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Reticuloendothelial function in coeliac disease and
ulcerative colitis
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SUMMARY Patients with ulcerative colitis and coeliac disease who had been shown by impaired
clearance of heat damaged red cells to have diminished splenic phagocytosis, were examined for
evidence of more generalised reticuloendothelial malfunction by measuring their circulatory
clearance of micro-aggregated albumin. Although in animals micro-aggregated albumin is largely
removed by Kupffer cells, we found impaired clearance in otherwise normal subjects who had
previously had surgical splenectomy. In patients with hyposplenism because of bowel disease
there was no additional impairment of micro-aggregated albumin clearance, indicating that their
hyposplenism is an isolated phenomenon and not part of a generalised reticuloendothelial
atrophy. Patients with coeliac disease and normal splenic function had increased reticulo-
endothelial catabolic activity; this was not present in patients with coeliac disease and abnormal
splenic function.

Hyposplenism may be associated with both coeliac
disease' 2 and ulcerative colitis.3 In both conditions
it is probably an effect of the disease as treatment
may result in improvement of splenic function,3 4

although if hyposplenism is severe it does not return
to normal in either condition.
McCarthy et a15 suggested that the hyposplenism

of coeliac disease was part of a generalised reticulo-
endothelial abnormality. The evidence for this was
that hyposplenic coeliacs had more circulating
Howell-Jolly bodies and greater prolongation of
rhesus damaged autologous red cell clearance than a
group of post-splenectomy control subjects. Lymph
nodes removed from hyposplenic coeliacs had less
lymphoid tissue and more fibrosis than control
patients.

Patients whose ulcerative colitis is complicated by
hyposplenism are particularly prone to the develop-
ment of disseminated intravascular coagulation after
proctocolectomy.3 This is probably because of an
increased susceptibility to the endotoxaemia which
frequently accompanies bowel mobilisation.6 Splen-
ectomised mice have no increased susceptibility to
intravenously administered endotoxin ;7 intra-
venously administered isotopically-labelled
endotoxin becomes localised within the Kupffer
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cells with practically none fixed in the spleen.8
Hyposplenism alone is therefore insufficient to
account for the increased susceptibility to endo-
toxaemia seen in the hyposplenic colitic.

It therefore seems possible that in both coeliac
disease and ulcerative colitis, hyposplenism is only
one facet of a more generalised abnormality in
reticuloendothelial function. We set out to test this
hypothesis in patients with ulcerative colitis or with
coeliac disease, some of whom had previously been
shown to be hyposplenic.
The best available test of overall reticuloendo-

thelial function in man is the micro-aggregated
albumin clearance test.9 Micro-aggregated albumin,
usually labelled with 1251, is almost exclusively
removed by Kupffer cells9 and its rate of circulatory
clearance if given in adequate amounts therefore
reflects largely hepatic reticuloendothelial phago-
cytic function. After endocytosis into the macro-
phage, lysozomal enzymes deiodinise the complexl'
and the subsequent release of free isotope into the
circulation, manifest as a late rise in plasma radio-
activity, can be used as an index of reticuloendo-
thelial catabolic function." We have used the
micro-aggregated albumin test to investigate both
phagocytic and catabolic aspects of reticuloendo-
thelial function in coeliac disease and ulcerative
colitis.
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Reticuloendothelial function in coeliac disease and ulcerative colitis

Methods

PATIENTS
Three groups were studied (Table).
1 Two control groups, one consisting of six healthy
volunteers, the other of five individuals who had
undergone surgical splenectomy after trauma.
2 Thirteen patients with adult coeliac disease. At
the time of study all were in clinical and histological
remission on a gluten-free diet and had normal
standard liver function tests.
3 Fourteen individuals with ulcerative colitis.
Though only nine of these had total colonic involve-
ment, all had at some stage been severely ill as a
result of their disease and had required intensive
treatment, including systemic corticosteroids. At the
time of study, however, all were in clinical remission
with normal standard liver function tests. Thirteen
were taking oral sulphasalazine.
The study was approved by the Sheffield Area

Health Authority (Teaching) Southern District
Ethical Committee and each individual gave
informed consent.

In all cases the blood film was examined for the
features of hyposplenism.12 In addition, all the
patients with ulcerative colitis and coeliac disease
underwent a heat damaged red cell clearance
test,3 3 which is a specific and sensitive test of
splenic function, and is independent of Kupffer cell
integrity. 13 All patients classified as hyposplenic
(Fig. 1) had a clearance half time longer than the
upper limit of 17.5 minutes previously found in 10
normal subjects.3 Of the control group, all of the
splenectomised, but none of the normal subjects had
a blood film typical of hyposplenism.3 In our
experience this implies that had a heat damaged red
cell test been performed it would have been
markedly abnormal, with a t' of over 40 minutes.

All subjects underwent a micro-aggregated
albumin clearance test. The labelled micro-
aggregated albumin complex was prepared by a
modification of the method of Iio and Wagner,9

Table Patients studied

Mean age (yr) Ratio
Group studied (no.) and range M:F

Control
Normal (6) 46-8 (28-70) 2:1
Splenectomy (5) 52.8 (21-68) 3:2

Coeliac disease
Normosplenic (9) 44-5 (21-72) 1:2
Hyposplenic (4) 557 (40-78) 1:1

Ulcerative colitis
Normosplenic (7) 42-3 (21-63) 3:4
Hyposplenic (7) 40-3 (13-57) 3:4
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Fig. 1 Splenicfunction in subjects with coeliac disease and
those with ulcerative colitis. TA is the clearance halftime of
heat damaged cells.

using 1251 rather than 131I as the radiation exposure is
smaller and the nature of the emission from 1251 is
less likely to damage the protein during storage. 14 It
does, however, have the disadvantage of being less
suitable for imaging purposes and surface counting
after intravenous administration was therefore not
performed. The final concentration of the labelled
complex was 30 mg/ml and the free iodide concen-
tration 12%. Particle size and uniformity were
determined by electronmicroscopy of aliquots of
micro-aggregated albumin.

In four healthy rabbits blood clearance and organ
uptake of micro-aggregated albumin were similar to
that reported by others.9 15 Human studies were
performed after testing for sterility and pyrogens.
Ten mg/kg body weight was injected rapidly into a
large arm vein and 4 ml samples of blood taken from
the other arm into EDTA anticoagulant at frequent
intervals up to 180 minutes. After centrifugation the
plasma from each sample was divided into a 0.5 ml
and 1 ml aliquot. The 0.5 ml sample was placed into
an automated counter and the gamma emission
counted over 10 minutes. The 1 ml sample was
passed through an amberlite-400 (CI) resin column
in order to remove free iodide. The column was
washed through with 10 ml of saline and the eluate
also counted for 10 minutes, the log1o values of
radioactivity obtained for iodide free plasma were
plotted against time, and the time taken for the
plasma radioactivity to fall from maximum to 50%
of peak value (t-) determined. The ratio total
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plasma radioactivity:iodide free radioactivity of
each sample was then calculated. The value of this
ratio at 180 minutes was used as an index of the
degree of catabolism of the complex by the reticulo-
endothelial system as described by Cohen and
Carbone. l l

Results

Figure 1 presents the results of the splenic function
tests in the patients with coeliac disease and in those
with ulcerative colitis. Two of the hyposplenic
individuals with coeliac disease had circulating
Howell-Jolly bodies and four hyposplenic colitics
had a similar blood film. As we have found in the
past, circulating Howell-Jolly bodies were an
indication of more severe hyposplenism, being
associated with a heat damaged red cell clearance in
the asplenic range (greater than 40 minutes).

Electron microscopy showed that the particles
were uniform in shape and size and had a mean
diameter of 27±0-4 nm (mean ± SD; n=27).
Figure 2 is an example of the circulatory clearance of
micro-aggregated albumin in a control subject and
shows exponential decay of blood radioactivity after
an initial equilibration phase.

Figure 3 shows the ti for micro-aggregated
albumin clearance in the subjects studied. The ti of
the splenectomy group was significantly greater than
that found in normosplenic subjects (control and
bowel disease patients), p<0-01 (Wilcoxon's rank
test). The micro-aggregated albumin tA of hypo-
splenic ulcerative colitis and coeliac disease patients
was in the same range as that found in the
splenectomised subjects, but in none was it greater
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Fig. 3 Results of'251-micro-aggregated albumin
circulatory clearance t4 in all subjects.

than that found in the splenectomy group.
The ratio total plasma radioactivity:iodide-free

radioactivity at 180 minutes (Fig. 4) was significantly
greater in the normosplenic coeliac disease patients
than in any other group (p<005).

Discussion

We have shown that surgical splenectomy is
associated with defective micro-aggregated albumin
clearance. This was surprising as animal experi-
ments had shown negligible uptake of this material
within the spleen.'5 It may be that the human
spleen, unlike that of any other animal, does indeed
phagocytose this material. Perhaps more plausible is
the alternative that the spleen produces a factor
which either by acting as an opsonin or by
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Fig. 2 Circulatory clearance of'251-micro-aggregated
albumin in control subject.
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Fig. 4 Reticuloendothelial catabolic function represented
by the ratio after 180 minutes oftotalplasma counts per ml
to counts after removal offree iodide.
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stimulating the remainder of the reticuloendothelial
system facilitates phagocytosis. It is probable that
the spleen does in fact release opsonins,16 although
the evidence is conflicting.17 It does produce tuftsin,
an octapeptide which stimulates phagocytosis in
both polymorph leucocyte and macrophages18 and
serum tuftsin levels determined by radioimmuno-
assay are low in patients after elective splen-
ectomy.19 That such factors are necessary for normal
Kupffer cell function has been shown by the in vitro
improvement of Kupffer cell function after the
addition of an opsonic alpha-2 surface binding
protein in hypo-opsonaemic patients.20 Further-
more, it has been shown that after splenectomy, the
macrophages in the liver require increased amounts
of antibody to mediate intravascular clearance of
opsonised particles.21

If the hyposplenic patients with coeliac disease or
ulcerative colitis had generalised reticuloendothelial
hypofunction, it would be expected that their
clearance tl of micro-aggregated albumin would be
slower than that of control splenectomised subjects.
This was not the case and there is certainly there-
fore no evidence for any generalised reticuloendo-
thelial phagocytic defect in the hyposplenism
accompanying these conditions.
Although three of the four hyposplenic coeliac

patients had a tA clearance of micro-aggregated
albumin slower than that of the six normal subjects,
it was not slower than that of the splenectomised
controls, so that whatever generalised reticuloendo-
thelial dysfunction these patients do have is likely to
be secondary solely to the loss of splenic tissue.
Failure to find abnormal micro-aggregated albumin
clearance in our intestinal hyposplenic group is
certainly not due to their having only a minor degree
of hyposplenism, as even in the four colitics with
both Howell-Jolly bodies and severely impaired
clearance of heat damaged red cells, mean micro-
aggregated albumin clearance was normal at 65
minutes.
The patients with coeliac disease and normal

splenic function had an increased catabolic activity
for micro-aggregated albumin as shown by the
increased release of 125I (Fig. 4). This enhanced
catabolic function is lost in the hyposplenic group,
and this is the only evidence we have which would
support the suggestion that some aspects of reticulo-
endothelial function apart from splenic function may
be depressed in the hyposplenism of gastrointestinal
disease.
Although this study does not yield the answer to

the cause of hyposplenism in coeliac disease or
ulcerative colitis, it does at least make some
possibilities less likel5y. It is improbable that
McCarthy's suggestion that substances absorbed

through the abnormal mucosa lead to hyposplenism,
as it is difficult to accept that such materials would
preferentially affect the splenic reticuloendothelial
cells leaving the hepatic elements untouched.
Furthermore, the spleen plays only a minor role in
the clearance of these substances. 15 Bullen's
suggestion22 that hyposplenism is because of loss of
monocytes through a diseased mucosa, attractive in
that it might apply to both coeliac disease and
ulcerative colitis, becomes unlikely as both splenic
and hepatic reticuloendotheliocytes are derived
from wandering marrow cells23 (though admittedly
there is a greater capacity for local Kupffer cell
replication). A relationship between immune
complex formation and splenic function has been
shown in rheumatoid arthritis,24 and immune
complexes have been demonstrated in coeliac
disease25 and it may be that the use of receptor
specific particles such as C3G or IgM coated red
cells26 27 may reveal abnormalities of the reticulo-
endothelial system undetected by the non-specific
micro-aggregated albumin clearance test.
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