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Leading article

Helping the mucosa make sense of
macromolecules

What is the matter with Mary Jane?
She's crying with all her might and main
and she wont eat her dinner - rice pudding again -
What is the matter with Mary Jane?
(A A Milne]

The considerable interest in intestinal absorption of macromolecules stems
largely from armchair speculations accompanied by a dearth of well
documented experimental data. Essentially it is suggested that enhanced
macromolecular absorption of ingested toxins, or protein antigens, or their
digestive fragments, or other luminal contents such as microbial products, or
digestive enzymes may, if appropriate circumstances prevail, cause or
perpetuate various diseases.' The list of disorders is long and varied
ranging from coeliac' and inflammatory bowel diseases' and their extra-
intestinal manifestations to food allergy," atopic eczema7 and even rheum-
atoid arthritis,' ankylosing spondylitis9 and schizophrenia. "I

That dietary macromolecular absorption occurs in normal subjects has
been known for a long time. The oldest and the least sophisticated
demonstration is simply observing the immediate clinical effect of an
ingested toxin. The most striking example is the effect of botulinus toxin
which produces a dramatic symptom complex within 24 hours of ingestion,
or the Type 1 immediate hypersensitivity reaction experienced by predis-
posed individuals after ingestion of certain specific foodstuffs.
The theoretical and proposed consequences of macromolecular absorp-

tion in most diseases are neither immediate, nor so clear cut. To obtain
circumstantial evidence of absorption of dietary antigen in these disorders
two investigational techniques have been used. One can isolate serum
immunoglobulins which specifically bind to dietary antigens, or demonstrate
serum immune complexes after a test meal which contain the dietary
protein. The paper by Husby et al in this issue (Gut 1987; 28: 1062-72)
illustrates an additional technique involving serum immunoassay of oval-
bumin and 3-lactoglobin after their oral administration. This study extends
previous observations in infants, children with food allergy and adults, with
refinements allowing greater sensitivity.

Collectively these immunologically based techniques show that dietary
macromolecules are absorbed at least partly intact in health and disease. It
seems likely, as intestinal permeability workers have been postulating for
years," 12 that in due course many disorders will be shown to be associated
with increased macromolecular absorption. It is, however, unlikely that
these immunological techniques will find general application as screening
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tests because of the considerable technical complexities involved and the
existence of highly sensitive non-invasive procedures for assessing per-
meability. " '- How is the technique of Husby et al going to give insights into
the aetiology and pathogenic mechanisms of disease putatively ascribed to
macromolecular absorption? The magnitude of the problem is considerable
and hampered by semantic problems as well as by a lack of adequate
experimental data. The macromolecules in question are carbohydrates,
lipids or proteins, or lipopolysaccharides, glycoproteins and the like. The
study of each calls for specialised test substances and techniques, but a
sensible start has been made by assuming that proteins or peptides are the
most important moieties.'4 The likely site of macromolecular absorption will
influence the feasibility and the approach of the study. It will often be
difficult to assess whether macromolecular penetration is primary or
secondary to the disease process. This is highlighted in Crohn's disease
which may reflect both processes. An early hypothesis of the aetiology of
Crohn's disease postulated mucosal exposure to a highly specific lipid-
soluble macromolecule, originating from luminal microbes or from dietary
sources, with increased intestinal permeability as an underlying defect.' The
lipid by its interaction with macrophages in turn causes the self perpetuating
chronic inflammatory process. Recent support for this hypothesis was
furnished by claims of increased intestinal permeability to polyethylene
glycols of mean molecular weight 400 (PEG 400) in asymptomatic close
relatives of patients with Crohn's disease.'5 At face value this suggests that
an intestinal permeability defect is inherited, as postulated by Shorter et al,'
or that there is a common environmental factor to which these families are
exposed to, such as a dietary irritant or viruses, which increases the
absorption of PEG 400. Unfortunately, despite the initial spectacular and
widely publicised'" claims, the use of PEG 400 for assessing intestinal
permeability has been fraught with difficulties. Urine recovery of PEG
polymers is variable and low after intravenous instillation in man,'7 and
detailed analysis of the data in the above study' show that apparently
normal controls are absorbing five to 15 times less PEG 400 than control
subjects studied elsewhere. The data from Crohn's patients and relatives
would, however, do well as normal values in previous studies from Sweden,
United Kingdom, United States of America and Canada. Ih 2I}
Once the inflammation is established, it disrupts the intestinal barrier as

reflected by increased absorption of 5'CrEDTA." When the disease is
particularly active it is associated with extraintestinal symptoms. The
extraintestinal symptoms, if indeed at all related to macromolecular
absorption, are more likely to have their origin in microbiological products,
rather than in a dietary protein, as most patients with Crohn's disease and
extra-intestinal symptoms have colonic rather than small intestinal disease.
Direct proof for macromolecular involvement in the extraintestinal mani-
festations of Crohn's disease is lacking. Arthritis and liver damage are a
frequent complication of intestinal bacterial overgrowth syndromes. Wands
et a122 showed convincingly the presence of circulating cryoprotein immune
complexes in patients developing arthritis after intestinal bypass for
treatment of morbid obesity and the resolution of arthritic symptoms after
administration of antibiotics. One of the interesting features here is that the
macromolecule need not be specific but must be present in sufficient
amounts.
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The third interesting and relevant aspect of macromolecular absorption in
Crohn's disease comes from the observation that total parenteral nutrition
and elemental diets are an effective treatment for excerbations.2324 The
reason(s) for the success of this treatment is uncertain, but unlikely to have
anything to do with the aetiology of Crohn's disease. Certainly exclusion of
dietary proteins is a possibility, but as elemental diets have several other
potentially beneficial effects,2 such as alteration of the intestinal bacterial
flora, diminished biliary and pancreatic output and supply of nutrition and
calories, it is unlikely that any single factor is responsible. Of equal
importance, if confirmed, are the claims that certain specific foodstuffs cause
symptomatic relapse after treatment with elemental diets,26 but they are
diverse and one would therefore not expect a single protein to be solely
responsible.

It may be that the faulty regulating mechanism(s) governing macro-
molecular absorption in these circumstances are so interrelated that they
cannot be separated. It is therefore of particular interest that we may now
have a reliable model of Crohn's disease in man that lends itself much more
readily to study.2728 It is now widely accepted that longterm non-steroidal
anti-inflammatory drug (NSAID) treatment causes small intestinal inflam-
mation in 70% of patients receiving these drugs.27 -" Furthermore, NSAID
induced small intestinal inflammation in man has not only similar, albeit less
severe, complications as small bowel Crohn's disease namely blood and
protein loss,-' ileal dysfunction28 and strictures,32 but may respond to the
same treatments."3 The pathogenesis of the NSAID lesion34 initially involves
increased intestinal permeability, mediated by decreased mucosal prosta-
glandins with bile acids playing a passive permissive role. The increased
intestinal permeability may then allow dietary macromolecular access to the
mucosa where, in continued cooperation with NSAID effect on chemotaxis
and neutrophil function, paves the way for bacterial invasion. This provokes
an inflammatory reaction. It seems likely that study of the mechanisms by
which NSAID's damage the small intestine will provide insight into the
pathogenesis of inflammatory bowel disease, but it is already clear that the
pathogenesis of NSAID induced inflammation involves several interacting
factors.
How does Husby and his colleagues' technique help in the understanding

of these questions and what potential role has it in conditions which are more
clearly linked to dietary proteins? It is not going to help us in circumstances
where we have identified the causative agent, such as in coeliac disease.
There is no good test substitute for gluten and the way forward has been
detailed elsewhere.35 There is, however, an outstanding and important
uncertainty regarding the physiological regulatory mechanisms for macro-
molecular absorption. Dietary proteins are subjected to progressive pro-
teolytic degradation by stomach and pancreas proteases and at the brush
border. Immunoglobulins are postulated to limit protein absorption. In
particular it is suggested that IgA deficiency leads to enhanced macromol-
ecular absorption, explaining its association with autoimmune diseases.236
Intestinal permeability, in particular the intercellular pathway that
5'CrEDTA and oligosaccharides take, is important for the uptake of
hydrophyllic macromolecules, but the role of M cells, macrophages and
classical cell mediated and humoral immunological factors local mucosal
and systemic, are somewhat blurred. The potential application of the
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technique for Husby et al is to use their marker in conjunction with highly
sensitive and specific permeability probes in various conditions where
proteolysis is limited, such as pernicious anaemia or pancreatic insuf-
ficiency, alone or in combination with IgA deficiency. Such studies will give
valuable information on their relative importance in regulating macro-
molecular absorption. Before embarking on such analysis we must call for
further validation of the technique along the lines that have been set down
for inert permeability probes. In particular, we need to know whether serum
concentrations of ovalbumin and lactoglobin after oral administration or
eventually the area under the absorption curve, accurately reflect the
amount absorbed and whether the elimination of these markers by the
reticulo endothelial system or by conventional immunological mechanisms
differ in health and disease. While this may be investigated by intravenous
administration of the test substances, the technique offers the possibility of
carrying out some more elegant and sophisticated flux studies integrating the
disappearance of one marker after iv administration with the appearance of
another which has been taken orally as is used in, for example, calcium
absorption studies. Integration of such results with appropriate animal
models should considerably increase our understanding of the regulatory
mechanisms of macromolecular absorption and its possible role(s) in the
pathogenesis of inflammatory bowel diseases.

I BJARNASON AND I J PETERS
Section of Gastroenterology and
Division of Clinical Cell Biology,
MRC Clinical Research Centre,
Watford Road,
Harrow, Middlesex, HA] 3UJ

References
I Walker WA, Isselbacher KJ. Uptake and transport of macromolecules by the intestine:

possible role in clinical disorders. Gastroenterology 1974; 67: 531-50.
2 Walker WA. Mechanisms of antigen handling by the gut. Clin Immunol Allergy 1982; 2:

15-34.
3 Marsh MN. Studies of intestinal lymphoid tissue. The cytology and electron microscopy of

gluten-sensitive enteropathy with particular reference to its pathology. Scand J Gastro-
etierol 1981; 16: suppl. 70: 87-106.

4 Menzies IS, Laker MF, Pounder R, et al. Abnormal intestinal permeability to sugars in
villous atrophy. Lancet 1979; ii: 1107-9.

5 Shorter RG, Huizenga GA, Spencer RJ. A working hypothesis for the etiology and
pathogenesis of non-specific inflammatory bowel disease. Dig Dis 1972; 17: 1024-32.

6 Jackson PG, Baker RWL, Lessof MH, Ferrett J, MacDonald DM. Intestinal permeability
in patients with eczema and food allergy. Lanicet 1981; i: 1285-6.

7 Atherton DJ. Allergy and atopic eczema. Clin Exp Dernatol 1981; 6: 317-25.
8 Anonymous. Rheumatoid arthritis and the gut. [Editorial.] Br MedJ 1979; 278: 1104.
9 Anonymous. Bowel flora and ankylosing spondylitis. I Editorial. I Lancet 1986; ii: 1259.
10 Dohan FC. Coeliac disease and schizophrenia. Lancet 1970; i: 897-8.
11 Menzies IS. Transmucosal passage of inert molecules in health and disease. In: Skadhauge

E, Heintze K, eds. Initestinal absorption and secretion. Falk Symposium 36. Lancaster: MTP
Press 1983: 527-43.

12 Bjarnason 1, Peters TJ, Levi AJ. Intestinal permeability: clinical correlates. Dig Dis Sci
1986; 4: 83-92.

13 Cooper BJ. The small intestinal permeability barrier. In: Losowski MS, Heatley RV, eds.
Gut defences in clinical practice. Edinburgh: Churchill Livingstone, 1986: 117-32.

14 Gardner MLG. Intestinal assimilation of intact peptides and proteins from the diet - a
neglected field? Biol Rev' 1984; 57: 289-311.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.28.9.1057 on 1 S

eptem
ber 1987. D

ow
nloaded from

 

http://gut.bmj.com/


Helping the mucosa make sense ofmacromolecules 1061

15 Hollander D, Vadheim CM, Brettholz E, etal. Increased intestinal permeability in patients
with Crohn's disease and their rclatives. A possiblc etiological factor. Anni Initetrni Med 1986;
105: 883-5.

16 Chadwick VS, Phillips SF, Hofmann AF. Mcasurement ot intestinal permeability using low
molecular weight polyethylene glycols (PEG400). 11 Application to normal and abnormal
permeability states in man and animals. Gastroenterology 1977; 73: 247-5 1.

17 Maxton D, Bjarnason I, Reynolds AP, et al. Lactulosc, S'Cr-labelled ethylenediamine
tetraacetate, L-rhamnose and polyethylene glycol 400 as probe markers, for assessment in
vivo of human intestinal permeability. Clini Sci 1986; 71: 71-80.

18 Magnusson KE, Sundqvist T, Sjodahl R, Tageson C. Altered intestinal pcrmeability to low-
molecular-weight polyethylene glycols (PEG400) in patients with Crohn's disease. ACTA
ChirScand 1983; 149: 323-7.

19 Ukabam SO, Cooper BT. Small intestinal permeability to mannitol, lactulose and
polyethylene glycol 400 in coeliac disease. Dig Dis Sci 1984; 29: 809-16.

20 Jenkins RT, Goodacre RL, Rooney PJ, et al. Studics of intestinal permeability in
inflammatory bowel disease using polyethylene glycol 400. Clin Biochein 1986; 19: 283-301.

21 Bjarnason I, O'Morain C, Levi AJ, Peters TJ. Absorption of 5sChromium-labelled
ethylenediamine tetraacetate in inflammatory bowcl discase. Gastroenterology 1983; 85:
318-22.

22 Wands JR, Lamont JT, Mann E, Isseldacher KJ. Arthritis associated with intestinal bypass
procedure for morbid obesity. Compliment activation and character of circulating
cryoprotein. N EnglJ Med 1976; 294: 121-4.

23 Elson CO, Layden TJ, Nemchausky BA, Rosenberg JC, Rosenberg I. An evaluation of
total parenteral nutrition in the management of inflammatory bowel disease. Dig Di)s Sci
1980; 25: 42-8.

24 O'Morain C, Segal AW, Levi AJ, Valman HB. Elemental diet in acutc Crohn's disease.
Arch Dis Child 1983; 53: 44-7.

25 Rhodes J, Rose J. Does food effect acute inflammatory bowel disease'? The role of
parenteral nutrition, elemental and exclusion diets. Giut 1986; 27: 417-4.

26 Hunter JO. The dietary management of Crohn's disease. In: Hunter JO, Allin Jones V. eds.
Food and the gut. London: Baillire Tindall, 1985: 221-37.

27 Bjarnason 1, Williams P, So A, et al. Intestinal permeability and inflammation in patients
with rheumatoid arthritis: effects of non-stcroidal anti-inflammatory drugs. Lantcet 1984; ii:
1171-4.

28 Bjarnason I, Zanelli G, Smith T, et al. Non-steroidal anti-inflammatory drug induced
intestinal inflammation in humans. Gastroenterology 1987 (in press).

29 Segal AW, Isenberg DA, Hajirousou V. et al. Preliminary evidence for gut involvement in
the pathogenesis of rheumatoid arthritis. BrJ Rheltnatol. 1986; 25: 162-6.

30 Tooney PJ, Jenkins RT, Smith KM, Coates C. I ll-Indium labelled polymorphonuclear
leucocyte scans in rheumatoid arthritis - an important clinical cause of falsc positive results!
Br J Rheumatol 1986; 25: 167-70.

31 Bjarnason I, Zanelli G, Prouse P, et al. Non-steroidal anti-inflammatory drug induced small
intestinal inflammation: a major site of blood and protein loss. Lanicet 1987 (in press).

32 Lang J, Bjarnason I, Levi AJ, Pricc AB. Pathology of introgenic ileal strictures due to
NSAID's. [Abstract.] Gut 1985; 26: A542, 1059.

33 Bjarnason I, Zanelli G, Prouse P. et al. NSAID induced intestinal inflammation in man:
treatment. Gastroenterology 1986; 90: 1347.

34 Bjarnason I, Zanelli G, Smith T, et al. The pathogenesis and consequence of non-steroidal
anti-inflammatory drug induced small intestinal inflammation in man. Scalnd J Rheumcatol
1987 (in press).

35 Peters TJ, Bjarnason I. Coeliac syndrome: Biochemical mechanisms and the missing
peptidase hypothesis revisited. Gut 1984; 25: 913-8.

36 Hong R, Ammann AJ. Selective absence of IgA. Auto immune disealse. Am]J Pathlol 1972;
69: 491-6.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.28.9.1057 on 1 S

eptem
ber 1987. D

ow
nloaded from

 

http://gut.bmj.com/

