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Increased tissue concentrations of histamine in the
duodenal mucosa of children with coeliac disease
DN CHALLACOMBE, PD DAWKINS

From the Somerset Children's Research Unit, Taunton and Somerset Hospital, Musgrove Park,
Taunton, Somerset

SUMMARY Tissue concentrations of histamine have been estimated in peroral duodenal biopsy
specimens from five children with coeliac disease while on a gluten-free diet and after a three-month
gluten challenge. Histamine concentrations in the patients on a diet did not differ significantly from
a group of control children. However after gluten challenge, histological relapse of the duodenal
mucosa in each patient was associated with increased tissue concentrations of histamine. The
findings suggest that histamine may be involved in the pathogenesis of the small intestinal mucosal
changes in children with coeliac disease.

Histamine is found in almost all mammalian tissues
and is synthesised by the decarboxylation of the
amino acid L-histidine. Histamine is mainly stored
in mast cells in tissues and in basophils in blood,
but in the gastrointestinal tract is present in both
mast cells and "non-mast cell" stores,1 although the
nature of these stores is unknown. Mast cells release
histamine rapidly in response to both immuno-
logical (IgE-antigen-mediated immune reactions)
and non-immunological (trauma, toxins) stimuli.
The reintroduction of gluten into the diets of

patients with treated coeliac disease results in histo-
logical relapse of the upper small intestinal mucosa.
Increased numbers of eosinophils and IgE-secreting
plasma cells and mast cell degranulation have been
reported in the jejunal lamina propria of patients
undergoing gluten challenge.2 3 These findings
suggest that a type I IgE-mediated immediate
hypersensitivity reaction may accompany gluten
challenge in patients with coeliac disease, leading
to degranulation of mast cells and to local release
of histamine into the tissues. Tissue histamine
concentrations have therefore been measured in
peroral duodenal biopsy specimens from five
children with coeliac disease treated with a gluten-
free diet and after a three-month gluten challenge
and the results have been compared with a control
group of patients.
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Subjects and methods

SUBJECTS

Coeliac disease
Five girls with coeliac disease, initially diagnosed
by small intestinal biopsy at six months to 2 yr 4
months of age (mean = I yr 2 months), were treated
with a gluten-free diet for periods varying from 4 yr
10 months to 6 yr 10 months. They were then
biopsied, challenged with gluten powder (Energen)
for three months and rebiopsied, to determine their
continuing need for a gluten-free diet. Gluten powder
was added to their gluten-free food at a dose of
2 g/day for the first week, 5 g/day for the second
week and 10 g/day for the remainder of the three
months. The addition of gluten led to a recurrence
of their gastrointestinal symptoms and while pre-
challenge biopsies were normal on light microscopy,
postchallenge biopsies all showed significant villous
flattening. The children were thereafter advised to
continue on a gluten-free diet indefinitely.

CONTROLS
Eight children aged between 11 months and 5 yr
9 months (mean = 2 yr 10 months) underwent peroral
small intestinal biopsies from the distal duodenal
mucosa to investigate their persistently loose stools.
The morphology of the duodenal mucosa in these
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patients on light microscopy was considered to be
within normal limits.

TECHNIQUES

Small intestinal biopsy
Tissue from the distal duodenum in each patient
was obtained by peroral biopsy under fluoroscopic
control, using a Watson biopsy capsule. After div-
iding the specimen, one segment was used for histo-
logical examination while the other was weighed on

a five place microbalance. This specimen was
wrapped in metal foil to prevent drying, placed in a

plastic tube and stored in liquid nitrogen until
analysed.

Measurement of histamine in duodenal tissue
Histamine was estimated by the method of Shore
et al.4 Specimens of tissue were freed of adhering
mucus, blotted, weighed on a five place micro-
balance and stored in liquid nitrogen until analysed.
For analysis, the tissues were homogenised with
2 ml 0 4 M perchloric acid at 4°C in an all glass
homogeniser and the homogenates were transferred
to conical glass centrifuge tubes. A further 1 ml of
perchloric acid was used to rinse the homogeniser
and was added to the original homogenate, which
was then centrifuged at 2000 rpm at 40C for 30 min,
in an MSE Mistral 4L refrigerated centrifuge.
Of the supernatants 2-0 ml were saturated with

solid sodium chloride and were shaken for 5 min
with 5 ml n-butanol and 0-1 ml 10Msodium hydrox-
ide to a final pH of approximately 12-5. The aqueous
layer was discarded and the organic layer was again
shaken for 5 min with 1 ml 0-1 Msodium hydroxide,
which had previously been saturated with sodium
chloride. After discarding the aqueous layer the
organic layer was transferred to a clean tube and
mixed with 5 ml heptane and 1 ml 0-1 M hydro-
chloric acid. After shaking for 5 min the organic
layer was discarded and duplicate 0-1 ml aliquots of
the 0-1 M hydrochloric acid extracts were mixed
with 0-1 ml of 0-4 M sodium hydroxide and 0 2 ml
o-phthalaldehyde solution (1 g/l methanol). After

allowing to stand at ambient temperature for 4 min,
0- ml I M hydrochloric acid was added with mixing
and was transferred to fluorimeter microcells. The
resulting fluorescence was measured at 450 nm after
exciting at 360 nm in a Perkin Elmer MPF-3
fluorescence spectrophotometer. Each batch of
tissue analyses included a blank (containing 0-1 ml
0-1 M hydrochloric acid and 1-9 ml 0-4M perchloric
acid) and a standard (containing 0-1 ml histamine in
0-1 M hydrochloric acid and 1 9 ml 0-4M perchloric
acid) which were taken through the entire extraction
procedure. In addition, further blank and standard
solutions were included at the fluorescence develop-
ment stage in order to assess recovery in the extrac-
tion procedure.

Tissue blanks gave readings which were no higher
than those obtained from reagent blanks and tissue
test fluorescence readings were always at least twice
the blank readings. Stability of the assay was moni-
tored, by including authentic histamine controls
with each batch. There were no long-term changes in
histamine recovery over the period during which
experiments were performed. Excitation and emis-
sion spectra of the final tissue extracts reacted with
o-phthalaldehyde, were identical with those pro-
duced by authentic histamine, confirming that the
compound measured in duodenal tissue was

histamine.

Results

Histamine concentrations in duodenal tissue (nmol/g
of tissue) from five children with coeliac disease on
a gluten-free diet and after gluten challenge and from
eight control children are shown in the Table.
Results were compared statistically using the
Wilcoxon-White ranking test. Wet weight of
duodenal tissue in the controls (mg) was not signifi-
cantly different from the prechallenge or post-
challenge wet weights in patients with coeliac
disease (p > 0-05). Tissue concentrations of hista-
mine in the prechallenge biopsies were not signifi-
cantly different from the controls (p > 0-05). Post-
challenge histamine concentrations in each patient

Tissue concentrations of histamine

Patients Age (yr, months) Tissue weight (mg) Histamine/tissue weight
(nmol/g)

Controls n = 8
Mean 2 yr 10 months 13*5 92 1
SD I yr 11 months 9-2 37-8
Range 11 months-5 yr 9 months 3 5-31-2 45-0-136-9

Gluten challenge n 5 Pre-chall Post-chall Pre-chall Post-chall
Mean 6 yr 9 months 7-8 8-9 116-2 197-1
SD 9 months 2-8 4-0 63-0 69-7
Range 5 yr 10 months-7 yr 6 months J--I I -9 44-14-7 28-8-182 117-303-6
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were greater than prechallenge values and mean
histamine concentrations in the postchallenge
patients were significantly greater than both the
controls (p < 005) and the prechallenge values
(p < 005).

Discussion

The finding of increased histamine concentrations in
peroral biopsy specimens of the duodenal mucosa
from patients with coeliac disease after gluten
challenge, may be due to increased synthesis and
release of histamine into the tissues or to impaired
histamine catabolism. Histamine is synthesised by
the enzyme L-histidine decarboxylase from the
amino acid L-histidine and both synthesis and
storage usually occur in tissue mast cells. Histamine
can also by synthesised by decarboxylase-containing
bacteria in the small intestine and increased bacterial
activity with increased mucosal uptake of histamine
could also explain our findings. Bacteriological
studies on the upper small intestinal microflora of
children with coeliac disease have not however
differed significantly from those of normal children.5
Small intestinal mucosal damage after gluten chal-
lenge may also reduce the level of activity of two
enzymes that catabolise histamine, diamine oxidase
and histamine-N-methyl transferase, and also cause
increased duodenal tissue concentrations of
histamine.

Histamine is released from mast cells in response to
both immunological (IgE-antigen-mediated immune
reactions) and non-immunological (trauma, toxins)
stimuli. A reduction in the number of mast cells has
been reported in the small intestinal mucosa of
patients with coeliac disease after gluten challenge,
accompanied by an increase in IgE-containing
plasma cells and eosinophils.23 The reduction in
mast cells suggests that degranulation has occurred
leading to histamine release into the tissues. Raised
duodenal tissue concentrations of histamine may be a

non-specific response of the small intestinal mucosa
in susceptible individuals to many toxic dietary
factors including dietary gluten and an association
with villous flattening in other gastrointestinal
disorders has not yet been demonstrated. Small
doses of histamine (01 mg/kg) injected into the rat
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peritoneum have been shown to stimulate the pro-
liferationof epithelial cells in thecrypts of Lieberkuhn
of the jejunum by acting on H2-receptors,6 and
crypt cell proliferation also occurs in the duodenal
mucosa of adults with coeliac disease.7 Altered cell
kinetics in the rat jejunum in response to histamine
may be a species-related phenomenon and inappro-
priate to man, but the finding of raised duodenal
tissue concentrations of both histamine and 5-
hydroxytryptamine8 in patients with coeliac disease
after gluten challenge, suggests that these amines
may be involved in the pathogenesis of the mucosal
lesion in this disorder.

We are grateful to Mr JP Edwards for his technical
assistance and to the Research Committee of the
South Western Regional Hospital Board for their
financial support.
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