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Metabolic syndrome is a collection of symptoms reflecting imbalanced energy homeostasis including insulin resistance 

and elevated body fat, cholesterol levels and blood pressure. This coordination of multiple symptoms indicates a common 

underlying regulatory imbalance and it has recently been indicated that the health the resident gut microbiota may 

contribute to the progression of metabolic syndrome. The gut microbiota is a dynamic collection of trillions of bacterial 

species living synergistically in the gastrointestinal tract that work together to regulate nutrient availability, transit time, 

vitamin synthesis, mineral bioavailability, immunity and importantly, energy homeostasis. Not only is the composition of 

the gut microbiota critical to determine how much energy is extracted from food, but imbalances in the gut microbiota 

can lead to hormonal and molecular signaling imbalances that affect systemic energy homeostasis pathways. Probiotics 

are health-benefiting bacterial species that when consumed can alter the composition of the gut microflora have been 

shown to be beneficial in treating multiple symptoms of metabolic syndrome. Such broad changes impact energy 

assimilation from food and fundamentally alter energy utilization pathways including insulin resistance, lipid biogenesis, 

gluconeogenesis, inflammation, oxidative state, and more. We have shown in in vitro and in vivo animal models that 

several bioactive strains of Lactobacillus spp. andBifidobacteria spp. benefit the metabolic state through secreted 

bacterial metabolites and other activities. For example, the intrinsic ferulic acid esterase activity of L. fermentum NCIMB 

5221 produces a potent metabolite, ferulic acid, that has been shown to have anti-inflammatory, insulin-regulating and 

cholesterol-lowering activities therefore broadly reducing the risk factors of metabolic syndrome. Another ferulic-acid 

esterase active bacteria, L. fermentum NCIMB 2797 reduced markers of non-alcoholic fatty liver diseases including 

hepatic and whole body cholesterol, esterified cholesterol, triglycerides, phospholipids and insulin resistance. Various 

strains of Lactobacillus spp. were also shown to effectively increase cholesterol assimilation in vitro and in 

vivo indicating a reduction in obesity markers and cardiovascular stress. Finally, via the bile-salt hydrolase activity of 

severalLactobacillus spp. such as L. reuteri NCIMB 30242, we have identified through a double-blind, placebo-

controlled, randomized, parallel-arm, multi-center clinical trial a potent increase in fibroblast growth factor-19 and sterol 

absorption as well as cholesterol-lowering and elevated circulating levels of 25-hydroxyvitamin D. Finally, to overcome 

the lability of probiotics during oral delivery and the harsh environments of the gastrointestinal tract, we have optimized 

several delivery techniques using alginate-poly-L-lysine-alginate microencapsulation validated through vigorous testing 

in in vitro andin vivo models. Altogether, by understanding the science underlying the fundamental action of probiotics 

and combining this with innovative delivery techniques, potent and novel biotherapeutics for several aspects of metabolic 

syndrome can be simultaneously targeted efficiently, cost-effectively and without side effects.     

 


