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Crohn’s Disease Review

Inflammatory Bowel Disease
Part II: Crohn’s Disease —
Pathophysiology and Conventional
and Alternative Treatment Options

Kathleen Head, ND, and Julie Jurenka, MT(ASCP)

Abstract

Crohn’s disease, a subcategory of
inflammatory bowel disease, contributes to
significant morbidity, particularly in
industrialized nations. It can affect people of
any age, but is more commonly diagnosed in
adolescence and young adulthood.
Inflammation and ulceration occur primarily in
the terminal ileum and colon, although any
portion of the intestinal tract can be affected.
No etiology has been identified for Crohn’s
disease, although a number of factors
contribute to its etiopathogenesis, including
genetic, microbial, inflammatory, immune, and
permeability abnormalities. Conventional
medications are not curative but can contribute
to resolution of acute flare-ups and help
maintain remission. Because significant side
effects are associated with many of these
medications, more natural interventions to help
maintain remission should be considered.
Associated nutrient deficiencies, dietary
interventions, and nutrient and botanical
supplementation are discussed.

(Altern Med Rev 2004;9(4):360-401)

Introduction

Description

Crohn’s disease (CD) is one of two main
forms of inflammatory bowel disease (IBD), the
other being ulcerative colitis (UC). For a discus-
sion of the pathophysiology and treatment of UC,
see Alternative Medicine Review 2003;8(3). CD
is a chronic, relapsing, transmural (affecting all

layers of the intestine) inflammation of uncertain
etiology that can affect any portion of the diges-
tivetract from mouth to anus, but is predominantly
seenintheterminal ileum and/or colon. Intestinal
inflammation and ulceration in CD is asymmetri-
cal and occursin “patches,” with areas of healthy
tissue interspersed, and extends deeply into the
intestinal wall, forming granulomatous lesions.
The disease is named after Dr. Burrill B. Crohn
who, with his colleagues Ginzburg and
Oppenheimer, published alandmark paper in 1932
describing the features of what is known today as
Crohn's disease. Severa categories of CD have
been described, defined by the portion of the di-
gestive tract involved and the presenting symp-
tomatology (Table 1).

Current statistics indicate 1-2 million
Americans suffer from IBD, with approximately
half of those cases diagnosed as Crohn'’s disease.
CD affects men and women equally, with a ma-
jority of cases diagnosed in adolescents and young
adultsages 15-35 years. Thedisease, however, can
affect people at any age and approximately 10
percent of cases are under age 18. Crohn’s dis-
ease predominantly affects Caucasians; with a
prevalencerate of 149 per 100,000, although there
has been a steady increase in reported cases of
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Table 1. Subcategories of Crohn’s Disease!

Subcategory

lleocolitis

lleitis Affects only the ileum; fistulas or inflammatory
abscesses possible

Gastroduodenal Crohn’s Disease

Jejunoileitis

Crohn’s (Granulomatous) Colitis

Adapted from Crohn'’s and Colitis Foundation of America, Inc. 2004

http://www.ccfa.org/research/info/aboutcd

Area Affected

The most common form of CD, affecting the
ileum and colon

Affects the stomach and duodenum; bowel
obstruction possible

Patchy areas of inflammation in the jejunum;
fistulas possible

Affects only the colon and anus; anal fistulas,
abscesses, and ulcers possible

CD and UC among African Americans. IBD is
largely a disease of the industrialized world, es-
pecialy the United States and Europe, and ismore
common in urban areas and northern climates. CD
has a known genetic component, with 25 percent
of Crohn’s patients having afamily member with
some form of IBD. Statistics also indicate those
with a sibling with IBD are 30 times more likely
than the general population to develop IBD.?

Signs and symptoms of CD are similar to
UC, making diagnosis difficult. For a complete
comparison of Crohn’s and UC signs and symp-
toms, see Table 2. Patients diagnosed with CD
present with some or all of the following symp-
toms: frequent diarrhea, abdominal pain in the
lower right quadrant appearing soon after meals,
fatigue, loss of appetite, weight loss, fever, sto-
matitis, and perianal fistula or fissures. Some pa-
tients also present with rectal bleeding, arthritis,
and erythemanodosum lesions on the extremities.!
In pediatric casesof CD, growth failureisobserved
in 75 percent of patients.
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Risk Factors

Risk factorsfor CD include smoking, | eft-
handedness, adult appendectomy, and use of oral
contraceptives, nonsteroidal anti-inflammatory
drugs (NSAIDSs), and antibiotics; demographics
also affect therisk for CD.

Geographical, economical, educational,
and occupational status can impact the risk.
Crohn’s disease is more prevalent in developed
countries and is more common in white-collar
workers and individuals with indoor, sedentary
occupations.® It has been theorized that those with
sedentary jobs have delayed intestinal transit time,
resulting in increased contact between food anti-
gens and the intestinal mucosa.

Severa clinical and case-control studies
have determined smoking increases the risk of
developing CD, and contributesto earlier disease
onset, site of the disease, rate of relapse after
surgery, and disease severity.*® Two studies
demonstrate an association between childhood
second-hand smoke exposure and increased risk
for developing CD."8
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Table 2. Signs and Symptoms of CD and UC

Review

Sign/Symptom

Crohn’s Disease

Ulcerative Colitis

Area of intestinal
tract affected

Lower ileum most common but
can flare up anywhere, including
the colon; "patches" of normal
tissue between affected areas;
can affect entire intestinal wall

Any part of inner most
lining of colon, continuous
with no "patches" of
normal tissue

Diarrhea

Typically four or more episodes
per day

Typically four or more
episodes per day

Abdominal
pain/cramping

Moderate to severe abdominal
tenderness in right lower
quadrant

Mild tenderness, lower
abdominal cramping

Blood in stool

Present; amount depends on
disease severity

Present; amount depends
on disease severity

Fatigue

Result of excessive blood loss,
anemia, and poor nutrient
absorption

Result of excessive blood
loss and anemia

Fever

Low-grade in severe cases

Low-grade in severe cases

Physical
examination

Peritoneal irritation, abdominal or
pelvic mass

Rectal exam may show
peri-anal irritation, fissures,
hemorrhoids, fistulas, and
abscesses

Weight
loss/anorexia

Weight loss and anorexia
common due to poor digestion
and intestinal absorption

Weight loss in more severe
cases

Appetite

Often decreased during periods
of disease exacerbation

Often decreased during
periods of disease
exacerbation

Risk of colon
cancer

Increased

Increased
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Previousantibiotic use appearsto bearisk
factor for CD. A case-control study of 302 young
CD patients (< 25 years) compared to matched
controlsinvestigated childhood risk factorsfor de-
velopment of the disease. CD patients reported
more frequent use of antibioticsin childhood and
more frequent upper respiratory infections than
control patients. Other factorsthat appeared toin-
crease disease risk were history of eczema and
consumption of a low fiber diet.° Another study
demonstrated a higher frequency of childhood in-
fections, specifically pharyngitis, aswell as more
frequent use of antibiotics for otitis media and
pharyngitis, in CD patients compared to controls.X°
Utilizing the United Kingdom’s General Practice
Research Database, researchers at Queen's Medi-
cal Centre in Nottingham, England, found a sta-
tigtically significant association between Crohn's
disease and prior antibiotic use in 587 CD cases
and 1,460 controls.**

Women taking oral contraceptives have
twice the risk of developing CD.*? Use of low-
dose oral contraceptives does not appear to sig-
nificantly influence the activity or course of the
disease, athough contraceptives compound the
risk of thromboembolic events, which is already
high due to hypercoagulation characteristic of
CD.® There is aso some evidence of NSAID-
induced Crohn's disease in the small and large
bowel .1+

Other factors that may increase the risk
of developing Crohn’s disease are appendectomy
in adulthood*® and |eft-handedness, with |eft-
handed individuals having twice therisk of right-
handed persons.1°20

Diagnosis

Diagnosisof Crohn’sdiseaseisoften chal-
lenging due to its strong similarity to UC. It is
vital, when diagnosing either form of IBD, to ob-
tain an accurate patient history of symptomatol-
ogy at the time of physical exam. Diagnostic im-
aging to establish lesion type and extent of involve-
ment include barium enema, small-bowel series,
colonoscopy,? and capsule endoscopy.? Labora
tory testsand pathol ogical examination of biopsied
intestinal tissue are also important for accurate
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diagnosis. Tests performed often include complete
blood count (CBC) to check for leukocytosis and
anemia, erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) as markers of inflam-
mation, stool culturesto rule out intestinal patho-
gens, and 1gG/IgA antibody levels to Saccharo-
myces cerevisiae (SCA) and Mycobacterium
aviumsubspecies paratuberculosis(MAP). These
antibodies have been shown to be positive in 60
percent and 86 percent of CD patients, respec-
tively, but are less frequently positive in UC pa-
tients and rarely positive in healthy subjects.?®

Perhaps the best tool for establishing and
monitoring disease severity and activity is the
Crohn’s Disease Activity Index (CDAI). The
CDAI wasdeveloped in the National Cooperative
Crohn’sDisease Study to provide assessabl e, uni-
form clinical parameterswith aconsistent numeri-
cal index of disease status (refer to patient hand-
out at the end of this article).?*? The CDAI isa
patient assessment form incorporating both objec-
tive and subjectiveinformation. Using established
criteria the physician calcul ates the CDAI score.
CDAI scores > 150 indicate active disease with a
poorer prognosis than scores < 150. Since the
CDAI is not as accurate for monitoring disease
activity in children, a second scale known as the
pediatric CDAI (PCDAI) was developed. The
PCDAI correlates disease severity and activity to
levels of serum albumin. The scoring is easy to
perform, reproducible by different observers, and
sensitive to changesin clinical status.

Because thereis no cure for Crohn’s dis-
ease, conventional treatment has been aimed at
suppression of the inflammatory response and re-
lief of symptoms of fever, diarrhea, and abdomi-
nal pain. Once disease symptoms are stable, drug
therapy is employed to decrease the frequency of
disease flares and maintain remission. Current
conventional treatment of CD includes
aminosalicylates, corticosteroids, immune-modu-
lating agents, and antibiotics. While reasonably
effective in stabilizing disease and maintaining
remission, many of these treatments are fraught
with side effects and complications. Natural treat-
ment options, as alternatives or complements to
conventional therapy, are presented below.
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Etiopathogenesis

The Genetic Component of CD

Several genes have beenimplicated inthe
etiology of CD, the most prominent of which are
the NOD2/CARD15 located on chromosome
16,72 the OCTN1 gene located on chromosome
5,%% and the DL G5 gene located on chromosome
10.% The exact mechanism responsiblefor NOD2/
CARD15'sroleintheintestinal immune response
remains unclear, but mutations of the gene and
resultant changes in its function may disrupt the
intestinal mucosal barrier and the immune re-
sponse to the bacterial milieu in the gut.?"3233 A
recent study of 205 patients with diagnosed CD
from northwestern France and 95 ethnically
matched healthy controls revealed the R702 mu-
tation of the NOD2 gene demonstrated a signifi-
cant association with CD and was independently
associated with stricturing activity.* In a study of
512 German and British CD patients, an insertion
polymorphismin NOD2 conferred asignificantly
increased susceptibility to CD in these patients.?®

The DLG5 gene has a lesser but signifi-
cant impact on the risk for developing CD. Al-
though the exact mechanism responsible has not
been determined, DLG5 encodes a scaffolding
protein important for maintaining epithelial integ-
rity in various organs.®! DL G5 may interact addi-
tively with the NOD2/CARD15 gene to increase
susceptibility to CD. Gene OCTNL1 is located on
chromosome 5931, codes for an ion channel, and
also has a lesser impact on CD risk than NOD2/
CARD15.* Mutationsinthisgene may disruption
channels via altered function of cation transport-
ers and cell-to-cell signaling in the intestinal epi-
thelium in Crohn’s patients.*

The TLR4 gene has recently been impli-
cated in CD but is not associated with the chro-
mosomal region previously linked to CD. TLR4
codesfor lipopolysaccharide (LPS) signaling, bac-
terial recognition, and subsequent immune re-
sponse to bacterial insult. In Crohn’s patients, the
TLR4 gene is expressed in intestinal epithelial
cells, macrophages, and dendritic cells of inflamed
intestinal mucosa. Disruption of the LPS signal-
ing pathway could result in an atered immune
response to pathogens and a subsequent increase
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of intestinal inflammation. In two cohorts of 448
Belgian patients diagnosed with CD (n=334,
n=114) and 140 controls, it was demonstrated
TL R4 polymorphismsenhancetherelativerisk of
developing CD compared to controls. It was also
found that polymorphisms of both TLR4 and
NOD?2 increased this risk.*® In 2001, a group of
Hungarian researchersidentified agenetic marker
for IBD, the L eiden point mutation, and concluded
the prevalence of this mutation was significantly
increased in 49 CD patients compared to 57
healthy controls (27.6% versus 5.3%), specifically
in central European patients compared to south-
ern or northern European or American patients.*"

Stress in the Etiology of Crohn’s

Disease

Research has demonstrated stress can be
a contributing factor in Crohn's disease. The
mechanisms involved vary widely depending on
the animal model studied, but it can be concluded
stress and other environmental factors affect both
the systemic and local immune status of theintes-
tine. Stress signals are perceived by the central
nervous system (CNS), triggering transmission of
the signal to the intestine via neuroendocrine me-
diators. The hypothalamic-pituitary-adrenal axis
and the sympathetic-adrenal-medullary axis can
modulate secretory, absorption, and barrier func-
tionsin the gut.*®

CD is characterized by increased intesti-
nal permeability and extensive animal research has
shown stress significantly influences intestinal
permeability.** Factors involved in the effects of
stress on gut permeability include corticotropin-
releasing factor (CRF), the autonomic nervous
system, and the enteric nervous system. CRF is
produced and secreted by the hypothalamus, but
has also been found to be secreted in the colonic
cryptsduring times of stress, resultinginincreased
intestinal permeability.* The CNSalso influences
the degree of intestinal inflammation via the au-
tonomic*? and enteric nervous systems.*®

Stress can al so contribute to exacerbations
of already existing disease. Two prospective stud-
iesdemonstrated psychological stress, anxiety, and
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Table 3. Infectious Pathogens Implicated in Crohn’s Disease

Escherichia coli
Listeria monocytogenes

Yersinia enterocolitica

Mycobacterium avium subspecies paratuberculosis

Measles virus

A 2003 study published in
Lancet examined apotential bacteria
etiology. French researchers exam-
ined evidence for the onset of in-
creased rates of CD in Europe and
North America beginning around
1940 and found a corresponding in-
crease in household refrigeration. It
appears certain bacteria, known as
psychotropic bacteria, are able to

depression are associated with increased CD ac-
tivity. In one study, 18 CD patients were followed
prospectively at 8- to 12-week intervals for two
years. Disease activity was measured using the
CDAI, Beck Depression Inventory (BDI), and
Beck Anxiety Inventory (BAI). The study revealed
a strong association between BDI scores and cur-
rent disease activity when measured simulta-
neously. Both BDI- and BAI-scoreincreaseswere
independently associated with increased CDAI
scores in a subsequent visit 8-12 weeks later.*

The second study involved 47 CD patients
in remission (after a documented flare) followed
for 18 months and assessed using the same scor-
ing inventories as the first study. These research-
ers also demonstrated psychological stress, anxi-
ety, depression, and altered quality of life were
likely to influence further Crohn’s disease activ-
ity following arelapse.*®

Microbial Factors

Although a bacterial etiology of Crohn’'s
disease has been postulated for decades, research
has never reveaed a specific responsible agent.
Several possible mechanismsfor abacterial etiol-
ogy inthedevelopment of CD have been proposed:
(1) an immune response to a specific pathogen
resulting in intestinal infection;*® (2) alterations
in normal bacterial content of theintestinal tract;*
(3) a defective mucosal barrier and overwhelm-
ing exposure to resident bacteria and their anti-
gens and endotoxins;*4° and (4) alterationsto the
intestinal immune response.*® Numerous bacteria
including Escherichia coli,* viruses, and parasites
(Table 3) have been implicated in CD, but none
have been confirmed.
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grow at the temperatures maintained
insidearefrigerator (-1 to +10 degrees Centigrade,
or 30 to 50 degrees Fahrenheit). Referred to as
the Cold Chain Hypothesis, two psychotropic bac-
teria — Listeria monocytogenes and Yersinia
enterocolitica — have been isolated from the le-
sions of CD patients at higher rates than in con-
trols.552 Both bacteria can be found in awide va-
riety of foods, including meats, dairy products, and
vegetabl es.>** The researchers postul ate consum-
ing refrigerated food containing low levelsof these
psychotropic, pathogenic bacteria results in an
over-active immune response, resulting in CD.%
Additional research is warranted to confirm or
disprove this hypothesis.

Epidemiological data indicate an in-
creased risk of Crohn’s disease in children with
perinatal exposure to the measles virus.* Subse-
quent studies, however, have failed to detect
measles-virus DNA in the intestinal tissue of CD
patients.>’

MAP s perhapsthe most researched bac-
terial agentimplicatedin CD, with at least 20 stud-
ies investigating either its role as a pathogenic
agent or the effectiveness of antimicrobial therapy
to treat it. Mycobacterium species as an etiol ogi-
cal agent for gastrointestinal inflammation is not
a new theory. As early as 1895, Johne and
Frothingham reported findings from tissue analy-
sis of a cow that had died of Crohn’s-like symp-
toms. They identified a bacillus with much the
same staining characteristics as the tubercle ba-
cilli; thediseasein cattle became known as Johne's
disease.® In 1901, a Scottish surgeon postul ated,
after operating on four patients with chronic en-
teritis, that the disease he observed in the human
intestine might be the same as Johne's disease in
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cattle. He was, however, unable to conclusively
culture and identify the organisms from human
tissue.®

In the 1980s Chiodini successfully iso-
lated MAPfromintestinal lesions of asmall num-
ber of CD patients.®%6! |n 1992, an internationally
recognized expert in CD, John Hermon-Taylor and
colleagues confirmed Chiodini’s findings. The
study, involving 40 CD patients, 23 UC patients,
and 40 controls (patients without 1BD), isolated
MAP in 65 percent of patients with CD, 4.3 per-
cent with UC, and 12.5 percent of control pa-
tients.®? Other research has confirmed earlier find-
ings of DNA insertion sequence (1S900) from
MAP in Crohn’s diseased tissues.®®* Hermon-Tay-
lor, aware MAPisubiquitousin nature, especially
in meatsand dairy products, tested retail milk sup-
pliesin Great Britain. After culturing for 2.5 years,
the 1S900 MAP DNA sequencewasisolated in 16
percent of retail milk samples, easily facilitating
widespread transmission to humans.* Research-
ersin Sweden confirmed thisfinding in 2002 when
they revealed 19.7 percent of bulk milk samples
across Sweden tested positive for 1S900.%° A 2000
meta-analysis by Hermon-Taylor and colleagues
of 18 peer-reviewed publicationsfound nine other
studies reporting the presence of MAP in the in-
testine of CD patients, as well as several studies
in which MAP was not identified in Crohn’s pa-
tients.%® Since that time, other researchers have
demonstrated MAP DNA presence in intestinal
and blood samplesin up to 92 percent of CD pa-
tients compared to 26 percent of controls.5”%

Despiteits prevalencein tissue and blood
of CD patients, the presence of MAP DNA does
not prove causality. Theisolation of MAPDNA is
often not reproducible with subsequent analysis
of the same tissue. Conversely, MAP RNA isola-
tion from Crohn’s-diseased tissue samples indi-
cates the organism was viabl e at isolation and not
from a contaminating source such as cow’s milk.
I solation of the MAP RNA sequencel S900ismore
reproducible in human tissue, possibly because it
isamuch smaller molecule. In addition, because
RNA has a very short half-life (in minutes),® its
presence cannot be attributed to environmental
contaminants.™
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Antimicrobial therapy should be effective
at controlling the disease, if MAP is a contribut-
ing agent. Studies examining this premise have
yielded negative results.”™ Negative results may
be because only single antibiotics or antibiotics
ineffective against MAP were used. MAP is now
known to be resistant to most standard antituber-
culous drugs. Since 1997 four open-label studies
have shown efficacy with a combination of
rifabutin and macrolide antibiotics for the treat-
ment of CD.”™>"®

Inflammation/Immune Response

Altered Immune Response

Whileit isunlikely aspecific microbial an-
tigen will be established as a consistent causative
factor in CD, an abnormal antibody response seems
to be a factor. The inflammation appears to be, at
least in part, a result of an overreaction to normal
intestinal flora. Experts theorize either a microbial
antigen may have precipitated the inflammation
when elimination from the mucosa was unsuccess-
ful, triggering ongoing inflammation, or an inherent
dysregulation of the mucosal immunity exists, re-
sulting in an overreaction to normal gut flora.™ In
either case, it is thought the antigen persists due to
an inability of phagocytes to break down the cell
walls of commensal microbes.

The presence of antibodiesto microbial an-
tigens in CD supports the theory that one aspect of
CD pathology involves an abnormal immune re-
sponse to otherwise normal intestinal flora. For ex-
ample, Crohn’sdiseaseis characterized by elevations
in anti-Saccharomyces cerevisiae (brewer’'s yeast)
antibodies in 49-60 percent of cases.® In addition,
levels of protein-bound 1gG (bound to proteins of
non-pathogenic bacteria) have been found in thein-
testinal mucosa of patientswith active CD to be sig-
nificantly higher than patients with UC, irritable
bowel syndrome, or non-specific IBD .8

Zareie et a found mononuclear cells from
the lamina propria of the gut mucosal cellsin CD
patientswere spontaneously activated, apparently by
normal gram-negative, luminal bacteria. Activation
resulted in secretion of tumor necrosis factor-alpha
(TNF-alpha) and subsequent epithelial changes.®
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Cytokine Patterns

A T-cell mediated immune response has
been identified in the mucosa of CD, in contrast
to UC, and is postulated to be the primary pre-
cipitating event.® The ensuing production of in-
flammatory cytokines can cause ulceration and
increased intestinal permeability.®

Animal modelsconfirmthegenerally held
consideration that CD is primarily a T-helper 1-
(Th1) dominant condition. In murine models, dis-
ease induced by a Thl over-expression resultsin
lesions histologically compatible with CD (includ-
ing granulomas), while a T-helper 2- (Th2) medi-
ated response results in lesions more closely re-
sembling ulcerative colitis (including a lack of
granulomas).8+&

Asmentioned, the characteristic granulo-
matous lesion seen in Crohn’s disease is evidence
of a cell-mediated immune response. In human
studies, while chronic CD appearsto involve pri-
marily an overactive Thl response characteristic
of acell-mediated phenomenon,® some research-
ers have determined divergent cytokine patterns
at different stages of the disease.®” Chronic lesions
areassociated with high levelsof interleukin-2 (IL-
2), interferon gamma (IFN-gamma),® TNF-al pha,
and interleukin-12 and -18 (IL-12 and IL-18).%
Desreumaux et a, however, found adistinctly dif-
ferent cytokine pattern in early CD. By examin-
ingileal biopsy specimensof 17 patients compared
to 11 controls, the researchers determined that
early lesions were characterized by elevationsin
interleukin-4 (IL-4) and decreases in IFN-
gamma,®’ a pattern more consistent with an over-
active Th2 immune response.

Other researchers have found, at least in
animal models, the opposite may be true. In a
mouse model of ileitis (a CD-like enteritis), re-
searchers found elevated Th2 cytokines, includ-
ing IL-4, during the chronic phase of the disease.®

IL-18 isup-regulated in Crohn’s disease.
Although typically considered to be an activator
of Thl responses, |L-18 has actually been shown
to be a pleiotropic cytokine capable of mediating
both Thl and Th2 responses, providing more po-
tential evidencefor divergent cytokine patternsin
the pathogenesis of CD.%
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Another study examined human colonic
tissue samples and found IL-16 protein levels el-
evated in CD patients but not UC patients. The
same study found an anti-human IL-16 antibody
could suppress colonic injury in a murine model
of Crohn’'s-like experimental colitis.®

Pro-inflammatory cytokinesare normally
kept in check by immunosuppressive cytokines
such as transforming growth factor beta (TGF-
beta). It is believed the transcription factor T-bet
isintegral to controlling the balance between pro-
and anti-inflammatory cytokines.® T-bet is elabo-
rated by Thl cells, but not Th2 cells. IFN-gamma
is enhanced by T-bet. Neurath et a examined T-
bet activity in lamina propria T-cells of patients
with CD aswell asinanimal models. Theresearch-
ersdiscovered T-bet over-expression in thelamina
propriaT-cell nucleusin patientswith CD, but not
UC or controls. In the animal models, T-bet over-
expression was consistent with Th1-mediated coli-
tis(animal model of CD), whileaT-bet deficiency
was protective.

Tumor necrosis factor appears to play a
significant role in the pathogenesis of CD. Mu-
cosal hiopsies of children with IBD compared to
controls found a significantly greater number of
TNF-alpha-secreting cells in patients with CD
compared to those with UC or non-specific bowel
inflammation.®* A significant difference between
mild-to-moderate and severe disease was also
noted for the CD subgroup, with severe disease
demonstrating a significantly greater percentage
of TNF-secreting cells. In animal models of
Crohn’sileitis, neutralization of TNF resulted in
significant decrease in inflammation.*? Indeed,
suppression of TNF-alphais the primary mecha-
nism of action of the monoclonal antibody cat-
egory of CD medications (see Conventional Treat-
ments below). TNF-alpha contributes to gut in-
flammation in several ways. It induces expression
of adhesion factors that allow for inflammatory
cells to infiltrate and activates macrophages to
promote release of other pro-inflammatory me-
diators such as IFN-gamma.®

TNF-aphaconcentrationsin the stool can
be used to monitor disease activity in both CD
and UC. Braegger et al compared 13 children with
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active CD to children with inactive CD, UC, diar-
rhea, and healthy controls. The average TNF con-
centrations in the stools of children with active
CD ranged from 440-4,322 pg/g compared to a
range of 40-84 pg/g in the children with diarrhea,
inactive CD, and healthy controls.%

A tumor necrosis factor-like cytokine,
TL1A, has recently been identified as a co-con-
tributor to IFN-gamma production. Tissue from
IBD patients and controls was examined for the
presenceof TL1A, which wasfound to be up-regu-
lated in patients with IBD, particularly those with
active CD. It appearsto be produced primarily in
the macrophages and T lymphocytes from the
lamina propria in CD patients, with the amount
present correlating with disease severity. The re-
sult was a four-fold increase in IFN-gamma pro-
duction. The authors concluded, “Our study pro-
vides evidence for the first time that the novel
cytokine TL1A may play an important role in a
Thl-mediated disease such as CD.”%

Oxidative Stress

Oxidative stress is thought to play asig-
nificant role in the pathogenesis of inflammatory
bowel disease, including CD. Endogenous anti-
oxidants such as superoxide dismutase (SOD),
glutathione, and catalase are normally able to
counteract oxidative stress in the intestinal mu-
cosa. However, inflammation increases the de-
mand for these important antioxidants and results
in an imbalance between pro-oxidants and anti-
oxidants, with subsequent mucosal damage.

In an Italian study, subjects (37 CD and
46 UC patients) were compared to 386 healthy
controls. Oxidative DNA damage was measured
examining the amount of 8-hydroxy-deoxy-gua-
nosine (8-OhdG) present in blood. In addition,
evaluation of plasma levels of vitamins A and E
and carotenoids demonstrated significant de-
creases in patients with CD or UC compared to
controls. The specific carotene found most sig-
nificantly decreased was beta-carotene, with
plasmalevelsonly 50 percent of controls. No sig-
nificant differences were noted between CD and
UC patients. Levelsof 8-OhdG were considerably
higher in IBD patients than controls, illustrating
increased oxidative DNA damage.®
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Researchers have studied the connection
between oxidative stress and immune-regul ated
inflammatory factors. Reactive oxygen species
(ROS) have been found to be involved in activa
tion of nuclear factor-kappaB (NF-kappaB), which
isnecessary for encoding genesfor TNF-alphaand
some of the interleukins involved in inflamma-
tion. Antioxidant levels and inflammatory media-
tors were examined in 26 CD patients compared
to 15 healthy controls. Selenium and glutathione
peroxidase (GSHPX) activity were both decreased
in CD patients, while TNF-alpha levels and ESR
wereincreased and negatively correlated with se-
lenium and GSHPx. Selenium levelsdecreased in
accordance with disease activity, with the most
severe disease manifestation exhibiting the low-
est levels. Thesefindings occurred in subjectswho
did not have evidence of malabsorption, indicat-
ing malabsorption is not the sole factor contribut-
ing to selenium deficiency. The researchers con-
clude, “Oselenium supplementation in deficient
patient groups [should be] regarded as a potential
protecting factor against oxidative burst, NF-
kappaB activation and excessiveinflammatory and
immune response.” %’

A study examining indices of oxidative
stressand plasmalevels of vitaminsA and Ein 20
CD patients found higher peroxidative status and
lower vitamin A and E levels compared to con-
trols. Conservative surgery to remove bowel ob-
structions resulted in improvementsin vitamin A
status and oxidative stress measured by
thiobarbituric acid reactive substances (TBARS).%

A similar study found significantly higher
levels of breath-pentane and -ethane and F2-
isoprostane (measurements of oxidative stress) in
37 non-smoking CD patients compared to matched
controls. At the same time, plasma levels of vita-
min C and the carotenoids alpha- and beta-caro-
tene, lycopene, and beta-cryptoxanthin were sig-
nificantly lower in CD patients.®

Pediatric patients also demonstrate signs
of increased oxidative stress. In a study of 22 pe-
diatric CD patients, malondialdehyde (MDA) lev-
elswere 70-percent higher than controls. Antioxi-
dant levelswere measured and only vitamin A was
found significantly low, while alpha- and gamma-
tocopherol and beta-carotene were no different
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than controls. Red blood cell levels of glutathione
were higher in CD patients than controls. The re-
searchers specul ate these higher levelsmay bedue
to an attempt to compensate for increased oxida-
tive stress.’®

Although oxidative stressisafactor inthe
pathogenesis of both UC and CD, the parameters
may vary between the two. Both UC and CD are
associated with increased levels of MDA, asign
of lipid peroxidation. However, one study found
elevated levels of MDA in CD were associated
with levels of the antioxidant metallothionein (a
hydroxyl radical scavenger) and manganese-de-
pendent SOD (active in the mitochondria);
wheresas, in UC the MDA levels were associated
with catalase, GSHPx, and myeloperoxidase.
Based onthisdata, the researcherssuggest thelike-
lihood of the ROS hydroxyl radicals and super-
oxide anions in the pathogenesis of CD, while
hydrogen peroxide and hypochlorous acid may be
more associated with UC.* Antioxidants for the
treatment of CD are discussed below in the treat-
ment section.

Intestinal Permeability

Considerable evidence supports the pres-
ence of increased small intestinal permeability
(SIP) in Crohn’s disease. However, whether itisa
contributing factor to the pathogenesis or a con-
sequence of inflammation is not entirely clear.

Evidence for Genetic- and/or
Environmentally-Induced Intestinal
Hyperpermeability Preceding Disease
Manifestation

Evidencethat SIP precedes actual disease
manifestation has been put forth by a number of
researchers. Studies of CD patientsand their first-
degree relatives point to the possibility of a ge-
netic- and/or environmentally-induced defect in
intestinal permeability preceding the onset of full-
blown disease. A case report in Gastroenterol ogy
describes awoman with a positive family history
of CD and apositive personal history of increased
SIP since age 13; at age 24 she developed CD. In
this case, SIP appeared to precede disease mani-
festation by at least 10 years.1%?

Alternative Medicine Review O Volume 9, Number 4 0 2004

Review Crohn’s Disease

Examination of intestinal permeability in
relatives of CD patients sheds light on the poten-
tial genetic influence of increased intestinal per-
meability in the pathogenesis of CD. A study ex-
amined intestinal permeability in 16 CD patients
and 26 first-degreerel ativeswith whomthey lived,
compared with 32 healthy controls and their fam-
ily members. Increased SIP was found in 37 per-
cent of patientsand 11 percent of first-degreerela-
tives, significantly greater than controls. Because
the patients were living with the relatives tested,
it isimpossible to know from this data whether
the increased permeability was genetically or en-
vironmentally induced. However, it does provide
evidence of a defect in SIP, possibly preceding
the onset of inflammation.® Interestingly, another
study found asmall increase in SIP in spouses of
CD patients, pointing to apossible environmental
cause.’

Another group of researchers, studying the
familial connectionsin SIP and CD, tested SIPin
39 CD patients, 34 healthy first-degree relatives,
22 spouses, and 29 healthy controls, using the
lactulose:mannitol test (Table 4). SIP was tested
at baseline and then after dosing with acetylsali-
cylicacid (aspirin) to induce increased permeabil-
ity. The baseline SIP results found elevations in
36 percent of CD patients, 23 percent of spouses,
18 percent of relatives, and three percent of con-
trols, indicating environment may play a greater
role than genetics. On the other hand, after aspi-
rin provocation, all participants experienced an
increase in permeability with 32 percent of pa
tients, 41 percent of first-degree relatives, 14 per-
cent of spouses, and three percent of controls dem-
onstrating an abnormally high response. This|at-
ter data seems to point to genetic factors. The re-
searchers suggest that baseline permeability may
be determined by environmental factors, whereas
reaction to provocation by gut toxins such as as-
pirin may be genetically determined.’® A similar
study found exaggerated response to provocation
by ibuprofen ingestion in first-degree relatives of
pediatric CD patients, with a greater increase in
SIPin relatives than in healthy controls.2%®
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An in vitro study
provides a potential
mechanism by which in-
creased SIP could contrib-
ute to the etiology of CD.
Mucosal samples from
non-inflamed portions of
the ileum of CD patients
had increased permeability
to the common food aller-
gen ovalbumin. The au-
thors suggest thiscould in-
crease the antigen load in
the mucosa leading to dis-
ease initiation.1’

Table 4. The Lactulose:Mannitol Test for Small Intestina
Hyperpermesability

Patient swallows a solution of 5 g mannitol and 5 g lactulose
Urine is collected for six hours

Assay for total lactulose and mannitol

< 14% mannitol = carbohydrate malabsorption

>1% lactulose = disaccharide hyperpermeability

From: Bralley JA, Lord RS. Laboratory Evaluation in Molecular Medicine.
Norcross, GA: Institute for Advances in Molecular Medicine; 2001:222.

Evidence for Inflammation as Causative
Factor of Increased SIP

Other research points to inflammation as
the causative factor for increased SIP in CD, im-
plying the diseaseitself caused the increased per-
meability. TNF-alphaappearsto cause arearrange-
ment in key proteins associated with thetight junc-
tionsin the intestines of CD patients, resulting in
increased permeability.’® Inhibition of TNF-alpha
has been found to reverse increased tight junction
permeability.1®

Common medications used to treat CD,
including prednisone!® and infliximab,*'* decrease
inflammatory cytokinesincluding TNF-alphaand
normalize gut permeability.

SIP as a Predictor of Disease Activity and
Potential for Relapse

Several studies indicate the permeability
of the small intestine seemsto bereflective of dis-
ease activity and potential for relapsein CD. One
study of 39 CD patients found the effect of an el-
emental diet on SIP was similar to SIP seen dur-
ing disease remission — in both instances signifi-
cantly lower than during active disease.'

Wyatt et al followed 72 patients with in-
active Crohn’sdiseasefor oneyear, evaluating SIP
using the lactulose:mannitol ratio, and found 26
of 37 patientswith increased permeability experi-
enced relapse, compared to only six of 35 with
normal permeability.*?

Another study examined absorption of
macromol ecul es (horseradish peroxidase) asare-
flection of increased intestinal permeability in
moderate-to-severe CD compared to mild disease
and controls. The researchers found significantly
increased permeability in moderate-to-severe CD
but not mild disease or controls. The authors con-
clude disease activation seems to be associated
with increased permeability, which they hypoth-
esize is secondary to the disease process.**

Another study examined 50 patients with
inactive CD; defined as a CDAI < 150. SIP was
assessed via the lactulose:rhamnose ratio. Of 18
patients with increased permeability, eight re-
lapsed during the one-year study, while only one
of 31 with normal SIP experienced arelapse.’™®

Evaluation of 132 CD patients in remis-
sionwho werefollowed every four monthsfor two
years supports the use of intestinal permeability
asapredictor of relapse. Forty percent of patients
relapsed during this period and increased
lactulose:mannitol ratio (signifying increased per-
meability) and decreased serum iron were associ-
ated with relapse. There was no association be-
tween tendency to relapse and other disease pa-
rameters such aswhite blood count, ESR, CRP, or
other signs of inflammation.

Another study of 27 CD patients in re-
mission, compared to 22 healthy controls, failed
to conclude intestinal permeability was a good
predictor of relapse.tt
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A Generalized Permeability Defect in
CD?

Whether SIP typically precedes disease
manifestation or is a result of inflammation re-
mains to be determined. It is probable increased
SIP precedes disease manifestation, but inflam-
mation associated with active disease exacerbates
the problem. However, the permeability defect
may be more generalized, asincreased permeabil -
ity has been noted in other tissues of CD patients.
One group of researchersfound increased pulmo-
nary permeability in patientswith Crohn’s disease.
Unlikeintestinal permeability, pulmonary perme-
ability did not seem to be affected by disease ac-
tivity. 18

Gastroduodenal permeability (GDP),
tested by sucrose excretion, has been found by two
groups of researchers to be increased in CD pa-
tients. One study of 100 patients found GDP was
significantly higher in CD patients than controls,
and increased GDP was predictive of gastroduode-
nal involvement.*® Another study found similar
resultsin agroup of 50 CD patients. Theresearch-
ers also found higher gastric and intestinal per-
meability were associated with agreater likelihood
of granulomatousinvolvement.’?° Nutrientsfor the
treatment of increased intestinal permeability in
CD are discussed below in the treatment section.

Other Abnormalities Contributing to

the Etiopathogenesis of CD

Platelet Abnormalities

Increased platel et count isacommon fea-
ture of active Crohn’s disease and contributes to
theincreased incidence of thromboembolism seen
in both CD and UC.'2 In addition to increased
platelet count, CD is characterized by increased
platelet activation in the mesenteric vessels.'?
Although platelet function has historically been
considered to involve primarily blood clotting,
thereisconsiderable evidencefor platelet involve-
ment in inflammation. Platelets from inflamma-
tory bowel-diseased tissues have been found to
express a number of inflammatory mediators, in-
cluding CD40L, a substance similar to tumor ne-
crosis factor that directs platelets toward inflam-
mation instead of aggregation.’* A sequence of
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events has been postulated in which plateletstrig-
ger chemokine-mediated adhesion of white blood
cells to the endothelium, causing leukocyte mi-
gration and subsequent focal inflammatory le-
sions.'?

Elevated Homocysteine

Higher than normal incidence of
hypocoagul ation states and subsequent thrombo-
sisled investigatorsto examine homocysteinelev-
elsin IBD patients, since high homocysteine lev-
elsare known to contributeto risk for thromboem-
bolism. Total homocysteine, vitamin B12, and
folate levels were tested in 64 IBD patients (25
CD patients) and 121 controls. Seventeen of 64
patients (26.5%) compared with three of 121 con-
trols had hyperhomocysteinemia (defined as
homocysteinese 12.8 microM/L). Folate levels
were significantly lower in the IBD group, while
there was no statistically significant difference in
B12levelsbetween thetwo groups. Therewasalso
no statistical difference between patientswith CD
or UC.'=

In another study of 65 IBD patients (56
with CD; 9with UC), using 12.0 microM/L asthe
cutoff point, 10 patients (15.4%) demonstrated
hyperhomocysteinemiacompared to 3/138 (2.2%)
in the control group. In this study, avitamin B12
deficiency was associated with high homocys-
teine.*

Yet another study found elevated levels
of homocysteine in CD patients correlated with
both low folate and vitamin B12 levels, although
they were more strongly associated with low
folate.'®

Vitamin B6 isessentia for the catabolism
of homocysteine to cysteine, taurine, sulfate, and
glutathione. Thus, deficiencies of vitamin B6 can
aso result in hyperhomocysteinemia. The Jour-
nal of Neurological Sciences reports a case of a
39-year-old female CD patient with a history of
ischemic stroke associated with a vitamin B6 de-
ficiency and hyperhomocysteinemia along with
inflammatory factors associated with
hypercoagul ation.?
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Mitochondrial Dysfunction

Research on mitochondrial dysfunction as
a cause of chronic disease is in its infancy. Pre-
liminary investigations point to the possible in-
volvement of mitochondrial dysfunction in the
pathogenesis of Crohn’sdisease. Asearly as 1985,
in vitro examination of rectal biopsy specimens
provide evidence of mitochondrial damage in
CD.*?" More recently, researchers elucidated a
potential mechanism for the possible mitochon-
dria dysfunction in CD. They determined TNF-
alpha could enhance mitochondrial NF-kappaB
expression, down-regulating mitochondrial RNA
expression.? A recent case report of ayoung girl
with CD demonstrated impaired oxidative phos-
phorylation, with abnormalitiesin Complexes ||
and I V. In this case, the only medication that pro-
vided therapeutic benefit was an anti-TNF-alpha
antibody, infliximab.*?® This child had numerous
other health problems besides CD. Whether mito-
chondria dysfunction plays a central role in the
pathogenesis of CD remains to be determined.

Conventional Treatment of Crohn'’s

Disease

Conventional therapies utilized for the
treatment of Crohn’s disease include NSAIDS,
corticosteroids, aminosalicylatesand their deriva-
tives, antibiotics, immunomodulatory drugs, and
numerous cutting edge therapi esincluding mono-
clonal antibody preparations, anti-sense nucleic
acid drugs, mitogen-activated protein kinase in-
hibitors, integrin antibody therapy, recombinant
growth factorsand hormones, and macrolide com-
bination antibiotic therapy. Many of these drugs
show promise but are fraught with complications
and side effects.

Anti-inflammatory Agents
NSAIDS and COX-2 Inhibitors

NSAIDS, such as aspirin, ibuprofen, and
naproxen sodium, act by inhibiting
cyclooxygenase and blocking prostaglandin syn-
thesis. Historically, they were used to treat the pain
and intestinal inflammation of IBD, until studies
demonstrated they caused gastrointestinal erosion
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and bleeding, protein loss enteropathy, bile acid
malabsorption, perforation, and strictures, wors-
ening the course of 1BD .31

Although still currently contraindicated in
IBD, cyclooxygenase-2 (COX-2) selectiveinhibi-
tors have been investigated as therapeutic agents
because they appear to cause less gastrointestinal
injury than regular NSAIDS. There is some evi-
dence COX-2inhibitors actually may beinvolved
in preserving intestinal mucosa and promoting
healing of gastrointestinal ulcers.®**** One COX-
2 inhibitor, rofecoxib (Vioxx®) has recently been
removed from the market due to safety concerns.
A three-year clinical study revealed an increased
relativerisk for serious cardiovascul ar effects (in-
cluding strokes and heart attacks) in patients tak-
ing Vioxx longer than 18 months — about twice
that observed in the placebo group. The tria in-
vestigating the effect of rofecoxib in preventing
therecurrence of colorectal polypswashalted two
months early. An increased risk of cardiovascular
events was not observed in patients taking
rofecoxib for less than 18 months.**

Aminosalicylates

Other anti-inflammatory agents widely
utilized for decades in treating IBD are the
aminosalicylates, particul arly sulfasalazine (com-
prised of sulfapyridine, an antibacterial agent, and
5-aminosalicylic acid, also known as mesalamine)
or mesalamine alone. Research has shown
sulfasalazine to be effective only in mild-to-mod-
erate disease of the colon, but not for isolated small
bowel disease,**¢ and its use often resultsin folate
deficiency.®®” A recent meta-analysis of slow-re-
|ease mesalamine (Pentasa®) demonstrated it to be
superior to placebo for reducing the CDAI in mild-
to-moderate CD.**® The slow-release forms of
mesalamine, Asacol® and Pentasa, arereleased into
the small bowel asfar asthedistal ileum and tend
to have fewer side effects than sulfasalazine.

Corticosteroids

Oral corticosteroids reduceinflammation
and suppress the immune system. They comprise
the standard conventional treatment of moderate-
to-severe CD or disease that isrefractory to other
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treatment. While useful for achieving remission,
long-term use of steroids can have numerous side
effects, ranging from edema, weight gain, insom-
nia, night sweats, increased facia hair, acne, and
mood disturbances, progressing to more serious
complications such as hypertension, osteoporosis,
diabetes, increased risk of infection, depression,
cataracts, and glaucoma.**® For many years the
steroid most frequently used to treat CD was pred-
nisone; however, because of the extensive side
effects, other options were explored. Budesonide
is atopically active corticosteroid with low sys-
temic bioavailability. When given orally it de-
creases mucosal inflammation and then undergoes
extensivefirst-pass metabolismintheliver, result-
ing in far fewer side effects than other oral corti-
costeroids, providing a safer option for children
with CD.! Budesonide has aso been shown to
be more effective than mesalamine in maintain-
ing remission in adults with steroid-dependent
CD.141

Other Immunosuppressive Agents
Azathioprine, 6-mercaptopurine (6-MP),
and methotrexate are widely used immunosuppres-
sivedrugsfor IBD. Thelatter two are antimetabo-
lite antineoplastic agents normally used to treat
cancer, but have also demonstrated effectiveness
in treating refractive CD. Azathioprine has been
shown to be effective for inducing remission in
steroid-dependent CD, but has also been shown
to cause side effectsin significant numbers of pa-
tients.**? According to the International Agency for
Research on Cancer, this substance is listed as a
known carcinogen.** The immunosuppressive
agent 6-MP has demonstrated effectiveness in
maintaining remission in CD patients when ad-
ministered without concomitant steroids.*** L ow-
dose methotrexate is sometimes used in Crohn's
patients who have not responded to other drug
treatments and is reasonably effective in place of
steroids.’* Side effects can range from nausea,
diarrhea, and skin reactions,**® to more serious
problems such as bone marrow suppression, lung
lesions, kidney dysfunction, and hepatotoxicity
(including liver fibrosis).“¢ Methotrexate has also
been shown to cause folic acid deficicieny.’#” All
of these medi cations can take up to several months
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to begin working, athough methotrexate seems
to work more rapidly than the others. They can be
useful therapiesfor fistular disease and maintain-
ing remission, but havelittle valuein treating acute
flare-ups of CD.1

Antibiotics

When a bacterial etiology was suggested
for CD, numerous studies investigated the effec-
tiveness of antibiotic therapies, mostly with nega-
tive results.”* Recent research has suggested
MAP as a potentia pathogenic agent for CD and
research utilizing combination anti-mycobacterial
antibiotic therapy has been conducted for up to
46 months. A long duration of therapy isindicated
because Mycobacterium species are very slow
growing, making long-term therapy necessary.
Two studies published in 2002 demonstrate the
effectiveness of acombination of rifabutin, abroad
spectrum anti-tubercular agent and clarithromycin,
amacrolide anti-mycobacterial antibiotic.”"®

Biologic Therapies

Numerous promising biologic therapies
are emerging, such as anti-TNF-al phamonaoclonal
antibodies, antibodies to integrins alpha4 and al-
phad-beta 7, interleukin antibodies, mitogen-acti-
vated protein kinase inhibitors, anti-sense nucleic
acids, recombinant growth factors, and colony
stimulating factors.

Perhaps the most promising are the anti-
TNF-alpha monoclonal antibodies, including
infliximab, etanercept, adalimumab, CDP870,
CDP571, and onercept. Exploring the mechanisms
and efficacy of these drugsis beyond the scope of
this article; for a brief description see Table 5.
Infliximab hasreceived the most attentionin clini-
cal trials and appears to be the most effective.
Infliximab is a mouse-human 1gG1 chimeric
monoclonal antibody to TNF-alpha administered
intravenously. Infliximab is used to achieve clini-
cal improvement and induce remission in patients
with moderate-to-severe luminal and fistular CD
refractory to other treatments. Infliximab exerts
its beneficial effects by TNF-alpha neutralization
in mononuclear inflammatory cells, thereby induc-
ing apoptosis.i** A single infusion of 5 mg/kg has
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Medication

Aminosalicylates
Corticosteroids
Other Immunosuppressive Agents

Antibiotics
TNF-alpha Monoclonal Antibodies

Anti-sense Agents

Anti-interleukins

Mitogen-activated Protein Kinase
Inhibitors

Somatatropin

Table 5. Conventional Medications and their Mechanisms in Crohn’s Disease

Mechanisms of Action

Anti-inflammatory (slow-release topically to
small bowel)

Anti-inflammatory; immunosuppressive
Suppress the immune response in Crohn’s

Damage cell wall of pathogenic agents;
reduce bacterial load

TNF-alpha neutralization and apoptosis

Modulate lymphocyte migration to gut
mucosa

Decrease inflammation by inhibiting
inflammatory cytokines

Indirectly inhibit TNF-alpha
Decreases intestinal permeability;
decreases mesenteric fat; increases amino

acid and electrolyte absorption in intestine

Possible immunostimulation of neutrophils

been shown to induce short-term (four-week) re-
missionin 48 percent of patients' and infliximab
appears to have the greatest degree of efficacy in
maintaining remission for at least one year when
dosed at 10 mg/kg body weight every eight
weeks. 3t Infliximabisfairly well-tolerated in most
patients, although serious side effectsinclude acute
infusion reactions,*®? serum sickness-like disease,
drug-induced lupus, infectious events attributed
to infliximab therapy, pneumonia, reactivation of
latent tuberculosis,*>® and even death.™>

Other anti-TNF-al phamonoclonal agents
under investigation are CDP571, CDP870, and
onercept, but all havefailed phase 2 and 3 clinical
trials despite showing a short-term clinical ben-
efit. 1517 Future research on these drugsis uncer-
tain. Adalimumab is a human monoclonal anti-
body administered subcutaneously and appearsto
bewell-tolerated in most CD patients, particularly
those with reactions to infliximab. Phase 2 and 3
trialswith CD patients are currently underway.**
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Natalizumab and MLN-01 are other
monoclonal antibodies to gut glycoproteins, cur-
rently in phase 2 and 3 trials.****¢* Several other
agentsarein clinical trials.1%?

Nutrient Deficiencies in Crohn’s

Disease

A variety of nutrients have been found to
be deficient in CD patients. Causes include mal-
absorption in the small intestine, increased nutri-
ent need because of disease activity, low nutrient
intake, nutrient loss dueto chronic diarrheaor in-
creased transit time, or effect of medications. Sev-
eral studies have examined the specific nutrient
deficiencies associated with CD.

Studies Examining Multiple Nutrient

Deficiencies

A study measured serum, blood, and red
blood cell levels of various nutrientsin 24 CD pa
tients and 24 healthy controls. CD patients demon-
strated significantly lower levels of vitamins A and
E, thiamin, riboflavin, pyridoxine, and folic acid
compared to controls. Blood levels of pantothenic
acid were significantly higher in CD patients, and
there were no statistically significant differencesin
levels of vitamins B12 and C, nicotinic acid, and
biotin. No differenceswere noted on the basis of dis-
ease activity, duration, or location.!¢®

Another study examining multiple nutri-
ent deficiencies found 85 percent of 279 CD pa-
tients had deficiencies. Nutrients most frequently
found deficient were iron and calcium, with zinc,
protein, vitamin B12, and fol ate deficiencies noted
less frequently.

Nutrient status, body composition, and
dietary intakes were analyzed in 32 CD patients
with longstanding disease in remission and
compared to 32 matched controls. Regarding body
composition, bone mineral content was
significantly lower in patients; percent body fat
was significantly lower in male CD patients.
Patients had significantly lower dietary intakes of
fiber and phosphorus, while no other nutrient
intakes were significantly different. Serum levels
of beta-carotene, vitamins C and E, selenium,
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magnesium, and zinc, and glutathione peroxidase
activity were also significantly lower in patients
than controls. As noted in a previous study, there
was no correlation between nutrient status and
duration of disease or extent of bowel resection.'¢®

These sameresearchers conducted astudy
with the same design on newly diagnosed patients
with IBD, 23 with CD. Even at diagnosis, bone
mineral content wassignificantly lower in patients
compared to controls. While all nutrients tested
demonstrated slight decreases in patients, only
vitamin B12, serum albumin (areflection of pro-
tein status), and glutathione peroxidase activity (a
reflection of antioxidant status) were significantly
decreased.'®® These two studies seem to indicate
that, although nutrient status is negatively im-
pacted at the time of diagnosis, longstanding dis-
ease increases the extent of derangement.

A study published by the American Di-
etetic Association examined the effect of dietary
counseling on nutrient status in CD. Subjects
(n=137) were randomly assigned to one of two
groups. The treatment group received dietary
counseling monthly for six months, whilethe con-
trol group received no counseling. Iron, vitamin
B12, and folate levels were found to be low in a
significant portion of patients, with no significant
differences between groups at study onset. Al-
though dietary counseling was associated with
normalization of serum folate and total iron bind-
ing capacity and moderate increasesin intakes of
vitamin B12, folic acid, and iron, the laboratory
values as reflection of nutrient status did not
change significantly.

Vitamin D Status in Crohn’s Disease

A study of young CD patients (ages 5-22)
found low vitamin D (defined as serum concen-
trations of 25-hydroxyvitamin D <38 nmol/L) in
16 percent of 112 subjects. Interestingly, the low
levelsdid not significantly correspond to low bone
mineral density (BMD) or dietary intakes. Fac-
tors associated with hypovitaminosis D included
winter season, African-American ethnicity, extent
of glucocorticoid medication, and disease confined
to the upper gastrointestinal tract.®
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Levels of serum vitamin D considered
“low” have been inconsistent from study to study.
Another study considered low plasma 25-
hydroxyvitamin D to be less that 12 nmol/L. In
this study, plasma vitamin D levels were exam-
ined in 37 CD patients and levels were found to
be significantly lower in patients with active dis-
ease compared to those with inactive disease.’®

Studies on vitamin D status have also ex-
amined active vitamin D levels. Recent research
found circulating levels of 1,25-dihydroxyvitamin
D were high in alarge percentage of CD patients
(42 percent of 138 subjects) compared to UC pa-
tients (seven percent of 20 UC patients) and were
positively associated with disease activity. Low
levels of 25-hydroxyvitamin D result in low se-
rum calcium that in turn stimulates parathyroid
hormone and a subsequent rise in 1,25-
dihydroxyvitamin D levels to enhance calcium
resorption from bone. High levels of active vita-
min D were associated with significantly lower
BMD in CD patients compared to UC patients,
independent of glucocorticoid use. The research-
ersexamined colonic biopsies of patientswith UC
and CD and found higher levels of lalpha-hy-
droxylase in CD mucosa. This enzyme converts
25-hydroxy- to 1,25-dihydroxyvitamin D. Thus,
it appears over-expression of this enzyme in the
inflamed mucosa may be a cause of low BMD in
CD.17O

Vitamin K in Crohn’s Disease

Serum vitamin K status was assessed in
32 CD patients and compared to reference ranges
from 384 healthy controls. Levels were signifi-
cantly lower in CD patients. Vitamin K is a co-
factor for carboxylation of the protein osteocalcin,
necessary for calcium binding to bone. Thus, de-
ficiencies of vitamin K can contribute to os-
teoporosis and measurements of free osteocalcin
(uncarboxylated) reflect bone-vitamin K status.
Levels of free osteocalcin were higher in CD pa-
tients, while binding capacity of osteocalcin to
hydroxyapatite was lower. High levels of free
osteocal cin were associated with low BMD in the
lumbar spine.t™
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Water-soluble Vitamin Deficiencies

B-complex Vitamins

As discussed previously, deficiencies of
vitamins B6 and B12 and folate in CD have been
associated with increased homocysteine levels.
Deficiencies may be associated with impaired
absorption or decreased dietary intake. A study of
folate absorption in patients with Crohn’s disease
compared 100 patients with 20 healthy controls.
Serum folate levels were assessed after aloading
dose of folate and deemed normal in the 20 healthy
subjectsbut in only 75 percent of the CD patients.
Of the 25 patients with impaired folate absorp-
tion, nine demonstrated almost no increase after
an oral dose, while 16 experienced an increase but
still below normal.*"? In addition to impaired ab-
sorption, CD patientsfrequently have dietsdevoid
of fresh leafy green vegetables and fruits—dietary
sources of folate —because of fear that these foods
will exacerbate symptoms.

Vitamin C in CD

Several older studies focused on vitamin
Cstatusin CD. A 1986 study of 137 patientswith
CD found low serum ascorbate levelsin 11 per-
cent of males and 37 percent of females; leuko-
cyte ascorbate levels were low in 26 percent of
males and 49 percent of females. The deficien-
cies were not associated with disease activity. In
this study the deficiencies were duein part to low
intake and were remedied by diet counseling.'™
Leukocyte ascorbate levels were found signifi-
cantly lower than controls in two other stud-
ieS.l74’l75

Two studies examined ilea tissue levels
of vitamin C. The 1974 study found depressed tis-
sue levels of ascorbate in CD patients with fistu-
las compared to CD patients without fistulas or
healthy controls.t”® The 1987 study found tissue
ascorbate level shigher in both fistulizing and non-
fistulizing CD patients compared to controls.
However, the levels in the patients with fistulas
were significantly lower than CD patients with-
out fistulas. The authors speculate ascorbate is
concentrated in the tissues because of vitamin C’'s
importance in collagen formation. Those subject
to fistulas appear to beless efficient at mobilizing
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ascorbate.r’” One of the researchers conducted a
subsequent study and found absorption of vitamin
C was not impaired in either fistulizing or non-
fistulizing CD patients compared to controls.t™

Fat-Soluble Antioxidants: Vitamin A,

Vitamin E, and Carotenoids

Asmentioned previously, oxidative stress
playsasignificant role in the pathogenesis of CD
and several antioxidants, including vitaminsA and
E, have been found to below in CD patients. Stud-
ies support the contention that vitamin E,*” vita-
min A %181 gand a combination of vitamins E and
A% are low in CD patients. Low vitamin A ap-
peared to be associated with low protein that con-
tributesto adeficiency of retinol binding protein,e:
and both A and E were normalized when active
disease was brought under control .82

Carotenes, precursorsto vitamin A, have
been shown to be low in the CD population. A
1987 study examining vitamin A/carotene levels
over a six-month period in 137 CD patients (70
percent with inactive disease) found normal vita-
min A statusin all patients, while 20-25 percent
of patients demonstrated low total serum caro-
tenoids.’® A more recent study confirms low se-
rumvitamin A and carotenoid (zeaxanthin, alpha-
and beta-carotene, and lutein) levelsin CD pa-
tients compared to controls.'8

Mineral Deficiencies
Zinc

Several studies note zinc deficiencies are
common in CD. A study of 54 CD patients found
significant deficienciesin serum zinc, vitamin A,
and retinol binding protein levels compared to
healthy controls. Zinc levels decreased in accor-
dance with disease activity, patients with active
disease having significantly lower levels than
those with inactive disease. Zinc deficiency isas-
sociated with impaired metabolism of retinol bind-
ing protein, resulting in avitamin A deficiency.'®

Other researchers have corroborated the
tendency of zinc deficiency to parallel disease
activity in CD. A small study compared five
patients with active CD to five patients with
inactive disease and found serum zinc levels
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significantly lower in those with active disease.
Furthermore, low zinc levels seemed to be due to
increased body clearance, rather than
malabsorption. Reasons for the increased zinc
clearance were not pursued.'®

Another study found serum zinc levels
deficient (defined as < 75 mcg/dL) in 17 of 50
CD patients (34%). Low zinc levels were associ-
ated with an increased tendency toward fistula
formation, with 65 percent (11/17) of CD patients
with low zinc levels experiencing fistula forma-
tion.*® Thus, both low zinc and vitamin C levels
have been implicated in atendency toward fistula
formation in CD patients.

Colonic mucosal biopsies of tissue from
CD patients found abnormally low levels of zinc
from uninflamed but not from inflamed tissue.'®
Increased levelsin involved tissue may be due to
the need for more zinc as a co-factor for superox-
ide dismutase.

Other Trace Mineral Deficiencies

Serum levels of copper, zinc, and sele-
nium were examined in 47 CD patients and com-
pared to 123 healthy controls. The patients had
significantly lower selenium and higher copper
levels than controls,*® supporting the premise of
increased oxidative stress in the pathogenesis of
CD. Therewere no differencesin serum zinc con-
centrations between patients and controls. A simi-
lar study examined children with Crohn’s disease
(n=36) and found significantly lower levels of
selenium, copper, and zinc compared to controls.2%

Iron Levels in CD: A Double-edged

Sword

Iron deficiency is common in CD and is
thought to be due to decreased dietary intake or
chronic gastrointestinal bleeding. Lomer et al in-
vestigated the seven-day diet diaries of 91 CD
patients in remission compared to 91 controls.
Only 32 percent of CD patients compared to 42
percent of controls consumed the recommended
daily intake of iron. Patients tended to eat less fi-
ber and iron-fortified cereal than controls.**
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Table 6. Nutrient Deficiencies Associated with Crohn's Disease

Nutrient

Status

Daily Recommendation (adult)

Vitamin A

Deficient

5,000-25,000 IU; not to exceed
7500 IU in pregnancy

Beta-carotene

Deficient

25,000-100,000 natural mixed
cis/trans beta-carotene

Vitamin D

Deficient

400-800 U

Vitamin E

Deficient

400-800 U

Vitamin K

Deficient

500 mcg-1 mg

Vitamin C

Deficient

500-1,000 mg

Vitamin B1 (thiamine)

Deficient

100 mg

Vitamin B2 (riboflavin)

Deficient

100 mg

Vitamin B3 (niacin)

Deficient

100 mg

Vitamin B12

Deficient

1 mg

Folic Acid

Deficient

400-800 mcg

Biotin

Deficient

300 mcg-1 mg

Calcium

Deficient

1,000 mg

Magnesium

Deficient

500 mg

Iron

Deficient in serum:;
elevated in gut mucosa

Supplement with 50-75 mg daily
well-absorbed form only if
anemic; otherwise avoid
supplementation

Deficient

15-30 mg

Elevated

Avoid unless supplementing with
> 15 mg zinc for long period of
time; then supplement with 1-2
mg

Selenium

Deficient

200-400 mcg

Supplementation with iron, however, may
not be a prudent recommendation in Crohn’'s
disease because it can exacerbate intestinal
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inflammation and contribute to oxidative stress.
Whilecirculating iron may be decreased in patients
with I1BD, mucosal levels may actually be




increased.’® A small study examined the effect of
120 mg/day ferrous fumarate in 10 patients with
CD (eight with active disease; nine with iron
deficiency anemia) compared to controls.
Assessment after one week found eight of 10
patients experienced gastrointestinal side effects
of diarrhea; the opposite effect occurred in the
control group —fewer stools. Seven of 10 patients
experienced increased abdominal pain and six of
10 reported nausea, compared to none in the
control group. After one week of ferrousfumarate
supplementation, levels of reduced cysteine and
glutathione (endogenous antioxidants) were
significantly decreased in patients.'*

Table 6 summarizesthe nutrient deficien-
cies associated with CD.

Due to extensive side effects associated
with conventional medications and significant
nutrient deficienciesin CD, the effort to maintain
remission with dietary changes, nutrients, and
botanicals should be considered.

Dietary Interventions in CD

Pre-illnessdietary habitsmay increasethe
risk for developing Crohn’s disease in susceptible
individuals.*** Research has demonstrated high
sugar and carbohydrate intakes significantly im-
pact the devel opment of inflammatory bowel dis-
ease. While researchers did not differentiate be-
tween CD and UC, both di- and monosaccharide
consumption increased therisk of developing IBD
in general .1 Sucrose was consistently associated
withincreasedrisk for IBD, and thetrend was sta-
tigtically significant in CD patients. Patients with
IBD had a significantly lower intake of fruit, fi-
ber, and vegetables. Another study confirmed a
higher intake of total carbohydrates, starch, and
refined sugars in 104 patients, immediately prior
to diagnosis of CD.'* A population-based, case-
controlled Swedish study examining 152 CD cases
found asignificant 3.4-fold increasein relativerisk
for developing CD with consumption of fast food
2-3 times weekly.1%’

Once Crohn's disease has manifested,
dietary disturbances result from significant loss
of appetite and contribute to weight loss and
nutrient deficiencies. Dietary rehabilitation of CD
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patients depends on the extent of disease, presence
of intestinal stricturing, obstruction, or short bowel
(due to surgery), and ability to consume food
orally.’® When strictures, obstruction, or short
bowel are present it may be necessary for the
patient to use enteral nutrition.

Enteral and Parenteral Nutrition

Enteral nutrition involvesthe provision of
liquid-formula diets by mouth or tube into the
gastrointestinal tract.**® It is suggested that partial
bowel rest, arestoration of nutritional status, and
areduction inimmunological stimulation caused
by whole protein can induce remission.

Parenteral nutrition, administering of nu-
trients by a route other than the alimentary canal
(e.g., intravenously, subcutaneously), is now sel-
dom used for CD treatment, except in the most
extreme casesinvolving significant impairment of
absorption or intestinal obstruction.?®

Severa diets of potential benefit to CD
patients are administered enterally, but all include
protein, carbohydrates, electrolytes, vitamins, and
minerals. In elemental diets the protein sourceis
from amino acids or short-chain peptides; such
diets were once considered the best form of en-
teral feeding.2° Polymeric diets containing whole
protein have ahigher energy:osmolarity ratio than
elemental diets and have been shown to be espe-
cially beneficial in treating children with CD.20
Oligopeptide diets contain short-chain peptides of
4-5 amino acids.?® Numerous studies have com-
pared the benefits of enterally-fed elemental and
polymeric dietsto steroid therapy for Crohn’sdis-
ease (Table 7).2042%9 The results are varied, with
some showing elemental diets superior to steroids
and vice versa. In general it can be concluded, at
|least in the short-term, that an oral e emental diet
is at least as effective as steroids in achieving or
maintaining remission of mild-to-moderately ac-
tive CD in adults. Because of the potentially dev-
astating effects of steroid therapy in growing chil-
dren, enteral dietary therapy isamost alwaysrec-
ommended as afirst-line treatment.?1021

In certain countries, epidemiological data
show an association between high dietary intakes
of omega-6 polyunsaturated fatty acids (PUFAS)

Page 379



Page 380
Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Crohn’s Disease

Review

Gonzalez-Hiux | 4 weeks

b
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Polymeric Diet

Elemental Diet

Semi-elemental Diet | 6-methyl

Elemental Diet
Elemental Diet

Elemental Diet

Table 7. Diet Therapies Compared to Steroid Medicationsin CD

Study Diet Steroid
Duration Patients | Patients Steroid Dose
15 17

Prednisone 12 of 15 diet patients achieved

70 mg/day remission compared to 15 of 17

with tapering patients on steroids; relapse at one
year = 66% in steroid patients
versus 42% in diet patients.

Prednisolone
52.5 mg/day
with tapering

Disease activity (SEM) decreased
from 4.8 to 1.7 in diet patients vs.
5.3 10 1.9 in steroid patients.

32 of 44 patients on steroid
Prednisolone therapy experienced decreased
48-12 mg/day | CDAI vs. 21 of 51 patients on
(tapered) dietary therapy.

Prednisolone Similar improvement in clinical

52.5 mg/day score and ESR was experienced by

with tapering both groups. Diet group showed
more improvement in hemoglobin
and albumin values.

Prednisolone Diet group showed median

40 mg/day remission length of 7.5 months vs.

with tapering 3.8 months in steroid group.
Relapse rate at 2 years was 79%
for steroid group and 62% for diet
group.

Prednisolone Diet group had significant

0.5 mg/kg/day | improvements in CDAI, ESR,
intestinal permeability, body mass
index, and prealbumin levels.
Steroid group improvements were
noted in disease activity and fat
free body mass.

and increased rates of Crohn’s disease.?? The role
of fatty acidsininflammationiswell established and
several studies have examined the therapeutic benefit
of different types and amounts of dietary fat in
nutritional therapy. Fish oil studies are discussed
below. Regarding other types of fats, research
indicates enteral feeds or other diets low in fat are
more effective in treating CD patients and
maintaining remission than dietshighin fat.?* There
is also some evidence that fat type can impact the
effectiveness of enteral nutrition. Due to its pro-
inflammatory effect, high amounts of linoleic acid

(anomega-6 essential fatty acid) in an elemental diet
would be expected to show |ess benefit, aconclusion
supported by a meta-analysis conducted by
Middleton et al.?** Conversely, Gassull et al found
an enteral diet highin linoleic acid and low in oleic
acid actually resulted in better patient remission rates
(52%) than a high oleic acid/low linoleic acid diet
(20%). The use of medium-chain triglycerides
(MCTs) in varying amounts has also been studied.
MCTsin enteral nutrition do not seem to show any
detriment or benefit over long-chain triglycerides,
regardless of amount used.?'®
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Dietary Fiber

The results of studies investigating the
beneficia effects of fiber in Crohn’s patients are
inconclusive. In an Italian study, 70 CD patients
were randomly assigned to follow a low-residue
diet or a norma Italian diet for 29 months. No
difference in outcome was observed in the two
groups, and alifting of dietary restrictionsdid not
result in symptom exacerbation.?*® In a second,
controlledtrial inwhich 20 CD patientswere given
an unrefined carbohydrate, fiber-rich diet or an
exclusion diet (of foods they were intolerant to),
70 percent (7 of 10) of patients on the exclusion
diet remained in remission for six months com-
pared to zero percent (0 of 10) at six months on
the unrefined carbohydrate, fiber-rich diet.?’

In one study, 162 patients with active CD
were assigned to a diet unrestricted in sugar and
low in fiber, and were compared to 190 active CD
patients given alow-sugar, high-fiber diet. Patients
were followed for approximately two years. As-
sessment via history, physical exam, and labora-
tory testing revealed no significant differences
between the two treatment groups, indicating the
high-fiber diet did not benefit patientswith active
Crohn’s.?’® In another study 32 patients with CD
were placed on afiber-rich diet in addition to con-
ventional treatment. Another 32 matched CD pa-
tients acted as controls and received no specific
dietary instruction. After 52 months the treatment
group had significantly fewer and shorter hospi-
talizationsand required lessintestinal surgery than
the control group.?'®

Elimination Diets

Research on elimination dietsin CD has
yielded inconclusiveresults. Elimination dietsare
difficult to follow with high drop-out rates and
patients seem to have difficulty in identifying
foods that trigger symptom exacerbation. Food
sensitivities often are not persistent and are diffi-
cult to validate with subsequent blinded challenge.
Remission ratesin CD patients on elimination di-
ets do not appear to be significantly better than
those observed in patients on unrestricted diets.?
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Probiotics in the Treatment of CD

Alterations in the bacterial milieu of the
gut are common in Crohn’s disease. The use of
various probiotic bacteriato promote a bal ance of
appropriate intestinal flora has yielded mixed re-
sults. Mechanisms associated with the beneficial
effects of probiotic therapy in CD include: (1) in-
hibition of pathogenic bacteriaviagrowth suppres-
sion or epithelial binding;?** (2) improved epithe-
lial and mucosal barrier function;??? and (3) altered
immuno-regulation via stimulation of secretory
IgA or reduction in TNF-alpha.223224

Saccharomyces boulardii

Plein et a demonstrated the efficacy of
Saccharomyces boulardii (Sb) in a randomized,
double-blind, placebo-controlled study of 20 CD
patients. Patients were given 250 mg Sb three
timesdaily for 10 weeks and evaluated via bowel
movement frequency and the CDAI index. Patients
receiving Sb experienced a significant reduction
in frequency of bowel movements (from 5.0 to
3.3 per day) and CDAI index (193 to 107) by week
10 of treatment.?®

Another study utilizing Sb therapy in 32 CD
patients demonstrated a significant benefit of acom-
bination of Sb and mesalamine compared to
mesalamine alone. Relapse in the mesalamine-only
group was 37.5 percent at six months compared to
only 6.25 percent in the mesalamine-plus Sb group.?

E. coli (Nissle strain)

Pathogenic E. coli that adhere to and in-
vade intestinal epithelial cells (IEC) have been
isolated from ileal lesions of Crohn’s patients.*
Boudeau et al demonstrated the in vitro ability of
a non-pathogenic E. coli strain (Nissle 1917) to
prevent pathogenic E. coli strains from adhering
to and invading |EC. When |EC were co-infected
with probiotic Nisslestrain and pathogenic E. coli,
the Nisdsle strain exhibited a dose- and time-de-
pendent adhesion to |EC, which prevented adhe-
sion of various pathogenic E. coli strains by 78.0-
99.9 percent. When |EC were pre-incubated with
Nissle strain E. coli and pathogenic strains were
added |ater, adhesion and invasion of pathogenic
strains was inhibited by 97.2-99.9 percent.?
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Figure 1. Endogenous Neutralization of Free Radicals
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Malchow et a conducted a double-blind,
randomized, placebo-controlled trial investigating
the efficacy of E. coli Nissle strain 1917 for in-
ducing and maintaining remission in 28 patients
with colonic Crohn’s disease. Patients were ran-
domized to either 60 mg prednisolone daily (with
a standard tapering schedule) plus twice daily
doses of 2.5 x10% probiotic Nissle strain E. coli
(treatment group) or identical prednisolonetherapy
plus placebo (placebo group). The rate at which
remission was achieved was comparable in both
groups (85.7% for treatment patientsversus91.7%
for placebo patients), but only 33.3 percent of pa-
tients in the E. coli treatment group relapsed at
oneyear, compared to 63.6 percent in the placebo
group.??

Lactobacillus GG

Malin et al investigated the effect of oral
Lactobacillus GG on the intestinal immunologi-
cal barrier in a small study of 14 children with
CD and seven control patients (hospitalized for

investigation of abdominal pain but with no evi-
denceof intestinal disease). Lactobacillus GG was
administered to patients and controlsat 10%° colony
forming units mixed in liquid twice daily. Lacto-
bacillus GG therapy significantly increased the
IgA immune response in Crohn’s patients com-
pared to controls, resulting in an improved mu-
cosal barrier.?

Another study of Lactobacillus GG dem-
onstrated that administration in children with mild-
to-moderate stable CD improved gut barrier func-
tion and clinical status after six months of
therapy.?® However, arandomized, double-blind,
placebo-controlled tria of 45 post-surgery Crohn’s
patients given Lactobacillus GG for one year did
not show it to be more effective than placebo in
preventing disease recurrence.??®

Antioxidants in CD Treatment

As discussed previously, oxidative stress
is one of the pathogenic mechanismsinvolved in
the intestinal damage of CD. Figure 1 illustrates
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normal and deranged endogenous responses. A
study examined mucosal tissue SOD levels and
found manganese-dependent SOD (Mn-SOD) was
significantly higher in IBD patients, including
those with CD — 1.6-fold higher in non-inflamed
tissue and amost 3-fold higher in inflamed tis-
sue.?® These same researchers, in a follow-up
study, found metallothionein levels were signifi-
cantly lower ininflamed mucosafrom CD patients
compared to non-inflamed mucosa and normal
controls. Catalase activity was increased 1.5-fold
in non-inflamed and 2.5-fold in inflamed mucosa;
glutathione peroxidase activity was increased in
both inflamed and non-inflamed mucosa; and
myel operoxidase levels were increased 1.5-fold
innon-inflamed and 2.3-fold in inflamed mucosa.
The researchers hypothesize an increase in the
ratio of step 1 of endogenous free-radical quench-
ing activity inrelation to step 2 (Figure 1), result-
ing in an over-abundance of hydrogen peroxide,
hypochlorous acid, and hydroxyl radicals in in-
flammatory bowel disease.! Exogenous antioxi-
dants in the form of supplementation may help
relieve the burden.

A study using synthetic antioxidants (e.g.,
BHA; butylated hydroxyanisole) in tissue culture
found antioxidants decreased inflammatory
cytokine production, although the effects were
more dramatic intissue from UC patientsthan CD
patients.z?

Glutathione

Reduced glutathione (GSH), an endogenous
quencher of hydrogen peroxide, may be of benefit
as an exogenous supplement. GSH was deficient and
oxidized glutathione (GSSG) elevated in tissue
samples from 12 CD patients — demonstrating in-
creased oxidative stressin patients compared to seven
controls. Another arm of the study examined the ef-
fect of oral supplementation of glutathione to rats
and found 1.3-fold and 3.5-fold increases in tissue
GSH after 0.4 mM/kg and 4.0 mM/kg, respectively. >
Nutrients that enhance glutathione levels, either as
co-factorsfor glutathione reductase (e.g., riboflavin
and niacin) or because they spare glutathione or con-
tributetoits synthesis (e.g., N-acetylcysteine, lipoic
acid), may prove of benefit in CD as well.
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Vitamins C and E

In astudy of 57 CD patientsin remission
but demonstrating oxidative stress, subjects were
randomly assigned to receive 800 [U vitamin E
and 1,000 mg vitamin C or double placebo for four
weeks. Oxidative stresssignificantly decreased in
the supplemented group as measured by breath-
pentane and -ethane and plasma F2-isoprostane.
Disease activity remained low in both groups dur-
ing the one-month study.?*

Vitamin A

Becausevitamin A enhances epithelial cell
differentiation and CD is characterized by disrup-
tionsinintestina epithelium, supplementation was
tried in a CD patient at a dose of 50,000 IU three
times daily along with vitamin E 100 mg three
times daily for two weeks. Diarrhea she had been
experiencing disappeared. After experimenting
with each of the vitamins alone, it was concluded
vitamin A was responsible for the improvement
in bowel movements.?*® Based on this case report
asmall pilot study examined clinical and labora-
tory parametersin eight patients with severe CD
who were supplemented with 50,000 U vitamin
A threetimes daily for two weeks. No changesin
bowel habits, abdominal pain, or gut permeabil-
ity were noted.?*® Although it may have been suf-
ficient time to note clinical improvement, struc-
tural improvements in gut permeability would
likely take longer than two weeks.

A more extensive study involving 86 CD
patients examined the effect of 50,000 |U vitamin
A acetate twice daily or placebo for an average of
14.1 months. All patients had been in remission
for at least three months prior to study onset. No
differences were noted between the two groups
regarding disease activity, rate of relapse, or labo-
ratory parameters. Serum levelsof vitamin A were
not significantly higher than the placebo group
until the fifth month of the trial. Discontinuation
of vitamin A at theend of thetrial did not resultin
clinical deterioration.®’
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Lorenz et al
(29 CD patients)

39 IBD patients | 7 months | Double-blind,
placebo-controlled
crossover of fish ail

study of fish oil

Arslan et al 10 IBD patients | 10 days | Open label pilot
(5 CD, 5 UC) study of seal oil

Table 8. A Summary of Omega-3 Fatty Acid Studiesin Crohn’s Disease

Tsujikawa et al | 20 CD patients | 1 month | Open trial using diet | Not given
containing n-3:n-6
ratio of 0.5

Decreased CRP, improved
remission rates

1.8 g EPA and 1.3| Decreased inflammatory

g DHA daily mediators TXB2 & LTB4,
improved morphology, no
change in disease activity

Decreased inflammatory

versus olive oil

Hillier et al 10 IBD patients | 12 weeks | Open label — fish oil | 18 g per day,
containing 3.2 g | mediators PGE2, TXB2, &
EPA, 2.2 gDHA | LTB4

No difference in relapse rate

carbohydrate diet

Belluzzi et al 78 CD patients | 1 year Double-blind,
in remission placebo controlled

Lorenz-Meyer | 204 CD patients | 1 year Fish oil supplementa-| 6 g daily
etal in remission tion compared with (containing 3.3 g | in fish oil vs. placebo
placebo or low- EPA, 1.8 g DHA)

4.5 g daily 41% fewer relapses in fish oil
(containing 1.8 g | group; 33% more patients in
EPA, 0.9 g DHA) | remission at 1 year

30 mL daily Decreased disease activity,
(containing 1.8 g | decreased joint pain

EPA, 2.6 g DHA,

1.0 g DPA)

Fatty Acids for the Treatment of CD

Omega-3 Fatty Acids

A Japanese epidemiological study found
acorrelation between high omega-6:o0mega-3 fatty
acid (FA) ratiosand incidence of CD.?2 In patients
with diagnosed CD, eicosapentaenoic acid (EPA)
and total polyunsaturated fatty acidswere signifi-
cantly decreased, while the ratio of omega-
6:0mega-3 FA wasincreased compared to contrals.
Therewas al so anegative correl ation between EPA
levels and disease activity, with lower levels ob-
served in active disease compared to disease re-
mission.z®

High omega-6:0mega-3 FA ratioscan con-
tribute to inflammation. The omega-6 linoleic acid
has been found in vitro to enhance arachidonic
acid-induced inflammatory cytokine productionin
intestinal tissue from CD patients.?* On the other

hand, the anti-inflammatory effects of omega-3
fish oils have been well established. Thus, increas-
ing theintake of omega-3 fatty acidsin thediet or
by supplementation seems prudent. Table 8 sum-
marizesintervention trials of omega-3 fatty acids
for CD.

Elemental diets used in enteral nutrition
often consist of only small amounts of fat in the
form of soy ail, which can result in a deficiency
of essential fatty acids (EFAS). A Japanese study
examined the effect of a specia Crohn’s disease
diet (CDD) enriched with omega-3 fatty acidsin
aratio of 0.5 omega-3:0mega-6 FA that also in-
cluded asimple orally-ingested diet of rice gruel,
progressing to steamed rice and small amounts of
meat and noodles. Patients used the elemental diet
for breakfast and dinner and the CDD for lunch,
and were gradually weaned off the elemental diet
as their disease activity permitted. Use of the

Alternative Medicine Review O Volume 9, Number 4 0 2004




omega-3 enriched diet resulted in a decrease in
CRP, a measurement of inflammation.?

A study examined the anti-inflammatory
effects of omega-3 fatty acids from fish oil on 39
IBD patients (29 with CD). In this double-blind,
crossover trial, patients were given either a fish
oil supplement containing 1.8 g EPA and 1.3 g
docosahexaenoic acid (DHA) daily or an olive oil
placebo for three months. After aone-month wash-
out period they were switched to the other proto-
col. Clinical disease activity was determined by
the CDAI and endoscopy at the end of each phase.
Laboratory evaluation consisted of determination
of fatty acid composition of biopsy specimens,
urinary excretion of the inflammatory mediator
thromboxane B2 (TxB2), and plasmaleukotriene
B4 (LTB4) levels. Levels of TxB2 and LTB4 de-
creased by one-third in patients taking omega-3
supplementation. Endoscopy revealed a small
morphological improvement in 13 CD patientson
fish oil compared to placebo. On biopsy exam,
EPA content of phospholipids from colonic mu-
cosaincreased three-fold with fish oil supplemen-
tation, whereas DHA increased only slightly. Dur-
ing the control period arachidonic acid levelswere
significantly higher ininflamed than non-inflamed
gut mucosa. These differences diminished during
fish oil supplementation. No significant difference
in disease activity between fish oil and placebo
was noted in the CD patients (unlike the UC pa-
tients in the study). Thus, although the fish oil
seemed to have anti-inflammatory effects, they
were not enough to contribute to decreased dis-
ease activity in CD.2#

Another study examined incorporation of
fatty acidsinto the colonic mucosaof IBD patients.
Similar to the foregoing study, supplementation
of fish oil (18 g daily) resulted in significantly
increased incorporation of EPA (seven-fold) and
DHA (1.5-fold) into gut mucosa and decreased
inflammatory eicosanoid production, compared to
olive ail that did not suppress eicosanoid produc-
tion.2#

Two treatment protocols were compared
against aplacebo in 204 CD patientsin remission
(CDAIl«d 150) — 5 g concentrated fish oil daily,
low carbohydrate diet (84 g daily), or placebo
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consisting of 5 g corn oil daily. There was no
significant difference between fish oil and placebo
groups regarding percent of patientsexperiencing
relapse within one year. Corn oil, a source of
linoleic acid, could have provided anti-
inflammatory effects via conversion to gamma-
linolenic acid (GLA) and ultimately the anti-
inflammatory prostaglandin-1 series, thus
confounding theresults. Thelow carbohydrate diet
provided significant benefit.2*

A study published in the New England
Journal of Medicine examined the effect of en-
teric-coated (to resist gastric acid for 30 minutes
but to allow disintegration by 60 minutes) fish oil
capsulesfor the prevention of relapsein CD. Sev-
enty-eight patients were randomly assigned to re-
ceive three 500-mg fish oil capsules three times
daily or placebo. Fish oil capsules contained 40-
percent EPA, 20-percent DHA, and a 40-percent
mixture of fatty acids, for atotal daily dose of 1.8
g EPA and 0.9 g DHA.. Placebo consisted of 60-
percent caprylic acid and 40-percent capric acid.
Requirementsfor admissionin the study included
remission for at least three months (defined as a
CDAI scoreed 150) but less than two years and
avoidance of conventional medicationsfor at |east
threemonths. Thirty-four of 39 patientsin thefish-
oil group and 37/39 in the placebo group com-
pleted the one-year study. Eleven patients in the
fish ail group (32%) experienced relapses com-
pared to 27 patients in the placebo group (73%).
The authors specul ate the improvement with fish-
oil capsules may be attributed to anti-inflamma-
tory effects of omega-3 fatty acids, including in-
hibition of leukotrienes, thromboxanes, and TNF-
alpha.2#

A pilot study examined the effect of seal
oil ingtilled into the duodenum in five patientswith
CD and five with UC. Sed oil (10 mL) was ad-
ministered three times daily directly into a
nasoduodenal feeding tube. Seal oil provided 1.8
g EPA, 2.6 g DHA, and 1.0 g docosapentaenoic
acid (DPA; an omega-3 fatty acid not found infish
oil that affects other anti-inflammatory pathways).
According to the researchers, the omega-3 FAS
from seal oil are more easily hydrolyzed to free
fatty acids than those from fish oil. Treatment for
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10 days resulted in significant decreases in dis-
ease activity and IBD-associated joint pain, and
increases in omega-3:0mega-6 ratios in mucosal
tissue and blood.**

Short-chain Fatty Acids

Short-chain fatty acids, such as butyric
acid, provide the main fuel for colonocytes and
have been examined in the form of enemas for
UC. Butyric acid may also provide benefit for CD.
Intestinal biopsies from CD patients were exam-
ined with and without exposure to butyric acid.
Theresearchersfound butyric acid resulted in de-
creased NF-kappaB-stimulated TNF-alpha, pro-
viding amechanism for its potential usein CD.2*%

Glutamine

Theamino acid glutamineisthe preferred
fuel for small intestinal enterocytes and can de-
crease intestinal permeability, a potential benefit
for CD patients. Duodena biopsies from healthy
volunteers were cultured in the presence of the
inflammatory cytokine-enhancing IL-1beta and
increasing amounts of glutamine. Glutamine in-
hibited IL-1beta-induced production of pro-in-
flammatory cytokines IL-6 (found to be high in
the serum and mucosa of CD patients®) and IL-8,
and enhanced production of the anti-inflammatory
IL-10.24

Despite theoretical indications for
glutamine supplementation in CD, several small
intervention trials have not yielded benefit. In a
double-blind study to determine if glutamine de-
creases gut permeability in Crohn’s disease, 14
CD patients were randomly assigned to receive 7
g glutamine or placebo (glycine) threetimes daily
along with their conventional treatment. There
were no significant changes in permeability dur-
ing the four-week tria in either the glutamine or
placebo groups. In addition, no significant changes
were seen in CDAI, CRP, or plasma glutamine/
glutamate levels.?*®

Two studiesinvestigating high-glutamine
diets in children with CD aso found no signifi-
cant benefit. Eighteen children received either a
low-glutamine (4% of amino acid content) poly-
meric diet or aglutamine-enriched (42% of amino
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acid content) polymeric diet to determine whether
glutamine enhances rate of remission. After four
weeks, 5/9 in the low-glutamine group and 4/7
(two patients dropped out of thisgroup dueto diet
intolerance) in the high-glutamine group achieved
remission. Pediatric CDAI wassignificantly lower
in the low-glutamine group, indicating greater re-
sponse to the low- than high-glutamine diet.*° In
a second arm of the study, glutamine did not af-
fect intestinal permeability.?*

Growth isoften stunted by childhood CD
and low serum levels of insulin-like growth fac-
tor-1 (IGF-1) have been implicated. In double-
blind fashion, 15 children with CD were assigned
to receive one of two diets (same amino acid con-
tent as previous study) and the effect on IGF-1
assessed. No significant changes in IGF-1 were
noted after four weeks of supplementation.®!

N-acetyl Glucosamine

The protective mucus in the gastrointes-
tinal tract consists of glycoproteins — a protein
backbone with carbohydrate side chains. Half of
these carbohydrate side chains consist of N-acetyl
glucosamine (NAG). Glucosamine synthetase is
the rate-limiting enzyme in NAG synthesis. De-
creased glucosamine synthetase activity has been
noted in biopsy tissue from IBD patients — both
CD and UC —only ininflamed tissue with loss of
epithelial cells. In patientswith CD, elevated lev-
els of glucosamine synthetase were found in non-
diseased tissue, providing a diagnostic tool when
involved tissueis not viewabl e on colonoscopy.??

A phase 1, open-label trial was conducted
on 12 childrenwith IBD (10 with CD; 2 with UC).
Oral doses of NAG ranged from 3-6 g daily in
three divided doses. The children had severe dis-
ease, some refractory to conventional treatments.
Six CD patients and two UC patients responded
favorably to trestment and were followed for as
long as three years. Improvements included
marked clinical, histological, and stricture im-
provements, with establishment and maintenance
of remission.??
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Botanicals in the Treatment of CD

Curcumin

TNF-aphaelevationispart of theinflam-
matory process involved in the pathogenesis of
CD. Curcumin, aflavonoid from Curcuma longa
(turmeric) isaknown inhibitor of TNF-alpha. An
in vitro study found TNF-alphaincreased intesti-
nal permeability and curcumin inhibited the NF-
kappaB-induced- TNF-al pha-stimulated increase
in intestinal permeability.%°

An interesting text-mining experiment, a
Medline search that uses a specific algorithm to
make discoveries, was used to determine medical
uses for Curcuma longa. The goal was to deter-
mine possi bl e connections between substancesand
conditions warranting research, rather than to lo-
cate research already conducted. For instance,
curcumin’sinfluence on TNF-al phamight be con-
nected to theincreased TNF-al phaassociated with
CD, providing possible mechanisms for its use-
fulness in that disease. Analysis of the “mining
expedition” resulted in the suggestion of evidence
for the beneficial role of curcuminin Crohn’sdis-
ease, as well as spinal cord and retinal diseases.
Curcumin inhibits several of the cytokines and
genes involved in the pathogenesis of CD.%*
Clearly, clinical trials are necessary to confirm
curcumin’s benefit in CD.

Boswellia serrata

Boswellia serrata is a botanical with
significant anti-inflammatory activity. Invitro, this
botanical inhibits the 5-lipoxygenase product
LTB4, which has been implicated in CD.?*®* A
randomized, double-blind, clinical trial examined
the effect of a Boswellia extract (n=44) or
mesalamine (n=39) in 102 CD patients. The
primary outcome measured was change in CDAI
between baseline and end of the study (articlewas
in German; abstract only in English —which did
not note length of study or dosages used). Patients
treated with the Boswellia extract exhibited an
average 90-point decrease in CDAI, while those
on mesalamine averaged a 53-point decrease. 2%
Although the difference between Boswellia and
mesalamine was not considered statistically
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significant, Boswellia appeared to perform better
than mesalamine. A larger study with more
statistical power iswarranted.

Berberine

The inflammatory cytokine IL-8 is in-
creased in CD. An animal study of
trinitrobenzenesulfonic acid-induced colitis (an
experimental model for Crohn’sdisease) found the
akaloid berberine (7.5-15 mg/kg/day), adminis-
tered orally for one week, inhibited decreased co-
lonic tissue damage measured histologically and
macroscopically. Cultured tissue exposed to ber-
berine also demonstrated inhibition of IL-8.%7
Berberine is an active constituent of several bo-
tanicals, including goldenseal, Oregon grape,
Coptis, and barberry.

DHEA

Dehydroepiandrosterone (DHEA) islow
in patientswith CD. In astudy of 115 CD patients
compared to 66 healthy controls and 64 UC pa-
tients, both CD and UC patients had low serum
DHEA-sulfate (DHEAS) levelscompared to con-
trols. In CD patients, but not UC patients, low
DHEAS levels were correlated with high ESR,
while high cortisol was associated with high ESR
and CRP%® Another study found a shift inthe ra-
tio of cortisol:DHEA in CD patients with active
disease, with higher cortisol and lower DHEA lev-
eIS.259

Because DHEA can be deficient in
patients with IBD and has also been shown to
inhibit pro-inflammatory cytokines, aphase 2 pilot
trial was conducted to evaluate its effect in IBD
patients. Twenty patients (seven with CD; 13 with
UC), ages 18-45, were given 200 mg DHEA orally
once daily for 56 days. All patients were
experiencing active disease, defined as CDAI >
150, refractory to other medications. All
medications remained the same for two weeks
prior to and during the study. One patient with CD
(and four with UC) dropped out because of disease
exacerbation or noncompliance. In the CD group,
six of seven responded to treatment with adecrease
in CDAI of 70 pointsor more. Inall six responders,
the CDAI dropped below 150, putting them into
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remission. The one patient who did not respond
dropped out during the first week. Number of
liquid stools, bloody diarrhea, abdominal pain, and
CRP al decreased. One CD patient relapsed on
day 56. Patients were followed for eight weeks
after the end of the study and no further CD
relapses were reported.?®

Patential Sequelae of Crohn’s
Disease

Osteoporosis

Osteoporosisisperhapsthe most significant
sequela to Crohn’s disease and several aspects may
contribute to its development. Nutrient deficiencies
of vitamins D and K result in low BMD.1" Corti-
costeroid therapy contributes to osteoporosis in
Crohn’s patients.** Hypogonadism in men, result-
ing from CD-related stunted growth has aso been
shown to decrease bone density. %!

Numerous studies confirm that Crohn’s
disease?2263 and some of the commonly used con-
ventional therapies® can result in low BMD, in-
creased fracturerisk, and osteoporosis. A study of
95 patients (31 treated predominantly with corti-
costeroids, 33 treated with dietary manipulation,
and 31 not treated with diet and with a history of
low life-time steroid exposure) demonstrated those
in the steroid-treatment group had significantly
lower BMD than those in either of the other two
groups, indicating steroids were the cause of the
osteoporosis.®®

A recent study of subjectsfromthe UK’s
General Practice Research Database examined the
incidence of hip fractures among IBD patients
compared to controls. IBD cases (n=16,550) were
evaluated, and after adjustment for confounding
variables, it was determined the relative risk for
hip fracturein CD patientswas 1.68 (compared to
1.41 for UC patients). These results indicate hip
fracture risk in CD patients is increased by
approximately 70 percent. However, statisticsalso
indicate less than half of hip fractures in CD
patients are not the result of steroid therapy,?®® but
may be attributableto other factors, such asaltered
intestinal absorption resulting in nutrient and
vitamin deficiencies,*™1™ or overproduction of
TNF-a pha-mediated bone |0ss.?”
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Cancer and Crohn’s

Epidemiological studies evaluating the
risk of colorectal cancer in Crohn’s patients have
yielded contradictory results. A 2004 popul ation-
based study of 374 Danish CD patients reported
no increased risk of colorectal cancer, but a more
than 60-fold increase in small bowel cancer.?®
Conversely, another 2004 publication reported a
relativerisk of 5.6 for colorectal cancer in Crohn’s
colitis (asubcategory of Crohn’s).? Because some
conventional drug therapies for CD, including
sulfasalazine, have carcinogenic potential, pru-
dencedictatesregular cancer screening of Crohn's
patients when they are being treated with these
drugs.?®

Infertility caused by Crohn’s

Severa studies investigated the effect of
Crohn’s disease on fertility in both men and
women. A study examining the medical records
of 103 women noted a substantial degree of infer-
tility and a slight increase in spontaneous abor-
tion compared to the general population. Exact
numbers and statistics for the general population
were not reported.?”* Other research indicates CD
patients who have had intestinal surgery are more
likely to have unresolved fertility problems than
CD patients who have had no surgery.?”? Several
studies have shown men with CD have an in-
creased incidence of oligospermia,?”® problems
with sperm maturation not caused by sulfasalazine
therapy,?* and poor sperm quality, reflected by
decreased motility and density.?”® Current studies
are investigating the link between proven zinc
deficiencies in men with CD and infertility and
sperm function.?’®

Miscellaneous Sequelae

Other conditions reported in Crohn's pa-
tientsinclude liver abcesses,?”"?8 |ife-threatening
bacterial infections due to immune deficiencies
or Crohn’s drug therapy,?” and ischemic stroke,
probably due to B-vitamin deficiency and the
hypercoaguable state observed in CD.1%
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Conclusion

Crohn’sdiseaseresultsin significant mor-
bidity with potential life-threatening sequelae.
Conventional treatments have been only partially
successful in curbing acute flare-ups and extend-
ing remission. When these drugs fail, surgical in-
tervention is often employed. Surgery removes
localized inflammation but does nothing to address
the causes of CD, including abnormal gut immu-
nity, increased intestinal permeability, systemic
inflammation, and deranged colonic milieu, or the
nutrient deficiencies associated with the disease.
Natural therapeuticsin the form of dietary modi-
fication, nutrient repletion, probiotics, omega-3
fatty acids, antioxidants, anti-inflammatory botani-
cals, and other nutrients can provide benefit in
bringing balanceto aseverely imbalanced system.

References

1 Crohn’s and Colitis Foundation of America,
Inc. 2004. http://www.ccfa.org/research/info/
aboutcd

2. Motil KJ, Grand RJ. Nutritional management
of inflammatory bowel disease. Pediatr Clin
North Am 1985;32:447-469.

3. Sonnenberg A, McCarty DJ, Jacobsen SJ.
Geographic variation of inflammatory bowel
disease within the United States. Gastroenter-
ology 1991;100:143-149.

4, Somerville KW, Logan RF, Edmond M,
Langman MJ. Smoking and Crohn’s disease.
Br Med J (Clin Res Ed) 1984;289:954-956.

5. Cottone M, Rosselli M, Orlando A, et a.
Smoking habits and recurrence in Crohn’s
disease. Gastroenterology 1994;106:643-648.

6. Lindberg E, Jarnerot G, Huitfeldt B. Smoking
in Crohn's disease: effect on localisation and
clinical course. Gut 1992;33:779-782.

7. Lashner BA, Shaheen NJ, Hanauer SB,
Kirschner BS. Passive smoking is associated
with an increased risk of developing inflam-
matory bowel diseasein children. AmJ
Gastroenterol 1993;88:356-359.

8. Persson PG, Ahlbom A, Hellers G. Inflamma-
tory bowel disease and tobacco smoke —a
case-control study. Gut 1990;31:1377-1381.

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

Alternative Medicine Review [0 Volume 9, Number 4 1 2004
Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Crohn’s Disease

Gilat T, Hacohen D, Lilos P, Langman MJ.
Childhood factorsin ulcerative colitis and
Crohn’'s disease. An international cooperative
study. Scand J Gastroenterol 1987;22:1009-
1024.

Wurzelmann JI, Lyles CM, Sandler RS.
Childhood infections and the risk of inflamma-
tory bowel disease. Dig Dis Sci 1994;39:555-
560.

Card T, Logan RF, Rodrigues LC, Wheeler JG.
Antibiotic use and the development of Crohn’s
disease. Gut 2004;53:246-250.

Godet PG, May GR, Sutherland LR. Meta-
analysis of the role of oral contraceptive agents
in inflammatory bowel disease. Gut
1995;37:668-673.

Alstead EM. The pill: safe sex and Crohn’s
disease? Gut 1999;45:165-166.

Bielecki JW, Filippini L. Side effects of non-
steroidal antirheumatic agentsin the lower
intestinal tract. Schweiz Med Wochenschr
1993;123:1419-1428. [Article in German]

Banerjee AK, Peters TJ. Crohn’s disease and
NSAID enteropathy — a unifying model.
Gastroenterology 1990;99:1190-1192.

Felder JB, Korelitz Bl, Rajapakse R, et al.

Effects of nonsteroidal antiinflammatory drugs
on inflammatory bowel disease: a case-control
study. Am J Gastroenterol 2000;95:1949-1954.

Kurina LM, Goldacre MJ, Yeates D, Seagroatt
V. Appendicectomy, tonsillectomy, and
inflammatory bowel disease: a case-control
record linkage study. J Epidemiol Community
Health 2002;56:551-554.

Frisch M, Gridley G. Appendectomy in
adulthood and the risk of inflammatory bowel
diseases. Scand J Gastroenterol 2002;37:1175-
1177.

Morris DL, Montgomery SM, Galloway ML,
et a. Inflammatory bowel disease and lateral-
ity: isleft handedness arisk? Gut
2001;49:199-202.

Persson PG, Ahlbom A. Relativerisk isa
relevant measure of association of |eft-
handedness with inflammatory bowel disease.
Neuropsychologia 1988;26:737-740.

Lashner BA. The Cleveland Clinic Disease
Management Project: Inflammatory Bowel
Disease. June 17, 2004. http://
www.clevelandclinicmeded.com/
diseasemanagement/gastro/inflammatory
bowel/inflammatory bowel1.htm

Page 389



Crohn’s Disease

Review

22. GeZZ,HuYB, Xiao SD. Capsule endoscopy 34, Heresbhach D, Gicquel-Douabin V, Birebent B,
in diagnosis of small bowel Crohn’s disease. et a. NOD2/CARD15 gene polymorphismsin
World J Gastroenterol 2004;10:1349-1352. Crohn’s disease: a genotype-phenotype

23.  Shafran|, Piromalli C, Decker JW, et a. analysis. Eur J Gastroenterol Hepatol
Seroreactivities against Saccharomyces 2004;16:55-62.
cerevisiae and Mycobacterium avium subsp. 35. Rioux JD, Day MJ, Silverberg MS, et d.
paratuberculosis p35 and p36 antigensin Genetic variation in the 5931 cytokine gene
Crohn’s disease patients. Dig Dis i cluster confers susceptibility to Crohn disease.
2002;47:2079-2081. Nat Genet 2001;29:223-228.

24. Best WR, Becktel IM, Singleton JW, Kern F 36. Franchimont D, Vermeire S, El Housni H, et
Jr. Development of a Crohn’s disease activity al. Deficient host-bacteriainteractionsin
index. ,National Cooperative Crohn’s Disease inflammatory bowel disease? The toll-like
Study. Gastroenterology 1976;70:439-444. receptor (TLR)-4 Asp299gly polymorphism is

25.  Winship DH, Summers RW, Singleton JW, et associated with Crohn's disease and ulcerative
al. National Cooperative Crohn’s Disease colitis. Gut 2004;53:987-992.

Study: study design and conduct of the study. 37. Mozsk G, Nagy Z, Nagy A, et al. Leiden
Gastroenterology 1979;77:829-842. mutation (as genetic) and environmental

26. HyamsJS, Ferry GD, Mandel FS, et al. (retinoids) sequences in the acute and chronic
Development and validation of a pediatric inflammatory and premalignant colon disease
Crohn's disease activity index. J Pediatr in human gastrointestinal tract. J Physiol Paris
Gastroenterol Nutr 1991;12:439-447. 2001;95:489-494.

27. OguraY, Bonen DK, InoharaN, et al. A 38.  Nagy Z, Nagy A, Karadi O, et al. Prevalence
frameshift mutation in NOD2 associated with of the factor V Leiden mutation in human
susceptibility to Crohn’s disease. Nature inflammatory bowel disease with different
2001:411:603-606. activity. J Physiol Paris 2001;95:483-487.

28.  Hampe J, Cuthbert A, Croucher PJ, et al. 39.  Collins SM. Stress and the gastrointestinal
Association between insertion mutation in tract V. Modulation of intestinal inflammation
NOD?2 gene and Crohn’s disease in German by stress: basic mechanisms and clinical
and British populations. Lancet relevance. Am J Physiol Gastrointest Liver
2001;357:1925-1928. PhySl ol 2001;280:G315-G318.

29.  Armuzzi A, Ahmad T, Ling KL, et a. Geno- 40.  Hollander D. Intestinal permeability, leaky gut,
type-phenotype analysis of the Crohn'’s disease and intestinal disorders. Curr Gastroenterol
susceptibility haplotype on chromosome 5g31. Rep 1999,1:410-416.

Gut 2003;52:1133-1139. 41. KawahitoY, Sano H, Kawata M, et a. Local

30. PeltekovaVD, Wintle RF, Rubin LA, et al. secretion of corticotropin-releasing hormone
Functional variants of OCTN cation trans- by enterochromaffin cells in human colon.
porter genes are associated with Crohn disease. Gastroenterology 1994;106:859-865.

Nat Genet 2004;36:471-475. 42.  Kiliaan AJ, Saunders PR, BijlsmaPB, et al.

31.  Stoll M, Corneliussen B, Costello CM, et dl. Stress stimulates transepithelial macromolecu-
Genetic variation in DLG5 is associated with lar uptake in rat jejunum. AmJ Physiol
inflammatory bowel disease. Nat Genet 1998,275:G1037-G1044.
2004;36:476-480. 43.  Cabarrocas J, Savidge TC, Liblau RS. Role of

32.  Rosengtiel P, Fantini M, Brautigam K, et al. enteric glial cellsin inflammatory bowel
TNF-alphaand IFN-gamma regulate the disease. Glia 2003,41:81-93.
expression of the NOD2 (CARD15) genein 44, Mardini HE, Kip KE, Wilson JW. Crohn’s
human intestinal epithelial cells. Gastroenter- disease: atwo-year prospective study of the
ology 2003;124:1001-1009. association between psychological distress and

33.  Hisamatsu T, Suzuki M, Reinecker HC, et al. disease activity. Dig Dis Sci 2004;49:492-497.
CARD15/NOD?2 functions as an antibacterial 45.  Mittermaier C, Degjaco C, Waldhoer T, et al.
factor in human intestinal epithelial cells. Impact of depressive mood on relapsein
Gastroenterology 2003;124:993-1000. patients with inflammatory bowel disease: a

prospective 18-month follow-up study.
Psychosom Med 2004;66:79-84.
Page 390 Alternative Medicine Review O Volume 9, Number 4 0 2004

Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission



Review

46.

47.

49,

50.

51.

52.

53.

55.

56.

57.

58.

Sartor RB. Enteric microflorain IBD: patho-
gens or commensals? Inflamm Bowel Dis
1997;3:230-235.

Darfeuille-Michaud A, Neut C, Barnich N, et
al. Presence of adherent Eschericia coli strains
inileal mucosa of patients with Crohn’'s
disease. Gastroenterology 1998;115;1405-
1413.

Hollander D, Vadheim CM, Brettholz E, et al.
Increased intestinal permeability in patients
with Crohn’s disease and their relatives. A
possible etiologic factor. Ann Intern Med
1986;105:883-885.

Ibbotson JP, Lowes JR, Chahal H, et al.
Mucosal cell-mediated immunity to mycobac-
terial, enterobacterial, and other microbial
antigens in inflammatory bowel disease. Clin
Exp Immunol 1992;87:224-230.

Martin HM, Campbell BJ, Hart CA, et al.
Enhanced Escherichia coli adherence and
invasion in Crohn’s disease and colon cancer.
Gastroenterology 2004;127:80-93.

ChenW, Li D, Paulus B, et a. Detection of
Listeria monocytogenes by polymerase chain
reaction in intestinal mucosal biopsies from
patients with inflammatory bowel disease and
controls. J Gastroenterol Hepatol
2000;15:1145-1150.

Lamps LW, Madhusudhan KT, Havens JM, et
al. Pathogenic Yersinia DNA is detected in
bowel and mesenteric lymph nodes from
patients with Crohn’s disease. Am J Surg
Pathol 2003;27:220-227.

Greenwood MH. Human carriage of Yersinia
species and incidence in foods. Contrib
Micrabiol Immunol 1995;13:74-76.

ChibaM, FukushimaT, Inoue S, et al. Listeria
monocytogenes in Crohn’s disease. Scand J
Gastroenterol 1998;33:430-434.

Hugot JP, Alberti C, Berrebi D, et a. Crohn’'s
disease: the cold chain hypothesis. Lancet
2003;362:2012-2015.

Ekbom A, Wakefield AJ, Zack M, Adami HO.
Perinatal measles infection and subsequent
Crohn's disease. Lancet 1994;344:508-510.
lizukaM, Nakagomi O, ChibaM, et al.
Absence of measles virusin Crohn’s disease.
Lancet 1995;345:199.

Johne HA, Frothingham L. Ein
eigentuemlicher fall von tuberkulose beim
rind. Deutsche Zeitschrift fur Tiermedicin und
Pathologie 1895;21:438-454. [Articlein
German]

59.

60.

61.

62.

63.

65.

66.

67.

68.

69.

Alternative Medicine Review O Volume 9, Number 4 0 2004

Crohn’s Disease

Dalziel TK. Chronic interstitial enteritis. Br
Med J 1913;ii:1068-1070.

Chiodini RJ, Van Kruiningen HJ, Merkal RS,
et a. Characteristics of an unclassified
Mycobacterium species isolated from patients
with Crohn’s disease. J Clin Microbiol
1984;20:966-971.

Chiodini RJ, Van Kruiningen HJ, Thayer WR,
et al. Possible role of mycobacteriain inflam-
matory bowel disease. |. An unclassified
Mycobacterium species isolated from patients
with Crohn’s disease. Dig Dis i
1984;29:1073-1079.

Sanderson JD, Moss MT, Tizard ML, Hermon-
Taylor J. Mycobacterium paratuberculosis
DNA in Crohn’s disease tissue. Gut
1992;33:890-896.

Fidler HM, Thurrell W, Johnson NM, et a.
Specific detection of Mycobacterium paratu-
berculosis DNA associated with granuloma-
tous tissue in Crohn’s disease. Gut
1994;35:506-510.

Millar D, Ford J, Sanderson J, et al. 1S900
PCR to detect Mycobacterium paratuberculo-
sisin retail supplies of whole pasteurized
cows milk in England and Wales. Appl
Environ Microbiol 1996;62:3446-3452.

Corti S, Stephan R. Detection of Mycobacte-
rium avium subspecies paratuberculosis
specific 1S900 insertion sequences in bulk-tank
milk samples obtained from different regions
throughout Switzerland. BMC Microbiol
2002;2:15.

Hermon-Taylor J, Bull TJ, Sheridan JM, et al.
Causation of Crohn’s disease by Mycobacte-
rium avium subspecies paratuberculosis. Can
J Gastroenterol 2000;14:521-539.

Bull TJ, McMinn EJ, Sidi-Boumedine K, et al.
Detection and verification of Mycobacterium
avium subsp. paratuberculosisin fresh
ileocolonic mucosal biopsy specimens from
individuals with and without Crohn’s disease.
J Clin Microbiol 2003;41:2915-2923.

Naser SA, Ghobrial G, Romero C, Vaentine
JF. Culture of Mycobacterium avium subspe-
cies paratuberculosis from the blood of
patients with Crohn’s disease. Lancet
2004;364:1039-1044.

Ross J. Control of messenger RNA stability in
higher eukaryotes. Trends Genet 1996;12:171-
175.

Page 391

Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission



Crohn’s Disease

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Page 392

Hulten K, El-Zimaity HM, Karttunen TJ, et a.
Detection of Mycobacterium avium subspecies
paratuberculosisin Crohn’s diseased tissues
by in situ hybridization. Am J Gastroenterol
2001;96:1529-1535.

Jarnerot G, Rolny P, Wickbom G, Alemayehu
G. Antimycobacterial therapy ineffectivein
Crohn's disease after ayear. Lancet
1989;1:164-165.

Hampson SJ, Parker MC, Saverymuttu SH, et
al. Results of quadruple antimycobacterial
chemotherapy in 17 Crohn'’s disease patients
completing six months treatment. Gastroenter-
ology 1988;94:170.

Prantera C, Kohn A, Mangiarotti R, et al.
Antimycobacterial therapy in Crohn’s disease:
results of a controlled, double-blind trial with a
multiple antibiotic regimen. AmJ

Gastroenterol 1994;89:513-518.

Thomas GA, Swift GL, Green JT, et al.
Controlled trial of antituberculous chemo-
therapy in Crohn’s disease: afive year follow
up study. Gut 1998;42:497-500.

Gui GP, Thomas PR, Tizard ML, et al. Two-
year-outcomes analysis of Crohn’s disease
treated with rifabutin and macrolide antibiot-
ics. J Antimicrob Chemother 1997;39:393-400.

DouglassA, Cann PA, Bramble MG. An open
pilot study of antimicrobial therapy in patients
with unresponsive Crohn’s disease. Gut
2000;46:A11.

Shafran |, Kugler L, El-Zaatari FA, et al. Open
clinical trial of rifabutin and clarithromycin
therapy in Crohn’s disease. Dig Liver Dis
2002;34:22-28.

Borody TJ, Leis S, Warren EF, Surace R.
Treatment of severe Crohn’s disease using
antimycobacterial triple therapy — approaching
acure? Dig Liver Dis 2002;34:29-38.

Brandtzaeg P. Inflammatory bowel disease:
clinics and pathology. Do inflammatory bowel
disease and periodontal disease have similar
immunopathogeneses? Acta Odontol Scand
2001;59:235-243.

Vermeire S, Rutgeerts P. Antibody responsesin
Crohn's disease. Gastroenterology
2004;126:601-604.

MacPherson A, Khoo UY, Forgacs|, et al.
Mucosal antibodies in inflammatory bowel
disease are directed against intestinal bacteria.
Gut 1996;38:365-375.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92.

93.

Review

Zareie M, Singh PK, Irvine EJ, et a. Mono-
cyte/macrophage activation by normal bacteria
and bacterial products: implications for altered
epithelial function in Crohn’s disease. AmJ
Pathol 2001;158:1101-1109.

MacDonald TT, Murch SH. Aetiology and
pathogenesis of chronic inflammatory bowel
disease. Baillieres Clin Gastroenterol
1994;8:1-34.

Dohi T, Fujihashi K, Kiyono H, et al. Mice
deficient in Th1l- and Th2-type cytokines
develop distinct forms of hapten-induced
colitis. Gastroenterology 2000;119:724-733.

Igba N, Oliver JR, Wagner FH, et a. T helper
1and T helper 2 cells are pathogenic in an
antigen-specific model of colitis. J Exp Med
2002;195:71-84.

Rutgeerts P, Geboes K. Understanding
inflammatory bowel disease —the clinician’s
perspective. Eur J Surg Suppl 2001;586:66-72.

Desreumaux P, Brandt E, Gambiez L, et al.
Distinct cytokine patternsin early and chronic
ileal lesions of Crohn's disease. Gastroenterol -
ogy 1997;113:118-126.

Reuter BK, Pizarro TT. Commentary: therole
of the IL-18 system and other members of the
IL-1R/TLR superfamily in innate mucosal
immunity and the pathogenesis of inflamma-
tory bowel disease: friend or foe? Eur J
Immunol 2004;34:2347-2355.

Keates AC, Castagliuolo I, Cruickshank WW,
et a. Interleukin 16 is up-regulated in Crohn’s
disease and participatesin TNBS calitisin
mice. Gastroenterol ogy 2000;119:972-982.

Neurath MF, Weigmann, B, Finotto S, et al.
The transcription factor T-bet regul ates
mucosal T cell activation in experimental
colitisand Crohn’s disease. J Exp Med
2002;195:1129-1143.

Breese EJ, Michie CA, Nicholls SW, et al.
Tumor necrosis factor a pha-producing cellsin
the intestinal mucosa of children with inflam-
matory bowel disease. Gastroenterology
1994;106:1455-1466.

Marini M, Bamias G, Rivera-Nieves J, et d.
TNF-alpha neutralization ameliorates the
severity of murine Crohn’s-likeileitis by
abrogation of intestinal epithelia cell
apoptosis. Proc Natl Acad Sci U SA
2003;100:8366-8371.

Monteleone G, MacDonald TT. Manipulation
of cytokinesin the management of patients
with inflammatory bowel disease. Ann Med
2000;32:552-560.

Alternative Medicine Review O Volume 9, Number 4 0 2004

Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission



Review

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

Braegger CP, Nicholls S, Murch SH, et al.
Tumour necrosis factor aphain stool asa
marker of intestinal inflammation. Lancet
1992;339:89-91.

Bamias G, Martin C 39, Marini M, et al.
Expression, localization, and functional
activity of TL1A, anovel Thl-polarizing
cytokine in inflammatory bowel disease. J
Immunol 2003;171:4868-4874.

D’Odorico A, Bortolan S, Cardin R, et al.
Reduced plasma antioxidant concentrations
and increased oxidative DNA damagein
inflammatory bowel disease. Scand J
Gastroenterol 2001;36:1289-1294.

Reimund JM, Hirth C, Koehl C, et a. Antioxi-
dant and immune status in active Crohn’s
disease. A possible relationship. Clin Nutr
2000;19:43-48.

Sampietro GM, Cristaldi M, Cervato G, et a.
Oxidative stress, vitamin A and vitamin E
behaviour in patients submitted to conservative
surgery for complicated Crohn’s disease. Dig
Liver Dis 2002;34:696-701.

Wendland BE, Aghdassi E, Tam C, et al. Lipid
peroxidation and plasma antioxidant micronu-
trientsin Crohn disease. Am J Clin Nutr
2001;74:259-264.

Levy E, RizwanY, Thibault L, et al. Altered
lipid profile, lipoprotein composition, and
oxidant and antioxidant status in pediatric
Crohn disease. Am J Clin Nutr 2000;71:807-
815.

Kruidenier L, Kuiper I, Lamers CB, Verspaget
HW. Intestinal oxidative damage in inflamma-
tory bowel disease: semi-quantification,
localization, and association with mucosal
antioxidants. J Pathol 2003:201:28-36.

Irvine EJ, Marshall JK. Increased intestinal
permeability precedes the onset of Crohn’s
disease in a subject with familial risk. Gastro-
enterology 2000;119:1740-1744.

Secondulfo M, de MagistrisL, Fiandra R, et
al. Intestinal permeability in Crohn’s disease
patients and their first degree relatives. Dig
Liver Dis 2001;33:680-685.

Breslin NP, Nash C, Hilsden RJ, et al. Intesti-
nal permeability isincreased in a proportion of
spouses of patients with Crohn’'s disease. Am J
Gastroenterol 2001;96:2934-2938.

Soderholm JD, Olaison G, Lindberg E, et al.
Different intestinal permeability patternsin
relatives and spouses of patients with Crohn’s
disease: an inherited defect in mucosa
defence? Gut 1999;44:96-100.

106.

107.

108.

109.

110.

111

112,

113.

114.

115.

116.

117.

Alternative Medicine Review [0 Volume 9, Number 4 1 2004
Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Crohn’s Disease

Zamora SA, Hilsden RJ, Meddings JB, et a.
Intestinal permeability before and after
ibuprofen in families of children with Crohn’s
disease. Can J Gastroenterol 1999;13:31-36.

Soderholm JD, Peterson KH, Olaison G, et al.
Epithelial permeability to proteinsin the
noninflamed ileum of Crohn’s disease?
Gastroenterology 1999;117:65-72.

Poritz LS, Garver Kl, Tilberg AF, Koltun WA.
Tumor necrosis factor alpha disrupts tight
junction assembly. J Surg Res 2004;116:14-18.

MaTY, lwamoto GK, Hoa NT, et al. TNF-
alpha-induced increase in intestinal epithelial
tight junction permeability requires NF-kappa
B activation. Am J Physiol Gastrointest Liver
Physiol 2004;286:G367-G376.

Wild GE, Waschke KA, Bitton A, Thomson
AB. The mechanisms of prednisone inhibition
of inflammation in Crohn’s disease involve
changesin intestinal permeability, mucosal
TNF alpha production and nuclear factor
kappa B expression. Aliment Pharmacol Ther
2003;18:309-317.

Suenaert P, Bulteel V, Lemmens L, et al. Anti-
tumor necrosis factor treatment restores the gut
barrier in Crohn's disease. Am J Gastroenterol
2002;97:2000-2004.

Iwata M, Nakano H, Matsuura, et al.
Intestinal permeability in Crohn’s disease and
effects of elemental dietary therapy. Nippon
Shokakibyo Gakkai Zasshi 2001;98:636-643.
[Article in Japanese]

Wyatt J, Vogelsang H, Hubl W, et al. Intestinal
permeability and the prediction of relapsein
Crohn’'s disease. Lancet 1993;341:1437-1439.

Malin M, Isolauri E, Pikkarainen P, et al.
Enhanced absorption of macromolecules. A
secondary factor in Crohn’s disease. Dig Dis
Sci 1996;41:1423-1428.

Arnott 1D, Kingstone K, Ghosh S. Abnormal
intestinal permeability predicts relapsein
inactive Crohn disease. Scand J Gastroenterol
2000;35:1163-1169.

D’IncaR, Di LeoV, Corrao G, et al. Intestinal
permeability test as a predictor of clinical
coursein Crohn’s disease. Am J Gastroenterol
1999;94:2956-2960.

Jorgensen J, Ranlov PJ, Bjerrum PJ, et a. Isan
increased intestinal permeability avalid
predictor of relapse in Crohn disease? Scand J
Gastroenterol 2001;36:521-527.

Page 393



Crohn’s Disease

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Page 394

AdenisA, Colonbel JF, Lecouffe P, et al.
Increased pulmonary and intestinal permeabil-
ity in Crohn’s disease. Gut 1992;33:678-682.

Puspok A, Oberhuber G, Wyatt J, et al.
Gastroduodenal permeability in Crohn’'s
disease. Eur J Clin Invest 1998;28:67-71.

Whyatt J, Oberhuber G, Pongratz S, et al.
Increased gastric and intestinal permeability in
patients with Crohn’s disease. Am J
Gastroenterol 1997;92:1891-1896.

Danese S, delaMotte C, Fiocchi C. Platelets
in inflammatory bowel disease: clinical,
pathogenic, and therapeutic implications. Am J
Gastroenterol 2004;99:938-945.

Collins CE, Rampton DS, Rogers J, Williams
NS. Platelet aggregation and neutrophil
sequestration in the mesenteric circulation in
inflammatory bowel disease. Eur J
Gastroenterol Hepatol 1997;9:1213-1217.

PapaA, De StefanoV, Danese S, et al.
Hyperhomocysteinemia and prevalence of
polymorphisms of homocysteine metabolism —
related enzymes in patients with inflammatory
bowel disease. Am J Gastroenterol
2001;96:2677-2682.

Romagnuolo F, Fedorak RN, DiasVC, et al.
Hyperhomocysteinemia and inflammatory
bowel disease: prevalence and predictorsin a
cross-sectional study. Am J Gastroenterol
2001;96:2143-2149.

ChowersY, SelaB, Holland R, €t al. Increased
levels of homocysteine in patients with
Crohn's disease are related to folate levels. Am
J Gastroenterol 2000;95:3498-3502.

Younes-Mhenni S, Derex L, Berruyer M, et al.
Large-artery stroke in ayoung patient with
Crohn’s disease. Role of vitamin B6 defi-
ciency-induced hyperhomocysteinemia. J
Neurol Sci 2004;221:113-115.

O’'Morain C, Smethurst P, Levi J, Peters TJ.
Subcellular fractionation of rectal biopsy
homogenates from patients with inflammatory
bowel disease. Scand J Gastroenterol
1985;20:209-214.

Cogswell PC, Kashatus DF, Keifer JA, et a.
NF-kappaB and | kappa B aphaare found in
the mitochondria. Evidence for regulation of
mitochondrial gene expression by NF-kappa
B. J Boil Chem 2003;278:2963-2968.
Restivo NL, SrivastavaMD, Schafer 1A,
Hoppel CL. Mitochondrial dysfunctionin a
patient with Crohn disease: possible rolein
pathogenesis. J Pediatr Gastroenterol Nutr
2004, 38:534-538.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

Review

Bjarnason I, Williams P, SO A, et a. Intestinal
permeability and inflammation in rheumatoid
arthritis: effects of non-steroidal anti-inflam-
matory drugs. Lancet 1984;2:1171-1174.

Bjarnason |, Hayllar J, MacPherson AJ, Russel
AS. Side effects of nonsteroidal anti-inflam-
matory drugs on the small and large intestine
in humans. Gastroenterology 1993;104:1832-
1847.

Davies NM. Review article: nonsteroidal anti-
inflammatory drug-induced gastrointestinal
permeability. Aliment Pharmacol Ther
1998;12:303-320.

Halter F, Tarnawski AS, Schmassmann A,
Peskar BM. Cyclooxygenase 2-implications on
maintenance of gastric mucosal integrity and
ulcer healing: controversial issues and perspec-
tives. Gut 2001;49:443-453.

Jackson LM, Wu KC, MahidaYR, et a.
Cyclooxygenase (COX) 1 and 2 in normal,
inflamed, and ulcerated human gastric mucosa.
Gut 2000;47:762-770.

Sibbald B. Rofecoxib (Vioxx) voluntarily
withdrawn from market. CMAJ
2004;171:1027-1028.

Summers RW, Switz DM, Sessions JT Jr, et a.
National Cooperative Crohn’s Disease Study:
results of drug treatment. Gastroenterology
1979;77:847-8609.

Krogh Jensen M, Ekelund S, Svendsen L.
Folate and homocysteine status and
haemolysisin patients treated with
sulphasalazine for arthritis. Scand J Clin Lab
Invest 1996;56:421-429.

Hanauer SB, Stromberg U. Oral Pentasa® in
the treatment of active Crohn’s disease: a
meta-analysis of double-blind, placebo-
controlled trials. Clin Gastroenterol Hepatol
2004;2:379-388.

Drug Facts and Comparisons. 58" ed. St.
Louis, MO: Wolters Kluwer Health; 2004:
399.

Escher JC. Budesonide versus prednisolone for
the treatment of active Crohn’s disease in
children: arandomized, double-blind, con-
trolled, multicenter trial. Eur J Gastroenterol
Hepatol 2004;16:47-54.

Maantzaris GJ, Petraki K, Sfakianakis M, et al.
Budesonide versus mesalamine for maintain-
ing remission in patients refusing other
immunomodulators for steroid dependent
Crohn’s disease. Clin Gastroenterol Hepatol
2003;1:122-128.

Alternative Medicine Review O Volume 9, Number 4 0 2004

Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission



Review

142.

143.

144.

145.

146.

147.

148.

149.

150.

151

152.

153.

154.

de Jong DJ, Goullet M, Naber TH. Side effects
of azathioprine in patients with Crohn’s
disease. Eur J Gastroenterol Hepatol
2004;16:207-212.

Gombar VK, Endein K, Blake BW, Einstein
K. Carcinogenicity of azathioprine: an SAR
investigation. Mutat Res 1993;302:7-12.

Goldstein ED, Marion JF, Present DH. 6-
mercaptopurine is effective in Crohn’s disease
without concomitant steroids. |nflamm Bowel
Dis 2004;10:79-84.

Soon SY, Ansari A, Yaneza M, et al. Experi-
ence with the use of low-dose methotrexate for
inflammatory bowel disease. Eur J
Gastroenterol Hepatol 2004;16:921-926.

Drug Facts and Comparisons. 58" ed. St.
Louis, MO: Wolters Kluwer Health;
2004:1898.

Egan LJ, Sandborn WJ. Methotrexate for
inflammatory bowel disease: pharmacol ogy
and preliminary results. Mayo Clin Proc
1996;71:69-80.

Scribano M, Prantera C. Review article:
medical treatment of moderate to severe
Crohn’s disease. Aliment Pharmacol Ther
2003;17:S23-S30.

Ten Hove T, van Montfrans C, Peppelenbosch
MP, et a. Infliximab treatment induces
apoptosis of lamina propria T lymphocytesin
Crohns's disease. Gut 2002;50:206-211.
Targan SR, Hanauer SB, Van Deventer SJ, et
al. A short-term study of chimeric monoclonal
antibody cA2 to tumor necrosis factor alpha
for Crohn’s disease. N Engl J Med
1997;337:1029-1035.

Hanauer SB, Feagan BG, Lichtenstein GR, et
al. Maintenance infliximab for Crohn’s
disease: the ACCENT | randomized tria.
Lancet 2002;359:1541-1549.

Cheifetz A, Smedley M, Martin S, et al. The
incidence and management of infusion
reactions to infliximab: alarge center experi-
ence. Am J Gastroenterol 2003;98:1315-1324.

Keane J, Gerson S, Wise RP, et al. Tuberculo-
sis associated with infliximab, a tumor
necrosis factor alpha neutralizing agent. N
Engl J Med 2001;345:1098-1104.

Colombel JF, Loftus EV Jr, Tremaine WJ, et
a. The safety profile of infliximab in patients
with Crohn’s disease: the Mayo clinic experi-
ence in 500 patients. Gastroenterol ogy
2004;126:19-31.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Alternative Medicine Review [0 Volume 9, Number 4 1 2004
Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Crohn’s Disease

Feagan BG, Sandborn WJ, Baker J, et a. A
randomized, double-blind, placebo-controlled,
multi-center trial of the engineered human
antibody to TNF (CDP571) for steroid sparing
and maintenance of remission in patients with
steroid-dependent Crohn’s disease. Gastroen-
terology 2000;118:A655.

Winter T, Wright J, Ghosh S, et al. Intravenous
CDP870, a humanized anti-TNF antibody
fragment, in patients with active Crohn’s
disease — an exploratory study. Gastroenterol-
ogy 2003;124:A377.

Rutgeerts P, Lemmens L, Van Assche G, et al.
Treatment of active Crohn’s disease with
onercept (recombinant human soluble p55
tumour necrosis factor receptor): results of a
randomized, open-label, pilot study. Aliment
Pharmacol Ther 2003;17:185-192.

Sandborn WJ, Hanauer S, LoftusEV, et al. An
open-label study of the human anti-TNF
monoclonal antibody adalimumab in subjects
with prior loss of response or intolerance to
infliximab for Crohn’s disease. Gastroenterol-
ogy 2004;126:A53-A54.

Gordon FH, Lai CW, Hamilton MI, et al. A
randomized placebo-controlled trial of a
humanized monoclonal antibody to a phasd
integrin in active Crohn’s disease. Gastroen-
terology 2001;121:268-274.

Rutgeerts P, Colombel J, Enns R, et a.
Subanalyses from a phase 3 study on the
evaluation of natalizumab in active Crohn’s
disease therapy-1(ENACT-1). Gut
2003;52:Suppl VI:A239.

Feagan BG, Greenberg G, Wild G, et al.
Efficacy and safety of a humanized
alphadbeta? antibody in active Crohn’s
disease. Gastroenterology 2003;124:A25-A26.

Sandborn WJ, Faubion WA. Biologicsin
inflammatory bowel disease: how much
progress have we made? Gut 2004;53:1366-
1373.

Kuroki F, lidaM, Tominaga M, et al. Multiple
vitamin status in Crohn’s disease. Dig Dis Sci
1993;38:1614-1618.

Rath HC, Caesar |, Roth M, Scholmerich J.
Nutritional deficiencies and complicationsin
chronic inflammatory bowel disease. Med Klin
1998;93:6-10. [Article in German]

Geerling BJ, Badart-Smook A, Stockbrugger
RW, Brummer RJ. Comprehensive nutritional
status in patients with long-standing Crohn
disease currently in remission. Am J Clin Nutr
1998;67:919-926.

Page 395



Crohn’s Disease

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

Page 396

Geerling BJ, Badart-Smook A, Stockbrugger
RW, Brummer RJ. Comprehensive nutritional
status in recently diagnosed patients with
inflammatory bowel disease compared with
population controls. Eur J Clin Nutr
2000;54:514-521.

Imes S, Pinchbeck BR, Dinwoodie A, et .
Iron, folate, vitamin B-12, zinc, and copper
status in out-patients with Crohn’s disease:
effect of diet counseling. J Am Diet Assoc
1987;87:928-930.

Sentongo TA, Semaeo EJ, Stettler N, et al.
Vitamin D statusin children, adolescents, and
young adults with Crohn disease. AmJ Clin
Nutr 2002;76:1077-1081.

Dibble JB, Sheridan P, Losowsky MS. A
survey of vitamin D deficiency in gastrointes-
tinal and liver disorders. Quarterly J Med
1984;209:119-134.

Abreu MT, Kantorovich V, Vasiliauskas EA, et
al. Measurement of vitamin D levelsin
inflammatory bowel disease patients reveals a
subset of Crohn’s disease patients with
elevated 1,25-dihydroxyvitamin D and low
bone mineral density. Gut 2004;53:1129-1136.

Schoon EJ, Muller MC, Vermeer C, et a. Low
serum and bone vitamin K statusin patients
with longstanding Crohn’s disease; another
pathogenetic factor of osteoporosisin Crohn’'s
disease? Gut 2001,;48:473-477.

Steger GG, Mader RM, Vogelsang H, et al.
Folate absorption in Crohn’s disease. Diges-
tion 1994;55:234-238.

Imes S, Dinwoodie A, Walker K, et al. Vitamin
C status in 137 outpatients with Crohn’s
disease. J Clin Gastroenterol 1986;8:443-446.

Hughes RG, Williams N. Leucocyte ascorbic
acid in Crohn’'s disease. Digestion
1978;17:272-274.

Linaker BD. Scurvy and vitamin C deficiency
in Crohn’s disease. Postgrad Med J
1979;55:26-29.

Gerson CD, Fabry EM. Ascorbic acid defi-
ciency and fistulaformation in regional
enteritis. Gastroenterol 1974;67:428-433.
Pettit SH, Irving MH. Does locdl intestinal
ascorbate deficiency predispose to fistula
formation in Crohn’s disease. Dis Col Rect
1987;30:552-557.

Pettit SH, Shaffer JL, JohnsW, et a. Ascorbic
acid absorption in Crohn’s disease. Dig Dis i
1989;34:559-566.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

Review

Kuroki F, lidaM, TominagaM, et al. Is
vitamin E depleted in Crohn’s disease at initial
diagnosis? Dig Dis 1994;12:248-254.

Main A, Mills PR, Russell RI, et a. Vitamin A
deficiency in Crohn’s disease. Gut
1983;24.1169-1175.

Janczewskal, Bartnik W, Butruk R, et a.
Metabolism of vitamin A in inflammatory
bowel disease. Hepato Gastroenterol
1991;38:391-395.

Bousvaros A, Zurakowski D, Duggan C, et al.
Vitamins A and E serum levelsin children and
young adults with inflammatory bowel
disease: effect of disease activity. J Pediatr
Gastroenterol Nutr 1998;26:129-135.

Imes S, Pinchbeck B, DinwoodieA, et al.
Vitamin A statusin 137 patients with Crohn’s
disease. Digestion 1987;37:166-170.

Rumi G Jr, Szabo |, Vincze A, et al. Decrease
of serum carotenoids in Crohn’s disease. J
Physiol 2000;94:159-161.

Schoelmerich J, Becher MS, Hoppe-Seyler P,
et a. Zinc and vitamin A deficiency in patients
with Crohn’s disease is correlated with activity
but not with localization or extent of the
disease. Hepatogastroenterology 1985;32:34-
38.

NakamuraT, Higashi A, Takano S, et al. Zinc
clearance correlates with clinical severity of
Crohn’'s disease: akinetic study. Dig Dis i
1988;33:1520-1524.

KruisW, Rindfleisch GE, Weinzieri M. Zinc
deficiency as a problem in patients with
Crohn’s disease and fistula formation.
Hepatogastroenterology 1985;32:133-134.

Brody L, Powell S, Collier KP, et al. Increased
oxidative stress and decreased antioxidant
defenses in mucosa of inflammatory bowel
disease. Dig Dis Sci 1996;41:2078-2086.

Ringstad J, Kildero S, ThomassenY. Serum
selenium, copper, and zinc concentrationsin
Crohn’s disease and ulcerative colitis. Scand J
Gastroenterol 1993;28:605-608.

Ojuawo A, Keith L. The serum concentrations
of zinc, copper and selenium in children with
inflammatory bowel disease. Cent Afr J Med
2002;48:116-119.

Lomer M, Kodjabashia K, Hutchinson C, et al.
Intake of dietary iron islow in patients with
Crohn’s disease: a case-control study. Br J
Nutr 2004;91:141-148.

Alternative Medicine Review O Volume 9, Number 4 0 2004

Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission



Review

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

204.

205.

Halliwell B, Gutteridge JM. Oxygen free
radicals and iron in relation to biology and
medicine; some problems and concepts. Arch
Biochem Biophys 1986;246:501-514.

Erichsen K, Hausken T, Ulvik RJ, et al.
Ferrous fumarate deteriorated plasma antioxi-
dant status in patients with Crohn disease.
Scand J Gastroenterol 2003;38:543-548.

Mayberry JF, Rhodes J, Allan R, et a. Diet in
Crohn’s disease. Dig Dis Sci 1981;26:444-448.

Reif S, Kleinl, Lubin F, et a. Pre-iliness
dietary factorsin inflammatory bowel disease.
Gut 1997;40:754-760.

TragnoneA, Valpiani D, MiglioF, et a.
Dietary habits asrisk factors for inflammatory
bowel disease. Eur J Gastroenterol Hepatol
1995;7:47-51.

Persson PG, Ahlbom A, Hellers G. Diet and
inflammatory bowel disease: a case-control
study. Epidemiology 1992;3:47-52.
Khursheed NJ. Clinical nutrition: 6. Manage-
ment of nutritional problems of patients with
Crohn’s disease. Can Med J 2002;1166:913-
918.

American Society for Parenteral and Enteral
Nutrition (ASPEN), Board of Directors.
Guidelines for the use of enteral nutrition in
the adult patient. J Enteral Parenteral Nutr
1987;11:435-439.

Murch SH, Walker-Smith JA. Nutrition in
inflammatory bowel disease. Baillieres Clin
Gastroenterol 1998;12:719-738.

Russell RI. Elemental diets. Gut 1975;16:68-
79.

Beattie RM, Schiffrin EJ, Donnet-Hughes A, et
al. Polymeric nutrition as the primary therapy
in children with small bowel Crohn’s disease.
Aliment Pharmacol Ther 1994;8:609-615.

Mansfield JC, Giaffer MH, Holdsworth CD.
Controlled trial of oligopeptide versus amino
acid diet in treatment of active Crohn’'s
disease. Gut 1995;36:60-66.

Gonzalez-Huix F, de Leon R, Fernandez-
BanaresF, et a. Polymeric enteral diets as
primary treatment of active Crohn’s disease: a
prospective steroid controlled trial. Gut
1993;34:778-782.

Gorard DA, Hunt JB, Payne-James JJ, et al.
Initial response and subsequent course of
Crohn’s disease treated with elemental diet or
prednisolone. Gut 1993;34:1198-1202.

206.

207.

208.

200.

210.

211.

212.

213.

214.

215.

216.

217.

Alternative Medicine Review [0 Volume 9, Number 4 1 2004
Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Crohn’s Disease

Malchow H, Steinhardt HJ, Lorenz-Meyer H,
et a. Feasihility and effectivenesss of a
defined-formula diet regimen in treating active
Crohn’s disease. European Cooperative
Crohn’s Disease Study I11. Scand J
Gastroenterol 1990;25:235-244.

O'Morain C, Segal AW, Levi AJ. Elemental
diet as primary treatment of acute Crohn’s
disease: acontrolled trial. Br Med J (Clin Res
Ed) 1984;288:1859-1862.

Riordan AM, Hunter JO, Cowan RE, et al.
Treatment of active Crohn’s disease by
exclusion diet: East Anglian multicentre
controlled trial. Lancet 1993;342:1131-1134.

Zoli G, Care M, ParazzaM, et al. A random-
ized controlled study comparing elemental diet
and steroid treatment in Crohn’s disease.
Aliment Pharmacol Ther 1997;11:735-740.

Azcue M, Rashid M, GriffithsA, Pencharz PB.
Energy expenditure and body composition in
children with Crohn’s disease: effect of enteral
nutrition and treatment with prednisolone. Gut
1997;41.:203-208.

Beattie RM, Bentsen BS, MacDonald TT.
Childhood Crohn’s disease and the efficacy of
enteral diets. Nutrition 1998;14:345-350.

Shoda R, Matsueda K, Yamato S, Umeda N.
Epidemiological analysis of Crohn diseasein
Japan: increased dietary intake of n-6 polyun-
saturated fatty acids and animal protein relates
to the increased incidence of Crohn diseasein
Japan. Am J Clin Nutr 1996;63:741-745.

Bamba T, ShimoyamaT, Sasaki M, et al.
Dietary fat attenuates the benefits of an
elemental diet in active Crohn’'s disease: a
randomized, controlled trial. Eur J
Gastroenterol Hepatol 2003;15:151-157.

Middleton SJ, Rucker JT, Kirby GA, et al.
Long-chain triglycerides reduce the efficacy of
enteral feeds in patients with active Crohn’s
disease. Clin Nutr 1995;14:229-236.

Gassull MA, Fernandez-Banares F, Cabre E, et
al. Fat composition may be a clue to explain
the therapeutic effect of enteral nutrition in
Crohn’s disease: results of a double-blind
randomized multicenter European trial. Gut
2002;51:164-168.

Levenstein S, Prantera C, Luzi C, D’Ubaldi A.
Low residue or normal diet in Crohn’s disease:
a prospective controlled study in Italian
patients. Gut 1985;26:989-993.

Jones VA, Workman E, Freeman AH, et al.
Crohn’s disease: maintenance of remission by
diet. Lancet 1985;2:177-180.

Page 397



Crohn’s Disease

218.

219.

220.

221.

222.

223.

224,

225,

226.

227.

228.

Page 398

Ritchie JK, Wadsworth J, Lennard-Jones JE,
Rogers E. Controlled multicenter therapeutic
trial of an unrefined carbohydrate, fibre rich
diet in Crohn’s disease. Br Med J
1987;295:517-520.

Heaton KW, Thornton JR, Emmett PM.
Treatment of Crohn’s disease with an unre-
fined carbohydrate, fibre-rich diet. Br Med J
1979;2:764-766.

Pearson M, Teahon K, Levi AJ, Bjarnason .
Food intolerance and Crohn's disease. Gut
1993;34:783-787.

Boudeau J, Glasser AL, Julien S, et al.
Inhibitory effect of probiotic Escherichia coli
strain Nissle 1917 on adhesion to and invasion
of intestinal epithelia cells by adherent-
invasive E. coli strains from isolated patients
with Crohn’s disease. Aliment Pharmacol Ther
2003;18:45-56.

Mattar AF, Teitelbaum DH, Drongowski RA,
et al. Probiotics up-regulate MUC-2 mucin
gene expression in a Caco-2 cell culture
model. Pediatr Surg Int 2002;18:586-590.

Malin M, Suomalainen H, Saxelin M, Isolauri
E. Promotion of IgA immune responsein
patients with Crohn’s disease by oral
bacteriotherapy with Lactobacillus GG. Ann
Nutr Metab 1996;40:137-145.

Borreul N, Carol M, CasellasF, et al. In-
creased mucosal tumour necrosis factor alpha
production in Crohn’s disease can be
downregulated ex vivo by probiotic bacteria.
Gut 2002;51:659-664.

Plein K, Hotz J. Therapeutic effects of
Saccharomyces boulardii on mild residual
symptomsin a stable phase of Crohn’s disease
with special respect to chronic diarrhea—a
pilot study. Z Gastroenterol 1993;31:129-134.

Gudandi M, Mezzi G, Sorghi M, Testoni PA.
Saccharomyces boulardii in maintenance
treatment of Crohn’s disease. Dig Dis i
2000;45:1462-1464.

Malchow HA. Crohn's disease and Escheri-
chia coli. A new approach in therapy to
maintain remission of colonic Crohn’s disease?
J Clin Gastroenterol 1997;25:653-658.

Gupta P, Andrew H, Kirschner BS, Guandalini
S. Is Lactobacillus GG helpful in children with
Crohn’s disease? Results of a preliminary,
open-label study. J Pediatr Gastroenterol Nutr
2000;31:453-457.

229.

230.

231

232.

233.

234.

235.

236.

237.

238.

230.

240.

Review

Prantera C, Scribano ML, Falasco G, et al.
Ineffectiveness of probiotics in preventing
recurrence after curative resection for Crohn’'s
disease: arandomized controlled trial with
Lactobacillus GG. Gut 2002;51:405-409.
Kruidenier L, Kuiper I, van Duijn W, et a.
Differential mucosal expression of three
superoxide dismutase isoforms in inflamma-
tory bowel disease. J Pathol 2003;201:7-16.

Kruidenier L, Kuiper I, van Duijn W, et al.
Imbalance secondary mucosal antioxidant
response in inflammatory bowel disease. J
Pathol 2003;201:17-27.

Reimund JM, Allison AC, Muller CD, et al.
Antioxidants inhibit the in vitro production of
inflammatory cytokines in Crohn’s disease and
ulcerative colitis. Eur J Clin Invest
1998;28:145-150.

lantomasi T, Marraccini P, Favilli F, et al. Oral
absorption studies in patients with CD are
warranted. Biochem Med Metab Bio
1994:53:87-91.

Aghkass E, Wendland BE, Steinhart H, et al.
Antioxidant vitamin supplementation in
Crohn’s disease decreases oxidative stress: a
randomized controlled trial. Am J
Gastroenterol 2003;98:348-353.

Skogh M, Sundquist T, Tagesson C. Vitamin A
in Crohn’s disease (correspondence). Lancet
1980;315:766.

Norrby S, Sjodahl R, Tagesson C. Ineffective-
ness of vitamin A therapy in severe Crohn’s
disease. Acta Chir Scand 1985;151:465-468.

Wright JP, Mee AS, Parfitt B, et al. Vitamin A
therapy in patients with Crohn’s disease.
Gastroenterology 1985;88:512-514.

Kuroki F, lidaM, Matsumoto T, et al. Serum
n3 polyunsaturated fatty acids are depleted in
Crohn’s disease. Dig Dis Sci 1997;42:1137-
1141

Alzoghaibi MA, Walsh SW, Willey A, et al.
Linoleic acid induces interleukin-8 production
by Crohn’s human intestinal smooth muscle
cells viaarachidonic acid metabolites. AmJ
Physiol Gastrointest Liver Physiol
2004;286:G528-G537.

TsujikawaT, Satoh J, UdaK, et al. Clinical
importance of n-3 fatty acid-rich diet and
nutritional education for the maintenance of
remission in Crohn's disease. J Gastroenterol
2000;35:99-104.

Alternative Medicine Review O Volume 9, Number 4 0 2004

Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission



Review

241.

242.

243.

244,

245,

246.

247.

248.

249,

250.

251.

Lorenz R, Weber PC, Szimnau P, et a.
Supplements with n-3 fatty acids from fish oil
in chronic inflammatory bowel disease —a
randomized, placebo-controlled, double-blind
cross-over trial. J Intern Med 1989;225:225-
232.

Hillier K, Jewell R, Dorrell L, Smith CL.
Incorporation of fatty acids from fish oil and
olive ail into colonic mucosal lipids and
effects upon eicosanoid synthesis in inflamma-
tory bowel disease. Gut 1991;32:1151-1155.

Lorenz-Meyer H, Bauer P, Nicolay C, et al.
Omega-3 fatty acids and low carbohydrate diet
for maintenance of remission in Crohn’s
disease. A randomized controlled multicenter
trial. Study Group Members (German Crohn’s
Disease Study Group). Scand J Gastroenterol
1996;31:778-785.

Belluzzi A, Brignola C, Campieri M, et al.
Effect of an enteric-coated fish-oil preparation
on relapsesin Crohn’s disease. N Engl J Med
1996;334:1557-1560.

Arslan G, Brunborg LA, Froyland L, et al.
Effects of duodenal seal oil administration in
patients with inflammatory bowel disease.
Lipids 2002;37:935-940.

Segain JP, delaBletiere DR, Bourreille A, et
al. Butyrate inhibit inflammatory responses
through NFkappaB inhibition: implications for
Crohn's disease. Gut 2000;47:397-403.

Coeffier M, Marion R, Ducrotte P, Dechelotte
P. Modulating effect of glutaminein IL-1beta-
induced cytokine production by human gut.
Clin Nutr 2003;22:407-413.

Hond ED, Hiele M, Peeters M, et a. Effect of
long-term oral glutamine supplements on small
intestinal permeability in patients with Crohn’s
disease. JPEN J Parenter Enteral Nutr
1999;23:7-11.

Akobeng AK, Miller CV, Stanton J, et al.
Double-blind randomized controlled trial of
glutamine-enriched polymeric diet in the
treatment of active Crohn’s disease. J Pediatr
Gastroenterol Nutr 2000;30:78-84.

Akobeng AK, Miller CV, ThomasAG,
Richmond K. Glutamine supplementation and
intestinal permeability in Crohn’s disease.
JPEN J Parenter Enteral Nutr 2000;24:196.
Akobeng AK, Miller CV, Hall CM, Thomas
AG. Low serum concentrations of insulin-like
growth factor-1 in children with active Crohn
disease. Scand J Gastroenterol 2002;12:1422-
1427.

252.

253.

254,

255,

256.

257.

258.

250.

260.

261.

262.

Alternative Medicine Review [0 Volume 9, Number 4 1 2004
Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Crohn’s Disease

Goodman MJ, Kent PW, Truelove SC.
Glucosamine synthetase activity of the colonic
mucosa in ulcerative colitis and Crohn's
disease. Gut 1977;18:219-228.

Salvatore S, Heuschkel R, Tomlin S, et al. A
pilot study of N-acetylglucosamine, a nutri-
tional substrate for glycosaminoglycan
synthesis, in paediatric chronic inflammatory
bowel disease. Aliment Pharmacol Ther
2000;14:1567-1579.

Srinivasan P, Libbus B. Mining MEDLINE for
implicit links between dietary substances and
diseases. Bioinformatics 2004;20:1290-1296.

Ammon HP, Mack T, Singh GB, Safayhi H.
Inhibition of leukotriene B4 formation in rat
peritoneal neutrophils by an ethanolic extract
of the gum resin exudate of Boswellia serrata.
Planta Med 1991;57:203-207.

Gerhardt H, Seifert F, Buvari P, et al. Therapy
of active Crohn disease with Boswellia serrata
extract H 15. Z Gastroenterol 2001;39:11-17.
[Articlein German]

Zhou H, Mineshita S. The effect of berberine
chloride in experimental colitisin ratsin vivo
and in vitro. J Pharmacol Exp Ther
2000;294:822-829.

Straub RH, Vogl D, GrossV, et al. Association
of humoral markers of inflammation and
dehydroepiandrosterone sulfate or cortisol
serum levelsin patients with inflammatory
bowel disease. Am J Gastroenterol
1998;93:2197-2202.

Straub RH, Lehle K, Herfarth H, et a.
Dehydroepiandrosterone in relation to other
adrenal hormones during an acute inflamma-
tory stressful disease state compared with
chronic inflammatory disease: role of
interleukin-6 and tumour necrosis factor. Eur J
Endocrinol 2002;146:365-367.

AndusT, Klebl F, Rogler G, et a. Patients with
refractory Crohn’s disease or ulcerative colitis
respond to dehydroepiandrosterone: a pilot
study. Aliment Pharmacol Ther 2003;17:409-
414.

Robinson RJ, Igbal SJ, Al-Azzawi F, et a. Sex
hormone status and bone metabolism in men
with Crohn’s disease. Aliment Pharmacol Ther
1998;12:21-25.

Lamb EJ, Wong T, Smith DJ, et al. Metabolic
bone diseaseis present at diagnosisin patients
with inflammatory bowel disease. Aliment
Pharmacol Ther 2002;16:1895-1902.

Page 399



Crohn’s Disease

263.

264.

265.

266.

267.

268.

269.

270.

271

272.

273.

274.

275.

Page 400

Bjarnson I, MacPherson A, Mackintosh C, et
al. Reduced bone density in patients with
inflammatory bowel disease. Gut 1997;40:228-
233.

Vestergaard P, Krogh K, Rejnmark L, et a.
Fracturerisk isincreased in Crohn’s disease,
but not in ulcerative colitis. Gut 2000;46:176-
181.

Dear KL, Compston JE, Hunter JO. Trezat-
ments for Crohn’s disease that minimize
steroid doses are associated with areduced risk
of osteoporosis. Clin Nutr 2001;20:541-546.

Card T, West J, Hubbard R, Logan RF. Hip
fractures in patients with inflammatory bowel
disease and their relationship to corticosteroids
use: a population based cohort study. Gut
2004;53:251-255.

Nanes MS. TNF-alpha: molecular and cellular
mechanisms in skeletal pathology. Gene
2003;321:1-15.

Jess T, Winther KV, Munkholm P, et al.
Intestinal and extra-intestinal cancer in
Crohn’s disease: follow-up of a population
based cohort in Copenhagen County, Den-
mark. Aliment Pharmacol Ther 2004;19:287-
293.

Eaden J. Review article: colorectal carcinoma
and inflammatory bowel disease. Aliment
Pharmacol Ther 2004;20:S24-S30.1

National Toxicology Program. NTP toxicology
and carcinogenesis studies of
salicylazosulfapyridine (CAS No. 599-79-1) in
F344/N rats and B6C3F1 mice (Gavage
Studies). Natl Toxicol Program Tech Rep Ser
1997,457:1-327.

Donaldson LB. Crohn’s disease: “its gyneco-
logic aspect” Am J Obstet Gynecol
1978;131:196-202.

Hudson M, Flett G, Sinclair TS, et al. Fertility
and pregnancy in inflammatory bowel disease.
Int J Gynaecol Obstet 1997;58:229-237.

Farthing MJ, Dawson AM. Impaired semen
quality in Crohn’s disease — drugs, ill health,
or undernutrition? Scand J Gastroenterol
1983;18:57-60.

Karbach U, Ewe K, Schramm P. Quality of
semen in patients with Crohn’s disease. Z
Gastroenterol 1982;20:314-320. [Articlein
German]

Schramm P, Ewe K, Karbach U.
Spermatogram evaluation in cases with
Crohn’s disease. Andrologia 1981;13:352-358.
[Articlein German]

276.

277.

278.

279.

Review

El-Tawil AM. Zinc deficiency in men with
Crohn’s disease may contribute to poor sperm
function and male infertility. Andrologia
2003;35:337-341.

Karaca C, Pinarbasi B, Danalioglu A, et al.
Liver abscess as arare complication of
Crohn’s disease: a case report. Turk J
Gastroenterol 2004;15:45-48.

MolinaInfante J, Barnares Canizares R,
Gomez Camarero J, Perez Calle JL. Liver
abscess and Crohn’s disease. Report of 3 cases.
Gastroenterol Hepatol 2004;27:317-319.

Manfredi R, Coronado OV, Marinacci G, €t al.
Crohn’s disease, rare association with selective
IgA immunodeficiency and development of
life-threatening bacterial infections. Scand J
Infect Dis 2004;36:523-524.

Alternative Medicine Review O Volume 9, Number 4 0 2004

Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission



0
(7))
©
()
@
]
o
c
L
(0]
|
o

Patient Handout

"bhy-6S1:02:9/6 | 10191Ud011sED) “XBpUl AlIAIOR 8SBaSIp S,uyol) B Jo Juswdojeas( 4 uiey ‘M uole|bulg ‘I 1epoeg ‘UM 1seg :wouy peidepy

VYA = 8X ybnouyy X Jo wng

= | 00}

—:(MS) wbrep prepuers

= (MS/(MG-MS) —:(mg) wbiep Apog 8X

= (S9|ews} ‘1OH SNuUIW g ‘Sajew ‘1oH snuiw /)
T u001eWSH /X

= 0]8

(enunyep = g ‘ejqeuonsenb = g ‘euou = Q)
ssew [eulwopqy 9X

(sehA = ‘ou=0)
eayuelp 4o} sajeido/jnowo) bupjel GX

yoam 1sed Buunp 4 sealbop Q0| JoA0 JoAsH 9

E|nisy J8yl0 ‘g

SS90sqge 10 ‘e|nisl} ‘eJnssiy [euy ‘v

sniewols snoyyde/wnsoualbueb ewispoAd/wnsopou ewayilug ‘g
sieAn/siu| g

eibjelype/snuyuy ‘|

:Sey mou jusijed ay} SUOIIPUOD PaleIDOSSE JO JaqUINN X

e|quie} = ¢

Jood Alen=¢
Jood=¢

Jed Jepun Apybis = |
[lem =0

Bulag-||lom |elsuak) ex

2I9N8S =€
ajelepow = g
pIw = |

auou =(

ured [euiwopay 2X

= 4

X

s|joois yos Alana 1o
pinbi| jo JequinN X

[erolgns

= l101084

X

wng

L Reqg

9Aeqg [gAeq |v Aeq |g Aeq |z Aeq | | Aeq uonduosaq | a|qeuep

(le3oagns = Jo1de4 Aq paydnniy wins)

(IVAD) Xapu| ANANDY 35e3siq suyold

Page 401

Number 4 [0 2004
Copyright©2004 Thorne Research, Inc. All Rights Reserved. No Reprint Without Written Permission

Alternative Medicine Review O Volume 9



