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Introduction  

 

 The prevalence of digestive disorders has risen significantly over the past 15 years. 

Digestive disorders are estimated to affect nearly 35% of Americans with a higher prevalence in 

women and seniors (Everhart et al., 2009). The most common symptoms associated with poor 

digestion include heart burn, diarrhea, gas, cramping, bloating, constipation, and bad breath.  

With an increase in the public’s awareness of digestive maladies and the importance of digestive 

health and increase products aimed at improving various elements of digestive health has also 

increased. A quick google.com search of “colon health” retrieves a variety of supplements, diets, 

fasts, and internal therapies touting beneficial results.  One of the most popular, however least 

understood, method of improving digestive health is by supplementing with probiotics.  In order 

to better educate the consumer regarding the potential health benefits to improving the digestive 

function, a brief understanding of the intestinal ecosystem is needed. 

 

Gut Flora 

 

 The intestinal system (gut) provides us with a completely isolated and expansive surface 

area where outside material is processed and either absorbed into the blood or excreted in feces. 

The layer of tissue responsible for both absorbing nutrients and protecting against invaders is the 

epithelium.  Our guts are a dynamic and complex environment home to 100’s of different 

bacteria species totaling nearly 1 kg of mass (Savage, 1977). In fact, there are more bacterial 

cells 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
th
 

century by Metchnikoff, 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 beneficial (commensal microbiota).  Commonly 

recognized and studied beneficial bacterium generas include Lactobacillus, Bifidobacterium, and 

Enterococcus; however, every individual distinct gut microbial composition. This composition 

fluctuates based upon nutritional, environmental, and psychological factors and affects the 

homeostasis of the individual (Guarner & Malagelada, 2003). 

 

Beneficial bacteria and humans co-exist in a symbiotic relationship similar to the plovers 

that clean out the teeth of crocodiles.  To better understand the potential benefits to probiotic 

supplementation, the specific metabolic, trophic, immunologic, and protective functions of 

commensal microbiota in the human gut will be discussed.   

 

Metabolic 

 

 Transit time of foodstuff in the large intestine (colon) slows down significantly. It is due 

to this slow transit and elongated residency that bacteria are able to exert their positive or 

negative effects.  One of the principal functions of commensal microbiota is the degradation of 

dietary or endogenously produced substrates.  Bacteria that breakdown undigested carbohydrates 

and endogenously produced carbohydrates (such as glycoproteins in mucus) produce short chain 

fatty acids (SCFA) and anions.  SCFA’s acidify the colon, prevent pathogenic bacteria growth, 

and influence intestinal motility. The SCFAs produced are rapidly absorbed, thereby increasing 
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water and salt abosrbed, and are metabolized by the intestinal epithelia and the liver (Wong et 

al., 2006). SCFAs, specifically acetate, is a possible gluceogenic substrate and may reduce 

cholesterol by inhibiting the rate limiting enzyme in cholesterol synthesis, HMG-CoA 

(Roberfroid et al., 2010). 

 

While SCFAs produced are beneficial, the putrefaction of amino acids produces 

potentially toxic sucstances such as ammonia, amines, phenols and indols. When toxin 

production exceeds liver clearance circulatory and liver pathologies may ensue (Picard et al., 

2005). Beneficial bacteria, however, maintain colonic pH, enhance end-product degradation, 

produce sulfurous and ammonia reduction equivalents, reduce carcinotoxic compounds, suppress 

putrefactive microbes, and produce definsins against harmful competitors (Ouwehand et al., 

2009; Roberfroid et al., 2010).  Imbalances between beneficial and toxin producing bacterium 

commonly result in digestive disorders such as inflammatory bowel syndrome,  sulfurous gas, 

diarrhea, bloating, cramping, and heart burn (Hedin et al. 2007).  

 

 Commensal microbiota also have profound influences on nutrient absorption. The 

absorption of ions such as calcium, phosphorus, magnesium, and iron are significantly improved 

through carbohydrate fermentation and the resultant production of SCFA (Younes et al., 2001).  

Commensal microbiota in the colon are able to synthesize vitamins a wide range of B vitamins 

including thamine, riboflavin, niacin, pantothenic acid, B6, biotin, folic acid, and B12 as well as 

vitamin K, and antioxidants (Conly et al., 1994; Hill, 1997; Pompei et al., 2007). In fact, 

lactobacillus reuteri supplementation was recently shown to restore the effects vitamin B12 

deficiency (Molina et al., 2009).  Thus, taken collectively, an ideal balance between beneficial 

and toxin producing bacteria in the colon is necessary to maintain digestive health, optimize 

nutrient absorption, and reduce digestive disorders (Figure 1). 

 

Trophic 

 

 SCFAs produced by commensal microbiota stimulate 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 of epithelial cells is significantly modulated via interactions with resident 

microbes (Hooper et al., 2001).  Lactobacillus, Bifidobacterium and S. thermophilus have all 

been shown to reduce colonic DNA damage after exposure to genotoxins. Supplementation with 

Bifidobacterium longus was demonstrated a 100% colonic tumor inhibition, significant reduction 

in the toxin-induced colonic aberrant crypt foci, and a significant decrease in colon tumor 

incidence, multiplicity and volume (Singh 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 carcinogenesis (Guarner & Malagelada, 2003). 

 

Immunologic 

 

 The intestinal mucosa represents the most physiologically significant interaction between 

the external and internal environment; thus, it is not surprising that the greatest mass of lymph 

tissue (gut-associated lymphatic tissue – GALT) and immunocompetent cells exist in the human 

body.  Microbes, both pathogenic and beneficial, exert profound effects on the systemic and 



Cholewa, J. M. Gut Health 3 

local immune system.  In particular, commensal microbiota have been implicated in oral 

tolerance to pathogens. For example, mice bred in germ-free environments 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 colonic microbiota in young mice (Moreau & Gaboriau, 1996; 

Tanaka & Ishikawa, 2004).  

 

Protective ï The Barrier Effect 

 

 In order to influence the internal environment (your health), ingested pathogens must 

interact with or cross the intestinal mucosa. The intestinal mucosa represents a barrier between 

the blood and the digestive system, and therefore plays a critical role in immunity. Commensal 

microbiota play a critical role in the resistance to colonization and invasion of pathogenic 

microbes. Thus, an optimal equilibrium of resident colonic microbiota is essential to stability 

within the same individual under dynamic conditions (Guarner & Malagelada, 2003). 

 

 Mice bred in germ-free environments show a significantly greater susceptibility to 

infection compared to gnotobiotic mice (Taguchi et al., 2002). Liévin et al. (2000) suggested 

three mechanisms where by resident commensal microbiota may protect the individual from 

pathogens: antibacterial secretions, inhibition of pathogen adhesion, and immune stimulation.  

Indeed, Liévin et al.’s suggestions have been found to operate in animal models. Several strains 

of Bifidobacterium have been found to produce antimicrobial bacteriocins that inhibit pathogenic 

bacteria growth and B. longum has been shown inhibit the growth of toxic E. coli (Fujiwara et 

al., 1997; Liévin et al, 2000). In addition, resident microbes lower gut pH which decreases 

pathogenic microbe growth. Bernet et al. (1994) showed that Bifidobacterium both competes 

with pathogenic bacteria for binding sites and prevent epithelial crossing by pathogens. Hooper 

et al. (1999) found that Lactobacillus not only competes with pathogenic bacteria for nutrients, 

but also communicates energy needs with the host in order to reduce energy available to 

pathogenic microbes. Finally, Bifidobacterium was shown to increase immunological and 

defensive functions via enhanced pathogenic specific IgA-antibody production (Yasui et al., 

1995). 

 

Lifestyles and Pathologies Associated with  

Colonic Microbiota Imbalance 
 

 The impact of resident and pathogenic colonic microbes does not just affect one’s 

digestion but exert profound effects on the overall health of the individual. Environmental factors 

such as stress or polution can influence the colonic microbial colony. Symptoms such as gas, 

bloating, constipation and heart burn are often due to an imbalance in resident colonic microbiota 

and can cause systemic disorders and disease. To illustrate the potential health and performance 

promoting effects of probiotic supplementation, the environmental changes that lead to and the 

systemic disturbances associated with resident commensal microbiota deficiency must first be 

discussed. 
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Environmental Influences 

 

 Growth of microbes in the digestive tract begins immediately after birth and 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 show that in breast milk fed newborns the ratio of beneficial 

(anaerobic) to  potentially harmful (aerobic) bacteria is between 100-1000:1 (Simon & Gorbach, 

1984); however, environmental changes later in life can significantly impact the composition of 

colonic microbiota, and thus have profound effects on the individual’s health. 

 

1. Nutrition 

 

Commensal microbiota are 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, poly-fructose molecules, and poly-dextrose molecules are fermented by commensal 

microbiota and can be found in a variety of plants; however, increased consumption is often not 

enough to sufficiently stimulate healthy bacteria, offset prior damage, and positively influence 

the individual (Ling et al., 1994).  

 

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 biology (O’Mahoney et al., 2009) and contributes 

toward gut dysfunction (Molina et al., 2011). Due to resident commensal microbiota suppression 

during conditions of psychological stress, bacterial adhesion, translocation, and invasion is 

enhanced (Zareie et al., 2006), and may contribute significantly toward increased infections and 

chronic disease. In addition, adhesion of pathogenic microbes results in the release of 

inflammatory substances into the blood, which have been implicated in several conditions 

(discussed later). 

 

3. Alcohol 

 

While the majority consumed alcohol is absorbed in the small intestine, several 

consequences occur downstream in the colon. It is widely suggested that alcohol “kills” 

commensal microbiota; however, more research is needed before definite conclusions can be 

drawn.  Alcohol consumption does, however, disrupt several metabolic processes that are 

intimately connected with resident colonic microbiota.   

 

First, alcohol consumption damages the digestive mucosa (Kvietys et al., 1990). Second, 

and perhaps most important, alcohol consumption compromises gut-barrier function and 

increases the translocation of microbe derived lipopolysaccharide (LPS). LPS is transported via 

the portal vein where it is detoxified by the liver, resulting in hepatic inflammation. LPS is also 

aB. subtilisorbed by the lymphatic system and emptied directly 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 al., 2010). Finally, alcohol consumption significantly reduces 

thiamin (vitamin B1) and biotin absorption (Subramanya et al., 2010). 

 

4. Antibiotics 

 

Systemic infections occur when bacteria cross the intestinal epithelia and enter the blood, 

often the result of a weak or damaged intestinal mucosa, or colonization of pathogenic bacteria in 

the gut.  Antibiotics are one of the most prescribed and frequently over-prescribed medicines in 

the industrialized world and are indicated to treat bacterial infections by either killing, injury, or 

inhibiting bacterial multiplication. While antibiotics can be effective in treating bacterial 

infections, the use of antibiotics also destroys resident commensal microbiota colonies, and may 

trigger intestinal inflammation and drive extra-intestinal immune-mediated diseases (Croswell et 

al., 2009; Reikvam et al., 2011; Willing et al., 2011). Because antibiotics are mis- or over-

prescribed, pathogenic bacteria often become antibiotic resistance furthering the imbalance 

between resident beneficial and pathogenic microbes, and increasing the risk of infection 

(Croswell et al., 2009).  

 

5. Pollutants 

 

Air quality is most commonally associated with changes in respiratory anatomy, 

specifically higher incidences of lung infection and cancer in poor atmospheric conditions (Pope 

III et al., 2002). Recently, the affects of air pollution on the colonic microbial have been 

investigated.  Kramar (2002) reported that the technogenic burden on air quality in an industrial 

city was associated with a 65-75% incidence of atypical variance in microflora. Leshchuk et al. 

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

bifidobacterium and lactobacillus deficiency in conjunction with elevated pathogenic bacterias.  

Finally, Savilov and Shcherbakova (2003) found that technogenic ambient air pollution 

significantly impacted the incidence and severity of S. sonnei dysentery. 

 

Systemic Disturbances 

 

 Lifestyle and environment can profoundly affect the balance and mass of beneficial 

resident colon microbes. Disturbances in colonic microbiota composition 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 Inflammatory Bowel Disease 

 

Inflammatory bowel diseases (IBD) such as Crohn’s disease and ulcerative colitis present 

with the following: symptoms abdominal pain, vomiting, diarrhea, rectal bleeding, and severe 

cramps.  IBD increases the risk of colorectal cancer and may become fatal if progression to toxic 

megacolon or intestinal perforation. Patients with IBD have higher amounts of pathogenic 

bacteria both attached to and within intestinal epithelial cells (Swidsinski et al., 2002).  

According to Pirzer et al.  (1991), IBD is associated with over active T-cells responding to 

certain colonic microbes by releasing inflammatory cytokines and thus launching the 
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inflammatory cascade via IgG. Because local tolerance mechanisms are abrogated, IgG further 

damages the intestinal muscosa, increasing bacterial adhesion, stimulating another immune 

response, and furthering the continuation of the inflammation cycle. Finally, IBD is associated 

with significant, though potentially reversible, imbalances and deficiencies in commensal 

microbiota (Ott et al., 2004; Stephani et al., 2011). 

 

2. Systemic inflammation 

 

Systemic inflammation is a common marker in several non-communicable diseases 

including diabetes and atherosclerosis. Imbalances in resident colonic microbiota and increased 

pathogenic bacteria adhesion result in increased bowel inflammation, and when combined with a 

weakened epithelial barrier, the translocation of inflammatory cytokines into the blood may 

result in systemic inflammation. Cani et al. (2008) found that concentrations of inflammatory 

cytokines (TNF-a, IL-1, IL-6, plasminogen activator inhibitor) in the blood are chronically 

elevated as a result of  increased translocated microbe derived LPS translocation According to 

Tlaskalová-Hogenová et al. (2004), disturbances in commensal microbiota may play a role in 

autoimmune and chronic metabolic diseases. Indeed, chronic heart failure is associated with a 

weakened epithelial barrier, disturbed intestinal microcirculation, increased pathogenic bacteria 

adhesion, and increase in circulating gut derived inflammatory cytokines (Sandec et al., 2008, 

2009). Therefore, maintaining an optimal ratio of functional resident commensal microbiota may 

be essential for controlling inflammatory “flare-ups” and promoting health. 

 

3. Weight gain 

 

Nearly 2 out of 3 adults in the United States are overweight or obese.  While over 

consumption and under-activity are certainly causing factors of weight gain, Scarpellini et al. 

(2010) suggests that alterations in the colonic microbial environment and an increase in putative 

microbes may play also play a role in energy balance control. DiBaise et al. (2008) reported 

deifferences in the ratio of firmicutes to bacteroidetes in lean versus obese populations: obese 

subjects had significantly 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). 

 

Resident commensal microbiota have been shown to activate fasting induced adipose 

factor (FIAF), which in turn inhibits adipose lipoprotein lipase (LPLa).  Abnormal bacteria, 

however, have been shown to reduce FIAF.  As a consequence, fatty acids are released from 

VLDL and chylomicrons into adipose capillaries, and subsequently taken up and stored as 

triglycerides in adipose tissue (Figure 2).  Abnormal bacteria also have been shown to break 

down normally non-digestible polysaccharides (insoluable fiber) in monosaccharide’s, which are 

absorbed in 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 dyslipidemia may ensue (Cani & Delzenne, 2009). In 

addition, abnormal bacteria in the colon may reduce AMPK enzyme expression in liver and 

skeletal muscles, thus reducing fatty acid oxidation (Scapellini et al., 2010).  While further 

research is currently underway to investigate the causal relationship between abnormal gut 
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bacteria and obesity, maintaining a balanced colonic microbial ecosystem may be essential 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 nutrition and carcinogen consumption have also been 

identified.  A relationship exists between the increased risk of colorectal cancer and the 

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 alterations in colonic microbial 

composition and metabolism. The cooking of meat produces heterocyclic aromatic amines, a 

known initiator and promoter of colon cancer. In addition, healthy subjects who consume high 

quantities of red meat and void of vegetables excrete an increase in fecal genotoxic substances. 

Interestingly, differences in the response and metabolism to genotoxic substances have been 

found in varying species of colonic microbes: bacteroides and clostridium genera were shown to 

increase damage epithelial DNA whereas lactobacillus and bifidobacteria were shown to prevent 

tumor growth (Horie et al., 1999). While the exact mechanisms whereby variances in colonic 

bacteria may influence colorectal cancer is still under investigation, maintenance of the 

composition and activity of commensal microbiota may 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-absorption of fructose is accompanied by a reduction in plasma tryptophan (which is used in 

the synthesis of serotonin), in addition, fructose mal-absorption provides substrate for rapid 

fermentation and thus disturbs colonic microbiota composition (Ledochowski et al., 2001). 

Therefore, Collins and Bercik (2009) have suggested that relationship between carbohydrate 

mal-absorption and depression symptoms may be a result of bacterial interference with 

tryptophan metabolism. O’Mahoney et al. (2009) suggests that an alteration in colonic 

microbiota may be a possible contributor of psychiatric distress (Figure 3).  

 

Interactions between the gut and brain (GBA) are made via the immune system (Figure 

4). A top-down approach examining the effect of variations in stress and anxiety on the gut has 

shown that the brain can have significant effects on the digestive system (Aziz & Thompson, 

1998). More recently, however, a bottom-up approach has been used to study the effects of the 

gut (specifically that of the colonic microbiota) on the brain. Receptors in the GI tract are 

sensitive to inflammatory cytokines, impinge on vagal nerve afferents, and cause anxiety-

behavior in rats (Wang et al., 2002). Preliminary research has shown no differences exist in 

stress hormone concentration between germ-free mice and gnotobiotic mice at rest; however, 

when exposed to a restraint stress, germ-free mice exhibit an exaggerated increase in 

corticosterone and adrenocorticotrophic hormone levels (Sudo et al, 2004). Deficits in learning 

have also been found in germ free mice under both stressed and stress-free conditions (Neufeld 
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et al., 2008). The deficit in learning may have been mediated by a reduction in brain-derived 

neurotrophic factor, a major regulator of mood and cognitive function, which was observed in 

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

resident microbiota and the resultant restoration of the immune system normalized the stress 

response in adolescent mice (Sudo et al., 2004). Since gut inflammation via an imbalance in 

colonic microbiota may be a major contributor toward psychiatric distress (O’Mahoney et al., 

2009; O’Malley et al., 2011), optimizing the mass and composition commensal microbiota may 

maintain cognitive function and mood during times of increased stress.  

 

The Priobiotic Concept 

 

 By now it should now be clear that a direct link exists between disorders of the gut and 

the entire body.  Metabolic disorders previously thought to be a product of genetics, nutrition and 

activity such as dyslipidemia, weight gain, and colon cancer are now known to be highly 

influenced by the composition and function of colonic microbes. It is also now understood that 

colonic inflammation and malfunction effects more than the digestive system; 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; colonic inflammation 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 Organization (Araya et al., 2001), probiotics are “live micro-

organisms which confer a health benefit on the host when administered in adequate amounts.” 

To improve upon the information in this paper, the definition by Aray et al. (2001) will be 

expanded to include the caveat that: “When consumed, probiotic organisms must be able to 

survive passage through the digestive tract and have the capability to proliferate in the colon.” 

(Araya et al., 2002). Therefore, for a probiotic supplement to be effective, it must either be 

resistant to gastic juices and bile, or in a vehicle capable of delivering the micro-organism to the 

colon.  These are most commonly anaerobic gram-positive bacteria belonging to the 

Lactobacillus and Bifidobacterium genera; however, other non-pathogenic strains of  lactic acid 

bacterium such as Streptococcus and Enterococcus have also been investigated.   

 

Probiotics are safe for human consumption, pose no health risks, and the beneficial, 

treatment, and preventative effects have been studied in both humans and animal (Borriello 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 positively influencing intestinal epithelia, improving colonic 

transit, metabolizing carcinogens, and reducing colonic inflammation. Researchers (An et al., 

2011; Araya et al., 2001; Picard et al., 2005; Tlaskalová et al., 2004) have suggested that 

probiotic supplementation may be beneficial 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 mineral absorption and improvement of bone health (bone Ca content, 

bone mineral density) 
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d. Modulation of gastro-intestinal peptides production, energy metabolism and satiety 

e. Initiation (after birth) and regulation/modulation of immune functions 

f. Improvement of intestinal barrier functions, reduction of metabolic endotoxemia 

g. Reduction of risk of intestinal infections and tentatively 

h. Reduction of risk of obesity, type 2 diabetes, metabolic syndrome, etc. 

i. Reduction of risk and/or improvement in the management of intestinal and systemic 

inflammation 

j. Prevention and therapy for ischemic heart disease 

k. Serum cholesterol reduction 

l. Reduction in vaginal bacterial infections 

m. Reduced of risk of colon cancer 

n. Reduction in respiratory infections 

o. Regulation of adipose tissue deposition 

p. Improvement in stress response, anxiety, and emotional stability 

 

Research Investigating the 

Health and Performance Benefits  

of the Probiotic Strains in Gut Health 

 

The purpose of this paper is two-fold: 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 probiotics. After reviewing the research 

regarding specific strains of probiotic bacteria, investigating the ingredients of popular probiotic 

products on the market, and several personal and client based trials with various probiotic 

products, I now feel comfortable making product suggestions to consumers.  

 

The following sections will therefore review research investigating the bacteria species 

found in Gut Health, my personal recommendation to consumers wishing to benefit from 

probiotic supplementation. 

 

Bacillus subtilis 

 

 Prior to the introduction (and over-prescription) of antibiotics into western medicine, B. 

subtilis was used to treat GI and urinary tract diseases.  To be an effective probiotic, the strain 

must first be able to survive the GI tract and then grow in the colon:  B. subtilis fulfills this role 

(Leser et al., 2008). B. subtilis exerts beneficial effects by positively influencing infection 

resistance, immunity, inflammation, and digestive health.  

 

In animal models, B. subtilis lowered morbidity and mortality due to E. coli infection, 

reduced susceptibility to C. rodentium and salmonella infection, and improved mucosal barrier 

function (Alexopoulos et al., 2004; D’Arienzo et al., 2006; Fujiya et al., 2007; Knap et al., 2011). 

B. subtilis positively modulated inflammation via reduced colonic inflammatory cytokines (TNF-

alpha, 1L-1beta, IL-6 and IFN-gamma) and increase anti-inflammatory cytokine secretion (IL-I0 

and TGF-beta) (Selvam et al., 2009). B. subtilis has also been shown to protect mucosal epithelia 

against inflammatory and oxidative damage by activating cyto-protective heat shock proteins 

(Fujiya et al., 2007; Williams, 2007). A novel, yet very appealing finding to probiotic 
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supplementation may be that B. subtilis can improve body composition. In growing pigs, 

addition of B. subtilis to a nutrient dense enhanced lean body mass gain, reduced fat mass gain, 

and improved nutrient assimilation in a dose dependent manner (Alexopoulos et al., 2004; Meng 

et al., 2004).  

 

Bacillus coagulans 

 

 B. coagulans is a spore producing bacterium. When exposed to low pH, such as in the 

stomach, these spores are activated, absorb water, and then germinate (Sander et al., 2003). B. 

coagulans proliferates and colonized in the colon and therefore is capable of exerting effects on 

the individual. B. coagulans has been used to treat IBD and Crohn’s disease, increase influenza 

immunity, improve autoimmune diseases, and reduce inflammation. 

 

 The beneficial effects of B. coagulans are most likely exerted via reductions in 

pathogenic bacteria colonization and adhesion. B. coagulans has 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 with pathogenic bacteria, B. coagulans 

is able to maintain colonic homeostasis. In human studies, B. coagulans has been demonstrated 

to reduce bloating and abdominal discomfort in patients with IBD (Hun, 2009). In humans 

without IBD, B. coagulans has been shown reduce post-prandial gas and bloating, and improve 

the quality of life and reduce GI symptoms (Kalman et al., 2009). B. coagulans also exerts 

positive metabolic effects. In human trials, B. coagulans was shown to significantly lower total 

cholesterol and LDL cholesterol while slightly increasing HDL cholesterol (Mohan et al., 1990).  

 

 B. coagulans has been used to treat rheumatoid arthritis. In a controlled clinical trial, B. 

coagulans improved walking ability, sit and reach, and daily activity participation without any 

adverse effects (Mandel et al., 2010). B. coagulans reduces inflammation by introducing cell 

membrane components and metabolites that modulate cytokine production. In particular, B. 

coagulans reduces inflammatory cytokines TNF-alpha and IL-2, and increases production of 

anti-inflammatory cytokines IL-10 (Jensen et al., 2010). B. coagulans supplementation also 

reduces C-reactive protein concentrations, a significant marker in the risk of cardiovascular 

disease (Park et al., 2010). In addition, B. coagulans positively impacts the immunity of the 

individual. B. coagulans  has been shown to enhance T-cell response influenza and adenovirus, 

and has also been shown to enhance the immune response to respiratory viral tract infections 

(Baron, 2009; Kimmel et al., 2010). 

 

Lactobacillus plantarum 

 

 L. planatarum is a lactic acid producing bacteria commonly found in many fermented 

foods such as pickles, certain cheeses, and brined fish. L. planatarum is a resident salivary and 

colonic microbe. More so, L. planatarum is able to survive passage through the GI of both 

mouse and human, and readily colonize in the colon (Bron et al., 2004). Supplemental L. 

planatarum has been to treat IBD and Crohn’s disease, enhance immunity, reduce inflammation, 

and has recently shown promising metabolic effects. 
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 Elderly individuals may especially benefit from L. planatarum supplementation. Mañé et 

al. (2011) supplemented institutionalized elderly subjects in a nursing home with a high dose of 

L. planatarum, a low dose of L. planatarum, or a placebo for 12 weeks. At the conclusion of the 

supplementation period a dose dependent reduction in incidence of infection was found. TGF-β, 

a potential colon cancer promoting cytokine, also decreased in both the supplemented groups, 

and these changes were still present 12 weeks following L. planatarum discontinuation. 

Additionally, Bosch-Gallego et al. (2011) recently reported that L. planatarum supplementation 

improved intestinal transit and nutrient status, and improved the over-all quality of life in elderly 

patients. Therefore, L. planatarum may be a valuable treatment in preventing infections and 

improving life in older populations. 

 

 L. planatarum also increases immunity in young, healthy subjects. L. planatarum adheres 

to colonic epithelia and prevents the pathogenic adherence and colonization via competition, 

exclusion, and displacement. In addition L. planatarum secretes antibacterial factors such as 

bacteriocins, lactic acid and exopolysaccharides (Satish Kumar et al., 2011). L. planatarum has 

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, L. 

planatarum may improve food related allergic reactions, such as soy allergies (Frias et al., 2008). 

 

 L. planatarum may help treat or alleviate the symptoms of many inflammatory systemic 

and GI diseases.  In animal models, L. planatarum has been shown to reduce NF-kappaβ binding 

and inhibit proteosome activity in mice, increase nitric oxide production under conditions of 

inflammation, reduce inflammatory cytokine (TNF-α and IL-1β) production of monocytes, and 

decrease LPS stimulated TNF-α production (Kang et al., 2011; Kim et al., 2008, 2011; Petrof et 

al., 2009). Due to reduced inflammation, L. planatarum may successful treat IBD, colitis, and 

reduce gastric colorectal distension and abdominal pain (Dunker et al., 2011; Niedzielin et al., 

2001). 

 

 Because L. planatarum positively influences cardiovascular disease, L. planatarum 

maybe used to help treat and reduce the risk of cardiovascular disease. L. planatarum has been 

shown to reduce C-reactive protein, a marker of cardiovascular disease (Bosch-Gallego et al., 

2011). In smokers, L. planatarum reduced blood pressure, clotting factors (fibrinogen), 

inflammatory cytokines, and monocyte adhesion to vascular endothelial cells (Naruszewicz et 

al., 2002). In an animal model, L. planatarum was shown to reduce hypertension via angiotensin-

converting enzyme 1 inhibition (Liu et al., 2011). In moderately hyperchosteremic humans, L. 

planatarum has been shown to reduce fibrinogen and LDL cholesterol (Bukoska et al., 1998). L. 

planatarum increases bile acid deconjugation (Jones et al., 2004). Because bile synthesis requires 

cholesterol, one mechanism by which L. planatarum improves cholesterol metabolism is via bile 

acid excretion (Juen et al., 2010). Therefore, individuals with risk factors for cardiovascular 

disease may benefit greatly from L. planatarum supplementation. 

 

The metabolic and potential body composition enhancing effects of L. planatarum 

supplementation are also quite intriguing. First, L. planatarum has been shown to increase amino 

acid absorption via enhanced oligopeptide transporter 1 activity (Chem et al., 2010). Second, L. 

planatarum reduces adipose cell size and reduces adiponectin in mice fed a high fat diet  

(Takemura et al., 2010). L. planatarum has also been shown to inhibit adipogenesis in vitro via 
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reduced fatty acid synthase and adipocyte-fatty acid binding protein expression (Park et al., 

2011). Thus, L. planatarum smay be a valuable supplement in individuals wishing to improve 

body composition because of its positive nutrient partitioning effects. 

 

Streptococcus thermophilus  

 

 S. thermophilus is one of the most important bacteria in the food industry and used to 

produce yogurt, cooked cheeses, and soft cheeses. S. thermophilus has been shown to survive in 

a 0.4% oxgall concentration (highest bile concentration of duodenum) and a pH of 2 for 3 hours, 

demonstrates a high adherence to the intestinal mucosa, and is highly antibiotic resistant (Khali, 

2009). S. thermophilus is a viable bacterium that enhances the composition of colonic microbiota 

(Liu et al., 2010), and therefore has the ability to exert probiotic effects such as inflammatory 

reductions, inhibition of carcinogen production, enhanced immunity, and as a possible treatment 

in chemo-therapy induced intestinal mucositis. 

 

 By reducing cytokines that play significant roles in inflammatory disease, S. 

thermophilus has been suggested a possible therapy in intestinal and systemic disease. S. 

thermophilus has been shown to suppress IL-17 expression and production by splenocytes 

(Oquita et al., 2011). S. thermophilus has been used to treat chronic gastritis by reducing IFN-ƴ 

and TNF-α, and increasing the thickness of the gastric mucus gel layer (Rodriguez et al., 2010). 

 

 S. thermophilus enhances the immune system via diverse set of mechanisms. First, S. 

thermophilus is able to transfer genes (CRISPR3/Cas) directly to pathogenic bacteria, such as E. 

coli (Sapranauskas et al., 2011).  CRISPR3/Cas cleaves bacteriophage DNA, and thus provides 

protection against viral gene transfer and bacterial infection (Barrangou et al., 2007). Second, S. 

thermophilus secretes antimicrobial bacteriocins that directly prevent the adhesion and 

colonization of pathogenic bacteria (Gilbreth & Somkuti, 2005). Finally, in a mouse model, S. 

thermophilus stimulated T-cells when presented with pathogens (Shimosato et al, 2009). Because 

S. thermophilus is able to positively influence the colonic microbiota, S. thermophilus may be an 

important supplement following the use of antibiotics, during times of increased mental stress, 

and prior to/following travel to polluted cities. 

 

Lactobacillus casei 

 

 In vitro simulations of the stomach and small intestine show a high survival rate for L. 

casei (Lo Curto et al., 2011). Fecal examination has demonstrated that L. casei does indeed 

survive the human GI tract (Yuki et al., 1999). In addition, L. casei is 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 et al., 2007). 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 benefit greatly from L. casei 

supplementation. L. casei has been shown to metabolize volatile sulfer and ammonia in vitro 

(Naidu et al., 2002). Because an accumulation of sulfide and ammonia can be carcinogenic and 
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toxic to the liver, L. casei may therefore be a valuable supplement to individuals consuming high 

protein diets as well.  

 

 L. casei has been suggested as a possible treatment in dyslipidemia. Usman & Hosono 

(2000) reported that hypercholesterolemic mice fed L. casei exhibited lower total serum, LDL, 

and triglycerides due to suppression of bile absoprtion into the enterohepatic circulation and an 

increase in acidic steroid excretion. Mice fed a combination of L. casei and oligosaccharide (a 

non-digestible polysaccharide) exhibited a significant decrease in serum 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 been reported with L. casei supplementation. 

Supplementation of L. casei with type II collagen and glucosamine significantly reduced 

inflammation, pain, cartilage destruction, and lymphocyte infiltration in a mouse model of 

osteoarthritis. The protocol reduced nflammatory cytokines (IL-1β, IL-2, IL-6, IL-12, IL-17, 

TNF-α, IFN-γ) and cartilage tissue degraders (MMP1, MMP3, MMP13) while increasing anti-

inflammatory cytokines (IL-4, IL-10).  In addition, expression of MMP inhibitors and type II 

collagen in condrocytes were also increased (So et al., 2011). Thus, L. casei may not only be able 

to treat osteoarthritis by reducing inflammation, but may also contribute to improved recovery 

time from cartilage injuries by increasing type II collagen expression in chondrocytes. 

 

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 western world 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 imbalance of the colonic microbiota and can result in digestive diseases 

such as inflammatory bowel disease and chronic diarrhea; gastrointestinal and colorectal cancers; 

increased adiposity; systemic inflammatory diseases such atherosclerosis and cardiovascular 

disease; increased 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 probiotic 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 supplementation. The elderly may especially benefit from the improved 

intestinal transit and immunity effects of Gut Health. In addition, the probiotics in Gut Health 

have been shown to increase resistance against bacterial and viral infections, 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 teachers, nurses, and public servants.  
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Gut Health also appears to have the ability to improve symptoms and even treat 

individuals suffering from inflammatory diseases such as IBD, Crohn’s disease, gastritis, 

rheumatoid arthritis, and osteoarthritis by reducing inflammation. The probiotics in Gut Health 

have been shown to improve cardiovascular disease by reducing C-reactive protein, improving 

serum cholesterol (reducing total cholesterol, LDL, triglycerides and increasing HDL), and 

improving the symptoms of hypertension. 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 and B-vitamin 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 damage may be able to improve recovery by supplementing with Gut Health. In 

particular, the L. casei strain in Gut Health increases collagen expression in chondrocytes and 

may reduce inflammation in connective tissue. 
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Figure 1: A schematic representation of the symbiotic relationship between humans and resident 

commensal microbiota. Solid lines represent high-investigated mechanisms while dotted lines 

represent proposed interactions. 

 

 
Adapted from Helen (2006). 
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Figure 2: Flow chart of mechanisms by which an imbalance in colonic microbiota influences 

changes in body composition. 
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Figure 3. The role of colonic microbiota in regulating behavior.  The 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, and psychiatric distress. 

 

 
Adapted from Collins & Bercik, 2009 
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Figure 4. The integration of the gut-brain 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. 

 

 
Adapted from Collins & Bercik, 2009 
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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 (Blue). Colonic disturbances are sensed via the anterior 

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; NPY – neuropeptide Y; OFC – orbitofrontal 

cortex; SCSA – short chain fatty acid)  

 

 

 
Adapted from Mayer, 2011 
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