (gupyovides us with a completely isolated and expansive surface
area where outside material is processed and aibis@rbednto the blood or excreted in feces.
The layer of tissue responsgiior bothabsorbinghutrients and protecting against invaders is the
epithelium. Our guts are a dynamic and complex environment horted * s of di f f er e
bacteria speciewtaling nearly 1 kg of mass (Savage, 19T ¥act, there are more bacterial
cels in the gut then tissue cells in the entire body (Bengmark, 1998).

The notion of good vs. bad bacteria in the gut was pioneered in the turn of'the 20
century byMetchnikoff, a Russian scientist. Today we know that certain bacteria are harmful to
humans by either causing infection and inflammation, or producing carcinogens and toxins; on
the other hand, other strains of bacteria are benefamaimensal microbioja Commonly
recognized and studied beneficial bacteriumeganincludeLactobacillus Bifidobacterium, and
Enterococcushowever, every individual distinct gut microb@mposition This composition
fluctuates based upon nutrit@inenvironmatal, and psychological factors and affects the
homeostasis of the individual (GuarneMalagelada, 2003).

Beneficial bacteria and humans-exist in a symbiotic relationshgimilar to the plovers
that clean out the teeth of crocodilég better understand the potential benefits to probiotic
supplementation, thgpecific metabolic, trophj immunologic,and protective functionsf
commensal microbiota the human guwill be discussed

Metabolic

Transit time of foodstuff in the large intestine (colon) slows down significantly. It is due
to this slow transit and elongated residen@t thacteria are able to exert their positive or
negative effects. One of tipeincipal functions oEommensal microbiotis the degradation of
dietary or endogenously producgabstrates Bacteria thabreakdowrundigestedarbohydrate
and endogenouslyroduced carbohydrates (such as glycoproteins in mucus) producelsdiort
fatty acids(SCFA)and anionsSCFA’ s aci dify the colon, preven:
and influence intestinal motility. THRCFAs produced are rapidipsorbedthereby ircreasing
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water and salibosrbegand are metabolized blye intestinakpitheliaand the live(\Wong et
al., 2006) SCFAs, specifically acetate, is a possible gluceogarbstrateand may reduce
cholesterol by inhibiting the rate limiting enzyme in clstdeol synthesis, HM&o0A
(Roberfroid et al., 2010).

While SCFAs produced are beneficial, the putrefaction of amino acids produces
potentially toxicsucstancesuch as ammonia, amines, phenols and indols. When toxin
production exceeds liver clearar@eculatory andiver pathologies may ensue (Picard et al.,
2005). Beneficial bacterjdowevermaintain colonic pH, enhance epdbduct degradation,
produce sulfurous and ammonia reduction equivalesdsicecarcinotoxic compoundsuppress
putrefactive microbes, and produce definsins against harmful compdf@orsehand et al.,
2009 Roberfroid et al., 2000 Imbalances between beneficial and toxin producing bacterium
commonly result in digestive disorders such as inflammatory bowel syndsartierous gas,
diarrhea bloating, cramping, and heart burn (Hedin et al. 2007).

Commensal microbiotalso have profound influences on nutriehsorption The
absorptiorof ions such as calcium, phosphorus, magnesamth jronaresignificantlyimproved
through carbohydrate fermentation and the resultant production of SCFA (Younes et al., 2001).
Commensal microbiotan the colon are able to synthesize vitamanside range of B vitamins
including thamine, riboflavin, niacin, pantothenic acid, B6, biotin¢cfatid, and B12 as well as
vitamin K, and antioxidants (Conly et al., 1994; Hill, 1997; Pompei et al., 200fgct,
lactobacillus reuteri supplementation was recently showestore the effectatamin B12
deficiency (Molina et al., 2009)Thus, talen collectively, an ideal balance between beneficial
and toxin producing bacteria in the colon is necessary to maintain digestive health, optimize
nutrientabsorptionand reduce digestive disordéFsgure 1)

Trophic

SCFAs produced bgommensamicrobiotastimulate epithelial proliferation and
differentiation. Crypt cell production rates and cell density in crypts are reduced in the colons of
bacteria free rats compared to rats colonized with microflora (Alam et al., 1994). The
differentiation d epithelial cells is significantly modulated via interactions with resident
microbes (Hooper et al., 2001)actobacillus, Bifidobacterium and S. thermophihave all
been shown to reduce colonic DNA damage after exposure to genotoxins. Supplemeittation
Bifidobacterium longus was demonstrated a 100% colonic tumor inhibition, signifechrdtion
in the toxininduced colonic aberrant crypt fpainda significant decrease in colon tumo
incidencemultiplicity and volumgSingh et al., 1997). Therefore, optimal levels of beneficial
bacteria in the colon may play a role in the prevention of some pathological states such as
chronic ulcerative colitis and colonic carcinogené&sarner & Malagelada, 2003).

Immunologic

The intestinal mucosa represents the most physiologically signifitanactionbetween
the external and internal environment; thus, it is not surprising that the greatest mass of lymph
tissue (guassociated lymphatic tissagSALT) and immunocompetent kg exist in the human
body. Microbes, both pathogenic and beneficial, exert profound effects systhenic and
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local immune system. In particul@gmmensal microbiotaave been implicated in oral

tolerance to pathogens. For example, mice bred in-ffe@nenvironments display a two day
peripheral tolerance (immunity) to antigen ingestion compared to a two month tolerance to the
same antigen in gnotobiotic mice. Interestingly, the abnormality was corrected with
reconstitution of conventional coloniderobiotain young mice fMoreau & Gaboriau, 1996;
Tanaka & Ishikawa, 2004).

Protectivei The Barrier Effect

In order to influence the internal environment (your health), ingested pathogens must
interact with or cross the intestinal mucosa. The intalstirucosa represents a barrier between
the blood and the digestive system, and therefore plays a critical role in imnQamtgnensal
microbiotaplay a critical role in the resistance to colonization and invasigathogenic
microbes. Thus, an optimal@itibrium of resident colonic micrabtais essential to stability
within the same individual under dynamic conditions (Guarner & Malagelada, 2003).

Mice bred in gernfree environments show a significantly greater susceptibility to
infection compared tgnotobiotic mice (Taguchi et al., 2002). Liévin et al. (2000) suggested
three mechanisms where by resideminmensal microbiotanay protect the individual from
pathogens: antibacterial secretioinibition of pathogen adhesion, and immune stimulation.
IndeedL i évin et al.’' s suggestions haevealdir@dnrsn f oun
of Bifidobacteriumhave been found to produce antimicrobial bacteriocins that inhibit pathogenic
bacteria growth anB. longumhas been shown inhibit the growghtoxic E. coli (Fujiwara et
al., 1997; Liévin et al, 2000). In addition, resident microbes lower gut pH which decreases
pathogenic microbe growtBernet et al. (1994) showed ttgifidobacteriumboth competes
with pathogenic bacteria for binding sitsd prevent epithelial crossing by pathogens. Hooper
et al. (1999) found thatactobacillusnot only competes with pathogenic bacteria for nutrients,
but also communicates energy needs with the host in order to reduce energy available to
pathogenic microlse Finally,Bifidobacteriumwas shown to increasmmunological and
defensive functiongia enhancegathogenicspecific IgAantibodyproduction (Yasui et al.,

1995).

Lifestyles andPathologiesAssociated with
Colonic Microbiota Imbalance

The i mpact of resident and pathogenic col o
digestion but exert profound effects on the overall health of the indivilmalrconmental factors
such as stress or polution can influence the colonic microbial cdgnyptoms such as gas,
bloating, constipation and heart burn are often due to an imbalance in resident colonimtaicrob
and can cause systemic disorders and disease. To illustrate the potential health and performance
promoting effects of probiotic supplematon, theenvironmental changekat lead to and the
systemiadisturbances associated wisidenttommensal microbiotdeficiency must first be
discussed.
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Environmental Influences

Growth of microbes in the digestive tract begins immediately aiftiér dnd colonization
occurs within a few days. The type of birth (canal vs. caesarian), the diet of the new born (breast
milk vs. formula), and even the hospital ward the infant was born in have an impact on the
colonic microbial makeup. Studies shdwetin breast milk fed newborrike ratio of beneficial
(anaerobic) tgpotentially harmful (aerobic) bacteria is between-1000:1(Simon & Gorbach,
1984); however, environmental changes later in life can significantly impact the composition of
colonic migobiotaa, and t hus have profound effects on th

1. Nutrition

Commensal microbiotare fueled primarily through indigestible carbohydrate sources
however, not all fiber is fermented by residential microbes. Most insoluble fibers, such as the
cellulose found in leafy vegetables and whole grains, are not fermented. Oligosaccharides, such
as inulin, polyfructose molecules, and petiextrose moledas are fermented byommensal
microbiotaand can be found in a variety of plants; howewareasedtonsumption is often not
enough to sufficiethy stimulate healthy bacteria, offset prior damage, and positively influence
the individual(Ling et al., 199).

2. Stress

Psychological stress is an everyday part of the industrialized western world and has been
shown to impair cellular immunity (Paik et al., 2000). Psychological stress, especially early in
life, has been shown to alter colonic microbial biol¢gp’ Ma h o n e y aadicontibutes 200 9
toward gut dysfunction (Molina et al., 201Due to residentommensal microbiotauppression
during conditions of psychological stress, bacterial adhesion, translocation, and invasion is
enhanced (Zareie et @2006) and may contribute significantly toward increased infections and
chronic diseasdn addition, adhesion of pathogenic microbes results in the release of
inflammatorysubstancesto the blood, which have been implicated in several conditions
(discused later).

3. Alcohol

While the majority consumed alcoholabsorbedn the small intestine, several
consequences occur downstream inthecdlan. i s wi del y suggested that
commensal microbiotdhowever, more research is needed beforeiieftonclusions can be
drawn. Alcohol consumption does, however, disrupt several metabolic processes that are
intimately connected withesident colonic micrabta.

First, alcohol consumptiodamages the digestiveucosaKvietys et al., 1990)Second
and perhaps most important, alcohol consumpt@npromises gdbarrier function and
increases the translocation of microbe derived lipopolysaccharide (LPSis ri@B8sported via
the portal veirwhere it is detoxified by the liver, resulting in hepatitammation. LPS islso
aB. subtiliorbedby the lymphatic systermnd emptiedlirectly into circulation, causing a release
of inflammatory cytokines, and resulting in amplified inflammation and damage in the brain,
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liver, lung and heart (Wang et @&010).Finally, alcohol consumption significantly reduces
thiamin (vitamin B1) and biotiabsorption(Subramanya et al., 2010).

4. Antibiotics

Systemic infections occur when bacteria cross the intestinal epithelia and enter the blood,
often the result of aeak or damaged intestinal mucosa, or colonization of pathogenic bacteria in
the gut. Antibiotics are one of the most prescribed and frequently-prescribed medicines in
the industrialized worlénd arendicated to treat bacterial infectiobg eitherkilling, injury, or
inhibiting bacterial multiplication. While antibioticsan beeffective in treating bacterial
infections,the use of antibiotics also destroys residemmmensal microbioteolonies, and may
trigger intestinal inflammation and drivetexintestinal immunemediated disease€1oswell et
al., 2009;Reikvamet al., 2011 Willing et al., 201). Because antibiotics are m over
prescribed, pathogenic bacteria often become antibiotic resistance furthering the imbalance
between residentdmeficial and pathogenic microbes, and increasing the risk of infection
(Croswell et al., 2009).

5. Pollutants

Air quality is most commonallgssociated with changes in respiratory anatomy,
specifically higher incidences of lung infection and cancer in poor atmospheric conditions (Pope
Il et al., 2002). Recently, the affects of air pollution on the colonic micrblaiad been
investigated. Kamar (2002) reported that the technogenic burden on air quality in an industrial
city was associated with a-6%% incidence of atypical variance in microflok@shchuk et al.

(2011) reported individuals living in cities with high levels of air pollustswed

bifidobacterium and lactobacillus deficiency in conjunction with elevated pathogenic bacterias.
Finally, Savilov andShcherbakové2003) found that technogenic ambientgotiution
significantlyimpacted the incidence and severity of S. sonnesdrugsy.

Systemic Disturbances

Lifestyle and environment can profoundly affect the balance and mass of beneficial
resident colon microbes. Disturbances in colonic miotalcomposition can have local and
systemic effects on the individual. The following sections will highlight the role colonic
microbes play in various disorders to allude to the potential treatment effects of probiotic
supplementation.

1. Diarrhea and Inflammairy Bowel Disease

Il nfl ammatory bowel di seases (I BD) such as
with the following: symptoms abdominal pain, vomiting, diarrhea, rectal bleeding, and severe
cramps. IBD increases the risk of colorectal cancémaay become fatal if progression to toxic
megacolon or intestinal perforation. Patients with IBD have highmunts of pathogenic
bacteriabothattached to and within intestinal epithelial cells (Swidsinski et al., 2002).

According to Pirzer et al. (24), IBD is associated with over actiVecells responding to
certain colonic microbes by releasing inflammatory cytokinegslamiaunchingthe
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inflammatorycascade via IgG. Because local tolerance mechanisms are abrogatenthgG
damages the intesll muscosa, increasirmpcterialadhesion, stimulatingnotheimmune
response, anfilirthering tie continuation of the inflammation cyckanally, IBD is associated
with significant, thougtpotentiallyreversible, imbalances and deficienciesommensk
microbiota(Ott et al., 2004; Stephani et al., 2011).

2. Systemicniflammation

Systemic inflammation is a common marker in severalcmnmunicable diseases
including diabetes and atherosclerosis. Imbalances in resident colonicioteestal increased
pahogenic bacteria adhesiogsult in increased bowel inflammation, and when combinedawith
weakened epithelial barrigihe translocation of inflammatory cytokines into the blowy
result in systemic inflammatio@ani et al. (2008) found that concemitvas of inflammatory
cytokines TNF-a, IL-1, IL-6, plasminogen activator inhibifoin the blood are chronically
elevated as a result of increased translocated microbe derived LPS transkicetiating to
TlaskalovaHogenovéet al. (2004), disturbances@ommensal microbiotmay play a role in
autoimmune and chronic metabolic diseab®deed, chronic heart failure is associated with a
weakened epithelial barrier, disturbed intestinal microcirculatimneased pathogeni@bteria
adhesionand increase in circulating gut derived inflammatory cytokines (Sandecz4G8,,
2009).Therefore, maintaining an optimal ratio of functional resid@mmensal microbiotaay
be essential for co+wtprsd preamotmighealth.f | ammatory *“ f |

3. Weight gain

Nearly 2 out of 3 adults in the United States are overweight or obese. While over
consumption and undectivity are certainly causing factasg weight gain Scarpellini et al.
(2010) suggests that alterations in the calomicrobial environment and an increase in putative
microbes may play also play a role in energy balance cobli®aise et al. (2008) reported
deifferences in the ratio of firmicutes to bacteroidetes in lean versus obese populations: obese
subjects hadgignificantly more firmicutes and less bacteriodetes compared to lean subjects.
These metabolic changes, however, may be completely reversible with a reduction in caloric
consumption and selective increases in specific gut microbes (Cani et al. 2007).

Resdentcommensal microbiothave been shown tactivatefasting induced adipose
factor (FIAF), which in turn inhibitediposdipoprotein lipas€LPL;). Abnormal bacteria,
however, have been shown to reduce FIAS.a consequence, fatty acids are relefsed
VLDL and chylomicrons int@dipose capillarieandsubsequentlyaken up and stored as
triglycerides in adipose tiss|{Eigure 2) Abnormal bacteria aldwmave been shown to break
down normally nordigestible polysaccharides (insoluable fiber) immms acchari de’ s, W
absorbedn the colon and transported to the liver via the portal vein. As a result, lipogenesis is
activated via the hepatic carbohydrate responsive element binding protein (ChREBP),-and non
alcoholic fatty liver syndrome and slipidemia may ensué€ani& Delzenne 2009) In
addition, abnormal bacteria in the colon may reduce AMPK enzyme expression in liver and
skeletal muscles, thus reducing fatty acid oxidafecapellini et al., 2010)While further
research is currently derway to investigate the causal relationship between abnormal gut
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bacteria and obesity, maintaining a balanced colonic microbial ecosystebeessential to
body weight management.

4. Carcinogen Activation and Colon Cancer

While genetic makeup contributes significantly toward the development of colorectal
cancer, environmental factors such as nutritionaamrdinogen consumption have also been
identified. A relationship exists between the increased risk of colorectal artdre
consumption of red meats and high fats compared with that of high plant and fish sources
(Bingham, 1999). Recently, however, the relationship between red meat consumption and
colorectal cancer has been suggested to be mediated by alteratidosim rmicrobial
composition and metabolism. The cooking of meat prodaeggocyclic aromatic aminga
known initiator and promoter of colon cancer. In addition, healthy subjects who consume high
guantities of red meat and void of vegetables excretecaease in fecal genotoxstibstances
Interestingly, differences in the response and metabolism to genstipstancebave been
found in varying species of colonic microbes: bacteroides and clostridium genera were shown to
increase damage epithelial DN#hereadactobacillus and bifidobacteria were shown to prevent
tumor growth (Horie et al., 1999). While the exact mechanisms whereby variances in colonic
bacteriamay influence colorectal cancer is still under investiganosntenance of the
compositionand activity ofcommensal microbiotenay be a major environmental factor in
modifying the risk of proliferative colonic diseases (Pagnini et al., 2008).

5. Depression

Human subjects with depression have been shown to have abnormal respiratory hydrogen
excretion following the consumption of fructose and other sugars. The elimination of fructose
from the diet resulted in an improvement in depression symptoms (Ledochowski et al., 2000).
Mal-absorptiorof fructose isaccompanied by a reduction in plasma toghan (which is used in
the synthesis of serotonin), in addition, fructosa-absorptiorprovidessubstratdor rapid
fermentation and thudisturbscolonic microbiota composition (Ledochowski et al., 2001).
Therefore, Collins anBercik (2009) have suggsted that relationship between carbohydrate
mal-absorptiorand depression symptoms may be a result of bacterial interference with
tryptophan metabolism. O Mahoney et al. (20009
microbiota may be a possible contributd psychiatric distresg-igure 3)

Interactions between the gut and brain (GBA) are made via the immune $ygiane
4). A top-down approach examining the effect of variations in stress and anxiety on the gut has
shown that the brain can have sigraht effects on the digestive system (Aziz & Thompson,
1998). More recently, however, a bottap approach has been used to study the effects of the
gut (specifically that of the colonic microbiota) on the br&eceptors in the Gl tract are
sensitive tanflammabry cytokinesjmpinge on vagal nerve afferents, and cause anxiety
behavior in rats (Wang et al., 200R)yeliminary research has shown no differences exist in
stress hormone concentration between gieem mice and gnotobiotic mice at rest; hoee
when exposed to a restraint stress, giga mice exhibit an exaggerated increase in
corticosterone and adrenocorticotrophic hormone levels (Sudo et al, R@@idjts in learning
have also been found in germ free mice under both stressed andrsasmditions (Neufeld
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et al., 2008). The deficit in learning may have been mediatedréguction in ain-derived

neurotrophic factor, a major regulator of mood and cognitive function, whiclolgasvedn

the cortex and hippocampus in the germ freee. Interestingly, colonization of the gut with

resident microbiota and the resultant restoration of the immune system normalized the stress
response in adolescent mi@&udo et al., 20045ince gut inflammation via an imbalance in
colonic microbiota may be a major contributo
2009; O Malley et al ., 2011 )xaommenpatnicnobidanay g t he
maintaincognitive functiorandmood during times of increased stress.

r

The Priobiotic Concept

By now it should now be clear that a direct link exists between disorders of the gut and
the entire bodyMetabolic disorders previously thought to be a product of genetics, nutriitbn a
activity such as dyslipidemia, weight gain, and colon cancer are now known to be highly
influenced by the composition and function of cotomicrobes. It is also now understood that
colonic inflammation and malfunction effects more than the digesgsters; colonic
inflammation can trigger systemic inflammation which can negatively affect rhumatic diseases,
heart conditions, diabetes, and athersclerotic disease. In addition, significant relationships exist
between colonic disturbances and the CNS;r@olmflammation and malfunction can affect
learning memory and cognition, and has been linked to emotional distress such as depression,
anxiety, fear, and chronic fatigue (Mayer, 2011).

According to World Health OrganizatioAiaya et al.2001), probdo t i ¢ 8ve micree “
organisms which confer a health benefit on the hostwhema ni st er ed i n adequat
To improve upon the information in this paper, the definition by Aray et al. (2001) will be
expanded to include t Hheromaticvomanismstmustlie:abletoVhen c o
survive passage through the digestive tract a
(Araya et al., 2002). Therefore, for a probiotic supplement to be effective, it must either be
resistant to gastic jugs and bile, or in a vehicle capable of delivering the rocganism to the
colon. These are most commonly anaerobic gpasitive bacteria belonging to the
LactobacillusandBifidobacteriumgenera; however, other ngathogenic strains of lactic acid
bacterium such aStreptococcuandEnterococcusave also been investigated.

Probioticsaresafe for human consumption, pose no health risksthetzeneficial,
treatment, and preventative effebts/e been studiad both humans and anima@drriello et al.,
2003) Probiotics are able to improve both the development and the stability of the commensal
microbiota and exert positive changes by inhibiting pathogen colonization and adhesion,
strengthening the mucosa barrier by positivefjugncing inteinal epithelia, improving colonic
transit, metabolizing carcinogens, and reducing colonic inflammatiesearchersAn et al.,
2011;Araya et al., 2001; Picard et al., 200%askalova et al., 2004)ave suggested that
probiotic supplementation may benfedicial in both health and disease by

a. Improvement and/or stabilization of gut microbiota composition
b. Improvement of intestinal functions (stool bulking, stool regularity, stool consistency)
C. Increase in minerabsorptiorand improvement of bone health (bone Ca content,

bone mineral density)
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Modulation of gastrantestinal peptides production, energy metabolism and satiety
Initiation (after birth) and regulation/modulation of immune functions
Improvement of intestinal baer functions, reduction of metabolic endotoxemia
Reduction of risk of intestinal infections and tentatively

Reduction of risk of obesity, type 2 diabetes, metabolic syndrome, etc.
Reduction of risk and/or improvement in the management of inteatidaggtemic
inflammation

Prevention and therapy for ischemic heart disease

Serum cholesterol reduction

Reduction in vaginal bacterial infections

Redwcedof risk of colon cancer

Reduction in respiratory infections

Regulation of adipose tissue deposition

Improvenent in stress response, anxiety, and emotional stability

Se oo

SO 3T R

Research Investigating the
Health and Performance Benefits
of the Probiotic Strains in Gut Health

The purpose of this paper is tMald: first, to educate the reader regarding the intimate
relationship and important functions of colonic bacteria with the individual; and second, to
educate the consumer regarding use and effectiveness of probioticgemiieving the research
regarding specific strains of probiotic bacteria, investigatingnipedients of popular probiotic
products on the market, and several personal and client based trials with various probiotic
products, | now feel comfortable magiproduct suggestions to consumers.

The following sections will therefore review research investigating the bacteria species
found in Gut Health, my personacommendatioto consumers wishing to benefit from
probiotic supplementation.

Bacillussubitilis

Prior to the introduction (and owrescription) of antibiotics into western mediciBe,
subtiliswas used to treat Gl and urinary tract disea3esbe an effective probiotic, the strain
must first be able to survive the Gl tract and thewgn the colon:B. subtilisfulfills this role
(Leser et al., 2008B. subtilisexerts beneficial effectsy positively influencing infection
resistance, immunity, inflammation, and digestive health.

In animal modelsB. subtilisloweredmorbidity andmortality due to Ecoli infection,
reduced susceptibility to Codentiumand salmonellanfection, and improved mucosal barrier
function Alexopouloset al ., 2004; D’ Ari enz;Knapeéetala20l, 2006
B. subtilispositively modulated inflammation via reduced colonic inflammatory cytokines {TNF
alpha, 1ll-1beta, Il-:6 and IFNgamma) and increase airiflammatory cytokine secretion (L0
and TGFbeta) (Selvam et al., 200B. subtilishas also been shown to proteaicosal epithelia
against inflammatory and oxidative damdnyeactivating cyteprotective heat shock proteins
(Fujiya et al., 2007; Williams, 2007). A novel, yet very appealing finding to probiotic
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supplementatiomay be thaB. subtiliscan improvebodycomposition. In growing pigs,

addition ofB. subtilisto a nutrient dense enhanced lean body mass gain, reduced fat mass gain,
and improved nutrient assimilation in a dose dependent mahlesiopouloset al., 2004; Meng

et al., 2004).

Bacillus magulans

B. coagulansis a spore producing bacterium. When exposed to low pH, such as in the
stomach, these spores are activadddprbwater,and thergerminatgSander et al., 2003.
coagulangroliferates and colonized in the colon and therefore is cajdlaxerting effects on
the individualB. coagulanhas been used to treat | BD and Cro
immunity, improve autoimmune diseases, and reduce inflammation.

The beneficial effects d. coagulansare most likely exerted vieductions in
pathogenic bacteria colonization and adhedtortoagulan$as been shown to exhibit anti
microbial activity in the face of pathogenic bacteria, preventing disturbances in the colonic
microbiota ecosystem (Honda et al., 2011). By competing pathogenic bacteri8,. coagulans
is able to maintain colonic homeostasis. In human stuBiefnagulanshas been demonstrated
to reduce bloating and abdominal discomfort in patients with IBD (Hun, 2009). In humans
without IBD, B. coagulan$as beeshown reduce pogtrandial gas and bloating, and improve
the quality of life and reduce Gl symptoms (Kalman et al., 2B3)oagulanslso exerts
positive metabolic effects. In human trigs,coagulansvas shown to significantly lower total
cholesterobnd LDL cholesterol while slightly increasing HDL cholesterol (Mohan et al., 1990).

B. coagulansias been used to treat rheumatoid arthritis. In a controlled clinicaBtrial,
coagulanamproved walking ability, sit and reach, and daily activity ggptition without any
adverse effects (Mandel et al., 201B) coagulanseduces inflammation by introducing cell
membrane components and metabolites that modulate cytokine production. In paBicular,
coagulangeduces inflammatory cytokines TN#fpha ad IL-2, and increases production of
antrinflammatory cytokines 110 (Jensen et al., 201@. coagulansupplementation also
reduces @eactive protein concentrations, a significant marker in the risk of cardiovascular
disease (Park et al., 2010). In #@ubch, B. coagulangositively impacts the immunity of the
individual. B. coagulanshas been shown to enhancedll response influenza and adenovirus,
and has also been shown to enhance the immune response to respiratory viral tract infections
(Baron, 2@9; Kimmel et al., 2010).

Lactobacillusplantarum

L. planatarumis a lactic acid producing bacteria commonly found in many fermented
foods such as pickles, certain cheeses, and brined.fiplanatarumis a residensalivary and
colonic microbeMore so,L. planatarumis ableto survive passage through the Gl of both
mouse and humaandreadilycolonize inthe colon (Bron et al., 2004). Supplemertal
planatarumhas beemotreatt BD and Crohn’ s di sease, enhance i
and hasecently shown promising metabolic effects.
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Elderly individuals may especially benefit frdmplanatarumsupplementation. Mafié et
al. (2011) supplemented institutionalized elderly subjects in a nursing home with a high dose of
L. planatarum a low dosef L. planatarum or a placebo for 12 weeks. At the conclasid the
supplementation perical dose dependent reduction in incidence of infection was fauig 3,
a potential colon cancer promoting cytokiatsodecreased in both the supplemented groups
and these changes were still present 12 weeks followipanatarumdiscontinuation
Additionally, BoschGallego et al. (2011) recently reported thaplanatarumsupplementation
improved intestinal transit and nutrient status, and improved theabegrality of life in elderly
patients. Thereford,. planatarummay be a valuable treatment in preventing infections and
improving life in older populations.

L. planatarumalso increases immunity in young, healthy subjdctplanatarumadheres
to colmic epithelia and prevents the pathogenic adherence and colonization via competition,
exclusion, and displacement. In additlarplanatarumsecretes antibacterial factors such as
bacteriocins, lactic acid and exopolysaccharides (Satish Kumar et al., ROdlanatarumhas
the highest level of adherence to colonic epithelia and has been shown to defend against
rotavirus and gastroenteritis viral infections (Maragkoudakis et al., 2010). In addition,
planatarummay improve food related allergic reactipaach as soy allergies (Frias et al., 2008).

L. planatarummay hdp treat or alleviate the symptoms of many inflammatory systemic
and Gl diseasedn animal modelsl.. planatarumhas been shown to reduce K&pp# binding
and inhibit proteosomactivity in mice, increase nitric oxide production under conditions of
inflammation,reduce inflammatory cytokine (TN& a ndpB )l Lpr oducti on of mon
decrease LPS stimulated TNfproduction(Kang et al., 2011Kim et al., 2008, 2011Petrof et
al., 2009) Due to reduced inflammatioh, planatarummay successful treat IBD, colitis, and
reducegastriccolorectal distension and abdominal pdunker et al., 201 1iedzielin et al.,
2001).

Becausd.. planatarumpositively influences cardiovasiam diseasel,.. planatarum
maybe used to help treat and reduce the risk of cardiovascular disgalaeatarumhas been
shown to reduce @eactive proteina maker of cardiovascular disease (Bosghllego et al.,
2011). In smokerd,. planatarunreducedlood pressure, clotting factors (fibrinogen),
inflammatory cytokines, and monocyte adhesion to vascular endothelial cells (Naruszewicz et
al., 2002). In an animal modél, planatarumwas shown to reduce hypertension via angiotensin
converting enzyme Thibition (Liu et al., 2011). In moderately hyperchosteremic humans,
planatarumhas been shown to reduce fibrinogen and LDL cholesterol (Bukoska et al., [1.998).
planatarumincreases bile acid deconjugation (Jones et al., 28@¢ause bile synthesis requires
cholesterol, one mechanism by whichplanatarumimproves cholesterol metabolism is via bile
acid excretion (Juen et al., 201Therefore, individuals with risk factors for cardiovascular
disease may benefit greatly framplanatarumsupplementation.

Themetabolicand potential body composition enhancaifgcts ofL. planatarum
supplementation ar@so quiteintriguing. First, L. planatarumhas been shown to increase amino
acidabsorptiorvia enhanced oligopeptide tramsfer 1 activity (Chem et al., 2010). Secohd,
planatarumreduces adipose cell size and reduces adiponectin in mice fed a high fat diet
(Takemura et al., 2010).. planatarumhas also been shown to inhibit adipogenigsistro via



Cholewa, J. M. Gut Health 12

reduced fatty acid syhase anadipocytefatty acid binding protein expression (Park et al.,
2011). Thusl. planatarumsmay be a valuable supplement in individuals wishing to improve
body composition because of its positive nutrient partitioning effects.

Streptococcushernophilus

S.thermophilugs one of the most important bacteria in the food industry and used to
produce yogurt, cooked cheeses, and soft che®steermophilutas been shown to survive in
a 0.4% oxgall concentration (higstbile concentration of duahun) and a pH of 2 for 3 hours,
demonstrates a higidherenceéo the intestinal mucosa, and is highly antibiotic resistéhalj,
2009).S. thermophiluss a viable bacteriurthat enhances the composition of colonic microbiota
(Liu et al., 2010), antherefore haghe ability to exert probiotic effects such as inflammatory
reductions, inhibition of carcinogen production, enhanced immunity, and as a possible treatment
in chemetherapy inducedhtestinal mucositis

By reducing cytokines that play sificant roles in inflammatory diseas®,
thermophilushas been suggested a possible therapy in intestinal and systemic d@sease.
thermophilushas been shown to suppressliL expression and production by splenocytes
(Oquita et al., 20115. thermophilufias been used to treat chronic gastritis by reducingyIFN
and TNFa, and i ncreasi ng micesgdllayerqRodriguezset ab,2010).h e g a:

S. thermophilugnhances the immune system via diverse set of mechanismsSFirst,
thermophilugs able to transfer genes (CRISPR3/Cas) directly to pathogenic bacteria, such as E.
coli (Sapranauskas et al., 201JRISPR3/Cas cleaves bacteriophage DNA, and thus provides
protection against viral gene transfer and bacterial infecBarr@ngou et al2007). Seconds.
thermophilussecretes antimicrobial bacteriocins that directly prevent the adhesion and
colonization of pathogenic bacteria (Gilbreth & Somkuti, 2005). Finally, in a mouse rSodel,
thermophilusstimulated TFcells when presented with th@gens (Shimosato et al, 200Bgcause
S. thermophiluss able to positively influence the colonic microbidsathermophilusnay be an
important supplement following the use of antibiotics, during times of increased mental stress,
and prior to/followirg travel to polluted cities.

Lactobacillus asei

In vitro simulations of the stomach and small intestine show a high survival rate for
casei(Lo Curto et al., 2011). Fecal examination has demonstratel.tbaseidoes indeed
survive the human Gl tract (Yuki et al., 1999). In additiorgaseiis able to adhere and colonize
in the human colon following regular consumption, and has also been shown to positively
influence the resident colonic microbiota (Tuohy et2007).Additionally, L. casei
supplementation in infants has been shown to promote a stable colonic microbial environment
and improve tolerance to allergic disease (Cox et al., 2010).

Individuals suffering from sulfurous gas and bloating may benefatty fromL. casei
supplementatiorL. caseihas been shown to metabolize volatile sulfer and amniowi&o
(Naiduet al., 2002)Becausean accumulation of sulfide and ammonia carcdreinogeniand
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toxic to the liver,L. caseimay therefore be a ltaable supplement to individuals consuming high
protein diets as well.

L. caseihas been suggested as a possible treatment in dyslipidésnian & Hosono
(2000) reported that hypercholesterolemic micelfechseiexhibited lower total serum, LDL,
andtriglycerides due to suppression of kallesoprtiorinto the enterohepatic circulation and an
increase in acidic steroid excretion. Mice fed a combinatidn ofseiand oligosaccharide (a
nondigestible polysaccharide) exhibited a significant decreaserimm total and LDL
cholesterol, as well as an increase in HDL cholesterol. In addition, an increase in lactic acid due
to oligosaccharide fermentation reduced pathogenic bacteria in the colon (Liong & Shah, 2006).

Inflammation reductions have also beeported with.. caseisupplementation.
Supplementation df. caseiwith type Il collagen and glucosamine significantly reduced
inflammation, pain, cartilage destruction, and lymphocyte infiltration in a mouse model of
osteoarthritis. The protocol redutaflammatory cytokines (H1 B ,-2, IL-b, IL-12, IL-17,
TNF-a, -YFNand cartilage tissue degraders ( MMP1,
inflammatory cytokines (It4, IL-10). In additiongxpression oMMP inhibitorsandtype II
collagen in condroyteswere also increasg&o et al., 2011). Thuk, caseimay not only be able
to treat osteoarthritis by reducing inflammation, but may also contribute to improved recovery
time from cartilage injuries by increasitype 1l collagen expression in choondytes.

Summary

Humans and commensal bacteria exist in a symbiotic relationship. Commensal bacteria
contribute to health and well being by defending against disease, improving nutrient absorption,
and maintaining metabolic processes. The modern westetd poses many stressors that
damage the harmony of the colonic microbial environment including stress, poor nutrition,
pollutants such as air pollution and food additives, alcohol consumption, and antibiotics. These
stressors result in an imbalancelwo tolonic microbiota and can resultdigestive diseases
such as inflammatory bowel disease and chronic diargastrointestinal and colorectal cangers
increased adipositgystemic inflammatory diseases such atherosclesosicardiovascular
diseaseincreased pain and symptoms of autoimmune diseases such as rheumatoid arthritis; and
contribute to anxiety and depression.

The colonic microbiota, however, is a dynamic environment that may is enhanced with
improved diet, life style, and prolio supplementation. In particular, the bacterial strains in Gut
Health demonstrate a high potential to treat a variety of diseases and improve health. Healthy
individuals suffering from ailments such as gas, bloating, and abdominal discomfort can benefit
greatly from Gut Health supplementatidine elderly may especially benefit from the improved
intestinal transit and immunity effects of Gut Healthaddition, the probiotics in Gut Health
have been shown to increase resistance against bacterial@ndfetstions, and therefore may
especially useful to people who suffer from seasonal allergies, flu, are exposed to bacteria by
eating meats or uncooked vegetables, and those who work around people with common colds,
such as students, school teacherssesjrand public servants.
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Gut Health also appears to have the ability to improve symptoms and even treat
individuals suffering from inflammatory di sea
rheumatoid arthritis, and osteoarthritis by reducing inffeaction. The probiotics in Gut Health
have been shown to improve cardiovascular disease by reducgagti/e protein, improving
serum cholesterol (reducing total cholesterol, LDL, triglycerides and increasing HDL), and
improving the symptoms of hyperteasi Thus, Gut Health may be a great supplement to
improve and reduce risk factors associated with cardiovascular disease.

Finally, Gut Health may improve athletic performance. The probiotics in Gut Health have
been shown to increase protein angiimin absorption, reduce adipose fatty acid synthesis and
adipocyte size, and has even been shown to improve lean to fat mass ratio in pigs. Finally,
athletes recovering from connective tissue based injuries such as tendonitis, sprains, strains, and
cartilage denage may be able to improve recovery by supplementing with Gut Health. In
particular, the.. caseistrain in Gut Health increases collagen expression in chondrocytes and
may reduce inflammation in connective tissue.
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Figure 1: A schematic representatiah thesymbiotic relationship between humans and resident
commensal microbiot&olid lines represent higihvestigated mechanisms while dotted lines

represent proposed interactions.
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Figure 2: Flow chardf mechanisms by which an imbalance in colamicrobiotainfluences
changes in body composition.
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Figure 3. The role of colonic microbiota in regulating behavidhe left depicts a balanced
colon with an optimal composition and functioning of commensal microbiota. The right

demonstrates intestinal inflammation and depicts the cyclical relationship between emotional

stress, microbial dysfunction, inflammation, gysychiatric distress.
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Figure 4. The integration of the gtlirain axis and microbiota. On the left is the the pathway
whereby the brain influences colonic microbiota. The right is the mechanisms whereby colonic
microbiota influence the brain.
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Figure 5. Schematic of gut to brain signaling influenced by colonic microbiota. Disturbances in
colonic microbiota result in homeostatic perturbations (green); whereas functional commensal
microbiota maintain gut homeostasis (Bluéblonic disturbances arensed via thenterior

insula (aINS)where they manifest as gut discomfort. The aINS stimulates limbic structures that

report to higher brain centers resulting in the negative modulation of mood and cognition.
(AMYG —amygdale; CCK-cholecystokinin; HIPP- hippocampus; NP¥-neuropeptide Y; OFG orbitofrontal
cortex; SCSA-short chain fatty acid)
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