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Learning Objectives

A To describe the current evidence regarding the connection between inflammatory chronic disease

and gut health, including the role of the gut microbiome

A To take an evidenced based approach for practical patient recommendations, using foods with live
and active cultures as well as specific probiotic strains and prebiotic foods and supplements to

decrease inflammation and improve blood glucose metabolism

A To apply practical dietary strategies for improving overall gut health and inflammatory disease

processes



Overview of the Gut Microbiome
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Role of the Gut Microbiota

1. Metabolic Functions the gut
A Helps us digest and absorb our 2. Structural and Histologic Function
food A Maintains and strengthens the
A Produce certain nutrients health of our gut lining/barrier
w Examples: B Vitamins and 3. Protective Functions
Vitamin K2 A Interacts with our immune system
A Determine how many calories we (>70% of which lies in the gut)
extract from food A Contributes to either increased or
A Key role in obesity and diabetes decreased inflammation
A Leptin Resistance A Microbiota metabolites teach the
A Insulin Resistance Il mmune system wh
foeo

A Interact incretin hormones in



Microbial Diversity

Lack of Microbial diversity in the colon is associated with
Increased Allergies and Asthma

Obesity

Insulin Resistance
Dyslipidemia
Systemic Inflammation
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Lack of microbial diversity can lead to decreased beneficial bacteria
that maintain intestinal barrier and produce SCFAs and an increase in
LPS from excessive gram negative bacteria populating the gut

Gram Negative

Lipopolysaccharide (LPS) is
Cell membrane part of the external
membrane of Gram
negative bacteria

Periplasmic space
Peptidoglycan

Outer membrane As bacteria die, LPS is shed
lipopolysaccharide into the lumen



Increased LPS Leads to Increased Inflammation and Metébamtoxemia

Endotoxemias the presence of LPS in the blood. At high levels can be fatal, a:
the case of Sepsis. Metaboktidotoxemias a low grade levels of endotoxin in
the blood contributing to chronic inflammatory conditions, such as

A Alcoholic Liver Disease A Depression
AlfT KSAYSNRa A Metabolic Syndrome
A Atherosclerosis A NAFLD
i LPS enhances arterial lipid A Obesity
deposition A Type 2 DM
A Congestive Heart Failure A Systemic Inflammation

A Chronic Fatigue Syndrome
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High Fat intake Leads to Acute Postprandial Exposure to
Circulating Endotoxin in type 2 Diabetic Subjects

“It is known that low-grade chronic systemic inflammation contributes to this risk, which
appears altered by several factors such as increasing age, sex, ethnicity, genetics, and
dietary influences. However, systemic inflammation appears to persist in type 2 diabetic
subjects, despite medication, while the mechanisms and mediators of this continual
inflammation appear less clear.”

“...clinical studies have also implicated gut-derived endotoxin as a “primary insult” to
actwate the inflammatory state, contributing to metabolic disease, with current cross-
“sectiohal data showing elevated systemic endotoxin levels in conditions of obesity, type 2
diabetes, coronary artery disease, and fatty liver disease (8,10,11,14-17). Within these
studies, circulating endotoxin is observed to be positively associated with waist
circumference, waist-to-hip ratio, insulin levels, inflammatory cytokines and lipids,
including total cholesterol, triglycerides (TGs), and LDL cholesterol, and negatively
associated with HDL cholesterol (8,10,11,14-17)."

Harte et al., 2011




Potential Mechanism of Action

Leptin Resistance LPS entersausing inflammation in the enteric nervous system and disruptingB&ait Axis
communication

ChronicConstipation LPS enters enteriwervous system and disrupts signals for gastric emptying and bowel motility

Mood & Appetite LPSlisrupts ghrelin function which has a direct impact on appetite and mood

Depression LPS can migrate to tf@BB and cause inflammation and inhibition of Dopamine receptd8Scan
increase the turnoveof serotonin in the synapse and CNS, reducing the concentration in those
regions

Cognitive Decline Inflammation in the BBB leads to cognitive decline

Memory Loss LPS can get into the amygdala and hippocampus which disrupts memory function

Anxiety LPS can disrupt communication of the HPA axis, increasirgxgnession of corticosteroid releasing
hormone

Anorexia Nervosa The reduction of serotoniim the synapse and CNS is been proposed as a possible mechanism for
anorexia

ChronicPain Elevated LPS in sensory neurons in the dorsal root stimutatieeptors

Parkinson's Intra-cranially LPS can cause microglial activation and neuronal loss

Hypogonadism GELDING theory; Increased LPS and subsequent chronic immune activation has fieeditck of

(low testosterone) testosterone production




Concentrations of LPS

Determined by diet and medication uday selectively
promoting growth of gram -negative bacteria

V' Diets high in fat and processed foods are associated with increased
LPS

V' Diets low in plant foods containing fiber and phytochemicals are
associated with increased LPS

V' PPI (Proton Pump Inhibitor) use
V' NSAID (Non-steroidal anti-inflammatory drug) use

Omeprazole,

Delayed Release Toblets 20mg

Acid Reducer




~ Lipogenesis
~ Inflammation

~ Oxidative stress
~ Steatosis

~ Insulin sensitivity
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Gnotobiotic mice with
characterized human
gut microbiota

4,

Dietary
fiber
deprivation

Fiber-rich diet Fiber-free diet
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with enteric
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Colon Mature mucus layer:  Microbiota eroded mucus
intact barrier function  layer: barrier dysfunction
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Mucus Fiber-degrading Mucus-degrading Mucosal  Bacterial dietary- Bacterial host-secreted
layer  microbiota microbiota pathogen fiber degradation mucus degradation
Desali, et al. 201




Feeding Diversity

You are what you eat, and so are the microbes that
live in your gut

Every time you eat you have the opportunity to
Influence the abundance and diversity of the
microbes that reside in your gut



Food for your Microbiota

Focus on colonic foods which contain FIBER, RESISTANT
STARCH and PREBIOTICS to make lasting changes on your
gut bacteria

A few examples of Colonic Foods

T Oats

I  Beans & Lentils

I Jicama

i Carrot / \“
I Jerusalem artichokes j/ U\\ |
I Garl i c, Leeks, Oni /
i Brown, Red, Black Rice 2

Tubers & Root Vegetables




SCFAs (Short chain Fatty acids

Microbes break
down fiber to
produce SCFAs

Dietary fiber
Microbiota
Microbial

fermentation

Gut Microbes

reduce expression

of Fiaf(Fasting

induced adipose
factor) A leading

to improved cholesterol,
decreased TG & LDL

1 l Chylomicron Fiaf
PYY GLP—1 VLDL @ J

Incretin mimetic
T I_I—I
drugs Target GL-P . P FFA
ignaling
t accumulation

Gut Microbiota and Metabolic Disordetdur & Lee- Dlabetesl\/letabJ (2015)




The gut microbiome has a regulatory function on host energy metabo

non-digested =Y

. r ¢ P°|V(S ccharides Bacterial metabolism .
SCFAs bind to GPR d $ B in colonic mucosa Fat cellssense the increase of
receptors to af W, T SCFAs leve respond by
stimulate PYY ——

(i 1 . . . .
mo..om...na..\_,[sc inducing leptin production

PYY: Peptide YY
slows motility and

allows microbes to

SCFAs decrease inflammation and
digest more fiber

improve Leptin Resistance

The adiposity in liver and
skeletal muscles is also
regulated by microorganisms
through changes of
phosphorylated adenosine
monophosphateactivated
protein kinase (AMPK) levels.

Leptin sends
signals of satiety
to the brain

£ :SCFA @ : commensal bacteria E) : gut epithelial cell
) : free fatty acid @) :GPR41/43 [5) : enteroendocrine cel
B iasenchalida @) :activated GPR41/43 k) : AMP-activated protein
pmt : fermentable . kinase
L 3 Jlipoprotein polysaccharide xf&mng : Phosphorylated AMPK

(VLDL, chylomicrons)

DenBesten et al. 2013




Benefits of Butyrate

Maintains and promotes intestinal integrity
Decreases endotoxin absorption (LPS)

Decrease visceral hypersensitivity, abdominal pain and fecal
urgency

Enhances colonic motility (regular BMs)
Enhances insulin sensitivity (improving insulin resistance)
Protects against neural cell death

Attenuate endotoxiAnduced neural inflammation
I Can cross the BBB and decrease inflammation
I Can help heal the BBB

A Decreases overall systemic inflammation by suppressing
pro-inflammatory mediators
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