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Physiological 
benefits of gut 
peptides and gut 
microbiota 
metabolites

Crosstalk between glucagon -like peptide 1 and gut microbiota in 
metabolic diseases . mBio. 2024 Jan 16;15(1):e0203223



Function of glucagon-
like peptide 1 (GLP-1) 
in humans

Alleviation of Depression by Glucagon -Like Peptide 1 Through the 
Regulation of Neuroinflammation, Neurotransmitters, Neurogenesis, 
and Synaptic Function. Frontiers in Pharmacology, 13 August 
2024;11:560086



Ozempic

ÅOver 1,000 genes play a role in obesity
ÅObesity т disease of the brain
ÅDiminishes food chatter
ÅSend post-nutrient hormones to gut, brain, pancreas
ÅAllows for satiety
Å?ŔƚƖƨƓƣƚШĤƖċŔŰƚќШƖĲƽċƖĬШĦĲŰƣĲƖ

CNN т ƚƓĲĦŔċũШƖĲƓŸƖƣЮШљfƚШ§ǍĲůƓŔĦШÅŔŊőƣШ[ŸƖШòŸƨЮњ



Ozempic/heart muscle

ÅLose skeletal muscle mass
ÅHeart muscle mass reduction
ÅHeart muscle cell reduction
ÅBoth occur whether lean or not

MD Martens, Y Abuetabh, et al. Semaglutide Reduces Cardiomyocyte Size and Cardiac Mass in Lean and Obese Mice. JACC: Basic to Translational 
Science, December 2024;9(12):1429-1431



Muscle mass loss: Effects of medically induced 
weight loss on skeletal muscle

ÅGLP-1 receptor agonists
ÅApproximately 40% muscle mass loss over 36-72 weeks on meds
ÅAge-related muscle loss т 0.8% per year based on 8% muscle loss 

per decade from ages 40-70 years
ÅNon-pharmacological caloric restriction 10-30% of muscle loss

Prado, Carla M et al. Muscle matters: the effects of medically induced weight loss on skeletal muscle. The Lancet Diabetes & Endocrinology, 
November 2024;12(11):785-787





GLP-1/SIBO

Researches suggest т link between 
GLP-1 use and increased risk of SIBO 
due to:
ÅDecreased gut motility
ÅChanges in gut microbiome

NW Carris,S Wallace,et al. 2024. Discontinuing semaglutide  after weight loss: strategy for weight maintenance and a possible new side 
effect . Canadian Journal of Physiology and Pharmacology. 102(6): 391-395
Kato S, Sato T, Fujita H, et al. Effects of GLP-1 receptor agonist on changes in the gut bacterium and the underlying mechanisms . Sci Rep. 2021 Apr 
28;11(1):9167



GLP-1 factoids

ÅGI tract т largest hormone-secreting gland in our body
ÅReleases more than 20 different peptide hormones
ÅGLP-1 lines both gut and brain
ÅGLP-1 drug trials:
Å52 weeks duration
ÅLed to 19 lbs. weight loss (Ozempic)
ÅWegovy (high dose Ozempic) lost 27 lbs. and 3.5 in. off waist
ÅMounjaro т 45 lbs.; 5.5 in. off waist

ÅWeight loss stalls after a year

Heliyon. 2023;9(2)



In the real world, the use of Wegovy 
produced far less weight loss than in 
randomized clinical trials, largely 
because people discontinue using 
them or use lower maintenance 
doses (over 80%)

H Gasoyan, W Butsch, et al.Changes in weight and glycemic control following obesity treatment with semaglutide  or tirzepatide  by discontinuation 
status . Obesity, 10 June 2025



GLP-1 increases preingestive satiation via 
hypothalamic circuits
GLP-1:
ÅPlays pivotal role in signaling the termination of food consumption
ÅGLP-1 receptor agonists:
ÅLinked to shifts in food cognition, including diminished hypothalamic 

responses to food cues and alterations in the perception of food 
palatability in humans

Conclusion:
Increased activity of DMH neurons increases preingestive satiation

Kyu Sik Kim et al. GLP-1 increases preingestive  satiation via hypothalamic circuits in mice and humans . Science, 27 Jun 2024;385(6707):438-446



Dysregulation of glucagon-like peptide 1 (GLP-1), gastric inhibitor polypeptide (GIP), and 
pancreatic peptide (PP) disrupts cellular functions and contributes to the development 
of various inflammatory and neurodegenerative diseases

Dysregulation of Metabolic Peptides in the Gut тBrain Axis Promotes 
Hyperinsulinemia, Obesity, and Neurodegeneration. Biomedicines. 2025; 13(1):132



Statins/GLP-1

ÅStatin use leads to significant increase in:
ÅHemoglobin A1C
ÅInsulin levels
ÅInsulin resistance (measured by HOMA-IR)
ÅCaused sharp drop in GLP-1 т nearly 50% by 

end of 4-month period

Statins aggravate insulin resistance through reduced blood glucagon -like peptide -1 levels 
in a microbiota -dependent manner . Cell Metabolism, 6 February 2024;36(2):408-421.e5



Leaky gut 
(GB panel)

GLP-1 
dysfunction

Mitochondrial 
dysfunction



Leaky gut negatively impacts mitochondrial function

ÅTriggers oxidative stress
ÅDisrupts mitochondrial processes 
ÅLeads to impaired energy 

production
ÅIncreased inflammation generating 

reactive oxygen species (ROS)
ÅExpression of LPS
ÅEnding in cellular damage

Intertwined Relationship of Mitochondrial Metabolism, Gut Microbiome and Exercise Potential . International 
Journal of Molecular Sciences, 23(5),2679



Leaky gut can negatively affect GLP-1 production

ÅLeaky gut disrupts microbial balance, leading to decreased SCFas 
production and lowered GLP-1 levels
ÅInflammation can inhibit GLP-1 production and function
ÅLPS т decreased GLP-1 production

Consequences:
ÅImpaired glucose control
ÅIncreased diabetes risk

Usuda H, Okamoto T, Wada K. Leaky Gut: Effect of Dietary Fiber and Fats 
on Microbiome and Intestinal Barrier . Int J Mol Sci. 2021 Jul 
16;22(14):7613

Incretin hormones, obesity and gut 
microbiota . Peptides, 2024;178:171216



Mitochondrial dysfunction/GLP-1
ÅImpaired mitochondrial function can lead to decreased GLP-1 RA 

sensitivity and signaling
ÅConversely, studies show activating GLP-1 can positively influence 

mitochondrial function

Luna-Marco C, de Marañon AM, et al. Effects of GLP-1 receptor agonists on mitochondrial function, inflammatory markers and 
leukocyte -endothelium interactions in type 2 diabetes.  Redox Biol. 2023 Oct;66:102849





THYROID
cċƚőŔůŸƣŸќƚШĬŔƚĲċƚĲ
Thyroid hormone levels

MUSCULOSKELETAL
SYSTEM
Arthritis/Joint pain
Soft-tissue injury
Cytokines, MMPS

BODY
COMPOSITION
Obesity

LPS

INSULIN
Blood sugar problems
Insulin resistance
Pre-diabetes/diabetes

LIVER
Liver dysfunction
Toxins/chemical overload

GI TRACT
Food sensitivities
Leaky gut syndrome
Yeast/Fungus
Dysbiosis (    Good bacteria)

BRAIN
Satiety
Inflammatory
Neurodegeneration

?ƖЮШÅŸĤќƚ
GUT MATRIX

CARDIOVASCULAR



Antigen Antigen

Antigen

Antigens and toxins trigger 
inflammation in the GI tract

Gut & Mucosa- Associated 
Lymphoid Tissue (MALT & 
GALT)

MALT

GALT

MALT

GALTAlcohol
Bad
Bacteria

ToxinsToxins

Food sensitivities and lifestyle contribute to 
inflammation in your patients  



MALT

GALT

MALT

GALT

Antigen

Antigen Antigen

T CellTh1 dominance results in heightened 
inflammatory response 

B CellY

Y
Y

Transmigration of antigens induce an immune 
response    

Antigen

Bad
Bacteria



Triggers of increased gut permeability

ÅAntibiotics 
ÅAcid blocking drugs 
ÅNSAIDs
ÅHeavy metal exposure 
ÅEnvironmental toxins 
ÅConcussion 
ÅCaesarian birth 
ÅLiver toxicity 
ÅGut dysbiosis 
ÅFood sensitivities 

ÅYeast/bacterial overgrowth
ÅChronic stress 
ÅSleep deprivation 
ÅChronic inflammation 
ÅAlcohol 
ÅGluten 
ÅDairy foods
ÅSugar 
ÅArtificial sweeteners 
ÅFood additives/emulsifiers 

Dr. Robert Silverman. Immune Reboot, 2022



ÅGut microbiota associated with Autism
ÅGut alters immune system and metabolism
ÅHigher intestinal permeability with higher antigenic load from GI
ÅLPS increased in Autism
ÅGut microbiome less diverse (ASD)
ÅCandida twice abundant in Autism
ÅUp to 90% of people with Autism suffer from gut problems Science Daily, May 30, 

2019

Frontiers in Cellular Neuroscience, June 2017. Reviewed over 150 papers

ROLE OF GUT MICROBIOME IN AUTISM



Can food sensitivities 
contribute to autism?



Groundbreaking Pilot Evaluation Unveils Insights into Food 
Reactions and Contaminant Exposure in Children and Young 
Adults with Autism Spectrum Disorder 
Chicago, IL т January 27, 2025 т Precise Health Solutions announces the completion of a 
comprehensive evaluation investigating food reactions and ongoing chemical contaminant 
exposure among children and young adults with autism. Findings highlight significant 
concerns regarding whole wheat, gluten, gliadin consumption, and exposure to chemical 
contaminants, including ochratoxin and multiple other toxins. Key Findings include: 

ÅSevere Reactions to Gluten/Whole Wheat
ÅOchratoxin Exposure
ÅNotable Changes in Metabolic Nutrient Markers



Which came first? The chicken or the egg?



Inflammation 
vs. 

      Exposure
   

  





Anti -IgG-HRP

Bound to Hu IgG

Anti -C3d-HRP

C3d

Human IgG bound to Food Antigen

Food Antigen

Well of ELISA plate with Food antigens  

Anti -IgG(1-4)-HRP

Bound to Hu IgG(1-4)

Conventional conjugate generates only one signal Enhanced Conjugate generates two signals: Patent # 8,309,318

Enzyme

FIT Test Technology Showing Enhanced Sensitivity
Comparison of  conventional conjugate: single pathway with enhanced conjugate: dual pathway



[ŸŸĬШƚĲŰƚŔƣŔƻŔƣŔĲƚќШĲŉŉĲĦƣШŸŰШőĲċũƣőоũŸŰŊĲƻŔƣǃ

ÅSystemic inflammatory response
ÅMitochondrial (dys)function
ÅJoint pain
ÅMuscle pain/tightness
ÅGI symptoms
ÅBrain fog

ÅAnxiety, depression, mood
ÅNeurodegeneration
ÅAutoimmune issues
ÅFatigue
ÅBody composition issues
ÅCV issues

GLP-1 signaling



Modified from Aristo Vojdani © 2015

IC deposited in 
tissues

Complement 
Activation

Inflammation

Symptoms

Immune Complex 
Formation 



Complement systems
ÅAn evolutionary part of human immune system
ÅConsists of family of proteins including C3 т can activate one 
ċŰŸƣőĲƖШƣŸШĬƖŔƻĲШŔŰŉũċůůċƣŔŸŰШŔŰШƽőċƣШŔƚШĦċũũĲĬШљĦŸůƓũĲůĲŰƣШ
ĦċƚĦċĬĲњ
ÅPart of the innate immune system
ÅCan also be recruited and brought into action by antibodies 

generated by adaptive immune system

ÅMaximum complement activation  т achieved during pathogen 
recognition leading to pro-inflammatory milieu

HM Yang, CK Oh, H Amal, et a. ~ĲĦőċŰŔƚƣŔĦШŔŰƚŔŊőƣШŔŰƣŸШŉĲůċũĲШƓƖĲĬŸůŔŰċŰĦĲШŔŰШ ũǍőĲŔůĲƖќƚШĬŔƚĲċƚĲШĤċƚĲĬШŸŰШċĤĲƖƖċŰƣШƓƖŸƣĲŔŰШÉ-nitrosylation  of 
C3. Sci Advances, 14 Dec 2022;8(50)

Merle NS, Church SE, Fremeaux-Bacchi V, Roumenina LT. Complement System Part I - Molecular Mechanisms of Activation and Regulation . Front 
Immunol. 2015 Jun 2;6:262



Effector functions of IgG antibodies and [Ħ͊Åƚ

IgG antibodies т powerful effector molecules that can mediate 
tissue inflammation by complement activation

IgG and [Ħ͊ Receptors in Intestinal Immunity and Inflammation . Frontiers in Immunology,  11 April 2019;10:453927



Patient Report



Test,
DONõT 
Guess



When does a provider order a Gut Barrier Panel?

ÅFood sensitivities
ÅIBS/IBD
ÅCeliac
ÅSIBO
ÅPost-concussion
ÅDigestive/skin issues
ÅWeight loss/gain
ÅAutoimmune conditions

ÅJoint/disc injuries
ÅBrain fog
ÅFatigue
ÅNeurodegenerative conditions
ÅASD
ÅLiver dysfunction
ÅBlood-sugar issues
ÅCV concerns
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Overview of Zonulin  

Å Protein synthesized in intestinal and liver 
cells 

Å Key biomarker for intestinal permeability 

Å Only reversible regulator of intestinal 
permeability 

Å Elevated levels of Zonulin associated with:  

Celiac Disease
Rheumatoid 

Arthritis
Autoimmune 

Diseases

Non-Celiac 

Gluten 
Sensitivity

Type I Diabetes

Inflammatory 
Bowel Disease

Multiple 
Sclerosis

Adult Glucose 
Intolerance

Obesity
Nonalcoholic Fatty 

Liver Disease

Clinical Gastroenterol Hepatol, 16 Aug. 2012 



Zonulin IgG Antibody Measurement
Resolves Problems with Zonulin Protein ELISA

1. Eliminates Cross-reactivity: unique recombinant Zonulin protein 
eliminates haptoglobin, properdin, complement fragment cross-
reactivity

2. Positivity rate: eliminates Zonulin blocking and low positivity 
rates

3. Sample timing: serum IgG concentration is stable ς assures
   accurate measurement
4. Sample type: {ŜǊǳƳ ƻǊ .ƭƻƻŘ {ǇƻǘΧΧΧΧΧΧΧΧΧΦ ƴƻǘ CŜŎŀƭ



Clinical gem

ÅOccludin essential in tight junction stability and barrier function
ÅTogether, Zonulin and occludin are gate keepers of the tight 

junctions proteins when functioning properly т they prevent large 
molecules from crossing the intestinal barrier into blood stream, 
where they can elicit an immune response



LPS
ÅLPS  - major outer surface membrane components present in almost 

all gram-negative bacteria
ÅMany of these bacteria are pathogens
ÅActs as extremely strong stimulator of innate immunity in humans
ÅEndotoxin
ÅTriggers release of vast number of inflammatory cytokines
ÅCan create direct epithelial damage in gut
ÅCrosses BBB
ÅPresent in triglyceride (TG)-rich, very low-density lipoproteins (VLDL) in 

systemic blood flow
ÅComponent of biofilms

Farhana A, Khan YS. Lipopolysaccharide . Biochemistry, [Updated 2022 Apr 21]
Maldonado RF, Sá-Correia I, Valvano MA. Lipopolysaccharide modification in Gram -negative bacteria during chronic infection . FEMS Microbiol Rev. 
2016 Jul;40(4):480-93
SH Rhee. Lipopolysaccharide: Basic Biochemistry, Intracellular Signaling, and Physiological Impacts in the Gut. Intest Res. 2014;12(2):90-95



Rebecca CC, Caroline LH, Kate S. Cell Research, Oct. 3, 2018. https://doi.org/10.1038/s41422-018-0093-8

LPS-induced Mitochondrial DNA contributes 
to NLRP3 inflammasome

https://doi.org/10.1038/s41422-018-0093-8
https://doi.org/10.1038/s41422-018-0093-8
https://doi.org/10.1038/s41422-018-0093-8
https://doi.org/10.1038/s41422-018-0093-8
https://doi.org/10.1038/s41422-018-0093-8
https://doi.org/10.1038/s41422-018-0093-8
https://doi.org/10.1038/s41422-018-0093-8


Mechanisms of 
LPS

Role of Endogenous Lipopolysaccharides in Neurological 
Disorders . Cells. 2022;11(24):4038



Gut permeability = increased endotoxin absorption 

Front. Immunol., 11 January 2021
Sec. Inflammation. 2020;11



§ťċǃв
ũĲƣќƚШƚĲĲШƽőċƣШƚƨƓƓũĲůĲŰƣƚШůŔŊőƣШőĲũƓв



Reset diet/lifestyle/mindset

THE    7(R)ACTION PLAN

Remove unwanted pathogens

Regenerate damaged intestinal mucosa

Replace needed digestive enzymes and stomach acid

Retain your health and GI integrity

Re-inoculate  with quality pre and probiotics

Reintroduce  certain foods removed in step 2



Candida

ÅSerratiopeptidase
ÅCaprylic acid
ÅOregano oil
ÅSBI
ÅProbiotics т 

Lactobacilli strain
ÅBetaine HCI
ÅVitamin D
ÅVitamin B6
ÅCalcium EDTA
ÅBlack cumin seed oil

ÅProbiotics т B. 
longum, L. 
rhamnosus, L. reuteri
ÅVitamin A, D
ÅZinc carnosine
ÅL-glutamine
ÅCollagen peptides
ÅCurcumin
ÅSCFA butyrate
ÅL. glutathione

Zonulin/occludin

ÅProbiotics: L. bacillus, 
Bifidobacterium, S. 
Boulardii 
ÅPrebiotics: XOS
ÅL-glutamine
ÅPolyphenols
ÅGlucosamine HCI
ÅOmega-3 FA
ÅActivated charcoal
ÅSBI
ÅBerberine
ÅSulforaphane 

LPS



?ƖЮШÅŸĤќƚШΝ-Month Gut Protocol

GI Integrity 2 scp TID

PRM Resolve 2 sg TID

Digestive Complete 2 caps per meal

GI Defend 1 scp BID

UltraBiotic S. Boulardii 2 caps daily


