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Abstract

Irritable bowel syndromgIBSYemains aheterogeneousondition andis a common
condition The causes of IBS remain poorly underst@u there is a lack in

biomarkers to distinguish this condition.

Recently, there have been reports on the release of immune mediators leading to
symptoms of irritable bowel syndrom#last cellswhich can be activated by allergy

or stress,are thought to be important cause of symptoms in some IBS patients
because they an releasechemicals, whiclcause pain and diarrhoeaCurrently,
there are few effectivetreatments availablgo alleviate these symptoms. Recent
small studies have shown that Mesalaziar,Z v§y(o uu S}EC[ EuPU u C
to modify and reverse thesymptoms of IBS with diarrhoeaOne small study
suggested Mesalazine reduced mast cell numbé&hss current study is one of the
largest studies looking at the use of Mesalazine as a form of treatment for IBS with
diarrhoea. Unfortunately, this study dichot show any beneficial effect of
Mesalazine treatment irunselectedpatients with IBS and diarrhoea. Potentially,
there is a subgroup of IBS patients who developed their symptoms following a bout
of gastroenteritiswho appeared tdenefit from Mesalazingreatment but a larger
study is needed to confirm thifn this study, the mast cell mediators released from
mucosal biopsies was not a useful marker of disease since it failed to correlate with

any symptoms.

Magnetic resonance imaging (MRI) is a potehtialseful tool to assess the
physiology of the gastrointestinal tract in patients with functional gut disorders as it

does not involve radiation and is not invasive. So far, there is a lack of biomarkers to



assist in diagnosis and treatment iofitable bowel syndrome The MRI marker pill
used inthe multiple studies in Chapter ® assess whole gut trandiime is very
promising as it is now appliedn the research settingo patients with chronic
constipation such as slow transit constipation and ibieabowel syndrome with
constipation Further use of the MRI and addira stimulus such as laxative in
patients with chronic constipation is helpful to distinguidbetween functional
constipation and irritable bowel syndrome with constipatighus helping with its
medical managementhe use of MRI as a biomarker for diagnosis of irritable bowel

syndrome remains promising although it was not demonstrated in this thesis.
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Introduction



1.1. Definition of Irritable BowelSyndrome

Irritable bowel syndrome (IBS) is a chronic condition. The key features are
abdominal pain /discomfort together with erratic bowel habit. The absence of
biomarkers or gold standards for diagnosis of IBSiitabited many physicians and
general practitionergrom labdling a patient withthe diagnosis ofBS. This has led

to many unnecessary investigations asmeseans of achieving aliagnosis of
exclusionthus leading to a substantial burden to the National Health Service (NHS).
Throughout the years, there have beenultiple attempts to define IBS using a set

of criteria. Later, an international consensus group has developed the Rome criteria
based on positive symptoms to standardise recruitment of patients with IBS in
research. Table $hows the development of IBS diagnostic criteria throughout the

years.

Tablel: Development of IBS diagnostic criteria

Criteria Diagnostic criteria Year | Sensitivity | Specificity

At least 2 of these symptoms with
abdominal pain:

x Abdominal pain relief by defecation
X Loose stool associated with onset g
Manning' pain 1978| 0.7& 0.72
Pain relief by passage of stool
Abdominal bloating

Passing of mucus

Incomplete evacuation

X X X X

Combination of symptoms such as:

(for more than 2 years)

X Abdominal pain

Kruis X Flatulence | | 1984 0.772 0.8%

x Irregularbowel habitalternating
between diarrhoea and constipation

x Excluding symptoms suggesting otk

organic disease including per rectur
bleeding




Normal physical examination
Normal laboratory tests
Normal haemoglobin

Normal leukocyte count
Erythrocyte sedimentation rate

X X X X X

Romel 2

At least 3 months of continuous
abdominal pain or discomfort relieved |
defecation or associated with chargje
stool frequency or consistency and at
least 2 of the followinggh 8 o0 S H
of occasion):

x Altered stool frequency
x Altered stool consistency

x Alteration instool passage

x Passing of mucus per rectum
X Bloating or distension

1990

0.722

0.8%

Rome I

Abdominal pain or discomfort of at leas
12 weeks with preceding symptoms for
it u}jvdZe o}vP A]3Z HI }(
features:

X Relid with defecation

X Onsetassociatd with achange in
frequency of stool

X Onset associattwith achange in
consistency of stool

1999

0.6%

0.66

Vanner®

Combination of Rome criteria ANBEd
flag syndrome such as

X Weight loss

X Nocturnal symptoms

X Blood mixed with stool

X Recent antibiotics use

x Abnormal physical examination
x Family historyof colon cancer

1999

0.78

PPV
9896

-4 0.3%°

Rome IIT

Recurrent abdominal pain or discomfor
at least 3 days/month in the last 3
months with symptom onset 6 months
prior to diagnosis

At least 2 or more of the falving

X Improved with defecation

X Onset associatéwith change in
frequency of stool

x Onset associate with change in
consistency of stool

2006

0.7%

0.8¢




IBS is further sub typed using the Bristol $téorm Scale (BSE&igure 1):

Diarrhoea predominant IBS (HBS. t25%stools having consistency of 6 or 7 and

<25% stools with consistency 1 or 2

Constipation predominant IBS (H$. t25% or more of stools have consistency of 1

or 2 and <25% stools with a consistency 6 or 7

Mixed IBS (IBBI): t25% or more of stools have consistency of 6 or 7 an#5%

stools have a consistency 1 or 2

100

75

% Hard or 50
Lumpy Stools

25

0 25 50 75 100
% Loose or Watery Stools

Figurel: Subtyping IBS according to stool consistency



1.2. Epidemiology

IBS is a common chronic condition and accounts for @08 of @stroenterology
referrals from the primary care to the secondary care in the United Kingdom®UK)

In a large population survey by the Royal College of General Practitioners, 1 in 12
general practice consultations are due to digestivebteas and up to 30% of all
digestive problems are due to irritable bowel syndrofdieMost IBS patients are
young to middle agd females. A recent study using the UK General Practice
Research Databag&PRDyave an overall female to male ratio of 3 to 1 in newly
diagnosed IBS in primary caté This sggested that females are more likely to
report symptoms during consultations compared to males. The incidence of new IBS
peaks in theii[s v owifh only a few new diagnoses of IBS in the older age
groups (Figure 2. Overallthe incidence of IBS in the United Kingdom (UK) appears
somewhat similar to other European countries and the United States of America
(USAY4 15 Overall incidence of IBS may be under represented as many patients do
not seek medical attention and one plausible reason may be the disillusionment

with current treatment options.

[ N ]e ZE}V] }v ]8]}v SZ § V Ju% J]E % S] vSe[ <u O]
performance both at work and at horté 6. Specific factors that impinged on their
lifestyle were diet, concentratigniong journeys, physical appearance, the ability to
§ }us v 8§z ]o]lSC $} o !5 Wokpidiuctivityonqulfl be affected
with more sickness dayff work and more consultations with medical professions.
Studies by Amouretet al.*” and Creeckt al. *® demonstrated that quality of life in
IBS is significantly wee than the general population. Cost incurred by this disease

for each patient could be approximately £1500 per patient/y¥d#
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Figure2: Incidence of newly diagnosed patients with IBS in primary care in the UK
which peaked in the 3 to 4™ decade of life. Redrawn from Jones etal



1.3. Pathophysiology

1.3.1. Genetic

A study on monozygotic and dizygotic twins in Australia suggested that there is a
genetic link predisposm to IBS, with a heritability of 579 Later, Levyet al2°
showed concordance for IBS is greater in monozygotic twins than dizygoii,

which supports a hereditary component in IBS. On the contrary, IBS in twins could
be due to social conditioning since having an IBS parent is an independent predictor
of IBSanda stronger predictor than having a twin with IBS. These studies thawe
limitations sinee the diagnosis of functional bowel disease was not based on a set
criterion such as the Rome | or |l criteria. A study in 2b6€dowed the concordance

rate of IBS in monozygotic and dizygotic twins are similar which may conclude that
genetic factor has little influence on IBS development.f&o the only strong

Pv 3] o]vl 8}/ ~ ]e 8Z dE&"&IA P v U AZ] Z ]o %} ] 8
23 A large cohdrstudy in America and Swed@showed thatthe TNFSF15 gene is
strongly associated with an increased risk of developing IBS (OR=1.37). This was
again confirmed with a British cohort of HBSassociated with TNFSF15 and DNF

genetic polymorphisit.



1.3.2. Stress/ life events

Childhood learning and conditioning played a role in determining whether one
develops IBS. If mother has IBS, the child independently reports more medical
problems and school absené&sThis correlated with having the diagnosis of IBS as
an adult in later lifé>. High stress and anxiety levelssimbjects are more prone to
developing IBS after gastroenterfis A review article by Spiller and Garséd
succinctly summarised the psychological stressors that could influence one to
develop IBS following a bout of gastroenteritis. These stressors are hypochondriasis
(relative risk = 2.0), adverse life events in the preceding 3 monthsiy@lask =

2.0) and depression (relative risk 3.2).

Mechanistic study on stress:

It is now recognised that there is interaction between stress and the gut. The
corticotrophin releasing factor (CRF) activation is the key to initiation of stress
response via the hypothalamjituitary-adrenal axis in IB% 2°. Recent evidence
has shownthat the CRF1 receptor interacts with CRF ligands and is involved in
colonic motor response to various stress %% 31 A gudy by Gueet al. 32
demonstrated the interaction between CRF and stress via the central CRF pathway
caused worsening of abdunal pain and activation of mast cells in radshuman
study by Santot al33 showed activation of mast cells in the gut by releasing of
mast cell mediators such as histamine and tryptase following immersiarhahd

into cold water. This confirmed that stress could activate intestinal ntadis
providing a possible mechanism for stressa cause foaccelerating small bowel

transit.



1.3.3. Somatisation/psychological

One of the most difficult aspects of managing IBS are patients often have multiple
co-morbidities. These include psychologicalodiers such somatisation disorder
and panic attacks, urinary symptoms such as dysuria, nocturia, frequency and
urgency of micturitiongynaecologicabymptoms such as dyspareunia and chronic
pelvic pain and musculoskeletal problems such as chronic fatigogrome. Some
may have undergone unnecessary invasive tests and treatment leading up to
laparotomy, hysterectomy or cholecystectomy? 34 35 The rates of
abdominal/pelvic surgery in IBS patients were reported twice as high as thdse o
normal population and there was as high as-f@l8 increase in gall bladder surgery

in this group of patientg®. 30-60% of patients with IBS symptoms have fibromyalgia
and vice versd” %, Patients who have both of these conditions have worse quality
of life and displayed significant hypersensitivity to pain compared to those with only

either IBS or fibromyalgia aloffe

Somatization disorder (SD) is a psychiatric disorder defined as multiple medically
unexplained symptoms. These symptoms include psychiatric and neurological
complaints. Although SD is rare with excidence of around 1 per 1000, there is a

v E ¢Julo E % E} o u AZ] Z ]* 8Z "%ZCe] 0 *Cu%3}u ]}
1 in 10 of primary care consations®°. It may go unrecognized by physicians and

general practitioners because training is feed on the identification and

treatment of specific organic diseadeéX } pu vS]JvP SZ % §] vS[» }u%o0 ]
morbidities and previous attendances to hospitals provide a helpful pointer towards

the existence of SD. Patiesnwith irritable bowel syndrome who manifest a degree



of somatisation often meet diagnostic criteria for other functional disortfers is
important to recognize and identify these patients since they are more difficult to
manage as they often report worse global IBS symptomatology with a poorer

response to conventioddBS treatment4C.

The Patient Health Questionnaire 15 (RH&) is a useful questionnaire, which
documents somatic symptoms from different parts of the body. The PHQ15
contains 3 gastrointestinal symptoms which if deletedve the PHQ12 Somatic
Symptoms scale (PHQ12SS) as a useful measurement @fastointestinal (Gl)
symptoms*?. A PHQ12SS scoré entify patients with IBS with a sensitivity of
66.4% and specificity of 94.7% and a positive likelihood ratio of 13.2. A low score is
useful and should prompt a search for other diagnoses. Another tool that is useful is
the 14item Hospital Anxiety an@®epression scale (HAD). This is a reliable tool to
detect anxiety and depressiof# which is important since it contrites to the
severity of the disease and if severe (score >15), it will warrant specific treatment

such as antidepressants/anxiolytics.

1.3.4. Visceral hypersensitivity

Visceral hypersensitivity plays a pivotal role in the motor function of the gut and
abdomiral discomfort in IBS patients. Visceral pain is defined as reduction in
threshold for pain and discomfort. The causes of visceral hypersensitivity are varied

and may reflect the heterogeneity of IBS.
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Over the past decade, visceral hypersensitivity cammsasured using the rectal
barostat to induce abdominal pain. Previous studies showed IBS patients have
hypersensitivity to rectal distensictt*6. One of the large stidsby Mertz in 1995

44 showed 94% of8S patients have lower threshold of rectal distension, increased
intensity of sensation or altered viscerosomatic referfalmore recent study by the
Mayo clinic reported only 7.6% having thresholds for pain sensation below the 10
percentile and 13% haw thresholds above the 90percentile. The discrepancies
between these 2 studies were probably due to the strict protocol adherence for
studies performed in the Mayo clinic and differences in the definition of the word
ZS8ZE *Z}o [X /v 8Z hv]d <]vP }uU “Bi@wvdd IBS patiedtso P o
with bloating without distension have lower pain threshold and a bigger desire to
defecate compared to IBS patients who have symptoms of bloating with abdominal

distension.

Immune activation leading tactivation of mast cells and its release dtieir
mediators e.g. histamine and tryptaseay play a part in altered sensation in IBS

patients*6 48, (The role of inflammation in IBS will be discussed later.)

Review articles by Aspirogt al*® and Larauche® have summed up visceral
hypersensitivity in IBS cldgr(see Figure). The central mechanism, which is the
brain, plays a role in how one modulates the perception of afferent information/
visceral pain. The development of functional magnetic resonance imaging (fMRI)
has helped us achieve a better understarglin brain activities during stimulation

of pain/sensation. In IBS subjects, pain by rectal distension led to greater activation
of anterior cingulate cortex, which is the main area in the central nervous system

where the emotional aspect of pain is regirecP’. This postulated that IBS patients

11



might have abnormal brain pathwaywhich led to a low threshold of pain. Another
study by Piche showed IBS patients have thermal cutaneous and visceral
hypersensitivity, whichmay indicate abnormalities in the descending anti

nociceptive pathway?.

Figure3: Putative role of central and peripheral CRF signaling pathways to
influence immune processes and potential implications in strestated IBD and
IBS symptoms

1.3.5. Inflammation

Approximatdy 25% of patients who had acute bacterial gastroenteritis such as
Campylobacter, Salmonella and Shigeliievelop IBS, which is often a continuation
of the initial diarrhoeal iliness anldencefrequently med the Rome criteria for IBS

53,54 patients who developed postfectious IBS (RBS) have similar features as a

12



subgroup of IBS patients with diarrhoea. The relative risk of one developing IBS
following a bacterial gastroenteritis in a year wh.9 compared to the general
population in the United Kingdom (UK) Risk factors that predispose this group of
patients to IBS were prolonged illness during the acute gastroenteritis episode,
female sex, the use of antibiotics and previous psycholodistirbance?’ 54 56 57,
Therefore, RIBS has been used in many studies further understand the
pathophysiology of IBS in general. (Further discussion dB3”lnd the role of

inflammation will becontinuedin Section2)

1.3.6. Intestinal permeability

Following the outbreak of gastroenteritis in Walkerton, Canada due to
contamination of the municipal water supply, a significant number of patients
developed RIBS after 2 years following the eveéxit In this group of subjects, there
was increased intestinal permeability. This provided further evidence in the organic
nature patient with functional bowel disorder. These findingreveonsistent with
previous finding by Spiller and colleague® where the gut permeability was
increased in patients infected witGampylobacter jejungastroenteritis and in Pl
IBS. Another study by Pagt al. ®° showed increased intestinal permeability in
unselected IBS patients. Further study by Dunlop and colle&yuswed
increased intestinal permeability in both-BS and IBE patients. IB® patients
who have increased intestinal permeability seemed to datee with abdominal

pain severity and worsening IBS symptétms

13



A study looking for genetic risk factors forIBS had identified 3 genetic regions of
interest i.e. Cadherin 1 (CDH1), Inéekin 6 (It6) and ToHike receptor 9 (TLR9)
which played a part inthe intestinal barrier®. CDH 1 is a transmembrane
glycoprotein that acts as a tight junction and is responsibléHeintestinal barrier.
IL-6, an inflammatory cytokine, was elevdten IBS patients more so in patients
with diarrhoea and this raised the possibilityat this proinflammatory cytokine

may be involved in the integrity of intestinal barfiér

Numerous animal studies have showed stress incré@sg permeability via mast

cell activation. Picheet al. % showed all IBS subtypes have increhsetestinal
permeability to fluorescein isothyocyanate (FFEGIfonic acid. Biopsies from IBS
patients had reduced zonulih mRNA (Zonuli is a modulator of intestinal barrier
function). Supernatant from incubated IBS biopsies increased the permgadilit
Cace2 monolayers to FIF@extran, an effect not blocked by histamine receptor
antagonists. A likely candidate for mediating this effect would be mast cell tryptase
which other groups have showed increased in IBS biopsy supern#taimt this
study by Buhneret al, resected colon specimens were used and loaded with a
voltage sensitive dye to image the response of human myenteric plexus neurons to
supernatant from IBS colonic biopsies. It evoked action potential discharges in
submucosal plexus neurons when supernatants from the IBS specimen were applied
but not on control supernatant samples. Furthermore, serotonin, histamine and

tryptase antagonits were able to reduce these neurone responses.

Increased tryptase has recently been reported in-IB&hich suggested tryptase
may mediate increased permeability in $BSnterestingly, tryptase levels were

enhanced in IBS compatdo controls. When tryptase inhibitor was added into the

14



rectal biopsy of the IBS patients, the permeability normafi&ethis study found no
increase in expression of proteaaetivated receptor2; suggesting tryptase activity

itself played a rolén the increase of intestinal permeability of IBS patients.

Modulation of the intestinal barrier

Probiotics are living organisms that provide health benefits to the host. The mode of
action ofprobiotics consist of (a) binding of intestinal epithelial cells and inhibiting
adhesions of pathogen, (b) enhance intestinal barrier function, (c) acidification of
colon fermentation, (d) immunenodulatory actions, (e) secretion of bacteriogin

() alteration in mucosal response to stress and (g) inhibition of visceral
hypersensitivity®®. A randomised clinical trial in Chinachdemonstrated that the

use of probiotics is beneficial in surgical patients undergoing colectolyis study
demonstrated he use of probiotics would stabilise the integrity of tight junction
proteins in colonic mucosa epithelium and the balance of gut microbiota thereby
reducing postoperativeinfection. A mechanistic study by Zeng and colleagies
showed the use of probiotics, such as active lactic acid bacteria, decreased
intestinal permeability in IBB patients along with improvement in their global well
being and abdominal pain. This may be a promising treatment if’IB8 there is

still a needto establish types of species, strains and the dose of probiotics which

may be beneficial.
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1.3.7. Transit

Assessing transit is an important part of characterising the subtypes of IBS as most
studies showed faster transit in IB5 However transit through thdowel is
intrinsically quite variable depending as it does on many factors including diet,
emotion and menstrual cycle. Metcadt al.”® refined the method for whole gut
transit that involved taking 20 radiopaque pellets for 3 days and an abdominal x
ray (AXR) on the™day. This became a ceentional method to assess whole gut
transit andis currently usedacross allhealthcare providers. In the past, we
believad that different gut transit plays a predominant role in different subtype of
IBS patients. The differences in gut motility betwed& patients and healthy
controls are variable and may not be a good parameter to be used as a diagnostic
tool for IBS’#’6. An eaarlier study by Cann and colleaguéshoweda relationship
between gutdysmadility in IBS sbtypes both affecting the small bowel transit and
colonic transit. Later in 1999, Horikawa and colleagifestudied gut transit in IBS
and foundit to have accelerated whole gut and colonic transit in-IBButremain
normal inIBSC. When bowel transit was assessed along with symptoms, a study in
the USA’® demonstrated that patients with IBB have faster colonic transit and
there was a correlation of abdominal symptoms with powerful contractions of the
colon. In the IBSC subtype Agrawalet al. 8 demonstratedthat the IBSC patients
have delayed colonic and orocaecal transit time. In that study, it showed significant
correlation between colonic/ orocaecal transit with clinical symptoms sash
abdominal distension, a symptom that most IBS patients suffam. Also, this

study demonstrated thaabdominal bloatingwas inversely correlated with stool
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small bowel tansit without any difference in colonic transit when compared with
healthy volunteers?. This finding was very different from one studied by Ceinal.
""where the small transiivasdelayed in IBS patients who have predominantly pain
and bloating Overall,small and largéoowel transitin IBSis variable and studies
haveconfirmed that there is great heterogeneity itihe healthy population and IBS

patients

1.3.8. Diet

WE}u}s]vP Z 0%8ZC ] 38U Zn C[U AZ] Z Jvou =+ 18
portions of fruit and vegetables dailynakes good sene from a public health
perspective as it may well reduce the risk of cardiovascular disease2tg@betes

v } *]3C ]Jv 8Z h< %}%puo 3]}vX ,}JA A & 8§z zn Cl[ ] ¢
to patients with an irritable and hypersensitive bowel sincestndood typically

have high content of fibre, fructose, fructans, and polyhydric alcohols.
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descibe nonstarch polysaccharide often found in plants characteristically
resistant to human digestive enzymes. Soluble fibres consist of pectins,andns
mucilages, best knownas guar gum and psyllium. These soluble fibres
characteristically form viscousolutions with water and can be prescribed in pure

form. Insoluble fibre consists of harder structural components of plants including
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celluloses, hemicelluloses and lignins. They are typically particulate and insoluble in
water for example corn fibre and heat bran. While soluble fibre can help IBS
patients with constipation® insoluble fibre like bran can adversely affect
symptomsand it is important that levels of dietary fibre intake agsessedlt is

also important for symptom assessmerduring aeduceddietary fibre trial period

Effect of bran

Patients who are symptomatic may modify their diet or increase their fibre intake
prior to consulting their general practitioner. Some studies show that increasing
fibre intake such as bran mdpe beneficial in constipation but not diarrhoea and in
some IBS patients aggravates abdominal distension, flatulence and diarfth&&a

84, About half (55%) of IBSatients believe it worsens their symptoms while only

small proportion (10%) report any symptom improveméhnt

FODMAPs

Recent work in Australia showed that a diet high in FODMAPs (FermentablddOligo
and Monasaccharides and Polyl hydric alcohols) coulgher abdominal symptoms
such as flatulence, bloating, abdominal discomfort and chamgdowel habit in
some IBS patients 8’. FODMAPs consist of fructose, lactose, freantd galacte
oligosaccharides (fructans and galactans) and polyols (sorbitol, mannitol, xylitol and

maltitol) (see Figure 4 for examglef foods withhigh FODMAP&ntent).

Fructose is a-8arbon monosaccharide found in many foods and comes in 3 forms
e.g. monosaccharide (free fructose), dissacharide (sucrose) or fructans (polymer of
fructose) Free fructose is found in fruit and honey. Fructose alagbe present in

the diet as a constituent of the disaccharide sucrose or as fructans, which are
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polymers of fructose with small amounts of glucose. Fructose is usually absorbed
via two transporters in the small intestine epithelium: the GLUT5 fruespseific
transporter in the apical membrane and the GLUT2 transporter which carries
glucose, fructose and galactose across the basolateral membfan&LUT2
transporters have also been seen on the apical membrane when glucose is
presentand being transported by a SGLT$odium/glucosegalactose co
transporter) which increases the uptake of fructo$& t in part explaining why
malabsorption of fructose can be seen when there are lower levels of glucose
present®. Absorption of fructose in the gut is less efficient than glucose therefore
it is possible to exceed the absorptive capacity of the small bowel, leading to
excessive fructose deliveretb the colon. In the colon, it would be rapidly
fermented by bacteria producing shechainfatty acids, carbon dioxide, hydrogen
and methane® . The lydrogen and methane that are produceate expired
through the breath or passed as flatus. When these osmotic changes and rapid gas
productions occur, iinduces bowel symptoms such as flatus, bloating, abdominal
discomfort and erratic bowel hab®# %, IBS patients do not appear to malabsorb
more than normal contra but they seem to be more sensitive to the effects of
these carbohydrate®’. An MRI study recently showed that fructose increased small
bowel water content and its effect was dampened with addition of glucose together

with fructosé®.

Over recent years there has been a marked increase in consumption of fructose and
fructans particularly in the United States where hiffluctose corn syrup is widely

used as a sweetener in soft drinks, sugared fruit drijgkes and baked good§ °’.
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It is important toasses intake of such substances since two randomized controlled

trials 8’ demonstrated that fructose and fructans worsened IBS sympfms

Lactose malasorption affects up to 70% of adults worldwide and in some, it can
cause IBSke symptom®’, although only about 1 in 3 would be aware of their
intolerance. Severity of symptoms is very much dose dependent and the effect of
this would be lessexd if lactose is mixed with other fooslensuring slower delivery

of chyme to the small intestif®. A mutation which arose in North Western Europe
and Northern Nigeria prevented the normal post weaning reduction in lactase levels
andthus led to high lactaseVek throughout adult life (lactase persistené®) The
prevalence of this mutation is highest in Scotland and deslas®ne moves south

and west%2

Assessing dietary intolerance to FODMAPS by history is difficult since the effect of
eachFODMAB component depends on what is consumed simultaneot&hf3. If
fructose and sorbitol were given in a mixture, it seshto cause more symptoms
than when each ofthese components were given separatéfy If each ofthese
components were given along with glucoslkee malabsorption process would be
reduced®. This may explaiwhy some sources of fructose with low glucose
content such as pears are less well tolerated than sosiregth high glucose

content such as grap¥s.

It is likely that some IBS patients magpondto alow FODMAPS diet, though with
such a complex diet requiring intensive dietician input, placebo effects may cause

similar positive response So far, the results of a low FODMAPS diet for IBS patients
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remain promising® &’ 1% sincemost patientswould rather modify their diet than to

take medicatioifs)that may cause unnecessary adverse events.

FODMAP

Excass fructose

Lactosa

Oligosaccharidas
(fructans andfor galactans!

Polyols

Prablem high FODMAP
food source

Fruits: apples, paars, nashi
paars, clingstona
peachas, mango, sugar
snap paas, watarmealon,

tinnad fruit in natural juica

Heonay

Swoatanars: fructose, high
fructosa com syrup

Larga fofal fuctose dose;
concentratad fruit
sources; large sarvas of

fruit, driad fruit, fruit juice

Mik: cow, goat and sheep
[raguiar & low-fat), lca
Craam

Yoghurt (ragular & low-fat)

Cheeses: soft & frash (e.g.

ricatta, cottagel

Vagatables: artichokes,
asparagus, baatroat,
Brussals sprout, broceal,
cabbage, fennal, garlic,
aaks, okra, onions, paas,
shallots.

Coraals: whaat & rya when
eatan in large amaunts
le.g. bread, pasta,
COUSCOUS, crackers,
biscuits!

Lagumas, chickpeas, lantils,

rad kidnay baans, baked
beans

Fruits: watermalon, custard
apple, white paaches,

Fruits: apples, apricots,
charries, langon, fychaa,
nashi paars, nactaring,
paars, paaches, plums,
prungs, watarmalon

Vopatablas: avocadp,
cauliflower, mushraoms,
SNOW Paas

Swoataners; sorbitolid20),
mannitolid21), xyfitol(367),
maltital (9ER), isomalt
[953) & others ending in
Ll

Figure4: Food sourcecontaining high FODMAPS contéft

1.4. Conclusion

IBS consists of a large heterogeneous group of patients where its pathophysiology
remains to be elucidated. Immune activation is believed to play an essential role in
developing IBS. IBS may possiblysiting at the other end of a spectrum similar to
inflammatory bowel diseasesince it shares certain common pathways in its
pathogeness; for example genetic defects, increased gut permeability and

exacerbation of symptoms following stress.
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1.5. Aim of this thesis:

Themainaim of this thesis was to assess the role of inflammation in a subgroup of
patients who have IBS with diarrhoea. Thieesis will describe the effect of
Mesalazine, an aninflammatory drug, inthe treatment of IBSD with the aim of
looking for relevant mediators or biomarkers. The second aim was to explore the

use of magnetic resonance imagifMRI)to look for potential biomarkers in IBS.
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Role of inflammation intdritable Bowel Syndrome
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1.6. Postinfectious IBS

1.6.1. Epidemiology

Postinfectious irritable bowel syndrome @BS) a chronic conditions defined by
newlydeveloped of IBS symptoms followirgn episode of acute infectious
gastroenteritis.This subgroup of IBS patientssizanormal bowel habit prior to this
acute episodeThe acute episode of infectious gastroenteritis is defined by having
at least2 or more clinical features such as fever, wimg, diarrhoea and a positive

stool culture 197,

A recent large community survey in the United KingddK)which involved over
6800 participantdas revealed that the overall incidence of infective diarrhoea was
274 cases/ 1000 persons/ yeaiith a maximum incidence in young childréff.

Viral gastroenteritis was the commonest cause with norovirus being the most
frequent organism isolate. Theost commonbacterium wasCampylobactesspp.

with incidence rate of licase$ 1000 persons/ yeann 2009 Other common
bacterial intestinal infections wer8almonellaspp. andEscherichia colHowever, it

is worth noting that less than 1 % of episodes of gastrointestinal infections in the
community are reported to the national surveillance systems, therefore its true
incidence would be grossly underestimated. Due ttee under reporting of
infectious gastroenteritis, the true incidence of-lBS may be greater than what is

currently believed.

Epidemiological studies have suggested that enteric infection is one of the most
important risk factors for developing IBBese findinggyenerallyequae to those
found for psychological risk factors, such asxiety andincreased levels of

depressionand sleeping disordersSmoking, body mass index and alcohol excess
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also show similar effect®®, The proportion of patients developing IBS following
gastrointestinal infections varies in different serafsstudies This can b&om 3.7%

110 t0 36%with the highest incidence being seen in those with the most severe
infection as judged by bleeding, fever and weight 1#6s§hemost common causes

of bacteriacausing RIBS in the UK ar€. jejuni Salmonella enteritidiand Shigella
flexneri Most often, PAIBS patientsdescribea persistenceof their initial illness
leading to multiple visits to the general practitioners or hospitals. Most ofsthe
patients meet the Rome criteria diagnosis for IBS with diarrhoea-QBS.
Therefore, the similarities between-BS and other subtypes of IBS may provide a
better insight into the pathophysioby of all IBS especially whéime onset and

cause of symptoms in#BSis clearly defined

1.7. Risk factors

In a metaanalysis, the overall effect adeveloping IBS following aimfectious
gastroenteritisgave a pooled odds ratiof 7.3 (Cl 4.81.1}'2 A review by Spiller
and Garsed summarised succinctly risk factors #red relative risks with each

component.See figures.
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Risk factors

Adverse life events (RR=2)
Depression (RR=3.2)
Hypochondriasis (RR=2)
Age >60 (RR=0.36)
Female(RR=3)

Smoking (RR=4.8)

Pathophysiology
and symptoms

Lymphocytosis
(RR=3.2)

EC hyperplasa
(RR=3.8)
Elongating toxin
(RR=12.8)
Duration of initial
iliness(RR=11.5)

Figure5: Summary of risk factis of developing RIBS

1.7.1. Genetics

Previous studies have demonstrated that there may be a familial tendency when
studying monozygotic and dizygotic twins but sotg@rningalso is an important
factor in a child developing IB&?. Recent studies on singl@ucleotide
polymorphism(SNP) supports the idea of genetic influence contributing to IBS. A
greater proportion of IBS patients are heterozygous for-8@8 (G/A)SNP, whicls
a high producer of TNF3 A high producer TNF v 0}A % E} HOIB }( />
1082 A allele was more prevalent in IBS pati¢8%) versus control (3%). Ratg,

Pv §Z §]e ¢} ] 8 A]3%Z wasjdeniified pnchas demonstrated

an increased risk of IBS (OR 1.8i7a cohort of IBS patierf. The gene that was
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identified was the G allele of SNP rs4263839 in the TNFSF15Ageriker study by
Swan and colleagués* had identified a closely related SNP in the TNF$EDB,

which increasd the risk of developing IBS, and there was an increased

as the Walkerton outbreak in 2007 have shown association between SNPs with Pl
IBS. They identified 3 gene regions such as the Cadheri anid ToHike recepor

9 83, The limitation of this study was its small samplaize that did not withstand
corrections for multiple testingThese associationg/ould need to be reproduced

again in another separate cohort.

1.7.2. Physical and Psychosocial

Swudies have confirmed that high stress and anxiety levsispchondriasisadverse

life eventsoccurringin the preceding 3 months and depression increase the risk of
developing RIBS?6 27 57 107 Smoking increases the risk of developindB™ to
about 5 fold but its mechanism is yet unclear at present wlatpt (>60 years)
protects one from developing MBS (RR 0.36, either due to declining immune
response as one becomes older alternatively prior immunity reducing the

severity of the initial illness

Psychologidastress can exacerbate pain syndromes such abuBi®w it increases
the risk of developing RIBSis still unclear although stress is known to alter
immune function In the animal models, corticotrophirleasing hormone (CRH)

seems to be &ey mediator of stressactingvia the hypothalamigituitary-adrenal
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axis as well as locallynithe gut CRH acts via the CRFdceptors that cause
stimulation of colonic motilityand waterydiarrhoea inrats and mice’® 30, When
CRHL1 receptor antagonist was used, it prevented diarrhoea iniratigatingthat

the brain CRF1 signalling pathway is important in colonic motor respbfisés
another animal model, rats that were previously ikt with Citrobacter
rodentium showed raised level of corticosterone and epinephrine levels following
chronic water avoidance stress. They also found increegszipheral nociceptive
signalling from rectal distensioand tissue proteasesThese proteasesre likely
released from activated masells thatcan induce hyperexcitability in colonic dorsal
root ganglia cell$'®. In humars, inducing stress such as immersiortted hand into

cold watercan causgain and sympathetic activation. Thieuldlead to activation

of mast cells radasing mediators such as histamine and tryptase in the small bowel
33, Santos and group have also demonstrated in their study that with stress, this
could lead toan increasein human small bowel secretioff. The same group have
shown evidence of increased numbers of mast cells and tryptase in jejunal biopsies
of anxious IB® patients''’, whichis replicated by the Nottingham group?
Therefore, there is a possible explanation that stress could increase human small
bowel secretion andmotility that leads to accelerated transit which is a

characteristioof IBSD.
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1.8. Pathophysiology

The pathophysiological causes oflBS are multipleHowever theres evidence to
*Z}A o}A PE Zluupv  -BBRAaisd }BS patiems/ Changes in enteric
nerves and altered microbiome maysobe implicated in the pathophysiology of Pl

IBS.

1.8.1. Immune activation

Enterochromaffin cells (EC célslymphocytes

The EC cell is asubtype of neuroendocrine celis the gut andcontains a90%
proportion of its body storeof serotonin (5HT) 1% EC cells act as a sensory
transducer and play an important role in response to luminal pressure and contents
such as nutrients and bacterial products by secreting peptides and amines that
activate the enteric nerves and transmit information to the centraivous system.
5-HTstrongly influencessZ Pus[e u}3]o]8C v +« & 3]}v d% ] ooC A
toxins such as choler@he 5HT activates enteric reflexes via theH3;p, 5HT, 5

HT: and 5HT; receptors to stimulate secretion and propulsion of that 10 In
animal studes, mice infected withTrichinella speciesr Trichuis murisdevelop F

cell mediated immune response in the gut causing an increase in EC celldHand 5
content 12123 Although acute inflammation resolvefollowing acute infection,

there is persistent T lymphocydependent EC cell hyperplasia. Other studies in IBS
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patients have shown similar evidenc8erial rectal biopsies on patients following
Campylobacter jejuni gastroenteritis who developed B3 has shown raised 5HT
containing EC cells, intepithelial lymphocytes(IELs) and T lymphocytes which

could persistér many year§® 107,

Cytokines

The cytokines are products of monocytes omarophages.The monocytes and
macrophages are parts of innate immunity goldy animportant part in mounting
an acute inflammatory phase when therg invasion of infectious agenRecent
studies increasingly have shovidicell and T cell expressions are increased in IBS
patients. A group from Swedemlemonstrated isolated B cells in blgoshowed
increased expression of IgG and-stonulatory molecuts CD80 and CD86.
D}E }A EU §Z Pps Z}ueeldvs IBSIpitents were higher than
the controls which may implicatdhat the source of B cell activation may be from
antigens in the gut.Another study from the group has demonstrated increased T
cell activation, CD4 and CDS8, in IBS patients-iffl@ammatory cytokine Hit ]e
raised compared tahe control and showed a weak correlation with dissatisfaction
of bowel habit in IBS patients®. Neither of the twostudiesstated whetherthe IBS

cohorts were RIBS patients.

Other studies have demonstratezimilar results showing raised pnoflammatory
cytokines such aslL-1, TNFrUL& and reduction in {L0, which is an ami
inflammatory cytokine, in colonic biopsies or peripheral blood mononuclear cells in
PHBS patients®* 26 127 Other studies have showed imbalance in cytokioés

different subtypes ofIBS patients’® 128 Overall there is lackonsisteng with
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findings on the cytokines antheir methodologiesand patient selectioris varied

which may explain theariabilityin the results.

Mast cells

Recently, theras evidence to show that mast cells may be implicadsdne part of

the pathogenesi®of IBS. Recent studies have shown that mast cells are increased in
the small and large bowel of all subtypes of IBS patientselspecially in IBSD
patients 54 117, 118 129131 Mast cell products can activate enteric nerves within the
lamina propria which may be relevant to IBS symptoms fiumber ofmast cells
which lie in close proximity tahe enteric nerves, <Gm from the nerve, correlate

with the severityand frequencyof visceral pain in IB& 132, When mast cells are
activated, mediators such as histamine, prostaglandimd proteasessuch as
tryptase 133 are released, which can activate enteric nerves. Tryptase signals to the
cells through proteinasactivated receptor 2 (PARreceptor) which can cause
neuronal excitability'®* 13 leading tovisceralhypersensitivityand increasecyut
motility. Recently, a study demonstratetiat the down regulation ofproteinase
activated receptors 4 (PAR4 receptor) may be implicated in the pathogenesis of IBS
136 although previous studies were mdgtin animal models and in studiesf
inflammaory bowel disease.Histamine also activates the enteric nerves by
interaction via H1 and H2 receptdfs These mast cell mediators such as histamine
and tryptase are ineasel in the biopsy supernatants of IBS patients compared to
healthy controls*® 66 137 and this release of mediators activate human enteric
afferent nerves which likely play a role in visceral sensitivity but so far, thieraa

correlations between this and clinical symptoms.
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1.9. Prognosis

Overtime (year9, there is a slow decline in the prevalence ctB% once the initial
diagnosishas beenestablished.In a 5 year review following Salmonella spp
infection, a studyby McKendriclet al 138 showed 7 out of 11 patients hadaormal
bowel habit but only 5 had diarrhoea more than onaeweek. Another study
reported 43% of PIBS patients had recovered after a 6 year follow'#pwvhile a
meta-analysis of PIBS reported steady reduction in-IBBIS symptoms. The odd
ratios for those infected compared to healthy controls at 3 months was 7.6 and at 3
years it was 3.8%. The long term follow up of the outbreak of gastroenteritis in the
Walkerton outbreak showed a decline in the prevalence ofiB8 from 28% to

15.4%after 8 years. These data are reassg as the prognosis of 8BS is goad
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1.10. Mesalazine

1.10.1. Background

Mesalazine ismanti-inflammatory drug commonly used to treat mild to moderate
Jv(o uu 8}EC }A 0 Je e e epuZ e« po E 3]A lkonas]e v
first introduced in 1975 andt iis a derivative of salicylate acidViesalazineis
delivered asenteric-coated 5-amino-salicylate acid and exerts its effect mainly in
the gastrointestinal tract.lt is metabolised into Mcetylmesalazine by the
intestinal mucosa and systemically in the liver. Some acetylation occurs through the
action of colonic bacteria. Itaks rot cross through the bloodbrain barrier since

the majority of the compounds protein bound. Mesalazine is excreted in urine and

faeces In general, the medication safe

1.10.2. Mode of action d Mesalazine/ Sulphasalazine in
IBS:

Many studies in the pastave showed Mesalazine can interfere with the activation
of the inflammatory pathwayThere is substantial evidence of lggade immune
activation in IBS particullr in those with diarrhoeafollowing acute bacterial
gastroenteriti$*'. The mucosalchanges obseed in the PIBS groupwere very
similar to those irthe IBSD groug* 132 142, Therefore, with these similar changes
observed in both othese groupsit was worth using mesala® as a treatment for

the unselected group of patients with IE5
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Priorstudies using mesalazine

The first anecdotal open label trial of 12 patients with resistant-DBS/ho
responded to mesalazin&3, showed a benefit that took about-2 months to
become apparent. There have since been three further reports of open label
treatment 144 145 and two small randomised control triaf$® 147, All butthe
Corinaldesi trial*¢ used patients with IB®. The Bafutto trial used mesalazine 800
mgs tds for 30 days in 61 HBSpatients and showed benefit with a reduction in
stool frequency, stool consistency and abdominal pain but was uncontréifed
The Andrews study involved just 6 patients but this showed mesalazine decreased
biopsy proteolytic activity. Both of the randomised control trials are rather too
small to be sure of their significance with n=20 and 17 respectively. One study
showed a significant reduction of mast cell numbers and an overall reduction in

inflammatory cellg46.

1.10.3. Risk and benefits

Mesalazine has been widely used for more than 45 years and there is extensive data
on side effects. In general, the drug is well toleratédephrotoxicityis seen at a

rate of about 1 per 100@0 prescriptionst“é, more common but less serious side
effects include diarrhoea, nausea, vomiting and abdominal pain together with
headaches and rarely pancreatitis and blood disorders. Balancing this, irritable
bowel syndrome patients suffer marked decrease in qualityf@f similar to that of

other chronic diseases like diabetes and heart failure. They also lose significant
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amounts of time off workand when they are at workwork less efficiently. A
simple safe and effective treatment would be of undoubted benefitMoat is a
substantial subgroup of the population given that IBS with diarrhoea affects around

3% of the general population.

1.10.4. Rationale for the current study

Studies in Nottingham over the last decade have identified the importance of
inflammation in vawus subgroups of IBS. We have focused on the group of IBS
patients who develop symptoms following acute bacterial gastroenteritis, the so
called post infectious IBS. In this group, we have been able to show that the acute
inflammatory insult associatedith acute Campylobacter jejurenteritis is followed

by a more prolonged indolent phase with increased chronic inflammatory cells long
after the infecting organism has left the body. In this subgroup of IBS we have
demonstrated activated circulating pehpral blood mononuclear cells with
increased cytokine production and an associated increase in inflammatory gene
expressiont*, We also demonstrated the importance of anxiety and depression
107 which along with adversedifeventsthat increase the risk of post infective IBS
(PHBS)®’. The changes observed inIBS are very similar to those in iBSthe
predominant bowel disturbance being diarrhoea with a similar prognt8is This
work has been supported mthers whohave shown inflammatory changes ini1BS
patients who dd not have a background of previous infectiéh!4?2 Such studies
have also shown increased inflammatopells and increased expression of

inflammatory cytokines including-ILt 1?7, Increased gut permeability has also been
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shown in IB® %%, making a trial of an anthflammatory treatment a logical choice.
Safety is of preminent importance in IBS drugs as can be seen by the recent
withdrawal of Tegaserod*® and the previous withdrawal of Alosetroft®. Both
drugs, which we therapeutically effective, had to be withdrawn owing to rare side
effects (incidence < 1 per 700 patient treated). This leaves such patients bereft of
effective treatments, a gap which mesalazine might wallefilled. Our hypothesis

was that mesalazie by virtue of its antinflammatory actions will alter the
inflammatory mediatorsleading over a number of week® a reduction in the
number of mast cells and a reduction in the release of inflammatory mediators.
Previous studies have shown thatAbninosalicylic acid (ASA) inhibits the release

of inflammatory mediators including histamine and prostaglandin®D2 It also
]Jvz] 18 S8]A 8]}v }( 8Z SE ve E]%S3]}v ( 8}E E&f Az]
inflammatory cascad&? More recently, it has been recognised thaASA exerts

an antrinflammatory effect mediated via peroxisome proliferatactivated
receptor J(PPARJeceptors}>s. Whether directly or indirectly, AASA has also been
reported to inhibit inducible nitric oxide synthetase production and also
prostaglandin production via its C&Xinhibitory effects'®®. Mesalazine therefore
both by virtue of inhibiting other inflammatory pathways and by directly inhibiting

mast cell pathways may reduce mucosal immune activation.

We plamedto investigate the effect of long term mesalazine on mast cell numbers,
the chronic inflammatory cells and the mucosal production of inflammatory

cytokines, ILitU d Bd&s well as mast cell specific tryptase.
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1.10.5. Mesalazine product used for this study

The product that was used for this study (described below) was called Pentasa,
manufactured by Ferring Pharmaceuticals Ltd. The followings are the pharmacology
properties based on the summargf product characteristics provided by the

company:

Pentasa sachet prolonged release granules consist of ethylcellulose coated
microgranules b mesalazine. Recommended dose for aligtup to 4g / day in
divided dose Following administration mesalazine is released continuously
throughout the gastrointestinal tract in any enteral pH conditions. The
micrograndes enter the duodenum within andur of administration, independent

of food ceadministration. The average small intestinal transit time is approximately

3 t4 hin healthy volunteers. 380% of Pentasa is absorbed predominantly in the
small intesting®. It reaches a steady state after 5 days following oral

administration.
Manufacturer of Pentasa (including packaging): Ferring Pharmaceuticals Ltd.

The manufacturing, packaging and labelling of the placebo was identical to the

active drug except for the active ingredient.

Manufacturer of placeboQPharmaAB (Sweden) and Farg Pharmaceuticals Ltd.
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1.11. Clinical trial to assessfficacy ofMesalazine in IB®

Title of trial: Efficacy and mode of action of Mesalazine in the treatment of
diarrhoeapredominant irritable bowel syndrome

Thiswasa multicentre, two-arm, parallel grop, double blind randomised placebo
controlled trial comparing mesalazine with placebo in patients with diarrhoea

predominant irritable bowel syndrome.

1.11.1.  Aim of study

a) The purpose of this trial was to define the clinical benefit and possible
mediators of the benefit of mesalazine in iBS
b) Symptoms (primarily bowel frequency) and markers reflecting mast cell

activation and small bowel tongere evaluated in this study

1) The primary objective
Effectof mesalazine on stool frequeney end of study (weekll and 12)
2) The secondary objectives

Effectof mesalazine on:

a) Overall IBS symptoms

b)  Mast cell numbers, mucosal lymphocytes and faecal tryptases
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c) Smallbowel tone by measurement of fasting small bowel water content
through MRI (discussed in the next chapter)
d) To assessability of biomarkers (mucosalMRI parameters) to predict

treatment response

1.11.2.  Trial / study design

This was a muktentre, two-arm, parallel group, double blind, randomised placebo
controlled trial comparing Mesalazine with placebo in patients with diarrhoea
predominant irritable bowel syndrome. Design of the study was modified after
consultation wih a selection of interested patients from tidottingham Digestive
Diseases Biomedical Research Unit patient advisory group who provided a lay

member for the Trial Steering Committee.
1) Randomisation and blinding

This was a doublblind parallel group studyNeither participant nor supervising

doctor nor study nursewere aware of the treatment allocation.

The randomisation was based on a computer generated pseadom code using

random permuted blocks of randomly varying size, created by the Nottingham
Cinical Trials Unit (CTU) in accordance with their standard operating procedure
(SOP) and held on a secure server. The randomisation was stratified by the

recruiting centre. The supervising doctor or study nurse obtained a randomisation
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reference number fo each participant by means of a remote, interdetsed

randomisation system developed and maintained by the Nottingham CTU.

The sequence and decode of treatment allocations were concealed until all
interventions were assigned and recruitment, data collection, and all other trial

related assessments were complete.

2) Participants

a) Recruitment

Participants were recruited betweefpril 2011 and May 2013 with the last patient
completed in August 2013Participants were recruited from IBS clinics at the

JVA «3]P §}E[* Z}*%]5 oU }E (E}u o0]*3e }( % 3] vie AZ} Z
research studies and had indicated that they Weblike to be contacted about

future relevant research projects. In addition, we had, in conjunction with the local
Primary Care Research Network, approached GPs to ask them to search their
databases for eligible participants and send out letters of iteitealong with

participant information sheet (PIS)his ensured thatthe initial approachto

patients A « (E}u uu & }(SZ % S] vS[e prpo €E S u }E (
authorised research nurses. We also advertised in the local newspaper duemo sl
recruitment and information about the study was on display in the relevant clinical

areas. Ethical approval was sought for any adverts or posters displBgtidnts

were seen in the research centres in participating hospitals and enrolled by

research nurses or doctors.

Initial recruitment into this trial was slow and it was felt that the eligibility criteria

for IBSD, was too demanding. We therefore moeifl the eligible criteria for IBB
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following registration with the clinicaltrials.gov to reflect the fact that, as others
have found, the bowel habit of IBS % S] vSe ] 0 ¢« V}EU 0 $Z vV % S]

suggest®s,

The patients were required to meet the modified Rome Il criteria forDBS
(1v e ¢35}}0 (E <pVv C I HIi % & C (}J& u}& SZvi (
of stools to be of type 56 v GI1A9 Sd6eording to the Bristol Stool Form
Scale (BSF8) To exclude other causes of diarrhoea, we required normal
colonoscopy and colonic biopsies, normal full blood count, serum calcium and
albumin, Greactive protein and negative serological test for coeliac disehactose
intolerance was tested by asking patients to consume 568 ml of milk/day and
performing a lactose breath hydrogen tesd see whetherthey developed
diarrhoeal symptoms within 3 hours. If the stools were watery and frequibret
patient then underwent a 7day retention of selenium7abelled homocholic acid
taurine test or a trial of cholestyramine to exclude bile acid malabsorption. If any of

these tests were positive patients were excluded from the study.

All patients gave written consent.

During the screening period of 2 weeks, patients were only allowed a maximum 2
doses of 4mg Loperamide per week and discontinued any IBS medication. Once
randomised, patients were allowed to take Loperami@es required)to control

their symptoms, as we hyphesised that Mesalazine would take at least 6 weeks to
exert its effect on the gut. At the last 2 weeks of the trial, patients were not allowed

Loperamide or any antibiotics.

Other inclusion and exclusion criteria wersstated below:
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b) Inclusion critera

i. Male or Female patients aged-¥8 years able to give informed consent.

il. Patients should all have had a colonoscopy or sigmoidoscopy within the last
12 months to exclude microscopic any inflammatorycolitis. (If not, but they
have had a negative colonoscopy within 5 years and symptoms are
unchanged, then a sigmoidoscopy and mucosal biopsy of the left colon would
be sufficient to exclude microscopdc any inflammatorycolitis).

iii. IBSD Patients meetingRome Il criteria prior to screening phase.

iv. W 8] v8e A]SZ HIA9 «}(8 ~+« }JE E&e v DIA9 Z E ~« }E
the screening phase, as scored by the daily symptom and stool diary*.

v. Patients with a stool frequency of 3 or more per day for 2 orendays per
week during the screening phase*.

vi.  Satisfactory completion of the daily stool and symptom diary during the
screening phase at the discretion of the investigator.

Vil. Women of childbearing potential willing and able to use at least one highly
effective contraceptive method throughout the study. In the context of this
study, an effective method is defined as those which result in low failure rate
(i.e. less than 1% per year) when used consistently and correctly such as:
implants, injectables, cobined oral contraceptives, sexual abstinence or

vasectomised partner.

*If inclusion criterion 4 and/or Svere not met but the resultswere considered
atypical (as observed from medical history and patient recall) then the pawast
allowed tore-screenon 1 occasion only. Theteadto be sufficient data completed

during the screening phase to allow adequate classification.
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Definition of IBE meeting Rome Il criterfa

Abdominal pain or discomfort at least- 3 days/month in the last 3 months

(criterion fulfilled for the last 3 months with syptom onset at least 6 months prior

to screening) associated with two or more of the following:

x Improvement with defecation;
X Onset associated with a change of stool frequency;

x Onset associated with a change in form (appearance) of stool.

Exclusiorcriteria

Women who are pregnant or breatteding.

Prior abdominal surgery which may cause bowel symptoms similar to IBS
(note appendectomy and cholecystectomy will not be an exclusion).

Patients unable to stop anthuscarinics, antspasmodics, high dogecyclic
antidepressants (i.e. above 50 mg/day), opiates / -diirhoeal drugs*,
NSAIDs (occasional over the counter use and topical formulations are
allowed), longterm antibiotics, other antinflammatory drugs or #SA
containing drugs.

Patients onselective serotonin reiptake inhibitors and low dose tricyclic
antidepressants (i.e. up to 50 mg/day) for at least 3 months previous unwilling
to remain on a stable dose for the duration of the trial

Patients with other gastrintestinal diseases includin }o]S]e v E}Zv][-

disease.
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vi.  Patients with the following conditions: Renal impairment, severe hepatic
impairment or salicylate hypersensitivity.
Vil. Patients currently participating in another trial or have been in a trial within
the previous 3 months.
viii.  Patients who in the opinion of the investigator are considered unsuitable due
to inability to comply with instructions.
ix.  Patients with serious concomitant diseases e.g. cardiovascular, respiratory,
neurological etc.

X.  Positive test for bile acid malabsorption

*(Afull list of excluded or dose controlled medimats can be found iAppendix1)

*Loperamidewasallowed as rescue medication throughout the trial, however if >2
doses / weelwere taken during the screening phase then thegre not eligible,

though theycould be rescreened on 1 occasion only.

d) Expected duration of participant participation

Study participants participated in the study for 14 weeks.

e) Removal of participants from therapy or assessments

The following subject withdrawal criteria applied:

i.  Noncompliance- if less than 75% of IMP doses* are taken between visits, at

§Z VA «3]P S} E([s ]+ E §]}vX
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*as advised by the study doctor, taking into account that not all participants will be

advised to take the full study dose due to intolerance.

il. If the participant has remained on the initial lower dose of 2g once a day for 3
A le v 8Z u ] 8]}v ]® *8]Joo v}3 8}o E § U § 87 ]vA

ii. Adverse reaction (serious and ngarious) with clear contraindications.

V. Participant withdrawgonsent.

V. Safety reasons e.g. preghanty*

Vi. Lost to follow up.

Vil. Participant develops an excluded/contraindicated condition.
Viil. Investigator discretion. (e.g. Protocol violations)

IX. Un-blinding, at the discretion of the PI in conjunction with the C

Participants whdrawn from the study were replaced. The participants were told
that withdrawal would not affect their future care. Participants were also made
aware (via the information sheet and consent form) that should they withdraw the
data collected up to their witdrawal cannot be erased and may still be used in the

final analysis.

** |In the event of a pregnancy occurring in a trial participant or the partner of a trial
participant monitoring shall occur during the pregnancy and after delivery to
ascertain any tal related adverse events in the mother or the offspring. Where it is
the partner of a trial participanttonsent will be obtained for this observation from

both the partner and her medical practitioner.

3) Summary of werall trial design:
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Participants were dentified from both primary and secondary care. Theyere
required to meet the modified Rome Il criteria arthen underwent a 2week
screening with stool diary (see inclusion and exclusion criteria). If eligibleywtey
randomised (week 0) into taking either a 2g Mesalazine or placebo for the first
week and an increment of 4q if they tolerated the medication after 7 days. A weekly
stool diaryhad tobe completed for 12 weeks. Participartad telephonecall visits

at week 1,3 and 9 to assess for tolerance and compliance. They returned,in

the middle ofthe trial (week 6) to replenish their medication. Thegre requiredto

fill in study questionnaireat the beginning and end dhe study. Samples of stool,

blood ard serum were taken ahe beginning and end dhe study.

For participants in Nottingham (following consent), participahisd a fasting
baseline and end of study magnetic resonance imagingheir tabdomen and

sigmoid biopsy (Figur@and Table2).

> Diary Completion

i

Participants
dentfied from
primary and
secondary care

2 01 3 6 9 12 T (Weeks)
tf/_

sP

0 1 2 m® ® 3 = 4  Visits

T (EOT)

Dose increment to 2g

M/P bd ib
. . Sigmoid biopsy #
Sigmoid biopsy +
MRI * and stool
MRI * and stool anc stoo

*= Nottingham only

Figue 6: Schenatic drawing of the study design
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Table2: Patient visits and contacts

Procedure Visit 1 Visit 2 € Visit 3 € Visit 4
(Time (T) inwk) Screening Randomisation Final visit
(T=2) (T=0,from1stdose) | (T=1) | (T=3)[(T=6) [(T=9) |(T=12)
Check eligibility 8 5 8
= o =
Informed consent 2 3 2
c o c
s8 | s =
Demographics and bowel symptoms 8 E k= 8
Q0 5 Q0
Q= = 2
Physical examination and history € c £ =
€3 o =
Daily symptom and stool digty 2 3 E e
3 o 5 3
c £ o c
Sigmoidoscopy with biopsy to exclude microscopic cblit 8 o3 5 8
9 o
X0 . X
Pregnancy test Q2 S b
sati 55 | 2 5
Randomisation oo o W
< g W <
Questionnaire$ =9 -
S = S
Blood and stool sample 22 2 o
[SH % o
Flexible sigmoidoscopy and biopsies - ~E}88]vPZ u }V §§ S % - ~E}$8]vPZ u }voCe
o 5 o o
MRI scarfs . ~E}33]vPZ u}v 28 | o > . ~E}&8]VPZ u }voCe
8 - 5 8
IMP Dispense ° % 5 ©
Return 5g 5g §g
Adverse reaction recording 2o 20 2o
o8 o8 o e
aDaily symptom and stool diamh ¢ }u% 0 § SZEIUPZ}IuS 3Z % ES] 1% v3[e JVA}oA u vd ]v 3Z SE]oXx dz e« AE E A

®Unless the participant had had a colonoscopy within the last 12 months that excluded microscopic or any inflammatory colitis.

¢CDC HRQOL4, 50, HAD&nd PHQL5.

40nly participants recruited at the Nottingham site underwent MRI scans and flexible Sigmoidoscopy with biopsies.

€Telephone contact was either by telephone email or if convenient at the hospital
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1.11.3. Main outcome measure:

1) Clinical outcome:

a) Primary endpoint:

Daily mean stool frequency during weeks12 of the treatment period

b) Secondary endpoint

(all assessed during weeks-12 of the treatment period)

i.  Average daily severity of abdominal pain on-a0scale.
i. Days with urgency during weeks-12 postrandomisation.
iii. Mean stool consistency using Bristol Stool Form Score.
iv.  Global satisfaction with control of IBS symptoms as assessed from the answer
§} 8Z «u *8]}v A, A Clp Z - 8]e( S}EC dBsdfis( }( Clp
A Mz «IE}X_
c) Ancillary secondary endpoints
i. EQ-5D
i. CDCHRQOL4
ii. HADS

iv. PHQ-15

d) Safety endpoints
i Adverse events related to the trial treatment

ii. Withdrawal from the triatreatment due to adverse events.
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2) Mechanistic outcome:

a) Primary endpoint:
Mastcell numbers (mean % area stained pei) at week 12

b) Secondary endpoints:

I. Mast cell tryptase release duringh®ur biopsy incubation

i. IL-itU d B &istamine and serotonin secretion during same incubation
iii. Small bowel tone assessed by volume of fassimgll bowel water$ection3)

2 Faecal Tryptases and calprotectin

1.11.4. Sample size

Our previous study on diarrhoea predominant IBS patients gives a mean stool
frequency of 3.1 (standard deviation 2.0). Tuteja and colleagues reported
Mesalazine decreasing stofifequency by 1.4 bowel movements per d&y Our
study had 80% power to detect such an effect at the 1%diwled alpha level. We
aimed to randomise at leadi25 patients to allow foa 20% drop out rate but owing

to recruitment ongoing at multiple sites and patient requests we actualtiyuited

136.

Much smaller numbers are needed to assess the effect of Mesalazine on mast cell
numbers and tryptase releas€orinaldesiet al reported a 36% decrease in mast

cell numbers from mean 9,4standard deviation 2.5§%¢ that required just 12
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patients to show such a decrease with a power of 90% at the 1% alpha level.

1.11.5. Data Analysis

(An independent statistician dhe University of Nottingham performed all clinical
primary and secondary analyseBhe remaining analyses such as the mechanistic

and post hoc analyses wecarried outby myself)

Analysis and presentation of data was in accordance with CONSORT guidence. T
primary data set included stool diary filledt for at least 10 days out of 14. Balance
between the trial arms at baseline was examined using appropriate descriptive
statistics. For continuous variables, data was summarised in terms of the mean,
standad deviation, median, lower & upper quartiles, minimum, maximum and
number of observations. Categorical variables were summarised in terms of

frequency counts and percentages.

The general approach for betwegmoup comparisons was intentieio-treat (ITT).
Appropriate regression modelling was used to evaluate the primary and secondary
outcomes, and safety data, with due emphasis placed on clinical importance of 95%

confidence intervals for betweegroup estimates.
No formaladjustment for multiple gjnificance testing waapplied

Full details were given in a separate Statistical Analysisdpldapproved before

data lock.
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The safety monitoring functions of thérial were undertaken by the Data
Monitoring Ethics Committee (DMEQhe DMEC meetings were heldannually

and the committee members were happy with the progregghe trial.

Clinical

1) Assessment of efficacy

We used descriptive statistics to compare the randomised groups at baseline. The
primary outcome was assessed ngsiintention to treat without imputation. We
used a generalised linear mixed model to compare Mesalazine group and placebo
group for the primary outcome, with adjustment for the baseline value of the
outcome, and study centre as a random effect. Additipnalve adjusted for any
variables showing imbalance at baseline in secondary models. We compared the
characteristics of participants who did and did not adhere with the study
medication before estimating the treatment effe@nd if the medication was
actudly taken using Complier Average Causal Effect (CACE) analysis. We
investigated the effect of missing primary outcome data using muliipfeutations

The secondary outcomes were assessed using similar models as for primary

outcome, or logistic or Poissaegression as appropriate dependent on outcome

type.

We undertook subgroup analyses by including appropriate interaction terms in the
linear mixed model for primary outcome according to baseline daily mean stool
frequency, baseline mean abdominal pain recand baseline mean HADS anxiety

score.
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Secondary outcomes were treated similarly, after transformation if appropriate,
while binary and count outcomes were handled by multiple logistic or Poisson
regression as appropriate. All analyses were performedguthe current version of
Stata adopting the intention to treat principle without imputation for missing data

(with a sensitivity analysis using multiple imputation for the primary outcome). .

We planned to conduct a number of pspecified subgroup anags.

For each of the following three outcomes:

a) Stoolfrequency during week 112
b) Numberof days with any stool consistency siog 6 or 7 during week 112

c) Averageof worst pain for each day during week-12

We investigated whether there were any diféerces in betweemgroup effects
according to the following baseline variables: (1) anxiety; (2) stool frequency; (3)

abdominal pain; (4) mast cell activation*

These sulgroup analyses were conducted by including appropriate interaction
terms in the regressn models, and as the study has not been powered to detect
any such sulgroup effects, were considered as exploratory and would require

confirmation in future research

*Mast cell activation will be defined as elevation of any of the inflammatory
mediator @mponents such as mast cell tryptase; itU dEW& Z]+S u]v v

serotonin in biopsy supernatant.
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The primary mechanism hypothesis to be investigated was that treatment with
Mesalazine reducesflammation, whichn turn reduces clinical symptoms. The aim

of this type of analysis is to estimate how much of any observed treatment effect
can be attributed to a variable that is thought to be an intermediate on the causal

pathway, or mediator.

After summarising inflamatory markers atbaseline and 14iT A I¢[ (}00}A u%o
trial arm using appropriate descriptive statistics, we will examine change in these
markers(stool calprotectin, mast cell tryptasand mast cell % area stained) and

change in stool frequency usiagscatterplot.

2) Procedures for missing data

The effect of missing data will be investigated in sensitivity analyses by multiple
imputations using the method of chained equations. Incomplete data is defined as

stool diary completed for <10 out of 14 daysrishg weeks 1112.

3) Definition of populations analysed

Safety set: All randomised participants who recdiat least one dose of the study

drug.

ITT set: All randomised participants for whom at least one-paseline assessment

of the primary endpoint igvailable
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Mechanistic

The primary mechanistic hypothesis to be investigated was that treatment with
Mesalazine reduces inflammation, which in turn reduces clinical symptoms. The aim

of this type of analysis is to estimate how much of any observed treatment effect

can be attribted to a variable that is thought to be an intermediate on the causal
pathway, or mediator. After summarising inflammatory markers at baseline and 11

iT A le[ (JOO}A p% C SE] o Eu pP*]VP %o %ottie)hage 3 « E
in these markers (sbl calprotectin, mast cell tryptase, mast cell % area stained)

and change in stool frequency using scatterploese examined

Thestatistical analysis was carried out with the use of Prism 6 (GraphPad Software
Inc, San Diego, CA). Normality of the datas tested by using the D'Agostino &
Pearson omnibus normality test. Comparisons betwedifferent groups were
done using the twdailed Mann Whitneytest or unpaired ttest depending on
normality. Comparisons within similar group were done using Wicomatched

pairs sign rank test or pairedtést depending on normalityThe sample size for
further subgroup analysewere small, thereforeno assumptions were made about

the distribution of data, and noparametric testing was used. The data are
expresse as mean (x SD) when normally distributed and as median (interquartile

range) when not normally distributed.
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1) Sigmoidbiopsy

Patients who consented to thibad a sigmoid biopsy taken liere and after
treatment. This waperformed inthe unprepared bowel. 8 tissue biopsysamples
were obtained fromthe ¢]Pu}] }o}v ~iiu (E}u §Z VHes He]VP

%SUE ]}%C (}E %o A]ZNedical Bhl Wwer€takp)ior:
ImmunohistochemistryH+E, CD3, CD68HF and mast cell trypse)
Qupernatantsfor tryptase,carboxypeptidae A3, chymase, histamine and serotonin

Results of the immunohistochemistryand supernatants for tryptase,
carboxypeptidase A3, chymase, histamine and serotonin were compared against a
group of healthy controldrom a previous study. Thpreparation of the sigmoid
biopsy samples wasimilar for the healthy controlBiopsysamples obtained from

the healthy contrad were processed in the same period of time as the-DBS

patients.

a. Immunohistochemistry

2 biopsysamples obtained were soaked in formalin until they are ready to be cut
fixed and embedded in paraffin waxSamples were sent to the histopathology
laboratoryat Yu v[e D ] o, Nesidgham University Hospitals Trusby
dissection, embedding anstaining. Immunohistochemistry staining were for CD3,
CD68, enterochromaffin cells containing serotoninHB) and mast cell tryptase

(MCT). Tabl& (below) shows a simplified protocol for these stains.
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Table3: Protocol forimmunohistochemistry staining (courtesy from
Immunohistochemistry laboratory in Nottingham University Hospitals Trust)

Antibody

Supplier (order code)

Dilution

Pretreatment

MCT

Dako (M7052)

1/500

Proteasel for 4min
Primary antibody for 32nin

Roche Ultraview detection Kif]
plus Amplification

CD3

Leica (NGL-CD3565)

1/50

SCC1 (EDTA based buffer) for
min

Primary antibody for 32nin

Ultraview detection kit plug
Amplification

CD68

Dako (M0814)

1/2000

SCC1 for 6/in
Primary antibody for 32nin
Ultraview detection

SHT

Dako (M0758)

1/400

Proteasel for 4nin
Primary antibody for 32Znin
Ultraview detection

The slides prepared were scanned into the computer using the nanozoomer and
were magnified x40 for ease of portability. Cell counting was performed by a single
person (LTX; fellow from the FRAME lab, University of Nottingham) who was

blinded to the study. Detection of each stained cell type was checked for

reproducibility (>95%) befercell counting began. At leastl® areas around lamina

propria were drawn and CDG68 cells were counted giving an average cell number per

mm?. CD3, which is a marker of lymphocytes, was assessed by counting the number

of stained cells at the superficial ipelium per area drawn (mf) and an average

obtained. The 81T cells were counted at the deep lamina propria and an average of

number of cells/mm obtained. Mast cell tryptase expression was detected in the
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lamina propria using automatic softwareTem ly Olympus) as some mast cells
may be in a dgranulated state, thus making cell counting difficult. Results were

presented as the percentage area stained for mast cell tryptase.

b.  Tissue biopsy fosupernatants:

Preparation:

2 biopsies were obtained andmmediately processed to obtain biopsy
supernatants. Initial biopsies were weighed before each was placed into a Falcon
3037. 1 ml sterile water was placed around the edge of each biopsy before adding 2
ml of Hanks balanced salt solution (EM52025E) intthe centre of the Falcon 3037.
This was then placed into the incubator for 30 minutes &#C3%% CO After 30
minutes, thecentral solution (supernatant)was collected anghlaced into a cryovial

for storage at-80°C. A further 2 ml Hanks solution wasdad to the centre of the
Falcon 037 and incubated for a further 30 minutes at the same temperature and
CQC setting. Following 30 minutes, the supernatant was collected and placed into a
2nd cryovial for storage at8C°C. This process is repeated againdahird time. At

the end of the 3'incubation, the biopsy was weighed and stored&PC.

The supernatants from thestlincubation (630 min) were usedto measure these

contents:

i.  Serotonin (5HT)
ii. Tryptase
iii. Chymase

iv. Carboxypeptidate 3CPA3and
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v. Histamine

Serotonin (5HT¥supernatantassay protocol

The samples were processadd analysed by Dr Gulzar Sin§lcl{ool of Medicine,

University of Nottingham)

Preparation of samples for analysis

5HT releassupernatantsamples were freezdried initially.

The residue was dissolved in 400uhwthanol: water(50:50).

The samples were then vortexed for 30 seconds, and centrifuged at 25,000g for

10min.

The 5H7containing supernatant was filtered through cellulose acetate membrane
with pore size 0.2um and afysed using liquidhromatography masspectrometry

system (L@AS).

5HT assay using IMS

Reverseephase HPLC was used, a Luna column C18 (3um, 2.1 x 75mm)
chromatographed at 0.4mL.minon a Jasco RRO85 Plus seminicro HPLC pump

system using an isocratic system of 5% acetonitrile and 0.01% formic acid in water.

A Triple Quadrupole maspectrometer (Waters Quattro Ultima) was employed
using positivaon Electrospray ionisation withime-resolved MRM transitions for
precursor and product ion analysis and using MassLynx 4.0 software to control all

systems and data processing.
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Analysers was masslibrated using a range of standard 5HT concentrations and

alphamethyl 5HT was be used as internal standard.

6000 -
©
) 4000 -
P -
©
X
©
o 2000
o
0 T 1
0 50 100

Conc.5HT (nM)

Waters Quattro Ultima L8S/MS.

This is a triple quadrupole instrument with excellent performance for quantitative
analysis. It is used for targeted metabolite profiling and readily capable of
monitoring multiple analysatessimultaneously.The Liquid Chromatography mass

spectrometry (L&ASMS) system consists briefly of:

Waters 2700 Sample Manager autosampler.

Alltech degassing system.

Perkin tElmer column oven.

Jasco P2085 Plus semmnicro HPLC pumps.

Waters MSMS riple quadrupde QuattroUltima
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Mast cell nediators

Mast cell proteasegtryptase, chymase and CPABgre measured by sandah

ELISA assays provided by thmmunopharmacology Research Group, the University

of Southampton, as described previoudh:°. Briefly, coating antibodies against
tryptase (EAR), chymase (CC2) and CPA3 (CA2) were coated on 96 well ELISA plates
(COSTAR) for overnight at +40C. Blocking with 2% B3Ahaéte washes for one

hour at room temperature; followed bwydding samplesr protein standards of
tryptase, chymase or CPA3 whigkre extracted and purified byhe same research

group. The phtes were incubated for 90 mithen detecting antibodies spdically

against tryptase (AAl), chymase (CC5) or CPA3 (CA5) were used. Finally, the avidin
HRP and colorimetric subtract TMB system was used, and the absorbance was read
at 450nm of the microplate reader, Thermo max (Molecular Devices). Prior to all
assys, the validation to the specific body fluids and protein spiking were carried

out. The assays were blinded.

Histamine was measudeusing a commercial kitalled Histamine (Life science
format) Elisa kit by Neogen® Cooperatioithis was processed by the
Immunopharmacology Research Group, the University of SouthampBme

Appendix4 for instructions.

c) Serotonin and 5HIAA content

Sigmoid biopsies obtainedvereimmediately snap frozen in liquid nitrogen before

beingstored in &80°C freezer prior to procag.

Preparation of samples for analysis
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Preparation and analysis for Serotonin and 5HIAA content was performed by Dr

Gulzar SingliSchool of Medicine, University of Nottingham).

Vi.

d)

5HT release supernatant samples were fred@ed initially.

The residue was dissolved in 400uhwdthanol: water(50:50).

The biopsies were homogenised for 10 s using MSE sonicator (Soniprep 150
MSE(UK) LTD., Worsley Bridge Rd. Lower Sydenham, London).

The samples were then vortexed for 30 seconds, and cegeduwat 25,0009

for 10min.

The 5H7containing supernatant was filtered through cellulose acetate
membrane with pore size 0.2um and analysed using lighi@matography
massspectrometry system (-MS).

The rest of the processing was similar as above foot&ein supernatant

assay analysis.

Inflammatory mediators

Levels of H1LE and TNFD was analysed by using a commercial kiHPNx

immunoassay by Meso Scale Discovery, Rockville, United States of Anharga.

was processed by a clinical fellow from the Centre of Biomolecular Science,

University of Nottingham. He was blinded to the study.

e)

Stool:

Stool ryptase methodology
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Stool samples were collected no more than 2 hours before it was handed over to
the research stafffor storage in the-80 °C freezer.All processing has been
performed by BRU techniciar(Melanie Lingayaand Yirga Falconeand results
obtained thereafter.Samples were analysed for faecal tryptase based on method
published recently by our grodff. SeeAppendix 6 for methodology. Faecal

protease activity is expressed in trypsin units per milligram of protein

il. Stool calprotectin

Note: freezing stol samples may result in slighhcreased in calprotectin

concentrations due tdysis ofneutrophilsin the sample

The Buhlmann calprotectin ELISA kit was used for extraction and quantification of
stool calprotectin (MRP8/14; S100A8/S100ABElow (Figure 7)is the short

protocol for calprotectin extraction

Full instructionn Appendix5
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APPENDIX IV
SHORT PROTOCOL

CALPROTECTIN EXTRACTION

Standard Extraction Procedure

—_— —_ —
2

Pre-weigh empty tube Weigh 50 to100 mg Add 49 volumes Close tube and
+ Inoculation loop faeces of 1x B-CAL-EX vortex vigorously
for 30 min
U /\Q
Transfer ~1.0 ml Centrifuge 5min  Transfer supernatant into a fresh
into a fresh tube at34o0xg tube and continue with the lower

or extended range ELISA
procedure (1:50 or 1:150).

CALPROTECTIN ELISA

Precoated Microtiter Plate

c wash 2 x

y
100 — Calibrators Controls
or diluted Samples

C incubate 30 (+ 5) minutes
at 18-28 C on a plate rotator

i C wash 3 x

add 100 — Enzyme Label

C incubate 30 +/- 5 minutes
at 18-28 C on a plate rotator

| C wash 5 x

add 100 —TMB Substrate
c incubate 15 +/- 2 minutes
at 18-28 £ on a plate rotator

y

add 100 — Stop Solution

=) Read absorbance at 450 nm (within 30 minutes)

TIME TO RESULT: 75 MINUTES

Figure7: Short protocol on calprotectin extraction
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1.11.6. Results

Of 221 initially screened, 185 were eligible and 136 were enrolled and randomised

into the study (FigureB). Follow up was completed in August 2013. The most
frequent reason for exclusion was decline to participate. The commonest reason

for not meetinginope]}v E]S8 E] A « §Z § 8Z % 5] v3e[ ] E] -
Epv Jv % E]} Jv] 8 8Z 3538Z C ] v}8 Z A o0}}e <5}}oe Hi

frequency of 3 or more per day for 2 or more days per week.
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1) Demographics:

There were a total of8 sites that participated in this study. Tabk and
Qupplementary table 1 and 2 (Appendix7) showed a summary of recruitment by

site and by treatment arm.

Characteristics of enrolled patients in both groups were similar at baseline @)able

Table4: Summary of recruitment by site and by treatment arm

Site Placebo Mesalazine
Nottingham 38 40
Manchester 16 15
Derby 2 2
Mansfield 4 3
Doncaster 5 5
Stoke on Trent 1 1
South tees 1 1
North tees 1 1
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Table5: Summary of baseline data by treatment group

Characteristic Mesalazine Placebo Total
(n=68) (n=68) (n=136)

Age at enrolment
Mean SD 42.6 (15.2) | 47.1(13.H 44.8 (4.4
Gender

26 (38.2%) | 28 (41.2%) 54(39.7%)
Male N (%)
Ethnicity
White 66 (97.1%) | 66 (97.1%) 132(97.1%)
Black 0 1 (1.5%) 1(0.7%)
Asian 1 (1.5%) 0 1(0.7%)
Mixed 1 (1.5%) 0 1(0.7%)
Other 0 1 (1.5%) 1(0.7%)
Daily mean stool frequency
Mean (SD 3.6 (1.6) 3.6 (1.8) 3.6 (1.7)
Daily mean abdominal pain
score
Mean S0 4.1(2.2) 3.6(2.0) 3.6 (1.7)
Number of days with urgency
Median (IQR) 13 (10614) 12 (914) 12.5 (914)
Stool consistency
Mean (SD 5.4 (0.7) 5.6 (1.0) 5.5 (4.4)
HADS score
Mean (SD 9.1(4.5) 8.6 (4.3) 8.8 (4.4)
PHQ15 score
Mean SD 12.6 (5.2) 13.1 (5.6) 12.8 (5.4)

Symptoms are based on 14 days screening symptom diaries

Primary and secondary outcome data were collected for 115 (85%) and 116 (85%)

participants respectively at 112 weeks of follow up.
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2) Clinical primary outcome:

The primary intention to treat comparison showed no evidence of any clinically
significant diference between Mesalazine and placebo for the primary outcome
(Table6). Additional adjustments for variables (age, abdominal pain score, number
of days with urgency and PHIB score) displaying imbalance at baseline did not
materially change the resultsor did multiple imputation analysis or CACE analysis

(Tablesra-c).

Subgroup analyses (Tal8a) of the primary outcome by baseline daily mean stool
frequency suggest that Mesalazine may be more effective among patients with
greater baseline stool frequenayhich is associated with larger treatment effect
but this could be a chance finding and wiulequire confirmation in further
studies. There was no evidence that treatment effect differed according to baseline

pain or hospital anxiety and depression score (HADS) (Talksd8c).

Our sensitivity analysigsing multiple imputation of missingath for the primary

outcome showed no effect on primary outcome (Tamd.
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Table6: Clinical primary outcome of daily mean stool frequency at week11

Daily mean stool frequency[mean(SD]

11-12 weeks Between groupdifference at| P value
11-12 weeks (95% CI)*
Placebo(N=58) 2.7 L.9 -- --
Mesalazine 2.8(1.2) -- -
(N=57)
Mesalazine vs. -- 0.10 ¢€0.33,0.53) 0.66
Pacebo

Table7a: Primary analysis with further adjustment of baselim®variates

Average Stool
Frequency

Adjusted* Diff. in P-value 95% C.I.
mean frequency

Mesalazing(N=57)
vs. PlacebdN=58)

0.13 0.56 (-0.31, 0.57)

*Adjusted by age, study centre and baseline daily mean stool frequency

Table7b: Primary analysis witmultiple imputation

Average Stool
Frequency

Adjusted* Diff. in P-value 95% C.I.
mean frequency

Mesalazing(N=57)
vs. Placbo (N=58)

0.06 0.17 (-0.18, 0.99)

*Adjusted by baseline daily mean stool frequency and study centre
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Table7c: Primaryanalysis (CACE)

Average Stool Adjusted* Diff. in P-value 95% C.I.
Frequency mean frequency

Mesalazine(N=57) 0.16 0.67 (-0.58, 0.91)
vs. PlacebdN=58)

* Adjusted by baseline daily mean stool frequency and study centre

Table8a: Primary outcome subgroup analysis by baseline stool frequency

Placebo (N=58)

Mesalazine (N=57)

Daily mean stool frequency at 212 weeks by baseline frequency mean(SD)]

Baselinefrequency 2.4 1.6(0.5 1.7(0.9)
Baseline frequency2.4 and 2.21.1) 2.2(0.5
3.4
Baseline frequency >3.4 ang 2.700.9 3.1(1.3
1.6
Baseline frequency >4.6 4.7(2.9 4.1(1.1)

Estimates* for interaction in primary analysis model with 95% CI and P value

Primary outcome by baseling

stool frequeng

-0.26 ¢0.51,-0.01); p=0.04

*adjusted by baseline daily mean stool frequency and study centre
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Table8b: Primary outcome subgroup analysis by baseline abdominal pain score

Placebo (N=58) Mesalazine (N=57)

Daily mean stool frequency at 212 weeks by baelineabdominal pain score
[mean(SD]

Baseline pairscore .2 2.92.9) 2.7(0.9
Baseline pain score >2.2 ar 2.6(1.4) 2.40.7)
dt.1
Baseline pain score >4.1 ar 2.41.4) 3.0(1.6)
&b.3
Baseline pain score >5.3 3.2(1.7) 2.91.3

Estimates* forinteraction in primary analysis model with 95% CI and P

Primary outcome by baseline

bain SCore -0.03 €0.10, 0.04); p=0.36

*adjusted by baseline daily mean stool frequency and study centre
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Table8c: Primary outcome subgroup analysis by baseline HABSe

Placebo (N=58) Mesalazine (N=57)

Daily mean stool frequency at 212 weeksby baseline HADS score [meaB0]

Baseline HADScore .0 3.1(3.2) 3.0(1.4)
Baseline HADS score >5.0
and .0 2.3(1.3 2.8(1.2
Baseline HADS score >9.0
and dl15 3.0(1.5 2.91.3
Baseline HADS score >11.5 2.00.9 2.61.3)

Estimates* for interaction in primary analysimodel with 95% CIl and P

Primary outcome by baseline
HADS score

-0.01 €0.04, 0.03)p=0.79

*Adjusted by baseline daily mean stool frequency stady centre

3) Clinical secondary outcomes:

No differences were apparent for any of the secondary outcomes, with the

exception of number of days with urgency (Ta®lewhich were increased by about

20% on Mesalazine treatment compared to placebo.
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Table9: Secondary outcome results

Baseline 11-12 weeks | Between group P value
comparison at 11
12 weeks (95%

CI}
Placebo 3.62.0 2.22.1) -- --
(N=59)
Mesalazine 4.12.2 2.8(2.1) -- --
(N=57)
Mesalazine vs.| -- - 0.07 €0.54,0.68Y 0.83
Placebo

Placebo 12[9-14] 8(1-13) (N=59) - -

Mesalazine 13[10-14] 11(5-14) - -
(N=57)

Mesalazine vs. -- -- 1.22 (1.07, 1.39) <0.01

Placebo

Placebo 5.6[1.0] 4.7(1.1) -- --
(N=59)

Mesalazine 5.4[0.7] 4.71.0 -- -
(N=57)

Mesalazine vs. -- -- 0.13¢0.21,0.48y 0.45

Placebo

Placebo 11(8-13) 6(2-9) -- --
(N=59)

Mesalazine 11(8-13) 7(2-11] (N=57) -- --

Mesalazine vs. -- -- 1.09(0.951.27% 0.21

Placebo
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Placebo

Placebo 8.6(4.3 6.9(3.6) -- --
(N=59)

Mesalazine 9.0(4.95 7.55.0) -- --
(N=57)

Mesalazine vs. -- -- 0.67¢0.38,1.727 0.21

Placebo

Placebo 13.1(5.6) 9.4(5.0 -- --
(N=59)

Mesalazine 12.65.2) 10.05.2 -- --
(N=57)

Mesalazine vs. -- -- 0.63¢0.93,2.207 0.43

Placebo 0 24(40.7%) - -
(N=59)

Mesalazine 0 25(43.9%) -- -
(N=57)

Mesalazine vs.
Placebo

1.13(0.512.47}

0.76

Baseline After treatment

Placebo Mesalazine Placebo Mesalazine
Mobility 46(67.6%) | 53 (77.9%) | 47(79.3%) A4(77.2%)
Selfcare 66(97.1%) | 63(92.6%) 57(96.6%) 52(91.2%)
Usual activity | 39(57.4%) | 44(64.7%) 44(74.6%) 45(78.9%)
Pain/ 7(10.3%) 8(11.8%) 15(25.4%) 15(26.3%)
Discomfort
Anxiety/ 39(57.4%) | 39(57.4%) 37(62.7%) 35(61.4%)
Depression

Baseline

After

Between
group

P value
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treatment comparison
Placebo 64.320.2 69.7(18.3 - -
(N=59)
Mesalazine 64.220.6) 72.619.2 - -
(N=57)
Mesalazine vs. - - 2.39 3.24, 0.41
Placebo 8.027

Lestimate depends on type of outcome variable and is adjusted by baseline value of
the outcomes if appropriate

2 difference in means
3incidence rate ratio

4 odds ratio

4) Compliance:

Compliance was defined priori, * § IJvP H6A9 }( §Z u ] S§]}v SZE}uP
12 weeks. Each patient was given 2 boxes of medication during theeéR study,

each box containing 100 sachets. The amount of medication takencalgulated

by 200 minus the number of medication sachets returned at EOT. Compliance with
medication (Tablel0) and baseline characteristics of compliers (defined as taking
Ho6/9 }( $Z u ] 38]}v $ZE}puP Z)TablesT) weie Similarsin both

groups. Analysis of the primary outcome using CACE approach showed no
difference between the two treatment arms [Mean difference (95% Confidence

Interval)]: 0.2¢0.6,0.9).
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Table10: Summary of compliance with trial medication (Pacipants who
completed 12 weeks of treatment)

Placebo (n=59)

Mesalazine (n=57)

Compliancé

Mean (SD 72%[17%)] 71%[19%)]
Complie?

N ©b) 35(59%) 33(58%)

LCalculated as 100 minus proportion of trial medication returned

2 Yu% o] & ]-

(Tv

* }u%o0] v

HOM9
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Tablell: Summary of baseline data by complier and treatment group

Non-complier (n=48)

Complier (n=68)

Placebo | Mesalazine| Placebo | Mesalazine
(N=24) (N=35)

(N=24) (N=33)
Age
Mean (SD 48.913.6 41.414.]) 45.214.2 40.614.7)
Gender
Male N(%) 12(50.0%) | 10(41.7%) | 11(31.4%) | 12(36.4%)
Ethnicity
White N ©0) 24(100%) | 24(100%) | 34(97.1%) | 32(97.0%)
AsianN %0) 0 0 0 1(3.0%)
OtherN (@6) 0 0 1(2.9%) 0
Daily mean stool
frequency,Mean[SO 3.7(1.8) 4.2(1.7) 3.7(2.0) 3.3[1.5
Abdominal pain score
Mean [SO 3.6(2.1) 4.3(1.6) 3.52.0) 4.52.4)
Number of days with
urgency,Median [IQR] | 13(10-14) 13(11-14) 12(7-14) 13(10-14)
HADS scordylean (SD 9.24.1) 7.93.8) 8.1(4.2 9.94.9
Stoolconsistency,
Mean (SD 5.4(0.7) 5.50.7) 5.7(1.2 5.3(0.6)
PHQ15 scoreMean
(SD 12.34.7) 12.03.9) 13.2(6.2) 13.85.4)
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5) Adverse events

The nost frequent occurring side effect was exacerbation of IBS symptoms, which
could be worsening abdominal pain or diarrhoea.patients (3%) from the
Mesalazine and Jatients (5%) fromthe placebo group complained of this and
were withdrawn from the studyl patient was pregnant in the middle die trial
period although she had a negative pregnancy test at the start of the trial. She was
withdrawn from study with no adverse consequence to herself or her newbbrh
patient from the Mesalazine group was found to have breast cancer and she was
withdrawn from the study as her IBS symptoms and stool diary would be very
difficult to interpret. All participants who developed these adverse events were

withdrawn from the sudy and ther symptoms settled on follow uf@able P).

Table12: Adverse events following randomisation

Adverse event Mesalazine Placebo

Exacerbation of IB 2 3
(worsening abdominal pain
and/ or diarrhoea)

Bloating

Dizziness

Chest pain

Rash

Discoloured urine

Pregnant

Flwlike illness

R Rl ~| »,] o ~r| P| O
o| ol of ol r| of o] M

Breast cancer
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6) Mechanistic primary outcome:

(All tissue samples obtained from the dB$atients and healthy volunteers [from

another study] wer@rocessed in the same period of time.)

The mast cell percentage area stained was elevated inDIBfatients when
compared to our normal range previously established in our laboratory. Median
(IQR) for IB® were 4569 (3506884 whilethe normal range i4936 (14533145)
per n?; (Figure9). There was no reduction in mast cell % area stained following

treatment with Mesalazine (Figur and Tablel3).
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Figure9: Mast cell count assessed from % area stained comparing healtmtrols

and patients with IB&D

Tablel3: Effect of Mesalazine vs. placebo on mast cell % area stained in patients

with IBSD

Mast cell percentage
area stained/m2

Mesalazine
baseline

Mesalazine
after
treatment

Placebo
baseline

Placebo
after
treatment

Mean (SD)

5167 (2729)

5303 (2014)

4765 (1238)

3978 (1802)
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FigurelO: Effect of Mesalazine vs. placebo on mast cell % area stained in patients
with IBSD, (Mean,SD)
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7) Mechanistic secondary outcome:

a) Mast celltryptase and other mediator release during biopsy incubation

Baseline supernatant levels were compared betweenDB#id healthy volunteers.
There was no significant increase in the baseline mediator levels except

carboxyeptidase A3 (CPA3). See Figlitend Table 4.

Figurell: Baseline Carboxypeptidase A3 levels indBPatients. Shaded area
indicates normal range in healthy volunteers(HV), (Median,IQR).
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Tablel4: Baseline supernatant levels betwednV and IB®D patients

Baseline supernatant | Healthy volunteer IBSD patient, P value
levels (ng/ml), Median (HV) N=45

(IQR) N=21

Tryptase 6.7 (3.811.4) 4.3 (1.88.9) 0.07
Chymase 0 0 (00.9) 0.14
CPA3 0.34 (0.280.52) 0 (00.9) 0.05
Histamine 1.6(0.7-3.8) 0.7 (01.3) <0.01

Following treatment of either Mesalazine or placebo in the-IBfatients, there

was no change in the mediatorSee Table 15 and Figures1i2
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Table 15: Supernatant mediators following treatment dflesalazine or placebo

Supernatant Mesalazine Placebo Mesalazine Placebo
mediators (ng/ml), baseline baseline after after
Median (IQR) (n=21) (n=23) treatment treatment
Tryptase 43 (1.58.6) | 4.6(2.59.1) | 4.9 (1.88.2) 5.;30(;.)1
Chymase 0 (00.3) 0(0-0.8) 0 (01.7) 0 (00.4)
CPA3 0 (00.3) 0 (01.0) 0 (00.8) 0 (00.5)
Histamine 0.9 (0.31.4) | 0.7 (01.4) 0.8 (61.2) | 0.7 (0.21.0)
9.4 (6.1 6.3 (2.7 10.7 (5.4 9.3(3.4
S-HT(pmol/img) 15.1) 13.7) 14.0) 14.7)
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Figurel2: Tryptase levels before and following treatment with Mesalazine or
placebo, (Median,IQR)
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Figurel3: Chymase levels before and after treatment with Mesalazine or placebo,
(Median,IQR).
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Figurel4: Carboxypeptidase A3 (CPA3) levels before and after treatment with
Mesalazine or placebo, (Median,IQR).
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Figurel5: Histamine levels before and after treatment with Mesalazine or
placebo, (Median,IQR).
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Figurel6: Serotonin (5HT) levels before and after treatment of Mesalazine or
placebo (Median,IQR
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b)  Serotonin and S5HIAAelease (sigmoid biopsy)

The baseline 5HIAA andHHl ratios is significantly higher in the patient group
compared to the healthycontrol with median (IQR) of 0.11 (0-0627) and 0.02

(0.01:0.05) respectively with p<010SeeFigure17.

Following treatment of mesalazine/placebo, there were no significant changes in
either group. See Figurel8. Mean differences D following treatnent for

mesalazine wa<£).06 (0.37) and placebo group was 0.02 (0.42); p=0.43.

There was no correlation between baseline 5HIAAHTS ratio with baseline

serotonin supernatant or serotonin cell coufitable 18.

There was no correlation between baseline IAN: 5HT ratio with clinical

symptoms (Table 16
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Tablel6: Correlation between SHIAA:BIT ratio with 5HT supernatant/cell count
and clinical symptoms

Correlation between baseline Correlation Spearman, r Pvalue
5HIAA 5HT ratio

Mechanistic
Serotonin supernatant (pmol/mg) -0.11 0.49
Serotonin cell count (per mm2) -0.22 0.15

Clinical symptoms

Abdominal pain severity -0.04 0.80
uUrgency 0.07 0.64
Bloating -0.23 0.14
Average daily bowel frequency 0.18 0.25
Averagestool consistency 0.18 0.24
Anxiety -0.06 0.69
Depression 0.03 0.86
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Figurel7: Baseline 5HIAA and 5HT ratio in healthy volunteer and-IBS
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Figurel8: 5HIAA and 5HT ratio following treatment @fther mesalazine or

placebo, Median (IQR).

¢) ILitU d¢bB&

Levelsof Lit v d-ED& supernatant were below the level of detection.

d) Small bowel tone assessed by volume of fasting small bowel water

Further details/results (seBection3.4)
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e) Faecallryptases

27 and 30 pairs of stool samples were collected in the Mesalazine and placebo
groups respectively. The baseline faecal tryptase level was in the range between
6.8 and 577.8 trypsin units/mg of protein, which was variable. There was a
significan increase in faecal tryptase following treatment of Mesalazine (Fig@re

and Table 1y There was no correlation between baseline faecal tryptase and

baseline supernatant tryptase level, Spearman r=0.13, p=0.41. There was no
significant correlation betwen baseline faecal tryptase with anxiety, depression

and bowel symptomg¢Table B).

Tablel7: Faecal tryptase levels following treatment with Mesalazine or placebo

Faecal tryptase| Mesalaine Placebo Mesalazine | Placebo after
(trypsin units/ baseline baseline after treatment
mg of protein), (n=30) (n=27) treatment
Median (IQR)
61.2 66.5 82.7 70.9
(37.6101.4) (44.8126.5) | (40.5194.8) (36.0191)
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Table18: Correlation between faecal tryptase and anxietyepression and

abdominal symptoms

Correlation between Spearman r correlation P value
baseline faecal

tryptase (trypsin

units/mg of protein)

Baseline abdominal pain -0.19 0.14
severity

Baseline urgency -0.15 0.23
Baseline bloating -0.13 0.31
Baseline a&erage daily -0.08 0.54
stool frequency

Baseline average stod -0.15 0.23
consistency

Baseline anxiety score -0.02 0.88
Baseline depression scorg -0.02 0.85
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Figurel9: Change in faecal tryptase following treatment of Malazine compared
with placeba (Median,IQR)

f)  Difference in primary outcome measure between those with different

TNFSF15 polymorphism

Genotyping has yet to be done but given the predicted small numbers with the risk
allele and the lack of evidence of inv $1A 8]}v A }v[8 §zZ]vl 3z E

such a gene effect.
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8) Posthoc analysis

a) Mast cell% area stained

There was weak correlation for mast cell count with urgency esamd stool

consistency (Tabled) but no correlation with abdominal pain severity ldoating.

Tablel9: Correlation between mast cell count with clinical symptoms

Clinical Symptoms

No correlation & mast cell % area staineslith abdominal pain severity, averag
stool frequency and bloating

Correlation between Spearmarr 95% ClI P value
mast cell couni(n=44)

Urgency score (Q0) 0.27 -0.005to 0.51 0.05
Stool consistency 0.30 0.01t0 0.5 0.04
(Bristol Stool Form

Scale)

There wasno significant correlation of mast cell percentage area stained with
objective measures of tryptase, chymase, CPA3 and histamine in biopsy

supernatants.

Definition of ZV}@®u o[ u <§ 00 % E v&aP04986/m2«8uf]off at

90" centile from realthy control).This study showe@ out of 23 in the Mesalazine
group havehigh mast cell percentage area staineld. the Mesalazine group who

had high mast cell percentage area stained, there were no significant changes in

clinical symptoms such as abdominal pain severity, bloating, urgency, average daily
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bowel frequency and stool consistency following treatment cangg to the

ZV}EU o[ u *S 00 % E vgoblp.Se&Tabkes28nd Figure20-24.

Table20OW D v J(( @ v ]v *Cu%3}ue SA
percentage area stained IBS patients who were on Mesalaze

v §Z Zv}Eu o[ vV

Mean differencein ZE}EuU o[ u - Z,]JPZ[ u <8 P value
symptoms scores percentage area percentage area
following stained in IBSD stainedin IBSD
treatment with patients treated with | patients treated with
Mesalazine (after Mesalazine Mesalazine
before), (SD)

(N=14) (N=9)
Abdominal pain -1.66 (1.44) -1.88 (2.14) P=0.77
severity
Urgency symptoms -2.26 (2.16) -1.96 (1.52) P=0.73
Bloating symptoms -1.70 (1.58) -0.41 (1.63) P=0.07
Average daily -0.91 (1.83) -1.21 (0.73) P=0.65
bowel frequency
Average stool -0.94 (1.37) -0.16 (0.48) 0.08
consistency
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Figure20: Differences in abdominal pain severity score following treatment of
Mesalazine in the groupswittz Z]PZ[ v Zv}@&u o[ u *S 00 % & vVvS P
stained

Figure21: Differences in urgency score following treatment of Mesalazine in the
groupswithZZ]PZ[ v Zv}E&u o[ u *S 00 % E vS P & S ]v
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Figure22: Differences in bloating score followingeatment of Mesalazine in the
PE}u% e+ A]§Z ZzZ]PZ[ v Zv}EuU o[ u *3 00 % E v3 P &

Figure23: Differences in average daily stool frequency following treatment of
Mesalazine in the groups wittz Z]PZ[ v Zv}E u pefcentage areeo
stained
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Figure24: Differences in average daily stool consistency following treatment of
Mesalazine in the groups wittdigh [and Aormal [mast cellpercentage area
stained

b) Other immune cells e.g. CD3, CD68 asdrotonin (5HT) containing
enterochromaffin cells

i. CD68

The CD68 is marker ofmacrophage. Baseline CDG68 is significantly lower in the IBS
D comparedto healthy control. Median (IQR) were 1037 (836.804) and 1326

(12571549); p<0.01Figure25.
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Figure25: Baseline CD68 cell count comparing HV andIB&atients

Following treatment with mesalazine/placebo, there was no significant change in

CD68See Figure®.
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Figure26: CD68 count following tratment with either Mesalazine or placebo
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lii.  Serotonin (5HT) containing enterochromaffin cells

The 5HT cell counin deep lamina propria is significantly lower in -IB®atients
compared to healthy control. Median (IQR) were 304.9 (188Q.9) for healy
control and 159.4 (109:221.0); p<0.Q@ (Figure27). There was no change in 5HT

cellsnumbersfollowing treatmentwith mesalazine oplacebo(Figure28).

Figure27: Baseline Serotonin (51T) cell count comparing HV wilBSD patients
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Figure28: 5HT cell count following treatment ofvith Mesalazine or placebo
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v. CD3

The baseline CD3 count is significantly lower in theDBfSoup compared to the
healthy control. Median values were 51.2 (IQR52.6)vs.716.3 (QR 460.11163)

cell/mmz2; p<0.01 (Figurg9).

Figure29: CD3 count between healthgontrol and IBED patients

There was a paradoxical increase in CD3 count following treatment with Mesalazine
for reasons which are unclea@Given Mesalazine is an aimiflammatory agent; it

wassurprisingthat there was an increase CD3 countSee Figur&0.
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Figure30: CD3 count before and after treatment of Mesalazine or placebo
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c) Stool calprotectin

Samples were obtained in 53 patients (30 placebo, 23 Mesalazine). Baseline stool
calprotectin levels varied widely ramg from undetectable to as high as 420ug/g.
There was a negative correlation between calprotectin levels and baseline total
hospital anxiety and depression scores (HADS) but this did not reach significance

(r=0.25; p=0.07). See Figu&

Figure31: Correlation between baseline calprotectin levels (ug/g) and baseline
total hospital anxiety and depression score (HADS)

Sool calprotectin levels were divided into 2 groups i.@&00ug/g (Group B)and

HO1 ug/g (Group A)Betweenthese 2 groups, there were no differences in their
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baseline clinical characteristics such as abdominal pain severity, average daily stool
frequency and stool consistency. Groupwih higher calprotectin level ~Hiii
ug/g) at baseline showed a significgnkower total HADS scoenedian = 7.0, IQR=

3.7513.5)than Group B(Median= 13.0, IQR = 7-18.0); p=0.03See Figur82.

Figure32: Baseline stool calprotectin levels when divided into 2 groups,
(Median,IQR).

Overall Mesalainedid not alter calprotectin levels. Mian (IQR)differences in the

mesalazine and placebo group were 0.64(9-15.4) and0.14 ¢43.7-17.2), p=0.99
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(Figure33). If the participants who have ab} Eu o 0% E}S 3S]wgg)A o ~Hi
were excluded inthe analysis, there as no significant improvemenin stool
calprotectin levels following treatment with Mesalazine or placglFogure 34).
There was no significanmprovement ofclinical symptomdollowing treatment

with Mesalazinavhen compared witlplacebo See Kures35-40 below.

Figure33: Stool calprotectin levels following treatment with Mesalazine or
placebo, Median (IQR).

110



Figure34: Stool calprotectin levels following treatment witiMesalazine or
%o 0 } ~&}00}A]lvP /£ ope]}v }( *3}}o o ¥MEIEn (IQR). o A o ~|
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Figure35: Abdominal severity score following treatment with either mesalazine or
placebo~&}00}AJvP A& ope]}v }( *8}}o 0% E}S 3S]v o A o ~Hili
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Figure36: Urgency score following treatment with either mesalazine or placebo
~&}00}AlvP /& ope]l}v }( *3}}0 0% E}S 3]v o A o ~Hiii pPII
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Figure37: Bloating score following treatment with either mesalazine or placebo
~&}00}AlvP /& ope]l}v }( *3}}0 0% E}S 3]v o A o ~Hiii pPII
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Figure38: Average daily stool frequency folleing treatment with either
mesalazine or placebe- & }00}A]JvP /&£ ope]}v }( *38}}0 0% E}S 3]v o
Median (IQR).
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Figure39: Average daily stool consistency following treatment with either
mesalazine or placeb(FolloAJvP /& ope]}v }( *3}}o0 0% E}S 3S]v o A «
Mean (SD).
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Figure40: Total HAD score following treatment with either mesalazine or placebo
~&}00}AlvP /& ope]l}v }( *3}}0 0% E}S 3]v o A o ~Hiii pPII

Group with gool calprotectin levels> 100 ug/g

There were in total 12 IBB patients who have stool calprotectin levesmore
than 100 ug/g5 patients were in the Mesalazine group and 7 in the placebo group.
There was no significant change in stoolpoaiectin levels following treatment.
Mean difference (SD) in the Mesalazine group wa&13(141.6) ug/g and 30.26
(158.3),p = 0.60(Figure 41)There was no significant changes in the total HAD and
clinical symptoms e.g. average abdominal pain, urgebmating, bowel frequency

or stool consistency following treatment with either Mesalazine or placebo.
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Figure4l: A subgroup of IB® patients who have high stool calprotectin levels
(>100 ug/g) following treatment with Mesalame or placebo.
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d) Postinfectious irritable bowel syndrome (PBS)

Rome Il criteria for irritable bowel syndrome following an episode of infectious
gastroenteritisare Z E S E]- C HT }( 8Z (}00}A]JVP sCu%S}usW
diarrhoea and positive stool cuIt 13 participants in the study met the criteria

for PHBS.8 participants were randomised into the Mesalazine group and 5 were
allocated to the placebo. Therwas significant improvement in the clinical
symptoms such as abdominal pain, urgency and stool consistency following

treatment of Mesalazine. See figuré2-44.

Figure42: Abdomind pain severity before and after treatment of éier
Mesalazine or placebo
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Figure43: Urgency symptom before and after treatment of either Mesalazine or
placebo
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Figure44: Urgency symptom before and after treatment of either Mesalazine or
placebo
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1.11.7. Discussion

Over the past decade, there have been several promising studies using 5
aminosalicylate acid for treatment of both IBS predominantly diar

and P4IBbut sample sizes were small and their significance uncertain. These
eSu ]« AE u}slA s C E vs (]Jv ]JvPe }heZumpoosa S]A 5]}
of IBS patients, dominated by mast cells and T lymphocytes rather than the
polymorphonuclear leukocytes characteristic of colitis. These studies were
supported by several studies suggesting impaired mucosal barrieIEBich ty
allowing access of luminal bacterial products to the mucosal immunocytes might
cause this activati These data suggested that Mesalazine, being an anti
inflammatory agent, might benefit this conditionAnimal studies suggest
Mesalazine improves barrier function in colitis but whether this is trudBS is
uncertai Thisstudy is one of the largest trials so far looking at the treatment of
Mesalazine in IB® patients following best practice to ensure that both
investigators and patients were blinded to the study and that data analysis was
carried out by independent statisticianBheeffect of Mesalazinavas analysednly

after 12 week treatmat asit was felt that Mesalazine was a disease modifying
rather than symptomatic treatment and early repodsiggested benefitvas most
obviousafter 2-3 month Thisstudy showed that Mesalazine did not improve
bowel frequency after 12 weeks treatment when compared tocplao in
unselected patients. As with other studies in IBS, this study shdwe strong

placebo effect on bowel symptoms and also on the total hospital anxiety and
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depression and somatic scores suggesting that patients felt better in general after

taking @rt in the trial.

Despite lack of benefit in unselected patiens sub-analysis of the primary
outcome of stool frequency in patients divided according to seveniiss
determineda priori. This suggested that a group of patients who had the greatest
bowel frequency did benefit from Mesalazine (mean differen6e26,p=0.04). Our
clinical findings seem consistent with another recent rt There was no
significant improvement in other IBS symptoms such as abdominal pain, bloating
and stool consistencyThere is strong evidence from thstudy that Mesalazine
treatment increases the number of days with urgency by about 20%. There have
been previous case studies reported of Mesalazine worsening diarrhoea iIitis
This may represent an allergic response todhgg, asthere wasan increase in

T lymphocytes.

Raised mast cells numberstime gut mucosa have been implicated in all subtypes
of IB but mainly in IB®. Mast cells contain many mediators including
histamine, serotonin and proteases such as trysléecently, there has been an
interest in tryptasereleaseas it has been shown to activate proteinssgtivated
receptor 2 which is found on afferent nerves and can lead to inckssesitivity of
bowel distensi In this study,the average mast cell count in HBSpatientswas
elevated compared to those in healthy subjects previously studied in our
laboratory. While most IBB patients have normal mast cell count (below 90th
centile of healthy control) there was a lsgroup with elevated counts. However

comparing their baseline IBS symptgntisere wasno difference between the 2
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groups. Therewere no gender difference in mast cell count of IBB patientsas
previously described by oth nor any gender effect on other immune cells such

as CD3, CD68 andH containing enterochromaffin cells.

Although mast cell count was elevated in IB®atients compared to the healthy
controls, the supernatankevels of tryptase in IBB patients were not significantly
elevated. Median (IQR) tryptase levels for-BS8s. healthy control were 4.3 (1.8
8.9) and 6.7 (3-81.4) ng/ml; p=0.07Surprisingly supernatarttistamine levels in

our study were lower in IBB patients compared to healthy control, being [Mean
(SD)] 0.7 (0.6) and 1.1 (0.8) ng/ml, respectively, p=0.02. Supernatant levels of
tryptase and histamine were not altered following treatment of Mesalazine.
Disappointingly we found no apparent associaticorrelation between mast cell
count and supernatant levels of release of the mast cell mediators examined,
whether those releaed by all mast cells (tryptase ahtstamine) or restrited to a
subpopulation (chymase anchrboxypeptidase A3). This suggdsiat the overall
degree of mediator release from colonic mast cells is independent of mast cell
numbers, tryptase and histamine suggesting factors other than mere numbers
determine mediator releaseWhen designing the study, we followed previous
publishedmethods by other authordor obtaining biopsy sampﬁ However, in
retrospect, he process of taking a biopsy involves considerable trauma and this is
unstandardized which mayossiblyaccount for the lack of correlation with release

of mediators during normal bowel function.

This studyalso looked further into patients who were on active Mesalazine

treatment. Those who haa high baseline mast cell count did not show greater
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improvemen in abdominal pain, urgency, bloating, bowel frequency and stool
Jvele3 v C AZ v 8Z]e A e lu% E 3} 3Z PE}u% AZ} Z

count. Although mast cell count was weakly correlated with urgency symptom, it

did not predict response to Mesalae. Again, this provides no support for the

previous suggestion that Mesalazine can reduce mast cell numers

Stool collected in Nottingham was used to obtain calprotectin level at baseline and

EOT. Although a small proportion of patients have raised calprotectin levels

~ H1ug/g), organic diseases such aammatory bowel diseaseere excludedn
gastroenterology clinics using standard tests priomptiients entering the study.

Others have alsceported up to a quarter of IBfatients have marginally elevated
calprotectin though the origin of this is u Interestindy, the subgroup of

% 3] v8e ~E}u% < AZ} Z E ]- 0% E}S 3]v o A o ~Hiil
0 ** %¢*C Z}0}P] 0 ]J*3@E +¢ §Z v 3Z PE}U% A]3Z *3}}o0 <
(Group B). This is feltthat subgroup A esymptoms are secondary to local gut

Jv(o uu 8]}v AZ]Jo sy PE}Iu% [* *Cu%sS}us E EJA v % E]
causes gut symptoms secondarily. Unfortunately numbers were too small to
answer the question of whether subgroup A resped better to Mesalazine. Stool
calprotectin could therefore be used as a screening tool to allow more detailed

studies of the mucosa in IBSin the future.

One uncontrolled study has suggested that Mesalazine might be effective in
treating PJIBSpatientbut the only randomised controlled trial of Mesalazine in
this condition was negative though possibly underpodln our posthoc

analysis, a small subgroup fulfilling criteria forlB$ appeared to benefit from
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Mesalazine but our study was also wndowered. Confirming this would require a

larger and more adequately powered study.

Although Mesalazine has been available to use for many decades with good safety
profile, this adequately powered study have showed itl dhot help the majority of

IBSD patients. The fact that certain subgroups might benefit emphasises that there
is still a need for better phenotyping of this heterogeneous group of patients when

evaluating new treatments.

1.11.8. Limitations

Despite strict entry criterigdhe population in this dy was stillheterogeneousin
retrospectthis couldhave been better stratified by postinfectious ons&his was
consideed during the initial set up of the studput felt that this would make the
trial very difficult to recruit.This could beovercome in future studies by having a
great many moraecruitment sites and around 5 timess many participants given
that PHBS accounts for only around 20% of all cases eDIB& this would require
more resources thamve had availablefor this study. It is worth noting that tlere

was an appreciable loss to follow up (15.5%) but not out of line with other similar
studies. Dropouts are mostly likely due to failure of treatment and so unlikely to

account forthe negative result.
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1.11.9. Research recommendatits

Thisdata suggests that it isnlikely that future trials of Msalazine in unselected IBS

would be fruitful.

If, there is a subgroupf IBSD patientsthat maybenefitfrom mesalazineit is likely

to be those with posinfective IB&ndpatientswho havesevere diarrhoea.

The link between mast cells and urgency is weak and again future work on the role
of mast cells needs to better characterise the patients since the majority of
unselected IBS do not have elevated mast cell numbers. It may be tl@has

have reported it is the number of activated mast cells that are impﬁﬂnd
better markers of activation would be useful rather than the current gold standard

of electron microscopy which is expensive and time consuming.

Finally the release of mediators from biopsies does not link well to symptoms or
mast cell numbers. The dominant factor for release is likely to be crushing and
tissue injury by the biopsyrocess, which is not welktandardised and may
overwhelm other factors which would be @irther interest. There is a need for a

better way of assessing in vivo activity of the mucosal cells.
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1.11.10. Conclusion

This randomised placebo controlled trial in 1lBselected IB® showed that
Mesalazine 4g per day was no better than placebo in relieving the symptoms of
abdominal pain or disturbed bowel habit. A subgroup ofIB&atients had elevated

mast cell percentage area stained which correlates weakly witenaog and stool
consistency. Howevercontrary to the previous report in just 10 patients
Mesalazine did not reduce mast cell percentage area stained. Further post hoc
analysis showed raised calprotectin was associated with less psychological distress
implying a more gut centred abnormality. A small subgroup witlBBlappeared to

benefit but this requires a larger adequately powered study to confirm this findings.

Further phenotyping of the heterogeneous group of patients with IBS and diarrhoea

is neededo allow better evaluation of new treatment
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Rok of Magnetic Resonance Imagimngthe
Gastrointestinal Tract
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1.12. Introduction

Magnetic resonance imaging (MRI) is very widely used worldwide because of its
ability to noninvasively assess internal structsref the human body without
exposing one to ionising radiation. MRI was previously termedclear magnetic
resonance (NMR) in the $C0century and was initially used by chemists to study
chemical, physical and biological matters before it was used testigate blood
products, blood flow, skeletal muscle and living subjects using a 1 dimensional view.
It was in the 1970s where MRI was developed by Paul Lauterbur and Peter
Mansfield to allow 2 dimensional imaging. In 1975, Richard Ernst perfected the
reconstruction of 2D images, which nhow became the basis of MRI Worid'ehe

first scan using MRI to obtain images of a live subject was by Sir Peter Maastleld
colleagues in Nottingham in 1977. The scan comprised of a cross section of a human
finger showing for the first time a detailed image of the soft tissue of the er
Following from tlis, the use of MRI in obtaining images of internal organs of the

human body had expanded and has been widely used in clinical practice

complimenting other radiological modali

MRI uses electromagnetic fields to produce internal images of a subject scanned by
manipulating the hydrogen protons within the body. A spinning proton prodaces
mild magnetic field as it has the properties of a positive electrargd, spin and
mass. The biggest source of hydrogen/proton in a human body is water éalloyv

body fat. When a subject is placed in the magnetic field in the MRI machine, the

protons align and spin around their axis when an external magnetic fialopied.

130



This creates a magnetic vectoroMVhen radio wave energy (radio frequency) is
added into the magnetic field, the magnetic vector is deflected. When this radio
frequency is switched off, the dwill return to its resting state and during this
period, it will retransmit the radio frequency This signal will produce the MR
images. In a senulassical description the return to the resting state can be
decomposed in a component parallel to the statmagnetic field (longitudinal
magnetisation) and one perpendicular to it (transverse magnetisation). The M
return to its resting state has therefore two separate components, one in the
longitudinal plane (T1 relaxation)* and one in the transverse piahere it reflects
the process of dghasing of the excited protons (T2 relaxa. A short
review article by Bergsummarised the principles of the MRI very succinctly.
Different body parts / orgns/ tissues will exhibit different relaxation times (T1/T2)

which is what gives the richness of contrast in the MRI images.

*T1 relaxation, which is also called sgattice relaxation time, is when the excited
magnetisation returns to its resting state the longitudinal plane. This is when the
radio frequency energy is released back into its surrounding (lattice). Therefore this
recovery period follows an exponential curve which will be shown later in this
chapter. The time course whereby the systernurres to its equilibrium state is
characterised by the time constant T1 which is unique to every @ulél
relaxation time is influenced by the strength of its magnetic field.

**T2 relaxation time is @lled spinspin relaxation time. This is when the excited
magnetisation which is initially composed of all protons spinning in phase, begin to

P 3 Z}us }( %Z » [X "0}A0oCU 3Z o0}ee }( %Z « E *posds v
how T2 relaxation time is @asura@l. The signal decay is described mathematically

by an exponential curve. An example of this will be shown later in this chapter. T2
values are also influenced by magnetic field strength but not as much as T1s are.

Over the past decade, there hhgenanincrease in the use of MRI in imaging the

gastrointestinal tract especially in the diagnosis of inflammatory bowel disease in
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the small bowel and staging of lower rectal cancer. The use of MRI in functional
bowel disease such as IBS is very limdedhis present time. The advantages of
MRI are the ability to visualise soft tissue in detail. No ionising radiation is involved
which is very advantageous for scanning children and young female patients,
furthermore it is none invasive, hence an ideaktt for repeated examination
following treatment or inaresearch environment and lastly, potentially able to test
the gastrointestinal tract function and motility such as gastric emgnd
anorectal functi The disadvantages of MRI are the cadt MRI scans,
prolonged length of time for image acquisition, difficulty in correcting motion
artefacts such as intestinal motility and breathing, the use of the machine has a
weight limit (for examplethe machine used for this thesis had a weight linfit o
approximate 120 kg) and some patientggim find the MRI scanner claustrophobic.
Thesecurrent disadvantagesnay not be relevant in the near futurelue to the

continuous development in MRI imaging techniques.

The Sir Peter Mansfield Magnetic Resona@eatre (SPMRC)at the University of
Nottingham is one of the very few centres in the world with a team dedicated to
study gastrointestinal physiology and its function using MRI. Throughout the years,
there has been development in the use of MRI parametéss study the
gastrointestinal tract in a fasted and fed state, gastrointestinal motility and sensory
function. Therefore, the use of MRI in research has proved to be very advantageous
as we are able to visualise and observe undisturbed gastrointestimaitidn

without the use of contrast or bowel cleansing agents.
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In this chapter, new techniques to assess small and large bowel transit will be
discussed, together with the use of a laxative challenge test and MRI to look at
functional bowel disorders suclsaonstipation and potentially to look fonaviRI

biomarker in patients with irritable bowel syndrome with diarrhoea {IBS
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1.13. Gut transit

1.13.1. Introduction

Small and large bowel transit measurements are variable as it dependbe
methodologies used. Thdiscussion of the gut transit measurements will be divided
into 2 sections. First the orocaecal transit time (OCTT), which is to assess transit
time from mouth to terminal ileum/ caecum. Secondly, whole gut transit time
(WGTT) measurement is to assess sraime of the whole gut from mouth to

colon.

1) Orocaecal transit time (OCTT)

a) Barium studies

The barium meal is one of the earlier methods used as a transit test. Commonly, it is
still used to evaluate or rule out mechanical obstruction, small bowel diverticula
and motility disorders. Small bowel transit is measured by drinking42@0m| of
barium before abdominal xays are takerat specific period ofup to 9 hours. OCTT

is defined as the time of ingestion of barium to the time barium reaches the
caecum. Previous studies to assess small bowel transit on healthy volunteers were
not standardized hus the results for each stydvere variab The barium

meal is not widely usedoday to assess motility due to the amount of radiation

involved in this test.

b) Lactulose hydrogen breath test (LHBT)
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Lactulose is a synthetic sugar containing fructose and galactosendt digestible

in the small bowel and when it reaches the large bowel, lactulose is fermented by
colonic bacteria producing hydrogen, methane and short chain fatty sacid
Hydrogen produced by the gut bacteria is excreted in the thnd this can be
measured to assessCJIT. Routinely, 10g of lactulose are ingested and breath
collected every 145 min for approximately 10 hours. The definition of the OCTT
would be a rise in breath hydrogen as sustained release of hydrogen more than 5
parts per million (ppm) compared to balin Due to its hyperosmolar effect of
lactulose, it can incre® bowel transit as described by Miller I hence
disturbing the parameter which is being measured. Despite this limitation it is still a
common test to use for assessment of OCTT due to its avijlabdse of use and

low cost.
c) 13Clabelled glycosyl ureides (LUBT)

13Clabelled glycosyl ureides have been accepted and applied for measuring
intestinal transit time. Their chemical properties and physiological significance have
been studied in detaileth the past byHeine and colleagues in 1 It has been
validate and is a noanvasive method of measuring OCTT. Thesedlg€bsy!
ureides have properties of low intestinal absorption as it resists cleavage by brush
border enzymes of the gastrointestinal tract. The 4f¢tosyl ureides is used in
small amounts unlikéactulose therefore it does not cause osmotic secretion into
the small bowel and hence does not accelerate small bowel slitnportantly
enzymatic degradation of the sugarea bond in the smll bowel does not occur

with mammalian enzymes but in the colon by the bacteria flotdogtridium
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Innocuu. Previous research pajé?%ws have established the safety and

usefulness of the product to test for OCTT. It is tastelesstla@e is no problem

integrating it into test mealssubjects tolerated the product welind caused
minimal discomfort. There have been no reported adverse events following this
investigation and this test has also been used in paediatrics for similaatradi i.e.
to assess small bowel tra ﬁ This method involved the use of stable isotdge
which is non radioactive. Subjects need to be -poaditioned with unlabelled

lactose ureide (LU) e.g. 1g Ltb 3imes/day prior tothe test to induce enzymatic

activity in the colqtf®1before a small dose dfC lactose ureide is given along

with the test meal the next day. Breath collections are taken from baseline and
every 1015 minutes forthe next 9 hours. Breath analysis is performed using a
spectrometer; on average it takes 2 hours to complete analyses sdt of breath

bags per participant. Although this might be a simpler test compared to
scintigraphy, the high expense of purchasiti¢ lactose ureide compared to
lactulose has discouraged its use as a routine clinical test. The cost to purchase 500
mg of°C lactose ureide and 3g of unlabelled lactose ureide for a patient would cost

approximately £80.

d) Small bowel transit using scintigraphy

This is not widely used ia clinical setting as it is expensive, labour intensive and
involves the use of specialqiipment. Either radiolabelled Indium or Technetium
labelled material is ingested in either a liqudsolid meal followed by intermittent

scans using a gamma camera. The small bowel transit time can be calculated as the

time for 10 or 50% of the activity arrive at thecaecumi®1°3and subtracting the
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time for the equivalent proportion (10 or 50%) to be emptied from the stomach in
the gastric emptying. The Mayo group assess small bowel transit rate from the
percentage of delivered radioactivity entering the caecum - MNormal values

for small bowel transit would be between -]7Dof radioactivity in caecum at 6

h. Although scitigraphy may provide a reliable method of measuring small and
large bowel transit (see below for colonic transit), cautious interpretatiozed to

be taken into account of assessment of small bowel transit in patients with delayed

gastric or colonic trants

2) Whole gut transit time (WGTT)

a) Radicopaque markers (ROM)

The colon functions include storage of faecal residue, absorption of water,
propulsion and defaecation. Dysequilibrium of any of these factors would lead to
diarrhoea or constipation. Colonicainsit is defined as the time food transits
throughthe colon and accounts for 780% of whole gut transit time (WGTT). There
have been different methods of measuring WGTT. The downside of these tests as
currently used is the exposure to radiatiaspecially in young women where
functional bowel is more common. Hinton e described the use of radio
opaque markers (ROM) in measuring the WGTT. Itahgalod recovery rate fothe
markers and did not alter transit time theoretically but the task was arduous as it

was required to either take multiple abdominal imaging to assess progression of
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ROM or observinghe passing of these markers in the stool. Later, Metcalf et al
simplified this methodology by taking multiple ROM consistently for 3 days before
an abdominal imaging taken at day 4 - €day 7 (to localised abnormal colonic
segment) thus reducing the amount of radiation exposure to the pantEhis
Metcalf method of assessing WGTT in now widely used worldamndeis currently

the gold standard to assess colonic transit.
b)  Colonic scintigraphy

Scintigraphic methods to assess colon transit require the use of radioisotope
materials, specialised equipment such as gamma casaerd it is expensive even
though it isnon invasive and safe to use. It has the advantage that multiple images
can be taken without increasing radiation exposure. The radioisotope is either
mixed in a meal or encapsulated in an acid resistant material such as
methylmethacrylate and given togeth with a meal. Once the capsule passes the
duodenum, the rise in pH causes the capsule to start to dissolve which takes around
4 hours by which time the capsule is in the terminal ileum or caecum. A gamma
camera, obtains anterior and posterior images bé tbowel, and as for assessing
gastric emptying, regi®of interest are drawn andadioisotopecountis measurel

using a dedicated nuclear medicine com The images are taken at
different times after ingestio e.g. 4 h, 24 h, 48 h and 72 h depending on protocols.
Dual isotopes are used to allow assessment of both liquid and solid phases,
Technetium and Indium. The interpretation of colonic transit is based on the
geometric centre, which is a weighted averadetlee radioactivity counted over

specific parts of the large bowel. There are 2 different methods of assessment, one

138



by the Mayo clinic using 5 segmented regions of the large bowel and defecated
stool, e.g. ascending, transverse, descending, rectosignmuidiafecated stool. The

2"d method using the Temple method isimilar exceptthere are 7-segmented
regions of the large bowel including ascending colon, hepatic flexure, transverse
colon, splenic flexure, descending colon, rectosigmoid and excreted slkbel.
geometric centre(GC)is calculated as the sum of the fraction represented by the
counts in each region divided by the total counts with the sum multiplied by the
region number (Equation A low value ofGC indicates the adioisotope
material is close to the caecum and a higher value indicated the radioisotope

material is in the rectosigmoid/excreted stool.

Equationl: Formula to calculate the geometric centre. i= region of interest
number, RQI= the number of counts in the region of interest numb

The normal values for geométrcentre (Temple method) are 2 to 7 for 24h, 4.6 to 7

for 48 h and 6.2 t@ for 72 h.

Colonic transit using scintigraphy hasenshown b have positive correlation with
stool consistency and bowel frequency and it is easily reprod@lhﬁough it is
worth noting that the coefficient of variation of repeated measure28%6 of GC at

24 hours and 14 at 48 hours, a figure no method improves on and which in part

represents the true underlying variability in transit
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3) Other tests for measuring colonic transit

a) Wireless motility capsule (WMC or SmartPill Wireless Motili®apsule)

This capsule which measures 2.68 x1.17cm in size is a wireless recording device that
provides reatime measurement of its surrounding. It is ingested orally to measure
the whole gut transit giving information of gastric emptying time, small bowel
transit time and colonic transit time and overall whole gut transit time. It has the
ability to measure pH, temperature and pressure thus providing information when
the pill transits through the gastrointestinal tract before it is expelled out from the
bod The patient needs to wear a receiver belt during the test that normally
takes up to 5 days. Ehuse of this novel wireless pill is very informative as it
reduces the number of investigations needed to assess pan enteric dysmotility of
the gut plus itie A EC % 3] v$§ %0 S 0 -invpsivé jedhih[guev The
drawback to this although it mig be minor would be the risk of pill retention,
equipment malfunction or inability of patient to swallow the pill. The use of WMC
has been validated against radipaque markers and scintigraphy with both
showing good correlation with W In the UK, the use of WMC here is
limited by its cost and is not widely available in all NHS hospitals and it is not
approved by the National Institute for Health and Care Excellence (NICE) for use on

functional bowel disorders.
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b)  Fluorine marker usingMRI

Recently, there have been some developments on the use @tiorine (19F)
marker to assess gut tra Although this might be at its developmental stage, it
does not involve radiation and thgize of the pill is smaller than the WMC, as it
measures 1.15 x 0.72 cm. To image and track the position of the 19F pill, a
transmitter coil is used. Studies so far are promising but at present hardware

needed to carry out fluorine MRI is only availableihandful of research unﬁ

203

c) Magnetic pill

A magnetic pilto assess colonic transit/bowel transit is also in a developmental
stage. It is non invasive and as for the WMC, the patient only needs to swallow a
magnetic pill of 0.6 x 0.7 cm in size and to wear a sensor belt throughout until the
pill is expelled. Theensor belt will pick up signals whiehe then digitalised and

transmitted to a laptop nearby for processing and sto@eMagnetic pill

WGTT varies within individuals, genders, dietary habi

studies have shown thatemales have prolonged WGTT compared tteeir male

counter-part$’3{7¢12%9 Upper limit of normal value for WGEhould be less than 72

hour$31%land if this wereprolonged, this would be defined as slow transit.

In conclusion, there are a wide range of different methods for measuring gut transit
in healthy volunteers and patients. Some involve exposure to radiation, which

would not be ideal in a dwrt of gastrointestinal dysfunction patients, as they
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would comprise mostly of young women. Therefore, subsequence -shapters
would be a discussion on optimising the measurement of small and large bowel
transit using MRI and its application in patiemntgh irritable bowel syndrome to

ascertain biomarkers.
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1.13.2.  Optimising measurement of small and large bowel
transit using MRI

1.13.2.1. Background

Secondary care referrals for further management of functional gastrointestinal
disorders are common and account for neat%o of all referr Irritable bowel
syndrome, functional constipation and functional diarrhoea are very common and
diagnosis is mainly based on patient reported symptoms that can be unrble
The gut transit is an objective measurement to assess motor functidnitacould

be used to guide treatment and predict efficacy of dsGut transit tests
described in the previous suthapter, have been developed to measure OCTT and
colonic transit/ whole gut transit (WGTT). Each test has its advantages and
limitations as described earlier. We would like to take advantage of our easy
accessibility of MRI in research to look at gut transit and hopefully we could

overcome some of the limitations mentioned.

Therefore, the aims of this study were to validate Z@loMRI methods to assess

OCTT and WGTT and to assess their reproducibility.
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1.13.2.2. Aims of the study

To optimise measurement of small bowel and large bowel transit using MRI
scanning in particular to assess the reliability and precision of different

measurementools for these parameters in healthy volunteers

Examine the relation between bowel habit, colonic volumes and transit times in

healthy volunteers

1) Primary outcome of the study:

a) Correlation between OCTT measurements using the MRI method and the
LUBT
b) Corrdation between WGTT measurements using the MRI marker pills and

ROM method

2) Secondary outcome of the study:

Reproducibility between each test methods
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1.13.2.3. Methods

The participantstook partin an open label study that involved 2 separate test
retest regimes. Study 1 was to compared small bowel transit i.e. orocaecal transit
using MRI against lactose ureide breath test (LUBT) and Study 2 was to compare
whole gut transit (WGT) using MRI agaitis¢ commonly used Metcalf radio

opaque marker (ROM) method.

This study was approved by the National Research Ethics Service (REC number
11/EM/0245) and was registered with the ClinicalTrial.gov identifier: NCT01534507.
All volunteers gave written infornteconsent following assessment of eligibility. The

studies were carried out according to the Good Clinical Practice principles.

1) Subjects

21 healthy volunteers (12 males, 9 females) aged betweeiv®2Years were
enrolled into both the studies. Participamtwho hada history of gastrointestinal
disease and taking any medication known to alter bowel motility were excluded
from the studies. All volunteers completed MRI safety questionnaire, to exclude
persons with contraindications to MRI, and a hospitatiaty and depression score
(HADS) questionnaire. All 21 volunteers completed study 1, which was repeated
after a l-week washout period, to assess reproducibility and 20 of 21 completed

Study 2. See Figuéb.
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Figure45: Schemat drawing showing how Study 1 and Study 2 were done
cohesively

2) Study 1: Orocaecal transit time (OCTT)

a) MRIOCTT test

The healthy volunteers attended the 1.5 T Sir Peter Mansfield Magnetic Resonance
Centre, University of Nottingham, at 8:00am after an overnight fast and underwent

a baseline MRI scan before they were fed with a mixed meal which was used in a
previousstudX dZ]e u o }ve]es }(W IilI P & wu E ] %o b ]V
h<eU 78 P o o0 ¢ ¢SE A EEC i u ~"]ve HEC[*U h<eU i

(Holland and Barrett, UK) and a glass of 100 ml orange juice from coakeent

146



~N Jve HEC[*U h<eU 03}P 3Z E % E}A] JvP 107 | oX dz A}
min intervalsfor a total of 8.5 hours. The second meal was provided at 6.5 hours.

dZ]e }ve]ed }(W &ii P ul] YA A o u E}v] Z e+ ~N]ve
sttaA EEC Z + | ~~]ve HEC[*U h<e v 1TfAi uo *3]Joo A §
between each scan, the volunteers were satmupright position in the waiting

room.

The MRI scanning was performed using a 1.5 T Philips Achieva scanner with a 16
channel X torso coil. The arrival of the head tbfe meal into the caecum was
determined from the MRI images using a daaho 2D multslice FFE sequence
(Time [TR] = 212 ms, Flip Angle [FA] = 80°). 24 comoagles were acquired to
cover the abdomen with an aoged voxel size of 2.01 x 2.87 x 7.00 fnm
(reconstructed voxel size of 1.76 x 1.77 x 7.003mm field of view [FOV] of 450 9

360 mn?, and a slice thickness of 7 mm with no gaps (SENSE factor = 1.7). Images
were acquired during a breath hold of 1 An additional single shot turbo spin
echo (TSE) sequence was acquired to measure small bowel water contentWC)
which meant subjects spent ~10 min inside the magnet for each time point. The
arrival of the head of the rice pudding meal was assessed visually using the 2D FFE
images. The OCTT was estimated as the time from the first scan to show entry of
bolus of mateial giving a high intensity signal into the ascending colon. Prior to this
event, most images were of low intensity. Measurement of the colonic volumes
before (t=360min) and after (t=405min) a high calorie meal was based on the 2D
FFE MRI images. This wasasurel as older studes have shown that clearance of

the proximal colon may correlate with overall transit lﬁ Colonic volumes were
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measura&l using a software called Analyze© 9.0 (Biomedical Imaging Resource,

Mayo clinic, Rochester, USA).
b) Lactose Ureide Breath test (LUBT) for OCTT

LUBT was used to assess OCTT as this will be used to caimpatie the MRI
method for assessing small bowel transithe LUBT protocol was based on the
study by Geypens et al as the group had validated using LUBT with scin phy
24 hours before the test day, healthy volunteers ingested 1g (6mmol) of unlabeled
lactose ureide (Euristop, SaintAubin Cedex, France) three times a day withirth
meals (morning, afternoon and evening). Thias to stimulate bacterial enzyme
activity to cleave the lactose ureide in the colon. On the test day, LUBT was
performed alongside the MRI OCTT test (see FigGyeThe volunteer provided a
baseline breathsample beforebeing given the mixed meal (detailed above). The
test meal was mixed with 500 niéC labeled lactose ureide (Eurigap, SaintAubin
Cedex, France). Breath samples were taken every 10 min for an hotlieandvery

15 minutes for the next 9 hours. A second high calorie mealgiaen 6.5 hours

later after the mixed meal. Breath samples were collected and analysed using an
Infrared Isotope (IRIS) analyser machine (Wagner Analysen Technik GmbH,
Germany). Results werexpressed as delta over baseline, which is the difference
between the ratio of 13CQ/*?CQ in the post dose breath sample and the
corresponding ratio in the baseline sample. The OCTT was tkére time in
which there was a significaritcreasefrom the backgroundbreath '3C. This was
defined ag2.5 times the SD of all previous above the running average of all previous

point (Figure 46). The OCTT was automatically determined frtme data
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obtained by using an thouse program written in Matlab (MathWorks, Natik, USA).
The amount of lactose used in this test was 6 mmol and this would not exert a

significant osmotic effect to alter the gastrointestinal transit.

Figure46: 13C breath excretion curve in one healthy volunteer

3) Study 2: Whole gut transit time (WGTT) test using MR

Healthy volunteers swallowed 5 MRI marker pills, meag20x9 mm, at 09:00 am,
24 hours before havingnreMRI scan of the abdomeithe volunteers were given the

pills and had to swallow them under direct observation.
a) MRI marker pills for whole gut transit

The MRI marker pills were manufactured-hiause using a biologically inert
polyoxymethelyne (Figurd?). The pill consisted of 2alf shells with a cuff that

would allow the two shells to be glued together using cyanoacrylate glue. A small
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hole had been drilled in the top of one half shell so the pill could be hand filled with
IX0 uo }( in ...D }( ' }sD@TA). Alplastic mmw was inserted into the

hole and glued with cyanoacrylate glue to prevent leakage. To ensure there was no
leakage, 20% of the pills that was produced for each batch were tested by adding
blue dye, sealing and immersing in water aG7for 48 hours. Dykakage was
detected by using a spectrophotometer reading at 400 nm. Any batches showing

leakage were rejected (this was extremely rare).

Figure47: MRI marker pilled made of polyoxymethelene. 2 half shells were glued
togetheran Z v (Joo A]3Z iXd&-DOTARThe pil has the dimensions
of 20 x 7 mm.

The GADOTA Dotarem®, Guerbet, Francethat was used to fill the pill is a
complex of Gé& and the chelating agent DOTA. This is-tmiic, safe to use and has

been routinely used in clinical practice as an MRI imaging contrast 2& This
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agent shortens the T1 relaxation times of protthus increasing the signal on
the T1 weighted imges. There have been preliminary works to find the optimal
concentration of GEDOTA at the Sir Peter Mansfield Magnetic Resonance Centre,
hv]A E«]5C }( E}3$3]vPDQIA s usdd to give the maximum signal
intensity from the capsule in the T1 wetgd image The concentration of the
GdDOTA was achieved by diluting 1 ml of-@TA, at a concentration of 280

ml/ml, with 33 ml of distilled water.

The volunteers were scanned in a 3T Philips Achieva MRI scanner using-a multi
transmit body coil. The scan images and sequences can be found in the study by
Chaddock et Since a single scan cannot cover the entire abdomen, 2 scan
images were obtained at 2 stations (with a 30mm overlap) in coronal view using
two different sequences. Firstly, a T1 weighted 3Dbb FHeld Echo (TFE3equence
(TE=1.3ms; TR =29 ms, FA =10° FOV = 250 x 398 x318@aquimed resolution

[AQR] = 2.3 x 2.3 x 4 mMnwas used to count and locate the number of capsules
remaining in thecolon at 24 h (Figure8}. Secondly, a mutecho FFE sequer@

(TE1 = 1.07 ms; TE2 = 1.9 ms; TR = 3.0 ms, FA = 10°, FOV Z125@80Bmr#

AQR 1.8 x 1.8 x 3.6 mm3; SENSE factor = 2), using a 16 channel XL torso coil to

receive the signal, was used to create a movie using the maximum intensity

projections (MIP) of the water only imaﬁ(Figure 49
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Figure48: Coronal sections obtained at 2 stations with 30mm overlap using the 3T
multi-transmit body coil

Figure49: T1 weighted maximum intensitprojection MR image showing 5
marker pills in the colon
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The movies allowed rotation of the colonic image and were useful to clarify the
position of the pills at 24 hosiif the T1 weighted TFE images were not conclusive.
Based on the MRI images, a trarsibre was calculated by dividing the distal small
bowel and colon into 8 sections (Figuy® and each pill was scored according to its
position in the colon at 24 hours. On several data sets, 1 or 2 pills were separated in
position by several segmentsom the rest of the pills (visualized together in a
group). Since only 5 pills were used to calculate a transit score compared to the
standard radio opaque marker tests (20 markers/day), a weighting factor was
included into the calculationThis was to redee the effect of outliers. The
weighting factor was calculated for each capsule depending on the difference of the
capsule score from the median capsule score. For a difference of 0 and 1 the
weighting factor was 1, for all differences larger than 1 theighting was the
inverse of the difference. Finally, the weighted average transit score of the MRI

marker pills was determined for each voluntg€igure 5).
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Figure50: Segmented colon used to score the MRI marker pillshadr after
ingestion. 0= not found (presume pill to be excreted), 1= sigmoid and rectum, 2 =
descending colon, 3 = left transverse colon, 4 = right transverse colon, 5 = upper
ascending colon, 6 = lower ascending colon and 7 = small bowel.

Figure51: Formula to assess average weighted transit score based on the position
of the MRI marker pills
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An example to calculate the average weighted transit score:

There vas1 MRI marker pills in region 0, 2 in region 1 and 2 in region 2. The median
position score was 1. The differences of each pill score from the median position
score werel, 0,0,1 and 1. All pills, which have a difference from median of O or 1,
were given a weighting of 1. Those pills further away are weighted as 1/difference.
Weightings for this example are: 1,1,1,1 and 1. Weighted average then becomes:
(1*0+1*1+1*1+1*2+1*2)/(total weighting of 5 pills =5) = 1.2

A nonweighted least square fit was ajpgdl to the MRI marker pill scores and their
corresponding ROM transit scores (based on the Metcalf dg determine a
transit time in hours. This is based on the equation: y = mx+c. x is the average MRI

marker position, m and c are unique coefficients determined from this study and y

is thetransit time in haurs (Figure 52

Figure52: Formula to calculate WGTT for the MRI marker pills

b) Radicopaque markers (ROM) test

The ROM test used was based on the Metcalf dyolunteers swallowed 20
ROMs on 3 consecutive days (day2 and 3) and an abdominalray was taken on

day 4, immediately after an MRI scavas used to locge the MRI marker pills
consumed theday before (day 3); see Figure.4the ROM was made of silicone
tubing that was impregnated with 13.5% barium. The dimension of each ROM was

2.42 x5.09 mm (Altimex, Nottingham, UK). The WGTT was calculated by counting
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the number of ROMs remainingn day 4 and multiplying by 11 give WGTT in

hours (Figure 53

Figure53: WGTT using the ROM method

1.13.2.4. Statisticalanalysis and power of studies:

1) Statistics

All data analysis was carried out using Prism 5 software (GraphPad Software Inc,

Av ] PIU hn eX 8 ]e8E] uS]lv A e oo oo pe]vP 3Z [ P)
omnibus normality test. Since the data was notrmally distributed, the results

Alpo Jvu J]v ~IYZe v 83Z "% @Eu v[e E vl }EE o §]}
used to assess correlations. To assess the reproducibility of the different methods

as already described, intredass correlation coefficienest (ICC) was used.
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2) Power calculation:

Based on the study by Horikawa et the mean colonic transit for healthy
volunteers was 35.7 £ 12.9 h. For 80% power to detect a 25% difference in transit
between the 2 methods, 19 participants would be needed for the study. 21
participants were recruited into the study to allow for dropouts and technical

difficulties.

1.13.2.5. Results

All 21 healthy volunteers completed the study with no adverse events. 1 volunteer
did not attend the xray appointments (Study 2) and 1 breath test data from study 1

was omitted due to high background noise within the data produced.
1) OCTT measurement usiddRI and LUBT

The OCTT measured with LUBT was 225 min-4I8p and with MRI it was 225
(180-270). The correlation between these 2 methods to assess OCTT was weak with
spearman, r = 0.28 (p=0.08) (Figws4). The limit of agreement between the 2
methods for OCTT was shown using the Blatichan plot in Figuré5. This graph
showed a small mean difference &f.32 min between measures. The difference
between measurements ranges frorfi97.6 min to 183.0 mint kppeared to show

that the longer the transit time, there is a tendency for the difference between the

2 methods of measurements to increase. ICC test was used to assess repeatability
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of these methods on two separate occasions. The ICC for repeat OCTT
measurement using LUBT and MRI were 0.35 (p=0.058) and 0.45 (p=0.017)
respectively. The inteobserver agreement for the MRI OCTT measurement gave an
ICC of 0.44 (p=0.002). Intebserver agreement for LUBT OCTT was not calculated
as the OCTT results were geated automatically using an in house analysis

program.

y =0.1632x + 187.34
450 - R2=0.0238

O 250

0
— 200

()

O T T T T 1
0 100 200 300 400 500

MRI OCTT (min)

Figure54: Correlation between MRI and LUBT tests for OCTT
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Figure55: BlandAltman plot to show agreement between the 2 OCTT methods

2) WGTT measrement using MRI marker pill and ROM

The mean (SD) WGTT measure using ROM was 31.2 (20.8) hours whilst the median
average weighted transit score using the MRI marker pill was GB6{0 The
average weighted transit score at 24 hour (post ingestion) ws@sverted into

WGTT in hours by using a regression equation linking these 2 techniques. Following
this conversion, the WGTT for the MRI marker pills gave a median of 2750(8)7

hours. The correlation between these 2 methods was good giving a spearofan

0.85 (p<0.0001),Higure56). The agreemenbetween these 2 methods using the
BlandAltman plot showed the mean difference of 0.0045 hours but the 95% limits

of agreement were from -25.69 to 25.68 (Figurg7). The repeatability test for MRI

marker pill and ROM methods, which were obtained on 2 separate study days, were
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respectively. The inteobserver agreement between WGTT mea@snent using
MRI marker pill and ROM methods were assessed using ICC. The ICC for MRI marker
%]oo u $Z} A ¢« P}} & iX00 ~% G iiethiod;the ICE WasEveRK D

w

P}} & IX86fA ~%GiXiiieX

Figure56; Correlation betweenVIRI marker pills and ROM for WGTT
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Figure57. Agreement between WGTT measurements

3) Other results:

Extra information was obtained during the MRI scans of the healthy volunteers.
These were used to measure their regional and totdbnic volumes at t=460 min
(before meal) and at t=405 min (after meal) and small bowel water content (SBWC).
The scanning methods used were coronal dual echo fast field echo sequence images

for colonic volume and single shot fast spin echo images used to assess

SB
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There was no correlation between colonic volume, SBWC and transit time (both
OCTT and WGTT). There was no significant correlation between transit time (OCTT
and WGTTyith BMI, anxi¢y and depression scor€lable21). There was a weak
correlation between OCTT and age. There was no significant difference in the
colonic volumes between genders. Baseline total colonic volumes for male and
female were 568 (139) and 616 (217) ml respectively, p=0.55. There was n
correlation between baseline colonic volumes with weight, height, BMI and age

(Table22). Both female and male healthy volunteers have similar transit times with

median of 27.6 (3-745.4) for male and 25.6 (358.8) for female; p=0.7.

Table21: Correlation between MRI parameters and healthy volunteers'

demographic

OCTT (min)*

WGTT (hr)**

Age

r = 0.36 (p=0.02)

r =-0.08 (p=0.61)

Height (m)

r =-0.04 (p=0.81)

r =-0.11 (p=0.50)

Weight (kg)

r = 0.09 (p=0.56)

r =-0.21(p=0.18)

BMI (kg/n?)

r=0.13 (p=0.41)

r =-0.23 (p=0.14)

Anxiety score

r =-0.29 (p=0.08)

r=0.42 (p=0.16)

Depression score

r =-0.15 (p=0.38)

r=0.16 (p=0.31)

Total colonic volume at
t=360min (ml)

r=0.26 (p=0.10)

r=0.16 (p=0.33)

Ascendingcolon volume
at t=360min (ml)

r=0.13 (p=0.41)

r=0.13 (p=0.41)

Transverse colon volume
at t=360min (ml)

r = 0.02 (p=0.89)

r=0.13 (p=0.42)
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Descending colon volumg r=0.29 (p=0.07) r=0.17 (p=0.27)
at t=360 min (ml)

4 3§ A 43360 change in r =-0.19 (p=0.23) r =-0.10 (p=0.90)
ascending colonic volume

(ml)

4 § A 43360 transverse r =-0.11 (p=0.50) r=-0.16 (p=0.31)

colonic volume (ml)

4 3§ A 43360 change in r =-0.04 (p=0.81) r =-0.13 (p=0.43)
descending colonic

volume (ml)

Fastedsmall bowel water r =0.17 (p=0.28) r =-0.08 (0.61)

content (SBWC) (ml)

AUC SBWC (ml/min) r =-0.01 (p=0.97) r = 0.08 (p=0.65)

E A *% E&u v[e E vl }EE& o S]}v } ((]1] vsV
* = OCTT measured using LUBT;
** = WGTT measured using MRI marker pill

Table22: Correlation between total baseline colonic volumes and healthy
Alopvd Ee[ U}PE % Z]

Correlation between baseline Spearman, r P value
total colonic volume (ml)

Age 0.07 0.77
Weight 0.04 0.88
Height 0.33 0.15
BMI -0.18 0.44
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1.13.2.6. Discussion

There was no difficulty in identifying the MRI marker pills in the MRI imatse

T1 weighted TFE image was inconclusikie,3D rotating MIPmovie was used.tl
showedthe exact position of eaclof the pills in the large bowelThis method is
simpler compared to the Metcalf ROM method as the latter can be difficult to
identify the precise site of ROMs located in the pelvic region on a plain abdominal x
ray. The methodquantifyingWGTT in this MRI marker pill was similar to th&at o
colonic transit using scintigraphy. It is based on the use of geometric mean and
colonic segments as previdyslescribed by Krevskgt aI However, the novel
aspect of this study using MRI marker pill WGTT is the formuthtosealculate the
transit time takes into consideration of the spread of MRI markers position along
the gut. This was calculated by looking at the difference of each pill position from
the median pill position and using this to apply to a weighting fatdoeach pill
score. In the majority of the healthy volunteers, the MRI marker pills travelled along
the gut as a group. In a few healthy volunteers, a few of the MRI marker pills
separated substantially from the group, which heavily affect the mean paositi
score. Thus a weighting factor was applied to each pill score to reduce this
dispersion factor. The use of weighting factor for the MRI marker pills scores made
only a small change to the average median pill position unit, 0.97 {meighted)
versus 0.8weighted) but if this was applied to a slow transit bowel, this would
make a large change to the transit time. Also, if the weighted score was used, the
"% @Eu v[e & vl }EE o 3]}v } ((]]vs Al8Z 8Z ZKD u §Z

(p<0.01) for norweighted to 0.85 (p<0.01) for weighted.
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This study was built on a previous MRI feasibility study by Buhreaawhere

the study used 5 small eppendorf tubes (2.4 x 0.6 cm) filled with GadoHDiRTA

and normal saline solution as markers of transit, giving a transit tim&ls® h in
women and 31+£10 h in men. As methodology and analysis were different from our
current study, it would be very difficult to compare results. Based on thidystthe
SPMMRC had designed and optiedsthe MRI marker pill to be used in clinical
practice, comparing the method against the widely used Metcalf ROM method and
using the MRI scans at a single 24 h time point instead of 6 time points over 60 h.
The optimal assessment period for measuring smdransit using scintigraphy was

24 h and had showed lowest shorterm intra-subject variation This
methodology was adopted into this studiflowever, other studies have suggested
that 48 h assessment does better for slow traﬁ therefore it would be

worthwhile to include a 48 h MRI scan to address this point.

In this study, there as astrong correlation between the WGTT measure by MRI
and the ROM method. Other studies have suggested that R@ih are normally
2mm in diametey and the MRI marker pillavhich are larger (2.0 x 0.7cphay
travel through the different regiosiof the bowel at different rates. Small pellets <
2mm diameter empty from the stomach during the digestive phase whilst larger

capsules will emptglower after a meatluring the phase Il of the migrating motor

complexe%24|225 This is confirmed with another recent study using scintigraphy and

the WMC to assess gut tra However, once pills/markers are inetrsmall
bowel and mixed with chye, the movement is unaffected by the size of mas

There has been suggestion that larger capsules would move ahead of smaller
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markers in the larger bovﬁ but a study by Racet alshowed similar WGTT
between ROM (29.7 [IQR 2244.7] h) and the WMC. This result was similathat

observedn this study.

The MRI method to assess WGTT allows us to easily and accurately assess the
position of the MRI pills and assign accuratelytiie upper or lower half of the
ascending, transverseind descending colon. However, the sigmoid is more
convolutedmaking itdifficult to assign marke with such precision, thereforéhe

sigmoid and recturpwere groupedogether.

The reproducibility for WGTT was better than for OCTT, similar to othe'red
givingan ICC value of 0.69 (p<0.01) foe ROM method and 0.61 (p<0.01) for the
MRI marker pill method. In this studihere was an interesin developng a purely

MRI method to quantify both WGTT and OCTT. MiILUBT were used for OCTT
assessmentThe median OCTT value using LUBT was 223I1@R 16278 min),

which was slightly faster compared with another study which gave an OCTT value of
292158 m The slight difference in OCTT could likely be accounted to the type
of meal used which in the study by Geypens et al, the breakfast consisted of one
scrambled egg and 2 slices of bread, which was sméilan the one used in this
study. The ICC values for repeated measurements of LUBT and MRI were both poor
at 0.35 (p=0.6) and 0.46 (p=02%), suggesting OCTT depends on other
uncorrected/uncontrolled factors as others have repo@j The individual
variability is similar to both techniques and this suggests the variability reflects

intrinsic biological variability rather than methodological variamty
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There is no gold standard of measuring OCTT. Currerd $ash as the lactulose

breath hydrogen testre usedcommonly It is known to havean osmotic effect o

the unabsorbablelactulose, whichaccelerates transit when compared with

scintigrap thus making it unsuitable for assessment. Interpretation of breath

hydrogen is quite complex especially in patients since bacterial overgrowth is

common and would give spuriously short OCTT time. It is also true for the LUBT test

but asthe dose usedn thisstudy wa small, it would not alter the transit in the way

lactulose does. The WMC can be used to assess OCTT (as discussed earlier) by

measuring the time the pH rises on entering the duodenum to the time it falls on

entering the coI The median OCTT using a standard eggbeatad (196 kcal)

in the study by Sarosiedt al. showed 276 min. The disadvantages of this method

are limited by cost and the risk diie pill getting stuck in the small bowel (e.g.
E}Zv[e ] ¢ Vv €& ] 8]}v vS E]S]**X N} (d@EWEA Z 5]

measurement would be scintigraphy but at present, the techngused are varied

and normal range is wi Measuring OCTT using our MRI technigas been

described in the pand involved looking at the arrival of the high intensity head

of a 362 kcal rice pudding meal in the caecum. The median value for OCTT was 225

min (IQR 18@270), which were in very close agreement with values repﬁm

this study, the OCTT vals using LUBT and MRI were similar but showed poor

agreement between the two methods (Figu&b). The limitation to the MRI

technique compared with LUBT wahe prolonged scanning time interyathich

was every 45nin, where asthe LUBT breath test sampfjtime intervalwas every

10-15 min. The other limitation to the MRI technique for OCTT was the difficulty in

interpretation of the arrival of the head dfie meal on the MRI images, especially in
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cases where bright residues appeared in the caecum befosean after eating the
rice puddingmeal, whichcould cause confusion with the later actual arrival of the
head of meal. There was poor intebserver agreement for measuring OCTT using
MR, giving an ICC of 0.44 (p=0.002), which suggestthis wouldnot be a useful

technique for OCTT as it is venyerator dependent

On the other hand, the MRI marker pills describeztenare simple. Itinvolved 1

visit for a set of MRI scans which taka@ound 5 min to perform. The images are
easy to interpret due tahe detailed anatomical information provided. The MRI
scanning sequences are similar and available to any clinical MRI scanner platforms.
For thesereasons, it could be widely adopted in clinical use. By using the algorithm
in this study, the results othis test can be interpreted easily by clinician.
Furthermore, there wa a very strong inteobserver agreement between
measurements using this method giving an ICC of 0.78 (p<0.01). In this study, a 3T
MRI scanner was used but this method can be used it.5T MRI scanner
(Unpublished, see subsequent chapter). Also, as the T1 weighted 3D TFE sequence
does not require the use of a dedicated torso coil to receive the radmuency
signal, this increases the portability and simplicity of the method fer insclinical
practice. If a dedicated torso coil is used, it can acquire images that can be
converted into a P rotating movie and these provide good spatial resolution,
which can be very useful for further confirmation of the exact position of the MRI
marker pills. Since the images are easy to interpret a trained research assistant

could report scans.
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The cost of MRI is falling and this possibly could be an advantage for cost
effectiveness if other tests could be avoided. Using this technigaeonly doesit
measures WGTMRI scans could providddrther information of the gut such as
colonic transit and small bowel water content of patients with various
gastrointestinal dysfunctia® This method is nomvasive, does not exposte
patient to radiaton allowing the usef it for repeated tests in young women and

children following treatment and iglsoa very patient acceptable test.
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1.14. Clinical use of MRI testing on IBS

1.14.1. Background

Community surveys indicate that over 25% of the population repofesafy from
constipation at least some of the ti When patients are asked what specific
symptoms trouble them most the commonest complaint is strairtmgass stool,
followed closely by hardness of stool and infrequent bowel movements. About 2/3
also complain of abdominal p Abdominal pain associated with constipation is

a key feature of irritable bowel syndrome (IBS) with constipation-QgB#hich
distinguishes it from functional constipatio(FC) in which pain is either absent or
not promine The other symptoms of these two conditions like hard stools and
straining overlap extensively and if one suspends the requirement for FC patients to
not have IBS, then 44% of patients with functional constipation also meet Rome IlI
IBSC crieria while 85% of IBS meets the criteria for functional constipa@
However making the distinction may be worthwhile since as we show below the
underlying pathophysiology and response to treatments differ in irtgra ways.
While IBS is frequently associated with rectal hypersensitivity as assessed by rectal
barosta rectal hyposensitivity with lack of urge to defecate has been reported
in 23% of unselected patients with constipaﬁv When compared to healthy
volunteers, slow transit constipation sufferers show reduced sefitsitand higher
threshold for urge while IB6& have lowered threshold to pain percep
Furthermore motility differs in important ways, with some studies showing delayed

EE velS ]V "% JVO oo Ived]% 3]}V AZ]o % Jv@Q wasived]% 3
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associated with reduced pain threshold buériable transit within the normal
rang More recent prolonged (24 h) ambulatory manometry recogdi in FC
with severe slow transit have shown reduced motility, with reduction in the normal
stimulatory effect of waking and eati@ In contrast studies using radiotelemetry

it is shownthat IBSC patients have increased contractions, particularly in the distal
quartile of colonic transit compared to both F@dahealthy contro These
different underlying mechanisms have implications for treatment since prokineti
agents such aBrucalopride which benefit FC, are not licensed for 4B$ whom
clinical experience shows a higher incidence of pain and diarrhoea. Likewise bulk
laxatives like polyethylene glycol (PEG) electrolyte which treat FC well do not
alleviatethe pain of IB& even though they stimulate more frequent defec

The need for bowel cleansing for both ambulatory manometry and the rectal
barostat test significantly alters the underlying pathology and the techniques
introduce many other variables including psychatag distress which may account

for why their results correlate poorly with other clinical features. Furthermore not
all patients will agree to such invasive tests making the observations biased in
unpredictable ways. There are limitations of pure obs&oral studies since many
patients change both lifestyle and diet in order to minimise symptoms making it
more difficult to distinguish underlying abnormalities of function, which might be
more clearly shown by assessing the response to a standardisagant®mn. We

have recently developed a nenvasive magnetic resonance imaging (MRI)
technique which allows measurement of intestinal water co t, colonic

volume motility and transiin a highly patient acceptable way. We have

used these techniques to create a test of colonic function by giving a large dose of
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the osmotic laxative, Moviprep®, a combination of PEG and electrolyte to distend
the ascending colon and allow sdrvation of the colonic response which, as our

results show, differ in the two conditions of HBSand FC.

1.14.2.  Aim of the study

To assess:

1) The fasting small bowel water

2) The whole gut transit time (WGTT)

3) Colonic volumes at baseline and during the 4 h MRhrsog following L
Moviprep®

4)  Motor function of the ascending colon using the motility index score

1.14.3. Methods

This was an open label study examining the response of the small and large
intestine to acute ingestion of 1 litre of polyethylene glycol (PEG)ectrolyte
solution (Moviprep®). We used a virtually identical protocol to that already
reported in healthy controls ( to study patients wi constipation. These
studies were approved by the National Research Ethics Service, United Kingdom

(10/H0906/50 and 11/EM/0440) and by the Medicines and Healthcare products
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Regulatory Agency (MHRA CTA reference nuni®857/0045/0020002) This
study wagegistered with the ClinicalTrials.gov (Identiid€T01622972) artie EU
clinical trials register with EudraCT numb2010-02187985. There were no
changes to the protocols from that published at registration. All participants gave
written informed consent and the studies were carried out according to the Good

Clinical Practice principles.

1) Subjects

48 (45 females, 3 males, BB years old) patients with constipation were recruited
from general gastroenterology clinics in the Nottingham University Hosqitaist,
Nottingham. These comprised two groups classified according to the Rome lll
criteria into functional constipation (F@J irritable bowel syndrome predominantly
constipation (IBS Since this was a secondary referral practice these patients
had all failed at least 1 simple laxative in the past before entry into the study.
Participants were required to stop any laxatives and medications that would affect
the gut motilityfor at least 7 days prior to the allocated study day. All participants
completed a safety questionnaire to exclude contraindications to MRI such as metal
implants in the body. They also all completed the Hospital Anxiety and Depression
Score(HADD questionnaire andPatient Health Questionnaire 12 Somatic Symptom
scale PHQ129S0 assess psychological and somatic distress. Data from 12 HV (6
females, 6 males, 280 years old) free from gastrointestinal diseases and

medications that could alter the gut motility whoene alsopart of a previous study
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involving an identical protocol except for asmion of the whole gut transit

measuremewere used to compare ith the patient data.

2) Study design:

The HV group protocol was as follows. Subjects attended on the study day
following a minimum of 4 hours fasting. They had the baseline MRI scan before
being given 1 litre of Moviprep® containing 100 g PEG (mmedecular weight 3350
Daltons), 7.5g N&Q, 2.7g NacCl, 1g KCl, 4.7g ascorbic acid, 5.9g Na ascorbate which
they were required to consume within 60 minutes. Following this, they had hourly
MRI scans and completed bowel symptom questionnaires throughouttheur

study period. The bowel symptom questionnaire consisted of a 100mm VAS scale
on each of the following symptoms: abdominal pain, bloating, abdominal
distension, abdominal fullness and nausea. They also filled in a stool diary based on
the Bristol Sbol Form Scale chart a week before the study @lalilst off laxative

to assess the baseline bowel symptopdring the study day and 6 days after the
study day. Particular note was made of the time to first defecation following

ingestion, which often amurred within a few hours.

The constipated patient group followed the same protocol but also had an MRI
assessment of whole gut transit time (WGTT), which required them to swallow 5
MRI marker pills (20mm x 7mm) at 8 am, 24 hours before the study day with

imaging the next morning. This method of whole gut transit time (WGTT) using the
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magnetic resonance imaging correlates well with the standard ragaxue marker
test The patients were required to fast overnight before the study day.
Following their baseline scans to assessdiamarkers and make baseline volume
measurements, they ingested 1 litre of Moviprep® within 60 minutes before
undergoing hourly MRI scans for 4 hours. We were able to reduce the study time to
4 hours as our HV results indicated all the important responsafd be observed in

4 hours. Patients completed the bowel symptom questionnaire and stool diaries
similar to the ones used on the HV group. Both groups were allowed to drink ad

libitum after 60 minutes into the study.

3) MRI scanning protocol

All MRI scans were carried out in a 1.5T Philips Achieva scanner (Philips, Best, The
Netherlands), using a i¢hannel XL torso coil. All participants were scanned in a
supine position for approximately 13 minutes while between scans they were sitting

in anup-right position in the waiting roomA turbo spin echo single shot sequence
(TR/TE = 8000/320 ms, FA 2,980V = 400x362x168 MnA\CQ res = 1.56x2.90x7.0
mm?) was used to acquire T2 weighted coronal images for measurement of small

bowel water content 8BWC) as previously validaﬁ This segence gives

high intensity signals from areas with free fluid and little signal from body tissues.

Assessment of WGTT required coronal section images, which, as a single scan would
not cover the entire abdomen, were obtained at 2 stations with a 30 mmrlape

using 2 different sequences. A T1 weighted 3D TFE sequence was used to count and
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locate the number of pills remaining in the colon after 24 hours of pill ingestion.
Secondly, to confirm the location of the pills, a multi echo FFE sequence was used to
create a movie using the maximum intensity projection of the water only images as
previoudy used in another stu This movie allowed a 3D visualisation of the
colon and the position of the pills in the uncommon event that the T1 weighted
image scan was not conclusive. A coronal dual echo fast field echo sequence
(TRITETE = 157/2.3/4.6 ms, FA = 80FOV = 450x362x168 MmACQ res =
2.01x2.87x7 mi) was used to assess colonic vqusThis was performed
during an expiration breath hdlof 13s and a transverse dual echo FFE sequence
under a 20s expiration breath hold. Lastly, motility scans of the ascending colon
involved a single sagittal cross sectional slice, usifiglanced turbo field echo
sequence (TR/TE = 3/1.52 ms, FA 2 HD/ = 330x228x15 min ACQ res =
1.5x1.5x15 mr), through the ascending colon which was scanned repetitively

every second for 2 minutes during which time the participants were allowed to

E SZ (E oCX dZ e+ Ju P ¢ }po %0 C icana&iliZz E -« %o

UJA][ v AGE « A «t]v}AsD ] s] } (Jo X

1.14.4. Data analysis

All results in patients except WGTT were compared with the previously published

optimised for usage at the time the HVs were studied. Sensitivity indlegd@e is

healthy contro WGTT in patients were compared with previous values in

from another study because the MRI marker pills were not
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defined as the bloating score divided by the ascending colon volume, units per litre
(D). Motility index (Ml)was calculated as theluration of each contraction (in
seconds) multiplied by the number of sections of the (Afdximal, mid or distl)
involved, summed over all contractions in them2nute scanning interval. See

Figure 58

Figure58: Example showing how MI was calculated

1.14.5. Statistics

All statistical analysis was carried out using tBemphPad Prism version 6.0 for
Windows (GraphPad Software, La Jolla California USAgostino and Pearson
omnibus normality test was used to assess distribution of data. Normal distributed

data is expressed as mean = standard deviation (SD) anehoramd distributed
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data is expressed as median (interquartile range; IQR). Normally distributed data
was analysed using the unpairedest, 1 way ANOVA and 2 way ANOVA as
appropriate while nomormally distributed data was analysed using Maithitney

test andKruskalWallis test.

1) Power calculation

This used previous data of the effect of another radisorbable osmotic laxative,
mannit The mean (SD) change in SB®#CI0 minutes postprandially after
ingesting 300ml glucose was 6 (39.5) and using neéZalculatedve could detect

an increase of 55 mwith 90% power which was very much less than predicted from
theoretical considerations which suggest a change oD8tf). The plan was to use

24 per group to ensure the secondary endpoints were met, for which there is no
data to perform a power calculation. There was no previous study using MRI to
assess small and large bowel motility/function in-B%nd FC so the pew

calculation was not done for these parameters.
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1.14.6. Results

60 participants were recrted into the study (see Figure p911 HV, 23 FC and 20

IBSC were included in the intention to treat analysis following a total of 6

withdrawals.

Figure59: Recruitment flow chart
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1) Demographics

Median age for HV was 25 (29), significantly younger than the FC = 47-33%
p<0.001 and IBE = 39 (252.8), p<0.02. The male to female ratio was by design
5:6 for HV, with a femalpredominance in patients, 2:21 for FC and 0:20 for@BS

As expected the FC and {BSyroups had significantly higher psychological distress
as assessed by the total HAD scores compared to HV (1way ANSD/@]) wvith

means of 4.09 (2.63) for HV, 15.23@3&) for FC and 12.25 (8.18) for {8SThe FC

and IBSC groups also had significantly higher somatic symptoms as assessed by the
PHQ12SS scores compared to HV (1way ANGAA) I with means of 2.73 (1.49)

for HV, 6.61 (3.86) for FC and 7.05 (4.47) {6:GB

2) MRI parameters

a) Transit

WGTT was significantly greater in both the FC aneClB&ups when compared
with HV (KruskaWallis p<0.01). The median WGTT was 109.7 {2546) h for FC,
63.3 (47.8100) h for IB& and 27.5 (3:30.0) h for HV. The WGTadr FC was

significantly greater than IBS, p<0.01Figure 60.
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Figure60: Whole gut transit time (WGTT)

b) Intestinal volumes

Fasting SBWC was significantly higher in FC compared-© WB8t& 82.46 (63.37

141.9) ml and 38.45 (181-70.20) ml respectively, p <0.0figure 61.
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Figure61: Fasting small bowel water (SBWC)

Baseline ascending colon volume was significantly higher in the FC groups
compared to HV and IBS (Table23 and Figure62). 2 h after ingestion of
Moviprep® the AC volumes significantly increased in the FC group compared to HV

and IBSC (Tabl3and Figure 6

When the total colonic volume was measured, FC had significantly higher total

colonic volume compared to HV and 1B8BSTable23). As can be seen in Figusé
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the total colonic volume for FC nearly doubled from baseline at 2 hours following
ingestion of 1 litre Moviprep®, and remained significantly higher during the
subsequent 3 hours when compared to HV and-CB&way ANOVA p (<01).
There was no significant differences in the total colonic volumes for th€ I§8up
at baseline and subsequent total colonic volumes when challenged with 1 litre of

Moviprep® when compared with HV.

Table23: Colon volumedviean (SD)

HV FC IBSC P value;

1 way
ANOVA

Baseline AC volumgq 193 (84.1) | 314 (100.8) | 226.2 (70.9) <0.01
(ml) 2k

AC volume at 2 h 356.5 596.9 (170.2) 389.2 (163.3) <0.01
following ingestion (153.3) cd
of Moviprep®

Baseline total 589.5 847.2 (279.8) 662.2 (239.5) 0.0151
colonic volume (ml)|  (260.5) ef

2 significantly different from HV, p=0.0018;significantly different from IBE,
p<0.01
¢ significantly different from HV, p=0.0004;significantly different from IBS,
p<0.01
¢ significantly different from HV, p=0.0152:significantly different from IBS,
p=0.03
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Figure62: AC volume at baseline and 2h after Moviprep© ingestion
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Figure63: Total colonic volumes during thstudy day

c) Motility and sensitivity indices

The motility index (MI) of the ascending colon was significantly lower in FC

compared to both HV and IBSat 2 hours (Tabl4 and Figure 6Y The Sl at 2
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hours was significantly higher in both FC &@d group @ampared to HV (Table 26

but not different between the patient groups (Figusé).

Table24: Motility and sensitivity indices at 2h post ingestion of Moviprep©

2 h post ingestion HV FC IBSC Kruskatwallis,
of PEG p value
[Median (IQR)]
<0.01

MI 82 (48111) | 15.5 (B49.5)* 58'581(50'3 *P<0.01

compared to IBE€
S| 418 (1.34 | 1255(7.15 | 15.0(5.84 0.02

8.47) 16.91) 21.42) '
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Figure64: Motility index throughout the study day
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Figure65: Sensitivity index 2 h after Moviprep ingestion

d) Bowel habit

The FC patients had significantly fewer bowel movements in the 24 hour period
following ingestion of Moviprep® with only 3-%2 bowel movements compared to
HV and IB& which was 7 (®0) bowel movements/24 h in both of these 2 groups,
KruskalWallis p<0.01. The time to the first bowel movement following ingestion of

Moviprep® was significantly longer in FC group compared with HV anr@, IBS
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KruskalWallis p<0.01, beind06 (67.5175.0) min, 295 (116-826.3) min and 84

(48.8111.3) min in HV, FC and 1B3espectively (Figugo).

Figure66: Time to first bowel movement (min)
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e) Correlation between time to first bowel movement and MRI paramese

Time to first bowel movement correlated positively with ascending colon volume at
2h post Moviprep®, Spearman r= 0.440i84 and the fasting SBWC, Spearman
r=0.34, p=0.04. If a cut off time at 230min was used in the time to first bowel
movement, the sensitivity of this test to distinguish 8Srom FC was 55% and
specificity of 95%. S| correlated weakly with total HAD es;oBpearman r=0.23,

p=0.09 (Figure 67.

Correlation between baseline HAD and
sensitivity index Spearman =023,
45 p=0.09
40 H e
& 35
2 3 ge = . .
2
= 22 e U m n oFC
2 S u )
§ 15 - O 'S A . W IBS-C
) He [ | ] HV
% 10 L 3 R [ | [
0n S ] 2 2
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Baseline HAD score

Figure67: Correlation between baseline total hospital anxiety and depression
(HAD) score and sensitivity index (Sl)
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1.14.7. Discussion

This is the first report of a nemvasive assessment of colonic function using MRI in
constipated patients and as such provides much new data. Very early studies using
X-rays had provided details of colonic motility and response to eating but only in an
anecdotal Wa and the realisation of the dangers of irradiation brought such
studies to a rapid end. Subsequent studies have used transit of -cpdique
marker and clearance of isotope from the coI as surrogate markers of
motility which do corelate reasonably well with sympto Constipation is
associated with slow tran and diarrhoea with fast whole gut tra and
accelerated clearance of the ascending geterbut in each case the overlap with
normal is substantial as is the day to day variayat around 25%. This is
undoubtedly because transit depends on many uncontrolled factors such as diet,
microbiota, psychological factors as well as motility. Direct measurement of colonic
motility has been possiblbut requires bowel preparation and is arduous for both

% 3] v8 v JVA «3]P S}EU -]v PJA v u}3]o]8C[s *p 3 v$§
requires very prolonged (up to 24 hours) recording to characé’his has
limited its use despite the exquisite detail it provlﬁ'ﬁ Thetechniquein this study

is by contrast extremely easy to administer and very patient acceptablere was

no difficulty in getting volunteer patients who were keen to see how their bowel

functioned.

By providng a large distending stimulus, this study demonstratistinct motor
responses, which are impaired in FC throughout the 4 hours of the studyC IBS
patients in contrast show a normal initial response but in the later half of the study

this appears to tail off significantly while it is maintained in HV. Whether these
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responses are useful clinically to predict response to therapy requires further study
but arecdotally this has been used in the clinic in Nottingham and the results do
separate out IBE from FC quite well and do guide therapy. The hypomotile colon
in FC seems to respond well to prokinetics sucRrasalopridewhile the active IBS

C patient teng to get pain and diarrhoea without benefit.

The analysis of motility used this study though blind as to the subjecis very
subjective and time consuminghe SPMMRC igorking on automation to make
this less subjective and to make it feasible to lgsa longer time periods though
the strength of the stimulus does mean that less time is requwieén waiting for

spontaneous contractions.

All the images are analysed by an operator blind as to the patient details to avoid
bias but our reproducibility sidies are reassuring. The intebserver variability for
colonic volumes is 5%. For colonic transit, the watleserver variability is good with
intra-class correlation coefficient = 0.78; while the day to day repeatability of transit

is acceptable with ima-class correlation coefficient of O.

In this study,visceral hypersensitivitwas mesured,non-invasively by looking at

the symptomatic response to the Moviprep® stimulus, which distends and causes
vigorous contractions in both healthy volunteers and-@B&Sibjects. Unfortunately
there was substantial overlap possibly because the Filigrstarts from a much
larger initial volume, which may make the arrival of large volumes of fluid more

painful than in IBS patients who stadwith a relatively normal ascending colon.
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While expense will limit the use of this test to specialist centissuse in very
severe cases in whom colectomy or sacral nerve stimulator implantation is
contemplated could be easily justified if it prevented an iBSpatient from

undergoing unnecessary and ineffective treatments.

Even for those without access to MRl such patientsthe Moviprep® challenge
could be used without imaging since defecation within 230 minutes identifies 95%
of IBS while only being found in 45% of FC. This is very useful since it should
prevent the use of strong stimulant laxatives asufgest that an agent with both

laxative and pain reliving properties such as Linaclotide might be the preferred

treatmenp?4 4248

In summay this is a patient acceptable, technically undemanding colonic function
test, which defines the differing underlying pathophysiology of FC and |B8o

common causes of constipation that require rather different treatments.
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1.15. Imaging the gastrointestinalract in IBS

1.15.1. Introduction

At present, there are no biomarkers using the MRI as a tool to objectively measure
and evaluate symptoms of irritable bowel syndrome. MRI is still perceived as an
expensive tool for this although it is patient acceptable andainvasive method

to assess undisturbed bowel.

At the University of Nottingham, we have collaborated with the research MRI
centre, Sir Peter Mansfield Magnetic Resonance Centre (SPMMRC) and took
advantage of its availability/ speciality to evaluate MRiapaeters in IBS patients.

The SPMMRC had validated the quantification of small bowel water content using
M and this had been used to measure fasting small bowel water content
(SBWC) on healthy controls cannBSD patien This study by Marciani et al
showed that fasting SBWC was lower than healthy controls which was confirmed by

previous studies reporting faster orocaecal transit time (OCTT) and increased

motility?4*2%Yl The migrating motor complex is more frequent in-B&nd this ha

probably led to increased delivery of water into the ascending @We also
showedin IBSD patients, a good correlation between anxiety and small bowel
transit time which was assessed on the magnetic resonance (MR) images by the

arrival of the bright fluid from the small bowel into the ascending colon.

Other new parameters to image ¢hsmall and large bowel are slowly being

developed hereat the University of NottinghamFor exampleT1 and T2 imaging
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sequences have been ukas part of a research tool to look into tlehyme of the
ascending colon. In a eent study in Nottingham, Tlequence in the ascending
colon in the untreated cohort of IBS patients was significantly higher than normal
subjects (unpublished)'he reason behind this differenceay be the effect o the
change in the colonic microbiota but it is still in the exptorg phase.In this

section, further MRI imaging parameters on-IB%iill beexplored andliscussed.

1.15.2. Smallbowel tone by measurement of fasting small
bowel water content and other parameters through
MRI

(Result from the MIBS study: Chapter 2)

1.15.2.1. Aim of the study:

1) To assess the effect of Mesalazine on the small bowel tone by measurement
of fasting small bowel water content
2) To assess the ability of MRI parameters (T1/T2 sequence) to predict treatment

response
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1.15.2.2. Method:

Participants with IB® who metthe modified Rome Il criteria were recruited into
the Mesalazine for irritable bowel syndrome with diarrhoea (MIBS) trial. This was a
double blind randomised placebo controlled trial. See chapter 2. For participants in
Nottingham, following consent, theliad additional tests including the magnetic
resonance imaging (MRI) of the abdomentla¢ beginning and end othe study

visit. The MRI scan was performed in the 1.5T Sir Peter Mansfield Magnetic
Resonance Centrat the University of Nottingham. Participenfasted overnight
prior to MRI scans for both visits. To ensure safety, they filled in a MRI safety

guestionnaire prior to each visit.

1) Subjects:

40 patients (16 males, 24 females) aged betweer639ears consented to have

MRI scans of the abdomen dugithe trial.

2) MRI scanning protocol:

All MRI scans were carried out in a 1.5T Philips Achieva scanner (Philips, Best, The
Netherlands), using a i¢hannel XL torso coil. All patients were scanned in a supine
position for approximately 13 minutes in totan initial survey scan was to locate

the position of the abdominal organs before a range of MRI scans were taken.

scan consistof a dual gradient echo imaging sequence (ekeio fast field echo,

FFE) with TE22.3ms, TEZ 4.6ms and TR 158ms. This comprised 24 coronal
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plane and 45 transverse images withplane resolution 1.76hmx1.76mm and a

slice thickness of lm, with no gap between in(Figure68).

Figure68: Initial survey scan to look at anatomy of abdominal organs using a dual
gradient echo imaging sequence

A turbo spin echo single shot sequence (TR/TE = 8000/320 ms, FA EO30 =

400x362x168 mif) ACQ res = 1.56x2.90x7.0 Mvas used to acquire T2 weighted

coronal images for measurement of small bowel water content (SBWC) as

previously validat

12,

214

243

(Figure69).
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Figure69: Single shot fast spin echo to analyse small bowel water content

The MRI sequences suels T1, reflecting the spin lattice relaxation time, and T2,
reflecting the spirspin relaxation times, were used in this protocol. The
methodology for Tl sequence was similaratoecently published study by Marciani

et aI The longitudinal relaxation time T1 of the ascending colon chyme was
measured from a single, sagittal slice through the ascending cofing an
Inversion Recovery Balanced Turbo Field Echo sequence with the following
parameters: 1 sagittal slice, TR/TE= 3.0/1.5 ms, field of view = 400 x 400 mm, matrix

size 256x256, slice thickness of 10mm and 8 different inversion times (TI) ranging
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from 100-5000 ms. Each image was acquired during a brbattl with 15 s of free

breathing between each different Tl to allow for full relaxation of the MRI signal.

As for T2 MRI sequence, the MRI protocol was simila peevious study by the
MRI research gup at the University of Nottingh The relaxation time for T2 of
the ascending colon waseasurel from a single sagittal slice through the ascending
colon based on a T@repared bTFE sequen¢€R/TE = 3.0/1.5 ms, TEprep values

(ms): 20, 29, 43, 63, 93, 137, 2@B5, 434, 637, resolution 1.56 x 1.56 mm and a

slicethickness of 7 m Each image was acquired during a brelaiid with

intermittent free breathing between each different T2.

3) Data Analysis

All data analysis was performed by a single person (CL) and the analyser was

blinded to the study treatment.
a) SBWC

Fasting SBWC as analysed using -mouse semautomatic extraction and
quantification software (Figur&0). This method was validated in the past using

mannitol infusion into the small bowel via the nasoduodenal e
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Figure70: Method for quantification of small bowel water content (ml)

b) TlandT2

T1 and T2 wre calculated usingn in house software program developed by the
SPMMRC, University of Nottingﬁ 3 regions of interest (top, middland
bottom of the ascending colon) were drawn to obtain either T1 or T2 edire
each region. A mean of these regions were used to represent an overall T1/T2
relaxation time for the whole ascending colon. See figuteand 72 as an example

of T1 and TZuantification of the ascending colon.
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Figure71: T1 analysis showing a region of interesting, top of the ascending colon.
dZ AE%}v vi] o HEA }v 83Z E]PZS§ «Z}AlvP 8Z ZE }A E
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Figure72: T2 analysis showing the decay curve in 1 region of interest, middle
section of the ascending colon

1.15.2.3. Statistical analysis

1) Statistics

All statistical analyss were carried out using theGraphPad Prism version 6.0 for
Windows (GraphPad Software, La Jolla California UBAyostino and Pearson
omnibus normality test was used to assess distribution of data. Normal distributed

data is expressed as mean = standard deviation (SD) anehoramd distributed
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data is expressed as median (IQR). Normally distributed data was analysed using the
paired ttest, 1 way ANOVA and 2 way ANOVA whilemamally distributed data
was analysed using MaaWhitney/Wilcoxon test (for paired values) and Kruskal

Wallis test.

2) Power calculation

Power calculation was baseash the primary end point of stool frequency (See
chapter 2). There was no study using MRI parameters to assess the gastrointestinal
tract following treatment of Mesalazine so we were not able tofpen a power

calculation for this.

1.15.2.4. Results

1) Baseline characteristics

20 participants were equally allocated to each arm. Baseline characteristics

between thetwo treatment groups were similar. See talil.
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Table25: Baselinecharacteristics between Mesalazine and placebo group

Median (IQR) Mesalazine (n=20) Placebo (n=20) P value
Age 40.9 (16) 42.7 (12.5)

Female (%) 14 (70%) 10 (50%)

Anxiety score 9 (512) 8 (510) 0.45
Depression score 4 (29) 4 (27) 0.52
Total HADscore 13 (819) 12 (#17) 0.60
PHQ12SS 6 (211) 6 (48) 0.97

2) Fasting SBWC

Baseline fasting SBWC average (SD) was 73 (56) ml for alt@Qo#Bignts. There
was no significant change in fasting SBWC following treatment with Mesalazine,
mean difference (SD) 60.42 (0.67) ml compared with placebo, mean difference
(SD) of-5.1 (8.8) ml, p=0.41 (Figur&3). There was no correlation between

baselines fasting SBWC with other clinical parameters (Rdple
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Figure73: Fasting SBWC following treatments with Mesalazine and placebo
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Table26: Correlation between fasting SBWC with clinical parameters

Fasting SBWC Correlation Spearman, r | P value

Urgency (610)

Average stool frequency

Depression score

T
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3) T1 relaxation

Following treatment with Mesalazine, T1 relaxation time was reduced significantly

when compared with placebo (2way ANOVA, p=0.02), Figyréable27.

Figure74: T1 relaxation time (s) significantly reduced following treatmeuntth
Mesalazine
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Table27: Comparison showing significant difference in T1 relaxation time
following treatments with Mesalazine and placebo.

Sidak's multiple comparisons | Mean Diff. 95% CI of diff. Adjusted
test P Value

Beforetreatment - After treatment

Mesalazine 0.2663 0.05208 t0 0.4805 ( 0.0132

Placebo -0.02914 -0.2222 10 0.1639 0.9236

Mesalazine group only:

There was no significant correlation between the baseline T1 relaxation time and
baseline clinical parameters su@s abdominal pain severity, urgency, bloating,

average bowel frequency and stool consistency.

Mean differences in T1 relaxation time did not correlate with either mean
difference in bowel frequency or stool consistency following treatment with

Mesalazine Table28).
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Table28: Mean differences for T1 relaxation time, bowel frequency and stool
consistency.

Correlation between T1 changes (s)

: ) , Pearson, r P value
following treatment with Mesalazine
Change in average daily bowkquency 011 071
(After treatment t baseline) ' '
Average stool consistency (After 0.29 0.33
treatment tbaseline) ' '

4) T2 relaxation time

T2 relaxation time did not significantly change following treatment with either
Mesalazine or placebo, Figur®. Therewas no significant correlation between T2

relaxation time and bowel frequegand stool consistency (Tal#).
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Figure75: T2 relaxation time following treatments with Mesalazine and placebo

Table29: Carelation between T2 relaxation time with bowel frequency and stool
consistency

T2 relaxation time (s) Correlation, Spearman r P value
Average bowel frequencyj 0.004 0.98
Average stool consistenc -0.12 0.48
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1.15.2.5. Discussion:

This study looked at the use MRI as a tool to search for a biomarker for IBS.
Previous studies looking at small bowel water content have reportedIB&ients

have lower fasting SBWC with median values of 42 (IQXFP_and 36 (1777) ml
[unpublished data froma previous study looking at SBWC in 4BJS In this study,

the fasting SBWC was higher with median values of 58 (IQRL®)8mI. The
possibility could be that the patients may not be compliant to fasting instructions
but this would have shown on MRI scanninge Téther possibility that might
explain this may be the heterogeneity of IB&nd the cohort of IBSD patients
usedin the previous twostudies compared to the current studied group may be
different altogether Further analysis of fasting SBWC did noediffetween male

and female which gave a mean (SD) fasting SBWC of 72 (51) and 74 (59) ml
respectively, p=0.92. There was no correlation with fasting SBWC and anxiety unlike
previous repoft'qd and no correlation between faing SBWC with clinical
parameters such as bowel frequency and stool consisteAgwevious study had
suggested IBB patients have significantly lower fasting SBWC that correlated with
anxiety. In this cohort of patients, 15 of 40 patients had fastiBgVS content less

than 35 ml (2% centile healthy control), which may indicate increased gut transit.

In this small group of patients, there was no significant difference in their baseline
characteristics such as anxiety, depression, bowel frequency adl @nsistency
when compared with patients whose fasting SBWC was greater than 35 ml.

Furthermore, there were no correlation between fasting SBWC with anxiety,
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depression, bowel frequency or stool consistency in the group of patients who had

very little fasting SBWC.

Analysis of T1 and T2 relaxation time of the ascending colon are still in the research
phase. There have been no previous studies visualising the colon and its colonic
chyme in undisturbed bowel. In this study, we use T1 and T2 relaxatiors tione
assess the mode of action of Mesalazine in the ascending colonic chyme. Analysis
of T1 and T2 relaxation timeseve analysed using serautomated software. As
mentioned in the method section, T1/T2 were taken as an average of 3 sections in
the ascenthg colon (top, middle and bottom). Not all T1 and T2 images of the
ascending colonic chyme were analysétlis was mjvoC n S} Z]PZ Z IPE}
noise leading to poor fitting of the relaxation curves. Factors that could cause the
Z1Pz Z |P & Jaswdrevth¢emotion artefacts and the acute angle the sagittal
image was takerat during MRI scans. Furthermore, some ascending colons were
full of gas or had collapsed which lieakfurther analysis of T1/T2 relaxations times.

For these reasons, this mag b limitation to use this test as a potential biomarker.

T1 relaxation following treatment with Mesalazine showed a significant change
when compared to placebo. Unfortunately this does not correlate with clinical
symptoms. Mean (SD) T1 relaxation time tims study showed 0.79 (0.26) s
compared to another cohort of IBS patients (Ondansetron for I 0.78 (0.29) s,
p=0.9. When T1 relaxation time in this cohort of-BPatients was compared with
healthy controls, T1 relaxation time in HBSis signifiantly longer giving a mean

(SD) 0.79 (0.26) in IE&B5and 0.45 (0.17) in healthy contspp <0.01. Therefore, T1
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may be a marker to assess IBSut at present its utility is unclear and this will

need further research.

T2 is a measure of how protomsteract with each other following magnetisation.
Pure water has a long T2 relaxation time approximately 2s and tissue/fat would
have a shorter T2 relaxation time. In this study, T2 analysis did not showed any
significant changes following treatment withtleer Mesalazine or placebo. There
was no clinical correlation between T2 and clinical symptoms. Again, when
comparing the baseline T2 results with another cohort of-DBfatients from
previous study (Ondansetron for HBJ, the T2 results were consistefithe median

T2 relaxation times for this study vs. another cohort of-IBfatients were 0.06

(0.050.09) and 0.06 (0.08.07) s respectively, p=0.07.

Overall, the use of MRI to image functional bowel is promising. Although this study
did not show much mmising results for small bowel water, this is stilthe early
stages of research. There have been some developments of using MRI to assess
colonic volum and g This would give a better understanding matients

with IBSD asthe majority of patients complain of bloating along with abdominal
pain and erratic bowel habit. Analysis of bowel gas and colonic volumes using MRI
and correlating with their symptoms may be useful. Recently, MBRbéan used to

study patients with scleroderma and coeliac disease. This showed increased fasting
SBWC in untreated coeliac disease pad the severity of the coeliac disease
based on the Marsh grading tool, correlated with fasting total colonic volumes.
Therefore, the use of MRI as a tool to visualise small and large bowel in functional

gastrointestinal disorder is encouraging.
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Conclusion
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The introduction of this thesis gave a general view of irritable bowel syndrome and
its multiple pathophysiology. IBS is common and remaiegrogeneous It is a
waxing and waning condition. IBS is an important condition since it affects the
quality of life of patients ands a substantial burden to the health service
worldwide. The Rome Foundation had taken the challenge of forming a set of
diagnostic criteria for IBS. The criteria for irritable bowel syndrome were based on
symptoms and lacked the evidencébased approach and remained applicable
mainly in the research setting. The sensitivity of the current Rome Il criteria for IBS
remained modest at approximately 70% with specificity ofﬁ(J%]erefore many
physicians in secondary care would have put patients through many investigations,
as IBS remained a diagnosis of exclusion. Due to its multiple patholauys
treatment for this condition remained symptom based. Therefore, this has left
patients bereft of an effective treatment for their condition and thus led to

dissatisfaction in patients during consultations.

IBS is an interaction betweendisturbedcentral pain processing pathway and local

gut pathology. In chapter 2, | have focused mainly on pathology of the gut leading

to symptoms of IBS. The introduction to this chapter mainly discussed the
pathophysiology of posihfectious IBS as it clearly dedis the onset and effect of

/| "X Z v38oCU 8Z E Z A v }v(o] 8]JVvP E %}ESe }( Z]uu
mucosa of IBS patients. The use of a locakiaffammatory drug treatment, such

as BASA, targeting the gut mucosa of I®&s promising but hese studies were

few, small in numbers of participants and the studies were not blinded. Therefore,

this chapter described one of the largest trials in the use of MesalaziAS in a
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subgroup of IBS patients who hasiarrhoea. The purpose of this &l was to define

the clinical benefit of Mesalazine in HBS patients and possible mediators/
biomarkers in IB®. Disappointingly, this study did not show any clinical benefit on

the use of Mesalazine in unselected patients with-IBBut potentially maye of

benefit for patients with RIBS. On the mechanistic side of the study, mast cell
percentage area stained were elevated in-BHatients but had no correlation with

mast cell tryptase supernatant or other clinical symptoms. The reason may be that
the measurement of mast celbverall J]v o $]A & v Zo §$ vS[ u 8§
may not be pertinent in correlating with clinical symptoms. Lymphocyte CD3 counts
seemed to be significantly higher following treatment of Mesalazine. The reason for
this is unclear but it is a possibility that the side effect of Mesalazine may be the
cause of this elevation. Basic mechanism for MesalazisebA is still unknown but

based on this study,-BSA did not influence the-AT pathway as athree markers

of serobnin e.g. 53HT supernatant, BT cell count and the ratio of SHIAA anti®

showed no significant changes following treatment with mesalazine. Otherwise, |
was not able to demonstrate any potential mediators or biomarkers to predict or
evaluatethe respong of Mesalazine in IBS. Although this was a negative study, it

had shed some light in the use of Mesalazine inDB®idthe o]l o]Z}} }( Z]Juupv

$]1A 8]}v[ ]v 8Z Pu3S up }emaybe ah pipighonienon.

Gut transit measurements are varigband very often involve exposure to ionising
radiation. The third chapter explored the use of magnetic resonance imaging in the
gut transit. The use of the MRI marker pills for whole gut transit time is very

promising. It had good correlation with the Igcstandard radieopaque marker with
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abdominal xray. The optimisation of WGT using the MRI marker pills had been
applied to assess patients with chronic constipation. This was the first report using
MRI to assess colonic function in patients with functiioconstipation and IBS in a
non-invasive manner. Thesevo conditions overlap significantly thus targeting
treatment for these conditions remained quite difficult. This study described in
Section3.3 provided insightful information on the resting colenvolumes and its
sensory motor function that differ between functional constipation and-@BS
following bowel distension with a stimulus such as 1 litre of Movi@répther MRI
parameters such as T1 and T2 image sequence to look into colonic chyme may be
beneficial in the study of functi@ gastrointestinal disorder but so far, it had
limited evidence especially in the HBScohort. It would be interesting to assess T1
and T2 relaxation time in the cohort of HESpatients and compare these findings
with IBSD patients. The vast amount of information gained e.g. colonic volumes,
small bowel water and colonic gas, following MRI scans of the abdeswecially
after a standardized stimulus like macrogol or lactulosey hopefully be applicable

in future clnical settings.

In conclusion, there is still meedto unravel the pathophysiology of IBS, as it will

lead to novel treatments for IBB. Potential new treatment for IBS that might

emerge in the near future areIlE<adoIin(currentIy in Phase 2 trial, a mixed.

opioid receptor P}v]e+S -opiow receptor antagonist), Ebasthy(Histamine 1

receptor antagonist), Ibudot (currently in Phase 3 trial, neurokinin type 2

recepor antagonist) and Asimadol ~ HWEE vSoC ]Jv W Zopioidi SE] ol

agonist). The role of MRh the search for biomarkers in IB&mainspromising.
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While fasting measurements have limited value, assessment of both motility and
sensation when used in conjunction with a standardized stimulus such as dietary

provocation, prokinetics or distension such as that provided by macrogol, could be a

valuable wg to screen new drugs.
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1.16. Appendix 1:Excluded Medication

Excluded medication and dose controlled medication. Please use in conjunction

with the exclusion criteria definition.

Excluded Medication
NSAIDS
Aceclofenac
Acemetacin
Azapropazone
Celecoxib
Dexibuprofen
Dexketoprofen
DiclofenacSodium
Etodolac
Etoricoxib
Fenbufen
Fenoprofen
Flurbiprofen
Ibuprofen
Indometacin
Ketoprofen
Mefenamic Acid
Meloxicam
Nabumetone
Naproxen
Piroxicam
Sulindac
Tenoxicam
Tiaprofenic Acid
Aspirin

Longterm antibiotics
Please refer to the latest version of
BNF

Antispasmodics

Alverine Citrate

Mebeverine Hydrochloride
Peppermint Oil

Antimuscarinics

Atropine Sulphate

Dicycloverine Hydrochloride
Hyoscine ButylbromidBropantheline
Bromide

Opiates / Antidiarrhoeal
Codeine

Loperamide

Morphine

Anti-inflammatory
Prednisolone
Budesonide
Hydrocortisone
Azathioprine
Mercaptopurine

5-ASA containing
Balsalazide Sodium
Mesalazine
Olsalazine Sodium
Sulfasalazine

Dose Controlled Medication
SSRIs

Citalopram

Escitalopram

Fluoxetine

Fluvoxamine Maleate
Paroxetine

Sertraline

TCAs

Amitriptyline Hydrochloride
Clomipramine Hydrochloride
Dosulepin Hydrochloride
Doxepin

Imipramine Hydrochloride
Lofepramine

Nortriptyline

Trimipramine
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1.17. Appendix2: Clinical questionnaires

1. Hospital Anxiety and D epression Scale Questionnaire

Please complete each of the following questions, checking the one response that

comes closest to how you have been feelimghe past week.

iX/ ( 08 ve }YE ZA}uv pu%[W
1 ~ Most of the time
2 ~ Alot of the time
3 ~ Sometimes
4~ Never
2.1 still enjoy the things | used to enjoy:
1 “ Definitely as much
2 " Not quite as much
3 " Only a little
4 “~ Hardly at all
3.1 get a sort of frightened feeling as if something awful is about
to happen:
1 ~ Definitely and quite hdly
2 ~ Yes, but not too badly
3° 0]3%0 U ps 13 } «v[8 AJEEC u
4~ Never
4.] can laugh and see the funny side of things:
1~ As much as | always could
2 ~ Not quite as much now

3 “ Definitely not as much now
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4~ Never
5.Worrying thoughts go througmy mind:
1 7~ All of the time
2 ~ Alot of the time
3 ~ Sometimes, but not too often

4 ~ Rarely

6.1 feel cheerful:
1° Never
2" Not often
37 Sometimes
4~ Most of the time
7.1 can sit at ease and feel relaxed:
1’ Definitely
2" Usually
3" Not often
4° Never
8.1 feel as if | am slowed down:
1" Nearly all the time
27 Very often
37~ Sometimes
4° Never
00X/ P § <}ES }( (E]PZS v ( o]JvP o]l Z uss &(o] [ Jv §Z
1° Never
2 Occasionally
37" Quite often

4" Very often
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10.1 have lost interest in my appea@
17 Definitely
2"/ }v[§ S| eup zZ & ¢/ *Z}uo
37 I may not take quite as much care
4" | take just as much care as ever
11.1 feel restless, as if | have to be on the move:
1” Very much
27 Quite a lot
37 Not Very much
4" Never
12.1 lookforward with enjoyment to things:
1 As much as | ever did
2~ Somewhat less than | used to
3" Definitely less than | used to
4" Hardly at all
13.1 get sudden feelings of panic:
17 Very often
2" Quite often
3" Not very often
4° Never
14.1 can enjoy a goodook or TV program:
1’ Often
2~ Sometimes
3" Not often

4" Rarely
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Thank you very much for taking the time to fill in this questionnaire.

Please check that you have answered all the questions.
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2. CDC HRQek questionnaire
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3. PHQ15 questionnaire
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4. EQ5D questionnaire
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1.18. Appendix3: Stool diary used during the study period
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1.19. Appendix4: Histamine measurement using commercial

kit (Neogen)
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1.20. Appendix5: Stool calprotectin measurement

254



255




256



257



258



259




260



1.21. Appendix6: Methodology for stooltryptase

1.

a)

b)

d)

a)

b)

d)

a)

Stool supernatant

Before processing starts, stool sample was defrosted for an hour prior

19 of stool sample were transferred into a Falcon Tube before adding 5 ml of
Tris Buffer and vortexed until stool has dissolved. Samples had to be
sonicateif samples were not dissolved initially by vortexing.

These samples was placed into a centrifuge at 1000 x g at room temperature
for 15 minutes

Supernatants obtained was stored in th&0 °C freezer until further

processing

Stool filtration

Stool supernatat was spun at 15000 x g for 5 minutes at room
temperature.

The spun stool supernatants was transferred to a 0.45 ul filter {8pin
centrifuge tube filters pore size 0.45ul by SIGMA CLS8163)

Filtrate was spun at 10 000 x g for 2 minutes

The stool supernata was transferred to a 0.22 ul filter (Sp¥hcentrifuge

tube filters pore size 0.22 ul by SIGMA CLS8161) and was placed into the
centrifuge at 10 000 x g for 2 minutes.

This processed was repeated until all stool supernatants have passed

through the 2 fiters

Procedure for Serine Protease Assay

0.1mL TBS was added into each (Reaction) microplate well.
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b) 0.1mL Trypsin (at Hdld excess of previously optimised upper
concentration) was added into wells E1, F1 and G1). It was diluted-nto 2
fold serially tocolumn12 and residual 0.1mL discarded.

c) 0.1mL was added into each test stool extract to A to C, 1, 5 and 9 and then
diluted each serially by 2 fold-4, 58 and 912 respectively, discarded
residual 0.1mL.

d) 0.1mL 2% (w/v) azoasein was added into each well and it was mixed briefly
using an orbital shaker or tapping by hand.

e) Wells were sealed using an adhesive fideals and transfer to a 3C
incubator for 30 minutes.

f) Film seal was removed and 0.1 mL 10%)(\WCA added into each well.
Solution was mixed briefly using an orbital shaker or tapping by hand.

g) The well were resealed and incubated for 2 minutes at room temperature.

h) The microplates were centrifuged.

1) 150ul supernatant was transferred into the cosponding wells of the
analytical microplate.

j) The absorbance was read at 440nm.

k) Protease activity was expressed as units per mg of protein against activity
elicted by 1Unit of standard trypsin.

Procedure for Bradford Assay

a) 150ul water was added into teach microplate well, allowing 1 plate per 18
(or 6 triplicate) test samples

b) 150ul 1mg/ml BSA was added into to wells 1A and 1B. DilfitddZerially

to column 12 and discard residual 150ul to waste
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d)

g)

h)

150ul distilled water was added into C1, C5 and C9

150U was added into each test stool extract and then the solution was

diluted each serially-Bold and residual 150ul discarded.g.test 1 in D1D4,

test 2 to D5D8, test 3 to DD12

150ul Bradford reagent was added into each well and mixed briefly using an
orbital shaker or by tapping by hand.

The plate was incubated at room temp for 15 min.

Whilst incubation was happening, 100ul of plate contents was transferred
into a new plate (flat bottom ELISA style).

Absorbance was read at 595/600nm
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1.22. Appendix7: Supplementary results

Supplementary table 1Recruitment into study

MONT | Ap ([Ma | Ju [Jul|Au | Se | Oc [No |De |Ja |[Fe [Ma |[Ap [Ma |Ju [Jul|Au | Se |Oc [ No |De |Ja |Fe [Ma | Ap [ Ma | Ju | Jul| Au

H r y n 11 | g p t % c n b r r y n 12 | g p t \Y c n b r r y n 13| g
11 |11 | 11 11 (11 |11 |11 |11 |12 |12 |12 |12 |12 |12 12 |12 |12 |12 |12 (13 |13 |13 |13 |13 | 13 13

Actual

per 1 0 1 1 8 2 3 5 2 1 3 5 1 4 9 4 1 |7 6 17 | 4 0 9 12 |6 14 |0 0 0

mth

gtlijvrgm 1 1 2 3 11 |13 |16 |21 |23 |24 |27 |32 |33 |37 |4 |50 |61 |68 |74 |91 |95 |95 | 104 | 116 | 122 | 136 | 136 és 136

gtzrgpl 0 0 0 0 0 0 2 7 9 122 |16 |16 |17 |19 25 |27 |3 |3 |40 |48 |51 |61 [73 |8 |81 |87 97 ;0 116

Withdr 0 0 1 0 2 3 3 4 6 7 7 7 7 7 7 9 9 9 10 (11 |12 |12 |12 |14 |15 |17 18 |20 | 20

awals
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Supplementary table 2Recruitment for each site
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Supplementary table3: Summary of number of days with stool diary entered at

baseline and 1112 weeks

Number of days with stool diary recorded:
Mean (SD)

Median [IQR]

Baseline

13.9 (0.3)

14 (14,14

11-12 weeks

13.8 (1.2)

14 (14,14)
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