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PREFACE

This book has arisen out of the extremely rapid growth in recent years
of the clinical speciality of Gastroenterology. This is reflected in
technological advances in basic science, in investigative methodology
and in scientifically-based modes of management.

A knowledge of these aspects is clearly essential for all clinicians and
medical scientists whose work relates to the alimentary tract. A high
standard of gastroenterological practice requires both physicians and
surgeons to be familiar with the basic science of the discipline. The
introduction in this book of critical appraisals of surgical care empha-
size< the combined approach to investigation and management.

Basic scientific information having wide scope and diverse origins
tends to be excluded from conventional text books and monographs.
This book has been designed to fill this gap. Each of the fifty chapters
presents a critical review of the state of contemporary knowledge. The
size of individual chapters and the amount of information (or the scope
of detail) to an extent reflects the ease of obtaining this from conven-
tional sources. 3

An introductory secticn covers what we believe to be the most
important of general gastrointestinal topics at the present time. The
subsequent chapters have a regional’ application. The liver has been
excluded as it will be the subject of another book in the Foundation
series.

The authors have been chosen for their special experience so that the
contributions are truly intercontinental. We have deliberately chosen
not to standardize spelling so that both the American and the traditional
forms of the English language are used, and have permitted flexibility in
the use of synonyms such as ‘gastrointestinal’ and ‘alimentary’, thus
following the pattern set by journals of Gastroenterology now emanat-
ing from several countries. We have eyen accepted abbreviations
hallowed by tradition e.g. GI for gastrointéstinal tract. Illustrations have
been limited to those facilitating presentation or comprehension of the
text; we did, however, feel it appropriate to have a more lavishly
illustrated ultrastructure section. A small amount of overlap between
chapters has been allowed where of advantage to the treatment of the
subject. ‘

We would like. to express our gratitude to those authors who skilfully
and speedily fulfilled their task and trust that the others will have
forgiven us for our fervour and doggedness in pursuit of their manu-
scripts. We would like to pay special tribute to Miss Mary Wilson whose
indefatigable regard for order and detail greatly helped our endeavour.
It has been a pleasure to work with Richard Emery and Ann Kirk of
Heinemann Medical Books Ltd. and we are particularly indebted to the
latter for her patience and skill.

W. Sircus
September, 1979 A. N. Smith
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1. MICROANATOMY'OF THE GASTROINTESTINAL TRACT

P. G. TONER and KATHARINE E. CARR

Introduction

Mouth and oesophagus .
Salivary glands

Stomach

Small intestine

Large intestine

Luminal environment

Connective tissues, muscle and serosa

INTRODUCTION

Electron microscopy has extended the horizons of gut
morphology. Thin sectioning techniques and transmis-
sion microscopy have provided much new information
on the organization of cytoplasmic fine structure while
more recently, the scanning electron microscope has
broken out from the traditional limitations of tissue
sections to reawaken an awareness of surface morphol-
ogy. In resolving power and depth of field, the scanning
microscope surpasses the binocular light microscopes but
in conceptual terms their images are equivalent although
they use quite different image forming systems. The
scanning microscope forms a high resolution image of
the surface topography of suitable specimens, from the
villous pattern of the gut to the microvilli of the single
cell. The depth of field contributes to a uniquely detailed
and clearly defined three dimensional representation of
surface contours, allowing us an instant appreciation of
surface.detail which makes extensive verbal description
redundant. The sensation of reality provided by the
scanning micrograph promotes an intuitive grasp of
surface structure which could otherwise be achieved only
by laborious reconstruction from two-cimensional
images.

Microanatomy in contrast has often been thought of as
a rather static discipline. In the last few years, however,
fresh insights have been gained and concepts born: new
cell types have been discovered and the functions of old
ones reassessed. The scope of this chapter is confined

largely to the mucosal surfaces where most recent inter-
est has been concentrated. The contribution of scanning
electron microscopy has been highlighted, without dwel-
ling upon the technicalities; information on this rapidly
advancing new technique is available in a recent review
(Toner and Carr, 1979). Further details of the ultrastruc-
tural organization of specific cell types may be found in a
fuller text (Toner et al.. 1972).

MOUTH AND OESOPHAGUS
Surface Structure

The superficial cell layer of the oesophageal mucosa,
when seen in the conventional vertical plane of section,
has a row of rather unimpressive stubby surface projec-
tions usually described in the past as microvilli. In
surface view, however, thesc profiles are integrated into

FiG. 1. Epithelial surface of the oesophagus of the American opossum, 6 cm
above the lower oesophageal sphincter Intercellular ridges are clearly seen
and microridges can be made out. Approx. X 1500. (By courtesy of Dr. Larry
D. Ackerman. Ackerman er al., 1976.)

their true three-dimensional arrangement, which consists
of an claborate system of microridges of fingerprint
complexity. with additional marginal ridges around the
cell perimeter (Fig. 1). In some species it has been
suggested that these ridges may hold a layer of protective
mucus close to the cell surface. and facilitate its spread
away from the mouths of mucous glands.
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Squamous Cells

The non-keratinized squamous mucosa which lines the
human buccal cavity (Squier and Meyer, 1971), and
oesophagus is generally divided into a basal and a prickle
cell layer, with overlying intermediate and superficial
layers. In man there are regional variations in the extent
of keratinization, according to functional demands
(Squier er al., 1976). Mitotic activity is confined to cells
in the basal layer or immediately above, and mitoses
have been found to occur in clusters rather than ran-
domly. The renewal time in oral epithelium is usually
recorded as from 4 to 14 days, although wider variations
according to site do occur. As the basal layers renew
themselves, there is a parallel shedding of the superficial
strata.

The functional and morphological sequence of events
during maturation is complex, involving various interre-
lated processes, the final outcome of which varies from
site to site and from species to species. Thus the rodent
oesophagus undergoes full orthokeratinization while in
man the epithelium remains non-keratinized; however,
in human gingival and palatal mucosa, para-
keratinization and orthokeratinization are encountered.

FiG. 2. Basal cell layer of normal human oesophagus, showing the continuous *
basal !amina (B) with intermittent hemidesmosomes (H). Cytoplasmic
tongues project into the intercellular spaces (S), but the adjacent cells are in
firm contact at points wheie desmosomes occur (D). Groups of mitochondria
are seen. Approx. X 4250. (By courtesy of Dr. T. Al Yassin.)

The basal cells of the epithelium are cuboidal or
oblong, with central nuclei. Their cytoplasm is relatively
unspecialized, (Fig. 2) containing moderate rumbers of
mitochondria, a small Golgi apparatus and some free
ribosomes, but little organized endoplasmic reticulum.
Prominent desmosomes are a feature of squamous
epithelium, reflecting the mechanical strength of the
mucosa. Fine bundles of cytoplasmic tonofilaments, scat-
tered throughout these cells, are finally inserted into the
cytoplasmic plates of the desmosome. At the basal
aspect of the epithelium (Fig. 2), where contact is made
not with surrounding cells, but with the basal lamina, or

SCIENTIFIC FOUNDATIONS OF GASTROENTEROLOGY

Fic. 3. Normal human oesophagus, basal layers. These two cells are the
daughter cells of a mitosis. Note the pale cytoplasm, which contrasts with the
more differentiated cells which surround the pair. These cells are still
connected to each other and to their neighbours by desmosomes (D).
Approx. x 2200. (By courtesy of Dr. T. Al Yassin.)

basement membrane, hemidesmosomes or half desmo-
somes are observed. Each consists of a single dark plate
on the cell membrane into which the tonofilaments
insert, along with the extracellular lamina which in a
symmetrical ‘full’ desmosomes forms the intermediate
mediar. component between the adherent cells. The
basal lamina itself, a-continuous boundary 40 to 50 nm
in thickness, with an underlying reinforcing layer of
connective tissue fibres, is separated from the base of the
epithelial cell by a pale interspace of about 50 to 65 nm.
These rather undifferentiated basal cells have general
structural features in line with those of progenitor cell
populations elsewhere, particularly when seen shortly
after mitotic division (Fig. 3).

As the cells pass from the basal to the intermediate
zone of the oesophageal epithelium they become larger
and flatter than the basal cells, while retaining similar
general features. The tonofilament bundles in general
adopt a more diffuse, random distribution. The desmo-
somes are more prominent than in the basal layer.
Intercellular spaces of variable width occur, crossed at
intervals by the interdigitating processes of adjacent cells
at points where adhesion is maintained by the desmo-
somes (Fig. 4). This pattern is reflected in the ‘prickle-
cell’ appearance faintly visible in this region under the
high magnifications of the light microscope.

In the upper part of this intermediate or prickle cell
layer of the epithelium, the ‘membrane-coating granules’
are first encountered (Fig. 5). These are small round or
oval granules, from 60 to 350 nm in diameter, limited by
a trilaminar membrane. There is a dense homogenous
component in each granule, surrounded by a pale halo; a
carbohydrate-rich component of the granule can be
stained by special techniques (Fig. 6). Some may show a
faint internal lamination (Fig. 7), but this is not as
pronounced as in keratinized epithelium, where the
distinctive periodicity of such granules is their most
striking property. These granules may originate within
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Fi6. 4. Normal human oemqus, showmg desmommes (D) holding
together two cells of the intermediate cell layer. Notice the
bridging of the interotllular space by the connecting processes of
cytoplasm. The fine bundles of tomofilaments ate seen to be
inserted into the cytoplasmic surfaces of the demosome specializa-
tions. A nearby Go@&ys!cm {G) is seen, along with numerous free
ribosomes. Appmx X IQOOO (By courtesy of Dr. T. Al Yassin.)

Fi6. 6. Normal human oesophagus stained for carbohydrate moieties
by the periodic acid silver proteinate procedute Note the reactivity
of the halo area of the memb ing granules, A few glycogen
particles afe densely stained (P). Approx. x 60 000. (From Al
Yassin and Toner, 1!77 )

the Golgi apparatus but they then gathet at the margins
of the cell, where they are discharged into the intercellu-
lar space (Fig. 8). Acid phosphatase activity (Fig. 9) can
be demonstrated there and within individual granules.
This enzyme may promote epithelial desquamation. The
coating membrane may contribute to the ‘permeability
barrier’ at this level of the epithelium.

FiG. 5. Normal human oesophagus showing the typical membrane-
coating granules of non-keratinised epithelium. Each granule con-
sists of a dense core, a pale halo and a limiting membrane. Approx.
x 120 000. (From Al Yassin and Toner, 1977.)

By
Mg Wt

Fic. 7. Normal human oesophagus, showing a single, faintly lami-
nated granule, close to the intercellular space (S). This lamination,
reminiscent of the pattern seen in keratinising epithelium, is
unusual in this site. Approx. X 200 000, (From Al Yassin and
Toner, 1977.)

The superficial layer of the human oesophageal
mucosa consists of flattened cells which have retained
their nuciei, while losing most of the other formed

_cytoplasmic organelles. The tonofilaments now form a

diffuse feltwork throughout the cell (Fig. 10) suspended
in a rather pale cytoplasmic matrix. Vacuolation due to
the presence of glycogen is often apparent. The cell
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surfaces have become altered in various ways. Desmo-
somes are reduced in numbers, although interdigitations
between cells persist.

The trilaminar cell membrane of the surface layer
undergoes a structural modification, its inner component
becoming thicker and more heavily stained than in the
basal and intermediate cell layers (Fig. 11). The pres-
ence of an external carbohydrate-rich cell coat can be
demonstrated by appropriate staining procedures (Fig.
12). Thus the free surface of the human oesophageal

Fic. 8. Normal human oesophagus, showing a single membrane-
coating granule being released into the intercellular space. It is
thought that this phenomenon may contribute to the barrier
function of squamous mucosa. Approx. X 190 000. (From Al
Yassin and Toner, 1977.)

FIG 11. Higher magnification vne\v of superficial cells of normal
oesoph | mucosa. Notice the density of the

inner Iamlna of the cell membmne The arrows indicate the
tenuous filaments of the cell surface coat. Approx. x 200 000.

(From Al Yassin and Toner, 1977.)

FiG. 9. Normal h h ined by the acid phosphatase prooedure,
showing the deposmon of reaction product in the intercellular spaces, in the
form of dense lead-containing granules. Approx. x 4000. (By courtesy of Dr.
T. Al Yassin.)

Fic. 10. Normal human oesophagus, showing the superficial layer of the ; ’
squamous mucosa, with the overlying lumen. Two residual desmosomes (D) FiG. 12. Superficial cells of normal h squamous ¢ hageal

are seen, but elsewhere the cells are not in close contact. The cytoplasm mucosa, stained for carbohydrate moieties by the periodic acid
contains numerous irregularly disposed filaments with patches of denser matrix silver proteinate technique. The carbohydrate-rich cell surface coat
material. The cell b is k , even at this magnifica- is well outlined, as well \as the glycogen granules of the cytoplasm

tion. Approx. X 20 000. (From Al Yassin and Toner, 1977.) (arrows). Approx. x 70W (From Al Yassin and Toner, 1977.)
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mucosa consists of flattened nucleated squames, each
with an altered, thickened cell membrane, enveloping a
loose feltwork of cytoplasmic tonofilaments. The princi-
pal barrier function of the mucosa may be constituted by
the intercellular material secreted by the keratinocytes
during the maturation process. -

One small curiosity of epithelial structure may be
mentioned in passing. Occasional intracytoplasmic
desmosomes may be seen, particularly at points where
adjacent cells seem to have pulled apart. These paradox-
ical structures have the morphology of typical desmo-
somes (Fig. 13), including a laminated structure and
inserted tonofilaments, but they lie embedded within the
cytoplasm instead of forming an attachment with
another cell. They have no demonstrable link with the
cell surface or with any cytoplasmic membrane system.
These structures may arise by engulfment of ‘torn-off’
desmosomes at points where cells are temporarily sepa-
rated by mechanical forces. Such separation may occur
as a normal event during mitosis.

Fic. 13. Normal human oesophagus, cell from close to the basal layer, showing
cytoplasmi and rib One d ytoplasmic desmo-
some (D) is secn. well separated from the cell surface. No connections to
cytoplasmic membranes are seen. Approx. X 32 000. (By courtesy of Dr. T. Al
Yassin.)

Langerhans Cells

The Langerhans cell is found in the upper layers of the
epidermis, in buccal and oesophageal mucosa, and in
other stratified squamous epithelia. On conventional
histology, they appear as high level clear cells, their
typical dendritic ‘morphology being seen only after
appropriate staining. These cells are strongly ATPase
positive.

On electron microscopy (Al Yassin and Toner, 1976),
the Langerhans cells are irregular in outline (Fig. 14),
with cytoplasmic projections extending out from the_
perikaryon between surrounding squamous cells. They e
lack the desmosomal attachments and the cytoplasmic
tonofilaments of the keratinocyte; they have a fairly
well-developed Golgi system and scattered cisternae of
granular endoplasmic reticulum. Dense pleomorphic
lysosome-like bodies are relatively common. Owing to
the irregular shape of the Langerhans cell, it may appear
in one plane to have rather bulky cytoplasm (Fig. 14),
while in another plane -there may be only a thin cytop-

N

Fic. 14. Part of'a Langerhans cell from the upper strata of normal human
oesophagus. Notice the lack of desmosomal attach and of cytopl
tonofilaments. The characteristic granules, situated at L, cannot be clearly
seen at this magmhcatlon but the well organised cytoplasmic organelles can
be observed. Approx. X 5000. (By courtesy of Dr. T. Al Yassin.)

FiG. 15. Langerhans cell between keratinocytes of middle layers of normal
human oesophagus. The plane of section passes through the narrow waist
of the cell, showing little of the cytoplasm. Approx. x 6000. (By courtesy
of Dr. T. Al Yassin.)

lasmic rim around the nucleus (Fig. 15).

The most distinctive single ultrastructural feature is
the presence of granules, which may occur in quite large
numbers in a cell sectioned through its perikaryon.
These are rod-shaped inclusions up to 460 nm in length,
often with a rounded expansion up to 150.nm diameter
at one end; the term ‘tennis rackets’ has been applied to
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FiG. 16, Centriolar xegbuoﬂhlun Llngemlu eell :hm\nng Golg membranes

and several typical Eangerhans granules (arrows) with characteristic ‘tennis- .

racket’ profiles. Dense lysosome-like granules are aiso present. Approx. X
35 000. (me Al Ythin and Toner, 1977.) :

granules of thxs pattern (Flg 16) The ‘handl of the ;

tennis racket has a characteristic internal \Jahinated
strycture. The presence of these anules is now taken as
the most important single Yor identification of a
Langerhans cell. The function of the Langerhans cell is
unknown and - former * hy ‘linking * them to
melanpcytes are: discounted. Evidence now exists sup-
porting a mescnchy:mal ongm with a2 role as an
intraepithelial scavenger or in antigen capture.

The Langerhans cell is not the only non-keratinocyte
of the mucosa. Melanocytes may occur, particularly in
buccal ‘mucosa,. and Merkel cells, possibly related to
sensory mcpuon can be-found. As indicated above;
mtraeplthehal lymphocytes are a common occurrence in
squamous as in other mucosae.

The submucosal glands of human oesophagus lie in the
submucous connective tissues, each connected to the
mucosal surface by a straight duct. Each lobule contains
acinar and ‘ductal structures, the acini lined by predo-
mmantly mucus-secreting columnar cells, the ducts by
cubgidal or stratified epithelium. These glands most
5_:closcly tesemble the minor salivary tissue of the buccal

m

‘The mucous cells of the glands (Al Yassin and Toner,
1977) are closely packed, pyramidal in shape, and
connected by junctional complexes. The nucleus is
pushed to the periphery of the cell by the accumulated

‘mass of pale foamy secretion granules, which often seem

to coalesce (Fig. 17). There is a rim of well- orgamzed
granular endoplasmic reticulum at the basal and perinuc-
lear areas, and an elaborate Golgi system is seen in
favourable sections. There are occasional mitochondrial
inclusions, consisting of bundles of parallel tubules; and

_finally there are scattered membrane-limited cytop-

lasmic - inclusions, containing bundles of microfibrils
associated with pale vacuoles. Several other types of
acinar secretory cells are only occasionally encountered,
but myoepithelial cells are plentiful, being found in every
acinus (Fig. 17). These are flattened spindle-shaped
cells, sandwiched between the acinar secretory cells, to
which they are connected by occasional desmosomes,
and the basal lamina of the acinus. Their cytoplasm
contains sparse mitochondria and few membrane sys-
tems, but 1s rich in myofilaments, similar to those of
smooth muscle. There are typical smooth muscle
attachment zones at the cell base into which the cytop-
lasmic filaments are inserted. No nerve terminals are
seen within the confines of the acinus; the nerves are
located in the periacinar connective tissue and the sec-
retory cells are presumably indirectly innervated.

Fic. 17. Bases of two adjacent acini of h h I sub »sal glands.

Within the upper acinus, part of a myoepnbehnl cell (M) is apparent. The
arrow indicates the compressed rim of granular endoplasmic reticulum, and in
another cell, part of the Golgi system (G) appears. The secretory granules are
pale and foamy, appearing to coalesce, probably as an artefact of fixation.
Approx. X 6000. (From Al Yassin and Toner, 1977.)



