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positively correlated with composite score of bowel
function (ie, stool frequency and form, ease of
passage and incomplete evacuation), but this effect
on transit did not translate into efficacy for IBS-C
symptoms in two, well-designed phase III RCTs."
The composite score was scaled so that the higher
score was associated with symptoms more asso-
ciated with a diarrhoea-like pattern (ie, less formed
stool, higher number of bowel movements per day
and easier passage), and a lower score was
associated with a constipation-like pattern.
Renzapride is an investigational drug which is a
combined 5-HT, agonist and 5-HT3 antagonist,
and is currently being assessed in phase III trials for
IBS-C. In a double-blind, placebo-controlled, par-
allel group scintigraphic study in 48 patients with
IBS-C (n = 12/group), there was a significant linear
dose response for colon transit to renzapride (1, 2
or 4 mg/day) and for 4 mg dose versus placebo
(but no significant effect on gastric emptying and
small intestinal transit).'® Acceleration of colon
transit positively correlated with improvements in
ease of passage and stool form, but not with stool
frequency. In another study, Tack et al'” found
that renzapride at a dose of 2 mg twice daily
produced a statistically significant reduction in
overall colonic transit measured with radio-opaque
markers compared with placebo. IBS symptoms
showed some improvement with renzapride com-
pared with placebo but did not reach statistical
significance although sample sizes were small. The
relationships between the change in colon transit
and symptoms were not reported.

In summary, based on existing literature, gut
transit times do not appear to be altered in the
majority of IBS patients,” although it seems to
differentiate IBS subtypes—that is, GI transit is
more rapid in those with IBS-D, bowel urgency and
looser stools, while slower transit is more likely to be
seen in patients with IBS-C, hard stools and
bloating. Scintigraphy has been shown to be
reproducible in healthy individuals, but this may
be difficult to assess in IBS patients unless performed
in a relatively short space of time because IBS
patients commonly transition between subtypes,
particularly IBS-M with mixed bowel habit, and
IBS-C."? Based on a limited number of studies,
changes in colonic transit in response to drug
treatment appear to correlate consistently with
stool form, and to a lesser extent stool frequency
and ease of stool passage. However, as pointed out
earlier, none of these symptoms has been shown to
be predictive of IBS severity or HRQoL. Thus, gut
transit is a good surrogate marker for stool form and,
therefore, may be a useful tool to evaluate drugs
which affect bowel habit in IBS, but is not likely to
be an ideal surrogate marker for overall IBS severity,
abdominal pain and HRQoL.

Effect on IBS symptoms

NR
NR
NR

Prolonged mouth to caecum transit

No effect on GE, small intestinal
time

Effect on Gl transit vs placebo
(or no drug) in IBS

transit or CT
Slowed CT

Transit methodology
Scintigraphy
Scintigraphy

DB, randomised 2 session study Lactulose hydrogen breath test

DB, PC, parallel group study
1 week apart

DB, PC, parallel group dose-

Study design
ranging study

IBS-C, 20 IBS-D, 12 IBS-A;

48 IBS with bloating (16
21F, 271 M)

12 IBS with diarrhoea

(9F, 3 M)
AC, ascending colon; bid, twice daily; CT, colon transit; DB, double-blind; DC, descending colon; F, female; GE, gastric emptying; IBS, irritable bowel syndrome; IBS-C, constipation-predominant irritable bowel syndrome; IBS-D, diarrhoea-predominant irritable bowel

IBS study subjects
40 IBS-D (31 F, 9 M)
syndrome; M, male; NR, data not reported; NS, not significant; PC, placebo-controlled; po, orally; qd, four times a day; ghs; 4 hourly; SB, single-blind; tid, three times a day.

0.05, 0.1 or 0.2 mg/day

x 4 weeks
Single 50 pg subcutaneous

Oral dose bid x 4-8 weeks
injection

Dose

Strengths and limitations of the two most
commonly used human biomarkers for IBS
symptoms

Perceptual sensitivity to colorectal distension is
associated with the presence of IBS, but is probably

Table 2 Continued

Other agents

Clonidine (o,-adrenergic agonist)'®
VSL#3 (probiotic)'®

Octreotide'"®

Drug

394 Gut 2008;57:384-404. doi:10.1136/gut.2006.101675


http://gut.bmj.com/
http://group.bmj.com/

Downloaded from gut.bomj.com on July 16, 2010 - Published by group.bmj.com

only moderately correlated with the presence and
severity of abdominal pain (correlation coefficients
between 0.3 and 0.5) and much less with global IBS
symptoms. It therefore has some predictive validity
when evaluating drugs with known analgesic or
antihyperalgesic effects. However, similar to GI
transit measurements, the value of such studies to
predict the effectiveness of a candidate compound
to reduce global IBS symptoms in RCTs, and to
form the basis for so-called go/no-go decisions in
IBS drug development is limited.

GI transit measures performed in IBS patients
probably have the best predictive validity for
specific IBS symptoms, such as stool form and
possible ease of defecation (straining, urgency),
even though correlation coefficients have not been
reported. It is likely that these tests are also
predictive in slow transit constipation in normal-
ising transit and reducing the symptom of con-
stipation. GI transit measures are also essential in
determining possible undesired side effects of
certain  drugs, in particular  constipation.
However, in view of the normal overall colonic
transit times seen in the majority of IBS patients
without diarrhoea-predominant symptoms,” and
the poor predictive value of bowel movements,
stool form and stool frequency for global IBS
symptom severity and HRQoL,'" the value of
such studies to predict the effectiveness of a
candidate compound to treat global IBS symptoms
as assessed in RCTs is limited. In contrast, transit
studies are presumably highly predictive for symp-
tom relief by a compound of such disorders as slow
transit constipation or diarrhoea.

WHAT IS THE VALIDITY OF ANIMAL MODELS AND
MOLECULAR TARGETS IN THESE MODELS FOR
SPECIFIC AND GLOBAL IBS SYMPTOMS?
Visceral pain models
As discussed in the previous section, visceral
hypersensitivity reflected by enhanced perception
of physiological signals from the gut or by
enhanced perception of experimental visceral sti-
muli is commonly considered to play a major role
in the pathophysiology of IBS. In contrast to the
relatively straightforward modelling of the objec-
tive measure of GI transit in animal models, there
are several problems with visceral pain models. For
example, it is currently not known if this
characteristic finding in humans is a reflection of
peripheral sensitisation of primary afferent path-
ways (eg, true visceral afferent hypersensitivity), of
central sensitisation, of central pain amplification
or a combination of these inter-related mechanisms.
Furthermore, readouts from the most commonly
used animal models (based on pseudoaffective reflex
responses or complex, unlearned behaviours) may
also show poor correlations with the human
symptom of pain (a subjective pain experience which
is highly modulated by cortical influences), despite
their face validity.

There are four basic approaches to modelling pain
in animals using quantification of (1) segmental
(spinal reflexes), (2) complex, unlearned behaviours
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mediated by brainstem mechanisms (including the
visceromotor response to colorectal distension), (3)
operant behavioural responses, involving learned
operant behaviours '* and, most recently, (4) brain
imaging approaches in awake and unrestrained
animals."*"” Even though technically more
demanding, the major advantage of the latter two
approaches is the fact that in contrast to (1) and (2)
these approaches provide information about higher
order cerebral processing of nociceptive information,
greatly increasing their validity as animal models of
human pain.

The assessment of pseudoaffective reflex
responses (and to a lesser degree of behavioural
responses) to the controlled distension of different
regions of the GI tract and other viscera (oesopha-
gus, stomach, urinary bladder, vagina/cervix and
colon/rectum) has become the primary readout for
the assessment of visceral pain. Since it was
developed by Ness and Gebhart'® in 1988, the
colorectal distension model of visceral pain has
been extensively characterised and has become the
standard tool for the assessment of visceral
sensitivity in rodents. When applied to rats at
pressures comparable with the one producing pain
in humans, colorectal distension is aversive and
produces a range of autonomic and behavioural
pseudoaffective reflexes such as changes in arterial
pressure and heart rate (increased arterial blood
pressure and tachycardia in awake animals, and
decreased arterial blood pressure and bradycardia in
anaesthetised animals),"® passive avoidance beha-
viours (immobility, back arching, hind leg spread-
ing) and contraction of the abdominal
musculature. This visceromotor response is the
most commonly used index of visceral pain
response in rats. It is important to point out that
in contrast to the subjective experience of pain in
humans which involves a network of cortical
regions,” the response is a nociceptive brainstem
reflex which shows a good correlation with the
intensity of the stimulus applied to the colon
(pressure or volume)."® It can be recorded as a
measure of electromyographic signals or counts of
the number of spike bursts, but also as manometric
changes in balloon pressure.” It has been recently
adapted to mice.”**"* Electrophysiological record-
ings from primary afferent neurons or second order
spinal neurons has also been used as more direct
evidence of afferent activity.'” '

The validation of preclinical animal models for
the study of visceral hyperalgesia has almost
exclusively relied on such methods measuring the
pseudoaffective response to colorectal distension in
experimental models of visceral hypersensitivity.
Local treatment with inflammatory agents or
irritants has been repeatedly shown to trigger
acute hypersensitivity to distension of different
parts of the gut, and these acute models probably
have good validity for such human disorders as
acute gastroenteritis or flare of inflammatory
bowel disease. Certain interventions, such as stress
in the neonatal period,” *° and the delayed effects
of stress,”” *® gut inflammation™ or infestation
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with parasites,”** **' have demonstrated the devel-
opment of chronic visceral sensitivity, way beyond
the time of the interventions, thereby increasing
the face validity of these models for a chronic
disorder, such as IBS. However, the translation of
pseudoaffective responses to noxious colorectal
distension in rodents as an index of visceral
hypersensitivity, and abdominal pain in humans,
is complicated by several factors: (1) stimulus
intensities (more than twice as high in rodents)
and balloon dimensions differ greatly between
preclinical and clinical applications of the test; (2)
humans and rodents differ in the central processing
and modulation of nociceptive signals from the GI
tract;” and (3) a significant contribution to the
human pain response is factors related to cognitive
and emotional dimensions related to the experi-
mental situation. As mentioned earlier, brainstem-
mediated reflex responses are less likely to capture
such cortical inputs compared with operant beha-
vioural pain models."® ""* Novel approaches such as
operant behavioural assays'® ***** or functional
brain imaging of integrated brain responses to
nociceptive stimuli'*'"” may be superior as animal
models for visceral hypersensitivity and IBS symp-
toms.

Gl transit studies/faecal pellet output

In general, the techniques used to record GI
motility or measure transit in animals provide
measurement of gastric emptying, duodenojejunal
migrating motor complex patterns and colonic
motility and transit (reviewed in Canilleri et al*®).
The methods established for evaluation of GI
motor and biochemical function in vivo include
luminal pressure recordings which determine the
contractile pattern in a gut region by measuring
the force via a pressure measurement in the lumen
and in liquid-filled balloons. Other tests include
transit time studies, faecal pellet output, pH-
metry, and imaging such as radiography.

In a recent article, Camilleri et a/**® reviewed the
animal models that have been validated for the study
of the effects of pharmacological agents on GI
motility. Stress, under different forms, can affect
gastric emptying, motor patterns, and colonic
motility and transit. Stressors such as restraint,
acoustic stress, cold stress, combined acoustic and
cold stress, or passive avoidance have been associated
with delayed gastric emptying. Acute stress expo-
sure can trigger alteration in migrating motor
complex patterns, and has been used to stimulate
colonic motility, colonic transit and faecal excretion
in rats. In addition, prolonged colonic distension and
duodenal infusion of lipids were found to inhibit
gastric emptying. Also, inhibition of colonic motility
and transit can be induced by pharmacological
agents such as ogp-adrenergic and p-opioid receptor
agonists. In contrast to the readouts from colorectal
distension experiments, which differ greatly
between rodents and human subjects, objective GI
transit measurements translate more directly
between preclinical and clinical models.

Anxiety-like behaviours

Extensive epidemiological evidence has demon-
strated the common comorbidity of IBS with
anxiety disorders and to a lesser degree with
depression.”® More recent evidence has demon-
strated an important role of symptom- or illness-
related anxiety in the symptom severity in IBS,** **
and this is illustrated in fig 2. Furthermore, recent
brain imaging studies implicate alterations in
corticolimbic interactions in IBS patients.” ** '*
Although peripheral and central sensitisation may
play a role in visceral hypersensitivity in this
patient population, a significant component of
the chronically enhanced perceptual response to
gut stimuli may be due to altered affective
(symptom-related anxiety) and cognitive modula-
tion (hypervigilance, catastrophising) of visceral
sensation. To date, the role of the limbic system in
the modulation of visceral nociception in preclini-
cal studies has been indirectly demonstrated in
animal models of stress-induced visceral hypersen-
sitivity ~using neonatal maternal separation
stress,” ¥ neonatal pain'* or acute/chronic
stress in adult animals.””® " In these models,
enhanced stress responsiveness was associated
with increased anxiety-like behaviours measured
as the response to openfield exposure. However,
most of the animal models of enhanced visceral
nociception associated with chemical inflamma-
tion or irritation, mechanical distension or infec-
tion have not been characterised for changes in
anxiety level. There are currently a number of
paradigms that are being used to measure anxiety
in animals or detect the anxiolytic action of
different classes of compounds, including the
measurement of exploratory behaviour in response
to novelty (plus-maze, openfield, light-dark transi-
tion), social behaviours (social interaction, separa-
tion-vocalisation) or the acoustic startle
response.”” Even though the predictive validity of
these tests for human forms of anxiety is well
established,'* little is known about the predictive
validity of such measures for IBS symptom-related
anxiety or global IBS symptoms.

Predictive validity of animal models for IBS
symptoms

As shown in table 3, for a selective number of IBS
candidate drugs, the predictive validity of preclini-
cal transit models has been relatively good—for
example, similar effects of 5-HTz and 5-HT4
receptor modulators of octreotide and of p-opioid
receptor agonists were observed in both preclinical
and human experimental models. For the two
serotonin receptor drugs, this predictive validity of
preclinical models also applies to overall IBS
symptoms, as assessed by a modest beneficial
effect on a global end point. In contrast, the
predictive validity of preclinical visceral pain
models has been less consistent. For example,
while robust visceroanalgesic and antihyperalgesic
effects of the k-opioid agonist fedotozine were seen
in several rodent models, effects in human visceral
sensitivity testing were largely negative, and

Gut 2008;57:384-404. doi:10.1136/gut.2006.101675


http://gut.bmj.com/
http://group.bmj.com/

Downloaded from gut.bomj.com on July 16, 2010 - Published by group.bmj.com

IC science

()
©
=
=
\n
(-]
o
[
(]
>
=
(1~
T
=
(-]
o
]
o

"papiodal Jou eiep ‘YN ‘SloipuAs [BMOg B|geIIIl JuBulLOpaId-e0yLIRIPp ‘Q-Sg| ‘BWOIPUAS [MO] Bjgell Jueujwopaid-uonedisuod ‘9-Sg| ‘aWoIpuAs [amoq a|qeiill ‘Sg| ‘eunsaiuionsed ‘|9 ‘uluoisAdsioys ‘Y99

451011U02

,,U0J02 B} Ul yajans Aq
paonpur xaas Alojepoxa

(1s1uoBejue)

1,0082e(d yum paiedwod 1088 oN 4N Ayyjeay ur 30aye o UN L. 30848 JnAjoIXUY . Joaye oisableladAynuy  paonpal ‘Ajnow pauqiyuj juejauje] OIN
pawuuod jou ,.,U0J00 paejjul yym
19849 onnadesay :£00z 1240100 1o 2WN JISues) S]el Ul uoIsua)sip |e19310[0d £ BN (s1siuobejue)
| ‘1se104 ‘asea|al ssald ‘4N 4N 4N sajeIa|a9de + 4N 0] AJAIISUas pasealds(] JIsues) pajesg|ady  apiwnjBixojxaq 1-Y99
zL1-oLL oL GCO_MCwa_ﬁ
|e30a1 Buunp
1098 a1sabjesadAynue 50,8W1 1ISuBL) Lo, 8N (3s1uobe)
soluawanoidwi wordwAs |lesang UN pue o1sebjeueosassly |9 Jo uonanpay 4N 40,108)J8 0158b[UR0IBISIA Hsuel} |9 Jo uononpay apnoanaQ G'g’Z uneIsojewos
4, UOTIBLLIOJUI JUBI3YJe
4o SWoIdWAS |e1a9siA jo Buissasold 4o1 510818 OISableue0IadsIn soisuen |9 so1 20,/ AIAILISUBS .uonouny (3s1uobe)
9-Sq| J0 Juswieal) Y} ul dANd8YT [BJJUBD JO UOIIRINPOIA| 10} 99UaPIAS OU Aj|eJausn  Jo uOIRIB[EIIY 4N [BJAISIA Ul UOIINPaY Jlojow |9 pasueyu3 potaseha ] Y)H-g
0-S4dl oo s, UlEd pue }08Ja 21sab|eue0.aasIA
yum sjuaned sjews) pue sjew ul  uonauny Inb Jo uonenpow an.} Jo yoe7 ‘aoueljdwoa o disues a1 1610818 21s8bleladAynue o Aunow (1siuoBeyue)
swoydwAs Jo yuswanoidwi |eqojy |esuad ur sabueyy 21UOJ0I Pasealdu|] |9 Jo uonanpay N [BJ33SIA pajeipaw Ajjejua) 91U0J03 JO UOINPaY u013aso|y €)H-g
Lo /Maixue
paanpul-uted
uo jsiuobe
pioido-1 |euad
40 108448 onAjoIXUY 221 0,@1W Ul SUOISUBISIP
wSiuaned sgj ul ¢,S18J Ul 3[Lels |B19310]00
uoisua)sip [e30a1 aiseyd Jo s hsuen pajenuajod-lea) anadal yum pajeroosse (1siuobe)
4N N uondsaiad ay} psienuany 19 pamo|s pajenusye |Auejua4 UOIeSINISUaS 8Y} PaIUBABL] ., ., JISURI} |9 pasealosq |Auejuaq pioido-ri
wSIuaned sgj ul on S8
UOISUBISIP [210810]00 0} ur saxa|jal uted [euaponp
s,paiodal AnnsuasiadAy panaijey uo 198))3 anndadloounuy so1 oy UONEILLII
10U JISUBJ} UO 19847 °|0JIU0D YIM smSuewny Ayyeay ui 1ot op UONIEILLI D1UOJOD JO 10 Awojo.ede)
paledwod sjuaned gg| ul Buneolq uoisuajsip 03 Alanisuas |apow e ul AuanisuasiadAy Aq paanpur snaji (1s1uobe)
pue ured [eulwopge o Jaljay 4N aseb pasealdag 4N 4N [BIBISIA paonpay J1a}je Jisuel) paseaiou] auIzojopa4 pioido- |3
(111 40 || @seyd) swoydwAs gg| uted |e199SIA uondaaisad ysuel) Kaixuy eisabjesadAynue punodwo? pajahiey 10ydasay
10} Buibewn uieig /eisabjeue [eiaasip
leatuly

SINo peal [e2IUID pue [eojuljdaid pue spunodwod slepipued jo 198y3 € a|qe]

397

Gut 2008;57:384-404. doi:10.1136/gut.2006.101675


http://gut.bmj.com/
http://group.bmj.com/

398

Downloaded from gut.bomj.com on July 16, 2010 - Published by group.bmj.com

Recent advances in basic science

results of phase II clinical trials were mixed. In the
case of the 5-HTj receptor antagonist alosetron,
visceral antihyperalgesic effects were seen in
preclinical testing (presumably mediated by central
5-HTj3 receptors), no visceroanalgesic effects were
seen in human visceral pain tests, while robust
effects were seen on clinical symptoms. For the 5-
HT, receptor agonist tegaserod, visceroanalgesic
effects were seen in preclinical models, while no
effects were seen in human patient visceral pain
assessments. Nevertheless, tegaserod has been
shown to be effective in reducing clinical symp-
toms. For the non-selective somatostatin receptor
antagonist octreotide, the robust effects seen in
preclinical models were replicated in human
visceral pain testing, and preliminary results
suggest that this may translate into relief of IBS
symptoms.® Finally, the visceroanalgesic effect of
the NKj receptor antagonist talnetant seen in a
small number of preclinical studies” did not
translate into positive results in human visceral
pain testing, and no effects on IBS symptoms were
observed in well-designed clinical trials. Even
though in-depth analysis of each compound (eg,
doses, plasma levels, etc.) can yield important
information regarding the positive or negative
prediction by the respective preclinical model, it
is clear that current preclinical pain models in
rodents, using pseudoaffective reflex responses as a
readout for visceral pain, have generally shown
inconsistent predictive validity for IBS symptoms.

Emerging strategies—challenges

Even though it is conceivable that differences in
dosing in preclinical, human biomarker and clinical
trials may be responsible in part for the poor
correlations between results obtained in these
different tests of IBS drugs, we believe that the
problem is more related to the shortcomings of the
drug development strategy. As discussed in detail
above and illustrated in figs 1 and 2A, the
traditional drug development strategy taken by
the majority of pharmaceutical companies is well
suited to produce effective drugs to treat symp-
toms of constipation and diarrhoea, but much less
effective in identifying compounds early in devel-
opment with high impact on global IBS symptoms.
Considering that abdominal pain is a major
predictor of IBS symptom severity and presumably
HRQoL impairment, this is clearly a limitation of
current strategies. Factors that have contributed to
the current model of drug development include a
more complete understanding of the enteric
nervous system and its role in the regulation of
Gl motility and secretion (compared with the
limited understanding of central mechanisms
involved in the modulation of these functions,
and in pain modulation), and, therefore, a primary
focus on peripheral drug targets in the GI tract.
This has resulted in a focus on preclinical and
clinical models for modifying GI transit, despite
the fact that transit alterations in IBS patients are
small and inconsistent, and probably have only a
small role in global IBS symptom generation. It has

also resulted in the focus on preclinical models of
peripheral sensitisation of visceral afferent path-
ways, using models of questionable validity for
functional GI syndromes, such as chemical sensi-
tisation, massive inflammation or infestation with
parasites, using reflex responses (as opposed to
operant behaviours or brain responses) as readouts
of abdominal pain, which do not have a good
predictive validity for the complex human experi-
ence of pain and discomfort. Based on the model
summarised in fig 2A, we would like to make the
following predictions:

» A candidate drug will be most effective if it
affects more than one of the component
symptoms shown in the lower half of the
figure, since each of these symptoms contri-
butes at best 10% to global symptoms. In other
words, a compound that reduces abdominal
pain AND bloating, as well as normalises
defecation-related symptoms will be more
effective than one that only affects one of
these symptoms. Similarly, a compound that in
addition affects symptom-related anxiety will
have the greatest impact on global symptoms
and QoL improvement. This obvious conclu-
sion implies that compounds would be most
effective if they have demonstrated effective-
ness on more than one human biomarker and
more than one preclinical model. If this
assumption is correct, then based on their
preclinical effectiveness, drugs such as soma-
tostatin receptor agonists, or antagonists for
the corticotropin-releasing factor 1 should have
a greater impact on reducing IBS symptom
severity than peripherally restricted prokinetic
agents or pure antidiarrhoeals, even though
these drugs may be highly effective in treating
these individual symptoms. The 5-HTj recep-
tor antagonist alosetron, one of the few
examples of a compound that has gone through
all the stages of drug development, is in line
with this hypothesis: 5-HT3 receptor antago-
nists have been shown in animal models to
have anxiolytic, antihyperalgesic and transit-
reducing properties,” even though only one of
these properties (GI transit reduction) has been
demonstrated in human experimental models.
However, the drug was associated with
reduced activity in limbic brain circuits, and
this reduction correlated with a reduction in
global IBS symptoms.'® It remains to be
determined if symptom- or illness-related anxi-
ety, an important factor which influences both
IBS symptom severity and IBS-related QoL
impairment,” ' '7* can be affected secondarily
simply by normalising altered defecation (eg.
by reducing urgency or the sensation of full-
ness), or if this abnormality reflects a primary
central alteration which needs to be targeted
directly. In other words, in a head to head
comparison, is a compound such as Imodium
equally effective in reducing global IBS symp-
toms as alosetron (suggesting that it is primar-
ily the antidiarrhoeal effect) or is alosetron
more effective, because of its independent
effects on motility, secretion, central pain

Gut 2008;57:384-404. doi:10.1136/gut.2006.101675
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Basic neuroscience:
biomarker development

Drug discovery

Drug development

Human Target Lead Exploratory .
HUES di:eaie selecgtion optimisation  development Safety  Efficacy
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agents: agents: i 'E
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Figure 3 Functional brain imaging in drug discovery. Known agents and procedures are used to develop disease-relevant biomarkers by cross-

validation of data between normal animal and human brain function and between animal disease models and human disease. This process also provides
new understanding of brain system functions and aids pharmacological target identification for drug discovery. The effect of a new compound on the
previously established biomarker can then be assessed, effective doses evaluated and regulatory evidence collected in efficient POC studies. These POC
studies in small cohorts of patients and healthy volunteers can validate our understanding of a mechanism of action and give initial data on efficacy.

Reproduced with permission from Wise and Tracey.'®

amplification and symptom-related anxiety.
Similarly, is the peripherally acting chloride
channel opener lubiprostone, which is highly
effective in treating chronic constipation,
equally effective in treating global IBS symp-
toms?

» Animal models that mimic more than one
symptom of the human syndrome and include
operational aspects, rather than being limited
to reflex responses (eg, have greatest face
validity), should have the greatest predictive
validity for effective IBS drug development. For
example, several rodent models have been
reported which demonstrate anxiety-like beha-
viour, enhanced stress sensitivity, transit
abnormalities and visceral hyperalge-
sia.!?® 120 128 140179 180 On the other hand, models
that only mimic an individual symptom or
human biomarker would be expected to have
the least predictive validity for global symptom
severity. Based on the earlier discussions about
animal models, rodent models of certain
human biomarkers (such as GI transit, stress
sensitivity and possibly anxiety) may show a
better correlation with the human biomarker
than measures of abdominal pain, given the
profound differences in CNS mechanisms
underlying the human pain/discomfort experi-
ence and the rodent nociceptive responses.

» Since the majority of IBS symptoms are sub-
jective human experiences generated by dedi-
cated brain circuits concerned with the
processing of visceral homeostatic afferent input
to the brain,” direct imaging of abnormalities of
the activity and connectivity of these circuits
holds significant promise as a biomarker for drug
development, both in humans and in animal
models (for details, see figs 2B and 3)."' '*
Through the use of brain imaging techniques

Gut 2008;57:384-404. doi:10.1136/gut.2006.101675

such as positron emission tomography (PET) and
functional MRI (EMRI), considerable progress
has been made in the identification and char-
acterisation of specific, yet overlapping brain
circuits concerned with pain processing, pain
modulation, stress sensitivity, emotional reac-
tivity and central autonomic regulation in
humans,” as well as in different animal species,
including rodents and non-human pri-
mates."® ' ** While continued research is
needed to consolidate our understanding of
these circuitries, many neural models of sensory
and affective processing have already emerged as
a result of the growing interaction between
cognitive neuroscience and clinical research.
Using these models, markers of disease states
have been defined by determining the degree to
which this circuitry is altered in disorders such as
anxiety, depression or chronic pain conditions.
Such markers have subsequently been used as
targets for pharmacological modulation.'® '*

While pharmacological brain imaging approaches
have been used to find surrogate markers of drug
efficacy, there are other advantages to using brain
imaging in drug discovery and development. For
instance, neuroimaging offers the advantage of
acquiring objective measures of regional brain
activity, while traditional behavioural techniques
(ie, subject report, reaction time and accuracy) are
heavily biased by subjective experience and mood
states. Thus, pharmacological imaging may require
considerably fewer subjects (12-15 vs hundreds of
subjects) to identify significant effects of inter-
est.” Also, many compounds have been pulled
from the market due to rare adverse events
appearing late in development or during postmar-
keting surveys, which may be CNS mediated (an
example is nausea). Therefore, it may be important
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to determine the degree to which a particular drug
may contribute to the CNS side effect profile
before the drug is released. By characterising the
neural networks involved in the presentation of
different side effects such as nausea, depression,
anxiety or suicidal ideation, one can determine if
the neuroprofile of a drug includes the modulation
of these circuits, thereby increasing the risk of such
an adverse event.

In short, the ability to identify and characterise
abnormalities in terms of activity and signalling
mechanisms in the CNS (brain, brainstem and
spinal cord) of well-defined IBS populations,
identifying the correlates of these abnormalities
in the CNS of animal models, evaluating the drug
effects and dose requirements on both human and
animal targets, and the ability to perform relatively
small phase Ila studies in patients to screen
compounds before taking the most promising
compounds into full-scale clinical trials are all
potential benefits of this approach (for a summary,
see fig 3). In light of these advantages, pharmaco-
logical brain imaging approaches in IBS patients
have been reported for alosetron,'® amitriptyline'”
and tegaserod,'” and analogous phase Ila studies
are currently underway to evaluate the effects of
receptor antagonists for corticotropin-releasing
factor and substance P. Preliminary reports suggest
the feasibility of identifying brain circuit activation
in response to visceral stimuli in rodents.""*""”

SUMMARY AND CONCLUSIONS

Despite the considerable efforts by the pharma-
ceutical industry, the success of IBS drug develop-
ment has been disappointing to patients, industry
and involved investigators alike. As we tried to
emphasise in the discussions above, part of this
disappointment is related to the incomplete under-
standing of IBS pathophysiology, and to limita-
tions intrinsic to the traditional drug development
strategy taken. Primary focus on targets related to
specific symptoms, and reliance on limited pre-
clinical and clinical models has in general been
quite successful in the development of drugs aimed
at treating constipation and diarrhoea, but much
less so for abdominal pain or discomfort, or for
global IBS symptoms. We propose that transla-
tional (bidirectional) pharmacological brain ima-
ging approaches in both animal models and
humans (in addition to novel clinical trial designs)
have the potential to improve and accelerate the
drug discovery and development process, including
the identification of more effective compounds,
and the dramatic shortening of the drug develop-
ment process. To validate this novel approach will
require considerable investments both by forward-
looking pharmaceutical companies and by public
funding agencies.
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Bleeding duodenal ulcer with a right
upper quadrant mass

CLINICAL PRESENTATION
A 72-year-old woman presented with right upper quadrant
abdominal pain and haematemesis. She was known to have
gallstones, diabetes and hypertension. On admission, she was
afebrile and haemodynamically stable. Clinical examination
revealed a tender right upper quadrant egg-sized mass. Her
haemoglobin was 9 g/dl and white cell count 22x10°/1. Liver
function tests were deranged (bilirubin 31 mmol/I, alkaline
phosphatase (ALP) 833 IU/I, alanine aminotransferase (ALT)
133 TU/).

She underwent an upper gastrointestinal endoscopy which
demonstrated an ulcer at the first part of the duodenum, with a

Figure 1 Upper gastrointestinal endoscopic image of an ulcer seen in
the duodenum.
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Figure 2 Arterial contrast phase of the abdominal CT image revealing a
spherical mass (white arrows).

clot in the base but no active bleeding (fig 1). In the following
days, the gastrointestinal bleeding continued. Two subsequent
endoscopies performed had similar findings.

An abdominal CT scan revealed a thick-walled gallbladder
surrounded by a clot, within which an unexpected 10x3 cm
spherical mass was seen on the arterial contrast phase (fig 2).

QUESTION

What was the cause of her bleeding? How should it be
managed?

See page 423 for answers
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