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Brain-gut interactions in
inflammatory bowel disease:
Mechanisms of anorexia
in animal models of
experimental colitis
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HP WEINGARTEN. Brain-gut interactions in inflammatory bowel
disease: Mechanisms of anorexia in animal models of experimental
colitis. Can ] Gastroenterol 1996;10(5):329-334. Physiological
processes within the bowel are influenced constantly by signals
from other organs, primarily the brain. The mechanisms by which
inflammation of the gastrointestinal tract results in anorexia are
unknown. Understanding how the inflammation-related signals
in the periphery are communicated to the central nervous system
and activate cytokine production in the brain remains an enor-
mous challenge. Elucidation of these gut-brain communication
mechanisms is essential to the development of appropriate and ef-
ficacious treatments for the eating and weight disturbances associ-
ated with inflammatory bowel disease.
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he present research originates from the assertion that a

complete understanding of the symptomatology and
etiology of inflammatory bowel disease (IBD) cannot be de-
rived from investigations of one organ, the bowel, in isola-
tion. Rather, it is acknowledged that physiological processes
within the bowel are influenced constantly by signals from
other organs, primarily the brain, via neural and hormonal
communication routes (Figure 1). On the efferent side, dis-
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RESUME : Les processus physiologiques intestinaux subissent une influ-
ence constante de signaux provenant d’autres organes et surtout du cer-
veau. Les mécanismes par lesquels I'inflammation des voies digestives
provoque I'anorexie sont encore inconnus. Comprendre les signaux péri-
phériques liés a l'inflammation et comment ils sont communiqués au
systéme nerveux central, conduisant a 'activation de la production des cy-
tokines au cerveau, est un défi énorme. Il est essentiel d’élucider les mécan-
ismes de communication entre le cerveau et I'intestin pour développer des
traitements appropriés et efficaces contre les troubles liés a I'alimentation
et au poids, associés a la maladie inflammatoire de I'intestin.

turbances in brain-gut communication may precipitate or
maintain inflammation in the bowel, especially in situations
related to stress (1). On the afferent side, altered communi-
cation between gut and brain must underlie the behavioural
symptomatology associated with IBD. This paper focuses on
one of these symptoms: the reduction of eating (anorexia)
and weight loss associated with IBD, particularly Crohn’s
disease and ulcerative colitis.
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Figure 1) Schematic representation of bidirectional communication be-
tween gut and brain
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Figure 2) Profile of anorexia following colon inflammation in the rat.
Data shown are levels of 24 h food intakes in the baseline period and for
five days after treatment with trinitrobenzene sulphonic acid in ethanol
(n=50) (@), 50% ethanol vehicle (n=58) (O), 4% acetic acid (n=25)
(A) or saline vehicle (n=27) (A). Data are group means +1 SEM. Re-
printed with permission from reference 13

It is estimated that anywhere from 22% (2) to 70% (3) of
Crohn’s patients exhibit weight loss, a reduction of caloric
intake being a major cause. Anorexia is manifested espe-
cially during acute exacerbations of IBD, and in children, in-
adequate nutrition is a major contributor to growth deficien-
cies (4,5). Weight loss in adult Crohn’s patients is so severe
that this clinical group is often used as a weight loss control
for studies of anorexia nervosa (6). Although malnutrition
of the IBD patient is associated with increased morbidity,
and amelioration of the nutritional deficiencies is associated
with a more positive prognosis (3,7,8), the mechanisms by
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which inflammation of the gastrointestinal tract results in
anorexia are unknown. Because the brain is the organ ulti-
mately responsible for the direction of behaviour, treatment
of IBD-associated anorexia and weight loss must involve an
understanding of how signals from the inflamed gut are com-
municated to the brain and identification of the processes
that are turned on in the brain upon receipt of these signals
to suppress food intake.

ANOREXIA FOLLOWING COLON
INFLAMMATION

The initial step in our research strategy was to identify
preparations in which the relationship between gut inflam-
mation and anorexia could be productively examined. First,
we characterized changes in food intake and body weight in
several parasite animal models of gastrointestinal inflamma-
tion (Trichinella spiralis and Nippostrongylus brasiliensis). Al-
though we replicated the observations of Castro et al (9) —
that reduced food intake in nematode-infected rats was asso-
ciated with the period of intestinal inflammation — we found
the results variable. More important, in these models, the
site of infection was the proximal small intestine, where the
parasites invade the epithelium and cause substantial struc-
tural damage. Because the proximal duodenum is a site of po-
tential importance in the regulation of feeding (10), it is
difficult to distinguish a direct effect of the infection on in-
testinal feeding systems from that resulting from the host’s
inflammatory response. Thus, we next concentrated on
models of colitis because the distal colon is far removed from
the site of putative satiety signals and because colitis is more
congruous with the distribution of human IBD.

We established that two animal models of experimental
colitis, trinitrobenzene sulphonic acid (TNB) (11) and ace-
tic acid (12), were associated with virtually identical, robust
and highly reproducible suppressions of food intake and body
weight (Figure 2). Daily caloric intake was reduced by ap-
proximately 80%, 70% and 50% on the first three days, re-
spectively, after colitis induction. Food intake normalized by
the fourth post-treatment day. Anorexia was associated with
a significant weight loss that outlasted the period of food in-
take suppression (13).

Especially because of the early onset and the large inhibi-
tion of food intake it is tempting to suggest that the unwill-
ingness of the colitic animals to eat results simply from the
trauma or malaise resulting from the procedures used to in-
duce the inflammation. However, several experiments dem-
onstrate convincingly that neither trauma nor malaise re-
sulting from colitis-inducing treatments is an adequate
explanation for the anorexia of these animals (13-15). Con-
sider these findings. First, although the anorexia is fully
manifested when rats are maintained on liquid diets, TNB-
treated animals demonstrate no reduction of water intake,
indicating that they have the capacity for the behaviours
necessary to ingest food and that the anorexia is specific to
the nutrient. Second, TNB-treated rats manifest the com-
plete profile of anorexia when maintained on a low residue
elemental diet, even though the potential malaise associated
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with the passage of fecal material over the inflamed segment
is not a factor under these feeding conditions. Third, com-
puterized meal pattern analysis reveals that the anorexia of
treated animals results specifically from a reduced meal size;
TNB-treated animals do not decrease the number of meals
initiated during the anorexia. This finding demonstrates
that anorexia does not result from a failure to initiate eating
but from the elaboration of an exaggerated satiety signal
once food has entered the gut. Fourth, TNB-treated rats
show no anorexia in sham feeding preparations where the
ingested food does not accumulate in the gut. This result in-
dicates that TNB-treated rats have normal appetite and mo-
tivation to eat and that the exaggerated satiety signal that
terminates meals prematurely in these animals requires gas-
tric distension or stimulation of postgastric tissues. Finally,
TNB-treated rats show no elevation of plasma oxytocin, a
biological marker of treatments that suppress eating via gas-
trointestinal malaise.

Results from the TNB and acetic acid colitis models dem-
onstrate a specific, reliable and robust suppression of eating
associated with colon inflammation independent of the
stimulus used to initiate the inflammatory response. These
studies characterize the phenomena of colitis-associated
anorexia and validate the use of these animal models for fur-
ther investigation of the relationship between gut inflamma-
tion and eating. In subsequent experiments we sought to
answer two fundamental questions regarding the mecha-
nisms of anorexia following colon inflammation: what is the
nature of the biological signal that causes the suppression of
eating following colon inflammation, and how do the ano-
rexigenic signals from the inflamed colon communicate
with the brain?

NATURE OF THE ANOREXIGENIC SIGNAL

The temporal relationship between anorexia and inflam-
mation in the TNB model indicated that food intake sup-
pression was associated with the acute phase of inflamma-
tion. In addition, we confirmed early on that the degree of
anorexia correlated significantly with the degree of tissue in-
flammation as shown by myeloperoxidase (MPO) (Figure
3). Thus, we concentrated our search for the anorexigenic
signals on biological responses associated with the early parts
of the inflammatory cascade. We first defined whether the
suppression of eating depended on the production of cyclo-
oxygenase or lipoxygenase metabolites of arachidonic acid
(13). Leukotriene synthesis was inhibited by repeated in-
trarectal infusion (10 mg/kg) of the 5'-lipoxygenase inhibi-
tor MK 886. Prostaglandin synthesis was inhibited by re-
peated intraperitoneal injection (5 mg/kg) of the cyclo-
oxygenase inhibitor indomethacin. The results are summa-
rized in Table 1.

The doses of MK 886 and indomethacin selected had no
effect on the degree of colon inflammation induced by TNB
treatment during the period under examination (five days
post-TNB treatment), as shown by the fact that neither
treatment changed the degree of MPO activity in colon
compared with TNB-treated rats receiving control treat-
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Figure 3) Correlation between myeloperoxidase (MPO) levels in colon
on day 5 and magnitude of anorexia. The degree of anorexia was calcu-
lated as the average percentage suppression of 24 h food intake on the first
two days after trinitrobenzene sulphonic acid treatment compared with
baseline intake

TABLE 1

Results of a test determining whether the suppression of
eating depended on the production of cyclo-oxygenase
or lipoxygenase metabolites of arachidonic acid

Effect on MPO Effect on tis- Effect on ano-

Treatment activity sue levels rexia
MK 886 0 ILTB, 0
Indomethacin 0 IPGE, 50% reversal

LTB, Leukotriene B,; MPO Myeloperoxidase; PGE, Prostaglandin E,

ments. This ensured that any influence of MK 886 and
indomethacin on anorexia could be attributed to effects on
inflammatory mediators and not on the degree of tissue in-
flammation. In addition, the ability of MK 886 and
indomethacin to reduce colon levels of leukotriene B and
prostaglandin E4 in TNB-treated animals to normal levels
demonstrated the biological efficacy of the treatments. The
critical observation, however, is that inhibition of prosta-
glandin synthesis significantly reversed the anorexia only
following TNB treatments; leukotriene synthesis inhibition
was without effect.

We then evaluated the involvement of the acute phase
cytokine interleukin-1 (IL-1) in TNB-induced anorexia.
Several sets of data implicate IL-1 in anorexia following co-
lon inflammation. First, food intake is suppressed in the first
24 h following colon inflammation and colon levels of IL-1
are already markedly elevated on the first day following TNB
administration (16). Second, acute injection of IL-1 sup-
presses eating (17-19) and chronic administration of IL-1 pe-
ripherally results in a profile of anorexia nearly identical to
that produced by TNB treatment (20,21). Third, inhibition
of eating induced by both TNB (13) and IL-1 (18,22) is at-
tenuated by inhibition of cyclo-oxygenase products of ara-
chidonic acid metabolism.

To evaluate the role of IL-1 we used osmotic minipumps
to deliver 24 pg/h recombinant human IL-1 receptor antago-
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Figure 4) Twenty-four hour food intakes before treatment (day 0) and
for five days after treatment with trinitrobenzene sulphonic acid (TNB) +
intracerebroventricular (icv) recombinant human interleukin-1 receptor
antagonist (thIL1ra) (&), TNB +icv saline (A), TNB + subcutaneous
rhILIva (), ethanol + icv rthILIra (@) or ethanol + icv saline (O).
Data are group means £1 SEM. Reprinted with permission from refer-
ence 24
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Figure 5) Schematic representation of the possible mechanisms by which
anorexigenic signals from the inflamed segment may be communicated to
the brain. BBB Blood-brain barrier; IL Interleukin; PG Prostaglandin;
TNF Tumour necrosis factor

nist (23) chronically into either the periphery (subcutane-
ously) or the brain (intracerebroventricularly). Infusion of
this antagonist directly into the brain resulted in a signifi-
cant reversal of the anorexia and weight loss associated with
TNB treatment; peripheral infusion at this dose was without
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TABLE 2

Results from an examination of total subdiaphragmatic
vagotomy (VGx), selective area postrema ablations (APx)
and combined area postremal/nucleus of the solitary tract
ablations (APx + STA)

Treatment Effect on MPO Effect on anorexia
VGx N 0

APx ™ 0

APx + STA ™ 0

MPO Myeloperoxidase

effect (29) (Figure 4). These results indicate the necessity of
central IL-1 receptors in the expression of the anorexia asso-
ciated with acute experimental colitis. The suggestion that
cytokine expression in the brain, and not in the periphery, is
more intimately associated with anorexia following gut in-
flammation is consistent with a similar conclusion derived
from studies evaluating the relative importance of peripheral
and central tumour necrosis factor in anorexia and cachexia
associated with cancer (25).

COMMUNICATION OF THE ANOREXIGENIC
SIGNAL FROM PERIPHERY TO BRAIN

Whatever the exact nature of the anorexigenic signal pro-
duced by the inflamed segment, it is obvious that this mes-
sage must be communicated to the brain in order to affect
eating, which forces consideration of the mechanisms by
which the anorexigenic signal is transmitted to the central
nervous system. The possibilities are outlined in Figure 5.

Inflammation of the colon is associated with production
of high levels of acute phase cytokines, such as IL-1 and tu-
mour necrosis factor, both of which suppress eating when in-
jected peripherally (17,26). We have also demonstrated that
TNB treatment results in a significant increase in serum IL-6
for at least three days following treatment (27). It is possible
that these peripherally released cytokines represent anorexi-
genic signals that are transmitted to the brain in a classic en-
docrine manner. This hypothesis requires that peripheral
cytokines have access to the brain via either transport
mechanisms in the blood-brain batrier (28) or circumven-
tricular organs with porous or absent blood-brain barriers
(29). Alteratively, the anorexigenic signal may communi-
cate with the brain indirectly, requiring one or several trans-
ductions in the periphery of the signal from the inflamed
segment before it is received by brain. This indirect signal-
ling is analogous to the way in which the gut peptide chole-
cystokinin (CCK) signals satiety (30); CCK released by cells
in the proximal duodenum affects neural or smooth muscle
elements in the pylorus and, thus, alters vagal afferent traffic
to a pattern that signals satiety. This possibility is buttressed
by observations that inflammatory mediators (31) and
TNB-induced colitis both result in a delayed rate of gastric
emptying (14).

As a preliminary examination of the route by which the
colitis-produced anorexigenic signals reach the brain, we ex-
amined the effects of total subdiaphragmatic vagotomy, se-
lective area postrema ablations and combined area
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postrema/nucleus of the solitary tract ablations on the pro-
file of anorexia in the TNB colitis model (27). The results
are summarized in Table 2.

Consistent with a previous report by Evangelista and
Meli (32) in which peripheral vagal differentiation was pro-
duced by capsaicin, both peripheral (subdiaphragmatic) va-
gotomy and central (area postrema ablations + nucleus
solitary tract ablation) vagotomy increased the inflamma-
tory response to intrarectal TNB. However, neither treat-
ment affected the magnitude or time course of the
TNB-induced suppression of food intake. These results indi-
cate that expression of anorexia following colon inflamma-
tion is not mediated by vagal afferent activity and does not
require the entry of an anorexigenic signal into the brain via
the area postrema; that although gastric emptying is delayed
in association with colon inflammation, this disturbance is
not necessary for anorexia; and that although CCK may be
involved in the eating suppressive effects of IL-1 (33), it is
not a necessary mediator of TNB-induced anorexia.

SUMMARY AND CHALLENGES
FOR FUTURE RESEARCH

The specific biological signals that mediate the anorexic
effects of gastrointestinal inflammation remain to be eluci-
dated. Although it is clear that inflammation of the gut leads
to the elaboration of multiple inflammatory mediators and
cytokines in the periphery, it appears cytokine expression in
the central nervous system is critical to the anorexia associ-
ated with colitis. There is ample evidence that immune sig-
nals that suppress food intake activate cytokine expression
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in the brain (34). Understanding how the inflammation-
related signals in the periphery are communicated to the
central nervous system and activate cytokine production in
the brain remains an enormous challenge. This problem is
nearly identical to an analogous and persisting problem in
the understanding of the etiology of fever (35). Elucidation
of these gut-brain communication mechanisms is essential to
the development of appropriate and efficacious treatments
for the eating and weight disturbances associated with IBD.

[t is also recognized that IBD is a chronic condition char-
acterized by recurring relapses and acute exacerbations fol-
lowing periods of apparent remission. Studies that focus on
the properties and mechanisms of anorexia during the initial
inflammatory episode are preliminary but necessary to the
study of the mechanisms of chronic reductions of eating and
weight that characterize IBD. The successful application of
the current research to IBD will require extension of these
investigations into models that appropriately mimic the re-
curring and relapsing nature of human IBD.
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