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Mathematical modelling for determining intestinal
permeability using polyethyleneglycol
Sir,

Harding and Ukabam' have recently commented on

three methods2 that we have used to describe the
intestinal barrier in man to different sized low
molecular weight polyethyleneglycols (PEG 400).7
Unfortunately, they did not describe the PEG 400
absorption test, or more recent studies where the
models2 have been used. In accordance with the
original concept3 PEG 400 is taken in a liquid
meal, and the six hour urinary recovery of PEGs
used as a measure of the resorption by the gut. The
test thus focuses on the gut as a resorptive entity,
and it therefore does not aim at distinguishing the
permeability properties of different parts of the gut.
Before the probe molecules accumulate in the urine,
they have encountered several barriers including the
mucosal membranes of the intestines, as well as cells
lining the lymph vessels and capillary walls. We
therefore investigated the six hour urinary recovery
of PEG 400 after intestinal and intravenous instilla-
tion. In the latter case there was a relative loss of
PEGs molecules smaller than 326 daltons, but a

constant recovery of 326-546 dalton PEGs. In
contrast, there was in general a reduced recovery of
the small as well as of the larger PEGs after a liquid
meal. The loss of the small PEGs is, however,
neither constant among individuals, nor in one
individual under different circumstances. We
recently found that fasting in patients with
rheumatoid arthritis affected both the intestinal
barrier (increased exclusion of larger PEGs) and
non-intestinal barrier (smaller, temporary escape of
small PEGs).' In our 1982 study6 we also
determined variations in the six hour urinary
recovery of PEGs using the same mathematical
procedures as presented previously.2 In view of the
possible loss of small and large PEGs the mean or

median values of the PEG 400 distribution are fairly
insensitive measures of altered intestinal
permeability. Unfortunately the standard deviation
given in Table 1 of reference 2 was about 80 and not
26-27. as pointed out by Drs Harding and Ukabam. '

In addition, concomitant loss of small and large
molecules may even cancel this out and also raises

the argument against using only one, or two probe
molecules; a mono- or disaccharide,7 or a small and
large PEG molecule, as variations in the urinary
recovery may be due to intestinal as well as

non-intestinal factors.

We' also presented a deterministic filter function
suitable for adaption to the measured urinary
recovery of PEGs. The objective of introducing the
filter theory and the computer aided curve fitting
procedure with the aid of Marquardt's algorithm
was many fold; first it gives a simple model of the
intestinal wall as a filter from the urinary point of
view, second it yields a quantitative description of
the recovery profile (as reflects by the values of
H0-H6), and third it distinguishes between intestinal
and non-intestinal filters. Owing to the symmetry
and limited shape of function the number of data
points (about nine) for PEG 400 is usually enough to
give a correct estimation of the constants H(,,H6,
characterising the filter function, within the size
range used - that is, about 238-590 daltons. Extra-
polating towards lower or higher molecular weights,
however, should be done with caution. Further-
more, Marquardt's algorithm requires starting
values (close to the expected from the shape of
urinary recovery profile) and scaling of the
parameters to obtain convergence from the
mathematical point of view.9 We do not know if
Ukabam and Harding' had considered these aspects
when using the Gauss-Newton algorithm. The
preliminary use of the procedures2 did not aim at
finally describing absorptive properties of healthy
volunteers and patients with Crohn's disease, but
rather at showing two applications of the
methodology. The model has subsequently been
used to characterise the resorption of PEG 400 in
healthy persons, in bypass operated patients,") in
patients with Crohn's disease," as well as patients
with intestinal diarrhoeal disorders.'2 PEG 1000 has
been used more recently by Tagesson and
colleagues. l
To get a more comprehensive description of the

maximum permeation of a small molecule and the
intestinal exclusion of larger molecules we have
started to use a mixture of PEG 400 and PEG
10((1,' which covers a size range from 194 to about
1294 daltons. This mixture has, for instance, been
used to study children with food intolerance. 14 Work
is also in progress to compare the filter model of the
intestines with a pore model as adapted from an idea
presented by Renkin.

In conclusion we feel that the more probes we use
to describe the intestinal barrier towards different
sized molecules the better biological information we
get. The more we also benefit from a condensed
description of the permeability characteristics.

K-E MAGNUSSON AND T SUNDQVIST
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S-581 85 Linkoping,
Sweden.
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Book reviews

Digestive diseases Edited by J T Galambos and
Theodore Hersh. (Pp 701; illustrated; £55.00.)
Kent: Butterworths, 1983.
This is a medium sized comprehensive textbook of
gut and liver disease, written by a team of authors
from the Department of Medicine of the Emory
University School, Atlanta, Georgia. The first
section deals with symptoms or abnormal findings
('low resolution'). The main part of the book deals
with 'high-level resolution' topics, - that is, diseases
of the various organs discussed in conventional
sequence. The term high resolution is unsatis-
factory, because presumably a specific diagnosis
represents a higher degree of resolution than mal-
absorption, enteric hyperoxaluria or protein losing
enteropathy which are treated as separate entities in
this section. The final section of the book is an 80
page appendix on radiological assessment with many
good quality pictures of barium contrast radiology
and a few of ultrasound and CT scan but none of
ERCP. Unfortunately the detailed text repeats
much of what has been written in earlier sections
and the pictures would be better integrated into an
otherwise unillustrated text.
The 'Descriptions of disease' are commendably

succinct and mainly written in a didactic style with
little indication of controversy. It is curious to start
each section with action and finish with patho-
physiology. The system of multiple stereotyped
headings makes reading easy but leads to a lot of
repetition and some unnecessary short paragraphs.
The dangers of treatment are given due emphasis.
My main adverse comments are (i) the book lacks
balance and (ii) it is not clear who will benefit from
reading it: (i) Some sections - for example, liver and
malnutrition - are detailed and up-to-date with
many recent references. Others are brief and
inadequate with short reading lists only. This applies
especially to carcinoma of the stomach and
oesophagus (scarcely mentioned) and to the surgical
management of peptic ulcer and inflammatory
bowel disease. Postoperative complications,
especially after peptic ulcer surgery, are not
discussed. On the whole, I thought much of the liver
section was excellent whereas the common chronic
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