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Abstract

Irritable bowel syndrome (IBS) is common in the soci-
ety. Among the putative pathogeneses, gut dysmotility
results in pain and disturbed defecation. The latter is
probably caused by the effect of abnormal gut water se-
cretion. The interaction between abnormal gas accumu-
lation, abdominal pain and bloating remains controver-
sial. Visceral hypersensitivity and its modification along
with the central transmission are the characteristics
of IBS patients. The identification of biologic markers
based on genetic polymorphisms is undetermined. Im-
balanced gut microbiota may alter epithelial permeability
to activate nociceptive sensory pathways which in turn
lead to IBS. Certain food constituents may exacerbate
bowel symptoms. The impact of adult and childhood
abuses on IBS is underestimated. Using the concept
of biopsychosocial dysfunction can integrate multidi-
mensional pathogeneses. Antispasmodics plus stool
consistency modifiers to treat the major symptoms and
defecation are the first-line drug treatment. New drugs
targeting receptors governing bowel motility, sensation
and secretion can be considered, but clinicians must
be aware of their potential serious side effects. Psychi-
atric drugs and modalities may be the final options for
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treating intractable subjects. Probiotics of multi-species
preparations are safe and worth to be considered for
the treatment. Antibiotics are promising but their long-
term safety and effectiveness are unknown. Diet thera-
py including exclusion of certain food constituents is an
economic measure. Using relatively safe complementary
and alternative medicines (CAMs) may be optional to
those patients who failed classical treatment. In conclu-
sion, IBS is a heterogeneous disorder with multidimen-
sional pathogeneses. Personalized medicines with multi-
disciplinary approaches using different classes of drugs,
psychiatric measures, probiotics and antibiotics, dietary
therapy, and finally CAMs, can be considered.

© 2014 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Irritable bowel syndrome (IBS) is common
in the society. Patients with this disorder have a poor
quality of life with severe impact on their social and
economic burdens. Its pathogenesis remains evolution-
al, involving biological, psychiatric and social factors.
Therefore, the biopsychosocial dysfunctional model has
attempted to integrate all the above mentioned mecha-
nisms in order to understand how IBS can develop un-
der such complex interaction. Since the etiology of IBS
is heterogeneous, the currently recommended treat-
ments are multidisciplinary and also individualized, e.g.,
using different classes of drugs, psychiatric measures,
probiotics and antibiotics, dietary therapy, and finally
complementary and alternative medicines.

Chang FY. Irritable bowel syndrome: The evolution of multi-
dimensional looking and multidisciplinary treatments. World J
Gastroenterol 2014; 20(10): 2499-2514 Available from: URL:

March 14, 2014 | Volume 20 | Issue 10 |



Chang FY. IBS pathogeneses and treatments

http://www.wjgnet.com/1007-9327/full/v20/i10/2499.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.110.2499

INTRODUCTION

Irritable bowel syndrome (IBS) is an essential member
of the functional gastrointestinal disorder (FGID) family.
According to the globally accepted Rome Il definition, it
is charactetized by chronic and recurrent abdominal pain/
discomfort associated with disturbed defecation!™”. As a
functional disorder, IBS definition remains evolutional
over recent decades. For example, the Manning critetia
released in 1978 are just to identify IBS. The later released
Rome I -1 criteria are broadly to diagnose all FGIDs
including IBS. Now the Rome IV criteria are undergoing
preparation but not formally announced"”. Regarding vari-
ous criteria, a review indicated that the Manning criteria
are the most valid and accurate, whereas the Rome I
criteria are not valid and are pootly adopted, especially for
clinical trials™. It is also controversial whether abdomen
pain is virtually required to diagnose IBS. For example,
constipation-predominant IBS (IBS-C) and functional
constipation are two exactly distinct FGIDs because the
latter lacks obvious abdominal pain, but a study indicated
that their discrepancy was not easily to detect since marked
overlapping was observed between the two conditions'”.
Accordingly, an expert meeting recommended that current
criteria to diagnose IBS need further revision, particularly
the significance of abdominal bloating should be included
and the pain component is best to de—emphasizem. Over-
all, IBS is common in the society with worldwide preva-
lence ranging from 5% to 15%>" The reported IBS
prevalence is determined by a number of factors including
subject gender, used criteria, questionnaires, study meth-
ods, locations, geographical characters, cultural and social
backgrounds, and ethnicityp’s’g’“]. Clinically, IBS is not only
confined to the colon but may also extend to other organs
and systems since IBS individuals usually have multiple
comorbidities such as dyspepsia, gastro-esophageal reflux
disease, interstitial cystitis, fibromyalgia, chronic fatigue,
insomnia, headache/migraine and psychiatric disturbanc-
s, Owing to the commonly associated somatic co-
morbidities and high level of psychiatric disturbances, IBS
subjects often have absenteeism, reduced quality of life
(QoL) and multiple healthcare seeking behaviors, which
lead to great social and economic burdens''*""*!l, Be-
cause IBS is a functional disorder with multi-dimensional
looking, current IBS management is towards multidis-
ciplinary approaches"**". The purpose of this review
attempts to introduce what are the updated pathogeneses
and managements of IBS based on the multi-dimensional
looking and multidisciplinary approaches.

PATHOGENESIS OF IBS

Biopsychosocial model
Current mechanisms to address IBS pathogenesis consist
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Figure 1 Three-axis cogwheel system to illustrate how biopsychosocial
dysfuntion can integrate many putative pathogeneses leading to irri-
table bowel syndrome. The irritable bowel syndrome (IBS) clinical manifes-
tations, disease behaviors and future outcomes are also under the impact of
this dysfunction.

of the defects involving biological, chemical, physical,
environmental, economic, cultural, moral, and spiritual
events, particularly these defects may interact with each
other and lead to IBS. Overall, these mechanisms can be
simply categorized into three major issues in terms of
biological defects, psychological disturbances and social
impacts“’ZSJ. In order to illustrate and understand why a
disease or disorder will develop under the complex in-
teraction involving many mechanisms, the framework of
a biopsychosocial model has been introduced to unify
biological, psychological and social issues together to
indicate their final interaction’”. Figure 1 briefly depicts
that the original existence of any defects among three
categories during the early life and adolescent period may
initiate biopsychosocial interaction and the following IBS
symptoms.

Alternatively, genetics- or environment-determined
biological defects at any level of neural control and
modulation of gut motility, digestion, sensation, endo-
crine, secretion and immune functions may result in IBS
symptoms, while the psychological disturbances which
are closely related to a number of social impacts such as
eatly life abuses, stresses, social learning, and copying pat-
terns are able to trigger neuroimmune reactions 7z the
brain-gut axis and lead to exacerbated IBS symptoms™.
Most importantly, the biopsychosocial model is character-
ized by bi-directional causality and feedback. Accordingly,
any adolescent modification coming from the biologi-
cal, psychological and social impacts manifests different
levels of symptoms, behaviors and outcomes of IBS in
adulthood, while their symptomatic manifestations are
in turn to modify the existent psychological and social
events'"?", This is why many associated comorbidities
are reported among IBS subjects. Interestingly, the bio-
psychosocial model is not only confined to the IBS but
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also adopted in many pain related disorders such as mi-
graine, tension headache, chronic fatigue syndrome, and
ﬁbromyalgia[zs’zg]. Thereafter, a concept of central sensi-
tivity syndromes is proposed to unite these comorbidities
that apparently share the same biopsychosocial dysfunc-
tion"™"", Although the unified biopsychosocial model can
help easily to understand how IBS will develop under this
interaction, the individual pathogeneses are worthy of
being introduced before their final integration.

Motility disorders

Based on the predominant defecation pattern, various
IBS subtypes are traditionally defined"". Accordingly, it
is reasonable to speculate that bowel dysmotility may
result in IBS, particularly the disordered defecation. For
instance, abnormal small intestinal motility was indicated
to lead to IBS in some subjectsm]. In addition, rapid small
intestinal transit among the diarrhea-predominant IBS
(IBS-D) subjects and delayed transit in IBS-C subjects
were reported”™. Using ingested radiopaque markers
to count scattering index representing small intestinal
transit, another study pointed out the same transit among
three categories in terms of IBS-C, IBS-D and control
subjectsm]. Accordingly, observed small intestinal dymo-
tility is likely to exist in certain IBS subjects, but the intra-
and inter-individual variations in motility measurements
limit their interpretation of small intestinal dysmotility in
clinical usefulness™

Defecation is a complex event involving the coordina-
tion of colon transit, high amplitude propagated contrac-
tions (HAPC) and pelvic floor synergia while the integrat-
ed central (CNS), autonomic and enteric nervous systems

NS) are virtually required to mediate their correct pro-
cess?™. Abnormal colon motilities have been observed
among IBS subjects. For example, the total colonic transit
time in IBS-D patients measured by ingested radiopaque
markers was prolonged after pinaverlum bromide treat-
ment. The effectiveness of this agent to treat IBS-D
appears pia correction of abnormal colon transit™”. Simi-
larly, a radiopaque study confirmed again that Japanese
IBS-D subjects had accelerated colon transit compared
to controls, whereas those in IBS-C subjects and controls
were the same”. Left colonic segmentation pressure
waves and HAPC were altered among some non-IBS-C
patients*!!, Besides, certain IBS-C patients had delayed
total colon and right segmental transit™. Like small intes-
tinal transit, it is concluded that abnormal colon transit
probably exists in some, but not all IBS subjects, because
IBS is heterogeneous in its pathophysiology.

Regarding the autonomic nervous activity, IBS-D
subjects manifested an enhanced adrenergic sympathetic
dominance compared with controls and IBS-C sub-
jects, while this dominance was likely the effect of vagal
withdrawal rather than true enhancement™. As one of
mechanisms leading to functional constipation, pelvic
floor dyssynergia was also observed in some non-IBS-D
patientsm’44
overlaps with the spectrum of functional anorectal dis-

1 Since pelvic floor dyssynergia obviously
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otder defined by the Rome III criteria™ | it is debatable

what is the demarcation between IBS and functional
anorectal disorder. Overall, colonic dysmotility probably
exists in certain, but not all IBS patients. Using various
colon motility measurements to diagnose 1BS may be
unreliable.

Gut water secretion

Gut water component has been a main factor to deter-
mine hard or loose stool. IBS subtypes are traditionally
classified by the predominant stool pattern. Alternatively,
it means that the gut water secretion in IBS subjects may
be different. Unlike other mechanisms that are exten-
sively evaluated, only a few studies have addressed this is-
sue. For example, a rat IBS model study pointed out that
the fecal water content was lower in IBS-C rats, whereas
an excessive secretion existed in the IBS-D groupm]. The
densities of some peptides mediating gut motility, secre-
tion and sensation, e.g., serotonin, peptide Y'Y, pancreatic
polypeptide, enteroglucagon, somatostatin, e#. were obvi-
ously reduced in human IBS colon. It looks to mean that
the abnormal gut water secretion is one of components
leading to IBS™!. 1n addition, using lubiprostone with the
ability to increase gut water secretion in softening stool
for IBS-C subjects appears to support the role of gut
water sectetion in IBS"*". Overall, the abnormal gut water
secretion should not be forgotten as a candidate of IBS
pathogeneses.

Bowel gas

Both abdominal bloating and fullness are common
among IBS subjects. Therefore, abnormal bowel gas
accumulation may account for these annoying symp-
toms'”. Unfortunately, bowel gas studies report con-
flicting results. An earlier study did not find abnormal
bowel gas accumulation among the very limited IBS like
subjectswj. In contrast, IBS patients had impaired transit
and tolerance to the loading of intestinal gasmj. A Japa-
nese study pointed out the excessive bowel gas volume
among IBS subjects. However, neither symptoms nor
subtypes correlated well with abnormal bowel gas ac-
cumulation™. This means that other factors apart from
bowel gas may be responsible for the bloating symptom.
Alternatively, bloating symptom is additionally associat-
ed with visceral hypersensitivity and delayed transit, and
the impaired gas handling may be observed in some, but
not all IBS subjectslSlJ.

Visceral hypersensitivity

Abdominal pain has been a key component of IBS. It is
expected that visceral hypersensitivity may account for
IBS. Studies using rectal balloon distension repeatedly
confirmed that IBS subjects have diminished threshold
and exaggerated painful severity to balloon distension™".
Accordingly, visceral hypersensitivity appears a candidate
of biological hallmark to diagnose IBS™. In fact, hyper-
sensitivity among IBS subjects is not only confined to the
colon but also extends upward to CNSP™. For example,
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abnormal activation of certain brain regions following
painful rectal stimulation confirmed the altered process-
ing of afferent signals along the brain-gut axis™. Visceral
hypersensitivity is additionally modified by the gender,
peptide, immune and emotional factors! ™ The cen-
tral projection and modulation of visceral pain are com-
plex, and many transmitted tracts have not been clearly
revealed. It is believed that prefrontal lobe may modulate
the neural activities coming from limbic and paralimbic
regions, anterior cingulate cortex, and hypothalamus,
which in turn down modifies the activities of descending
inhibitory and facilitatory pathways through the periaq-
ueductal gray and pontomedullary nuclei. The neuronal
activities among these cortico-limbic pontine networks
can coordinate the final perception of cognitional and
emotional impacts on the visceral pain and discomfort in
IBS subjects[%’ss].

Based on the neuroimage technique, IBS subjects
were observed to have long-term micro-structural brain
changes, particularly the regions integrating sensory in-
formation and cortico-thalamic modulation®™. These
observed brain structural changes among IBS patients
appear to challenge the concept of IBS as a functional
disorder without existing structural abnormality. The
altered functional connectivity between brainstem pain-
modulating circuits and cortical-limbic centers suggests a
bi-directional interaction between pain and mood. Inter-
estingly, this dysfunctional pain network not only exists in
IBS but also is observed among other comorbidities, e.g.,
migraine, fibromyalgia, anxiety disorders, ezz. o1 Allodynia
is a pain condition originated from a stimulus, which does
not normally provoke pain. Alternatively, it is a central
hypersensitivity phenomenon with diminished threshold
to triggers[(’ﬂ. Apart from visceral hypersensitivity, IBS
subjects also had cutaneous allodynia following a number
of repetitive nociceptive thermal stimuli®**!. Overall, the
broadly existing somatic, visceral and central hypersen-
sitivities support why IBS patients always have multiple
somatic and psychiatric comorbidities.

Genetics

Twins are an ideal model to resolve whether genetics
or environmental factor is essential to determine IBS in
a family. Unfortunately, the results of twin studies are
conflicting. Concordance for IBS was significant among
monozygotic (17.2%) twins compared to dizygotic
(8.4%) twins'™**. In contrast, similar prevalences were
reported between monozygotic (17%) and dizygotic
(16%) twins®”. A meta-analysis based on twin stud-
ies further indicated that heritability is more significant
among migraineurs (50%) compared to IBS subjects
(25%)"". Tt means that both environmental factors and
learning behaviors, rather than the heredity only, are the
necessary determinants leading to IBS. This viewpoint
confirms again that IBS is most likely the final result of
biopsychosocial dysfunction involving the interaction of
genetically determined biological and psychological fac-
tors and exposed environmental factors coming from
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biological, psychological and social events. Of mitochon-
drial dysfunctions and associated DNA sequence vari-
ants of maternal inheritance, 60% were related to bowel
dysfunction, whereas 16% were probable non-maternal
inheritance. This suggests that defective mitochondrial
energy metabolism among matrilineal relatives probably
leads to FGIDs including IBS'™. Overall, genetics may be
a factor leading to IBS, but environmental and learning
factors are also involved.

There are numerous peptides/substances and their
corresponding receptors that are involved in IBS patho-
genesis. Their roles are mainly to mediate gut motility,
sensation, permeability, secretion and immune response.
The most frequently addressed peptides include 5-hy-
droxytyptamine (5-HT), cholecystokinin, glucagon-like
peptide, somatostatin, neuropeptide Y, endocannabinoid,
vasoactive intestinal polypeptide, corticotropin releasing
hormone (CRH), ez.!""*4 097 For example, the fact
that 5-HT related agonists and antagonists have been
developed effectively to treat either IBS-C or IBS-D pa-
tients strongly suggests that certain peptide dysfunction
1s one of important mechanisms leading to 1BS""*), Sec-
ond, human IBS colon was observed to have low densi-
ties of gut peptides including serotonin, peptide YY, pan-
creatic polypeptide, enteroglucagon, somatostatin, ete*%,
Third, CRH has been a main mediator of stress response
in the brain-gut axis, while IBS is believed a dysfunctional
brain-gut link which can be exaggerated »ia CRH related
stress .

Peptide abnormalities among IBS subjects are some-
times genetically determined. Accordingly, variation of
genotypes or polymorphisms among those genes gov-
erning peptide synthesis and metabolism, mucosal ion
channel functions, reuptake of neurotransmitters and
their optimal functioning in receptors, and inflammation
susceptibility may account for the IBS phenotypes and
symptomatic severity!”. Some genetic polymorphisms
have been identified in relation to IBS even with impacts
on the therapeutic response, e.g., CRH-R7 gene poly-
morphism of TT genotype of 157209436 and rs242924
among Japanese IBS patients, SS genotype of serotonin
reuptake transporter polymorphism among Indian C-IBS
subjects, mitochondrial adenosine triphosphate 6 and
8 polymorphisms among Chinese IBS-D patients, and
serotonin transporter promoter genetic polymorphisms
influencing response to alosetron therapy among Ameri-
can IBS-D patients'*"". Current IBS candidate genes
consist of serotonin transporter (SLC6.A4), norepineph-
rine transporter (NET), alpha-2A-adrenergic receptors
(ADRA2A), intetleukin-10 (IL-70), G protein 33 subunit
(GNf3), sodium channel (§CN5A), ere.™, Regarding
genes controlling inflammation, a meta-analysis indicated
that high producer IL-10 (-1082 G/G) polymorphism
diminishes the IBS risk in the European IBS popula-
tion, whereas tumor necrotic factor (INF) (-308 G/G)
polymorphism increases IBS susceptibility and TNF
(-308 G/A) polymorphism decreases IBS susceptibil-
ity in the Asian IBS populationm. Opverall, IBS genetic
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polymorphism studies are criticized with drawbacks of
very limited case number, inconsistent results, lack of
reproducibility, heterogeneous nature of IBS, ez., while
no single gene is globally confirmed to be responsible
to IBS™. Nevertheless, genetic polymorphisms or phar-
macogenetics open a door using an optimal substance to
treat appropriate subjects via proper genetic mapping in
the future.

Gut microbiota and immunity
Human fetus is initially sterile before birth and begins to
be infected by many microorganisms since birth through
the contact with external environment, while the human
immune system is gradually maturing to adapt and toler-
ate the challenge of exposed microorganisms. Among
organs with microorganism residence, the colon owns
the most number of resided microorganismslgl]. In fact,
the colon microbiota provides numerous physiologic
events, namely, supplying energy, nutrient accessibility
including short-chain fatty acids, enhancing immune and
normal homeostasis, influencing organ development such
as morphogenesis of the bone and visceral organs, and
even the host metabolism'™"*. Regarding their clinical
impact, inflammatory bowel disease has been the conse-
quence of uncontrolled and imbalanced gut microbiota
with altered defense system, permeability and immune
responsel&ﬂ. Similatly, dysfunctional gut microbiota may
activate mucosal innate immune responses, which in turn
increase epithelial permeability, activate nociceptive sen-
sory pathways, dysregulate the ENS, and finally lead to
various FGIDs including IBS. For example, a 16S tRNA-
based microbiota profiling study demonstrated both
quantitative and qualitative changes of mucosal and fecal
gut microbiota among IBS subjects™. Second, Japanese
IBS subjects had much higher counts of Veillonella and
Lactobacillus than controls, while the products of micro-
biota such as acetic acid, propionic acid and total organic
acids were also significantly higher among these sub-
jectslgsl. Third, the methanogenic flora in North Indian
IBS patients measured »ia lactose hydrogen breath test
was lower compared to controls and this observation was
suggested to be the nature of flatulence among them™”,
Apart from the suggested alteration in brain gut
axis functions, colonic immunological changes such as
chronic and low-grade immune activation are reported
among IBS patients. The mediators released by these im-
mune responses may have an impact on the functions
of gut mucosal permeability and nerves, leading to the
further closed interaction between the immune system
and the brain gut axis and finally the observed IBS symp-
B755 For example, post-infectious IBS is to address
a phenomenon that previous enteritis may be followed
with IBS symptoms, patticulatly the IBS-D seen months
later™. Briefly, these patients have excessive numbers and
increased activation of mucosal immune cells including
mast cells and lymphocytes. In addition, releasing factors
such as proteases, histamine, and prostanoids attenuate
permeability and activate abnormal neural response, lead-

toms
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ing to abdominal pain and changed bowel habits, which
correlate well with IBS syrnptorns[sg’sg]. In addition, psy-
chological stress and activation of Toll-like receptors are
also involved in the neuroimmune response among these
subjects[‘%’sﬂ. Besides, antibiotic therapy reduced stress
induced visceral hypersensitivity, enhanced bacterial wall
adherence and increased luminal s-IgA levels in dysbiotic
mice™. Considered together, emotional stress, gut micro-
biota and host immune system interact with each other to
respond with altered bowel motort, sensory and secretory
functions observed among IBS subjects.

Food

The experience of certain food ingestion and its fol-
lowing abdominal symptoms are common among the
population. For example, acute chili ingestion aggravated
abdominal pain and burning symptoms of FGID sub-
jects”!!. Regarding the self-reported food elicited bowel
symptoms of IBS subjects, most of them believed that
certain diets such as beans, apple, flour, and plum could
trigger bowel symptoms, particularly those foods rich
in carbohydrates, fat, and biogenic amines such as milk,
wine and pork, while women reported more intolerable
food items than men™. On the other hand, an objective
study indicated that IBS patients did not consume differ-
ent food calories and constituents, but they usually tried
to avoid diets rich in fermentable oligo-, di-, monosacha-
rides, and polyols (FODMAP), and their diets often con-
tained low contents of calcium, magnesium, phosphorus,
vitamin B2 and vitamin A", Regarding the relationship
between ingested food and gut microbiota composition, a
recent study observed that IBS subjects consuming a re-
striction diet with a lower content of fermentable short-
chain carbohydrates for 4 wk had adequate relief of
bowel symptoms, while the concentration and proportion
of luminal bifidobacteria were diminished togetherw. In
summary, food owing to its certain components seems
to be a factor leading to IBS, but the food intolerance of
IBS subjects does not mean food allergy.

Abuse and separation
Childhood abuses including sexual issue are the sig-
nificant worldwide health burden. For example, abuse
has been a main risk factor leading to health problems
including shaken baby syndrome and behavioral regres-
sion during the developmental period, while its long-
term risks consist of mental health disorders, substance
use disorders and chronic physical complains in the later
adult life”™. Unfortunately, both physical and sexual
abuses are common and underestimated among IBS
patients[%J. In addition, these victims often manifest se-
vere pain perception, psychological distress, and poorer
health outcome"”. Their perceptive pattern was already
centrally confirmed »iz advanced neuroimage to show an
enhanced nociceptionpsj.

Early life trauma is able to increase future visceral
pain perception. Accordingly, maternally separated neo-
natal rodents are used to create a model to study the
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Table 1 Potential drugs and measures to treat irritable bowel syndrome

Category Functions Examples
Antispasmodics Antagonists of muscarinic receptors and Cimetropium bromide, dicyclomine, hyoscine butylbromide, mebeverine, otilonium
calcium channels of smooth muscle bromide, peppermint oil, pinaverium bromide, trimebutine maleate
Antidiarrheals Agonists of p-opioid receptors Loperamide
Laxatives Osmotic, stimulant Bisacodyl, lactulose, magnesium citrate, magnesium sulfate, polyethylene glycol
Bulking agents Water binding to increase stool bulk Methylcellulose, psyllium, wheat bran
Receptor targeted Agonists and antagonists of 5-HT Alosetron, cilansetron, naronapride, prucalopride, ramosetron, tegaserod
new drugs Chloride channel activators Lubiprostone
Agonists of GC-C Linaclotide
Antagonists of NKi1 receptors Ezlopitant, TAK 637
Agonists of k-opioid receptors Asimadoline
Agonists of 02 adrenergic receptors AGN-203818, clonidine, solabegron
Antagonists of CCKi1 receptors Loxiglumide
Agonists of somatostatin receptors Octreotide
Psychiatrics Tricyclic antidepressants Anmitriptyline, desipramine, doxepin, imipramine, trimipramine
SSRIs Citalopram, fluoxetine, paroxetine, venlafaxine
Psychotherapy Biofeedback, cognitive behavioral therapy, dynamic psychotherapy, hypnotherapy,
relaxation training
Probiotics To balance gut microbiota VSL-3, lactobacilli, bifidobacteriae

Fecal transplantation
Anti-inflammation

Antibiotics
Miscellaneous

Food
Complementary and
alternative medicine

Living microbiota supplement

Mast cell stabilizers, PAR-2 blockers TRPV

receptor type 1 and 4 blockers

To inhibit gut microorganisms
Antinociceptive substance

Bile acid sequestrant

To diminish inflammation?

To absorb bacteria and enterotoxins?
To enhance immunity?

Mysterious

Through nasogastric tube, enema or colonoscopy
Capsazepine, GB88, ketotifen, RN1734

Neomycin, rifaximin
Melatonin
Cholestyramine
Diosmectite

Kiwifruit
Acupuncture, aromatic therapy, ginger, herb drugs, holistic medicine, homeopathy,
massage, reflexology

5-HT: 5-hydroxytryptamine; CCK: Cholecystokinin; GC-C: Guanylate cyclase C; NK: Neurokinin; PAR: Protease-activated receptor; SSRIs: Selective

5-hydroxytryptamine re-uptake inhibitors; TRPV: Transient receptor potential vanilloid.

relationship between early life stress, visceral sensation
and depression related disorders including IBS. It was in-
dicated that water avoidance stress increased pain percep-
tion and activated somatosensory cortex, periaquaductal
gray and hippocampus in the maternally separated rats™.
In addition, maternally separated rats had significantly in-
creased 5-HT content after colorectal distension"". This
model also pointed out that the colon of maternally sep-
arated rats had elevated circulating levels of interleukin-6
in addition to gut dysfunction”". Considered together,
neonatal maternal separation appeats a stress in rats with
exacerbated neurochemical, inflammatory responses, and
visceral hyperalgesia in the colon and CNS comparable to
IBS subjects. It is of interest whether the neonatal sepa-
ration story does truly happen in the society leading to
IBS. A study to explore the childhood events among IBS
adults confirmed that loss and separation during child-
hood, in the current family and conflicted or dependent
maternal relationships were common among some IBS
patients“ozj. In summary, avoidance of any kind of child-
hood abuses is necessary to demolish future adult onset
of IBS, FGIDs and psychiatric events.

TREATMENT OF IBS

With regard to IBS treatment, patient-centered approach
with a strong and effective communication between pa-
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tients and clinicians has been emphasized to increase the
treatment satisfaction and diminish utilization of health
care sources™'". In fact, the development of active
drugs to exhibit an efficacy greater than placebo in treat-
ing heterogeneous IBS is not easily to achieve, because
IBS subjects often experience an excellent efficiency up
to 40%-50% to placebo treatment’ 'Y, Psychologically,
placebo effect is believed the total response of treating
expectancy, repetitive administration named conditioning
and a non-specific psychological effect supported from
givers. Now the placebo effect could be well confirmed
in the brain »zz functional neuroimage[54]. Table 1 summa-
rizes the multidisciplinary approaches that are optional to
treat IBS.

Antispasmodics

Antispasmodics that can block muscarinic receptors and
calcium channels of gut smooth muscle cells have been
the oldest drugs to treat IBS for decades because of dis-
turbed bowel motility and its effect on abdominal pain
are commonly observed among these patients”’”’mﬂsﬂ06].
Unfortunately, their effectiveness and recommended evi-
dence are not fair owing to the trial drawbacks including
different IBS definitions, limited case number, inappro-
priate end-points, evaluation methods, dosing, duration,
side effect recording, ete.1, Apart from hyoscine
butylbromide, the only available antispasmodic in United
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States, other marketed antispasmodics include dicyclo-
mine, mebeverine, pinaverium, otilonium bromide, pep-
permint oil, trimebutine maleate, ete P01 Oyerall,
a meta-analysis indicated that antispasmodics are benefi-
cial for IBS patients when abdominal pain is the predom-
inant symptom of subjects attempted to treat!'”. Based
on their long-term marketing, antispasmodics remain the
first-line drugs to treat IBS but their probable anticholin-
ergic side effects are best to warn before the prescription.

Antidiarrheals, laxatives and bulking agents

Disordered defecation has been another concern of IBS
subjects and normalization of defecation iz various ap-
proaches such as antidiarrheals for IBS-D and laxatives or
bulking agents for IBS-C is recommended'*>"". Regard-
ing the IBS-D treatment using loperamide, it is a synthet-
ic opiate derivative with an agonistic effect on p-opioid
receptors but scant opioid CNS effects. Its antidiarrheal
effect comes from directly simulating gut water absorp-
tion and is further augmented by an antisecretory activ-
ity mediated by calmodulin antagonism, a property not
shared by other opioids""”. Loperamide appears the only
antidiarrheal recommended to treat IBS-D during the
acute or chronic diarrhea™""*""*"!l Earlier trials already
supported its efficacy over placebo in treating stool con-
sistency, urgency, borborygmi and abdominal pain[m’m].
However, a meta-analysis pointed out that it seems to re-
duce diarrhea but does not relieve abdominal pain among
IBS subjects“ogl.

Laxatives have long been recommended to treat the
constipation concern of IBS-C subjectsﬂ’za’i%‘. Surpris-
ingly, laxatives are not well evaluated whether they do
have effectiveness in treating IBS-C, because most clinical
experiences are adopted from those of functional con-
stipation treatments. Only a small-scaled study pointed
out that polyethylene glycol #s placebo improved stool
frequency but not ameliorated abdominal pain among
IBS-C subjects[m]. Until now, the evidence to recommend
laxatives in treating IBS-C remains controversial ™",

Bulking agents including natural and artificial fibers
are also recommended to treat constipated subjects in-
cluding IBS patients. Basically, unabsorbed soluble agents
such as psyllium and polycarbophil are dissolved and
fermented in colon water to form a gel in turn to shorten
colon transit time and to stimulate defecation, whereas
insoluble agents such as corn fiber and wheat bran have
limited change in gut, but they increase fecal mass to
help defecation'"”. Reported trials indicated a limited
benefit for constipation and no effect to attenuate other
IBS symptomsm(’]. Furthermore, a meta-analysis did not
support its efficacy in treating IBS symptoms including
stool frequency, abdominal pain and bloatingmg]. Accord-
ing to the types of bulking agents, another meta-analysis
pointed out that soluble fibers improve global symptoms,
whereas insoluble fibers even exacerbate the clinical out-
come”'. As fermentable substances, the commonly
reported side effects of bulking agents such as bloating,
abdominal distension and flatulence are best to inform
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before the prescription’™

Receptor targeted drugs
Since the end of last century, new drugs targeting recep-
tors known to have pharmacological effects on IBS have
been emerging. Of them, 5-HT related drugs including
agonists and antagonists are most promising because their
efficacies over placebo were critically evaluated based on
the high quality controlled trials and finally approved by
the authorities™"". For example, IBS-D can be treated
using alosetron and cilansetron which have antagonistic
activity on 5-HT3 receptors to delay bowel transit, reduce
colonic tone and HAPC, blunt gastrocolic reflex and de-
crease visceral sensation, particularly with obvious thera-
peutic effect among female patients[7’23’m’“8]. Neverthe-
less, this group should be used with very caution because
of the possibility of serious side effects including severe
constipation and ischemic colitis. Now they are only
restricted to female IBS-D patients when conventional
therapies have failed”'". Ramosetron is another potent
and selective 5-H'T3 receptor antagonist that can attenu-
ate abnormal colonic function and abdominal pain in
experimental animals. Clinical studies conducted in East
Asia confirmed its benefits on abdominal pain/discom-
fort and bowel habits in both male and female IBS-D pa-
tients, but it also had side effect of hard stool. Until now,
no ischemic colitis was reported based on a small number
of cases exposed to e

Regarding IBS-C treatment, tegarserod and prucalo-
pride showed an agonistic activity on 5-HT4 receptor-me-
diated release of 5-HT from mucosal enterochromaffin
cells, which promotes ascending excitatory contraction
and descending inhibitory relaxation to enhance bowel
motility through a series of chain reactions. Apart from
attenuating visceral hypersensitivity, these agonists owing
to different affinities with 5-HT4 receptors may account
for variable prokinetic potentials and side effects""?,
Clinically, 5-HT4 agonists diminish bloating and abdomi-
nal pain/discomfort with the improved satisfaction to
defecation concerns such as stool consistency and strain-
ing[23’106’124]. Unfortunately, tegaserod was withdrawn due
to serious cardiovascular advetrse events. It is indicated
that nonselective 5-HT4 agonists such as cisapride and
tegaserod may interact with human ether-a-go-go related
cardiac potassium channels to have the chance of causing
heart arrhythmia, whereas selective 5-HT4 agonists such
as prucalopride and naronapride are believed to have
cardiovascular safety””. Tegaserod was reintroduced in
United States in 2007 under a limited and restricted us-
ing for women younger than 55 years and not at risk for
cardiovascular events™'?. It remains uncertain whether
prucalopride can effectively treat IBS-C as tegaserod,
although its efficacy was confirmed among functional
constipation subjectsm(ﬂ. Renzapride is a substance to
own both activities of 5-HT4 agonist and 5-HT3 antago-
nist, and its development for IBS-C patients was halted
beca[lzuﬂse of the disappointing limited effects in a phase Il
trial™”.
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Lubiprostone is a newly approved drug available in
United States, United Kingdom and Japan to treat con-
stipated subjects including IBS patients. It is a synthetic
bicyclic fatty acid derivative of prostaglandin E1 with the
ability to stimulate cystic fibrosis transmembrane conduc-
tance regulator (CFTR) dependent chloride channels of
enterocytes to increase small intestinal secretion of fluid,
mucin and electrolytes and finally to improve bowel func-
246,125 Lubiprostone is safe
and effective to treat constipated subjects, but it has some

tions including defecation

side effects, with nausea being the most common, fol-
lowed by diarrhea, abdominal pain, bloating, and even the
very rare events of dyspnea and ischemic colitis®"***7,

Similarly, linaclotide was marketed in United States
and Europe to treat severe constipated patients including
IBS patients in 2012" It is a synthetic 14-amino-acid
peptide of guanylate cyclase C (GC-C) agonist mainly to
increase intestinal fluid secretion and gut transit. Unlike
lubiprostone, linaclotide first activates GC-C receptors
on the luminal surface of enterocytes to enhance intra-
and extracellular levels of cyclic guanosine monophos-
phate and in turn promote CFIR to secrete chloride and
bicarbonate into gut lumen to improve defecation. In-
terestingly, the activation of GC-C receptors also dimin-
ishes visceral pain[23’128’129]. Clinically, linaclotide improves
abdominal pain/discomfort, bloating and the defecated
symptoms of straining, incomplete defecation and stool
consistency of IBS-C patients. Meta-analyses confirmed
its superior efficacy over placebo to treat IBS-C and
functional constipation“28’130’13”. The most common side
effect of linaclotide has been severe diarrhea (20%), thus
subjects with a tendency to water and electrolyte imbal-
ance are not indicated. Until now, its long-term safety has
not been established yet'**'*>""],

Currently, many new drugs targeting the specific re-
ceptors responsible for motility, visceral sensation, gut
secretion, neuroimmune and brain-gut axis are being de-
veloped to treat IBS. Basically, the key factors in terms of
clear mechanisms involving whole pathophysiology, good
oral bioavailablity, no CYP dependent metabolism, best
once daily, least interaction with food and other drugs,
no unwanted metabolites, long-term maintenance ability,
good safety records and so forth may determine whether
these new drugs can be accepted to treat IBS"™. Because
too many new drugs are under development, only a few
examples are briefly introduced here. First, TAK 637 is
a selective antagonist of smooth muscle neurokinin 1
receptors that activate intestinal muscle contraction. This
agent reduced rabbit abdominal contractions induced
by colorectal distension wiz inhibition of neurokinin 1
receptors, mainly located in the spinal cord, and it also
reduced colonic transit and defecation in a Mongolian
gerbil IBS model. Unfortunately, its development was
halted because of serious side events that occurred in
two animal specieslmj. Second, opioid kappa receptors
are located on the cholinergic terminals of ENS with the
ability to inhibit cholinergic transmission and gut motility.
Asimadoline, an agonist of these receptors, reduces gut
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wall neurotransmitter releasing to exhibit both analgesic
and anti-diarrheal effects”>". A recent phase I trial
on IBS-D patients observed excellent results to treat
pain and defecation related concerns such as frequency,
urgency and bloatingll34j. Third, clonidine initially used
to treat hypertension with the commonly reported con-
stipation side effect is a a2 adrenergic receptor agonist.
It increased colonic and rectal compliance, and reduced
tone, pain, gas sensation and rectal urgency of healthy
subjectsm]. A trial also indicated its effect on IBS-D pa-
tients with reduced abdominal pain, satisfactory relief of
global IBS symptoms and improved disturbed defecation
in spite of side effects of drowsiness, dizziness and dry
mouth™*". Owing to the obvious CNS effects, cloni-
dine is apparently unable to treat IBS. Other adrenergic
agonists such as AGN-203818 and solabegron with the
purpose to treat IBS are undergoing evaluation

Psychiatric approaches

Severe and intractable IBS patients who fail conventional
therapy may consider the psychiatric approaches such
as anxiolytic agents, antidepressants, cognitive behav-
ioral therapy, dynamic psychotherapy and even hypno-
therapyll’23’1()6’137]. According to the recommendations,
antidepressants are only indicated when abdominal pain
is the main concern. Its benefits are likely the central an-
tinociceptive effect plus bowel effect™*. When treating
IBS patients using either tricyclic antidepressants (TCAs)
or sclective 5-hydroxytryptamine re-uptake inhibitors
(SSRIs), their symptomatic subtypes should be consid-
ered. For example, SSRIs such as paroxetine decrease
orocecal and whole gut transit times in IBS-C patients.
In contrast, TCAs such as imipramine prolong oroce-
cal and whole gut transit times in IBS-D patientsms]
Meta-analyses indicated that IBS global symptoms are
improved using both TCAs and SSRIs no matter its sub-
types while SSRIs are more tolerable than TCAs owing to
their obvious prokinetic effect, but their long-term safety
remains unknown™'"". Other psychiatric measures are
also recommended to treat intractable IBS. Overall, the
drawbacks of these non-drug approaches include expert
dependence, being unable to have blinding studies, meth-
odological deviation and scant clinical experiences among
most gastroenterologists. Nevertheless, experts recom-
mended its good global symptom improvement and less
adverse events'">, Tt may be employed to severe and
intractable subjects when all available and conventional
treatments have failed.

Probiotics and antibiotics

Since an abnormal composition of gut microbiota ex-
ists among IBS patients, modification of gut microbiota
components through exogenous supplement or inhibi-
tion of them using antibiotics appeats promising to treat
IBS patients”™"™, Probiotics prepared as empiric base of
“immune-boosting and health-enhancing” for century
are live microbial supplements in attempt to improve gut
microbial balance®®""*". Pharmacologically, the benefits
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of probiotics consisting of anti-pathogenic ability via
secretion of bacteriocins, acidification of the colon by
fermentation, anti-inflammation to protect gut mucosa,
alteration of mucosal response to stress, barrier enhance-
ment, immune-modulating effects, and inhibition of
visceral hypersensitivity justify their use to treat Bs"*,
Unfortunately, the worldwide probiotic preparations
are not standardized. The most commonly used strains
and species include Streptococcus thermophilus, Lactobacillus
rhammnosus Le705, Bifidobacteria, Lactobacillus rhamnosus GG,
L., Bifidobacterinm animalis ssp., Lactis Bb12, and non-patho-
genic yeasts such as Saccharomyces boulardii. However, no
two preparations are the same and the extrapolation of
therapeutic responses from one to another may be prob-
lematic™"**'*, It was indicated that probiotic cocktail
had potent anti-inflammatory properties of suppressing
mucosal inflammation and restoring cytokine balance!*.
Overall, probiotics are safe without serious side effects
but the benefit magnitude and the most effective species
or strains are undetermined. Multi-species preparations
are probable the best to treat [BSPH4H14]

Live fecal microbiota transplantation is an incred-
ible approach to treat various bowel diseases including
inflammatory bowel disease, Clostridium difficile infection
and even IBS. The fecal content can be administered iz
nasogastric tube, enema and colonoscopy[m]. Limited
data indicated that constipated patients treated with colo-
noscopically delivered fecal microbiota had immediately
improved defecation, bloating and abdominal pain[m].
It is unknown whether it is applicable to IBS-C subjects.
Apart from microorganism supplement, new drugs tar-
geting colonic low-grade inflaimmation are being devel-
oped, ¢g., mast cell stabilizer, transient receptor potential
vanilloid receptor type 1 and 4 blockers, protease-activat-
ed receptor 2 blockers, e#. It appears too eatly to predict
their chance of success”™ ™.

Antibiotics provide another route to treat imbalanced
gut microbiota. For example, rifaximin has been proved
in several non-diarrhea IBS controlled trials to improve
global symptoms, abdominal pain, dysfunctional defeca-
tion and bloating™"**'*!. Regarding IBS-C patients, neo-
mycin treatment improved global symptoms and consti-
pation. The success of this treatment depended upon the
presence and post-treatment elimination of methane™.
Owing to the chronic and recurrent nature of IBS, the
effectiveness and safety of long-term or repeated use of
antibiotics to treat IBS remain controversial.

Food therapy

Food restricted approaches such as avoidance of FOD-
MAP items and individual evaluation of the effects of
protein-, fat- and carbohydrate-rich/poor diets are rec-
ommended to reduce some IBS symptoms™ Y, Like-
wise, a fermentable short-chain carbohydrates restricted
diet significantly improved IBS symptoms of United
Kingdom patients”™. In contrast, another study indicated
that dietary manipulation of pootly absorbed short-chain
carbohydrates increased total amount of gut gas includ-
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ing hydrogen production to exaggerate the bowel symp-
toms of Australia IBS patients, thus avoidance of this
food constituent is recommended™”". Food elimination
towards IgG antibodies in certain IBS patients effectively

s Tnterestingly, kiwifruit

reduced bowel symptom
is a natural remedy to own laxative ability, particularly
among the elderly population[154]. A study found that 4-wk
kiwifruit consumption diminished colon transit time,
increased defecation frequency, and finally improved the
bowel function of IBS-C subjectsﬂss]. Since kiwifruit may
support the immune function to reduce the occurrence
and severity of flu-like illness, it is unknown whether its
efficacy to treat IBS is relevant to enhanced gut immu-
nity™, Overall, the restriction of certain diets may be
recommended to all IBS patients, but the routine use of
food restriction or supplement without an appropriate

drug therapy may not be perfect.

Miscellaneous agents

The intensity of pain perception is usually lower during
the night dark hours when blood melatonin level is high-
er. Consequently, melatonin is considered an antinocicep-
tive substance with the mechanisms broadly involving
opioid, benzodiazepine, a(1)- and a(2)-adrenergic, sero-
tonergic, cholinergic and melatonergic (1) and (2) recep-
tors' . A short-term oral melatonin treatment improved
abdominal pain, distension and abnormal defecation
sensation in female IBS patients, whereas the defecation
frequency and stool consistency were not affected"™.
Bile acid malabsorption is common among chronic diar-
rhea subjects and even IBS-D patients. A meta-analysis
indicated that this event might be underestimated since
about a third of IBS-D patients had moderate to severe
bile acid malabsorption“sg]. This may explain why chole-
styramine is recommended to treat IBS-D patients“’mo].
Mesalazine was observed to reduce the number of mast
cells and the subsequent release of mediators and dimin-
ish gut permeability and sensitivity in IBS patients, thus
a large-scale mesalazine trial is undergoing in an attempt
to know whether it can treat IBS-D patients. The final
results are expected toward the end of 2013"". Dios-
mectite is inorganic aluminomagnesium silicate clay with
a strong adsorbent ability. It is used to treat acute watery
diarrhea based on the suggested mechanisms to diminish
inflammation and mucolysis, to modify mucus rheologic
and to adsotb bacteria, enterotoxins, viruses and other
potentially diarrheogenic substances' ™. With regard to
IBS treatment, diosmectite diminished abdominal pain
and bloating intensity in IBS-D patients, but its effect on
the disturbed defecation was not observed!*”.

Complementary and alternative medicines

Traditionally, complementary and alternative medicines
(CAM) is a medical practice not belonging to the current
conventional medicine with therapeutic effects deter-
mined by the cultural, ethnic, social, religion, education
and economic backgrounds. The CAM theories are mark-
edly deviated from the conventional medicine in terms of
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heterogeneity, disease mechanisms, diagnostic approach-
es, therapeutic measures, judging efficacies, et 1O,
Now herb drugs based on Chinese, Indian, Ayurvedic,
and Tibetan preparations, acupuncture, aloes, aromatic
therapy, ginger, homeopathy, probiotics, peppermint oil,
reflexology, massage, colon irrigation, holistic medicine,
aromatherapy, Qi gong, bioelectromagnetic field therapy,
ete. are categorized as CAM"™, Interestingly, certain CAM
members have been acknowledged by the conventional
medicine to treat IBS, e.g., probiotics and peppermint oil.

Clinically, many IBS patients do seek CAM before
they encounter clinicians"”. Herb drugs are the most
often used but their effects are conflicting. In fact, the
therapeutic effects of herb drugs are very hard to evaluate
and compare each other since they are criticized with the
drawbacks of mixture of variable botanical components,
neither purified nor quality control, lack of preclinical ani-
mal study, unique preparation as family secret, publication
bias, no reported adverse events, absent negative reports,
e2e”'™ For instance, a trial conducted on Australian Cau-
casians with IBS indicated the very promising effect over
placebo in relieving bowel symptoms even after discon-

tinuation!

"I In contrast, herb mixture to treat Chinese
IBS patients residing in Hong Kong did not reveal any
benefits judged by global symptom and individual bowel
symptoms' . Tt is unknown whether certain herb drugs
claimed effective to treat IBS have the true pharmacologi-
cal effect or just enhanced placebo response.
Acupuncture is a well-known old Chinese traditional
medicine. Basically, it exhibits the physiological impacts
on neural, humoral, opioid and serotonegic pathways with
the effects of normalized motility, inhibited acid output,
antinociceptive effect, reduced rectal hypersensitivity and
altered 5-HT functions!”""". Acupuncture looks promis-
ing to treat FGIDs including IBS. Apart from Chinese
studies, the effects of acupuncture to treat IBS among
Western people are conflicting, For example, 10 weekly
acupuncture sessions compared to placebo procedure for
United Kingdom IBS patients reduced their symptomatic
severity and its efficacy even persisted over a 1-year pe-
riod""”. Another study using 3-wk true acupuncture and
cross-over with another 3-wk sham procedure conducted
on United States IBS patients did not support its supe-
riority over sham procedure to treat the global symptom
and symptomatic intensities" . Overall, meta-analyses
repeatedly indicated that acupuncture has no effect to the
general wellbeing, individual bowel symptoms and QoL
of IBS patients' """, Finally, NICE guidance also does
not recommend using acupuncture to treat 1Bs!"™.
Homeopathy is popular among the CAM. Unlike con-
ventional medicine, it means that “a substance is capable
of inducing a seties of symptoms in a healthy living sys-
tem, and low doses of the same substance can cure these
symptoms under certain circumstances™" . Homeopathy
is claimed effectively to treat IBS. Now a three-arm trial
based on 5 sessions of true homeopathic treatment plus
usual care »s placebo-homeopathy plus usual care »s usual
cate alone is undergoing in United Kingdom and the final
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result is expected to resolve whether homeopathy is truly
effective to treat IBS"™. Regarding IBS patients who
failed all conventional treatments, CAM may be consid-
ered as a supplement or alternative with expected efficacy
equal to enhanced placebo effect if they do not have any
intolerable or serious side effects.

CONCLUSION

Current Rome III criteria-based diagnosis of IBS re-
mains to have limitations, particularly the differentiation
from constipation. It probably needs the resolution of
coming new criteria. Since IBS is heterogeneous based

on the multidimensional pathogeneses, using biopsycho-
social dysfunction is effectively to integrate all old and
emerging IBS pathogeneses in terms of gut dysmotil-
ity, abnormal gut water secretion and gas accumulation,
visceral hypersensitivity, impaired mucosal permeability,
dysfunctional brain-gut axis, genetic abnormalities, dis-
turbed gut microbiota and immune system, psychologi-
cal disturbances, impacts from food and various abuses,
ete. Now multidisciplinary approaches using drugs with
different mechanisms of action, imposing psychiatric
measures, giving probiotics and antibiotics, possessing
diet therapy, and CAM treatment, can be considered in-
dividually to treat the major clinical symptoms and other
associated concerns.
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