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Objectives
• Understand the role of gastrointestinal health and metabolic,
circadian, immune, brain, mitochondrial and overall host health
• Explore mechanisms of microbial influence on human health
• Causes and consequences of dysbiosis
• Treatments and protocols for gut health

If the GI system is unable to digest, absorb and
assimilate nutrients effectively, while providing a barrier
system to selectively prohibit invasion of unwanted
micro-organisms, and maintain a healthy balance of
commensal microorganisms, health will forever be out
of reach, and disease the prevailing norm of society.

GI problems on the rise
• 70 million Americans suffer from GI disease (many more have gut
dysfunction)
• 5 million hospitalizations each year
• 75 million office visits
• 250,000 deaths annually
• GI diseases cost an estimated 142 billion dollars
• Hospitalizations for nonalcoholic fatty liver disease (NAFLD) have
doubled since 2000.
• Almost 2 million Colorectal cancers DX annually

GI problems on the rise
• 150,000 hospitalizations due to IBD, UC and Crohn’s
• Inflammatory bowel disease and functional/motility disease both cost
almost $1 billion per year in inpatient costs and has increased over
50% in the last decade
• Morbid obesity has tripled since 2000
• Total number of bariatric procedures > 100,000 annually
• Celiac disease has almost doubled 2000-2009

Gastroenterology. 2012;143(5):1179-1187.

Dysbiosis
• Change in the composition of intestinal microbiota, both commensal and pathogenic, is
known as dysbiosis; this condition may affect homeostasis, leading to non-specific
inflammation and disease. Dysbiosis implies an imbalance in microbial metabolite
composition (Belizário et al., 2018) and is mainly the result of an “unhealthy” diet, the
use of antibiotics, and lifestyle factors (Dudek-Wicher et al., 2018), it can also be caused
by emotional and physiological stress (Li et al., 2018). Dysbiosis may result in epigenetic
changes in adjacent intestinal cells, as well as in hepatocytes and adipocytes (Belizário et
al., 2018; Qin and Wade, 2018).
• Rapid changes in feeding habits over the last century may have contributed to our
current enterotypes and general health (Moeller et al., 2014). Bowel disease, irritable
bowel syndrome, obesity, diabetes, and cancer have been associated with specific
bacterial dysbiosis (Clemente et al., 2012; Belizário et al., 2018).
Front Cell Dev Biol. 2020; 8: 51.

• Infants born by Cesarean delivery or from mothers that have used
antibiotics and thus harbor a particular enterotype, have a higher risk of
developing asthma, type I diabetes, and celiac disease (Mueller et al.,
2015).
• There is evidence of a time-of-day-specific intestinal microbiota taxonomic
composition associated with rhythmic food intake, dietary structure,
gender, and the host biological clock (Liang et al., 2015; Thaiss et al., 2016;
Li et al., 2018), and there is a clear role for the intestinal microbiota in the
regulation of metabolism, the immune system, and circadian rhythmicity.
• One of the mechanisms of communication between the intestinal
microbiota and the other three biological domains involves microbial
metabolites.
Front Cell Dev Biol. 2020; 8: 51.

Stress Effects on Brain And Digestion
Neurotransmitter Metabolism

General Ways to Improve Digestion
• Eat slowly and CHEW, CHEW, CHEW
• Decrease stress – Relaxation Response, Buteyko Breathing. Laughing
has been shown to increase GI secretions
• Incorporate AI diet with plenty of herbs/spices
• Take enzymes with meals
• Walk after eating, or gentle rebounder
• Exercise regularly
• Avoid food allergies/sensitivities – get tested
• Do not overeat

Central nervous system control of
gastrointestinal motility and secretion and
modulation of gastrointestinal functions.
Compr Physiol. 2014 Oct;4(4):1339-68.

• Although the gastrointestinal (GI) tract possesses intrinsic neural plexuses that allow a
significant degree of autonomy over GI functions, the central nervous system (CNS)
provides extrinsic neural inputs that regulate, modulate, and control these functions.
While the intestines are capable of functioning in the absence of extrinsic inputs, the
stomach and esophagus are much more dependent upon extrinsic neural inputs,
particularly from parasympathetic and sympathetic pathways. The sympathetic
nervous system exerts a predominantly inhibitory effect upon GI muscle and provides
a tonic inhibitory influence over mucosal secretion while, at the same time, regulates
GI blood flow via neurally mediated vasoconstriction. The parasympathetic nervous
system, in contrast, exerts both excitatory and inhibitory control over gastric and
intestinal tone and motility. Although GI functions are controlled by the autonomic
nervous system and occur, by and large, independently of conscious perception, it is
clear that the higher CNS centers influence homeostatic control as well as cognitive
and behavioral functions.

Peripheral apelin mediates stress-induced
alterations in gastrointestinal motor functions
depending on the nutritional status.
Clin Exp Pharmacol Physiol. 2018 Sep 17.

• Exposure to stress induces gastrointestinal (GI) dysmotility. In rodents, acute restraint stress (ARS)
inhibits gastric emptying (GE) and intestinal transit (IT) via central and peripheral corticotropinreleasing factor (CRF)-mediated pathways. Peripherally-administered apelin-13 was shown to
inhibit GI motor functions, moreover, stress-induced upregulation of gastric apelin content was
demonstrated in rats suggesting that peripheral apelin may mediate stress-induced alterations in GI
motility.
• GE and IT were delayed by CRF and ARS. ARS-induced changes were attenuated by F13A, whereas
astressin was ineffective. CRF-induced alterations in GE and CT were restored completely by
astressin, while they were diminished by F13A. Antral phase III-like contractions were disturbed
following ARS which were preserved by preadministration of astressin, but not F13A. CRF impaired
gastric and duodenal fasting contractions, while these changes were not altered by F13A. ARS
increased apelin expression in stomach and duodenum. Apelin immunoreactivity was detected in
mucosa, smooth muscles and myenteric plexi, whereas dense Apelin Receptor (APJ) receptor
expression was observed within tunica muscularis. APJ receptor was downregulated in rats fasted
overnight. These results suggest that enteric apelin acts as an inhibitor stress mediator in the
postprandial state.

Vagus Nerve as Modulator of the Brain-Gut Axis in
Psychiatric and Inflammatory Disorders.
Front Psychiatry. 2018 Mar 13;9:44. doi: 10.3389/fpsyt.2018.00044. eCollection 2018.

• The vagus nerve represents the main component of the parasympathetic nervous system, which
oversees a vast array of crucial bodily functions, including control of mood, immune response,
digestion, and heart rate. It establishes one of the connections between the brain and the
gastrointestinal tract and sends information about the state of the inner organs to the brain via
afferent fibers. In this review article, we discuss various functions of the vagus nerve which make it an
attractive target in treating psychiatric and gastrointestinal disorders. There is preliminary evidence
that vagus nerve stimulation is a promising add-on treatment for treatment-refractory depression,
posttraumatic stress disorder, and inflammatory bowel disease. Treatments that target the vagus
nerve increase the vagal tone and inhibit cytokine production. Both are important mechanism of
resiliency. The stimulation of vagal afferent fibers in the gut influences monoaminergic brain systems
in the brain stem that play crucial roles in major psychiatric conditions, such as mood and anxiety
disorders. In line, there is preliminary evidence for gut bacteria to have beneficial effect on mood and
anxiety, partly by affecting the activity of the vagus nerve. Since, the vagal tone is correlated with
capacity to regulate stress responses and can be influenced by breathing, its increase through
meditation and yoga likely contribute to resilience and the mitigation of mood and anxiety symptoms.

The Effects of Stress and Meditation on the Immune
System, Human Microbiota, and Epigenetics.
Adv Mind Body Med. 2017 Fall;31(4):10-25.

• Globally, more than 25% of individuals are affected by anxiety and depression disorders. Meditation is
gaining popularity in clinical settings and its treatment efficacy is being studied for a wide array of
psychological and physiological ailments. An exploration of stress physiology is an essential precursor
to delineation of the mechanisms underlying the beneficial effects of meditation practices.
• The review outlines a model of interconnected physiological processes that might support the
continued inclusion and expansion of meditation in the treatment of diverse medical conditions and
to investigate the role that gut microbiota may play in realizing well-being through meditation.
• Psychological stress typically triggers a fight-or-flight response, prompting corticotropin-releasing
hormone and catecholamine production in various parts of the body, which ultimately disturbs the
microbiota. In the absence of stress, a healthy microbiota produces short-chain fatty acids that exert
anti-inflammatory and antitumor effects. During stress, an altered gut microbial population affects the
regulation of neurotransmitters mediated by the microbiome and gut barrier function. Meditation
helps regulate the stress response, thereby suppressing chronic inflammation states and maintaining
a healthy gut-barrier function. Conclusions • The current research team recommends the integration
of meditation into conventional health care and wellness models. Concurrently, studies to explore the
effects of meditation on human microbiota are warranted.

Stress and Brain
• Stress is probably one of the pervasive factors in brain health
• increases cortisol which damages hippocampus and hypothalamus
• increases IL-6, IL-10 and TNF, stimulating microglia and inflammatory
interruption of neurotransmitters
• incr IGF-1 a known cancer initiator
• increases insulin resistance which is associated with all neurodegenerative
disorders
• decreases melatonin which protects brain through antioxidant and
inflammatory-regulation activity
• Increases quinolinic acid and decreases kynurenine

Cytokines in the brain
• Immune Effects
•
•
•
•

Stimulate microglial activation which in turn stimulates more
cytokines – feed forward loop
Microglial cells destroy adjacent neurons and/or affect
neurotransmitter function
Stimulate autoantibody production to neurons and receptors
Stimulate MAO breakdown of Serotonin/Dopamine

• Neuroendocrine
•

Disrupts H-P-T-G-A axis due to pituitary inflammation and
sympathetic affects on adrenals, increasing immune
dysfunction

• Behavior
•

Cytokines affect sleep, mood, appetite, addiction

Cytokines and the Brain:
Implications for Clinical Psychiatry.
Am J Psychiatry. 2000

The Inflammatory Hypothesis of
Depression. Focus 2012

Immune system to brain signaling:
neuropsychopharmacological
implications. Pharmacol Ther 2011

Inflammation stimulates neurodegeneration
and inhibits neuroplasticity

Picture from: Brain-derived neurotrophic factor: a bridge between inflammation and neuroplasticity. Front Cell Neurosci. 2014

Mitochondria, metabolic disturbances,
oxidative stress and the kynurenine system,
with focus on neurodegenerative disorders.
J Neurol Sci. 2007 Jun

• Stress production of free radicals worsens the mitochondrial
function, creates micropores in membrane and induces
apoptosis.
• Senescence is accompanied by a higher degree of reactive
oxygen species production, and by diminished functions of the
endoplasmic reticulum.
• In the event of a dysfunction of the endoplasmic reticulum,
unfolded proteins aggregate in it, forming potentially toxic
deposits which tend to be resistant to degradation.

• Tryptophan is metabolized via several pathways, the main
one being the kynurenine pathway. A central compound of
the pathway is kynurenine (KYN), which can be metabolized
in two separate ways: one branch furnishing kynurenic acid,
and the other 3-hydroxykynurenine and quinolinic acid.
• Quinolinic acid is a specific agonist at the N-methyl-daspartate receptors, and a potent neurotoxin with an
additional and marked free radical-producing property.
• These changes may disturb normal brain function and can
add to the pathomechanisms of many brain diseases.

Increases in Kynurenate
• Causes:
• Leaky gut/Dysbiosis/Infection
• Stress, inflammation and decreased
glutathione
• Insufficient B6, magnesium, zinc
• Pollutant exposure and liver overload
• Low conversion of Tryptophan to
Serotonin
• Methylation deficits, elevated
homocysteine
• Increased Tryptophan intake
• Overweight
• Oral Contraceptives

• Effects:
•
•
•
•
•
•

Anxiety
Depression
Autism – C. Diff infection
Neurodegeneration
Parkinson’s
Alzheimer’s

Treatment for tryptophan metabolism
problems
Look at bigger neurotransmitter picture
Decrease Inflammation (gut)
Increase Glutathione Status
Methyl Renew to replenish B6 and Methyl-nutrients
Calorie Restriction
Exercise
Lower BMI
Melatonin and 5 HTP supplementation

Never supplement with
Tryptophan or 5-HTP unless this
pathway is balanced:
Increase Glutathione and Methylation
Improve Leaky Gut and lower LPS and inflammation

Inhibitory effect of dehydroepiandrosterone
(DHEA) on brain monoamine oxidase activity:
in vivo and in vitro studies.
Life Sci. 2009 Oct 21;85(17-18):652-6.

• DHEA significantly reduced (-24%) total MAO activity at 120mg/kg
dose. No significant difference was observed when MAO A and MAO
B activities were independently analyzed.
• An inhibitory effect of DHEA on MAO activity may be involved in the
antidepressant and neuroprotective effects of the steroid. Since
MAO inhibition reduces neurodegeneration in clinical trials for
Parkinson's disease, our results suggest that DHEA may be useful to
treat depression and to prevent neuronal death in this disorder.

DHEA Uses
• Depression (stimulates serotonin, dopamine)
• Fatigue
• Stress/Adrenal Support
• Brain Injury (reduces inflammation)
• Autoimmune (Lupus, Psoriasis)
• Infections (slows viral replication)
• Longevity
• Menopause/Hot Flashes
• Suggest using in combination with DIM

Front Cell Dev Biol. 2020; 8: 51.

• Succinate is produced from succinyl CoA by succinyl-CoA synthetase and accumulates in the
cytoplasm of monocyte/macrophages and dendritic cells (DCs) upon LPS stimulation (Pistollato et
al., 2010; Williams and O’Neill, 2018). Succinate accumulation, along with the induction of the
glycolytic enzyme hexokinase-1, increases the activity of the respiratory chain complex II,
promotes the production of mROS, stabilizes HIF-1α, regulates the transcription of pro-IL-1β, and
activates the NOD-like receptor protein 3 (NLRP3) inflammasome, increasing the production of IL1β (Chandel et al., 2000; Moon et al., 2015; Garaude et al., 2016; Mills et al., 2016, 2017; Figure
2).
• LPS stimulation leads to the succinylation of several enzymes such as glyceraldehyde 3-phosphate
dehydrogenase (GAPDH), malate dehydrogenase (MDH), lactate dehydrogenase (LDH), and the
glutamate carrier-1 (Tannahill et al., 2013).
• A specific receptor for extracellular succinate (SUCNR1/GPR91) is present in hepatic, renal,
retinal, and immune cells, and its ligation leads to the secretion of various hormones, growth
factors, and cytokines (Ariza et al., 2012) and regulates DCs migration into lymph nodes, as well as
DCs antigen presentation (Figure 2). The SUCNR1/GPR91 receptor can synergize with TLR3 and
TLR7, increasing the production of pro-inflammatory cytokines (Rubic et al., 2008).
Front Cell Dev Biol. 2020; 8: 51.

The Metabolome
• The metabolome is the repertoire of small biomolecules present in cells, tissues, and body fluids, and its
composition is at the core of the health status of individuals. The development of new “metabolomic platforms”
has revealed that a number of metabolites present in several biological samples, such as serum and urine, vary in
concentration following a circadian rhythmicity (Martínez-Lozano et al., 2014; de Raad et al., 2016). Among them
are glycolysis-related metabolites, such as glucose, glucose-6-phosphate, bisphosphoglycerate, and lactate;
tricarboxylic acid (TCA) cycle-related molecules, such as acetate, acetyl CoA, citrate, isocitrate, and malonate;
amino acids and their derivatives; lipid metabolites; nucleotides; antioxidants; and coenzymes such as NAD, FAD,
and coenzyme A (Krishnaiah et al., 2017).
• Interestingly, the daily variation in the bacterial composition within the intestine implies a daily variation in the
concentration of some bacteria-derived metabolites, and the hundreds of microbiota-derived metabolites that
have been identified are regarded as components of the human metabolome (Belizário et al., 2018). Thus, linking
eukaryotic- and bacterial-derived metabolites with the other three biological domains is discussed here.
• In attempting to convey the view that mitochondria support and integrate the communication between the four
mentioned biological domains, the specific roles of mitochondria are discussed in the next sections.
Front Cell Dev Biol. 2020; 8: 51.

Front Cell Dev Biol. 2020; 8: 51.

A higher proportion of SCFA-producing bacteria within the
intestinal microbiota is associated with a reduction in the risk of
developing obesity, insulin resistance, and type 2 diabetes,
since these compounds, particularly butyrate, increase cellular
respiration and fatty acid oxidation (Belizário et al., 2018).
Acetate, butyrate, and propionate are the most abundant SCFAs
and represent 90–95% of the total SCFAs present in the colon.

SCFA

Mitochondria as target of
microbial influence
Mitochondrial metabolic stress induces mitochondrial dysfunction, which may lead to the disruption of the intestinal epithelial barrier, allowing E. coli,
and perhaps other bacteria, to cross the epithelium (Nazli et al., 2004; Wang et al., 2015). Microbial products, such as butyrate and urolithin A, enhance
mitochondrial functions (Ryu et al., 2016), and others, such as betaine, methionine, and homocysteine, activate signaling pathways that regulate
mitochondrial dynamics in the intestinal epithelium (Lin and Wang, 2017).
E. coli-secreted colanic acid is endocytosed and is capable of inducing Drp1-dependent mitochondrial fission (Han et al., 2017), and Pseudomonas
aeruginosa secretes N-(3-oxo-dodecanoyl)-L-homoserine lactone (3OC12), a molecule thought to subvert immune defenses. In several cell types, such as
in bronchial epithelial cells, 3OC12 is hydrolyzed by the enzyme lactonase paraoxonase 2 (PON2) present in mitochondria, yielding 3OC12 acid, which
accumulates within mitochondria, causing mitochondrial and cytosolic acidification, increase in intracellular Ca2+ concentration and activation of stress
signaling kinases (Horke et al., 2015).

Polymorphisms in the mitochondrial genes of the ND5, CYTB, and D-loop regions have been associated with variations in the composition of
the intestinal microbiota (Ma et al., 2014); mutations in the ATP8 gene increase the relative abundance of Bacteroidales, Deferribacteraceae,
Desulfovibrionaceae, and Helicobacteraceae, suggesting that mitochondria play a role in defining the microbiome (Hirose et al., 2017).
It has also been suggested that mitochondria from intestinal cells are highly responsive to microbiotic signaling, with implications in
inflammatory processes and colorectal cancer (Andersson et al., 1998; Jackson and Theiss, 2019).

The rise of mitochondria in medicine.
Mitochondrion. 2016 Sep;30:105-16.

• Once considered exclusively the cell's powerhouse, mitochondria are now recognized to perform
multiple essential functions beyond energy production, impacting most areas of cell biology and
medicine. Since the emergence of molecular biology and the discovery of pathogenic
mitochondrial DNA defects in the 1980's, research advances have revealed a number of common
human diseases which share an underlying pathogenesis involving mitochondrial dysfunction.
Mitochondria undergo function-defining dynamic shape changes, communicate with each other,
regulate gene expression within the nucleus, modulate synaptic transmission within the brain,
release molecules that contribute to oncogenic transformation and trigger inflammatory
responses systemically, and influence the regulation of complex physiological systems. Novel
mitopathogenic mechanisms are thus being uncovered across a number of medical disciplines
including genetics, oncology, neurology, immunology, and critical care medicine. Increasing
knowledge of the bioenergetic aspects of human disease has provided new opportunities for
diagnosis, therapy, prevention, and in connecting various domains of medicine.

• Mutations in mitochondrial DNA are usually single nucleotide
substitutions, single base insertions, or deletions.
• Because each cell contains thousands of mitochondria, nearly all
organisms house low levels of mitochondrial variants, conferring
some degree of heteroplasmy. Although a single mutational event
might be rare in its generation, repeated mitotic segregation and
clonal expansion can enable it to dominate the mitochondrial DNA
pool over time. When this occurs, it is known as reaching threshold,
and it usually results in physiological consequences.

Gut bacteria signaling to mitochondria
in intestinal inflammation and cancer.
Gut Microbes. 2019 Mar 26:1-20.

The gastrointestinal microbiome plays a pivotal role in physiological
homeostasis of the intestine as well as in the pathophysiology of diseases
including inflammatory bowel diseases (IBD) and colorectal cancer (CRC).
Emerging evidence suggests that gut microbiota signal to the mitochondria of
mucosal cells, including epithelial cells and immune cells. Gut microbiota
signaling to mitochondria has been shown to alter mitochondrial metabolism,
activate immune cells, induce inflammasome signaling, and alter epithelial
barrier function. Both dysbiosis of the gut microbiota and mitochondrial
dysfunction are associated with chronic intestinal inflammation and CRC. This
review discusses mitochondrial metabolism of gut mucosal cells,
mitochondrial dysfunction, and known gut microbiota-mediated
mitochondrial alterations during IBD and CRC.

Essential Mitochondrial Support Agents
• CoQ10
• Quercetin
• Lipoic Acid
• Vitamin C, E, A, D
• N-Acetyl-Cysteine/Glutathione/Redox
• Ribose
• Adaptogens (Eleuthero, Rhodiola, Schisandra, Ashwagandha)
• Melatonin
• B-Vitamins (NAD)

Microbiota and
metabolism

Melatonin and Gut Health

Melatonin, a promising supplement in inflammatory
bowel disease: a comprehensive review of evidences.
Curr Pharm Des. 2011 Dec;17(38):4372-8.

• Inflammation and oxidative process are associated with inflammatory
bowel disease (IBD). Regarding anti-inflammatory and antioxidant
potentials, melatonin has been found beneficial in several
experimental and clinical studies including inflammatory bowel
disease (IBD).
• The majority of these studies indicate that melatonin has a positive
impact on IBD with no or negligible side effects. Such results have
been mostly explained through free radical scavenging and
diminishing inflammation.

Makes immune cells stick

Enteric melatonin
• The extent of melatonin secreted from GI ENS is 400 times higher
than that of pineal gland in the CNS suggesting an important role of
melatonin in the GI tract. Melatonin is known to be beneficial in GI
disorders (esophagitis, gastritis, peptic ulcer, and pancreatitis),
regulation of fecal water content, IBS, and IBD due to its potent antioxidant, immunoregulating, anti-inflammatory and enteroprotective
(antioxidant) properties,

Melatonin and Methylation
• Methylation problems (genetic or acquired) leads to lack of melatonin
Champier J et al, Folate depletion changes gene expression of fatty acid metabolism, DNA synthesis, and
circadian cycle in male mice. Nutr Res. 2012

Folate deficiency alters the secretion of melatonin, a hormone involved in circadian
rhythm entrainment, and causes hyperhomocysteinemia because of disruption of
homocysteine metabolism. Adverse effects of homocysteine include the generation of
free radicals, activation of proliferation or apoptosis, and alteration of gene expression.
This study shows that, in the mouse liver, dietary folate depletion leads to major
changes in expression of several genes involved in fatty acid metabolism, DNA
synthesis, and expression of circadian genes.

IBD induces methylation deficit
Oussalah A, Meta-analysis: hyperhomocysteinaemia in inflammatory bowel diseases.
Aliment Pharmacol Ther. 2011
• Twenty-eight studies evaluated the plasma homocysteine level and/or
hyperhomocysteinaemia risk in IBD patients. Five studies assessed the association of
hyperhomocysteinaemia with thrombosis. The mean plasma homocysteine level was
significantly higher in IBD patients when compared with controls (weighted mean
difference (WMD)=3.75 μmol/L. The mean plasma homocysteine level did not differ
between ulcerative colitis (UC) and Crohn's disease (CD). The risk of
hyperhomocysteinaemia [>12] was significantly higher in IBD patients when compared
with controls [odds ratio (OR)=4.65]. Plasma folate level was inversely correlated with IBD
risk associated with MTHFR C677T polymorphism (P=0.006).

• CONCLUSIONS: The risk of hyperhomocysteinaemia is significantly
higher in IBD patients when compared with controls. The risk
assessment of hyperhomocysteinaemia-related thrombosis in IBD
requires further investigation. Deficient folate status is associated
with a higher impact of MTHFR C677T polymorphism on IBD risk.
• Take Home: IBD causes acquired methylation deficit regardless of
MTHFR gene status. If MTHFR +, folate deficiency may trigger IBD.
MTHFR SNP’s do not seem to be sufficient for IBD development.

Bondarenko LA. Role of methionine in nocturnal melatonin peak in the
pineal gland. Bull Exp Biol Med. 2004

• Methionine dose-dependently stimulated O-methylation of hydroxyindoles
in the pineal gland and contributed to the nocturnal melatonin peak in
adult male Wistar rats. Methionine is involved in the maintenance of
diurnal rhythms by regulating biochemical transformations of indoles in
pinealocytes.

•Take home: Methylation improves
melatonin synthesis

Melatonin and LG
Sun X et al., Melatonin reduces bacterial translocation by preventing damage to

the intestinal mucosa in an experimental severe acute pancreatitis rat model.
Exp Ther Med. 2013 Dec;6(6):1343-1349.

The level of E. coli DNA in the melatonin (MT) group was significantly lower than in rats in
the pancreatitis (SAP) group. No E. coli DNA was detected in the control group. Villus
height and crypt depth in the ileum were significantly higher in the MT and control
groups compared to the SAP group, and were significantly higher in the MT group than in
the SAP group. These results suggested that melatonin prevented gut barrier dysfunction
and reduced bacterial translocation, resulting in reduced pancreatic-associated infections
and decreased early mortality rates.

Sommansson A et al, Melatonin inhibits alcohol-induced

increases in duodenal mucosal permeability in rats
in vivo. Am J Physiol Gastrointest Liver Physiol. 2013 Jul

We recently found that melatonin decreases basal duodenal mucosal permeability,
suggesting a mucosal protective mode of action of this agent. Perfusing the duodenal
segment with ethanol, red wine, or HCl induced concentration-dependent increases in
paracellular permeability. Luminal ethanol and wine increased, whereas HCl transiently
decreased duodenal motility.
Administration of melatonin significantly reduced ethanol- and wine-induced increases
in permeability…
These results suggest that melatonin may serve important gastrointestinal barrier
functions.

Celinski K Effects of melatonin and tryptophan on

healing of gastric and duodenal ulcers with Helicobacter
pylori infection in humans. J Physiol Pharmacol. 2011
• Melatonin (MT) and its precursor L-tryptophan (TRP) are implicated in
the protection of gastric mucosa against aspirin-induced lesions and in
the acceleration of healing of idiopathic gastro-duodenal ulcers.
• Treatment with omeprazole 20 mg twice daily combined with placebo
(group A), MT administered in a dose of 5 mg twice daily (group B) or
TRP applied in a dose of 250 mg twice daily (group C). At day 21, all
ulcers were healed in patients of groups B and C but only 3 out of 7 in
group A of gastric ulcers and 3 out of 7 in duodenal ulcers.

• Take home – melatonin protects mucosa by direct
antioxidant protection as well as increasing leptin

Pancreatic Insufficiency
• Signs and Symptoms:
•
•
•
•
•
•
•
•
•
•
•

Bloating after meals – a sense that food just “sits” in stomach
Abdominal discomfort - especially 15 minutes or more after eating
Flatulence
Glucose intolerance (exocrine and endocrine function mirror each other)
Decreased absorption of nutrients (fats, proteins, carbohydrates)
Edema (hypoalbuminemia)
Bleeding tendency (vitamin K deficiency)
Weight loss
Failure to thrive in children
Azotorrhea
Steatorrhea; pale, foul-smelling, or bulky stool

Pancreatic insufficiency (exocrine)
Causes:

• Impaired Production
•
•
•
•
•
•
•
•

Pancreatic Cancer
Insulin resistance
Smoking
Crohn’s
IBD
Dysbiosis/Infection (giardia, h. pylori, SIBO)
Food allergy/sensitivity
Gastritis/enteritis

•
•
•
•

Hepatobiliary or pancreatic obstruction
Sympathetic overactivation causing sphincter malfunction
Small intestine obstruction
Lymphoma

• Impaired Secretion

Pancreatic insufficiency (exocrine)
• Potential Laboratory/Diagnostic Tests
•
•
•
•
•
•
•

Serum albumin low
Serum amylase elevated
Pancreatic elastase - stool
Chymotrypsin – stool or serum
Plain film abdominal X-ray – pancreatic calcification
Ultrasound – will exclude gallstone or a dilated biliary system
Endoscopic retrograde cholangiopancreatography

Pancreatic insufficiency treatment
• Lifestyle – as with all digestive issues, stress must be addressed (RR)
and exercise program initiated, breathing etc.
• Supplements
•
•
•
•
•
•
•
•

Pancreatin
Chymotrypsin
HCL
Ox bile
Bromelain
Papain
Glutamine
NAC

Food is medicine

You are what you eat (farm raised fish):
Kortner TM et al, Dietary

soyasaponin supplementation to pea protein concentrate reveals
nutrigenomic interactions underlying enteropathy in Atlantic salmon (Salmo salar)
BMC Vet Res. 2012

• Use of plant ingredients in aquaculture feeds is impeded by high contents of antinutritional factors
such as saponins, which may cause various pharmacological and biological effects. In this study,
transcriptome changes were analyzed using a 21 k oligonucleotide microarray and qPCR in the distal
intestine of Atlantic salmon fed diets based on five plant protein sources combined with soybean
saponins.
• RESULTS: Diets with corn gluten, sunflower, rapeseed or horsebean produced minor effects while
the combination of saponins with pea protein concentrate caused enteritis and major transcriptome
changes. Acute inflammation was characterised by up-regulation of cytokines, NFkB and TNF alpha
related genes and regulators of T-cell function, while the IFN-axis was suppressed. Marked downregulation of xenobiotic metabolism was also observed, possibly increasing vulnerability of the
intestinal tissue. A hallmark of metabolic changes was dramatic down-regulation of lipid, bile and
steroid metabolism. Impairment of digestion was further suggested by expression changes of
nutrient transporters and regulators of water balance (e.g. aquaporin, guanylin). Furthermore,
augmented synthesis of polyamines needed for cellular proliferation (up-regulation of arginase and
ornithine decarboxylase) and increased mucus production (down-regulation of glycan turnover and
goblet cell hyperplasia) was elevated.

Inspiration
If you are not inspired to live
healthy, in every way possible,
then how can you BE an inspiration
to those you are trying to serve?

Dr. Lundell’s Educational Opportunities
• Functional Medicine Series

• 6, 12 to 15 hour classes
• Complete all 6, take exam, submit case study and receive Certification
1. Blood Chemistry, Inflammation, Methylation
2. Autoimmune Triad (Epigenetics, Leaky Gut, Environmental)
3. Functional Gastroenterology
4. Functional Endocrinology: Adrenal, Thyroid (Testing and Treatment)
5. Stress Hormones, Sex Hormones from Womb to Tomb.
6. Case Studies, Practical Application

• www.drbrandonlundell.com
• hhc@drbrandonlundell.com (email us for a $500 off code!)

Functional Medicine –
Nutritional Pathology Certification
• Pathology has been defined as that branch of medicine which treats
the essential nature and primary causative factors of disease.
• Nutritional Pathology therefore, is the study of the cellular basis for ill
health - the true causes being primarily nutritional aberrations,
environmental inputs and lifestyle factors. Lifestyle and nutritional
means to restore proper function must be employed to establish and
maintain essential health throughout the lifespan.
• 6-Module Course with Lab Manual, FM Resource Kit, FM coaching

Nutritional Pathology Certification
• MODULE 1 (Nutritional Pathology Introduction and Essential Principles)

Interpretation of Blood Chemistry, Case Studies, Infections, FM lab tests, Clinical Pearls, Insulin Resistance, Inflammation, Toxins,
Methylation, SNP testing, Completing the FM Therapy Approach. Bonus: B12 Deficiency Epidemic, Inflammation from womb to
tomb. Anti-inflammatory diet. Methylation Made Simple. You will walk away with information on how to immediately implement NP
into your practice and begin helping people right away.

• MODULE 2 (Immunology, Autoimmune Triad)

Introduction and Overview of the Autoimmune Triad, Immunology 101, Symptoms, Labs, Inflammation Drives Autoimmune, Holistic
Approach to Autoimmune, TH1/TH2 System, Clinical Pearls, Advanced Labs for Root Causes, Case Study – Genetics and Methylation,
Epigenetics, Natural Support, Kidney Support, Environmental Pollutants, Zonulin, Gut and Autoimmune: The New Frontier, Dysbiosis
Protocols, Infections, Case Study Putting it all Together.

• MODULE 3 (Functional Gastroenterology from A-Z)

Infections, C. Diff, H. Pylori etc.. IBS/IBD mechanisms, Gut-Brain Research, Dysbiosis/SIBO, Effective Strategies for Leaky Gut,
Neuroendocrine Control of GE, Gastritis, Ulcers, Gallbladder, Low HCL, Pancreatic Insufficiency, Food Testing, Stress Effects on Gut,
Vagal Nerve Stimulation, Which Diet and Probiotics Work. Bonus: Leaky gut protocols, Food Sensitivity Testing – do’s and don’ts.

Nutritional Pathology Certification
• MODULE 4 (Endocrinology I)
Introduction and Principles to Endocrinology, Neuro-endocrine Basics, Receptors, Parathyroid, Osteoporosis,
EPO, H-P-A Axis, Adrenals in Depth, Adrenal Testing and Treatment, Neurotransmitters, Mental Health, Thyroid
physiology, Why the Thyroid Epidemic, Thyroid Clinical Pearls, Thyroid Treatments that work, Case Study.
• MODULE 5 (Endocrinology II, Detoxification)
Male Hormones, Prostate, Low T, Female Hormones, Estrogen, Metabolism, PCOS, Endometriosis, Fertility
Support, Developmental Origins of Adult Diseases, Preconception, Prenatal Support, , Why Are Our Kids’ Brains
and Bodies So Messed Up?, Neuro-Endocrine Disruptors, Toxins in Air, Food, Water, Invisible Enemy – Detecting
Hidden Sources of Toxins with Labs, Living a Toxin-Less Life, Supporting Detox – all phases.
• MODULE 6 (Cardio-Vascular, Metabolism/Energy Regulation, Case Studies)
Cardiovascular support, Arrythmias, ATP regulation, Ribose, Congestive Heart Failure, Hypertension, Chronic
Fatigue Syndrome/Fibromyalgia, Neuroendocrinology, Metabolic Syndrome, Insulin Resistance, Metabolism,
Effects of Chronic Stress: Autoimmune and Insulin Resistance, Clinical Pearls and Case Studies. Lyme Disease
Case Study, Hyperbaric Oxygen Therapy, Immune Testing

Nutritional Pathology Certification
• Each Module is $475 and each can be taken by itself. However, it is
recommended that if you are completing the entire course, or are relatively
new to Functional Medicine, that you take each course sequentially.
• If you purchase the Entire Course all at once, you will also receive the
Functional Medicine Resource Kit (see Table of Contents) as a bonus. [$599
discount] – all for $2950.
• Final Exam will be given after all modules have been completed (open
book). Upon passing final exam, you will be given a certificate of completion
in Nutritional Pathology and Functional Medicine.

Functional Medicine
Consulting Services
Also offer:
Functional Medicine Practice Consulting:

303-651-1502
hhc@drbrandonlundell.com
www.drbrandonlundell.com

Questions

Thank You!

