Examining the Root
Cause of SIBO

Going Beyond the Bloat
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IBS-(C and D) AND SIBO

Between 4% and 78% of irritable bowel
syndrome (IBS) is caused by SIBO

Most common symptoms of IBS (C and D)
are abdominal pain and/or discomfort,
irregular stool form and passage, bloating
and constipation (hard or lumpy stool) or
diarrhea (loose and watery stool).

Most common symptoms of SIBO are
abdominal pain or discomfort, bloating,
flatulence, loose motion or constipation.

SIBO is defined as increase in bacteria
equal to or greater than 10° colony forming
unit per mL of upper gut aspirate

It is widely accepted that stasis is a feature
of SIBO
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10V ol fel{e]o-lileN ol li[-1al 3 What is overgrowing?
G [CTeNel{e| N1 (={o]le IV Are they dysbiotic of native microbes to the region?
fecalis, and E. faecium, as

: In studying conditions that have SIBO as an established
elelele Bl R LAHVANRULER complication, i.e. NAFLD, NASH and hepatic steatosis, the following
controls.” is well understood:
« The predominant microbes in a healthy small intestine are
gram-positive bacteria like Blautia, Rumminococcaceae

- Overgrowth is characterized by a taxa shift to gram-negative

> bacteriq, such as Enterobacteriaceae sp.; Escherichia
“A recent study found coli, Klebsiella pneumonia and Proteus mirabilis as well as other
that SIBO was present in gram negatives like Pseudomonas aer.u.ginosa.
L L I . Sicpnylococcus specios, Streptacocous species, Enterococcus
ity chronlq dlgtrhea, ene faecalis, and Enterococcus faecium
75% had a significant

improvement in their Where are they coming from?

Komiyama EY, et al PLoS One.

symptoms after being
treated with antibiotics.”

- A number of the SIBO bacteria are naturally found in the colon,
but this may be a secondary route

- There is another source, which could be a primary route of these
Dukowicz AC, et al. Gastroenterol dysbiotic microbes...

| Hepatol (N Y). 2007 . The Mouth! .
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Stomach % Large intestine

WHY ARE THEY éi’ . (colon)
OVE RGR6W|NG? Small intestine(

Natural Protective

Mechanisms Against SIBO
Stomach Acid - gastric
barrier

Bile secretion and bile
acid pool

Bile activation of FXR
nuclear receptor
Peristalsis

Migrating Motor
Complex

Anatomy of Small Intestine

https:/ [en.wikipedia.org/wiki/Small_intestine



Natural Protective
Mechanisms Against SIBO

Stomach Acid/Gastric Barrier:

®@ @

Stress Zinc
deficiency

S

H.Pylori PPIs and
overgrowth Antacid




STOMACH HCL PRODUCTION

STOMACH ACID:
« Potassium (K*) and chloride (CI-) ions diffuse into the canaliculi
Ny « Chloride ions come from recycling of bicarbonate buffering of HCL in
the duodenum
- Hydrogen ions are pumped out of the cell into the canaliculi in
exchange for the potassium ions — via the H+[K+ ATPase

Parietal Cell
REGULATION OF HCL SECRETION:

X . . . . Acetylcholine —» H.0 + CO

« Histamine, stimulates H2 histamine s S - K
receptors (most significant Histamine—» @ y anhydrase |
contribution). H,CO,

L i Ho
Acetyicholine, fr.om o . Gastrio = @ _/\ . H
parasympathetic activity via the HCO,™ + H' K M
vagus nerve and enteric nervous i w
system, stimulating M3 receptors. 8 HCO. . aw Cl

. . . B C' C'

= Gastrin, stimulating CCK2 receptors cr T

(least significant contribution, but
also causes histamine secretion by
local ECL cells)

. Proton pump



http://www.vivo.colostate.edu/hbooks/pathphys/digestion/stomach/parietal.html
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What are the effects of proton pump inhibitors on the small

intestine?
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Several meta-analyses and systematic reviews have
reported that patients treated with PPIs, as well as
post-gastrectomy patients, have a higher frequency of
small intestinal bacterial overgrowth (SIBO) compared
to patients who lack the aforementioned conditions.
Furthermore, there is insufficient evidence that these
conditions induce Clostridium difficile infection, At
this time, PPI-induced dysbiosis is considered a type
of SIBO. It now seems likely that intestinal bacterial
flora influence many diseases, such as inflammatory
bowel disease, diabetes mellitus, obesity, non-
alcoholic fatty liver disease, and autoimmune diseases.
When attempting to control intestinal bacterial flora
with probiotics, prebiotics, and fecal microbiota
transplantation, efc., the influence of acid suppression
therapy, especially PPIs, should not be overlooked.

“Several meta-analyses and
systematic reviews have reported
that patients treated with PPIs, as
well as post-gastrectomy patients,
have a higher frequency of small
intestinal bacterial overgrowth (SIBO)
compared to patients who lack the
aforementioned conditions. “

“At this time, PPI-induced dysbiosis
is considered a type of SIBO.”



SIBO was detected in
50% of patients using
PPIs, 24.5% of patients
with IBS, and 6% of
healthy control
subjects; there was a
statistically significant
difference between
patients using PPIs and
those with IBS or
healthy control subjects
(p .001).

CLINICAL GASTROENTEROLOGY AND HEPATOLOGY 2010;8:504 -508

Increased Incidence of Small Intestinal Bacterial Overgrowth During

Proton Pump Inhibitor Therapy

LUCIO LOMBARDQO,* MONICA FOTI,* OLGA RUGGIA,* and ANDREA CHIECCHIO*
Departments of *Gastroenteroiogy, and *Health Physics, Mauriziano Umberto 1st Hospital, Torino, ftaly

See Editorial on page 480.

BACKGROUND & AIMS: Proton pump inhibitors (PPls)
can cause diarrhea, enteric infections, and alter the gastrointes-
tinal bacterial population by suppressing the gastric acid bar-
rier. Among patients that received long term PPI treatment, we
evaluated the incidence of small intestinal bacterial overgrowth
(SIBO; assessed by glucose hydrogen breath test [GHBT]), the
risk factors for development of PPI-related SIBO and its clinical

when the proximal small intestine becomes colonized by a large
number (>10°/mL colony-forming units) of endogenous sym-
biotic bacterial flora normally restricted to the colon. Normally
SIBO is prevented by the action of the intestinal immune
system, gastric acid and pancreatic enzyme secretion, normal
intestinal mouility, and ileocecal valve funcrion. Interestingly
enough, recently it has been reported that as much as 84% of
subjects with irritable bowel syndrome (IBS) have a positive
lactulose breath test, suggesting the presence of SIBO.*5

The gold standard for SIBO diagnosis is considered aspira-




Natural Protective
Mechanisms Against SIBO

Bile secretion and bile acid pool. Bile
activation of FXR nuclear receptor:

Gall bladder removal
Obstruction of bile ducts
Liver dysfunction

Dysbiosis




Enteroheptatic Circulation

BILE

The composition of hepatic bile is 97% water, )
0.7% bile salts, 0.2% bilirubin, 0.51% fats (cholesterol, — M) oS %
~

Hepatic portal vein

fatty acids, and lecithin) -—

The facultative and anaerobic commensal bacteria in
the small intestine metabolize bile salts through . ‘3’ @
Capillarybed |

deconjugation and hydroxy group oxidation, resulting
in the production of secondary bile salt compounds — /Qé
NORMALYY 95% OF BILE IS REABSORBED AND ABOUT 5% i Common : OQQ b Jj

IS COVERTED TO SECONDARY BILE SALTS. Cystic duct| [>T hepatic duct (OOQQ

Bile acids in the ileum and returning to the liver trigger i
the FXR receptor to stimulate the production of } _Common bile duct <
. . . v
antimicrobial compounds but the EIC Sphincter of Oddi 1
Primary bile acids have been shown to promote the ! ' P
Y P QD 11— = —

germination of C. difficile spores, while secondary bile acids

11
inhibit the germination of spores into vegetative bacteria

Duodenum e lleum

Decreasing levels of bile acids in the gut favor gram-negative
members of the microbiome, some of which produce potent LPS,
and include potential pathogens.

' 5% bile salts
excreted infeces
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“Some studies reinforced
the co ncept that small Liver disease symptoms in non-alcoholic fatty liver disease
intestinal bacterial
overgr owth ( SIBO ) pIGyS RAHMATOLLAH RAFIEI', MAHBOOBEH BEMANIAN', FERESHTEH RAFIEI', MAHMOOD BAHRAM,
an important role in the

and small intestinal bacterial overgrowth

LOTFOLLAH FOOLADI', GITI EBRAHIMI', AHMADREZA HEMMAT', ZAHRA TORABI*

lDepanmem of Internal Medicine, School of Medicine, Islamic Azad University, Najafabad Branch, Isfahan, Iran

0 *School of Medicine, St. George’s University, England
pathogenesis of NAFLD Dr_ Foolad Labortory, Amadegah S Isahan, ran
o Isfahan University of Medical Sciences, Isfahan, Iran
through endotoxin of
b aCter 1 a and tum Or Introduction. It seems that there is a relationship between small intestinal bactenal overgrowth
o (SIBO) and non-alcoholic fatty liver disease (NAFLD). The main objective of this study was to evaluate
necrosis factor (TNF) as the pevalence o S1B0 arnong NAFLD patiats.
. o - Methods. In this descriptive-analytical cross-sectional study, 98 eligible NAFLD patients were
effectl ve med | ator S.. evaluated for SIBO using hydrogen breath test (HBT). They were divided into SIBO-positive and

SIBO-negative groups. Demographic, clinical, and laboratory data were obtained.

Results. Based on the HBT, 38 patients (39%) had bacteria overgrowth. There were no
significant differences between SIBO-positive and SIBO-negative regarding demographic data and
BMI classification (P > 0.05). Biochemical vanables, the results of abdominal ultrasound, and liver
elastography did not show any significant difference between SIBO-positive and SIBO-negative
patients (P = 0.05). Patients with SIBO were found to have higher rates of bloating, while abdominal
pain was more prevalent in SIBO-negative patients (P < 0.001).

Conclusions. SIBO is prevalent in NAFLD and associated with bloating in these patients.
Further studies are necessary to elucidate if therapeutic manipulation of gut microbiota reduces the
risk of NAFLD. fibrosis. and liver cirrhosis.
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Small Intestinal Bacterial Overgrowth Is Associated with Non-
Alcoholic Fatty Liver Disease

Andrea Fialho', Andre Fialho', Prashanthi Thota?, Arthur J. McCullough?, Bo Shen®

ABSTRACT

1) Department of Internal
Medicing;

Background: Changes in gut bacteria play a role in type 2 diabetes mellitus (DM) and hepatic steatosis. There
is a lack of studies evaluating the frequency and risk factors for non-alcoholic fatty liver disease (NAFLD) in
patients tested for small intestinal bacterial overgrowth (SIBO). Aim: To evaluate the frequency of NAFLD
and associated risk factors in patients tested for SIBO.,

Methods: In this case-control study, 372 eligible patients submitted to glucose hydrogen/methane breath test
for SIBO who also had an abdominal imaging study were included. Patients were divided into SIBO-positive

2) Department of
Gastroenterology and
Hepatology,
The Cleveland Clinic
Foundation,
Cleveland, OH, USA
and SIBO-negative groups, Clinical, demographic and laboratory variables were evaluated in addition to the
presence of NAFLD on abdominal imaging.
Results: Of the 372 eligible patients, 141 (37.9%) were tested positive for SIBO (study group) and 231 (62.1%)
were negative for it (control group). NAFLD occurred in 45.4% (64/141) of the study group compared to
Address for correspondence: 17.3% (40/231) of the control group (p<0.001). Patients in the study group were found to have higher rates of
Bo Shen, MD

Center for Inflammatory

clevated aspartate aminotransferase (AST) (20.6% vs, 11.3%; p=0.034) and alanine aminotransferase (ALT) |
levels (56.0% vs. 40.7%; p= 0,039), type 2 diabetes (23.4% vs. 13.9%; p=0.041), hypertension (54.6% vs, 40.3%;
p=0.046) and metabolic syndrome (78.0% vs. 60.2%; p=0.020). In the multivariate analysis, $IBO (odds ratio
[OR}: 1.95;95% confidence interval [CI]: 1.14-3.31; p=0.014), type 2 DM (OR: 3.04; 95%Cl: 1.57-5.90; p=0.001)

= -y 7 =

58: 950

Bowel Diseases Digestive
Diseases Institute/A3]

- : ;
V velan Oic 2 hes OR: : p=(.00 e associated with NAFE

Of the 372 eligible patients, 141
(37.9%) were tested positive for SIBO
(study group) and 231 (62.1%) were
negative for it (control group).
NAFLD occurred in 45.4% (64/141) of
the study group compared to 17.3%
(40/231) of the control group
(p<0.001). Patients in the study group
were found to have higher rates of
elevated aspartate
aminotransferase (AST) (20.6% vs.
11.3%; p=0.034) and alanine
aminotransferase (ALT) levels
(56.0% vs. 40.7%; p= 0.039), type 2
diabetes (23.4% vs. 13.9%; p=0.041),
hypertension (54.6% vs. 40.3%;
p=0.046) and metabolic syndrome
(78.0% vs. 60.2%; p=0.020).
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/ Peristalsis/Migrating Motor Complex:
F eh = Gastroparesis
r | 4 = Celiac disease
N = Enteropathy
* Diabetes
= Hypochlorhydria

= |PS!



P E R I ST A Ls I s A N D M M c Trends Mol Med. Author manuscript; available in PMC 2015 Apr 20. PMCID: PMC4402728
Published in final edited form as: NIHMSID: NIHMS676942
Trends Mol Med. 2015 Jan; 21(1). 6-15. PMID: 25486880

It is our hypothesis that the mechanism of SIBO FAROh nte A Nov B el

development in the setting of unsanitary living

ot Pediatric Small Intestinal Bacterial Overgrowth in Low-Income Countries
conditions stems from repeated exposure to

abnormal levels of lipopolysaccharide (LPS) via Joffrey R. Donowiz® and Willlam A, Petri, Jr.®

contaminated soil and dr inking water, which » Author information » Copyright and License information Disclaimer
abrogates the migrating motor complex leading

to luminal stasis.” The publisher’s final edited version of this article is available at Trends Mol Med

See other articles in PMC that cite the published article.

In animal models, Escherichia coli derived LPS has
been shown to decrease both the frequency and
strength of small intestinal contractions and to
eliminate the migrating motor complex

Abstract Go to:

Small intestine bacterial overgrowth (SIBO) occurs when colonic quantities of commensal bacteria are
present in the small bowel. SIBO is associated with conditions of disrupted GI motility leading to stasis of
luminal contents. Recent data show that SIBO is also found in children living in unsanitary conditions that
do not have access to clean water. SIBO leads to impaired micronutrient absorption and increased Gl
permeability, both of which may contribute to growth stunting in children. SIBO also disrupts mucosal
immunity and has been implicated in oral vaccination underperformance and the development of celiac
disease. SIBO in the setting of the impoverished human habitat may be an under recognized cause of
pediatric morbidity and mortality in the developing world.

17. Rahman M. Al-Saffar A, Hellstrom P. Nitric oxide-mediated disorganisation of migrating myoelectric

complex induced by diarrheogenic E. coli toxin. J Gastrointest Motil. 1993;5:212-218. [Google Scholar]

18. Cullen JJ, Caropreso DK, Ephgrave KS, Hemann L1, Hinkhouse MM. The effect of endotoxin on
canine jejunal motility and transit. J Surg Res. 1997;67(1):54-57. [PubMed] [Google Scholar]




PERISTALSIS AND MMC

Am J Physiol. 1999 Jan;276(1):R59-68. doi: 10.1152/ajpregu.1999.276.1.R59.

Induction of endogenous tumor necrosis factor-alpha: suppression of centrally stimulated gastric
motility.

Hermann GE', Tovar CA, Rogers RC.
Author information

Abstract

Gastric stasis is frequently seen in conjunction with critical infectious iliness, chronic inflammatory disorders, radiation sickness, and
carcinogenesis. These conditions are associated with elevated circulating levels of the cytokine tumor necrosis factor-alpha (TNF-alpha). The
present studies examined the relationship between endogenously produced TNF-alpha and the central neural mechanisms that augment
gastric motility. Systemic lipopolysaccharide (LPS) was employed to induce TNF-alpha production in thiobutabarbital-anesthetized rats. Sixty
minutes after intravenous LPS injection, gastric motility could not be stimulated by a potent centrally acting gastrokinetic stimulant,
thyrotropin-releasing hormone (TRH). This failure to elicit gastric motility via central mechanisms coincided with high circulating levels of TNF-
alpha. However, intravenous injections of bethanecol, a peripherally acting cholinergic agonist with direct gastrokinetic effects, were still able
to elicit normal increases in gastric motility in the presence of TNF-alpha and LPS. Therefore, the inability to stimulate gastric motility via
central TRH could not be attributed to the direct inhibitory effects of either LPS or TNF-alpha on the stomach, If the production of endogenous
TNF-alpha was suppressed via the use of urethan as the anesthetic agent, then intravenous injections of LPS were no longer effective in
suppressing gastric motility. Thus these effects on gastric motility are not directly attributable to LPS nor are they due to direct effects on the
gastric smooth muscle. Our previous study demonstrated that microinjection of femtomole quantities of TNF-alpha in the brain stem dorsal
vagal complex (DVC) can modulate gastric motility. This central TNF-alpha effect on gastric motility was dose dependent and required an
intact vagal efferent pathway. The results from these two studies suggest that systemically produced TNF-alpha may gain access to the DVC
to modulate gastric function.

Systemic LPS and induction of TNF-alpha stopped gastric motility, within 60 minutes of injecting
LPS. It was not possible to elicit gastric motility via a potent centrally acting gastrokinetic
stimulant (thyrotropin-releasing hormone). They showed that the effect of LPS and TNF-alpha
acted on brain stem dorsal vagal complex (DVC), causing centralized aberration of motility.




PERISTALSIS AND MMC

Am J Physiol Gastrointest Liver Physiol. 2002 Sep;283(3):G634-9.

LPS-induced suppression of gastric motility relieved by TNFR:Fc construct in dorsal vagal
complex.

Hermann GE", Tovar CA, Rogers RC.
# Author information

Erratum in
Am J Physiol Gastrointest Liver Physiol 2002 Nov;283(5):following table of contents.

Abstract

Our previous studies suggested that the cytokine tumor necrosis factor-alpha (TNF-alpha) may act within the neural circuitry of the medullary
dorsal vagal complex (DVC) to affect changes in gastric function, such as gastric stasis, loss of appetite, nausea, and vomiting. The definitive
demonstration that endogenously generated TNF-alpha is capable of affecting gastric function via the DVC circuitry has been impeded by the
lack of an antagonist for TNF-alpha. The present studies used localized central nervous system applications of the TNF-adsorbant construct
(TNFR:Fc; TNF-receptor linked to the Fc portion of the human immunoglobulin IgG1) to attempt to neutralize the suppressive effects of
endogenously produced TNF-alpha. Gastric motility of thiobutabarbital-anesthetized rats was monitored after systemic administration of
lipopolysaccharide (LPS) to induce TNF-alpha production. Continuous perfusion of the floor of the fourth ventricle with TNFR:Fc reversed the
potent gastroinhibition induced by LPS, i.e., central thyrotropin-releasing hormone-induced increases in motility were not inhibited. This
disinhibition of gastric stasis was not seen after intravenous administration of similar doses of TNFR:Fc nor ventricular application of the Fc
fragment of human immunoglobulin. These results validate our previous studies that suggest that circulating TNF-alpha may act directly
within the DVC to affect gastric function in a variety of pathophysiological states.

In a follow up study, the authors again induced inhibition of gastric motility with systemic administration
of LPS, which stimulated endogenous TNF-alpha production. An anti-TNF compound was able to restore
central thyrotropin-releasing hormone increase in motility. Showing that endogenous TNF-alpha from
LPS immune activation likely acts directly within the DVC leading to central motility aberration.
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ENDOTOXEMIA?
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Prospective Study

Oral spore-based probiotic supplementation was associated
with reduced incidence of post-prandial dietary endotoxin,
triglycerides, and disease risk biomarkers

Endotoxin (UfL)

M Bowman, Melody M Gary, Kimberly M Carbals

Brian K McFarfin, Andrea L Menning, Erin M Bowman, Melody beewses by 40
M Gary, Applied Plysiclogy Labocstory. Uiversity of Nonk
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Brian K McFarin, Andree L Herning, Kimberly M Carbejal, Correspondence to: Brian K McFarlin, PhD, FACSM, FTOS,
Deptsnent of Bological Scaences. Univensity of Nouth Texas Asscociate Professor, Applied Piysscdogy Labotstory. LUssversty
Dewton. TX 76203, United States of Nooth Texas. 1925 West Chestaut Street, PEN Rooeu 200

Denton, TX 76203, Unttod Sttes. bt G ot vt osiu
Author contributions: McFailin BK desigued the stindy Telephone: - 1-940- 633104

collected duta. mitermpted fimbiogs. and prepared nssasscrpt Fax: « 1.980- %05 4901
MHenning AL, Bowman EM. Gary MM and Carbayal KM
collected data, maernipend funtmes. and peeprasod s npt Recetved: Jummary 26, 2017

Peer-review started: Fobonary 8. 2007

The effect of 30-days of probiotic supplementation
on post-prandial responses to a high-fat meal
Principal Investigator: Brian K. McFarlin, PhD, FACSM,
FTOS University of North Texas
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- In addition to targeting the over-growth with
antibiotics and antimicrobials, it becomes
important to address the underlying issue of
stasis involving LPS mediated, systemic TNF-
alpha upregulations and the central motility
aberration that follows.

* Prokinetics won't help much if the DVC is

COm prehenSive compromised. To stop recurrence, LPS
endotoxemia has to be addressed
SIBO Trthment - Low HCL and Gastroparesis must be addressed

- Liver support is critical

 To reduce the risk of comorbidities, mucosal
damage and mucosal inflammation has to be
addressed

 Colonic, saccharolytic bacteria have to be
supported to prevent further pathology and
secondary complications
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MANCES H. PYLOM
PPORTS NORMAL DIGESTON
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GINGER ROOT EXTRACT (20%)

30 mg
Accelerates gastric emptying
and soothes nausea

75 Mg
Protects gastric mucosa and
balances H. Pylori levels

SUPPLEMENT FACTS

Serving Size 1 Capsule
Servmgs Per Contclner 60

Amount Per Serving

Artichoke leaf extract 320mg 1
Gutgard' licorice flavonoids 75mg T

Ginger root extract (20% gingerols) BOmg f

| T Daily values not established.

% Daily Value

OTHER INGREDIENTS: Cellulose, vegetable capsule
(cellulose and water).

balances cholesterol levels

Stimulates bile production and



Recommended

SIBO Protocol

If doing an antimicrobial
phase, use MegalgG and HU58
during the antimicrobial
phase

Towards the end of the
antimicrobial phase, start with
MegaSporeBiotic and MegaMucosa

Use FodMate +
MegaGuard with Meals

As typical symptoms are
significantly reduced, add in
MegaPre in small amounts.
Enemas can be considered.
Maintain MegaSporeBiotic
and MegaMucosa.
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