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Sieving characteristics of inflamed rectal mucosa
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SUMMARY The sieving characteristics of the normal and inflamed rectal mucosa are studied in

three healthy volunteers and five patients with ulcerative colitis. Following rectal instillation of
126I-polyvinylpyrrolidone (PVP), the molecular size distribution of labelled PVP in urine samples
was determined by Sephadex gel filtration. The results of the study suggest that the increased
permeability of the inflamed rectal mucosa to electrolytes and small hydrophilic compounds is due
primarily to ultrastructural changes since only the low molecular fractions ofPVP were found in the
urine.

Since the recent measurements of rectal absorption
(Rask-Madsen, Hammersgaard, and Knudsen, 1973),
as well as studies of its bioelectrical properties
(Edmonds, 1970; Rask-Madsen, 1973), have sug-
gested that the permeability of mucosa is signifi-
cantly increased in ulcerative colitis, it would seem
of some interest to prove whether the leak is due
to ultra-visible defects or gross lesions in the
epithelium lining the rectal wall. The hypothesis
that small hydrophilic solutes diffuse through
aqueous-filled pores even in the normal epithelial
membranes of the gut has been tested in the human
small intestine (Fordtran, Rector, Ewton, Soter,
and Kinney, 1965). The results showed that the
mucosa actually behaved as ifpenetrated by aqueous-
filled channels, since the molecules were absorbed
depending on their molecular size. It has also been
stated that 'the colon is less permeable than the
small intestine' (Goldschmidt and Dayton, 1919;
Curran and Schwartz, 1960), and from a study of
urea diffusion Billich and Levitan (1969) concluded
that the 'effective' pore radius of the normal colonic
mucosa had to be smaller than the molecular
radius of urea (2.3 A), its reflection coefficient
being equal to 1. So polyvinylpyrrolidone (PVP)
with a wide range of molecular sizes (average
molecular weight 33000, range 8000-85000) was
considered suitable for the investigation of the
sieving characteristics of the inflamed mucosa.

Materials and Method

The study comprised three healthy volunteers and
five patients suffering from ulcerative colitis local-
ized to the rectum, and belonging to grade H-III
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according to the classification ofBaron, Connell, and
Lennard-Jones (1964). Gel filtration of urine
following rectal instillation of 1251-PVP (Radio-
chemical Centre, Amersham) was applied for the
estimation of molecular weight distribution of
1261.PVP absorbed from the rectum and excreted
by the kidneys during the first five hours. In all
cases 25 ml of a 0.9% NaCl solution containing
approximately 125 ,uCi of 1251-PVP was placed in
the rectum. Emptying of the bowel was attempted
by instilling and evacuating a total of 1000 ml saline
at the end of five hours. 1251-polyvinylpyrrolidone
was always checked for free radioactive iodide as
previously described by Rask-Madsen et al (1973),
nevertheless all patients were given 0.5 g potassium
iodide the day before and the morning before the
investigation for protection of the thyroid. The
spectrum of molecular sizes in five-hour urine
following a single intravenous injection of 1'I-PVP
(15 ,uCi) was examined in three cases. A 3-ml urine
sample containing Blue Dextran 2000 and 25 mg
human serum albumin was applied to the top of a
90 x 1.6 cm column of a mixture of Sephadex
G-200 and G-100 (dry weight ratio 1:2) containing
1 M NaCI and 0.2% sodium azide. Filtration was
performed at 4° C and the flow rate kept at 6 ml/hr;
3-ml fractions of the eluate were collected auto-
matically, and the radioactivity was measured in a
well type scintillation counter (Selektronik A/S,
Copenhagen, Denmark). The protein content was
determined by measuring optical density at 280 m,.

Results

The molecular size distribution of labelled PVP in
the urine samples taken from the controls following
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rectal instillation shows only activity in the low
molecular weight fractions (fig). A supplementary
study demonstrated that the elution volume of these
fractions corresponded well with that of free
radioiodide. The molecular size distribution of
125I-PVP excreted in the urine of controls following
intravenous injection also differed markedly from
that of the test solution, although only those high
molecular weight fractions higher than albumin
were absent in the urine. The results obtained in the
patients with active inflammation of the rectum were
similar to those obtained in controls, the clearances
of high molecular fractions following rectal instil-
lation being insignificantly different from zero (see
fig for typical elution curves).

Discussion

The present study supports the viewthattheincreased
permeability of the inflamed rectal mucosa to both
small charged particles like sodium (Rask-Madsen,
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1973) and potassium (Lockwood, Harris, and Clark,
1971) and hydrophilic compounds like "'Cr-EDTA
and 57Co-vitamin B1,, (Rask-Madsen et al, 1973)
is due primarily to ultrastructural changes rather
than to macroscopic defects of the diseased epi-
thelium. Other possible explanations may be that
the absorption of a compound, which has passed
the damaged epithelial barrier, is limited by intact
capillary walls and/or a decreased blood flow to the
infmed mucosa. Since the method used in the
present study is one of measuring absorption
qualitatively and indirectly by urinary excretion, it
is important to know to what extent I-PVP is
absorbed in the normal state. The fractional ab-
sorption of 1251-PVP following perfusion of the
normal rectum can only account for 0O01 to 0-1%
of the total 12r1 radioactivity introduced into the
rectum (Rask-Madsen et al, 1973), suggesting th4t
the epithelium is practically impermeable to the
material. The minimal absorption which the present
method would detect is of the same order of mag-
nitude.
To correlate the physiological disturbances

outlined above with corresponding morphological
changes is not possible to any extent in the present
stage of our knowledge. Studies of the inflamed
epithelium using electron-dense marker substances
might, however, help to define the relationship
between function and structure of colonic mucosa
in various stages of ulcerative colitis.

This study was supported by grants from the Danish
Medical Research Council, the Novo Foundation,
and the King Christian X Foundation.
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