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Expand our view of the gastrointestinal tract

Recognize GI associated chronic diseases

Understand how treating the GI tract impacts health

Treatment recommendations

The microbiota is integrated in all aspects of human biology…

Metabolism/Obesity
Immune System
Central Nervous System

…and is highly responsive to diet



Digestion / Absorption & Elimination

Immune Modulation / Inflammation

Modulation of neuro-transmitters



Inadequate mastication

Hypochlorhydria

Pancreatic insufficiency

Bile insufficiency

Brush Border Injury



Vit K
SCFAs control epithelial cell 
proliferation and 
differentiation in the colon 
(protects against neoplasia)

Sonnenburg and Sonnenburg, Cell Metab., 2014



Enzymes
 In the lumen
 Alter the nature of the antigen

Commensal Flora
 Microbiota

Physical barriers
Mucosal barrier
 Secretory immunoglobulin A (sigA)

Intestinal epithelial cells
 Tight Junctions/Zonulin

 GALT
 Regulatory                 T 

cells     IL-10
 Dendritic cells
 Macrophages

https://youtu.be/gnZEge78_78

Mayer L. (2003) Pediatrics. 

https://youtu.be/gnZEge78_78


Skin Surface area: 1.5 m2

Respiratory mucosa area: 100 m2

GI mucosal area: 300 m2

Turner J. R. (2006).  The American Journal of Pathology.



Earle et al. 2015.Cell Host Microbe

Fiber rich Fiber deficient



GALT:  
“…about 70% of the cellular component 
of the  immune system present as gut-
associated lymphoid tissue..”

Leung D. et.al.(2015)  Journal of Allergy and Clinical Immunology
Mayer L. (2003) Pediatrics



We harbor trillions of microbes

>100 times more microbial genes then 
human genes

Round J. L et al. (2009) Nature Reviews/Immunology. 9:313.



Microbiota within population changes as lifestyle 
industrializes
 Aashish Jha, PLOS Biology, 2018 (study in Nepal)

Microbiota “industrializes” upon immigration
 Vangay et al, Cell 2018
 Sonnenburg and Sonnenburg, Cell 2018



Microbiota from industrial vs 
traditional populations diverge

(loss of diversity and specific bacterial families)

Fragiadakis et a., Gut Microbes, 2018



Round J. L et al. (2009) The gut microbiota shapes intestinal immune responses during health and disease. Nature 
Reviews/Immunology. 9:313.

“…the possibility that the mammalian immune system, 
which seems to be designed to control 
microorganisms, is in fact controlled by 
microorganisms.”

“If  some bacteria are actively shaping a healthy 
immune system, does the absence of these lead to 
disease?”



Leung D. et.al.(2015) Journal of Allergy and Clinical Immunology

“With clear effects on physiologic, immunologic, and 
metabolic processes in human health, aberrations in 
the gut microbiome and intestinal homeostasis have 
the capacity for multisystem effects.  Changes in 
microbial composition are implicated in increasing 
propensity for a broad range of inflammatory diseases, 
such as allergic disease, asthma, inflammatory bowel 
disease (IBD), obesity, and associated non-
communicable diseases(NCDs).”



Mode of birth
Maternal flora
Infant environment/feeding
Antibiotic drugs
Probiotics
Non-digestible carbohydrates, Prebiotics
Diet composition
Age



Nature Reviews Immunology Vol 9, May 2009. 313Imbalances in Gut Flora



Diminished HCL secretion

Diminished enzyme 
secretion

Diminished bile secretion

Food
 allergies/sensitivities
Poor diet/ dehydration

Psychological/Emotional 
stress

Travel

Hypoxia/Exposure to 
extreme altitude

Nutrient insufficiencies

Medications (NSAIDS, 
cytotoxic agents, antibiotics, 
antacids)

 Infectious agents: viruses, 
bacteria, protozoa, 
helminths-intestinal 
dysbiosis

Ethanol/Toxins

Localized free radical 
production

Traumatic Brain Injury



Hesselmar B, et al. Pediatrics. 2015



 Mimicry 
 microbial antigens cross react with self

 Bystander effect 
 microorganisms damage tissue and create self-antigens

 Hygiene hypothesis 
 lack of exposure to various microorganisms

 Absence of helminth infections (imbalance of TH1 and TH2

 Triad 
 genetic predisposition, antigen present, gut permeability



Fasano A et al. (2005). Nat Clin Prac Gastoro & Hep

“The autoimmune process can 
be arrested if the interplay 
between genes and 
environmental triggers is 
prevented by re-establishing 
intestinal barrier function.”

Genes

EnvironmentGut 
Permeability



Impaired intestinal permeability is present in all 
subjects with adverse reactions to food, regardless 
of the type of immunogenic reaction (IgE or non-
IgE-mediated).

”…for the first time, we report a statistically 
significant association between the severity of 
referred clinical symptoms and the increasing of 
Intestinal Permeability Index.”

Intestinal Permeability in Patients with adverse reaction to food. Dig Liv Dis 38 (2006) 



Earle et al., Cell Host Microbe, 2015

Fiber rich Fiber deficient



The second brain
Production of neuro-transmitters 
Communication
Associations with development,
cognition, and mood

Rogers 2016 Mol Psychiatry
Akkasheh 2016 Nutrition



“Gut microbiota modulate a range of neuro-trophins and 
proteins involved in brain development and plasticity.”1

“Emerging and compelling evidence for nutrition as 
a crucial factor in the high prevalence and incidence 
of mental disorders suggests that diet is as important 
to psychiatry as it is to cardiology, endocrinology, and 
gastroenterology.”2

1Douglas-Escobar (2013) JAMA Pediatr.
2Sarris 2015 Lancet Psychiatry



oxidation

oxidation

REACTIVE OXYGEN SPECIESAntioxidant

Neuronal Damage

NO Neuronal Damage
NO Inflammation

Immune reaction
Inflammation

Burn a 
Calorie

Neuroinflammation and Neuro-oxidative stress

High antioxidant diets are protective



Iron
Vit. B6
Folate

Magnesium
Calcium

Vit. C
Vit. 6
Zinc

Magnesium

Iron
Vit. B6
Folate

Vit B6
Magnesium

Vit C
Copper

Tryptophan 5-HTP Serotonin

Tyrosine Dopamine
L-Dopa

Norepinepherine

Neurotransmitter production:  Nutrients are co-factors

Low levels of individual 
nutrients impairs production of 
neurotransmitters



Change in 
gut flora

dysbiosis

gut 
inflammation

Gut 
dysfunction

systemic 
inflammation    

Neuro 
inflammation

disparate pathophysiological 
alterations including 

behavior changes

Microbiome constituents may 
enhance or impair the blood-
gastrointestinal barrier (leaky gut)

Antibodies attack 
the CNS through 
molecular mimicry

When impaired, food products and 
bacteria translocate into the blood 
causing inflammatory and 
antibody immune reactions

Non-Celiac Gluten Sensitivity Triggers Gut Dysbiosis, Neuroinflammation, Gut-Brain Axis Dysfunction, 
and Vulnerability for Dementia. CNS & Neurologic Disorders-Drug Targets, 2015, 14,110-131



Adjuvant Mediterranean diet may quadruple rates 
of remission from clinical depression, if patient has 
poor dietary status at baseline
Plant-predominant diets improved depressive, 
anxious, and aggressive symptoms in otherwise 
healthy individuals.
Adjuvant Mediterranean diet may resolve clinical 
depression in young adults

Diet and Suicide:  Nanri 2013 Br J Psychiatry
Mediterranean Diet and Depression Meta-analysis: Psaltopoulou 2013 Annals of Neurology
Diet and Depression  Akbaraly 2009 Br J Psychiatry



Mediterranean diet large multi-year RTC improved 
executive function, memory, and global cognition
N=447, 334 at f/u
EVOO 1L per week, nuts 30g/day vs control
 f/u ave. 4.1 years (1-8.8)
Memory, executive function, and global cognition 

improved in EVOO and Nuts compared to control

Valls-Pedret 2015 JAMA int med



5 R Approach

Remove
Replace
Re-inoculate
Repair
Restore

Institute for Functional Medicine



Foods to which an individual is sensitive, intolerant, or 
allergic 
 Oligoantigenic elimination diet

Pathogenic microflora 
 bacteria, fungi, parasites 
 Botanical antimicrobials or bacteriostatic/bacteriocidal phytonutrients 
 Antibiotics/Antifungal medications)

Environmental stressors
 pollutants

Stress



Reducing foods that can trigger systemic reactions and 
provide the gut with a dietary base to allow restoration.

 Reduce Inflammation

 Supports Healthy Microbiome 

 Phytonutrients to Heal the Gut

 Reduces Toxic Burden

 Promotes Body Awareness to Food

 Identifies Food Triggers

https://www.fammed.wisc.edu/files/webfm-uploads/documents/outreach/im/handout_elimination_diet_patient.pdf

https://www.fammed.wisc.edu/files/webfm-uploads/documents/outreach/im/handout_elimination_diet_patient.pdf


Antibacterial Treatments

 Standard Antibiotics Rx 7-10 days

 Ciprofloxacin/norfloxin

 Co-timoxazole

 Rifaximin

Herbal treatment- 4-12 weeks

 Garlic

 Goldenseal (Hydrastis canadensis) and 

all Berberines

 Artemisia/Chinese wormwood 
(Artemisia annua)

 Environmental stressors such as 
pollutants

 Stress



Maldigestion= Incomplete processing of food
Inadequate mastication
Insufficient HCL/ Hypochlorhydria
Brush boarder injury/ Insufficient intestinal 
brush boarder enzymes
decreased CCK stimulation of pancreas
Insufficient pancreatic enzymes/pancreatic 
insufficiency
Insufficient bile acids
Fiber to support transit and GI function



Nutrients
Glutamine, argeinine, vit A, 

vit D, vit C, zinc, 
pantothenic acid, vit E, 
carotenoids

Mucosal lining support 

(phosphatidylcholine:eggs, 
soybeans, mustard, sunflower)

Support the GALT function 

Antioxidants (e.g. catechins: 

green tea)

Nutritional and 
phytonutritional anti-
inflammatories (e.g. 
curcumin, EPA, and DHA)



A clinical study of ulcerative colitis patients
 30 g daily of glutamine for four weeks
 Significant clinical and endoscopic improvement independent of disease state.
 Disease exacerbation returned when treatment was discontinued

Enterocytes in the intestinal epithelium use glutamine as their principal 
metabolic fuel.
Glutamine-enriched TPN decreases villous atrophy, increases jejunal weight, and 
decreases intestinal permeability.

 Level C recommendation.  No evidence of harm

Monograph: L-Glutamine. (2001)Alternative Medicine Review.



 Prebiotics
 Inulin or fructooligosaccharides

(FOS)
Various other soluble fibers

 Probiotics/ Fermented foods
 Bifidobacteria strains
 Lactobacillus strains
 Saccharomyces boulardii

 Synbiotics
 Bifidobacteria and FOS
 Lactobacillus and inulin

 Fiber (high soluble)



 WHO: “Live microorganisms which when administered in adequate amounts confer 
a health benefit on the host”

 Bacterial strain that: survives the stomach acid and bile, adheres to intestinal lining, 
grows and establishes temporary residence in the intestines, imparts health 
benefits

Fuller(1992) Probiotics The Scientific Basis 
Shewale (2014) SELECTION CRITERIA FOR PROBIOTICS: A REVIEW. 
International Journal of Probiotics & Prebiotics



 Measured 
 stool for taxa abundance and diversity 
 blood for biomarkers: 
 SCFA
 Insulin
 Glucose
 Lipids
 Inflammatory cytokines
 Endogenous cell signaling

 Initial results: no difference in biodiversity or inflammatory markers

 Individual analysis revealed “responders” (those with higher levels of Mg, Ca, 
Niacin, K, Na, Zinc, carbohydrates)

10 weeks of probiotics v placebo

Sonnenburg and Sonnenburg presentation 2020





Non-digestible by host enzymes

Fermented in GI tract by endogenous 
anaerobic colonic bacteria

Selective in the stimulation of intestinal 
flora/metabolic activity



Supplements
 FOS

 Guar

 Lactulose

 Inulin

Jerusalem artichokes
Onions
Chicory
Garlic
Leeks
Bananas
Soybeans
Burdock root
Asparagus
Sugar maple
Chinese chives
Peas
Legumes
Eggplant
Honey
Green Tea
Yogurt, cottage cheese, kefir

Food



 Kimchi

 Sauerkraut

 Kefir

 Miso

 Yogurt

 Cottage cheese

 Kombucha

 Fermented food consumption increased 
microbial diversity

 Fermented foods has an indirect effect 
on microbiota diversity:

 Participants consuming fermented foods 
show a decrease in inflammatory 
cytokines

10 week fermented v placebo

Sonnenburg and Sonnenburg presentation 2020



Support restorative processes in a patient’s life:  
modify attitude, diet, and lifestyle to promote a 
healthier way of living:
 ‘Scheduling’ and relaxation
Mindful eating and better choices
Heart rate variability/ biofeedback
 Yoga, meditation, prayer, breathing, or other centering practices
 Psychotherapy



Systems biology: 
 interconnection between the gut and mind/body

Target the microbiome and health through 
food
Support patients with lifestyle changes
SMALL CHANGES have significant impact
Consider all 5 Rs when healing the gut



Hippocrates



TRICIA.PETZOLD@HSC.UTAH.EDU

THANK YOU FOR YOUR KIND ATTENTION

mailto:tricia.petzold@hsc.utah.edu


 Psaltopopoulou 2013 Annals of Neuology

 Brain Volume: Intracranial Arterial Stenosis, BDNF, Homocysteine
 Roher 2011 Alzheimers & Dementia
 Zhu 2014 Neurology
 Gu 2015 Neurology (med diet and cortical volume) (Hight v Low adherence to Med diet=5 

years of neuronal aging)


	Heal the Gut, Heal the Patient�The Power of the Microbiome
	objectives
	Roles of GI system
	Digestion & Absorption
	Microbiota accessible carbohydrates
	Components of GI Immune system
	Intestinal barrier
	Fiber-deficient Microbiota eats barrier
	immune system
	Microbiota
	HUMAN HISTORY WITH MICROBIOTA
	HUMAN HISTORY WITH MICROBIOTA
	Microbiota shapes the immune system
	Microbiota
	Environment Effects Microbiota
	Dysbiosis
	Causes of dysbiosis
	Immune Tolerance
	Autoimmunity theories
	Triad of autoimmune development
	“Leaky Gut”
	“Leaky gut” due to mucus consuming bacteria
	Enteric nervous system
	GUT AND brain
	Mechanism:
	Slide Number 26
	Gut health diet and mood�
	Mediterranean diet and mood
	Predimed subgroup
	Treatment
	Remove
	Elimination Diet
	Remove
	Replace
	Repair
	L-glutamine
	Re-inoculate
	probiotics
	Probiotic study
	Slide Number 40
	prebiotics
	prebiotics
	Fermented foods study
	Rebalance
	summary
	“Let food be your medicine and medicine be your food.”
	Tricia Petzold, MD�tricia.petzold@hsc.utah.edu�
	Mediterranean diet and cognition

