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THE GUT-BRAIN AXIS IS A

neurohumoral bidirectional com-
munication network that integrates be-
haviour and intestinal function. Brain
to gut communication is evident in
many demonstrations of central nerv-
ous system (CNS) control of intestinal
physiology including motility and acid
secretion. This may be relevant to the
pathogenesis of functional bowel dis-
ease and stress-induced peptic ulcera-
tion. Gut to brain communication is
reflected in studies on feeding behav-
iour that have identified satiety signals
originating from the upper and lower
gut that influence appetitive behav-
iour. With growing acceptance of neu-
roimmune interactions, it is possible to
extrapolate our knowledge of brain-gut
interactions to increase our under-
standing of the pathophysiology of in-
flammatory bowel disease (IBD).

INFLAMMATION AND
FEEDING BEHAVIOUR

Weight loss and growth retardation
in children with IBD (1) are multifactor-
ial and likely reflect impaired nutrient
absorbtion, increased metabolic de-
mands and decreased food intake (ano-
rexia) (2). Weight loss may be so severe
that Crohn’s disease patients have
been used as a body weight control in
studies of anorexia nervosa (3). How-
ever, the mechanisms whereby inflam-
mation produces anorexia are
unknown, but may reflect perturbation
of satiety signals that originate in the
gut (4) or the effects of inflammatory
mediators on feeding control centres in
the brain.

In recent studies, we have investi-
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gated food intake in rats with colitis in-
duced by trinitrobenzene (TNB)
sulphonic acid (5). Intrarectal admini-
stration of TNB resulted in a significant
increase in myeloperoxidase (MPO) ac-
tivity in the colon during the first five
days, and this was accompanied by a
substantial decrease in feeding that was
maximal during the first 48 h and was
reversible after four days. Changes in
food intake were accompanied by a sig-
nificant decrease in body weight. The
suppression of feeding was independent
of the manner in which colitis was in-
duced because a similar response was
observed in rats with colitis induced by
acetic acid. Anorexia also occurred re-
gardless of whether nutrient was pre-

sented as a solid or liquid, and was
evident with the ingestion of an ele-
mental diet (6). Because neither water
intake nor sham feeding was sup-
pressed, it is unlikely that the reduction
in feeding reflects a general malaise
phenomenon. Moreover, meal pattern
analysis revealed that rats exhibited a
normal frequency of meal initiation but
simply consumed less at each meal; this
pattern is not consistent with a general
malaise effect (7).

Subsequent study revealed that the
anorexia is sensitive to cyclooxygenase
inhibitors (6) and an interleukin (IL)-1
receptor antagonist delivered either
into the peritoneal cavity or, more ef-
fectively, into the CNS (8). Because

several actions of IL-1 are
prostaglandin-mediated these results
suggest that IL-1 plays a pivotal role in
mediating the anorexia associated with
TNB colitis. Studies examining the con-
tributions of IL-6 and tumour necrosis
factor (TNF)-� to the anorexia ob-
served in this model are ongoing.

These observations illustrate that
inflammation induces gut to brain sig-
nalling, resulting in the expression of
anorexia in a model of experimental
colitis.

STRESS AND IBD
The impact of stress on organic dis-

ease has been examined in several or-
gan systems, such as the cardiovascular
system, and in the context of disease
processes including neoplasia and type
I diabetes (9). However, in relation to
IBD, the contribution of stress remains
controversial. Earlier investigators pos-
tulated that some physiological conse-
quences to stress, such as sustained
intestinal muscle spasm, might actually
cause mucosal inflammation that could
not be attributed to ischemia (10).
While stress is not generally considered
to be a causal factor in the pathogenesis
of IBD, there are some studies that sup-
port that stress may exacerbate IBD.
There are two lines of evidence in this
regard. First, a temporal association
between stressful life events and
exacerbations of IBD has been
demonstrated (11,12), although this
has not be confirmed by some other
studies (13,14). Second, lifestyle ad-
justments, including stress manage-
ment, have been reported to improve
the course of IBD, resulting in fewer ex-
acerbations (15).

Research conducted in the past dec-
ade has demonstrated the biological
plausibility of a relationship between
stressful stimuli and immune function
in animals (16,17) and in humans (18).
A dominant theme of this research
concerns the interplay among neuro-
peptides, hormones and cytokines
(19). Cytokines such as IL-1 and TNF-�
share certain physiological properties
with the stress-associated hormone
corticotrophin-releasing factor (20),
and are co-produced in the hypothala-
mus and released in response to stress

Axe tractus digestif-cerveau dans les MII : point de vue d’un
chercheur

RÉSUMÉ : Trois observations cliniques typiques de la maladie inflammatoire de
l’intestin (MII) justifient que l’on se penche sur le rôle des interactions entre le
tractus digestif et le cerveau dans sa physiopathologie. La première est la recon-
naissance du fait que l’anorexie fait partie des nombreux facteurs qui entraînent
la malnutrition chez les patients atteints de MII. La deuxième est la théorie selon
laquelle les événements stressants de la vie peuvent déclencher des exacerbations
de MII. La troisième est que les MII et le syndrome du côlon irritable (SCI) sem-
blent apparentés. De récents travaux effectués à partir de modèles animaux ont
fourni des renseignements sur ces observations cliniques. Les modèles animaux
de colite démontrent une réduction marquée de l’alimentation durant la phase
aiguë de l’inflammation. Il est intéressant de noter que le mécanisme de la soif est
préservé et l’analyse des modes alimentaires révèle que la fréquence des repas
reste inchangée, mais que les portions diminuent. Ces observations suggèrent que
l’anorexie ne reflète pas une faiblesse générale ni un phénomène de malaise.
L’anorexie est amenée en partie par les prostaglandines et l’interleukine-10. Dans
une autre série d’expériences, les auteurs ont mesuré l’effet du stress sur la colite
induite par du trinitrobenzène (TNB) chez des rats. Un léger stress par contention
n’a produit aucun effet sur l’histologie ou l’activité de la myéloperoxidase chez des
rats qui n’avaient jamais fait de colite. Par contre, le stress a provoqué une exacer-
bation aiguë de la colite, manifestée histologiquement par l’activité myéloperoxi-
dase chez des rats atteints de colite induite par TNB six semaines auparavant. Les
résultats fournissent de nouvelles preuves à l’appui d’un lien de cause à effet entre
le stress et la réactivation de l’inflammation intestinale. Le lien apparent entre
MII et SCI a pavé la voie à certaines spéculations quant à un lien causal entre l’in-
flammation et l’irritabilité intestinale. Les études dans des modèles animaux de
colite et de jéjunite ont révélé que les lésions muqueuses et l’inflammation sont
associées à une dysfonction neuromusculaire et à une motilité anormale. La dys-
fonction neuromusculaire persiste souvent après la cicatrisation de la muqueuse.
Des études plus récentes indiquent que les cellules de la musculaire externe, qui
comprend le muscle lisse, peuvent produire des cytokines et autres médiateurs de
l’inflammation. Ainsi, il est possible de supposer que la production locale de
médiateurs dure plus que la lésion de la muqueuse et maintient un état de dysfonc-
tion tissulaire persistante. Cela peut contribuer à l’irritabilité post-inflammatoire
de l’intestin. En résumé, les études récentes offrent une base tangible pour pour-
suivre la recherche sur les liens entre comportement et inflammation dans l’ex-
pression clinique des MII.
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(21). In addition to contributing to the
stress response, cytokine production by
immunocytes may be modulated as a
result of the stress response. For exam-
ple, stress alters IL-2 gene expression
and protein production by T lympho-
cytes and leukocytes in animals and hu-
mans (17,18). The existence of
neuropeptide receptors on immune
cells, including those in the gut (22,
23), is thus important, and it should be
noted that the expression of these re-
ceptors is, in turn, susceptible to the ef-
fects of stress (24). Conversely it has
been shown that cytokines may pro-
foundly influence neurotransmitter
content and release in nerves, includ-
ing those in the enteric nervous system
(25). These findings provide the basis
for the existence of dynamic bidirec-
tional interactions between the im-
mune system and both the central and
enteric nervous systems. Because cyto-
kines such as IL-1 play an important role
in the initiation, maintenance and
control of intestinal inflammatory pro-
cesses (26-28), stress may alter intesti-
nal inflammatory conditions by
influencing cytokine profiles.

Preliminary data from our labora-
tory provide evidence in support of
the hypothesis that there is a causal
relationship between stress and the
exacerbation of intestinal inflamma-
tion (29). In these studies, acute colitis
was induced in rats by intrarectal ad-
ministration of TNB. The animals were
allowed to recover for six weeks before
being subjected to mild restraint stress.
The stress per se did not induce inflam-
mation in rats without colitis, but
caused a significant increase in inflam-
matory activity, as reflected by the ac-
tivity of MPO in the colon, in rats with
previous colitis. Interestingly, the
stress-induced reactivation of colitis
was accompanied by a reduction in the
expression of IL-1� MRNA in the colon.
We speculate that IL-1 plays a protec-

tive role at this late stage of colitis (26)
and that the expression of the cytokine
in the gut was downregulated by corti-
costeroids released as part of the stress
response.

These data provide evidence in fa-
vour of a causal link between stress and
intestinal inflammation, and prompt
further exploration of the relationship
between stress and IBD activity in hu-
mans.

RELATIONSHIP BETWEEN IBD
AND IRRITABLE BOWEL

SYNDROME
There has been debate over the ex-

istence of a special relationship be-
tween IBD and irritable bowel syn-
drome (IBS) (30). The observations
upon which a relationship is suspected
are as follows. Patients in remission
from IBD often complain of symptoms
suggestive of an irritable bowel (31).
This could reflect the coexistence of
IBD with a highly prevalent disorder or
could represent the fact that inflamma-
tion in the gut leads to irritability of the
gut, a notion derived from the now
well-established fact that active muco-
sal inflammation causes changes in
neuromuscular function not only at the
site of inflammation (32,33) but also at
noninflamed remote sites (34,35). Our
data also indicate that changes in nerve
and muscle function persist after the
mucosal inflammation has subsided, as
reflected by a normal level of activity of
MPO activity and normal histology
(36,37). These persistent changes in
tissue function may correspond to
changes in sensory-motor function
observed in animals and humans fol-
lowing inflammatory episodes.
MacPherson and co-workers (38)
showed that colitis induced in cats
caused colonic motor changes that per-
sisted long after changes in mucosal in-
flammation had subsided. Similar ob-
servations were made by Sethi and

Sarna (39,40) in dogs with pan colitis
induced by acetic acid. Others have
shown that, in patients with a previous
history of Salmonella enteritidis there is
persistent IBS-like symptomatology and
evidence of changes in rectal sensitiv-
ity and motor responsiveness (41).
These findings are similar to those ob-
tained in IBD patients in histologically
proven remission (42,43). Based on the
animal studies and the study on salmo-
nella patients postinfection, the pres-
ent authors conclude that mucosal in-
flammation results in persistent
neuromotor dysfunction, and thus a ba-
sis for ongoing symptoms, once the in-
flammatory changes have subsided.

Based on recent studies from our
laboratory, one may speculate that the
following sequence of events occurs.
Mucosal injury and subsequent inflam-
mation lead to changes in function of
the deeper neuromuscular tissues. In
addition to changing physiological
function in these tissues, the inflamma-
tory process leads to a phenotypic shift in
the neuromuscular tissues allowing
them to express genes for cytokines
(44). The locally produced cytokines
are therefore in a position to maintain
the altered physiological function of
these tissues. The underlying assump-
tion is that the inflammatory process
in the mucosa is subject to tighter
control and is more rapidly
downregulated whereas the changes in
the deeper neuromuscular tissues lack
the presence of an equivalent control
mechanism, thereby permitting
changes to persist through autostimula-
tion (44).

Thus, the emerging hypothesis is
that IBD produces IBS by virtue of the
inflammatory response to involve the
neuromuscular tissues to the extent
that they maintain a state of dysfunc-
tion that persists after resolution of the
mucosal inflammation.

REFERENCES
1. Kirschner BS. Nutritional

consequences of inflammatory bowel
disease on growth. J Am Coll Nutr
1988;7:301-8.

2. Gee MI, Grace MGA, Wensel R,
Sherbaniuk R, Thompson ABR.
Nutritional status of gastroenterology
outpatients: comparison of

inflammatory bowel disease with
functional disorders. J Am Diet Assoc
1985;85:1466-74.

3. McCallum R, Grill BB, Lange R,
Planky A, Glass EE, Greenfeld DG.
Definition of a gastric emptying
abnormality in patients with
anorexia nervosa. Dig Dis Sci
1985;30:713-22.

4. Conover KL, Weingarten HP, Collins
SM. A procedure for within-trial
repeated measurement of gastric
emptying in the rat. Physiol Behav
1987;39:303-8.

5. Morris GP, Beck PL, Herridge MS,
Depew WT, Szewczuk MR, Wallace JL.
Hapten-induced model of chronic
inflammation and ulceration in

CAN J GASTROENTEROL VOL 9 NO 5 JULY/AUGUST 1995 257

Gut-brain axis in IBD



the rat colon. Gastroenterology
1989;96:795-803.

6. McHugh KJ, Weingarten HP, Keenan
C, Wallace J, Collins SM. On the
suppression of food intake in
experimental colitis in the rat.
Am J Physiol 1993;264:R871-6.

7. McHugh K, Weingarten HP, Collins
SM. The role of delayed gastric
emptying in anorexia induced by
intestinal inflammation in the rat.
Soc Neurosci 1991;17:493. (Abst)

8. McHugh K, Weingarten HP, Collins
SM. Anorexia in experimental colitis is
mediated by interleukin-1 at both a
peripheral and central level.
Gastroenterology 1993;104:A1051.
(Abst)

9. Vialettes B, Ozanon JP, Kaplansky S, et
al. Stress antecedents and immune
status in recently diagnosed type I
(insulin-dependent) diabetes mellitus.
Diabetes Metab Rev 1989;15:45-50.

10. Lium R. Etiology of ulcerative colitis II.
Effects of induced muscular spasm on
colonic explants in dogs with comment
on relation of muscular spasm to
ulcerative colitis. Arch Intern Med
1939;63:210-25.

11. Garrett VD, Brantley PJ, Jones GN,
McKnight GT. The relation between
daily stress and Crohn’s disease.
J Behav Med 1991;14:87-96.

12. Duffy LC, Zielezny MA, Marshall JR,
et al. Lag time between stress events
and risk of recurrent episodes of
inflammatory bowel disease.
Epidemiology 1991;2:141-5.

13. Duffy LC, Zielezny MA, Marshall JR,
et al. Relevance of major stress events
as an indicator of disease activity
prevalence in inflammatory bowel
disease. Behav Med 1991;17:101-10.

14. North CS, Alpers DH, Helzer JE,
Spitznagel EL, Clouse RE. Do life
events or depression exacerbate
inflammatory bowel disease? Ann
Intern Med 1991;114:381-6.

15. Milne B, Joachim G, Niedhardt J.
A stress management programme for
inflammatory bowel disease patients.
J Adv Nurs 1986;11:561-7.

16. Halper JP, Miller AH, Trestman RL,
Santucci AC, Lackner C, Stein M.
Biochemical mechanisms of
stress-induced impairment of rat T cell
mitogenesis. J Neuroimmunol
1991;32:241-7.

17. Batuman OA, Sajewski D, Ottenweller
JE, Pitman DL, Natelson BH. Effects of
repeated stress on T cell numbers and
function in rats. Brain Behav Immun
1990;4:105-17.

18. Glaser R, Kennedy S, Lafuse WP, et al.
Psychological stress-induced
modulation of interleukin 2 receptor
gene expression and interleukin 2

production in peripheral blood
leukocytes. Arch Gen Psychiatry
1990;47:707-12.

19. Eskay RL, Grino M, Chen HT.
Interleukins, signal transduction, and
the immune system-mediated stress
response. Adv Exp Med Biol
1990;274:331-43.

20. Bianchi M, Sacerdote P, Locatelli L,
Mantegazza P, Panerai AE.
Corticotrophin releasing hormone,
interleukin-1 alpha, and tumor necrosis
factor-alpha share characteristics of
stress mediators. Brain Res
1991;546:139-42.

21. Minami M, Kuraishi Y, Yamaguchi T,
Nakai S, Hirai Y, Satoh M.
Immobilization stress induces
interleukin-1 beta mRNA in the rat
hypothalamus. Neurosci Lett
1991;123:254-6.

22. Shanahan F, Anton P. Neuroendocrine
modulation of the immune system:
possible implications for inflammatory
bowel disease.
Dig Dis Sci 1988;33:41S-9S.

23. Ottaway CA. Neuroimmuno-
modulation in the intestinal mucosa.
Gastroenterol Clin North Am
1991;20:511-29.

24. Wiik P, Opstad PK, Knardahl S, Byum
A. Receptors for vasoactive intestinal
peptide (VIP) on human mononuclear
leucocytcs are upregulated during
prolonged strain and energy deficiency.
Peptides 1988;9:181-6.

25. Hurst S, Collins SM. Interleukin-1
beta modulation of norepinephrine
release from rat myenteric nerves.
Am J Physiol 1993;264:G30-5.

26. Cominelli F, Nast CC, Llerena R,
Dinarello CA, Zipser RD. Interleukin 1
suppresses inflammation in rabbit
colitis: Mediation by endogenous
prostaglandins. J Clin Invest
1990;85:582-6.

27. Cominelli F, Nast CC, Dinarello
CA, Gentilini P, Zipser RD.
Regulation of eicosanoid
production in rabbit colon by
interleukin-1. Gastroenterology
1989;97:1400-5.

28. Cominelli F, Nast CC, Clark BD, et al.
Interleukin 1 (IL-1) gene expression,
synthesis, and effect of specific IL-1
receptor blockade in rabbit immune
complex colitis. J Clin Invest
1990;86:972-80.

29. McHugh K, Weingarten HP, Khan I,
Riddell R, Collins SM. Stress-induced
exacerbation of experimental colitis in
the rat. Gastroenterology
1993;104:A1051. (Abst)

30. Bayless TM, Harris ML. Inflammatory
bowel disease and irritable bowel
syndrome. Med Clin North Am
1990;74:21-8.

31. Isgar B, Harman M, Kaye MD,
Whorwell PJ. Symptoms of irritable
bowel syndrome in ulcerative colitis in
remission. Gut 1983;24:190-2.

32. Swain MG, Agro A, Blennerhassett P,
Stanisz A, Collins SM. Increased levels
of substance P in the myenteric plexus
of trichinella-infected rats.
Gastroenterology 1992;102:1913-9.

33. Vermillion DL, Collins SM. Increased
responsiveness of jejunal longitudinal
muscle in trichinella-infected rats.
Am J Physiol (Gastrointest Liver
Physiol) 1988;254:G124-9.

34. Marzio L, Blennerhassett P, Chiverton
S, Vermillion DL, Langer J, Collins
SM. Altered smooth muscle function
in worm-free gut regions of
trichinella-infected rats. Am J Physiol
1990;259:G306-13.

35. Jacobson K, McHugh K, Collins SM.
Distal colitis causes changes in enteric
nerve function at distant non-inflamed
sites in the gut. Gastroenterology
1993;104:A717. (Abst)

36. Collins SM, Blennerhassett PA,
Blennerhassett MG, Vermillion DL.
Impaired acetylcholine release from the
myenteric plexus of trichinella-infected
rats. Am J Physiol 1989;257:G898-903.

37. Vallance BA, Blennerhassett PA,
Collins SM. Murine trichinosis:
a model of post-infective smooth
muscle dysfunction. Gastroenterology
1994;106:A582. (Abst)

38. MacPherson BR, Shearin NL,
Pfeiffer CJ. Experimental diffuse
colitis in cats: observations on motor
activity. J Surg Res 1978;25:42-9.

39. Sethi AK, Sarna SK. Colonic
motor response to a meal in acute
colitis. Gastroenterology
1991;101:1537-46.

40. Sethi AK, Sarna SK. Colonic
motility in acute colitis in
conscious dogs. Gastroenterology
1991;100:954-63.

41. Bergin AJ, Donnelly TC, McKendrick
MW, Read NW. Changes in anorectal
function in persistent bowel disturbance
following salmonella gastroenteritis. Eur J
Gastroenterol Hepatol 1993;5:617-20.

42. Rao SSC, Read NW, Brown C, Bruce C,
Holdsworth CD. Studies on the
mechanism of bowel disturbance in
ulcerative colitis. Gastroenterology
1987;93:934-40.

43. Rao SSC, Read NW, Stobart JAH,
Haynes WG, Benjamin S, Holdsworth
CD. Anorectal contractility under basal
conditions and during rectal infusion of
saline in ulcerative colitis. Gut
1988;29:769-77.

44. Khan I, Kataeva G, Blennerhassett MG,
Collins SM. Auto-induction of
interleukin-1� gene expression in enteric
smooth muscle cells. Gastroenterology.
(In press)

260 CAN J GASTROENTEROL VOL 9 NO 5 JULY/AUGUST 1995

COLLINS et al



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


