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Abstract
Normally, the gastrointestinal epithelium provides a semi-permeable barrier which
allows nutrients to be absorbed while preventing larger, potentially toxic, antigenic, or
pathogenic molecules or organisms from crossing into the bloodstream. Pathogenicallyincreased intestinal permeability predisposes the individual to diffusion of antigenic
food molecules and translocation of bacteria and/or yeast from the gut to extra-intestinal
sites, including mesenteric lymph nodes, liver, spleen, and systemic circulation. This
can be secondary to drugs, microbial overgrowth, radiation, stress, alcohol intake,
enteral/parenteral nutrition, or injury. Increased intestinal permeability occurs commonly
with diseases including inflammatory bowel disease, rheumatoid arthritis, ankylosing
spondylitis, asthma, eczema, food allergies, alcoholism, trauma, and surgery. Glutamine,
phosphatidylcholine, flavonoids, soluble fiber, and fish oil, as well as probiotic organisms,
including Lactobacilli and Saccharomyces boulardii can assist in correcting this abnormal
permeability.
(Alt Med Rev 1997:2(5):330-345)

Introduction
The gastrointestinal tract is unique in that, as an infolding of our outer skin, it is a
continuous tube from the mouth to the anus which allows the passage of nutrients into and
through the body. Because the gastrointestinal tract is in contact with food and antigens from
the outside world, yet also intimately in contact with the interior of the body and the bloodstream, highly-developed protective and absorptive mechanisms are in place to facilitate the
absorption of nutrients, while blocking entrance of potentially harmful antigens to the bloodstream via the epithelial barrier and immune mechanisms.
The intestinal epithelial barrier has three major functions: (1) Absorption- transporting
fluids, electrolytes, and nutrients selectively across the intestinal wall; (2) Protection- separating larger, non-absorbable, potentially toxic, antigenic, or pathogenic molecules or organisms
from the blood; (3) Immune function- secretion of immunoglobins, mainly secretory IgA, which
bind to bacteria and other antigens, preventing their attachment to epithelial cells, and facilitating their disposal. Optimal functioning of all three of these components is vital to the health of
the intestinal epithelium and the rest of the body, as a disruption of any of these factors can
cause an increase in intestinal mucosal permeability.
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celiac disease,21 inflammatory bowel disease,22
HIV disease,23,24 burn injury,25 endotoxemia,26
and cystic fibrosis.27 In some cases, as in food
allergies, an altered epithelial barrier, and the
resultant increase in the transport of larger molecules, is the proximate cause of the disease.
In other cases the restrictive properties of the
barrier deteriorate due to the disease process,
as with alcoholism, or because of the treatment, as with non-steroidal anti-inflammatory
drug use for rheumatoid arthritis.7
In addition to their absorptive and barrier functions, intestinal epithelial cells also
function as an extension of the immune system. They secrete IgA, the most abundant
immunoglobin in the gut and the main immune
mechanism preventing bacterial adherence to
the intestinal mucosa. Secretory IgA attaches
to bacteria in the intestinal lumen, hindering
its attachment to the gut wall. A decrease in
secretory IgA causes increased bacterial adFigure 1. Intestinal mucosal nutrient
absorption pathways

Tight Junction
Paracellular

Transcellular

herence, increased intestinal permeability, and
bacterial translocation across the intestinal
wall.
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Nutrients are absorbed from the lumen
via two pathways: through the epithelial cells
(transcellular) and via the junctions between
them (paracellular) (see Figure 1). Because
of the distinctive structure and electrical resistance of these routes, over 85% of the passive transport of molecules is paracellular.1,2
The primary physical regulator of passive absorption of molecules is the “tight junctions” between intestinal epithelial cells. Located at the lumenal base of epithelial microvilli, tight junctions are fused areas which
encircle the cells, and contain pores or channels through which molecules can pass (see
Figure 1). The number and density of tight
junctions regulate the diffusion of molecules,
and can vary depending on the location in the
gut and the major absorptive pattern of that
area. However, tight junctions are not static.
The pores or channels can open and close, allowing larger or smaller molecules to pass.
The electrical charge can also change, altering diffusion of ions.2,3
In some disease states tight junctions
are obliterated by ulcerations or breaks between cells, thus increasing paracellular nutrient and antigen transport. In other diseases,
such as Celiac sprue, tight junctions remain
intact but still allow passage of large molecules
transcellularly.2 Another mechanism by which
tight junctions can be altered is in inflammatory states, as cytokines attract polymorphonuclear cells (PMNs), which can mechanically
alter tight junctions to allow their passage from
the blood stream into the lumen of the intestines. During this inflammatory process tight
junction activity can be severely impaired.2-6
Recent studies suggest that the selective permeability properties of the mucosal
barrier are significantly altered in a number of
health conditions or disease processes, including rheumatoid arthritis, 7,8 ankylosing
spondylitis and other spondyloarthropathies,8,9
food allergy,10 asthma,11,12 acute gastroenteritis,13 trauma,14,15 post-surgery,16 alcoholism,17
urticaria,18 eczema,19 pancreatic dysfunction,20

Table 1. Diseases/Conditions Associated With
Altered Intestinal Permeability
acute gastroenteritis
alcoholism
ankylosing spondylitis
arthritis
asthma
burn injury
celiac disease
Crohn’s disease
cystic fibrosis
eczema
endotoxemia

food allergy
HIV disease
NSAID use
pancreatic dysfunction
rheumatoid arthritis
schizophrenia
surgery
trauma
ulcerative colitis
urticaria

Bacterial translocation is a phenomenon in which indigenous gut bacteria cross
the intestinal wall and deposit in extra-intestinal tissue, including mesenteric lymph nodes,
liver, spleen, kidney, and systemic circulation.
In the extreme, bacterial translocation is believed to be a major contributing factor to
multiple organ failure after trauma or surgery.28
The intestinal barrier is not fully developed at birth. The immunologic (secretory
IgA, cell-mediated immunity) and non-immunologic (proteolytic activity, gastric acid, mucin production) portions of this barrier do not
mature until after age two. Therefore, the intestinal epithelium is more permeable to potentially harmful contents of the intestinal lumen in infants and young children. Introducing solid foods before this barrier is adequately
formed is thought to be a major cause, along
with heredity, of food allergies in children.
Exclusive breast feeding is recommended for
at least the first six months, with subsequent
avoidance of commonly allergenic foods
(cow’s milk, chicken, eggs, peanuts, soybeans,
wheat, and fish),19,29 especially in atopy-prone
children. This approach provides the greatest
protection if the child is at moderate risk for
allergies, i.e., one parent is atopic, rather than
at high risk, as when both parents are atopic.30
One possible mechanism of intestinal
injury and increased permeability involves the

inhibition of nitric oxide release. Nitric oxide
(NO, also known as endothelium-derived relaxing factor) is involved in sphincter relaxation, gut motility, and gastrointestinal blood
flow. Preliminary research also suggests NO
release from damaged intestinal epithelial cells
is a protective mechanism to attenuate further
damage. This is indicated by the reduction in
intestinal permeability after administration of
L-arginine, an NO donor, to animals undergoing ischemia and reperfusion injury,31,32 and
the worsening of this injury in animals given
NO inhibitors.31 In rats, administration of mast
cell stabilizing agents attenuated the increase
in intestinal permeability caused by the NO
synthesis inhibitor, N-nitro-L-arginine methyl
ester, suggesting that mast cells are involved
in the increased permeability following NO
inhibition.33 However, increased NO production by a form of nitric oxide synthase, which
is induced by certain inflammatory stimuli, has
been found in ulcerative colitis patients, but
not in Crohn’s disease patients or healthy controls.34 This suggests that an excessive amount
of NO is also potentially pathogenic.

Causes Of Increased Intestinal
Permeability (IP)
Drugs: A number of drugs, including
NSAIDs, antibiotics, chemotherapeutic agents,
gold compounds, estrogen, cocaine, and amphetamines can cause intestinal inflammation
and increased permeability. This can be a direct effect (NSAIDs, chemotherapy, cocaine,
methotrexate), or an indirect effect, as with
colitis or bacterial overgrowth associated with
antibiotic therapy.35
Non-Steroidal Anti-inflammatory
Drugs (NSAIDs): It is well known that
NSAIDs cause gastrointestinal mucosal inflammation and lesions.36-38 This seems to be
due to a negative effect on the secretion of
protective prostaglandins, as well as by possible binding of the drug to
dipalmitoylphosphatidylcholine (DPPC), the
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decrease the natural defense mechanisms of
the gut; e.g., anaerobic bacteria which inhibit
the growth of aerobic pathogens. Clinically,
diarrhea is a common side-effect of antibiotic
treatment, with the worst-case scenario being
development of pseudomembranous colitis, a
potentially fatal condition caused by a toxin
produced by overgrowth of Clostridium
difficile. Altered gut ecology and bacterial
overgrowth have been shown to be conducive
to bacterial and/or yeast translocation across
the gut barrier into extra-intestinal lymphatics
and organs, and into systemic circulation. The
alteration of gut ecology by antibiotics is
suggested as one cause of this translocation,
which is correlated with increased IP.39,40
Animal studies suggest that overgrowth of certain organisms, such as
Pseudomonas aeruginosa and Candida
albicans, can cause suppression of systemic
cell-mediated immunity. Administration of
killed Pseudomonas and Candida to rats resulted in significant suppression of cell-mediated immunity, most likely caused by translocation of endotoxin from the cell wall of these
killed cells.41
Administration of antibiotics to mice
caused translocation of indigenous bacteria to
the mesenteric lymph nodes (MLN), but not
systemically. However, administration of a
combination of prednisone and an antibiotic
caused bacterial translocation to the liver,
spleen, and general circulation.42
Chemotherapy: In rats, and in people,
methotrexate is able to induce colitis. Its severity was reduced in rats after administration
of Lactobacillus plantarum and L. reuteri.
Oats were also given, and although they did
not reduce bacterial translocation or reduce
intestinal myeloperoxidase as Lactobacilli did,
they did reduce enterotoxin levels.43
Viral and Bacterial Gastroenteritis:
Acute viral gastroenteritis with diarrhea can
also increase intestinal permeability, especially
if the patient fasts while feeling ill. However,

Alternative Medicine Review ◆ Volume 2, Number 5 ◆ 1997
Page 333
Copyright©1997 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Intestinal Hyperpermeability

most-abundant protective phospholipid surfactant lining the gastrointestinal tract, making
DPPC inactive and damaging the hydrophobic barrier. This allows potentially-corrosive
GI contents such as gastric acid to come in
contact with mucosal epithelial cells. One animal study prevented the negative effects of five
NSAIDs on the GI tract by administration of
the drugs after they were first complexed with
a purified soy lecithin product (containing
phosphatidylcholine).36
Decreased prostaglandin production
secondary to NSAID use may actually precede
the inflammation caused by NSAIDs. NSAIDs
having the strongest inhibition of
cyclooxygenase have been shown to cause the
greatest increase in intestinal permeability.
This increased IP seems not to be a local, irritative response, but a systemically mediated
one, as evidenced by increased permeability
whether the drug is administered orally, rectally, or intravenously. It has been prevented
in animals by prostaglandin administration,
showing that adequate prostaglandin production and secretion is essential for the maintenance of normal intestinal mucosal barrier
functioning. After the initial cyclooxygenase
inhibition, bacterial adhesion and invasion of
the GI mucosa causes an inflammatory response, leading to erythema, hemorrhage, and
ulceration. This inflammatory response is absent in germ-free animals and in those treated
with antibiotics, confirming a bacterial role in
this process.37,38
Another potential cause of NSAID-related increased intestinal permeability is via
an uncoupling of mitochondrial oxidative
phosphorylation by NSAIDs, leading to decreased ATP production, degradation of
enterocyte intercellular junctions, and subsequent cellular death.7
Antibiotics: Antibiotics alter the
intestinal flora and cause an increased risk of
overgrowth by opportunistic bacteria or fungi,
and antibiotic-resistant bacterial strains, and

the increased IP can be prevented by continuing regular feeding and hydration throughout
the duration of the illness.13
Intestinal Yersinia infection causes a
transient increase in gut permeability, which
is probably a major factor in the etiology of
the extra-intestinal complications often associated with Yersinia, including arthritis,
Reiter’s syndrome, and erythema nodosum.44
Alcoholism: Alcoholics have an increased IP due to the effects of ethanol on the
gastrointestinal mucosa. In 36 alcoholics without cirrhosis, IP values were significantly
higher in those who had recently imbibed (< 4
days) compared with a control group (p <
0.001). Intestinal permeability values decreased with time (p < 0.002), normalizing at
about day 15 of abstinence. This increased IP
was traced to the intercellular tight junctions
of the small intestine.45
Radiation: Abdominal radiation
therapy can cause an increase in IP46-49 which,
if untreated, can become a chronic condition
lasting years.49 The proposed mechanism of
injury is the formation of oxygen radicals
which overwhelm the antioxidant status of the
patient.50
Trauma: Researchers have noted that
individuals experiencing severe trauma14,15 or
thermal injury 25 have increased IP, and although the mechanism has not been entirely
elucidated, storage and utilization of the amino
acid glutamine may be involved (see section
on glutamine).
Surgery: In 50 patients undergoing
cardiac surgery involving cardiopulmonary
bypass (CPB), Riddington, et al, found an increase in intestinal permeability compared to
controls. In 42% of the patients, endotoxin was
present in the plasma following CPB, another
indication of increased gut permeability.16
Enteral and Total Parenteral Nutrition (TPN): TPN, provided intravenously or
orally, has been shown to cause cecal bacterial overgrowth, increased intestinal permeability, and bacterial translocation in animal

studies. Oral administration of cellulose fiber
or kaolin decreased the incidence of bacterial
translocation, but not the bacterial overgrowth
or the loss of mucosal mass.40,51,52

Clinical Correlations
Inflammatory Bowel Disease: With
its chronic intestinal inflammation and with
the mucosa’s macroscopic appearance, an increase in IP in Crohn’s disease is understandable, even predictable. Researchers have found
a correlation between the presence of Crohn’s
disease and intestinal permeability,22, 53-55 as
well as a direct relationship between disease
activity and degree of permeability found during a dual-sugar absorption test (see section
on diagnostic testing), revealing decreased intracellular absorption (small molecules) and
increased paracellular absorption (large molecules). In addition to the increased permeability in acute flares, abnormal permeability
in Crohn’s cases in remission appears to be a
marker of risk of disease recurrence. In a yearlong study of Crohn’s disease patients using
the same dual-sugar test mentioned above,
those with elevated permeability had a significantly greater probability of relapse during the
year follow-up.53
The initial etiology of Crohn’s disease
is still undetermined, but it is hypothesized that
an initial insult, possibly in genetically-predisposed individuals, might cause immunemediated tissue damage which increases gut
permeability.56 These areas of increased permeability could allow passage of antigenic material through the gut wall, possibly overwhelming the body’s ability to handle the
greatly increased antigenic load. Activation of
immune cells in the mucosa by exogenous
substances, as well as normal or abnormal
microbial flora, could amplify the disease process, causing a worsening of the permeability
and a cycle of inflammation, immune
hyperactivation, and local and systemic toxic
load.57
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Intestinal permeability markers were
found to be significantly higher in 36 children
with food allergies than in controls (p<0.02),
with a reverse relationship between intestinal
permeability and age.10
HIV/AIDS: Enteropathy is a common
feature of HIV infection, but its etiology is
unknown. It is associated with villous atrophy,
malabsorption, and intestinal permeability
similar to celiac disease, especially in patients
with diarrhea.23,24
Ankylosing Spondylitis: Ankylosing
spondylitis (AS) is an inflammatory disease
which mainly affects the axial skeleton, although it can affect large peripheral joints. The
lumbar and sacral spine are most often involved. The prognosis varies, ranging from a
mild flaring and remitting course to a progressive, unrelenting disease which creates an increasingly rigid spine, ultimately resulting in
a crippling, inflammation-induced vertebral
fusion.
Increased IP has been found in a large
percentage of people with AS,8 as well as in a
majority of their first-degree relatives.
Martínez-González, et al, noted that 68% of
AS patients studied had increased IP, while
60% of their healthy relatives also had increased IP, signifying a potential hereditary
predisposition to the disease.9 Contributing to
this conclusion is the fact that significantly
more HLA-B27 antigen positivity was also
found in patients and relatives as compared to
controls. Half the patients were not taking antiinflammatory medications, and the researchers did not allow any individuals into the study
who had taken NSAIDs within 10 days, to rule
out any NSAID-induced increases in intestinal permeability. Because of the findings, the
authors concluded the abnormal gut permeability found in AS precedes the development
of the disease.
The most compelling studies to date
of intestinal inflammation and its connection
to AS and other arthropathies have been
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Studies of intestinal permeability in
family members of Crohn’s patients have
yielded mixed results, with some researchers
stating a primary intestinal permeability defect is present in a subset of first-degree relatives of Crohn’s patients,58-61 while other researchers say there is no increased incidence
of elevated IP in relatives.62-64 It is possible
these equivocal results are due to the varying
types of intestinal testing utilized in the studies. Ulcerative colitis patients also exhibit increased IP65 and a genetic tendency toward the
disease.66
Celiac Disease: An increase in intestinal permeability of large molecules, coupled
with malabsorption of small molecules, is
common in celiac disease, or gluten-sensitive
enteropathy.21,67 Significantly increased IP has
also been found in relatives of people with this
disease.68 One extra-intestinal complication of
celiac disease is arthritis, which in one study
was present in 26% of patients versus 7.5% of
controls. Comparing individuals adhering to
a strict no-gluten diet to those eating freely,
arthritis occurrence was 21.6% in patients on
a gluten-free diet and 41% in patients on a
regular diet (P < 0.005).69
Food Allergy: Increased intestinal permeability is the basis of the prevailing hypothesis of food allergy; i.e., large, antigenic protein or polypeptide molecules are absorbed
across a leaky mucosal barrier, allowing those
molecules to interact with the gut-associated
immune system, creating antibodies, immune
complexes, and a systemic immune response.
In a study of 60 individuals with food
allergy, higher IP markers were noted after a
dual-sugar IP test in a fasting sample compared
to controls. After an antigenic challenge, IP
increased significantly (p<0.002). This increase was attenuated by the administration
of 300 mg sodium cromoglycate, a mast cellstabilizing flavonoid analog. The authors indicate intestinal permeability testing can be a
helpful diagnostic tool to evaluate food allergy
and treatment efficacy.70

ileocolonoscopic studies which revealed gut
inflammation was present in 60% of cases of
AS and 80% of juvenile arthritis cases. In those
cases, a second follow-up ileocolonoscopy
showed if intestinal inflammation resolved, so
did the arthropathy, and conversely, in most
cases, if the intestinal inflammation did not
resolve the joint inflammation persisted.71-73
In AS as well as other inflammatory
diseases, it is thought the immune system reacts to enteric bacteria by creating antibodies
which then either cross-react with healthy tissue similar in amino acid sequence to the bacteria, or bind to the bacteria and then translocate across the gut wall, resulting in the deposition of bacteria and immune complexes in
the gut mucosa and in extra-intestinal locations, such as joint structures. Ankylosing
spondylitis patients have been found to have
significantly increased serum IgA antibodies
to Klebsiella pneumoniae74-76 and also an increased incidence of positivity of specific
HLA-B27 antigens.77,78 It has been postulated
that antibodies to Klebsiella bind to HLA-B27positive cells, creating complement activation
and a systemic inflammatory response. High
titers of IgA antibodies to Klebsiella may not
be specific to AS, however, as patients with
ulcerative colitis and Crohn’s disease have also
been shown to have significantly elevated IgA
antibodies to this organism (all p <0.001).79
Rheumatoid Arthritis (RA): It is difficult to accurately determine gut permeability in RA patients, as the near-ubiquitous use
of NSAIDs in these individuals will itself
cause increased IP.7,17,80
The gut has long been theorized as the
underlying cause of RA, and it is well known
that fasting an individual with RA decreases
IP and RA symptomatology.81,82 Even if increased IP is not involved in the etiology of
RA, the subsequent altered IP during drug
treatment induces food antigen absorption and
possible systemic distribution of bacterial antigens or intestinally-derived inflammatory

mediators,57,80 which may amplify or perpetuate the disease process.
Similar to AS, RA also has connections
to enteric bacterial flora, specifically, increased
antibodies to Proteus mirabilis.83-87 In a study
of RA patients with either active or inactive
disease, antibody titers to P. mirabilis were
significantly higher in patients with active disease compared to inactive disease and controls
(p <0.001), suggesting a role for Proteus in
the etiology of RA.83 Interestingly, RA patients
who fasted and were then placed on a vegetarian diet, which reduces RA symptomatology,
showed decreased anti-Proteus antibody
titers.88
In a study comparing active RA versus AS, patients with active RA showed significant elevations in IgG antibody levels
against P. mirabilis compared to AS and controls (p < 0.001).86
Asthma: In the only study to date investigating increased IP and asthma, Benard,
et al studied 37 asthma patients (21 allergic
and 16 non-allergic) vs. two control groups;
13 smoking chronic obstructive pulmonary
disease (COPD) patients and 26 non-smoking,
non-allergic controls. They found that regardless of symptom severity or whether the
asthma patients had allergies, asthma patients
had a significantly increased IP compared to
COPD patients (p = 0.001) and controls (p =
0.006). The authors theorized a primary mucosal defect might be present in numerous organs in asthmatics, which is symptomatically
expressed in the lungs in response to allergic
or environmental stimuli via a “common mucosal immune system” in which “activated T
lymphocytes are able to migrate from one site
to another.”11 It is not known whether increased
IP is part of the etiology or a consequence of
the disease or its treatment.
Atopic Dermatitis (Eczema): Baseline IP measurements of children with eczema are higher than normal individuals and may
improve with elimination diet therapy.89-91 In

Page 336
Alternative Medicine Review ◆ Volume 2, Number 5 ◆ 1997
Copyright©1997 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Diagnostic Testing
Measurement of intestinal permeability is based on the urinary assessment and
quantification of orally-ingested molecules
which have specific absorption characteristics
but are not metabolized by the body. A number of substances have been utilized by researchers to determine intestinal permeability,
including Cr-51 labeled EDTA, mannitol,
lactulose, rhamnose, and varying molecular
weights (and varying sizes) of
polyethyleneglycol.
The most common clinically-used test
of intestinal permeability is the lactulose/mannitol test. Lactulose and mannitol are water
soluble molecules which are not metabolized
by the body and are excreted intact in the urine.
Lactulose (mol. wt. 342), a disaccharide consisting of galactose and fructose, is not well
absorbed, and thus should not be present in
large amounts in the urine. Mannitol (mol. wt.
182), a monosaccharide, is normally well absorbed and usually is present in greater

amounts in the urine. Mannitol is thought to
be passively absorbed via the transcellular
route, while lactulose, the larger molecule, is
absorbed in small amounts by the paracellular
(tight junction) route. Therefore, presence of
mannitol in the urine measures through-thecell absorption, while urinary lactulose measures the selective barrier properties of the tight
junctions.
After an overnight fast, the patient provides a pre-test urine specimen, then drinks a
solution containing lactulose and mannitol.
Urine is collected for the following six hours.
If mannitol levels are low, absorption of
smaller molecules may be compromised. If
lactulose levels are high it is indicative of increased intestinal permeability to large, potentially antigenic molecules.

Treatment
Glutamine: The amino acid glutamine
is the principal fuel for small intestine
enterocytes. It is the most abundant amino acid
in the bloodstream and is considered to be a
“conditionally essential” amino acid, as there
may be times demand cannot be met by mobilization from other tissue stores. The lungs and
skeletal muscle are the major producers of circulating glutamine, and the intestinal tract is
the primary user. Intestinal uptake of glutamine
in rats accounts for 40% of total glutamine
uptake by the entire body. Glutamine is converted in the mitochondria of intestinal cells
to glutamate, then alpha ketoglutarate, which
then is utilized in the tricarboxylic acid cycle
(TCA, Krebs) for ATP production.
Colonocytes also use glutamine; however,
short-chain fatty acids are the colon’s principal metabolic fuel.
Circulating and tissue levels of
glutamine drop drastically after infection, injury, or trauma. Figure 2 shows a typical scenario of interorgan glutamine flow and metabolism by the body during intestinal illness
or injury.
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a study of 15 children with eczema, nine had
at least a 75% improvement in their clinical
score after a 14-day elimination diet. In the
group which showed clinical improvement, the
mean permeability was significantly lower
than in non-responders (p< 0.01).89 Other studies have not confirmed this correlation in adults
with eczema.92,93
Urticaria: Individuals with chronic
urticaria, especially those with arthralgia, have
increased IP and the resultant increase in IgG
antibodies to food antigens.18
Alcoholism: Chronic ethanol ingestion has been shown to increase intestinal permeability. In a study of 36 alcoholics,
Bjarnason, et al, found increased permeability in those who had drunk recently (within
48 hours), as well as those who had abstained
for 5-13 days before the study, compared to
controls, independent of the presence of gastric inflammation.17

Figure 2. Inter-organ glutamine flow following gut insult.
From Souba WW.94 Used with permission.
common in experimental
models of shock and trauma,
which may be at least in part due
to inadequate gut glutamine.
Glutamine also serves as a precursor molecule for glucosamine synthesis. Glucosamine is essential for synthesis of mucin, the protective mucus layer in the gut. The first
enzyme in glycoprotein biosynthesis, glucosamine synthase
catalyzes the formation of Nacetylglucosamine and mucus.
This enzyme is diminished in
Crohn’s disease and ulcerative
colitis patients.96
Therapeutically, glutamine increases villous height and mucosal thickness, and increases
sIgA secretion, which strengthens the intestinal barrier and decreases bacterial adherance and
translocation. 94 Glutamine
supplementation has also been
After a gut insult, increased permeability causes bacterial translocation.
used in animal studies of radiaLeukocyte migration and cytokine release cause a further increased IP, which
tion or chemotherapy injury to
triggers the hypothalmic pituitary adrenal (HPA) axis to induce a release of
the gut, with significant imglutamine from skeletal muscle and lungs into the circulating glutamine
pool. It is subsequently taken up by the gut to be utilized for repair of the
provement of mucosal healing
damaged intestinal barrier94
and mortality in experimental
animals.97-99
Dietary Fiber: The shortThe tri-peptide glutathione (glutamic
chain fatty acids (SCFAs), butyrate, acetate,
acid, glycine, and cysteine) is a potent
and proprionate, are the primary fuel of the
intracellular antioxidant, is necessary for liver
colon, and are mostly derived from fermentadetox (phase II conjugation), and its formation
tion of soluble fiber by colonic bacteria. Of
is dependent on an adequate supply of
these three fatty acids, butyric acid is the main
glutamine. An animal study of the glutathioneenergy source of the colonic epithelium, and
enhancing
effects
of
glutamine
impaired absorption or oxidation of butyrate
supplementation revealed that acetaminophen
may be observed in patients with ulcerative
toxicity caused a drastic decline in hepatic
colitis or Crohn’s disease with colonic involveglutathione levels in rats on a standard total
ment. Therapeutically, SCFA concentrations
parenteral nutrition (TPN) solution which did
increase significantly after supplementation
not include glutamine. A glutamine-enriched
with Plantago ovata (Psyllium) seeds100 or oat
TPN solution prevented this loss of hepatic
bran,101 and are unchanged after wheat bran.101
glutathione. 95 Glutathione depletion is
Oats are rich in glutamine as well as ß-glucans,
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intestinal ischemic injury, and was found to
have a protective effect against oxidative damage and subsequent intestinal permeability in
an animal model.111 In addition to antioxidant
activity, green tea flavonoids also inhibit the
growth of Clostridium organisms and promote
the growth of beneficial Lactobacilli and
Bifidobacteria species.112
Lactobacilli: Lactic acid-producing
organisms have long been used to re-establish
a beneficial gut flora after antibiotic use or on
an ongoing basis in the form of supplements
or fermented milk products. Lactobacilli reduce the pH of the gut, compete for nutrients
and attachment sites with potentially pathogenic organisms, produce antimicrobial factors, and promote proper IgA secretion.113,114
In a group of infants with atopic eczema and
cow’s milk allergy, Lactobacillus was shown
to decrease tumor necrosis factor (a marker of
inflammation), reduce IP, and promote secretory IgA.115 Animal studies confirm reduction
of IP with Lactobacillus therapy.42,116,117 Lactobacillus casei GG supplementation significantly increased the gut antigen-specific IgA
immune response in a study of 14 children with
Crohn’s disease or juvenile chronic arthritis.
Intestinal permeability was not investigated in
this study; however, the authors theorize that
Lactobacillus use for ten days corrected a gut
barrier defect.118
Saccharomyces boulardii: Saccharomyces boulardii is a beneficial yeast similar
to baker’s yeast (Saccharomyces cerevisiae),
and has been used for a variety of intestinal
complaints. Supplementation of Saccharomyces boulardii in mice previously inoculated
with Candida albicans decreased the incidence
of translocation of Candida from the gut to
mesenteric lymph nodes.119 This might be explained by stimulation of host defense mechanisms, i.e., complement activation, macrophage activation,113,120 and increased sIgA.121
Fructo-Oligosaccharides: Fructo-oligosaccharides (FOS) are oligosaccharides
composed of one molecule of sucrose and one
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a highly fermentable cell wall polysaccharide.102 Dietary or supplemental soluble fiber
also decreases the pH of the intestines, encouraging the growth of beneficial organisms, and
suppresses growth of pathogenic organisms
such as Clostridium difficile.103,104
Phosphatidylcholine: Preliminary
animal studies suggest phosphatidylcholine
supplementation has a protective effect against
experimentally-induced colitis and bacterial
translocation after surgery. These preliminary
results warrant further investigation.105,106
Fish Oil: Omega-3 fatty acids derived
from fish oil can be a beneficial addition to
the treatment of intestinal inflammation and
subsequent increased IP by decreasing the production of leukotriene B4, thromboxane A2,
tumor necrosis factor, and pro-inflammatory
2-series prostaglandins, while promoting the
formation of less inflammatory 3-series prostaglandins and thromboxanes. In a well-constructed recent study of fish oil supplementation (2.7 grams/day of an enteric-coated product) in Crohn’s disease patients in remission,
59% of patients taking fish oil remained in
remission after one year, compared with a 26%
remission rate in the control group (p < 0.001).
A significant reduction in lab indicators of inflammation was also found in the fish oil
group.107
Quercetin, Ginkgo and Other
Flavonoid Antioxidants: Mast cells are
implicated as contributors to the pathogenesis
of many intestinal disease processes, including
food allergy and inflammatory bowel disease.
Mast cell degranulation and release of
histamine and other cytokines is thought to
promote further inflammatory responses and
mucosal injury.108 The flavonoid quercetin
stabilizes mast cells and prevents their
degranulation, 109 as does the synthetic
flavonoid analog cromolyn sodium.
Ginkgo and other flavonoids exhibit
antioxidant and anti-inflammatory activity.110
Ginkgo has been specifically studied in small

to three molecules of fructose,122 and are found
in varying amounts in many foods, including
honey, beer, onion, Burdock (Arctium lappa),
rye, asparagus, Jeruselum artichoke
(Helianthus tuberosus), banana, and oats. FOS
are virtually undigestible by human gastrointestinal enzymes, but are easily utilized
by certain intestinal bacteria.123 FOS supplementation increases the population of beneficial Bifidobacteria species in the stool,124 increases fecal short-chain fatty acids, and decreases stool pH.125 FOS may also increase
levels of some Lactobacilli, although not as
consistently as Bifidobacteria. These changes,
especially increases in Lactobacilli, can decrease an abnormal intestinal permeability.
However, FOS can also encourage the growth
of Klebsiella,122 a potentially pathogenic organism associated with increased intestinal
permeability and ankylosing spondylitis (see
section on ankylosing spondylitis), which
brings into question the safety of this supplement. A prudent protocol is to perform a stool
microbiological assay before suggesting FOS
supplementation, to reduce the possibility of
feeding an established Klebsiella population.
It is also important to know the growth-enhancing effects of FOS are quickly lost when
FOS supplementation is discontinued.124

Discussion
The intestinal epithelial barrier is a
complex system of absorptive mechanisms,
coupled with tight junctions and immune
activity which prevent passage of antigenic,
toxic, or pathogenic molecules or organisms.
Abnormal functioning of these components,
whether due to disease processes, such as
inflammatory bowel disease, or from toxic
substances like alcohol or NSAIDs, promotes
a pathogenically increased intestinal
permeability. This increased permeability
predisposes the individual to absorb antigens
and organisms through the “leaky gut,” which
can cause further damage to the intestinal

epithelial barrier, auto-immune crossreactivity of antibodies to food or microbial
antigens with normal tissue, and deposition of
immune complexes in tissue distant from the
gastrointestinal tract. In its worst form it can
be fatal, as in multiple organ failure after
surgery or trauma.
To adequately treat abnormal intestinal permeability and the conditions it is associated with, it is necessary to focus on three
areas:
1) Preventing further damage
If possible, alcohol, NSAIDs, or other
irritating or toxic substances should be minimized or discontinued. Flavonoids such as
quercetin and Ginkgo or synthetic analogs like
cromolyn sodium can inhibit mast cell degranulation and further damage.
2) Correcting dysbiosis
Re-establishing the normal microbial
flora, with the assistance of substances such
as Lactobacilli, Saccharomyces boulardii, FOS
(with caution after culture), and/or antimicrobials, is vitally important to re-establishing
normal IP.
3) Healing an inflamed intestinal mucosa
Healing the gut can be facilitated by,
in some cases, fasting or fiber-containing enteral nutrition. Glutamine supplementation
(some practitioners use up to 15 grams per
day), fiber supplementation or dietary oats,
phosphatidylcholine, and fish oil to reduce proinflammatory eicosinoid production, can also
be utilized in this multi-faceted approach.
Eliminating toxic or irritating substances is of the utmost importance in restoring normal intestinal permeability. The body’s
efforts to heal and correct an abnormal intestinal permeability can be assisted by providing nutrients to the intestines, promoting
proper immune function by restoring IgA secretion, re-establishing a normal, beneficial
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