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LEARNING OBJECTIVES

• Understand the nomenclature and framework of GI functions as a foundation 
to an integrative approach to successful therapies.

• Appreciate the inter‐relationship between the various GI functions and how 
those functions support (or create vulnerabilities) for one another.

• Review simple methods of evaluating basic digestive, barrier and microbial 
environmental function of the GI tract

• Understand the importance of the GI immune system and the necessary 
education (tolerance) it provided for the whole immune system



ANOTHER WAY TO DESCRIBE THE CORE FUNCTIONS OF GI
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THE CHALLENGE OF DIGESTION & ABSORPTION

• Breakdown complex foods into basic 
constituents

• Divide Macronutrients into basic units

• Release Micronutrients from food matrix

• Selectively absorb nutrients

• Transform and/or activate nutrients and 
phytonutrients

• While maintaining a barrier against entry 
of unwanted particles



TIMING AND LOCATION IS IMPORTANT

• Nutrients are not absorbed uniformly, 
there are specific locations where the 
available transporters or necessary 
processes are found.

• Appropriate timing and sequence is also 
important- bowel transit time can 
adversely affect this

• Transporters and enzyme capacity can be 
overwhelmed/saturated, reducing the 
effective benefit of dietary nutrients

• Nutrients produced by colonic bacteria 
may have limited human bioavailability, 
though may benefit colonocytes and 
microbes.



DIGESTION AND ABSORPTION
WHAT CAN GO WRONG?
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DIGESTION AND ABSORPTION
THE CEPHALIC PHASE
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ENTEROENDOCRINE CELLS (EEC)

Gribble FM, Reimann F. Enteroendocrine Cells: Chemosensors in the Intestinal Epithelium. Annu Rev 
Physiol. 2016;78:277-299. doi:10.1146/annurev-physiol-021115-105439





CONTROLLING ACID PRODUCTION
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HOW MUCH ACID DO WE NEED?

• Low Stomach acid contributes to:
• Reduced protein digestion (denaturing)

• Increases protein allergenicity

• Reduced solubility/absorption of key nutrients like calcium, iron, folic acid, vitamins B6 
and B12

• Increases SIBO, C. diff and related harmful bacteria

• But how low is too low?
• This is a very debatable question and one that is not well studied…..



MEASURING STOMACH ACID:

• Heidelberg radio-telemetric capsule

• Best used for alkali challenge/reacidification

Some research also uses pH sensitive tablets and follow collection of 
metabolites in urine (i.e. riboflavin).



HYPOCHLORHYDRIA AND ACHLORHYDRIA

• It is generally assumed that fasting pH below 3.0 is considered “normal”

• Achlorhydria (no stomach acid) results in fasting pH of about 7 (neutral) 
or above.

• This is common in subjects with atrophic gastritis.

• Fasting Hypochlorhydria is considered to be present in about 10% of the 
aging American population, though upwards of 60% in older Japanese 
adults.

• Low stomach acid is not uncommon in patients with GERD-like 
symptoms



GERD IS NOT ASSOCIATED WITH 
EXCESSIVE ACID PRODUCTION!

Measurement of gastric pH in ambulatory esophageal pH monitoring. Surg Endosc. 2009 
Sep;23(9):1968-73

Control Subjects (N=54)
Subjects with GERD (N=1,582)

11%
Hypo-HCl



FUNCTIONAL HYPOCHLORHYDRIA

• Our body secretes acid primarily to digest food, therefore, 
fasting levels are not nearly as important as prandial levels 
(when you eat)- measured by re-acidification after eating food.

• If fasting gastric acid production goes down with aging, what 
happens to gastric pH during a meal?

young

Pharm Res. 1990 Jul;7(7):756-61. Pharm Res. 1993 Feb;10(2):187-96.

elderly



DOES THIS REPRESENT A FUNCTIONAL 
DIFFERENCE?



OLDER SUBJECT TAKE LONGER TO ACIDIFY 
STOMACH AFTER A MEAL!



THE PANCREAS: MULTIPURPOSE GLAND

trypsin, chymotrypsin, elastase,  
pancreatic lipase, pancreatic 
amylase
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• Note the importance of trypsin in cleaving several precursor enzymes (zymogens) into their final active form

• Note also that trypsinogen is first cleaved by enteropeptidase (enterokinase)- an enzyme located on the surface of 
duodenal cells- requiring an intact brush border system



IMPORTANCE OF BRUSH BORDER ENZYMES 



LIPID TRANSPORT INTO CIRCULATION



LOW PANCREATIC ENZYME OUTPUT

• Pancreatic Exocrine Insufficiency: defined as output below 10% 
of normal (i.e. 90% reduction). 

• Common in chronic pancreatitis, cystic fibrosis, pancreatic 
cancer

• Also caused by: gastrectomy, gastric bypass or GI tract 
disorders like celiac disease…and aging!

• Measured by:

• Fecal Fat Analysis

• Radiolabeled TG test

• Or Pancreatic Elastase 1 (a.k.a. fecal elastase)



Labs can measure this

Note
<400

Borderline
Low



WHO ELSE MIGHT HAVE LOW PE1?

• Celiac disease 
• Inflammatory Bowel Disease (IBD)
• HIV 
• Diabetes (type 1 and 2) 
• Obesity 

• Leeds JS, Hopper AD, Hurlstone DP, et al. Is exocrine pancreatic insufficiency in adult coeliac disease a cause of persisting symptoms? 
Aliment Pharmacol Ther. 2007 Feb 1;25(3):265-71.

• Maconi G, Dominici R, Molteni M, et al. Prevalence of pancreatic insufficiency in inflammatory bowel diseases. Assessment by fecal 
elastase-1. Dig Dis Sci. 2008 Jan;53(1):262-70.

• Carroccio A, Di Prima L, Di Grigoli C, et al. Exocrine pancreatic function and fat malabsorption in human immunodeficiency virus-
infected patients. Scand J Gastroenterol. 1999 Jul;34(7):729-34.

• Hardt PD, Hauenschild A, Nalop J, et al. High prevalence of exocrine pancreatic insufficiency in diabetes mellitus. A multicenter study 
screening fecal elastase 1 concentrations in 1,021 diabetic patients. Pancreatology. 2003;3(5):395-402.

• Griesche-Philippi J, Otto J, Schwörer H, et al. Exocrine pancreatic function in patients with end-stage renal disease. Clin Nephrol. 2010 
Dec;74(6):457-64.



FECAL (PANCREATIC) ELASTASE 1 
AND AGING

Fecal pancreatic elastase-1 levels in older 
individuals without known gastrointestinal 
diseases or diabetes mellitus   BMC Geriatr. 2011 
Jan 25;11:4.



THE CHALLENGE OF DIGESTION & ABSORPTION

• Breakdown complex foods into basic 
constituents

• Divide Macronutrients into basic units

• Release Micronutrients from food matrix

• Selectively absorb nutrients

• Transform and/or activate nutrients and 
phytonutrients

• While maintaining a barrier against entry 
of unwanted particles



EVERYTHING HAPPENS AT THE INTERFACE!

• Biological systems are designed to create discrete functional units

• Tissues

• Cells

• Organelles

• Genes

• All of which are equipped to modulate each other by signals at their interfaces



COORDINATED SURVEILLANCE SYSTEMS: 
PROTECTING “SELF” AT THE INTERFACES

HPA Axis (Stress Response)
• Assessing threats from outside (interface with outside 

world)
• Compensating for internal imbalances

Immune System
• Surveillance of Self vs. Non-Self
• Highly coordinated by GC signals, highly concentrated 

in the Gut

Gastrointestinal Tract- GALT
• Maintaining Barrier Function (interface with outside       

world)
• Signal coordination to brain using direct and immune 

facilitated signals.



SELYE AND SURVEILLANCE SYSTEM 
STRESS

Control “Stress”

Hypertrophy of Adrenal Gland (HPA)

Atrophy of the thymus and other 
lymphatic glands (Immune system)

Erosions and ulcers in the duodenum 
(GI-system) 



INTERFACE OR BARRIER?

• “The barrier/permeability functions of  the gut represent one of  the most 
important interfaces between a person and the external environment.  However, 
we should not imagine this barrier function as simply a means to keep things 
out, but as a sophisticated system to communicate with, and allow selective 
entry of, certain contents from the gut lumen into the body. This requires a 
tightly controlled, but thin barrier of  tissues and secretions intentionally 
designed for close proximity to the gut lumen. This proximity permits 
the absorption of  available nutrients and physiological interaction with 
trillions of  non-human microbes and their metabolites and signals, but also 
creates a vulnerability to those same microbes, toxins and immunologically 
reactive components from the gut lumen.”



EXPANDING THE SURFACE AREA
MORE INTERFACE: MORE VULNERABILITY



THE FUNCTIONAL COMPONENTS OF 
THE GUT BARRIER

• Human GI cells that create the interface (Enterocytes, Colonocyte etc.)

• Human Immune cells that line the inside or penetrate the interface

• Human Neuroendocrine cells and neurons with synapses nearby.

• Luminal Excretions from human cells (Mucus, sIGA, anti-microbial peptides, enzymes, acid, neurotransmitters 
etc.)

• Non-Human microbes in the lumen and mucus lining

• Commensal, Pathobiont, Pathogenic Bacteria

• Viruses (free and bacteriophages)

• Fungi

• Non-human eukaryotic organisms (are any of these commensals?)



BASIC FEATURES OF THE GUT 
BARRIER

Small Intestine-Villi and Crypt Colon- 2 mucus layers, crypt
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STEM CELLS: CONSTANT TURNOVER



ABSORPTIVE EPITHELIAL CELLS



TIGHT JUNCTIONS

MLCK- Myosin Light Chain Kinase ZO-zonula occludens
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PANETH CELLS: MANAGING DYSBIOSIS

• Found only in Small Intestines 
(primarily Ilium)

• Migrate into crypt after 
differentiation from stem cells

• Secrete antimicrobial peptides 
(AMPs) into gut lumen

• Are long-lived (months) 
compared to absorptive cells.

• Help regulate stem cell activity



IMMUNE SYSTEM-TIGHTLY BOUND



TRAINING: FRIEND OF FOE?

Most people say “75% of the immune system is in the gut”

This is sort of true, if you only calculate the location of cells.

The immune system is the gathering place of naïve B and T cells, 
and the primary location for peripheral tolerance.

This also requires many innate immune cells, including antigen 
presenting cells (in the gut: dendritic cells are in control)



SELF-TOLERANCE IS KEY!



EDUCATION THROUGH SAMPLING NON-SELF
FRIEND OR FOE?



DENDRITIC CELLS



PATTERN RECOGNITION RECEPTORS



TOLL-LIKE RECEPTOR FAMILY (TLRS)



INFLAMMASOME (NLRP3-TYPE)

• Heptamer complex between caspase and NRLP3

• Caspase activates the release of IL-1b, furthering 
inflammatory cascade

• 3 potential triggers

Cell: Volume 140, Issue 6, 19 March 2010, Pages 
821–832



“PARACRINE” FUNCTION OF 
INFLAMMASOMES IN IBD



INFLAMMASOME AND CHRONIC DISEASE

Front. Immunol., 08 March 2013 



AUTOINFLAMMATORY DISEASES

Nature Reviews Immunology 12, 570-580 (August 2012)



BASIC FEATURES OF THE 
COLON BARRIER

• Two layers of Mucus

• Increased number of Goblet Cells 

• Less interface, more barrier

• Lower concentration of immune cells

• Fewer Enteroendocrine Cells

• Lumen acts as large fermenting vessel
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LEAKY GUT: MANY DIFFERENT VIEWS

Nature Immunology  14, 685–690 (2013



IS “LEAKY GUT” A LEGITIMATE TERM?

• “From an MD’s standpoint, it’s a very gray 
area,” says gastroenterologist Donald Kirby, 
MD, director of the Center for Human 
Nutrition at the Cleveland Clinic. 
“Physicians don’t know enough about the 
gut, which is our biggest immune system 
organ.”

• "Leaky gut syndrome" isn't a diagnosis 
taught in medical school. Instead, "leaky gut 
really means you’ve got a diagnosis that still 
needs to be made,” Kirby says. “You hope 
that your doctor is a good-enough Sherlock 
Holmes, but sometimes it is very hard to 
make a diagnosis.”

• “We don’t know a lot but we know that it 
exists,” says Linda A. Lee, MD, a 
gastroenterologist and director of the Johns 
Hopkins Integrative Medicine and Digestive 
Center. “In the absence of evidence, we 
don’t know what it means or what 
therapies can directly address it.”

• From WebMD (page hasn’t been updated 
since 2013!)
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“LEAKY GUT”- MORE COMMONLY USED





MORE COMMON SCENARIO

Front. Immunol., 07 December 2015 | https://doi.org/10.3389/fimmu.2015.00612



WHAT WE CAN LEARN FROM CELIAC DISEASE

A. Fasano-Scientific American 301, 54 - 61 (2009)



Mechanisms of gliadin-induced zonulin release, increased 
intestinal permeability, and onset of autoimmunity. 

Alessio Fasano Physiol Rev 2011;91:151-175©2011 by American Physiological Society

Zonulin= pre-
haptoglobulin 2



MEASURING GUT BARRIER FUNCTION

• Gold Standard: Ex-VIVO Ussing Chamber

• Biopsied Tissue (Or experimental monolayer) 
oriented across membrane

• Can measure Transepithelial electrical resistance 
(TEER)

• Model system for measuring insults to Gut 
epithelium

• No support cell structures, no microbiome etc.



MEASURING GUT BARRIER FUNCTION

• In Vivo: size Exclusion Test (Urine Analysis)

• Lactulose/Mannitol Test most common
• Mannitol is general measure of gut area, denominator can be altered (low) during 

atrophy (Celiac, Inflammation etc.)- Ratio can rise even when lactulose levels do 
not increase due to low mannitol absorption

• Other test reagents: rhamnose, different size PEG molecules etc.
• Be careful to follow dietary and timing instructions to prevent false interpretations



OTHER (POTENTIAL) MEASURES OF 
GUT PERMEABILITY

• Urine/Serum levels of microbial metabolites: D-lactate, 
endotoxin etc.

• Increased level of bacteria in dense mucus (biopsy)

• Reduced plasma citrulline (biomarker of Glutamine)

• Fecal Calprotectin (Inflammation)

• Measures of TJ proteins [ZO, Claudins, Occludin etc.)

• Serum [or FECAL?] zonulin



GI CONDITIONS FOR WHICH BARRIER 
FUNCTION IS OFTEN COMPROMISED

• GI Infections (V. Cholera, EH E.coli, C. diff, H. pylori)

• Gut inflammation of any kind likely triggers some gut permeability

• Celiac Disease and 30% of asymptomatic relatives.

• Inflammatory Bowel Disease (both UC and Crohn’s)

• IBS-D (though not stat. sig. in all studies) 

• SIBO?



Gut Permeabil ity connected to Obesity, Insulin Resistance and the 
Western dietary Pattern

Nutrition Research, 2012-
09-01, Volume 32, Issue 
9, Pages 637-647



ZONULIN LEVELS ARE OFTEN INCREASED IN 
OBESE SUBJECTS AND TYPE 2 DIABETICS



THE FUNCTIONAL COMPONENTS OF 
THE GUT BARRIER

• Human GI cells that create the interface (Enterocytes, Colonocyte etc.)

• Human Immune cells that line the inside or penetrate the interface

• Human Neuroendocrine cells and neurons with synapses nearby.

• Luminal Excretions from human cells (Mucus, sIGA, anti-microbial peptides, enzymes, acid, neurotransmitters 
etc.)

• Non-Human microbes in the lumen and mucus lining

• Commensal, Pathobiont, Pathogenic Bacteria

• Viruses (free and bacteriophages)

• Fungi

• Non-human eukaryotic organisms (are any of these commensals?)



IS THIS STILL THE CURRENT STATE OF 
MICROBIOTA KNOWLEDGE?



NOMENCLATURE ISSUES

• Commensal Organisms: 
• the totality of nonpathogenic Organisms that are “natural” 

residents in or on the host (supplied through the environment or 
diet). 

• This term can also be used to distinguish these “natural” organisms 
from “supplemented” organisms that are generally incapable of 
long-term GI residence(e.g., probiotics).

• Pathobiont:

• This is a commensal organism with the potential for pathogenic activity that, in some circumstances, 
can trigger negative outcomes for the host (e.g., antibiotics and C. diff.). These might require the 
presence of other microorganisms, host immune system dysfunctions or other unknown factors to 
become pathogenic.



WHAT’S IN YOUR ECOSYSTEM?



WHAT IS THE MOST IMPORTANT TO KNOW?

E G Zoetendal et al. Gut 2008;57:1605-1615

Most of the 
information we 
have is here!



MICROBIOME DNA ANALYSIS



MORE DEFINITIONS

• Operational Taxonomic Unit (OTU):

• This operational definition of species is used when only genetic material (mostly 16S rRNA) is analyzed to 
distinguish one species from another. Since many bacteria within the gut microbiome cannot be isolated, 
grown and investigated in a laboratory setting, they are identified by their genetic sequences and classified 
into OTUs. Diversity is often described as the number of OTUs. For the clinician, this is functionally 
identical to the number of species.



DNA TESTING CONUNDRUM

• There is a debate amongst 
researchers as to the most 
appropriate measures of metagenetic 
information to define a person’s or a 
population’s microbial species.

• Clinically-speaking- we have 
extremely limited knowledge as to 
what to do with this information, how 
to define an ideal microbiome (if such 
exists) or how to predictably 
manipulate the microbial environment 
in a given subject.



MICROBIOME(S) IN THE GUT

Fecal Microbiota Analysis (by any means) is only 
a biomarker of these microbiomes (heavily 

skewed to the distal colon)



WHAT IS THE BEST WAY TO DEFINE AN 
INDIVIDUAL’S GUT MICROBIOME?

• Phylum level Difference?

• Enterotypes?

• Specific OTUs?

• Overall Diversity?

• Presence or absence of specific species?



PHYLUM LEVEL MEASUREMENTS





Carlotta De Filippo et al. PNAS 2010;107:14691-14696





COMMERCIAL LABS AND PHYLUM 
REPORTING

(DOES THIS TELL THE PATIENT ANYTHING?)



ENTEROTYPES



“In light of our findings, we believe that previous analyses produced overconfidence in the 
claim of discrete enterotypes and that continuous variation is the simpler and therefore 
better-supported conclusion. …….Consequently, although discrete clusters may be 
significantly correlated with a disease state, they may not be appropriate for predicting that 
disease state due to masking of important within-cluster variation in critical taxa. Finally, in a 
meta-analysis including both dense single-individual time series data and cross-sectional 
multiple-individual data, we demonstrated that a healthy adult human’s microbiome can 
traverse much of the total variation space of healthy human gut microbiomes throughout the 
course of a year, providing evidence that enterotypes are fluid and continuous.”



HOW STABLE IS AN ADULT’S 
MICROBIOME?

“Nonetheless, overall the set of microbial strains was 
remarkably stable, with over 70% of the same strains 
remaining after one year and few additional changes 
occurring over the following four years…. Finally, the 
stability we document highlights the impact of early 
colonization events on our microbiota in later life; 
earlier colonizers, such as those acquired from our 
parents and siblings, have the potential to provide 
their metabolic products and exert their 
immunologic effects for our entire lives.”

From: Guilliams TG. Functional Strategies for the Management of Gastrointestinal Disorders (Point Institute, 2016)



SOME PRECAUTIONS

• We don’t yet know what is 
“Normal”

• Most commercial Lab Data is not 
Reproducible enough to 
adequately deciphering Stool 
samples for diversity

• Stool samples may be 
representative of some portions, 
but perhaps not the most 
important features of the 
microbiome



FUNCTION 
MATTERS

• Altered patterns within 
the microbiota in early life 
may influence health long 
after those patterns are 
discernable through 
microbiome testing 
(Know the patient’s 
History!)

Putignani L, Del Chierico F, et al. The human gut microbiota: a 
dynamic interplay with the host from birth to senescence settled 
during childhood. Pediatr Res. 2014 Jul;76(1):2-10.
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Nature  489, 220–230 (13 September 2012) doi:10.1038/nature11550



FUNCTION MATTERS

• The presence or absence of specific species of (or genes From) bacteria may be 
less important than the Gene expression, Proteome or Metabolome in the 
Gut.



THE BASIC ROLES OF GI MICROBIOTA



GUT MICROBIOME AND CVD

From: Guilliams TG: Cardiometabolic Risk Management- A Functional and Lifestyle Approach (Point Institute 2018)



THE POWER OF ADAPTABILITY

• ~1 Trillion Cells

• 30-40% altered genome in few days

• Influenced by genomic signals

• Epigenome?

• 50-150 billion cells

• Fixed Genome, slowly change epigenome

• Influenced by genomic signals



MICROBIOME/IMMUNE INTERFACE



COMMENSAL FLORA AND 
IMMUNE CONTROL



IMMEDIATE FACTORS THAT INFLUENCE 
FECAL MICROBIOME SAMPLES.

• Stool Morphology as measured by Bristol Stool Scale
• Transit Time

• Available time for fermentation/division

• individuals with a short transit time may have greater amounts of 
fast-growing bacterial species, while those with slow transit 
times may instead select bacteria with greater adherence to host 
tissue.

• The Use of Medications
• Antibiotics

• Laxative

• PPIs

Vandeputte D, Falony G, Vieira-Silva S, et al. Stool consistency is strongly associated with gut microbiota 
richness and composition, enterotypes and bacterial growth rates. Gut. 2016 Jan;65(1):57-62.



THE BIGGEST LEVERS TO CHANGE 
THE HUMAN GUT MICROBIOME

• Diverse Diet, variety of plants
• Source of New Microbes
• Food for Existing Microbes

• Fecal Microbial Transplants (short-term?)
• Probiotics (short-term) 

• Processed Food Diet

• Broad spectrum Antibiotics



Here we show that the short-term consumption of diets composed 
entirely of animal or plant products alters microbial community structure 
and overwhelms inter-individual differences in microbial gene expression. 
Microbial activity mirrored differences between herbivorous and 
carnivorous mammals, reflecting trade-offs between carbohydrate and 
protein fermentation. Foodborne microbes from both diets transiently 
colonized the gut, including bacteria, fungi and even viruses. In concert, 
these results demonstrate that the gut microbiome can rapidly respond 
to altered diet, potentially facilitating the diversity of human dietary 
lifestyles. Nature. 2014 Jan 23;505(7484):559-63.



THE HEAVY HAND OF ANTIBIOTIC THERAPY
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THE RISK-REWARD OF RESCUE MEDICINE

• How much of the past 100 year shift in human metabolic function might have been 
caused by a massive shift in our microbiome due to the rampant use of antibiotics?

Phylum-level changes in animals given antibiotics



Failure Rate (need for new antibiotic within 2-18 days of first prescription) was ~10%



C. DIFF AND ANTIBIOTICS

• Taking antibiotics is the top risk factor for developing C. difficile infections for both 
children and adults.

• Researchers found that 71 percent of cases of Clostridium difficile infection among 
American children aged 1 to 17 occurred shortly after they took antibiotics that 
were prescribed in doctors' offices to treat other conditions.

• Most of the children received antibiotics for problems such as ear, sinus or upper 
respiratory infections. Previous research has shown that at least 50 percent of 
antibiotics prescribed to children in doctors' offices are for respiratory infections, 
most of which do not require antibiotics. 

U.S. Centers for Disease Control and 
Prevention, news release, March 7, 2014



BIOFILM: A CLASSIC APPROACH, BUT NOT 
LIKELY A MODEL FOR GI ORGANISMS



• Excellent Review of biofilm

• Reveals we still know very little 
about biofilm’s beneficial and 
detrimental functions- and what we 
can do about it.

• Pathog Dis. 2013 Feb;67(1):25-38



Beneficial activities potentially attributed to some exopolysaccharides synthesized by 
Bifidobacterium. 

Hidalgo-Cantabrana C et al. Appl. Environ. Microbiol. 
2014;80:9-18



THE MUCOSAL MICRO-ENVIRONMENTS



MUCUS FACTORS THAT INFLUENCE 
MICROENVIRONMENTS





INHIBITING BIOFILMS IN GI?
• Several natural agents (and synthetic analogs) are known to disturb biofilm 

formation or inhibit quorum sensing in laboratory tests, but we are not aware of any 
research specific to mucosal biofilms generally, or gastrointestinal outcomes 
specifically. 

• We are very cautious on recommending GI “biofilm-disrupting” therapies because 
biofilm communities within the GI mucosa contain heterogeneous mixtures of 
mostly beneficial organisms along with those that are potentially harmful

• Biofilm disruption is unlikely to discriminate between the good and the bad. 

• Furthermore, virtually no evidence exists to guide the clinician in the selection of 
agents, doses and length of treatment for GI biofilm disrupting therapies related to 
GI-related clinical outcomes. 

• The use of ingredients that perform well in in vitro tests of biofilm disruption of 
monocultures, have yet to be shown effective or beneficial for GI-related outcomes 
(though some are marketed as if they have).



THE MICROBIOME AND PHYTOTHERAPY
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BERBERINE- A COMPREHENSIVE 
METABOLIC SIGNALING MOLECULE.

An isoquinoline alkaloid found in plants like Berberis aquifolium (Oregon grape), 
Berberis vulgaris (barberry), Berberis aristata (tree turmeric)), Hydrastis canadensis
(goldenseal), Xanthorhiza simplicissima (yellowroot) and  Coptis chinensis (Chinese 
goldthread)- the common source for commercial berberine HCL/Sulfate



500 mg BID



1 gram BBR per day



EXCELLENT REVIEW OF BERBERINE’S
MECHANISMS AND CLINICAL RESULTS

Atherosclerosis 243 (2015): 440-461



SIGNALING PATHWAYS TRIGGERED BY 
BERBERINE



BERBERINE AND THE GUT MICROBIOME 
HOW THEY AFFECT EACH OTHER.

• One the one hand: Berberine appears to affect physiology, partly by modulating gut 
microbiome.



Taken together, our findings suggest that the 
prevention of obesity and insulin resistance by 
berberine in HFD-fed rats is at least partially 
mediated by structural modulation of the gut 
microbiota, which may help to alleviate 
inflammation by reducing the exogenous 
antigen load in the host and elevating SCFA 
levels in the intestine.



ANTIBIOTICS INHIBIT THE BENEFIT AND BIOAVAILABILITY OF 
BERBERINE IN ANIMAL MODELS

Sci Rep. 2015 Jul 15;5:12155. 

Change in FBG Change in TG



Transforming berberine into its intestine-absorbable form by the gut microbiota.
Sci Rep. 2015 Jul 15;5:12155. 

However, oral doses of dhBBR are 
unstable, and convert back to BBR 

before reaching the gut.

dihydroBBR



Plasma levels of Berberine



HOW MANY PHYTOCHEMICALS NEED 
A HEALTHY MICROBIOTA FOR 

ACTIVATION?



• In many cases “microbiota availability” may actually be the target of phytochemicals 
that are known to have poor human bioavailability

• Our desire to increase bioavailability of important phytochemicals may actually miss 
the very target of their therapy, or at least alter that relationship substantially.



FECAL MICROBIOTA TRANSPLANTS

• FMT are now recognized globally as highly successful for 
recurrent C. difficile infections (CDI/CDAD)

• In appropriate subjects (with appropriate donors), 
successful remission is >90% (Fresh or Frozen!)

• Success in children for CDI is similar, though fewer 
studies have been performed. Pediatr Res. 2016 
Jul;80(1):2-6.

• FMT studies on other GI conditions (IBD, IBS, etc.) and 
non-GI conditions: obesity, immune-related outcomes, 
autism etc. are ongoing with some success in small trials. 
Dig Dis Sci. 2017 May;62(5):1131-1145.



WHAT ABOUT PROBIOTICS?

Stay Tuned…..



MOST IMPORTANT TAKEAWAY

• Most of what we know is good (or Bad) for our microbiome(s) has already been shown to 
be good (or Bad) for Us-With few exceptions. 

• the Microbiome revolution helps explain how and why certain lifestyle interventions may 
work, but rarely contradicts what we know about healthy diets, physical activity, stress, 
Hygiene etc. 



CHRONIC DISEASE MANAGEMENT REQUIRES SUPPORTING 
THE CORE FUNCTIONS OF GI
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CORE FUNCTIONS VS 
4R (OR 5R)
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