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Abnormal permeability precedes the development of
a gluten sensitive enteropathy in Irish setter dogs

Abstract
Intestinal permeability to 15Cr-EDTA was
examined during the development of gluten
sensitive enteropathy in dogs bred from
affected Irish setters and reared on a normal
wheat containing diet. Comparisons were
made with litter mates reared on a gluten free
diet and with a control group of age matched,
clinically healthy Irish setters reared on the
normal diet. Studies at 4, 6, 8, and 12 months of
age were correlated with morphometric and
biochemical examinations of peroral jejunal
biopsy specimens. Permeability was increased
at all ages in the group fed gluten free diet
compared with control dogs, although there
were no differences in villus height, intraepithelial lymphocyte density, and alkaline
phosphatase activity. At four months, permeability in the normal diet group was greater
than in controls, although comparable with
that in the gluten free diet group. Permeability
in the normal diet group increased further in
conjunction with the development of partial
villus atrophy and reduced alkaline phosphatase activity, and by 12 months permeability
was significantly greater than in their gluten
free diet litter mates and the control dogs. The
findings suggest that an underlying permeability abnormality may be involved in the
pathogenesis of gluten sensitive enteropathy in
Irish setter dogs.
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Increased intestinal permeability, shown in
patients with untreated coeliac disease by many
workers using 11Cr-EDTA'4 or non-digestible
sugars" as permeability probes, may be important as a marker ofintestinal damage. In addition,
it has been suggested that an underlying defect in
permeability could play a primary role in the
pathogenesis of coeliac disease.8 According to
this hypothesis, a primary increase in mucosal
permeability allows ingested gluten, or peptides
derived from gluten digestion, to cross the
intestinal epithelium, resulting in mucosal
damage either by direct toxicity or by immune
mediated mechanisms.'3
Support for this hypothesis has been provided
by evidence of increased intestinal permeability
to 5'Cr-EDTA not only in patients with untreated
coeliac disease but also in patients successfully in
remission on a gluten free diet.'214 However,
considerable overlap or no significant difference
between the permeability to 5'Cr-EDTA in
treated coeliac patients and control subjects has
been found by others.35 15 6 Studies using alternative permeability probes have shown increased
permeability in some patients investigated for
intestinal disease but with apparently normal
jejunal histology," 12 although careful morpho-

metric analysis has detected subtle histological
changes in these cases.9'7 No primary abnormality in coeliac disease has been shown using
sugar permeability probes in patients successfully
treated with a gluten free diet.'8 19 In one study,
permeability decreased significantly after the
introduction of a gluten free diet, although it
remained greater than controls in five of 13
patients; however, this was correlated with the
persistence of morphological abnormalities and
apparent incomplete response to dietary
therapy.20
Attempts to identify a primary permeability
abnormality in treated coeliac disease patients
may thus be frustrated by the difficulty of
excluding inadvertent gluten ingestion and any
potential long term effects of severe mucosal
damage. An alternative approach to the inherent
problems of investigating permeability in treated
patients has been the examination of unaffected
first degree relatives of patients with coeliac
disease, but no increase in permeability to
1'Cr-EDTA was shown despite increased intraepithelial lymphocyte populations in a percentage
of the relatives.2'
Examination of a suitable animal model might
elucidate potential relations between enhanced
intestinal permeability and mucosal damage by
gluten. Recent studies have characterised a
naturally occurring gluten sensitive enteropathy
in Irish setter dogs.22 23 Affected Irish setters fed a
diet containing wheat show inappetance, poor
weight gain or loss of weight, and chronic
intermittent diarrhoea: these clinical signs
improve after introduction of a cereal free diet.23
Jejunal changes include partial villus atrophy,
accompanied by an increase in the relative
number of intraepithelial lymphocytes,22 24 and a
specific but secondary loss of brush border
alkaline phosphatase on a normal diet containing
wheat.25 These histological and biochemical
abnormalities improve on feeding a wheat free
diet and relapse on subsequent wheat
challenge.23 Further studies have clearly shown
that these abnormalities are related to the
presence of gluten in the diet.26 Investigation of
this naturally occurring animal model should
therefore provide insight into the mechanism of
damage to the intestinal mucosa by gluten.
The 1'Cr-EDTA absorption test has been
validated for the determination of intestinal
permeability in the dog.27 In the present study,
permeability to 11Cr-EDTA was examined in
dogs bred from affected Irish setters and reared
on a normal wheat containing diet, in litter mates
reared on a cereal free diet, and in age matched
normal Irish setters fed the wheat containing
diet. Comparisons between these groups
provide an opportunity to determine whether
any changes in intestinal permeability are merely
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the result of mucosal damage by gluten or
represent primary abnormalities which precede
the development of the disease.

GROUPS OF ANIMALS

Thirteen Irish setter dogs, bred from Irish
setters with documented gluten sensitive
enteropathy, were studied. Details of these dogs
have been reported previously.24 The progeny
were allotted to two groups at 5-6 weeks of age,
housed separately, and weaned. One group of six
dogs was reared exclusively on a gluten free diet
of rabbit and turkey meat (Mr Dog, Pedigree
Petfoods). The other group of seven dogs was
reared on a normal diet consisting of rabbit and
turkey meat (Mr Dog) with cereals containing
wheat (Pedigree Chum Mixer, Pedigree Petfoods). Age matched controls were seven
clinically healthy Irish setters, bred from unaffected parents, and fed the same diet of meat
and cereal as the normal diet group. Investigations were performed at approximately 4, 6, 8,
and 12 months of age, as detailed previously.24

STATISTICS

After testing for homogeneity of variance by
Levene's test, comparisons of results from the
three groups at each age were performed by
analysis of variance and Newman-Keuls test.
Differences with ap value <0 05 were considered
MORPHOLOGIC STUDIES
Jejunal biopsy specimens were obtained to be significant.
perorally from a site approximately 10 cm distal
to the duodenal-jejunal flexure using a Quinton Results
multiple suction biopsy capsule,23 after food had Offspring of affected dogs fed the normal diet
been withheld for approximately 18 hours. The containing wheat showed clinical signs of poor
tissues were fixed in 10% (w/v) formalin, and appetite and chronic intermittent diarrhoea
after conventional processing, 5 [im paraffin typical of gluten sensitive enteropathy,22 whereas
embedded sections were cut and stained with littermates fed a gluten free diet and controls
haematoxylin and eosin. The height of five were
clinically healthy.
sequential, well-orientated villi in coded sections
were measured by use of a calibrated eyepiece
graticule. Intraepithelial lymphocytes (numbers MORPHOLOGIC STUDIES
per 100 enterocytes) were counted in the mid- Results of the morphometric analysis of the
sections of biopsy specimens have been presented
zone regions of these villi.
BIOCHEMICAL STUDIES

Portions of jejunal biopsy specimens were
homogenised in sucrose medium (0 3 mol/l
sucrose, 1 mmol/l Na2EDTA, 22 mmol/l ethanol,
pH 7 *4), and postnuclear supernatant and nuclear
fractions were prepared. Jejunal organelle
marker enzyme activities, including alkaline
phosphatase, were assayed in the fractions. Subcellular fractionation was performed and the
results for alkaline phosphatase and other
organelle marker enzymes have been presented
elsewhere.25 Protein was determined according to
Schacterle and Pollack2' using bovine serum
albumin (Armour Pharmaceutical Co) as
standard.
PERMEABILITY TO 5'CR-EDTA

Permeability to 51Cr-EDTA was assessed in each
dog one to two weeks before jejunal biopsy, using
the procedure reported previously.27 The test
solution contained 50 ,tCi (135 MBq) of
11Cr-EDTA (specific activity 1 to 2 mCi/mgCr,
Amersham International) in 50 ml of distilled
water; a 5 ml aliquot was retained as a counting
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Methods

standard. After food had been withheld from the
dogs for 15 hours, 45 ml of the 5'Cr-EDTA
solution was given intragastrically by a stomach
tube, which was then flushed with 55 ml of water.
Each dog was then placed in a metabolism cage for
24 hours; water was available ad libitum and food
was given after six hours. At the end of 24 hours,
the bladder was catheterised and the urine was
pooled with any urine collected in the cage, and
the total volume recorded. No dog passed faeces
during the 24 hour period in the metabolism cage.
The percentage urinary recovery of the
administered dose of 5'Cr-EDTA was calculated
by counting the radioactivity in five 2.5 ml
aliquots of urine samples and 1:100 dilutions of
the standards in a LKB-Wallac 1270 Rackgamma
counter. Each sample was counted for five
minutes; the coefficient of variation was between
1.2 and 6-0% depending on the level of radioactivity. Sensitivity was 0.03% of the administered dose per litre of urine.

t.~~~~
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Percentage 24 hour urinary excretion of ingested "Cr-EDTA
from offspring of affected Irish setters and from control setters
(C; closed square) after intragastric administration of 50 [tCi
of3"Cr-EDTA. Offspring of affected dogs were fed either a
nonnal wheat containing diet (ND; closed circle) and
eventually showed intestinal damage, or were fed a gluten free
diet (GFD; open circle) and showed no intestinal damage.
Data are expressed as mean (SEM). Significance of statistical
comparisons: **=p<0.01 v C; t=p<0-05; tt=p<001
vGFD.
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Examination ofjejunal biopsy specimens from affected dogs on a normal diet (ND) or a gluten
free diet (GFD), andfrom control dogs (C). Values are mean (SEM)
Group

Intraepithelial
Lymphocytes
(Per 100 enterocytes)
Alkaline phosphatase
(mU/mg protein)

C
GFD
ND
C
GFD
ND
C
GFD
ND

6 mths

8 mths

12 mths

928 (41)
995 (16)
890 (33)
8-8(1.0)
9-4(0.8)
19-2 (1.8)*t
177 (12)
174 (44)
148(24)

1034 (16)
997 (36)
856 (28)*t
9-6(0.8)
8-2(1-5)
16-7 (12)*t
193 (20)
171 (12)
126(15)*

967 (35)
1032 (36)
811 (39)*:
9-8(1.0)
7-6(1-2)
18-5 (1-0)*t
253 (21)
240 (26)
181(18)*

1064 (34)
996 (29)
739 (19)*t
10-6(0.5)
9.4(0.8)
19-6 (0.5)*t
221 (17)
188 (18)

90(11)*t

Significance of statistical comparisons: *=p<0.01 v C; t=p<0-05; t=p<001 v GFD.

elsewhere24 and are summarised in the Table.
Villus height in the normal diet group was
unaffected at 4 months but was significantly
decreased from 6 months onward, compared with
both the controls and the progeny of affected dogs
fed a gluten free diet. An increase in the number of
intraepithelial lymphocytes was a consistent
feature in the normal diet group at all ages,
whereas there were no differences comparing
progeny of affected dogs reared on a gluten free
diet with controls.
BIOCHEMICAL STUDIES

Full results of the biochemical analyses of the
biopsy specimens have been presented elsewhere25; results of alkaline phosphatase activity
are shown in the Table. In the affected progeny
fed a normal diet, specific activities of alkaline
phosphatase were unaffected at 4 months, but
were significantly lower than controls by 6
months, and had fallen noticeably by 12 months
to values significantly different not only from
controls but also from litter mates fed a gluten
free diet.
PERMEABILITY TO 51CR-EDTA

The percentage 24 hour urinary excretion of
51Cr-EDTA in both normal and gluten free diet
groups of affected progeny was significantly
greater than in controls at all times (Figure). At 4
months excretion in the normal diet group was
comparable with the gluten free diet group, but
increased by 8 months to become significantly
greater compared not only with the controls but
also with their litter mates on a gluten free diet.
Discussion
It has been shown that intestinal permeability to
5'Cr-EDTA is increased in approximately 80% of
coeliac disease patients successfully treated with
a gluten free diet. 2 Such a persistent increase in
intestinal permeability in treated patients lends
support to the hypothesis that deranged permeability could be a primary defect involved in the
aetiopathogenesis of the condition.8"' Persistent
ultrastructural lesions have been described in
biopsy specimens from children with coeliac
disease in remission on a gluten free diet, despite
normal dissecting and light microscopy findings,29 and these might be relevant to a permeability defect.
Despite the finding of apparently normal

jejunal mucosa in treated coeliac patients with
increased permeability to 5'Cr-EDTA, however,
suspicion may remain as to the complete absence
of gluten from the diet,' and the patients'
compliance to a strictly gluten free diet with
abstinence from substances known to increase
permeability to `Cr-EDTA, such as alcohol and
non-steroidal anti-inflammatory drugs.30 Other
studies of treated coeliac disease patients, using
5'Cr-EDTA35 1516 or other probes'8"20 to measure
intestinal permeability, have not provided any
clear evidence of a primary permeability
abnormality. These conflicting results may be
explained by the different sensitivities of the
tests and the failure to include appropriate
controls,30 variations in control values between
different populations,3' and the different
osmolarities of the test solutions used.32
Identification of a primary permeability
abnormality in patients with coeliac disease may
be impossible because of the difficulties of interpretation arising from the severe disruption of
mucosal integrity that occurs, causing nonspecific secondary increase in permeability.
Examination of treated coeliac disease patients is
complicated by the difficulties of complete
gluten exclusion and the potential long term
effects on mucosa after apparent recovery. Thus,
measurement of intestinal permeability in a
suitable animal model ofgluten sensitivity would
provide an opportunity to determine whether a
primary permeability defect may be relevant to
the mechanism of gluten toxicity. The study of
Irish setter dogs with naturally occurring gluten
sensitive enteropathy permits examination of
whether a primary permeability abnormality
could be involved in the mechanism of mucosal
damage by gluten.
Sequential examination of biopsy specimens
in the present study showed the characteristic
changes - partial villus atrophy, intraepithelial
lymphocyte infiltration, and reduced alkaline
phosphatase activity - of gluten sensitive
enteropathy22-25 in affected dogs reared on a
normal wheat containing diet. The reduction in
villus height and alkaline phosphatase activity in
affected dogs in response to dietary wheat was
evident by 6 months of age and was progressive,
with noticeable reductions by 12 months of age.
As expected, affected progeny that were fed a
diet containing wheat had morphological and
biochemical evidence of intestinal damage, and
indeed had the greatest permeability to 5'CrEDTA. Permeability was also increased at 4
months of age, however, compared with controls, before the development of mucosal
damage.
In the absence of dietary wheat, villus height,
intraepithelial lymphocyte density, and alkaline
phosphatase activity in progeny of affected dogs
were no different from the control dogs. Yet
significantly, these progeny on a gluten free diet
also exhibited increased permeability when compared with controls, despite the absence of
morphological or biochemical evidence of intestinal damage; these dogs did excrete less 5'CrEDTA than the normal diet group, but this
would be expected in the absence of gross
mucosal damage.
The pathway across the mucosa taken by 5'Cr-
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ability in rats without producing any histological
abnormalities.4' Thus, the permeability abnormality may not be a primary defect but secondary to the presence of another dietary
component that increases permeability and
thereby permits access of gluten to the mucosa.
Elemental diets have been shown to reduce
intestinal permeability in Crohn's disease,42
where permeability to macromolecules may be
involved in the pathogenesis ofthe condition. 13 It
would be interesting to measure the intestinal
permeability of these dogs while they are maintained on an elemental diet in order to eliminate
the effects of any potential dietary sensitivity.
In conclusion, increased permeability to 5CrEDTA was found in progeny of affected Irish
setters fed a gluten free diet, although there was
no morphological or biochemical evidence of
intestinal damage. Increased permeability was
also found preceding the development of gluten
sensitive enteropathy in affected dogs reared on a
diet containing wheat. These findings suggest
that an underlying permeability abnormality
may be important in the pathogenesis of gluten
sensitive enteropathy in Irish setters. Further
increases in permeability reflected the development of overt intestinal damage secondary to the
ingestion of gluten. Any correlation between
increased 5'Cr-EDTA permeation and permeability to gluten or gluten derived peptides in
affected Irish setters remains to be determined.
Supported by the Wellcome Trust. Presented in abstract form at
the British Society of Gastroenterology Meeting, Warwick, March
1990.
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EDTA is believed to be paracellular, and permeation to 5Cr-EDTA in experimental models
has been shown to correlate with permeation to
oligopeptides33 and macromolecules,34 and the
formation of circulating immune complexes in
vivo.35 The mucosa in coeliac disease has been
shown to have increased permeability to dietary
antigens,36 and the size of "Cr-EDTA (mol wt
340) is within an order of magnitude of the
smallest gliadin peptides (mol wt 500-1000),
produced by enzymatic digestion, that have been
shown to be toxic in coeliac disease.37 38 Access of
gluten or gluten derived peptides across the
intestinal epithelium could initiate a pathological
process, either by direct toxicity or by activating
immune cascade mechanisms.
The increase in intraepithelial lymphocyte
density seen in the normal diet group was an
early response to the presence of gluten in the
diet, and could represent an immune response to
entry of gluten or gluten derived peptides across
the epithelial barrier. It remains to be determined whether such an intraepithelial lymphocyte infiltration is merely a secondary response to
an abnormally permeable mucosa, or represents
a primary immunological abnormality. The
further increase in permeability, presumably
secondary to the intestinal damage present in the
normal diet group fed wheat, would perhaps
permit greater access of potential antigens into
the lamina propria thereby exacerbating the
damage.
In mature control Irish setters the 24 hour
urinary excretion of "Cr-EDTA after peroral
administration is approximately 10%, and much
greater than that reported for man30; the significance of this is discussed elsewhere.27 Despite
this high natural intestinal permeability in
canines compared with other species, increased
permeability apparently exists in affected Irish
setters compared with control Irish setters,
although it may be speculated that the apparent
increase in permeability in the gluten free diet
group, despite the lack of evidence of intestinal
damage, was caused by extraneous factors.
Mucosal integrity can be damaged by EDTA39
and its presence in the test solution, to stabilise
5Cr-EDTA, could theoretically damage the
mucosal barrier of affected progeny more than
controls. The concentration of EDTA reported
to produce changes in permeability, however, is
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solution. Another possible factor is the diet of the
gluten free diet group, which is an all meat
product and could increase intestinal transit
time.'I However, the total transit time in all these
dogs was greater than 24 hours, and so an effect
on the permeation of 5Cr-EDTA would only be
seen if the permeability of small intestinal and
colonic mucosa were different. Furthermore,
dogs in the normal diet group were fed the same
diet as the controls, and yet before they
developed intestinal damage they had increased
permeability compared with the controls.
The diet fed to the gluten free diet dogs was
strictly gluten free, but could contain some other
component to which these dogs are also
sensitive. Carrageenan, for example, is present
in some proprietary dog foods and has been
shown to cause an increased intestinal perme-
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