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Abnormal leukotriene C4 release by unaffected
jejunal mucosa in patients with inactive Crohn's
disease

F Casellas, F Guarner, M Antolin, R Rodriguez, A Salas, J-R Malagelada

Abstract
The mucosal release of inflammatory media-
tors is enhanced in active inflammatory bowel
disease. This study examines whether leuko-
triene C4 production occurs in apparently
unaffected segments of the gut. The intra-
luminal release of leukotriene C4 was deter-
mined by jejunal perfusion in seven healthy
controls, in nine patients with chronic ulcera-
tive colitis, and in 13 patients with Crohn's
disease (six with ileal disease, and seven with
only colonic). All patients were in clinical
remission and none of them had evidence of
jejunal involvement. Mild intraluminal irrita-
tion with a 2*5 mmol/l deoxycholic acid
solution was induced to stimulate local inflam-
matory mechanisms. The release of DNA (a
marker of mucosal desquamation) and prosta-
glandin E2 (PGE2) was simultaneously
measured. Jejunal release ofDNA was higher
in Crohn's disease patients than in ulcerative
colitis or healthy controls. Basal release
of PGE2 was similar in the three groups of
patients. Basal release of leukotriene C4 was
considerably enhanced, however, in Crohn's
disease patients compared with healthy con-
trols. In ulcerative colitis patients, basal
leukotriene C4 release was non-significantly
different from controls. Bile acid perfusion
stimulated PGE2, leukotriene C4, and DNA
release in all groups studied, but leukotriene C4
release was significantly higher in Crohn's
disease patients. It is concluded that in in-
active Crohn's disease there is an enhanced
intraluminal release of leukotriene C4 in
apparently unaffected segments of proximal
small bowel, which may reflect findamental
changes in the function of the gut mucosal
barrier.
(Gut 1994; 35: 517-522)
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Measurement of eicosanoids both in vitro, in
biopsy specimens from patients with active
inflammatory bowel disease,' and in vivo, using
dialysis bags placed in the rectal lumen of
patients with active rectocolitis,45 have shown
that mucosal eicosanoid synthesis is enhanced at
sites of active mucosal inflammation. Whether
such an increase in eicosanoid synthesis is
secondary, however, to mucosal inflammation or

whether it represents a fundamental change in
the gut of patients with inflammatory bowel
disease remains unknown. We reasoned that if
eicosanoids were proinflammatory mediators
fundamentally participating in the pathogenesis
of inflammatory bowel disease, they would be
found to be released into the bowel lumen in

increased amounts during clinical remission and
even in areas ofundamaged gut mucosa. There is
some evidence supporting enhanced eicosanoid
release by morphologically preserved mucosa in
inflammatory bowel disease. Thus, inappro-
priate release of thromboxane B2 comparative
with prostaglandin E2 (PGE2) into the jejunal
lumen in response to mild intraluminal irritants
has been seen in clinically inactive chronic
ulcerative colitis.6 Patients with Crohn's disease
also exhibit an enhanced intraluminal release of
myeloperoxidase,7 C4 component of the comple-
ment,8 and histamine9 in areas of jejunum
apparently unaffected by the disease. These
findings may indeed reflect an ongoing activation
of inflammatory mechanisms in patients with
inflammatory bowel disease that may not neces-
sarily result in clinical manifestations.
We also reasoned that biochemical mucosal

defects that may not be shown under basal
conditions could become evident in response to
mucosal irritation. It is known that in normal
human jejunum, mild intraluminal irritation by
perfusion of a weak deoxycholic acid solution
increases mucosal desquamation and is associ-
ated with increased release of leukotriene C41'
and other eicosanoids.6 An exaggerated intestinal
release of leukotriene C4 in response to mild
luminal irritation could also uncover abnormal
or inappropriate inflammatory activity in the
small bowel of patients with inactive inflamma-
tory bowel disease.

Methods

SUBJECTS
Studies were performed in seven healthy volun-
teers (two men and five women; median age of 23
years, interquartiles 22-24), in nine chronic
ulcerative colitis patients (five men and four
women; median age of 51 years, interquartiles
46-62), and in 13 Crohn's disease patients (four
men and nine women; median age of 36 years,
interquartiles 27-37). Chronic ulcerative colitis
affected the rectum in three patients, sigmoid
and left colon in four, and the whole colon in
the remaining two patients. Crohn's disease
affected only the colon in seven patients and the
ileum in six. Diagnosis was established in each
patient by conventional radiological, endo-
scopic, and histological criteria. At the time of
study, all patients were in clinical remission
according to the Truelove index for chronic
ulcerative colitis" and to Harvey index for
Crohn's disease.'2 The disease had been inactive
for a period ofone to six weeks in 17 patients and
for more than six weeks in five patients. The total
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duration of the disease (that is, since a clinical
diagnosis was established) ranged from 3 to 240
months for chronic ulcerative colitis patients and
from 3 to 180 months for Crohn's disease
patients. At the time of study three patients were
receiving low dose 6-methylprednisolone and
salazopyrine, nine patients low dose 6-methyl-
prednisolone only, two patients salazopyrine,
one patient 5-amino salicylic acid. The remain-
ing seven patients had not received any treatment.
The study was approved by the institutional
review board, and all subjects gave written
informed consent. Data from control group were
included in a previous report.'0

PERFUSION PROCEDURE
We used a modified double lumen perfusion
technique. At 9 am, after an overnight fast, a
triple lumen tube was placed in the jejunum
under fluoroscopic control. The first lumen
opened at the angle of Treitz and was used for
infusion. The second lumen opened 60 cm
distally and was used for recovery of luminal
fluid by siphonage. The third lumen was con-
nected to an inflatable balloon with a mercury
bag at its tip. The balloon was used to help
advance the tube into position, and was deflated
thereafter. A volumetric pump (IMED 927,
Milton Trading Estate, Abingdon, UK) was
used to infuse a water solution containing manni-
tol 180 mmol/l, xylose 100 mmol/l, and polyethy-
lene glycol (PEG) 4000 2 gIl, as a non-absorbable
marker, at a rate of 5 ml/min. The osmolality of
the perfusate was 280 mmol/kg and the pH was
adjusted to 7-8 with 0-1 mol/l NaOH. To limit
transmural jejunal water flow, the perfusate did
not contain glucose or electrolytes. Deoxycholic
acid (Koch-Light Laboratories, Colnbrook,
Bucks, UK) was added to the solution to a final
concentration of 2 5 mmol/l when appropriate.
This concentration of deoxycholic acid, albeit
unconjugated, is within the range of jejunal
postprandial concentrations.'3 It induces jejunal
secretion without morphological epithelial
injury,'4 and its effect is reversible.'5 Indigo blue
was added to the deoxycholic acid solution to
recognise its appearance and disappearance from
the perfused jejunal segment. The perfusate was
recovered by siphonage to preclude the local
trauma, which would have otherwise occurred
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Figure 1: Individual
intrajejunalDNA release as
expression ofthe cellular
desquamation. DNA loss
was higher in Crohn's
disease than in healthy
controls (p<O0O1 v healthy
controls and chronic
ulcerative colitis patients).
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with mechanical or manual suction. In every
patient, a jejunal biopsy specimen was taken
from the perfused segment with a Watson
capsule 24 hours after the perfusion.

EXPERIMENTAL DESIGN
Every subject had two consecutive 100 minute
perfusion sequences in a given day. Each sequ-
ence began with 30 minutes of intestinal washing
and was followed by the test perfusion with and
without deoxycholic acid for 70 minutes (30
minutes equilibration plus 40 minutes test
period). The order of deoxycholic acid and
deoxycholic acid free test perfusions was
randomised. The total duration of the study was
200 minutes.

ANALYTICAL PROCEDURES
During each perfusion sequence aspirates were
continuously collected over ice and pooled at 10
minute intervals. Aliquots of 2 ml were stored at
-20°C for later analysis of PEG, a non-absorb-
able marker used for calculation of net water
flux, and DNA to assess cellular desquamation.
Indomethacin (Sigma) was added to 2 ml
aliquots up to a concentration of 50 ,ug/ml to
prevent in vitro prostanoid generation.

Samples were analysed for PEG by the Hyden
method,'6 for DNA by a modification of the
colorimetric method of Burton. 17 Leukotriene C4
and PGE2 were measured by specific radio-
immunoassay as described elsewhere.'0 Anti-
serum for PGE2 measurement was a gift from Dr
J A Salmon (Wellcome Research Laboratories,
Beckenham, Kent, UK). Standard leukotriene
C4 and specific antiserum were kindly donated
by Dr A W Ford-Hutchinson (Merck Frosst
Canada, Dorval, Quebec). Cross reactivity of
leukotriene C4 antiserum with PGE2, throm-
boxane B2, leukotriene B4, 5-hydroxy-
eicosatetraenoic acid and arachidonic acid is less
than 0-1%. Cross reactivity with leukotriene D4
and leukotriene E4 is higher than 10%. Tritiated
standards were obtained from Amersham Inter-
national (Buckinghamshire, UK). Analysis of
two series of samples with known amounts of
standard added to either the 2-5 mmol/l deoxy-
cholic acid or deoxycholic acid free solutions
showed that the presence of deoxycholic acid in
the perfusion do not interfere with the antibody
binding.

* 0 CALCULATIONS AND STATISTICAL METHODS
Net water flux was calculated by a standard

*0 * formula. DNA, leukotriene C4, and PGE2
releases were calculated using the following

_ formula:
IS I

Colonic Ileal

Crohn's disease

PEGp
release=(Pa* )*V

PEGa

where Pa was the DNA, leukotriene C4, or PGE2
concentration measured in the jejunal aspirate,
PEGp/PEGa the ratio between the concentration
of PEG in the perfusion solution and in the
jejunal aspirate respectively, and V was the
perfusion rate of 5 ml/min.
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TABLE I Effect ofdeoxycholic acid perfusion on the intrajejunal DNA release

Healthy Chronic Colonic Ileal
controls ulcerative colitis Crohn's disease Crohn's disease

Basal 309 (27) 292 (22) 498 (41)* 492 (39)*
Stimulated 872 (195)t 502 (84)t 845 (61): 1161 (181):

Results are expressed as mean (SEM); *p<0-01 compared with healthy controls; tp<0-05 compared
with basal; p<0-01 compared with basal.

Results are expressed as means and standard
error of the mean. Data correspond to the 20-40
minute period from either control and deoxy-
cholic acid perfusion. Statistical differences in
net water flux and DNA release were calculated
by the Student's t test for paired or unpaired data
as appropriate. Differences in leukotriene C4 and
PGE2 release were tested by the Mann-Whitney
U test.

Results

NET WATER FLUX AND MUCOSAL DESQUAMATION
Jejunal net water flux was similar in the four
groups studied (mean (SEM)) (2-2 (0-6) ml/min
in controls, 2 2 (1 3) in chronic ulcerative colitis,
2 7 (0 3) in colonic Crohn's disease, and 2 0 (0 3)
in ileal Crohn's disease, p=NS). Perfusion with
deoxycholic acid induced water secretion,
increasing net water flux similarly in controls
(4-6 (1 -0) ml/min, p<001) and all disease groups
(chronic ulcerative colitis: 3-4 (0 5), colonic
Crohn's disease: 3 7 (0 6), ileal Crohn's disease:
2-9 (0 2), p<0 05).

Basal mean DNA release in chronic ulcerative
colitis patients was similar to that seen in healthy
subjects. In both colonic and ileal Crohn's
disease, however, basal DNA release was higher
than in controls (see Fig 1). As a consequence of
the irritative effect, deoxycholic acid perfusion
induced mucosal cellular desquamation, increas-
ing luminal DNA release in healthy controls
and, similarly, in chronic ulcerative colitis and
Crohn's disease patients (Table I).

LUMINAL LEUKOTRIENE C4 RELEASE
Leukotriene C4 was released into the jejunal
lumen in measurable quantities in all subjects
studied (Fig 2). Basal mean release ofleukotriene
C4 in healthy controls was below 20 ng/min.

Figure 2: Basal intrajejunal
release ofleukotriene C4.
The output ofleukotriene C4
was considerably enhanced
in colonic and ileal Crohn's
disease (p<O0O5 v healthy
controls).
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Chronic ulcerative colitis patients showed a
trend towards higher basal leukotriene C4 release
than controls (43 (16) ng/min), but the difference
was not significant largely because of three
individual chronic ulcerative colitis patients with
a high basal leukotriene C4 release: one patient
with widespread colitis and two with left sided
colitis. They had been in remission for 2 to 56
weeks, and treated with low doses of methyl-
prednisolone (two patients) or salazopirine (one
patient). From the six chronic ulcerative colitis
patients with low leukotriene C4 release, two had
not received any drug treatment and four were
receiving low dose methylprednisolone.

In Crohn's disease patients, basal leukotriene
C4 release was considerably and significantly
enhanced (colonic Crohn's disease: 63 (14) ng/
min, ileal Crohn's disease: 97 (31), p<0c01 v
healthy controls). Individual values of basal
leukotriene C4 release in every Crohn's disease
patient were above the range seen in healthy
controls.

Deoxycholic acid irritation induced a signifi-
cant increase in leukotriene C4 release over basal
in healthy controls in both chronic ulcerative
colitis and Crohn's disease patients (p<005 for
each group). Stimulated leukotriene C4 release in
Crohn's disease was significantly higher than in
healthy controls (p<005, Table II). The release
of leukotriene C4 significantly correlated with
that ofDNA (r=0-58, p<0 01).

LUMINAL PGE2 RELEASE
PGE2 was released in measurable quantities in all
the subjects studied (Fig 3). Basal mean release
of PGE2 in healthy controls was 8 (1) ng/min.
Basal mean PGE2 release in chronic ulcerative
colitis patients (7 (2)) and in Crohn's disease
patients (ileal Crohn's disease: 7 (2); colonic
Crohn's disease: 5 (1)) was similar to that seen in
healthy controls.

Deoxycholic acid stimulation also induced a
significant increase in PGE2 release in healthy
controls (39 (23), p<005 v basal) in chronic
ulcerative colitis patients (21 (6), p<0 05 v basal)
and in Crohn's disease patients (colonic Crohn's
disease: 30 (11); ileal Crohn's disease: 26 (12),
p<005). There were no differences, however, in
stimulated PGE2 release among the groups
studied.

* JEJUNAL HISTOLOGICAL EXAMINATION
All jejunal biopsy specimens taken from Crohn's
disease patients showed no signs of inflammation
or granulomas and were considered normal
jejunal mucosa.

0
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Discussion
Leukotriene C4 is a sulphidopeptide leukotriene

*0 * synthesised by mast cells by the lipoxygenase* pathway of arachidonic acid metabolism. Acting
* through a specific receptor, it is a well known

* mediator of the inflammatory response. This
S study performed by perfusion of histologically

normal jejunum of patients with clinically
zionic lleal inactive inflammatory bowel disease, shows that
.rohn's disease in Crohn's disease, but not in chronic ulcerative
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TABLE II Effect ofdeoxycholic acid perfusion on the intrajejunal release ofleukotriene C4

Healthy Chronic Colonic Ileal
controls ulcerative colitis Crohn's disease Crohn's disec

Basal 14 (2) 43 (16) 63 (14)* 97 (31)*
Stimulated 101 (53)t 115 (26)t 240 (47)*t 558 (158)*4

Results are expressed as mean (SEM); *p<0.05 compared with healthy controls; tp<0-05 compa
with basal.

colitis, there is an enhanced intraluminal releE
of leukotriene C4. Furthermore, this stu
shows that increased release of leukotriene C4
related to mucosal desquamation and that bc
leukotriene C4 release and desquamation are a
abnormally increased in Crohn's disease wh
the jejunal mucosa is irritated by a weak bile a(
perfusate. The unique character of the leui
triene response is underscored by the fact ti
basal and stimulated PGE2 release were similar
healthy controls, chronic ulcerative coli
patients, and in Crohn's disease patients.

In the small intestine, sulphidopeptide leut
trienes induce inflammatory phenomena, such
oedema because of an increased vascular pemn
ability, electrolytes secretion, and intestii
smooth muscle contraction.'819 Previc
investigators who have measured prostanoid a
leukotriene generation at sites of active bov
inflammation in patients with relapsing infla
matory bowel disease, have usually fou
increased generation of both lipo-oxygenase a
cyclo-oxygenase metabolites. When leukotrie
C4 has been specifically measured in inflam
rectal mucosa it has been found increased.20
comparison of the effects of selective inhibiti
of either cyclo-oxygenase or lipo-oxygen.
activity in patients with ongoing chronic ulce
tive colitis, suggests that leukotrienes are m(
important than prostaglandins as mediators
the inflammation in this condition.2"-24 In t]
context, our finding of baseline increased rele;
of leukotriene C4 in the non-inflamed sm
bowel is persuasive evidence that in Crohi
disease proinflammatory mechanisms in t
intestinal mucosal are permanently activate
The fact that leukotriene C4 release is enhanc
while PGE2 is similar to that of controls, m
suggest that mast cells or macrophages .
activated as, compared with, polymorpl
nuclear cells these cells can generate sulphic
peptide leukotrienes. This finding is particula
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Figure 3: Basal intrajejunal
release ofPGE2. The
intrajejunal PGE2 release
was similar among thefour
groups ofsubjects studied.
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relevant in the light of recent data showing that
leukotriene C4 generation is associated with the
development of intestinal mucosal damage23-25
and that, conversely, its decrease coincides with
a reduction of inflammatory mucosal lesions.28
A potential flaw of our study could be the lack

kred of a group of untreated patients. Studying such a
group would pose, however, obvious difficulties
by the discomfort of intubating patients and

ase withdrawing maintenance treatment at least for a
Ady week before the study. In reality, the enhanced
4 is release of leukotriene C4 seen in our Crohn's
oth patients cannot be attributed to medical treat-
Llso ment with salazopyrine or steroids because these
hen drugs, if anything, would depress leukotriene C4
icid release because they are active inhibitors of lipo-
ko- oxygenase metabolite formation.2022-24 We are
:hat therefore reporting a pathophysiological process
r in that remains operational and apparent despite
itis therapeutic pharmacological intervention.

In our group of patients with chronic ulcera-
ko- tive colitis, leukotriene C4 release was not signifi-
has cantly enhanced compared with controls. As
ne- mentioned in the results section, three patients
inal receiving corticosteroids or sulphasalazine
ous showed an abnormally high release of leuko-
md triene C4. Six other chronic ulcerative colitis
wel patients, however, showed a low leukotriene C4
un- release even iftwo ofthem were not receiving any
md drug treatment. In contrast, all the 13 patients
md with Crohn's disease showed a high release of
ene leukotriene C4. These data suggest that some

ied chronic ulcerative colitis patients show an
SO A abnormal activation of intestinal mast cells or
ion macrophages even in segments of the small
ase intestine. Further studies in chronic ulcerative
,ra- colitis patients are needed to clarify this point.
iore The fact that healthy controls were younger
of than patients with Crohn's disease might suggest

fhis that enhancement of jejunal leukotriene C4 is an
ase age related phenomenon. If an older population
nall produces more leukotriene C4 than younger
in's people, however, than our chronic ulcerative
the colitis group should have had the highest release
:ed. of leukotriene C4.
ced In our study, the degree of irritation induced
nay by deoxycholic acid perfusion was assessed by
are changes in net water flux (water exorption) and
Iho- increased cellular desquamation (enhanced
do- luminal DNA output). We selected deoxycholic
mrly acid as the agent to induce mucosal irritation for

several reasons. Firstly, it was known to revers-
ibly stimulate water secretion, impair absorption
of monosaccharides, and induce mucosal
desquamation and epithelial damage. Secondly,
it was known that bile acids increase mucosal
generation of PGE2 in experimental animals293'

, and hence activate arachidonic acid metabolism.
In fact, although increased production of
mucosal prostaglandin has been postulated to

* mediate the bile acid effects, there must be a
concomitant prostaglandin independent mecha-
nism because indomethacin inhibits prosta-

* glandin synthesis without changing bile acid
effects.303233 Thirdly, in a study with human
volunteers we obtained evidence that jejunal bile
acid perfusion enhanced leukotriene C4 release
into the lumen.'0 Our study shows that in

lleal Crohn's disease patients mucosal irritation by
ase bile acids increases leukotriene C4 production
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above the already raised basal production. This
finding suggests that in Crohn's disease the
intestinal mucosal leucocytes ntain their
capacity to produce leukotriene C4 even over a
basal enhanced production.

In contrast with leukotrienes that are pro-
inflammatory eicosanoids, PGE2 exerts a protec-
tive effect on intestinal mucosa against noxious
agents. Thus, it has been shown that exogenous
PGE2 protects the small bowel from indo-
methacin induced ulcerationeM and also protects
the colon from a variety of damaing agents
including ethanol, indomethacn, and tnrnitro-
benzenesulphonic acid.3'3 In addition, rabbits
immunised with PGE2 that produce circulating
antibodies develop ulcers both in the stomach
and small intestine, suggesting that endogenous
PGE2 also plays an active part in the defence of
intestinal mucosa.u More importandy, it seems
that one mechanism for PGE2 mediated intesti-
nal mucosal protection could be inhibition of
parietal leukotriene production.-Mu Our results
would thus suggest that in Crohn's disease the
PGE2 mediated intestnal mucosal protection is
preserved (normal PGE2 generation) but that the
defence balance is upset by the predomiance of
proinammatory leukotriene C4 production.
Why intestinal leukotriene C4 production is
higher in Crohn's disease than in ulcerative
colitis cannot be answered by our studies.
Crohn's disease patients exhibit higher basal and
luminal leukotriene C4 outputs after irritation
than chrnic ulcerative colitis patients. The
different magnitude may reflect greater under-
lying inflammatory activity in Cro's diseas (a

of ubiquitous gastintesinal involve-
ment) or could reflect a more fimdamental
discrepancy in pathogenic mechanism between
these two forms ofinflammatory boweldi.

In conclusion, our results show that the intra-
luminal release ofleukotrieneCandDNA in the
unaffected jejunum of ptients with quiescent
Cohn's disease is enhanced and that its capacty
to increase in resonse to mucosal irrtation is
preserved. These findings suggest that in
Crohn's disease even when the disase is clinic-
ally inactive there is a widespread and sustined
activation of intestinal pnflammatory medca-
nsms. These changs may represent funda-
mental changsp in the function of the gut
mucosal barrier.
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