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The object of Gut is to publish original papers and
reviews concerned with practice and research in the field
of gastroenterology. The field is that of alimentary,
hepatic, or pancreatic disease, and papers may cover the
medical, surgical, radiological, or historical aspects. They
may also deal with the basic sciences concerned with the
alimentary tract, including experimental work. The
report of a single case will be accepted only if it is of
suiffcient interest in relation to a wider field of research.
There will be a section devoted to short papers on

laboratory and surgical techniques and methods of inves-
tigation where these are not part of a lesser survey.
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Editor, Gut, B.M.A. House, Tavistock Square, London,
WC1H 9JR, Papers are accepted only on the under-
standing that they are not published elsewhere without
previous sanction of the Editorial Board. They should
be in double-spaced typewriting on one side of the paper
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with initials (or distinguishing Christian name) only, and
the name and address of the hospital or laboratory where
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held by each of the authors in the hospital or laboratory
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munications should be kept short, and illustrations
should be included when necessary; coloured illustra-
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I wish to thank specially Dr Amelia Baptista for
the pathological studies on the liver biopsies.
Gifts of Jectofer and of Imferon were made by Astra
and Fisons respectively. The work was subsidized
by a grant from the Fundag-ao Calouste Gulbenkian.
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Congratulations

We offer our congratulations to Ian
McColl, who will take up his appointment
as professor of Surgery, Guy's Hospital
Medical School, at the beginning of the
next academic year. Mr McColl is
Honorary Secretary, with Dr R. Holmes,
of the British Society of Gastroenterology,
and at present Reader in Surgery,
University of London, and Sub-Dean, St
Bartholomew's Medical College.

Symposium on mucus

The importance of mucus as a protection
to the alimentary tract is becoming
increasingly apparent and for this reason
a one-day symposium on mucus (arranged
by Dr Nelson Coghill) was held at West
Middlesex Hospital, Isleworth, on 6 March
1971. The following are abstracts of the
papers presented.

The Biochemistry and Biophysics of Mucus
R. A. GIBBONS (Institute for Research on
Animal Diseases, Agricultural Research
Council, Compton, Berks) Freshly secre-
ted mucus is an elastic gel not a viscous
liquid. It may be picked up with forceps,
when a considerable mass of mucus can
be held suspended almost indefinitely. A
static gravitational stress is balanced by a
permanent elastic force within the mucus.
No viscous fluid can retain static strain in
this way. Mucus has the physical pro-
perties of an easily distorted solid. The
point is important, for once the physical
nature of mucus is appreciated its physio-
logical significance is easily understood.
It forms a coherent protective layer over
the living lining of the gastrointestinal
tract, and its integrity in the healthy
animal prevents both bacterial infection
and biochemical damage.
The rheologically important fraction of

mucus is epithelial glycoprotein, the
molecular shape of which is that of a
flexible, thread-like body having many
heterosaccaride side chains and which
behaves, in solution, broadly as a random
coil. In the native mucus epithelial

glycoprotein molecules are cross linked by
peptide and disulphide bonds to give a
three-dimensional network. There is some
evidence that a distinct protein component
may perform this cross-linking function.

Biosynthesis of Intestinal Glycoproteins in
Animals and Man P. W. KENT (Department
of Biochemistry, University of Oxford)
The viscous properties of mucus are due
to the presence of glycoproteins, synthe-
sized by goblet cells. Glycoprotein (of
sheep colon) is an acidic non-dissociating
macromolecule (mol wt 4 x 106 in 0.1
M-NaCI) consisting of a protein 'back-
bone' to which about 600 carbohydrate
side-chains are attached to serine residues.
There are two phases of mucus formation,
biosynthesis and export. Biosynthesis
begins by the assembly of the protein
'backbone' on polysomal particles by
usual processes of biosynthesis, under
genetic control, and leads to strictly
defined structures. While still attached to
polysomes, N-acetylglucosamine residues
become attached enzymically to certain
serine residues. The process is inhibited by
actinomycin D (which prevents the
formation of messenger RNA on DNA)
and by puromycin which restricts the
the complete assembly of amino acids on
the messenger. The resulting 'nascent'
glycoprotein receives sulphate groups from
active sulphate (synthesized from ATP
and sulphate ions). Further sugar residues
(notably galactose and N-acetyl-glucos-
amine) are added by means of transferases
with UDP-sugars as donors, and finally
side chains are terminated by N-acetyl-
neuraminic acids and fucose residues.
Transferases are associated particularly
with smooth membranes and act on
'nascent' glycoprotein in the canaliculae
of the Golgi. Differences in them account
for variations in the carbohydrate side
chains.

In animals and man, salicylate in low
concentration (about 2mM) inhibits glyco-
protein biosynthesis at several points, in
particular the acetylation of glucosamine
6-phosphate from CoA acetate (or
octanoate) and ATP.

The Composition and Structural Features
of Salivary and Gastric Mucus J. SCHRAGER
(The Group Laboratory, Royal Albert
Edward Infirmary, Wigan) Mucus dis-
plays two unique characteristic properties:
(1) semi-solid gel matrix and (2) viscosity.
The elaborately organized gel structure
acts as a filter, regulating the passage of
molecules according to size. The large

number of charged end-groups give it
properties of a micro-ion exchanger. Its
filtration and selective binding properties
modify the fluid in intimate contact with
the mucosa. Bulky carbohydrate side
chains and regional hydrophobic proper-
ties prevent rigid cross-linking. The
flexible protective covering of mucus
safeguards a stable micro environment for
the underlying mucosal cells.
The properties of mucus are linked to

its structure, and studies of its physiology
must recognize its dependence on the
composition and physical chemistry of
mucus macromolecules. Technical ad-
vances now enable the components of
mucus to be isolated and studied. Gastric
glycoproteins, the macromolecules com-
posing mucus, consist of a protein core to
which are covalently bound carbohydrate
side chains, galactosamine linking each
side chain to threonine and serine. The
two hydroxy amino acids make up between
45 and 50% of the total amino acid
composition. Statistically every other
amino acid has a carbohydrate side chain
linked to it.
At finite concentration, the domains

occupied by individual molecules overlap
and the chains interpenetrate forming a
meshwork which is strengthened and
maintained by (1) the high negative
charge of sulphate and carboxyl groups,
(2) hydrogen bonds by a large number
of carbohydrate groups of the carbo-
hydrate side chains, and (3) sparsely
scattered interchain disulphide bonds.

The Influence of Molecular Structure on
the Biosynthesis and Properties of Glyco-
proteins
R. D. MARSHALL (Department of Chemical
Pathology, St. Mary's Hospital, London)
The polypeptide chain of mucus glyco-
protein contains an unambiguous se-
quence of amino acids synthesized under
genetic control. Enzymic glycosylation of
the side chains of certain of the amino
acids ensues. The hydroxyl groups of
L-serine and L-threonine residues may
become substituted with 2-acetamido-2-
deoxy-a-D-galactopyranosyl moieties to
form ao GalNAc-Ser linkages, and the
amide nitrogen of the side chain of L-
asparagine residues may undergo sub-
stitution by 2-acetamido-2-deoxy-P-D-glu-
copyranosyl moieties with formation of
P GlcNAc-Asn linkages. Formation of
the latter is determined by the amino acid
sequence in the neighbourhood of the
L-asparaginyl acceptor.
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Carbohydrate moieties, varying in
structure, are formed mainly by stepwise
addition of further monosaccharides. The
carbohydrate moiety of hen'seggalbumen,
which is glycosylated at only one of its
amino acid residues, occurs in at least five
forms depending on which monosac-
charide terminates the non-reducing ends
of the branched oligosaccharide structure.
Heterogeneity of this type in glyco-
proteins appears to be widespread and a
glycoprotein with 200 prosthetic groups,
each of which is present in five forms,
could contain 1-5 x 10' different mole-
cules.

Goblet Cell Kinetics
G. WIERNIK (Department of Radiotherapy,
The Churchill Hospital, Oxford) The
number of goblet cells on the surface of
the human jejunal crypt and villus has
been assessed in a two-dimensional study
of histological sections of 3. stained with
haematoxylin and eosin.
The data show that after a dose of

ionizing radiation there is a simultaneous
diminution in the number of mitotic
figures seen and an increase in the number
of goblet cells present. When sustained
mitotic activity is resumed cohorts of
goblet cells can be seen to migrate up the
side of the crypt and villus to be lost at the
extrusion zone at the villous tip. Through-
out periods of maximum mitotic activity
the number of goblet cells is minimal;
moreover, at no time has a mitotic figure
been seen in the nucleus of a goblet cell.
It is, therefore, concluded that goblet cells
are a product of epithelial cell prolifera-
tion and differentiation and that they do
not belong to a stem cell system of their
own. Goblet cells take from six to eight
days to migrate from the crypt to the
villus tip: this time may reflect a radiation
effect.

The Composition and Structure of Mucus
in the Small and Large Intestine
M. I. FILIPE (Department of Clinical Histo-
chemistry, Westminster Hospital Medical
School, London) The histochemical char-
acteristics of epithelial mucosubstances
vary along the gastrointestinal tract. In the
gastric mucosa they are mainly neutral,
but sialo- and sulphomucins are found in
pathological conditions such as areas of
intestinal metaplasia in gastritis. In the
small intestine goblet cells contain neutral
and sialomucins, but no sulphate groups;
in the large intestine sulpho- and sialo-
mucins are present, the former pre-
dominating.

In large intestinal mucosa the type of
mucosubstance varies along the crypt and
surface epithelium: goblet cells in the
lower half of the crypt contain mainly
sulphated mucins while in the upper crypt
and surface epithelium both types of acid
mucin are present, either in the same cell
or in separate cells. The mucosa in
ulcerative colitis and Crohn's disease
shows no significant change in the histo-
chemical composition of the goblet cell
mucin, but there is a marked decrease in
the amount of both acid and neutral
mucosubstances in active ulcerative colitis,
with no corresponding decrease in Crohn's
disease.
Changes in the histochemical character-

istics of the goblet cell mucin are found in
the histologically normal mucosa adjacent
to carcinoma and neoplastic polyps. In
this area ('transitional' mucosa) there is
an increase in non-sulphated acid mucins,
mainly sialomucin partly resistant to
neuramidase, and a concomitant decrease
or even absence of sulphated material. Use
may be made of these changes in the
diagnosis of 'premalignant' mucosa.

The Viscosity of Gastric Mucus in Chronic
Duodenal Ulcer
R. PRINGLE AND J. R. N. CUIRT (Department
of Surgery, University of Dundee) A
study of the rheological behaviour of
visible gastric mucus in patients with
duodenal ulceration and in controls
indicates that duodenal ulceration is
associated with an increase in the viscosity
of visible gastric mucus. The viscosity of a
substance is defined as the ratio of shear
stress to shear rate. Since gastric mucin
behaves as a non-Newtonian substance a
rotating cone-in-plate Wells-Brookfield
microviscometer was used to measure
gastric mucus viscosity in 10 patients with
duodenal ulceration and 12 controls. The
composite rheogram of the mean results
in the two groups showed an increase in
viscosity in duodenal ulcer cases with
decreasing rates of shear, and the curve
was similar to that of a 'pseudo-plastic'
material. We suggest that one of the
results of increased viscosity in duodenal
ulcer patients is prevention of the pH
receptors in the antrum from inhibiting
the release of control gastrin.

The Lubricating Action of Synovial Fluid
and Saliva
A. D. ROBERTS (University Engineering
Department, Cambridge) If two solid
surfaces are immersed in liquid containing
free ions they may absorb ions to become

covered with double layers of electric
charge which give rise to a repulsive force
between them. Such forces provide
stability in colloidal systems. We have
studied these forces directly using the
contact formed between optically smooth
rubber and glass immersed in simple
liquid systems, and in specimens of saliva
and of healthy and osteo-arthritic synovial
fluid. We found that none of the fluids
examined could be completely squeezed
from between the contact surfaces. A thin
equilibrium film, sensitive to contact
pressure, always remained which was able
effectively to lubricate surfaces. Films
were about 30 nm thick for pressures of
1/10 atmosphere but decreased to 10 nm
at 1 atmosphere. The exact thickness
differed from fluid to fluid and appeared
to have some bearing upon their healthi-
ness. Osteo-arthritic films were least
thick and provi.ded least effective lubri-
cation. Double-layer repulsion may be a
feature common to many other body
fluids and may offer modest lubricating
action by this mechanism.

Discussion
A number of points were raised in dis-
cussion. There were still difficulties in
accepting, on present evidence, that
goblet cells were derived from epithelial
cells. Accurate chemical analysis of glyco-
proteins in mucus was essential but
heterogeneity was probably a true phe-
nomenon; at high rates of secretion the
requisite numbers of sugars might not be
attached to the basic protein chain, a
process taking up to 15 minutes.
There was speculation about the nature

and function of the 'fuzz' on the surface
of the small intestinal cells. Does it contain
glycoproteins, acting as electro-filtration
agents? Does it in some way interlock with
goblet cell mucus? It was suggested that
mucus was so intensely hydrophilic
because of the numerous sugar moieties
(hundreds in some cases) present in the
molecule with their free soluble -OH
terminals.

Gastric mucus cells were probably not
materially increased in duodenal ulcer,
and there might be less mucus, at least
proportionately, in gastric juice in this
condition. It was suggested that the
viscosity of the mucus gel might be less
important than its continuity. The concept
of mucus as a continuous 'skin' covering
the luminal surface of the gut was generally
accepted as attractive. Nevertheless if
mucus in duodenal ulcer was abnormally
viscous this might slow the normally very
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fast passage of H ions through it, thus
damping inhibition of antral gastrin
production, causing maintenance of high
basal levels of gastric secretion of HCI.
It was noted that although bile contained
five times as much mucus as gastric juice
it had never been observed to gel no
matter how concentrated. Bile grossly
lowers the viscosity of mucus, perhaps
explaining the mechanism by which it
destroys the gastric mucosal block to H
ions.
The position of mucus was seen as still

so uncertain that it was questioned
whether it protected the gut against
anything. Points suggesting that it did
were the fact that desialated epithelial
surfaces are more susceptible to injury
than normal epithelium; that the 'naked
microvillus' perhaps sheltered in a micro-
climate of surrounding mucus; the fact
that when the rate of mucus secretion is
rapid glycosylation may be so deficient
that the mucus is watery and may have
different properties; the fact that some
rare individuals secrete mucus containing
glycoproteins without blood group ac-
tivity, perhaps because they lack some
transferases needed for full glycosylation.
Although histochemically colonic mucus

in fibro cystic disease seems no different
from normal (although more viscid in the
lung) it is thought that the carbohydrate
moieties may differ.

It was possible to discern pointers for
future research: (1) further elucidation of
the derivation of goblet cells; (2) learning
more about mucus synthesis, especially
glycosylation; (3) study of the role of
mucus in stomach, duodenum, and
intestine in health and disease, particu-
larly in small intestinal digestion and
absorption, and in peptic ulcer; (4)
definition of the protective properties of
mucus, and study of the chemistry and
physics of their application in the gut; (5)
the mechanisms by which different agents
effect changes in the properties of mucus;
(6) study of the properties of abnormal
mucus.

N. F. C.

Notes on books
Carcinoma of the Colon and Antecedent
Epithelium Edited by Walter J. Burdette.
Charles C. Thomas. Springfield, Ill., USA,
Price: $20 50

This is an important publication. It brings
together recent studies on (1) growth of
normal and abnormal epithelium, (2)
antigens unique for colonic cancer and
embryonic colonic epithelium, (3) cellular
kinetics of malignant and antecedent
epithelium of the gut, (4) carcinogenesis.
It includes an account by Phil Gold of his
studies on carcinoembryonic antigens of
the human digestive system and of the
tumour-specific antigens in adenocarci-
noma of the colon.

Handbook of Tropical Gastroenterology
This handbook of tropical gastroenter-
ology has been prepared by Dr B. J. Vakil
from the Department ofGastroenterology,
Sir J. J. Group of Hospitals, Bombay, and
published by the Unichem Laboratories
Ltd., Jogeshwari (West), Bombay 60. It
provides a simple but very up-to-date
account of clinical gastroenterology with
special reference to the needs of doctors
working in India. It is a very practical
book, with full details of treatment and
investigations. Dr Vakil is well known in
Great Britain for his research work in
pharmacology and gastroenterology. The
price is Rs. 5-80.
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