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disease
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sumMiARY Diamine oxidase plasma concentrations after treatment with heparin were measured and
compared with the surface to volume ratio of jejunal biopsy samples assessed by a morphometric
technique in patients with untreated and treated coeliac disease and in biopsied controls. As expected,
enzyme activity was significantly lower in patients with untreated coeliac disease than in patients on a

gluten-free diet and in biopsied controls. No difference was found betwen treated patients and
biopsied controls. There was a significant overall correlation between plasma enzyme activity and
surface to volume ratio of jejunal mucosa, although two untreated patients without an overt
malabsorption syndrome but with a very low surface to volume ratio had nonnal enzyme activity.

This study shows that in coeliac disease plasma diamine oxidase activity after treatment with
heparin does not always mirror the extent of the jejunal lesions, particularly in those patients with
minimal or unrelated symptoms who would benefit most from a valid screening test to identify their
condition.

Diamine oxidase is an enzyme active in the mature
upper villous cells of small bowel mucosa' and found
in minute quantities in all other tissues,2 except the
placenta.3 After treatment with heparin diamine
oxidase is released into the plasma from the intestine,4
and it was thought that measurement of diamine
oxidase plasma activity after treatment with heparin
could be a peripheral marker of the maturity and
integrity of the small intestine epithelium. In effect, it
has been shown that this measurement is a sensitive
test for estimating the length of acute intestinal
mucosal injury in rats'; and decreased plasma concen-
trations after heparin treatment have been found in
patients with untreated coeliac disease,6 7a condition
characterised by atrophy ofthe intestinal villi and thus
by a loss of mature enterocyte mass.

In this study we attempted to verify whether plasma
concentrations ofdiamine oxidase after heparin treat-
ment can accurately predict the degree of jejunal
damage in coeliac disease assessed by morphometry.8
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Material and methods

In 26 adult patients with coeliac disease the diagnosis
was based on a jejunal biopsy specimen showing the
histological features of villous atrophy and
improvement after at least six months of a gluten-free
diet. Fourteen patients were on a gluten diet
(untreated) and 12 on a gluten-free diet (treated) at the
time ofthe study. Seven biopsied subjects, with normal
jejunal mucosa, also took part in this study as controls.
Informed consent was obtained from each patient and
the investigation was approved by the local ethical
committee.

MEASUREMENT OF PLASMA ACTIVITY AFTER
HEPARIN TREATMENT
On the basis of a previous study of ours' diamine
oxidase plasma activity was measured 10 minutes after
intravenous administration of heparin 150 units/kg.
For biochemical assay the method of Okuyama and
Kobayashi was used,9 as modified by Kusche et al,'
which measures the ['4C]-A,-pyrroline formation from
['4C] putrescine. The assay mixture contained, in a final
volume of 0-75 ml, 150 umol of sodium potassium
phosphate buffer, pH 7-6, 0-2 ml of plasma, and
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750 nmol of [1,4-'4C] putrescine (New England
Nuclear Co, Boston, Massachusetts, USA; specific
activity 104-6 mCi/mmol) diluted with unlabelled
putrescine (15 mM) Sigma Chemical Co, St Louis,
Missouri, USA) as substrate. After incubation for two
hours at 37°C, 0-2 ml of 70% perchloric acid, 1 ml of
strong alkaline buffer (pH 12-2), and 10 ml of a
toluene based scintillation mixture (1 litre of toluene
containing 3 5 g of 2,5-dipheniloxazole) were added.
This mixture served to extract the labelled reaction
products, ['4C]-_,A-pyrroline, and its spontaneously
formed polymers. After shaking, the tubes were cooled
at - 20°C. When the water phase was frozen the
toluene phase was transferred to counting phials.
Radioactivity was measured by a Packard Tri-Carb C
2425 liquid scintillation spectrometer. For each deter-
mination two test proofs and two corresponding
enzyme blanks were carried out. Plasma activity was

expressed as units per millilitre, where 1 unit equals
1 nmol of putrescine deaminated per hour at 37°C.
On the basis of our previous results,7 3-2 units/ml

were regarded as the lower limit of the control range.

MORPHOMETRIC ASSESSMENT OF JEJUNAL BIOPSY

SPECIMENS
All 33 jejunal biopsy specimens were considered
suitable for study according to the criteria of Perera et

al." All the specimens were taken from the region of
the ligament of Treitz using the multipurpose tube'2 as

part of a routine diagnostic procedure. This tube
allows four samples to be taken simultaneously. A
preliminary examination by dissecting microscopy
showed that there were no appreciable variations in
mucosal changes between the four samples taken from
any single patient. The biopsy specimens were fixed in
buffered formalin, processed by standard methods,
and after paraffin wax embedding, cut at 4 jm

thickness and stained with haematoxylin and eosin.
Morphometric measurement of the slides was perfor-
med blind according to the method of Dunnill and
Whitehead'3 using a Weibel graticule (Graticules Ltd,
Tunbridge Wells, Kent, England) inserted in the
microscope eyepiece.8 A record was made of the
number of times the lines cut the mucosal surface (c)
and the number of hits (h)-that is, end points of the
lines falling on the tissue section between the covering
epithelium and the muscularis mucosae. At a constant
magnification (x 125) the length (1) of each line of the
graticule was I-7 x 10-2 cm. The ratio ofc/lh was then
calculated and regarded as a measure ofsurface area to
volume ratio (S/V).
On the basis of our previous results,'4 15-6 was

regarded as the upper limit of the atrophic range.

The results were analysed by the non-parametric
Wilcoxon rank sum test for unpaired data and by
Spearman's rank correlation coefficient.

Results

The table shows the results from the 33 subjects
studied. Plasma values after heparin treatment were
significantly lower in untreated patients than in
patients on a gluten-free diet (p < 0001) and biopsied
controls (p < 0 005). No significant difference was
found between treated patients and biopsied controls.
At the heparin doses used, no episodes of bleeding
were recorded in any of the subjects studied.
With regard to the morphometric analysis ofjejunal

biopsy specimens, S/V was significantly lower in
untreated patients than in patients on a gluten-free diet
(p < 0-001) and biopsied controls (p < 0-001). In
patients on a gluten-free diet S/V was significantly
lower than in biopsied controls (p < 0-005). There was
no overlap between untreated and treated patients
with coeliac disease.
Plasma values after heparin treatment showed a

significant positive correlation with S/V (figure). Two

Table Diamine oxidase plasma activity and surface area to
volume ratio (SI V) ofjejunal biopsy specimensfrom three
groups ofpatients studied

Plasma activity
(U/ml) S/V

Untreatedpatients:
I 1-0 11-8
2 22 13-4
3 0.1 29
4 0-6 8-4
5 0 156
6 9-6 15-3
7 0 17-8
8 0 8-8
9 3.9 4.9
10 0 6-4
1 1 2-6 24-0
12 2-3 5 4
13 0 8-8
14 0 9 10-5
Mean and range 1-7; 09-6 10-9; 29-24-0
Treatedpatients:

1 50 699
2 5-2 304
3 3.5 43.5
4 7-4 424
5 3-6 31-7
6 7-2 85 2
7 5-8 41-1
8 36 568
9 5-6 55-7
10 40 34-2
1 1 4-9 53-8
12 135 72-6
Mean and range 5-8; 35-13-5 51-4; 304-85 2
Biopsied controls:

1 5 4 87-9
2 7-2 106-5
3 12-1 76.5
4 4-0 85 2
5 3-8 71.4
6 6-6 139-0
7 3-8 92-0
Mean and range 6-1; 3-8-12-1 94-1; 714-139-0
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plasma values after heparin treatment and the extent
0 ofjejunal lesions had never been ascertained.

The results of this study confirm that in untreated
i2- coeliac disease plasma diamine oxidase activity is

reduced after heparin treatment, while after a gluten-
free diet it does not differ from that in subjects whose

9 intestinal mucosa was normal at morphometric assess-
ment. In the quantitative assessment ofjejunal biopsy

0 £ specimens we used a morphometric technique which
6 0 had previously proved highly reliable,'4 and which in6- 0 0 0 this study confirmed that there was a significanto ° °

difference in the extent of jejunal lesions among the
* 0| 0 three groups studied We found a significant correla-

3- --- tion between plasma diamine oxidase activities after

heparin treatment and S/V, confirming that this
fl enzyme is a non-invasive marker ofjejunal damage (or

Om integrity). Two untreated patients with low plasma
30 6o so0 io I values had an S/V above but very close to the upper

S/V limit ofthe atrophic range and this indicates either that
e Diamine oxidase plasma activities after heparin there were more severe lesions in other sites of thesent plotted against surface to volume ratio (SI V) in the upper small intestine not explored by the biopsies,20 or
groups of patients studied (0 untreated patients, ° that the test makes it possible to identify even minor
d patients, A biopsied controls). Dotted lines indicate lesions of the intestinal if they extensive
wer limit ofthe control rangefor plasma activities and the enough. In another two untreated patients with an S/Vlimit of the atrophic range for S/V. in the atrophic range, however, plasma values after
ated patients with an S/V in the atrophic range, heparin treatment fell within the normal range.
ver, had plasma values in the normal range, while Neither of these patients presented with clinical symp-
/V in another two untreated patients with low toms of overt malabsorption and both had a normal
ia values was not in the atrophic range. In four xylose test.
)f 14 untreated patients, therefore, there were Coeliac disease is underdiagnosed,2' largely because
-pancies between the two variables studied. many patients present with minimal, transient, or

unrelated symptoms.22 It is obvious that a valid
ssion screening test should help to identify all those patients

who are less easily suspected of having the disease on
Ls enterectomy counteracts the rise in circulating clinical grounds, but our results show that the test does
ine oxidase activity after treatment with not seem to have this property. In fact, although we
in,'5 and in man a linear relation between showed a significant overall correlation between
inal mucosal diamine oxidase and plasma plasma values after heparin treatment and the extent
ties after heparin treatment has been shown,'6 of intestinal lesions, this association is not always
rming that the small intestine is the major source present, especially in those with "trivial" presenting
tsma diamine oxidase. symptoms. Plasma values after heparin treatment,
estinal diamine oxidase activity is synthesised by rather than the extent ofjejunal lesions at a particular
lifferentiated and non-replicating enterocytes in level, the region of the ligament of Treitz in our study,
villous tip region." Because such cells are probably mirror the severity and extent of the lesions
lture and reduced in number in coeliac disease,'8 along the entire small bowel.2 Studies in animals have
arement after heparin treatment has mainly been shown that diamine oxidase activity in the small bowel
as a peripheral index of small bowel mucosal is three times greater in the ileum than in the jejunum.23
(and recovery in this condition. Previous studies Thus in those cases of coeliac disease with proximal
in fact, shown that plasma activity after heparin and limited lesions which result in more subtle and
nent is significantly decreased in untreated variable clinical expression,24 such as we found in two
Lc disease6" and reverts to normal after gluten is cases, the discrepancy between plasma diamine
ved from the diet.7'9 On the basis of these oxidase activity after heparin treatment and jejunal
gs, the test was proposed to screen patients morphometry was not an unexpected finding. Int

to undergo intestinal biopsy and to follow up patients with mucosal atrophy of the small bowel a
rsponse of patients with coeliac disease to a significant inverse correlation between plasma values
i-free diet, even though a correlation between after heparin treatment and faecal fat excretion was

.40- E
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shown,6 which contrasts with our results because it
implies that the test can show even barely perceptible
small bowel dysfunction. Unlike our study, however,
D'Agostino et al referred in their study to patients with
an overt malabsorption syndrome, most ofwhom had
severe steatorrhoea, and did not include patients with
mucosal damage and normal absorption.6

In treated coeliac disease, higher activities of
diamine oxidase after heparin treatment mirror higher
values of S/V and this confirms that the test indirectly
assesses the recovery ofjejunal mucosa after a period
on a gluten-free diet.

In conclusion, this study showed a significant
overall correlation between plasma diamine oxidase
activities after heparin treatment and the degree of
jejunal damage assessed by morphometry in coeliac
disease. In spite of this, plasma activity after heparin
treatment does not always mirror the extent ofjejunal
lesions, particularly in those untreated patients who
are less easily suspected of having the disease due to
the absence of classic malabsorption symptoms.
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