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PREFACE
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September 1992, under the supervision of Dr. J. E.
Fincham.

These studies were conceived by, and represent
original work by the author. Where use was made of
the work of others it has been duly acknowledged
in the text.
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1

CHAPTER ONE
PART ONE.
INTRODUCTION.

There is a need for defined models of human nutritional
disorders partly because serious misconceptions about
models are common amongst researchers. Historically a
large variety of species has been used including
primates, pigs, rats,
lagomorphs. Advantages

various small carnivores and
and disadvantages are not well

known and availability is a major factor.
In 1753 John Hunter used pigs to study bone growth in one
of the first scientifically controlled nutrition
experiments (Kobler 1960). Rats were most likely the
first animals to be bred specifically for scientific
purposes and there is evidence that they were used in
nutrition experiments during the late eighteenth century
(Kobler 1960).

Experience with carcinogenesis in animals has shown the
great diversity of results which may possibly be obtained
from different species (Lave et al. 1988). This is
pertinent to nutritional research as there is an
established link between diet and cancer.
The selection of a suitable substitute to attempt to
model possible human response to a variety of procedures
is dependent upon criteria among which the following are
possibly the more important.
Availability; this is of great importance in Southern
Africa where the cost of importation of exotic species

https://etd.uwc.ac.za/
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must be taken into account. Du Plessis (1981) referred to

the fact that our indigenous primates were a valuable

resource.

A second consideration must be the cost

the selected animal in a scientifically

acceptable environment. Keeping animals

of maintaining

and ethically

for research

purposes in an uncontrolled environment could well lead

to erroneous conclusions being made.

Thirdly the cost of a research program in which animals

are used may be increased if there is insufficient

knowledge of the model selected. A paucity of knowledge

available about an animal may affect the viability of an

experiment. The need for precise information regarding

the effects of extended term dietary supplementation of

experimental animals has been noted by Fincham et.

al. (1987) . Additionally the selected animal should

preferably have similar dietary requirements to man, and

have a life span which will enable extended term

investigations.

Non-human primates are phylogenetically, metabolically

and anatomically close to humans. Results obtained from

them may, therefore, have a better correlation with

humans than with results obtained from more distantly

related animals (Williams-Blangero et al. 1990). It

should, however, be recognized that primates represent

one of the large orders of the animal kingdom with 12

families, 66 genera and approximately 180 species (Du

Plessis 1981), although there is not concensus on these

figures (Rosen 1974; Walker 1975). It is not surprising

https://etd.uwc.ac.za/
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therefore that there is great diversity and the selection
of the optimal research primate is not without problems
and the recognition of sub-species variation should not
be overlooked (Williams-Blangero et al.). Some non-human
primates are so distinctly different and distantly
related (Figure 1.1.) that extrapolation of findings from
these animals to man should not be undertaken or should
be undertaken with great caution.
Vervet monkeys (Cercopithicus aethiops) fulfil some of
the above criteria. They are indigenous to much of
Southern Africa (Cillie 1987). They are readily available
by capture from the wild, where they are considered
"problem animals" in many areas of South Africa (Mulder
1981). This factor greatly reduces the cost of obtaining
the animals. They are also available as captive bred
specimens (Seier 1986). Furthermore they are omnivorous
(Smithers 1986) and have a developmental period and
lifespan (Cillie 1987) which permits prolonged work. In
addition they are smaller than the other widespread non-
human primate indigenous to the region, the Chacma baboon
(papio ursinus), which makes both the cost of feeding and
housing in scientifically and ethically germane
conditions less than that of the latter species (Seier,
personal communication).
The benefits mentioned above make Vervet monkeys an
attractive subject for use in research.
Information on many aspects of the histology and
histochemistry of Vervet monkeys, is, however, severely
lacking. The work which follows is an attempt to redress

https://etd.uwc.ac.za/
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one area in this deficiency. It has a specific bearing

upon research into the effects of diet on

system of the Vervet monkey itself as

the digestive

well as the

possibility of the extension of results obtained to the

human situation.

https://etd.uwc.ac.za/
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PART TWO.
A SURVEY OF THE RELEVANT LITERATURE.

There is
literature
a review

difficulty in sequencing the review of
as some authors investigated many species and
by species would lead to repetition of

citations. Furthermore, references to different tissue
components, for example acinar cells and excretory ducts,
and different areas of organs e.g. cardia, fundus and
antrum of stomach, also need to be examined. Additionally
some authors have examined organs, such as the stomach
and colon, as a single entity without reference to
region. These factors sometimes make it necessary to
place the review out of strict order and leads to
difficult reading. However, where possible, references to
human, non-human primate, and to duct or other anatomical
feature have been grouped together.
In order to assist the reader with the organization of
the review a brief synopsis is presented first.
Initially the nomenclature, chemistry, structure,
function and the significance of the need to determine
modified histochemical structure of mucus in disease
states is addressed. This is followed by a survey of
literature relevant to various organs which starts with
the salivary glands and proceeds aborally. Each section
is arranged so that an introduction referring to the
general anatomical structure is followed by histochemical

https://etd.uwc.ac.za/
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findings. The influence of diet, trace element deficiency
or infection concludes each section.
Differences in anatomy between some species are present.
For example, most rodents have a squamous forestomach
which is not present in primates and carnivores. Among
the non-human primates only the anthropoid apes have an
appendix.
Inter species variation in mucus histochemistry is
present throughout the tissues and species reviewed. This
is especially so in the salivary glands where marked
differences of opinion are present regarding the
histology of labial and sublingual glands. In the colon
there are differences not only in the type of mucus
present but also in its exact location both within crypts
and along the length of the organ.
with regard to nomenclature in this work "mucous" is used
to refer to tissue as this is a similar usage to
"squamous" and "serous". "Mucus" is the product of mucous
tissue. "Mucin" is used as the plural form as "mucuses"
is felt to be a cumbersome alternative.

1.1. MUCUS AND MUCINS:
"The great importance of trying to understand what

happens to mucus and mucosa when a tissue becomes

diseased was also pointed out to me. How is mucus

structure affected ? How is mucus production affected ?

And to what extent are the mucus glycoproteins modified?"

(A. Silberberg. Introduction, Mucus and Mucosa. Ciba
Foundation symposium 109. 1984).

https://etd.uwc.ac.za/
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The term "glycoconjugate" embraces many materials all of
which contain covalently linked carbohydrate. For
practical purposes these have been divided into
carbohydrate linked to either lipid or protein. Typical
carbohydrate-lipid combinations are sphingolipids and the
lipopolysaccharides found in certain
Examples of carbohydrate protein

bacterial walls.
combinations are

proteoglycans (e.g. chondroitin sulphate, heparin) found
in connective tissue, and glycoproteins e.g. mucus
glycoprotein, (found in epithelial tissues), and plasma
globulins (Clamp 1980; Cook 1972; Culling 1975). Mucus
glycoprotein is the combination specifically of interest
in the current investigation.
Mucus glycoproteins are rich in carbohydrate. They
contain multiple oligosaccharide chains constituting 70-
85% of dry weight and which are comprised of less than 25
monosacharides (Gallagher and Corfield 1978). Chains vary
in length and are branched (Oates, Rosbottom and Schrager
1974). Mucus varieties derived from a single source may
contain the same carbohydrates but their ratios can
differ as was demonstrated by Mikuni-Takagaki and Hotta
(1979) and Woodward et al. (1982). The most
characteristic carbohydrates of mucus glycoproteins are
sialic acids and N-acytylgalactosamine while the nature
of the sialic acids may vary with the species and cell
type and location (Herp, Wu and Moschera 1979; Park et
al. 1987). The most abundant of the sialic acids is Á-N-
acetylneuraminic acid. In mucus, any or all of the

https://etd.uwc.ac.za/
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hydroxyls at C4,7,8, and 9 may be esterified by acetic
acid i.e. acylated (Kiernan 1990).
Mucus has a characteristic protein
serine, threonine, proline and
(Gallagher and Corfield 1978).
Mucus is widespread in nature and has evolved to fill a

core region in which
glycine predominate

number of roles. It is obviously important in systems as
functionally different as the respiratory and digestive
systems. It is a slimy, sticky secretion which in
physical-chemical terms shows the properties of both a
liquid and a solid and varies in its properties in both
physiological and pathological contexts (Gevers 1987).
Confusion in the nomenclature relating to mucus and
related materials exists. Such terms as mucoprotein,
mucosubstance, mucocomplex, mucopolysaccaride, mucin and
glycoprotein have been used. To avoid this confusion it
has been recommended (Clamp 1980) that imprecise terms
such as mucoid or the prefix muco- be abandoned and that
the total secretion should be called "mucus". Kent (1962)
had previously commented "mucopolysaccaride,
and mucin have been applied so widely by

mucoprotein
different

authors that their usefulness is very questionable" and
yet uses the term "mucoprotein" in his paper without
defining the meaning. Florey (1955) made the point that,
historically, misinterpretations of the role of mucus had
been made, some having given it the ability to resist
gastric acid and others assigning to it a purely
lubricative role.

https://etd.uwc.ac.za/
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Mucins have been described by Allen (1983) as "very
elongated rod-like molecules that are polymerized into
larger rods or windmills and enmeshed with each other at
high concentrations to form a visco-elastic gel". The
primary function of gastrointestinal mucus is, according
to Allen et al. (1984), the protection of the underlying
epithelial cells against attack by (a) acid and pepsin
(b) shear forces created by the digestive process and (c)
from pathogenic organisms. Litt (1984) concurs with these
ascribed functions. These views appear to provide no
update on those expressed by Forstner in 1978. Culling et
al. (1981) stated - "In gastrointestinal tract mucins it
is important to be able to demonstrate, and distinguish
between, the carboxyl (COOH) groups of sialic acids and
the presence of sulphate ester groups (OS03H)". From
literature, reviewed below, it is apparent that it is
also necessary to be able to distinguish between the
point at which acylation of sialic acids may have
occurred.

1.2. SALIVARY GLANDS.
Salivary glands are usually divided by their relative
size into major and minor glands. The former are the
parotid, submandibular and sublingual, and the latter the
palatine, labial, and buccal glands. Shackleford and
Wilborn (1968) state, "Mammalian major salivary glands
exhibit outstanding diversity at gross, light microscopic
and electron microscopic levels", while Eversole (1972)
states, "Marsupial, edentate, rodent, lagomorph, ungulate

https://etd.uwc.ac.za/
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and primate glands have been shown to be significantly
different". This variation makes a separate approach to
each gland appropriate.
The product (Arglebe 1981) and volume (Junqueira,
Carneiro and Contopoulos 1977) of salivary glands varies
and is influenced by various stimuli (Watanabe and Dawes
1988). These authors examined the effects of seven
different foods and three different concentrations of
citric acid. They showed that salivary flow rates varied
with different foods and that the greatest flow rates
were achieved with acid foods such as rhubarb pie while
rice provided a lessor response. Saliva's function in the
oral cavity is both protective and lubricative. Further
roles assigned to saliva are digestion and mediation in
taste sensation (Arglebe 1981). Tabak et al. (1981)

divide the functions into three broad categories.
Firstly, protection against desiccation and
"environmental insult" secondly, lubrication and thirdly,
an antibacterial effect. They are supported in this last
view by Johansson and Ericson (1987) who demonstrated
that the production of a biologically active bacterial
agglutinin was affected by diet. Ericson and Bratt (1987)
showed that oxidation of this agglutinin by peroxidase
was prevented by the action of salivary ascorbic acid.
Salivary gland mucus also contributes to the gastric
mucus pool (Herp, Wu and Moshera 1979).

1.2.1. LIPS. The digestive
which consist primarily of

system starts at the lips
the obicularis oris muscle

https://etd.uwc.ac.za/
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embedded in fibrous tissue. Externally the lip is covered
by skin containing hair, sebaceous and sweat glands
(Leeson and Leeson 1981). The inner surface is covered by
a mucous membrane composed of non-keratinizing squamous
epithelium which desquamates causing the appearance of
large numbers of cells in the saliva (Bloom and Fawcett
1975).
within the connective tissue are small mucous glands
(Leeson and Leeson 1981). The gland tissue itself
consists of acinar formations of cells and has been
variously described. Tandler et al. (1969) stated in
their ultrastructural study that all the cells present in
human labial glands were mucous while Warwick, Bernard
and Meskin (1964) and Eversole (1972) refer to serous
demilunes in conjunction with mucous acini. Both of these
reports record the presence of a mixture of neutral,
sulphated and sialomucins. Gland involvement in disease
has been recorded and their use in diagnosis of diseases,
such as cystic fibrosis, has been noted (Warwick Bernard
and Meskin 1964, Tandler 1987).
Hensten-Petersen (1976) studied two non-human primate
species, Macaca irus and C. aethiops, and staining
reactions indicated the presence of neutral and sulphated
acid mucus in the mucous cell component. Sacramento and
Miraglia (1972) considered the labial glands of the
common marmoset (Callithrix jacchus) to be mainly mucous
with serous demilunes. They found the mucus content of
the cells forming the acini was a mixture of neutral and
sulphated with a small amount of sialomucin.

https://etd.uwc.ac.za/
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Emptying into the oral cavity on the inner aspect of the
lip are secretory ducts lined by cuboidal epithelium
(Sacramento and Miraglia 1972). The duct orifices are
often associated with lymphoid tissue which introduces
antibodies into the salivary flow (Nair and Schroeder
1985,1987). Nair, Zimmerli and Schroeder (1987) reported
that the volume of this duct associated lymphoid tissue
(DALT) changes with age.

1.2.2. PALATE. In man and in other species the palate is
divided into an anterior hard, and a posterior soft
portion. Both of these areas are covered by stratified
squamous epithelium (Eversole 1972; Hensten-Petersen
1976; Junqueira , Carneiro and Contopoulos 1977). All of
these authors agree that the posterior portion contains
purely mucous glands. The structure of these glands is
not typical of major salivary glands as the duct system
is poorly developed and is substituted by sinusoidal
lumina
glands

(Hensten-Petersen 1976). The product
has been stated to be an acid mucus

of these
which is

either carboxylated or sulphated although the latter
appears to predominate and to be the most frequently
reported (Imai, Shibata and Moriguchi 1976; Green and
Embury 1987; Hensten-Petersen 1976; Eversole 1972). There
are, however, relatively few publications referring to
the palatal glands and their product especially when
compared to the major salivary glands. No reference to
dietary influences on the gland was found.

https://etd.uwc.ac.za/
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1.2.3. PAROTID GLAND. This gland is the second salivary
gland to appear during the embryological development of
man (James, Blake and Thomas 1968). The parotid contains
intercalated, striated
into the oral cavity

and excretory ducts and empties
through Stensen's duct which is

lined by low cuboidal epithelium. In man the neck of this
duct may show varying degrees of transformation into
mucous cells (Bloom and Fawcett 1975; Junqueira, Carneiro
and Contopoulos 1977). In the Rhesus monkey the excretory
duct often contains goblet cells as do the excretory
ducts of bovines and guinea pigs (Shackleford and Klapper
1962).
There is a need to critically evaluate the terminology
used by authors. Asojo and Aire (1983) refer to the

as a serous
rat (cricetomys gambianus,

gland but state that the
parotid in
Waterhouse)

the giant

secretions contain neutral and sialomucins as do Harrison
et al. (1987) in their study of the gland in man. Clarity
on nomenclature is provided by Munger (1964) who defines
serous glands as those which secrete proteinacious
material without significant polysaccharide in the
granules. Seromucous glands are those which secrete a
watery product but whose secretory granules contain
variable amounts of polysaccharide. He refers to the
parotid as a seromucous gland.
Stephens et al. (1986) conclude that the gross and light
microscopic anatomy and mucus histochemistry in man and
rhesus monkey (Macaca mulatta) are similar and assert
that the acinar cells are exclusively serous. The latter

https://etd.uwc.ac.za/
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authors studied this gland in rodents, lagomorphs,
carnivores, ungulates, pigs, rhesus monkeys and man and
found that the parotid glands of man, monkey, rodent,
lagomorph and pig are similar while differences between
these animals and carnivores (cat and dog) and cows and
sheep were marked. In the common marmoset, serous cell
granules contain neutral mucus and non-sulphated acid
mucus. However, the gland differs from man and rhesus
monkey by being smaller than the submandibular gland.
Some of the cells of the secretory ducts also contained
neutral and acid mucus (Sacramento and Miraglia 1972).
In the ferret (Mustela putorius furo) parotid gland
almost all the acinar cells have sialic acid containing
mucus and a few cells in which granules give reactions
for sulphated mucus (Jacob and Poddar 1978). Granules in
gerbil (Mongolian meridianus) parotid gland cells contain
mostly neutral and carboxylated acid mucus but trace
amounts of sulphated mucus were also present (Ichikawa
and Ichikawa 1977).
The outstanding difference between the ruminants and
other animals was morphological as the acini were long
and tubular. The parotid gland of the African Elephant
(Loxodonta africana) is described by Raubenheimer et al.

(1988) as having seromucous cells in a tubulo-acinar
formation with intercalated and striated ducts leading to
the major excretory duct.
The structure of this gland
(Myotis lucifugus) has been

in the little brown bat
described by Pinkstaff,

TandIer and Cohan (1982) as a tubuloacinar seromucous

https://etd.uwc.ac.za/
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gland in which both neutral and nonsulphated mucins
occur.

1.2.4. SUBMANDIBULAR GLAND. This gland is also referred
to as the submaxillary gland. Primitive acini in the form
of bush-like terminal buds and primary ducts surrounded
by loose mesenchyme are found in human foetal
submandibular glands by the age of sixteen weeks. The
serous granules present are strongly positive to
techniques which demonstrate neutral and acid mucus
(Gibson 1983). The neonatal maturation of this gland over
the first few weeks of life was described by Scott (1979)
who stated that both ducts and acini developed from the
foetal stage during this period. Incompletely developed
acini and evidence of ductal proliferation occurred up to
the age of six months. Modification of the relative
proportions of the various tissue components between the
ages of 16 and 95 (Scott 1979). The embryological
development of this gland is very similar in man and
baboon (Hendrickx 1971). In the newborn rat and mouse the
submandibular gland is morphologically similar to a human
foetus of between 13,5 and 16 weeks gestation. Serous
granules which are present at this stage are PAS and AB
positive (Gibson 1983).
The serous cell secretory granules of the gerbil and
Rhesus monkey were investigated by Ichikawa and Ichikawa
(1977). These granules reacted with techniques which
demonstrate carbohydrates and mo~phologically appeared to
have a core and a periphery which differed in
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composition. Staining of the periphery with alcian blue
indicated that this area contained acid mucus. These
authors state that the ultrastructural appearance of
salivary gland granules differs between species and
suggest that this may indicate differences in their
composition. Jacob and Poddar (1978) investigated the
ferret submandibular gland and record that the gland has

primarily, sulphated
The mucous cells contained,

with small amounts of
mucous cells and demilunes.

mucus
carboxylated mucus also present. The same authors (1987)
in an ultrastructural investigation of the ferret gland
confirm that the structure is as detailed above. Bondi et
al. (1987) investigated another carnivore (cat, Felis

domestica) and describe a similar structure. They concur
with Jacob and Poddar' (1978,1987) when they detail the
presence of intercalated, striated and
the cells of which, occasionally show
methods to demonstrate mucus. TandIer

excretory ducts
reactivity with
(1983) describes

the same features in another carnivore,
American mink.
The submandibular gland of rodents has been extensively

the North

investigated. In rats and mice
the presence, number and type

there is dimorphism and
of cell present is sex

related. Hatakeyama, Sashima and Suzuki (1987) showed the
presence of both serous and mucous cells in Wistar rat
submandibular gland but concluded that there were greater
numbers of mucous cells in the male. In female wistar
rats injected with testosterone mucous cell numbers were
intermediate between male and untreated females. The
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presence of neutral, carboxylated, but not sulphated,
acid mucus in this gland in multimammate mice (praomys

natalensis) (Sirigu et al. 1985) is similar to results
obtained in adult rats and mice by Bondi, Menghi and
Materazzi (1983). Sulphated mucus has however been
reported in growing rats, mice and rabbits (Bondi, Menghi
and Materazzi 1984, Menghi 1984a, Menghi 1984b). It must
be noted that the sulphates mentioned by Menghi (1984b)
were detected by chemical rather than histochemical
methods and the sensitivity of the two techniques may be
different.
Approximately 70% of the salivary output in man is
supplied by this gland although it is smaller than the
parotid (Junqueira, Carneiro, Contopoulos 1977).
Submandibular gland mucus in sheep (Ovis aries) was
investigated by Schulte, Spicer and Miller (1985) who
used lectins to elucidate the chemistry of these
substances. They reported the presence of neutral and
acid mucus but made no comment regarding sulphated mucus.
The effect of various androgens, which impaired the
development of the granular ducts of mice, was
demonstrated by Minetti et al. (1985).
Perra, Puxeddu and Sirigu (1988) investigated the main
excretory duct of the submandibular gland and noted that
it was lined by pseudostratified epithelium which
contains both neutral and acid mucus. In addition there
were scattered goblet cells present which agreed with the
findings of Shackleford and Klapper (1962).
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Evidence for an inter-relationship between the
submandibular gland and the endocrine system was reviewed
by Arancibia and Assenmacher (1985). They noted the
production of both nerve growth factor and epidermal
growth factor as well as an effect upon calcium, glucose
and lipid metabolism.
Protein-calorie malnutrition affected the submandibular
gland in rats by producing acinar atrophy,
the volumetric proportion of the granular
reduction of neutral mucosubstances in the
(Ferreira, Piza and Fava-de-Moraes 1985).

decrease in
duct and a

acinar cells

1.2.5. SUBLINGUAL GLAND. The sublingual gland is the
smallest of the major salivary glands and in man weighs
less than 2 grams and is approximately 2,5 cm long. It is
situated in the middle region of the sublingual sulcus.
The unique features which characterize this gland are the
scarcity of pure serous acini and the presence of sero-
mucous cells (Mason and Chisholm 1975). There is some
disagreement as to the size of this gland in man as Bloom
and Fawcett (1975) state that it is 3 to 4 cm long and
Moss-Salentijn and Hendricks-Klyvert (1987) state that a
well developed sublingual gland is only present in 65% of
all cases and if present varies considerably in "size,
form, composition and anatomical relations". According to
Junqueira et al. (1977) the serous cells represent 30% of
the gland volume and also form demilunes in mucous acini,
the remainder of the gland consists of 60% mucous cells,
3% striated ducts and 7% other tissue elements. Leppi and
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Spicer (1966) examined sublingual glands in man, squirrel
(Saimiri sciureus) and Rhesus monkeys (Macaca mulatta)

and found differing histological features in each. with
reference to man they allude to an "inconstant component"
which they call the "greater sublingual" and state that
it consists of greater numbers of sero-mucous cells. The
presence of neutral, carboxylated and sulphated mucus in
varying quantity and distribution throughout the gland is
also described. Eversole (1972) found a similar variety
in the mucus present in his study of human sublingual
glands but makes no reference to the presence of more
than one component. This latter author also states that
neighboring acini and sometimes neighboring cells may
produce different mucus and that greater numbers of cells
produce sulphated mucus in this gland than in the
submandibular gland. Dreisen, Goodrich and Levy (1968)
record that, in man, this gland is mixed serous and
mucous and do not refer to another separate segment. The
marmoset (Callithrix jacchus) has purely mucous cells in
its sublingual gland according to these last authors. By
using lectin histochemical techniques Laden et al. (1984)

were able to establish that, in humans, there was
cellular heterogeneity in mucus production but that
although mucous cells of a given variety varied between
individuals there was great similarity between glands
within an individual. No reason for the inter-individual
variation was advanced.
Jacobsen and From (1973) compared material from C.
aethiops with that obtained from M. irus and found that
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the histology and histochemical staining reactions for
mucus were the same for both species. The latter authors
found that in these primates there were two lobes of this
gland, one which they called the major. This comprised
60-70% mucous cells in which both acid and neutral mucus
was identified. The other portion, referred to as the
minor, was 100% mucous in character the acid mucus
portion of which they conjectured might be sulphated on
the basis of the staining reactions used. They concluded
that the salivary glands which they examined showed great
similarity and that they were like those described for M.

mulatta. The Japanese macaque (Macaca fuscata yakui)

according to Imai, Shibata and Moriguchi (1986) has the
same histological and histochemical features. There were
two types of mucous cells present identified as types One
and Two.

1.2.6. TONGUE. The tongue has been studied extensively
with regard to its gross anatomy and histology. Machida,
Perkins and Giacometti (1967) examined the comparative
morphology of the organ in 10 species of prosimians , 4
species of new world monkeys, 7 species of old world
monkeys, the gorilla and man. Their study focused on the
general anatomy, histology and enzyme histochemistry and
revealed that the number of vallate papillae increased
with phylogenetic ascension. The structure of taste buds
in Rhesus (Farbman, Hellekant and Nelson 1985) and
Cynomolgus (Macaca fasieularis) (Arvidson, Cottler-Fox
and Friberg 1980) have been investigated and
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characterized. The latter authors state that, among

laboratory animals, taste response in Old World monkeys

is most like man. Human posterior lingual glands were

investigated at the ultrastructural

et al. (1985) with the objective

level by Testa-Riva

of elucidating their

cellular structure. They concluded that the serous cells

were different to those found in other salivary glands as

the secretory granules do not coalesce or accumulate. In

addition they noted that the change from acinar cells to

duct cells was gradual and diff icult to discern. Imai,

Shibata and Higashi (1982) examined the serous and mucous

glands of the tongue in the Japanese Macaque and found

the presence of neutral, carboxylated acid and sulphated

acid mucus in the mucous glands. They detected no

anterior lingual glands in this species, a finding which

Jacob and Poddar (1979) also obtained in a study of the

ferret lingual glands. The mucous component of the ferret

lingual glands was similar to that of the Japanese

Macaque. The histology of the tongue of Vervet monkeys

differs from that of humans and Chacma baboons as there

are eosinophilic, electron-dense bodies in the prickle

cells (Farman and Van Wyk 1980; Farman 1980). Woodroof

(1986) investigated the histology and mucus

histochemistry of Vervet lingual glands using several

stains and found the presence of carboxylated and

sulphated mucus with adjacent cells producing either of

these mucus varieties creating a "patchwork" effect. He

did not detect the presence of anterior lingual glands in

this species.

https://etd.uwc.ac.za/



23

1.3. OESOPHAGUS. The human oesophagus has been
extensively studied with regard to its general anatomy
and histology and is composed of three layers, the
epithelium, the lamina propria mucosae and the muscularis

mucosae (Palmer 1952). It terminates at the cardia with a
slight thickening of the muscularis externa which is not
sufficient to justify its being called a sphincter (Ham
1974). There is however relatively little information on
the oesophageal glands which may be due to the limited
numbers present in the human organ. Dobrowalski (1894) is
quoted by Palmer (1952) as having studied their
arrangement in some detail and having concluded that
there were seldom more than 200 glands in the human
oesophagus. The mucus, enzyme and secretory protein of
these glands was studied by Hopwood, Coghill and Sanders
(1986) who localized their ostia with toluidine blue. The
glands according to these workers contained 4 different
cell types, mucous, serous, myoepithelial and oncocytes.
They identified neutral, carboxylated and sulphated mucus
in the mucous cells. Sulphated mucus had previously been
detected in oesophageal glands by Lambert, Andre and
Berard (1971) but as these authors were primarily
interested in the source of sulphate in gastric mucus
they apparently did not try to identify other mucus
types. Filipe (1979) in a review of mucins in the human
gastrointestinal epithelium states that there are large
amounts of sulphated together with neutral and
carboxylated mucus in oesophageal glands. The presence of
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a patch of gastric type mucosa containing both chief and
parietal cells in the upper oesophagus in 3,8% of a
series of 420 cases viewed by endoscopy was reported by
Jabbari et al. (1985) who felt that it was of
embryological origin. Mucus varieties in Barrett's
Oesophagus (the presence of ectopic gastric mucosa in the
oesophagus) were typified by Lee (1984) as containing
mainly neutral but with scattered cells producing
sialomucins, sulphomucins or both. The importance of
research upon the oesophagus in southern Africa is
evidenced by the finding that a statistically significant
high incidence of oesophageal carcinoma in the southern
Cape Province could be confirmed by endoscopy and
histology (Jaskiewicz et al. 1989). Furthermore the very
high incidence of oesophageal carcinoma in Transkei is
well documented (Burrell 1969, Rose 1973, McGlashan
1977). The effect of various dietary components upon the
incidence of oesophageal cancer has been noted. Alcohol
produced from maize (Cook 1971), mineral deficiencies
(Burrell, Roach and Shadwell 1980), tannins in tea
(Lightdale and Kurtz 1981) and many other agents have
been included in the possible causes of oesophageal
cancer. The addition of iron and riboflavin to flour in
Sweden appeared to reduce the incidence of oesophageal
cancer in that country (Larsson, Sandstrom and Westling
1975) .

1.4. STOMACH. The stomach conforms to the general
It is dividedstructure of the gastrointestinal system.
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anatomically into 3 regions, cardia, fundus and body plus

antrum each of which differs in histology. The change

from the stratified squamous epithelium of the oesophagus

to gastric epithelium is abrupt. A single layer of tall,

columnar, mucus secreting epithelium without goblet cells

covers the inner surface. In addition there are chief

cells, producing pepsinogen, parietal cells producing

acid, mucous neck cells, which are relatively few in

number, and enterochromaffin cells which form part of the

diffuse endocrine system (Cruikshank, Dodds and Gardner

1964, Bloom and Fawcett 1975, Leeson and Leeson 1981). In

some rodents, however, such as the mouse, rat, hamster

and gerbil, there is an area of forestomach which is

covered by squamous epithelium while the guinea pig has a

completely glandular stomach (Sheahan and Jervis 1976).

Gastric mucus chemistry (Dekanski , Macdonald

1975, Ohara et al. 1984) and histochemistry

Jarvi and Grënroos 1968, pasquier and vatier

been investigated. Unfortunately these,

authors, did not select their material on

basis.

The cardiac region is confined to a narrow band

immediately adjacent to the oesophagus and consists of

compound or simple tubular glands composed of mucus

secreting cells with occasional parietal cells present

(Leeson and Leeson 1981). Sheahan and Jervis (1976) state

that it is a narrow ring distal to the oesophageal

and Sacra

(Hakkinen,

1990) has

and other

a regional

squamous mucosa in man, rabbit, rodents and cat. In

baboon and Rhesus monkey the latter authors consider that
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this region comprised the proximal third of the stomach

including the area usually referred to as the fundus.

Imai et al. (1988b) hold the view that the cardiac,

fundic and oesophageal glands are the same kind of gland.

The gastric cardiac region has been studied in numerous

species. In all 11 species studied by Sheahan and Jervis

(1976) the surface and foveolar cells contained both acid

and neutral mucus but only the primate species showed the

presence of sulphated mucus.
In man the base of the cardiac glands produce acid mucus

(Gad 1969, Sheahan and Jervis 1976, Filipe 1979, Filipe

1981, Imai et al. 1988b). The same result was obtained in

the macaque (Imai, Shibata and Shimano 1987) and the pig

(Imai, Shibata and Moriguchi 1988a). The horse differed

in that no sulphated mucus was demonstrated in this area

(Imai, Shibata and Moriguchi 1988c). Imai and co-workers

hold the view that the cardiac glands are

undifferentiated fundic glands and not a separate

histological entity.

The region referred to as the body of the stomach varies

considerably in shape and dimension. The mucosa in this

region is exemplified by mucus producing surface cells

and tall branched glands in which zymogenic cells

predominate in the basal portion and parietal cells the

upper portion (Junqueira, Carneiro and Contopoulos 1977).

Goldman and Ming (1968), using human material, found that

the mucus content of surface cells in this region was

neutral and that the deep foveolar and mucous neck cells

occasionally showed the presence of sulphated mucus.
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Chief and parietal cells did not contain mucus. Gad
(1969) reported identical results for the foveolar and
neck cells but made no comment regarding chief and
parietal cells. Stemmerman (1967) states that the surface
cells of human infants differed from adults in that these
cells produce acid rather than neutral mucus but that
this characteristic was absent in the antral region. The
latter author found that chief cells contained
sulphomucus. Hakkinen, Korhonen and Saxen (1968) and
Tyrkko, Heiman and Rimpela (1968) found sulphomucus in
the surface cells of adult gastric mucosa. The latter
authors found that alcohol fixation enhanced the
demonstration of sulphomucus. The range of animals
examined by Sheahan and Jervis (1976) indicated no
predictable pattern
methods employed.

in response to
Parietal cells

the mucus staining
in cat, monkey and

baboon contained neutral mucus, Chief cells in guinea pig
cat and dog contained both neutral and sulphated acid
mucus. The mucus histochemistry of the Japanese macaque
is similar in the surface and foveolar cells of cardia,
fundus, greater and lesser curvatures (Shibata et al.

1986). Neutral and carboxylated acid mucus were present
but not sulphated acid mucus. Dog body and antral glands
contain sulphomucus in the surface and foveolar cells
(Tyrkko, Heiman and Rimpela 1968).
Glands in the antral region are characterized as branched
or coiled and shorter than those of the body. No chief or
parietal cells are present and the gastric pits are
deeper (Di Fiore 1977). Human foetal'and neonatal antrum
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The role and importance of gastric mucus in the

contains isolated cells with the histochemical
characteristics of intestinal cells (Stemmerman 1967).
spicer (1960) compared the results of a variety of
staining methods with the results of in vivo

incorporation of S35. Both results indicated the presence
of sulphomucus in mouse, rat and rabbit but not guinea
pig. Sulphomucus has also been demonstrated in cat, dog
and baboon but not in Rhesus monkey or man (Sheahan and
Jervis 1976).

protection against damage by both intrinsic and external
mechanisms has been recognized for over 200 years. The
visco-elastic properties of mucus as a protective agent
have been termed controversial (Shorrock and Rees 1988)
and the production of bicarbonate by the gastric mucosa
was for a long time a point of conjecture (Heatley 1959;
Gardham and Hobsley 1970; Christensen 1975). Its presence
in gastric mucosa was eventually confirmed by Flemstrom
in 1977. Both the molecular weight of gastric mucus,
which may vary between individuals, (Bagshaw, Munster and
Wilson 1987) and the quantity, (Azuumi et al. 1980) which
is affected by fasting, drugs and stress (Dekanski,
Macdonald and Sacra 1975, Ohara et al. 1984) influence
the protective qualities of gastric mucus.
The inhibition of peptic activity by a variety of
sulphated mucin, all of which contained sialic acid,
extracted from pig gastric mucosa was reported by Mikuni-
Takagaki and Hotta (1979). The presence of O-acetylated
sialic acids has not been recorded from the stomach and
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l.S. SMALL INTESTINE. The small intestine commences with
the transition of gastric mucosa to intestinal type

have proven to be almost entirely confined to the colonic
mucins in man, rats, mice and rabbits (Culling, Reid and
Dunn 1976).
The influence of a variety of dietary constituents upon
the stomach has been reported. The high incidence of
stomach cancer in Japan was ascribed by Graham, Schotz
and Martino (1972) to the consumption of large quantities
of rice in that country. However, Merliss (1971) had
shown that rice milled in Japan contained talc and
asbestos fibres while that milled in the united states,
where the gastric cancer incidence is lower, did not. The
occurrence of nitrates in food (Lightdale and Kurtz 1981)
and water (Hill, Hawksworth and Tattersall 1973) have
also been connected with higher rates of gastric
malignancy. The consumption of raw vegetables was higher
in subjects free of stomach cancer than those with
gastric cancer in a controlled series reported by Graham,
Schotz and Martino in 1972.
Multipotent cells which can produce intestinal type
epithelium in response to external stimuli have been
reported by many authors (Silva and Filipe 1986; Goldman
and Ming 1968; Filipe 1979, Rubio, Lindholm and Rodensjo
1989; Newbold 1989). The significance of these in the
prediction and evaluation of pre-malignant or potentially
malignant changes has been mentioned by Lei and Yu (1984)
and Jaskiewicz et al. (1989).
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mucosa and is divided into three regions: the duodenum,
jejunum and ileum. There are no gross indicators of the
transition from one region to another (Ham 1974).
Brunner's glands, which are submucosal mucous glands, and
the valves of Kerkring, which are circumferential or
nearly circumferential folds of mucosa, only occur in the
proximal duodenum (Krause 1975).
Intestinal epithelium consists of a sheet of single-cell
thickness (Ponder et al. 1985) which is organized into
finger-like villi supported by lamina propria and crypts
of Lieberktihn, tubular invaginations which extend below
the surface to the level of the muscularis mucosa (Di
Fiore 1977; cruikshank, Dodds and Gardner 1964). That the
epithelium, with the possible exception of
enteroendocrine cells, of each adult crypt evolves from a
single progenitor cell was elucidated by Ponder et al. in
1985. Cells proliferate and migrate along the walls of
the crypt towards the villus tip where they are shed
(Williamson 1978a; Chang and Nadler 1975; Potten and
Hendry 1983; Altmann 1983). The rate of this exfoliation
has been calculated at between 20 and 50 million cells
per minute for the small intestine (Croft et al. 1976).
Four types of cells occur in the crypt and villus. The
first consists of columnar cells. These are present as
cryptbase and midcrypt cells, which are immature
proliferative cells. Crypttop cells, which do not divide,
and villus columnar cells which are mature absorptive
cells also belong to this group (Cheng and Leblond 1974).
villus columnar cells constitute 97,3%, 95,0%, and 87,6%
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of the villus mucosal cells in the duodenum, jejunum and
ileum respectively in the mouse (Cheng and Leblond 1974).
The second type consists of mucous cells which may be
divided into common and granular subgroups which may be
further subdivided into immature oligomucous which have
the ability to divide, and mature goblet cells which do
not. Goblet cells provide 4,2%, 6,3%, and 11,9%
respectively of the mature epithelial cells in the three
small intestinal regions in the mouse (Cheng 1974).
The third type is made up of Paneth cells which occur
only at the base of the crypts in man but have been
observed in Brunner's glands in some non-human primates
by Krause (1975).
Fourthly, enteroendocrine cells make up approximately 1%
of the epithelial cell population throughout the small
intestine (Ham 1969).
villous height decreases progressively from proximal to
distal small intestine so that the height of villi in the
terminal ileum is approximately half that of villi in the
duodenum (Ham 1969).
Renewal of cells in the intestine is rapid and is
exceeded only by some rapidly growing malignant tumors.
It can, however, be accelerated by a number of stimuli
including intestinal resection, hormones and intermittent
starvation. Factors that decrease the rate of renewal
include fasting, vitamin B12 and folate deficiencies and
castration (Williamson 1978). The intestinal epithelium
is replaced within 2 to 3 days in rats and mice (Leblond
and stevens 1948, Abrams, Bauer and sprinz 1962) and 3 to
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6 days in man (MacDonald, Trier and Everett 1964). In
rabbits goblet cell mucus is totally renewed at least
twice and perhaps more during the migration of the cell
along the villus (Chambraud et al. 1989). Mucus is
manufactured in the Golgi complex (Hopkins
appears in the goblet cell as discrete round
(Junqueira, Carneiro and Contopoulos 1977).
According to Sheahan and Jervis (1976) the human, rhesus
monkey and baboon duodenal villous goblet cells do not
produce sulphated mucus. culling et al. (1977), and

1978) and
globules

Lance, Filipe and WasteIl (1978)
as far as human intestine is

agree with this finding
concerned. This is at

variance to the findings of Krause (1975) who detected
sulphated mucus in the goblet cells of fourteen different
primate species including baboon. Sulphate containing
mucus may be present in goblet cells in the terminal
portion of the human ileum (Gad 1969, Goldman and Ming
1968) and was reported in the ileum of rhesus monkey and
man but not baboon by Sheahan and Jervis (1976).
Differences in crypt goblet cell mucins and those of
villous goblet cells have been noted and used as an
indication of maturation during migration of the cell
(Cheng 1974).
In rodents, lagomorphs and carnivores, sulphated mucus
occurs throughout the small intestine (Sheahan and Jervis
1976) and the presence of sialosulphomucins in goblet
cells in rat terminal ileum was noted by Reid et al.

(1989). Olubuyide et al.

is the predominant type
(1984) record that sulphomucus
of acid mucin throughout the
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intestine of the rat and that this was not affected by

jejuno-ileal bypass or sham operation. Mucins connected

with the brush border of the small intestine may differ

to those of the goblet cells as was demonstrated by

Miraglia, Ledoux and Branco (1967) in their study of the

marmoset. These authors also demonstrated the presence of

sulphated mucus in the small intestine of this primate.

Posel, Lang and Starck (1986) found a difference in the

staining patterns of the surface lining mucus and goblet

cells in three new world monkeys (C. jaccus, Saguinus

fuscicollis, S. sciureus) . Although differences in

staining patterns occurred between the genera a species

specific pattern could not be discerned.

The presence in the small intestine of O-acylated mucins

was postulated by Filipe (1979) and this was contrary to

the view which had been expressed by culling, Reid and

Dunn in 1976. The latter authors modified their view in

1977 to coincide with that of Filipe. Acid mucins were

only detected in the villous goblet cells and not in

crypt cells (Filipe and Fenger 1979) and proportions of

different types of mucin were found to vary along the

crypts and villi and in the various regions of the small

intestine.

Awareness of the effect of diet, especially fibre, on the

intestine has been extant for a long time. Fenner (1825)

promoted the use of wheat containing bran for baking,

stating, "If it be considered by any that the bran can

have a pernicious effect on the stomach and bowels, I

should be happy to be informed of the reasons of their
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opinions". Intestinal adaptation to diet has been noted
by various authors. Fibre caused blunted and fused villi
(Schiebel and Mehta 1985) and greater crypt depth and
muscle layer thickness (Brown, Kelleher and Losowsky
1979) in rats. Morphological differences in the villi and
muscle layers caused by different types of fibre fed to
Vervet monkeys were observed by paulini, Mehta and Hargis
(1987). Jejunal villi were shorter and jejunal and ileal
circular and longitudinal muscle layers were thickened.
A transient change in the morphology and type of mucus
produced by goblet cells in pigs at weaning was found by
Brown et al. (1988) who also demonstrated the presence of
both sulphated and carboxylated mucus in the same goblet
cell. The effect of diet on adult pig (Sus scrofa)

jejunal goblet cells has been examined by Moré et al.

(1987). These authors found that, on a conventional
concentrate diet, jejunal goblet cells contained neutral,
carboxylated and sulphated acid mucus. Acid mucins
present were sialidase resistant. Changing the diet to
milk only or to milk plus bran, concentrate plus pectins
or gum changed the staining pattern of goblet cells.
Decreased amounts of sulphated and side chain acylated
mucus were detected under these conditions. Moré et al.

also determined that, in pigs, dietary fibre not only
increases the turnover of jejunal mucins but also
modifies the nature of the mucins secreted.
In rhesus monkeys, crypt cells contain sulphated mucus
which is reduced in amount after the ingestion of
staphylococcal toxin. The brush border of the small
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intestine, in these primates, stains as a bilaminar
structure with the surface containing sulphated mucus
which is unevenly distributed and increases in the ileum.
The inner layer contains carboxylated mucus (Sheahan et
al. 1970).
Changes in the mucus histochemistry of the brush border
and goblet cells from the duodenum and jejunum in
children with coeliac disease was noted by Barresi et al.

(1983). These authors also report the presence of non
sialic acid containing, or sialidase resistant, sulphated
mucus in duodenal goblet cells in these cases.
Experimental infection of rats with trematodes induced
longstanding hyperplasia of crypt goblet cells but
transient hyperplasia of villous goblet cells. Under
these conditions mucus histochemistry also changed with
an increase in sulphomucins in villous cells and an
increase in the number of acid mucus containing cells in
the crypts (Koninkx et al. 1988). In man, considerable
heterogeneity in the composition of the core protein
(Wesley et al. 1985) and carbohydrate component (Podolski
1986) of intestinal mucus obtained from a single location
has been demonstrated. When mucus was saponified a
difference in staining pattern between species was noted.
In rats, an increase in staining the crypt base was seen.
In rabbits the converse was found while in man the
increase was not confined to any part of the crypt
culling, Reid and Dunn (1971).

1.6. BRUNNER'S GLANDS. These are found in all mammals
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including the most primitive species such as the echidna
(Krause 1970) and duck-billed platypus (Krause 1972).
By light microscopy these glands appear to be mucus
secreting in most species (Leeson and Leeson 1968). Cells
in human Brunner's glands are mucous in nature (Leeson
and Leeson 1968) as were those of fourteen old and new
world primate species which were examined by Krause
(1975). The mucus composition of these glands varies
considerably between species. In man it is entirely
neutral (Filipe 1979) while, in the non-human primates
examined by Krause (1975), all species had a minority of
cells which showed the presence of acid mucus. In Rhesus
monkeys the acini contained sulphated mucus while, in the
duct cells, sulphomucus predominated (Sheahan et al.

1970). In man the presence of at least two types of
neutral mucus was proven by Cresenzi et al. (1988) and
the presence of epidermal growth factor in human and rat
Brunner's gland cells has been established by Kirkegaard
et al. (1984).

The rabbit has serous cells present
1967). Cat, (Moe 1960) and mouse,

(Leeson
(Friend

and Leeson
1965) have

cells which exhibit the features of serous cells when
examined by electron microscopy. Side chain substituted
sialomucins were detected in rabbit Brunner's glands
(Culling et al. 1974; Reid and culling 1983).
Hyperplasia of these glands is rare but it can lead to
duodenal obstruction, haemorrhage and obstruction of the
common bile duct according to Peetz and Moseley (1989).
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1.7. LARGE INTESTINE. The large intestine commences at
the ileo-caecal junction. In man the caecum is
essentially part of the ascending colon which lies distal
to the entry point of the terminal ileum (Gray 1977).
villi are absent in the adult large intestine and the
free surface is smooth and contains intestinal glands
which extend to the muscularis mucosae (Ham 1974). In
human foetuses the large intestine contains villi at an
age of 10-12 weeks and these are shorter, broader and
less well developed than those found in the small
intestine. The villi persist until 18 weeks but become
less prominent so that, by term, typical adult appearance
is evident. Goblet cells appear in appreciable numbers at
12 weeks. Sulphomucus content of goblet cells increases
with foetal age and from left to right colon, in contrast
to neutral and sialomucins which do not vary
significantly with age (Lev and Orlic 1974).
Goblet cells in the normal adult human colon epithelium
contain sulpho-, sialo- and sulphosialomucins consisting
predominantly of side-chain O-acylated sialic acids
(Culling et al. 1974). The descending colon of man has
predominantly sulphomucus while the ascending colon has a
mixture of sulphated and non-sulphated mucus (Allen,
Connolly and Biggart 1988). Small amounts of neutral
mucus may also be present (Lev 1985). The presence of
side-chain acylated sialic acids are, under normal
circumstances, confined to the rectum, colon, caecum and
terminal ileum in man, and to the colon and caecum in
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rats rabbits and mice and Brunner's glands in rabbits

(Culling et al. 1981). Park et al. (1987) found that 0-

acyl sialo- and sulphosialomucins occurred in the upper

portion of the crypts. The deep crypt cells, however,

contained C8-0-acyl sialomucus almost exclusively and

traces of the sulphated variety. The presence and

distribution of O-acyl substituents of sialic acid at

positions C7, C8 or C9 of the polyhydroxy side chain in

human and rat colon was examined by Volz et al. (1987).

He found greater amounts of site C7 substituted

sialomucin in the upper crypt area.

Transitional mucosa between normal tissue and tumors

shows a decreased amount of sulphated mucus with a

concomitant increase in the carboxylated variety (Filipe

1979; Lev et al. 1985; Shamsuddin et al. 1981a), while

mucus produced by the tumor i tself contains both

unsubstituted and substituted sialomucins (Culling et al.

1977; Rogers, Cooke and Filipe 1978; Dawson, Patel and

Filipe 1978). In patients with familial polyposis, a pre-

malignant condition, decreased amounts of sulphomucus

were detected suggesting a relationship between altered

glycoprotein synthesis and malignancy (Filipe, Mughal and

Bussey 1980). This is in conflict with the view expressed

by Nakayama et al. (1987) who state that the change in

mucus histochemistry in transitional mucosa is evident

after malignant change has occurred. Differing regional

patterns of mucus secretion in familial polyposis coli

occur (Filipe, Mughal and Bussey 1980).
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The normal pattern of colo-rectal mucus may be altered by

atypical gut contents as was shown by Iannoni et al.

(1986) who found that urine from patients who had

undergone ureterosigmoidoscopy increased the amount of

sialomucins in colonic goblet cells. These authors also

demonstrated the difference between upper crypt and lower

crypt, where carboxylated mucus and sulphated mucus

predominated respectively.

In mice and rats, crypts in the colon contain 3 types of

cells: mucous, vacuolated and endocrine (Chang and

Leblond 1971). Vacuolated and mucous cells in these

animals show a diurnal variation in their turnover rates,

with maximum turnover occurring at 10 am for vacuolated

cells and a slightly earlier peak for mucous cells (Chang

and Nadler 1975).

Differences in the terminal sugars of stored secretions

of goblet cells in lower and upper crypt from rats and

mice were seen by Thomopoulos, Schulte and Spicer (1983),

with the aid of lectin histochemistry. In the rat

ascending colon the lower region of crypts contains

greater numbers of mucus producing cells than the upper

region where columnar cells predominate. Acidic mucus, in

which sialomucus predominated over sulphomucus, was

present in the lower crypt. In the upper crypt area both

acid and neutral mucus was present. The descending colon

differed in that the numbers of mucous cells were less.

Neutral mucus occurred in cells in the base of the crypt

and sulphomucus was the predominant acid mucus

(Shamsuddin and Trump 1981b). Shamsuddin and Trump
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(1981c) found sialomucins to predominate in all areas
after chemical induction of carcinoma. Altmann (1983)
also found a difference between the ascending and
descending rat colon. In the ascending colon, numerous
deep crypt cells, which the author decided were not
oligomucous (goblet cell precursor) cells, contained acid
mucus. These cells were cumulatively equal to a large
gland. Goblet cells in this region contained both neutral
and acid mucus. In the caecum and descending colon deep
crypt cells were fewer in number and columnar cells were
the most numerous. The number of cells per crypt did not
vary along the length of the colon (Altmann 1983). Park
et al. (1987) found that sulphosialomucus occurred in all
goblet cells of the ascending colon but side chain 0-
acylated glycoproteins only occurred in the upper portion
of the crypts.
Saponification, which removes an O-acyl ester of sialic
acid (Culling et al. 1974), produces an inter species
difference in the intensity of staining reaction of large
intestine goblet cell mucus. In man the increase is not
confined to any part of the crypt, in rats it is mainly
at the base, in rabbits mainly at the luminal end and in
guinea pigs the location varies along the length of large
intestine (Culling, Reid and Dunn 1971). Human ascending
colon goblet cell mucus differs from that in the
descending colon in that it contains greater amounts of
C8-0-acylated mucus. There is also a predominance of
sulphomucus in the lower crypt cell in this latter area
according to Nakayama et al. (1987). Lee (1988) found
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that, as goblet cells mature, sugar residues are added to
the mucins resulting in varying lectin binding patterns.
An additional finding was that quantitative and
distributive differences occurred between normal and
abnormal mucosa. The increased presence of sialomucins in
cancer cases and in dysplasia has been attributed to the
presence of immature goblet' cells caused by increased
proliferation under these conditions (Lehy, Mignon and
Abitbol 1983; Franklin et al. 1985). It has been shown by
chromatographic methods that at least five mucin species
are present in colonic mucus obtained from man and six
non-human primate species. The amounts of these different
mucins vary between species and one (species 4) was
altered by treatment with sulphasalazine (Podolsky et al.

1985). A difference between the response of jejunum and
colon goblet cell mucus to diet was noted by Moré et al.

(1987) who found that, in the colon, an increase in the
amount of site C7 or C8 side chain acylation occurred
while, in the jejunum, the reverse was true (see also
small intestine). The normal colonic mucosa of Vervet
monkeys is similar to that of humans showing lymphoid
accumulations. Branching of the glands may be apparent
(Jaskiewicz et al. 1986). The effect of diet and a known
carcinogen was investigated by Jaskiewicz et al. (1986).
They showed that, in Vervet monkeys, the ratio of
sulphated to carboxylated mucus was affected with an
increase in the number of goblet cells containing
carboxylated mucus. Abnormal branching of the crypts was
linked to the carcinogen used but could also be shown to
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be influenced by diet. The use of lectins by Kellokumpu,
Karhi and Anderson (1986) showed a difference in cellular
mucins between human neoplastic and non-neoplastic
colonic mucosa.
The colon of chickens has villi present and is therefore
different to mammals. The goblet cells, present on the
villi and in the crypts, contained neutral and both
carboxylated and sulphated mucus (Suprasert, Fujioka and
Yamada 1987).

1.8. APPENDIX. The human vermiform appendix has for some
time been viewed as a vestigial organ. This has been an
assumption based on its relative size when compared to
the large size of the caecum and appendix of the rabbit
(Scott 1980). In man it is the lower blind end of the
caecum that has not enlarged as rapidly as the remainder
and appears as a diverticulum. Histologically it is
similar to the remainder of the intestine but the muscle
layers are reduced in thickness. They remain readily
identifiable however. The intestinal crypts are fewer
than in the caecum and are irregularly scattered.
Increased amounts of lymphoid tissue are present (Bloom
and Fawcett 1968; Leeson and Leeson 1981). It is the site
of disease in man (Ham 1969). This situation is not true
in primates and appendicitis has only been described in
anthropoid apes. The variable form and length of this
organ in orangutan (Panga pygmaeus) and chimpanzee (Pan

troglodytes) have been described. In the former the
caecum terminates in a conical structure and the junction
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between it and the appendix is impossible to define. In
the latter the conical structure is maintained but the
appendix is shorter (Scott 1980). Scott considered that,
in non-human primates, when the terminal caecum is
covered by continuous muscle, as in man, it could be
regarded as a rudimentary appendix.

1.9. PANCREAS. The pancreas consists of endocrine and
exocrine portions. The former is the smaller in volume
and consists of the islets of Langerhans (Ham 1969). The
exocrine area of the gland constitutes 98% to 99% of the
wet weight of the gland (Pincus 1976) and is composed of
cells arranged in acini which are drained by a series of
ducts. These are, in increasing order of size,
centroacinar, intercalated, intra- and interlobular and
Wirsung's duct which drains the whole gland and forms a
"backbone" for the gland (Ham 1969).
The acini are grouped together into lobules separated by
septa. It has long been held that the exocrine pancreas
is predominantly acinar in form but Bockman (1978)
pointed out that it is difficult to understand how
ductule like structures, which form during induction of
pancreatic tumors and subsequent to ductal ligation,
could arise from an acinar formation. Using wax
reconstructions this author established that the dog
exocrine pancreas was a branching anastomosing system of
tubules. The same was found to be true for the rat
(Bockman 1980) and man (Akao et al. 1986). A diet
deficient in copper depleted the acinar cell population
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of rat pancreas but had no effect on the islet or ductal
cells. When a copper replete diet was supplied to these
animals regeneration of acinar cells did not occur (Rao
et al. 1989).
The height of the cells forming the ducts and the
thickness of the surrounding connective tissue varies
with the circumference of the duct. Cell height in the
ducts varies from thick squamous to columnar. The
connective tissue varies from almost nonexistent to a
considerable amount (Githens et al. 1980). The area
occupied by the ducts varies from 1,1% to 14% in man and
from 2% to 11% in rats depending on the method of
calculation (Githens 1988). McMinn and Kugler (1961)
examined the pancreatic ducts of seven animal species and
man. The mouse, rat hamster and guinea pig were all
similar and had ducts lined by columnar epithelial cells,
many of which contained mucus at the apex. Goblet cells
were present and contained neutral mucus. The carnivores
examined were cat and dog and differed from the rodents
in not having goblet cells. They were similar however, in
that many of the cells lining the ducts contained mucus.
Man and rhesus monkey differed as no goblet cells were
noted in man but they were found in the monkey. In all of
these species the incorporation of radioactive sulphate
into the contents of goblet cells was noted. In man the
location of cells producing mucus and the type of mucus
was examined by Roberts and Burns (1972) who found
sulphated mucus in the intralobular and sialomucin in the
interlobular ducts. Kozuka et al. (1979), who made no
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distinction between intra- and interlobular ducts, found
only sulphated mucus. The presence of carboxylated
sialidase resistant sialomucins and sulphated mucins in
duct cells of cat, dog and man was proven by Bock (1978)
but no reference to the existence of goblet cells was
made. Metaplastic change of the duct cells, with the
replacement of ductular and sometimes acinar epithelium
by tall columnar or goblet cells, was linked by Walters
(1965) to various disease processes occurring elsewhere
in the body. Unfortunately a change,
of mucus produced under these
investigated.

if any, in the type
circumstances was

1.10. GALL BLADDER. The gall bladder is a blind
diverticulum of the common hepatic duct to which it is
connected by the cystic duct. It is lined by a mucous
membrane consisting of a single layer of columnar
epithelium surmounted by microvilli (Leeson and Leeson
1981, Ham 1969). The cells of the mucous membrane have
the ability to secrete mucus (Whalin 1979; Axelsson 1985)
and to concentrate bile by active transport of water
(Radberg and Sanvik 1986). According to Esterly and
Spicer (1968) only sulphated mucus is present in the
surface layer of human gall bladder mucus and apical
portion of epithelial cells while carboxylated mucus is
present in the scattered goblet cells present. All sites
which showed reactivity to acid mucins contained neutral
mucus in small quantities. H~kkinen and Laitio (1970)
detected neutral mucus, in addition to acid mucins, only
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in areas which had changed to resemble gastric surface
epithelium. In adenocarcinoma of the gall bladder these
authors found increased amounts of carboxylated mucus.
Karayannopoulou and Damjanov (1987) found that many
complex glycoconjugates were present in the human gall
bladder based on their use of an extensive range of
lectins. The terminal sugars of the mucus content of
cells in the neck region were essentially the same as
those in the body region. Lee (1981) found that in
rabbits, mice and guinea pigs, the presence of neutral
and carboxylated mucus could be demonstrated in all
regions. Feeding these animals with a diet which was
known to induce cholelithiasis increased the amount of
stainable mucus present in cells but the ratio of neutral
to acid mucus did not change. The importance of mucus in
the formation of cholesterol gallstones was shown by Lee
and Scott (1982) who noted that when bile is more
concentrated its cholesterol holding capacity increases
and stones do not form. However, they point out that with
injury to the epithelium and consequent increase in mucus
production, gallstones have been shown to form in many
species.
The binding of gall bladder mucin to bile lipids, with
the promotion of crystal nucleation, was subsequently
demonstrated by smith (1987).

1.11. AIMS AND OBJECTIVES.
The aims of this investigation are:
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Firstly to attempt to establish the normal histology and
mucus histochemistry of the salivary glands, glandular
portions of the stomach, intestines, gall bladder and
excretory ducts of the pancreas in the Vervet monkey.
This is a basic requirement if these primates are to be
used for research involving the digestive system. The
histology of some of these areas has been investigated by
other authors but none have attempted to cover the
complete digestive system as one undertaking. The mucus
histochemistry of portions of Vervet monkey digestive
system has been superficially examined but an examination
extending to the distribution, proportions of one type to
another and types of sialomucin present has not been
undertaken and it is hoped that this work will rectify
this situation.
It has been established that diet alone or with a
carcinogen can influence the ratio of carboxylated to
sulphated mucus in the colon of Vervets (Jaskiewicz et
al.). There is no information on whether, in these
primates, diet influences other types of mucus production
in the colon or on other regions of the digestive system.
The second objective of this work is to establish whether
diet has an effect on the type of mucus produced.
In these attempts it is recognized that complicating
factors such as a lack of knowledge of exact trace
element dietary requirements and specific virological
status may influence results by changing intestinal
morphology.
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It must also be stressed that the animals used in this
investigation received a diet different in both quality
and quantity to that consumed by animals in the wild. It
must be emphasized, therefore, that results obtained
refer to animals in captivity under the conditions
described.
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CHAPTER TWO

MATERIALS AND METHODS.
2.1. PRELIMINARY INVESTIGATIONS.

A preliminary histological screening of the lips, parotid,
submandibular, and sublingual glands, oesophagus, stomach,
small intestine, caecum, colon, rectum, pancreatic ducts and
gall bladder was undertaken for orientation. For this eleven
Vervet monkeys were used.

2.1.1. MATERIALS. The individuals used were clinically
healthy and were adult on the basis of body weight,
dentition and pelage (Seier 1986). The exact ages were not
known. Seven were males who were sacrificed for reasons
unconnected with disease and not primarily for the purposes
of this investigation. They had not been subjected to
dietary manipulation. The remaining five were
cholecystectomised females who were from experiments which
investigated the modulation of atherosclerosis, lipid
metabolism and cholelithiasis.

2.2. METHODS.
2.2.1. TERMINATION. The seven males were anesthetized with
Ketamine and killed by exsanguination via the carotid
arteries. The carcasses were chilled with ice until necropsy
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approximately 20 minutes later. The dissection method is
detailed below.
The females were handled by a necropsy procedure routinely
used for cardiovascular research material. The salient
points were: anesthesia was induced with intramuscular
Ketamine (10mg/kg body mass) (Warner Lambert) and atropine.
Maintenance of surgical anaesthesia was by inhalation of a
2% Fluothane 98% oxygen mixture through an endotracheal
tube. Respiration was maintained until death by a ventilator
in the circuit. The thorax was opened and saline (0,9%)
containing heparin (5 units/ml) mixture infused into the
left ventricle until haemodilution was evident at opened
femoral and jugular veins and through incisions in the
liver. When adequate haemodilution had been achieved
perfusion fixation was commenced with a mixture of 1%
glutaraldehyde and 4% formaldehyde [v/v) in phosphate buffer
(pH 7,2). This fixative has been found to be suitable for
preservation for light and electron microscopy (McDowell and
Trump 1976). It was used despite buffered 10 % formal saline
being preferable for the fixation of mucus (see below
2.2.2.2.) because of the possible need to do transmission
electron microscopy. Perfusion was continued until
stiffening and changed colour of the liver and intestines
became evident. This occurs after approximately 500 ml has
been infused over a period of 10 minutes.
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2.2.2. DISSECTION. The parotid, and submandibular glands
were carefully dissected free from the surrounding tissue
and fixation continued in 10% formol saline buffered to pH
7,2. This fixative has been found to perform better than
many other fixatives for
(Allison 1973). The flayed

preserving mucopolysaccarides
head was placed in the same

fixative and the tongue, sublingual gland and palate were
dissected free and placed in fixative the following day.
The remainder of the digestive tract was removed as a unit.
The oesophagus was detached from the stomach, opened along
its length, and pinned flat to a cork board. One cm of
oesophagus together with approximately 10 cm of small
intestine was left attached to the stomach which was cut
along the greater curvature and pinned open. The pancreas
was dissected free from the surrounding tissue and fat. The
small intestine was cut into approximately 30 cm lengths,
opened along the mesentery, and pinned onto consecutively
numbered cork boards. Where necessary luminal contents were
gently washed free with 0,85 % sodium chloride. The ileo-
caecal junction was kept intact. The caecum and the large
intestine received the same treatment. All tissues were then
placed in 10 % formol saline buffered to pH 7,2, the pinned
sections of gut being floated mucosa down in a large covered
container. The volume of fixative used was 10 times that of
the tissue as recommended (Drury and Wallington 1980). The
lengths of gut were removed from the boards the following
day and joined in anatomical sequence and placed in the same
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container as the remainder of the tissue. All tissue was
fixed for a minimum of 48 hours prior to further handling.
2.2.3. SELECTION OF TISSUE. Upper and lower lips were sliced
transversely at 3 mm intervals. These slices were handled in
a fashion which allowed for anatomical orientation.
Tissue from a parotid gland was selected to represent as
great an area as possible. This was achieved by cutting
multiple 3 mm slices at intervals across the narrow axis of
a gland. The other gland was reserved in fixative.
One submandibular gland was divided medially along its long
axis. Half was then cut into 3 mm pieces at 90 degrees to
the first cut. The other gland was kept in fixative.
Sublingual glands were detached from the tongue. One was
processed in its entire state so that it could be viewed
along its length and the other cut into 3 mm sections across
its long axis.
The tongue was not examined as this had been previously
performed (Woodroof 1986).
The oesophagus was cut transversely at 3 mm intervals
throughout the length of the organ and handled by a method
which permitted subsequent anatomical localisation of
individual pieces.
Portions of stomach were selected to represent the probable
extent of all of the recognised histological regions. These
included cardia, greater and lesser curvatures and antrum.
Special attention was given to the junction between the
oesophagus and stomach and the stomach and duodenum where it
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was anticipated that notable histological features might
occur. In these areas tissue, which extended through the
probable junction zone, was chosen.
The total length of both the small and large intestine was
examined by removing a strip 3 mm broad along the edge of
the opened gut and preparing sections to depict the
musculature and mucosa. The ileo-caecal junction was
retained as a single entity and the anatomical continuity
was maintained. Representative portions of caecum were
included. The ano-rectal anatomy was maintained when
selecting tissue to be examined.
The gall bladders of the male animals were halved along
their length and one half sliced into 2 mm broad pieces so
that representative portions of all areas could be observed.
Representative pieces of the head and tail of the pancreas
were removed from the whole organ by cutting across the
short axis of the organ.

2.2.4. PROCESSING OF TISSUE. The selected tissue was placed
in tissue process cassettes (Lab Tek. AMES Diagnostics) and
processed in an automated tissue processor (Shandon citadel
1000. Shandon Ltd.) through ascending grades of alcohol,
xylene and finally into histological embedding wax
(Paraplast Plus, Monoject Scientific Inc.) for histological
and histochemical examination. sections 4~ thick were cut on
a rotary microtome and mounted on glass microscope slides
and dried prior to staining.
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2.2.5. STAINING AND MOUNTING TECHNIQUES. The selection of a
method for the demonstration of histological features is, to
a large extent,
obtained with

limited by the need to compare the results
those published by other researchers.

Haematoxylin and eosin (HE) was chosen from the variety of
stains available as it is the most frequently used; It also
permits the visual differentiation of a variety of tissue
types. All HE staining was performed on a Shandon Linistain
GLX automatic staining machine (Shandon Ltd.) thus achieving
constancy of tinctorial response. A modification of Mayer's
haemalum (Kiernan 1990) and 1% aqueous eosin was used.
Alcian Blue (pH 2,5)/periodic acid Schiff (AB/PAS) (Mowry
1956) was selected as a suitable technique to determine the
types of mucus which might be present. Using this method
acid and neutral mucins are clearly separated. The rationale
is that by first staining all acid mucins with alcian blue,
those acid mucins which are also PAS positive will not react
with the PAS reaction, only the neutral mucins (Cook 1980).
Schiff reagent was prepared according to Lillie and Fulmer
1976.After staining, a coverglass was affixed with "DePeX"
(BDH Chemicals Ltd. Poole, England) to cover the section.

sections were examined with an Olympus
lighting conditions and

2.2.6. MICROSCOPY.
BH2 microscope using
suitable magnifications.
the section at low

standard
The general procedure was to view

(x40) magnification to obtain an
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impression of the architecture.
(xIOO) magnification was used to
the total area of the section.

Following this a higher
examine, field by field,
During this examination

continuous evaluation of the histology or staining reaction
was undertaken. Areas which showed a variation from the
general pattern of histology or staining were examined at
400x magnification. Random areas of the section were also
examined at 400x magnification to obtain more detailed
information. Each tissue type (e.g. Parotid, gall bladder,
colon) was examined at one continuous viewing session in
order to obtain a constant interpretation.
The staining reaction of AB/PAS indicating the presence of
acid and/or neutral mucus was noted. The intensity of the
colour reaction was recorded using a scale of 0 to 4 where 0
represented no staining and 4 maximal staining.
The materials and techniques for the definitive stage of the
study were based on this preliminary investigation.

2.3. EXPERIMENTAL.
2.3.1. MATERIALS. Twenty nine adult

three treatments.
Vervet monkeys were

The first treatmentallocated into
consisted of five male and four female animals. The second
treatment contained five animals of each sex. A group of ten
females was not treated but used to establish reference
standards. All the females were pre-menopausal. Treatments
were balanced for age and weight.
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All animals were housed in single stainless steel cages.
There was a constant 12 hour photoperiod and about 20 air
changes per hour. Humidity was maintained between 40% and

•50% and the temperature at 240 C ± 1,50 C. When combined
with larger cages the photoperiod and atmospheric conditions
have proved suitable for successful breeding (Seier 1986).

2.3.2. METHODS.
TreatmentTREATMENTS.DIETARY2.3.2.1. one was

atherogenic diet containing sunflower (Helianthus annuus)

oil (AD/SO). The constituents of the diet are given in Table
2.2. and it contained 414 mg sunflower oil per day.
Treatment two was an atherogenic diet (Table 2.2.) and
contained 929 mg of fish oil (AD/FO), obtained from Atlantic
pilchards (Sardinops oscellata), daily.
The different weights of fish and sunflower oil were
necessary to provide equivalent total amounts of n-6 (SO)
and n-3 (FO) polyunsaturated fatty acids.
Treatment three was a therapeutic diet (TO) and is detailed
in Table 2.2.
All diets were supplemented, to levels recommended for Old
World monkeys, with vitamins and trace elements where
necessary (Fincham et al 1987, Benade et al 1988).
The amount of fat, protein, carbohydrate and fibre in each
diet is presented in Table 2.4.
Dietary treatments were for 20 months.
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2.3.2.2. TERMINATION. The method described in 2.2.1. was
used. During the period of perfusion fixation a needle was
inserted into the gall bladder and the bile aspirated into a
syringe. A fresh syringe was then used to inject an equal
volume of fixative through the needle which had been left in
place.

2.3.2.3. DISSECTION. Dissection techniques were as in
2.2.2.2. with additional procedures.
The parotid, submandibular, sublingual and palatine salivary
glands and the pancreas were weighed on an enclosed pan
balance (sartorius 1602 MP) accurate to 3 decimal places.
These were later adjusted to two decimal points.

2.3.2.4. SELECTION OF TISSUE. Tissue was selected from four
individuals from each dietary treatment, two male and two
female in the case of the AD/SO (Numbers 574,720 850,858)
and AD/FO (Numbers 801,802,842,845), and four females
(675,686,701,703) in the case of the TD. Selection was based
on the atherogenic response as judged by the degree of
aortic atheroma (Fincham et al. 1991). The greatest and
least responsive male and female from the AD/SO and AD/Fa
treatments and the two greatest and two least responsive
females from the therapeutic treatment were selected. It has
been shown that sex and diet were not inter-reactive for
animals in these dietary treatments (Fincham et al. 1991).

Representative portions of tongue were selected so that the
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results of the additional staining techniques could be
established. Gallbladder tissue from all animals was used as
the area of tissue available for microscopic examination was
small. Pancreas from all animals was included, as the ducts,
which were features of special interest, represent a small
proportion of the tissue. Tissue was generally handled as
described in 2.2.3. Exceptions were that only four randomly
selected pieces of lower lip were used and that portions of
small and large intestine were selected at 10 em intervals
along the length. The oesophagus was not examined as no
glands were seen in the preliminary phase of this
investigation and are not a feature of this organ in Vervets
(J.E.Fincham personal communication).

2.3.2.5. PROCESSING. The procedure was as in 2.2.2.4 ..

2.3.2.6. STAINING AND MOUNTING TECHNIQUES. Haematoxylin and
eosin was retained as the general stain for the reasons
given in 2.2.5..
AB/PAS (see 2.2.5.) was also retained to provide a
distinction between acid, stained blue, and neutral, stained
magenta, mucus.
The desirability of extending the ability to differentiate
more finely between various types of mucin necessitated the
employment of a further selection of histochemical methods.
However the choice of techniques for the differentiation of
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mucins is extensive and a number of influencing factors has
to be taken into account.
The main factors were:-
(1) The usefulness of the result.
(2) The manageability of the method.
(3) Cost.
(4) Methods used by other researchers.
(5) Reliability of the procedure.
(6) Accuracy of the method.
(7) The reproducibility between batches.
Factors 5, 6, and 7 were determined by reference to
publications by the originators of the technique and
standard text books.
Based on these factors the methods selected were:-
High iron diamine/Alcian blue (pH 2,5) (HID/AB) (Spicer

1965). The principle is that the diamine salts combine
with ferric chloride to form a chromogen which bonds
with sulphate esters in mucus, colouring it black. This
colour was recorded, in the tables and illustrations, by
the letter "G". The alcian blue, by exclusion, stains
the carboxylated mucins. This technique is regarded as
specific for sulphated mucus (Cook 1980).

Periodic acid phenylhydrazine Schiff (PAPS). Phenylhydrazine
preferentially condenses with aldehydes formed
neutral so mucus blocking their PAS reactivity. In this
way it is possible to differentiate between neutral and
acid mucins (Spicer 1961). Reid et al (1984) have shown
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that using this technique sialic acid with side-chain
substitution at site 8 is unreactive to PAPS.

Periodic acid*j thionin Schiffj borohydride reductionj PASj
potassium hydroxide saponification, (PA*jTjBhjPASjKOH)
(Volz et al 1987). This method uses the selective
oxidation of sialic acid with 0,4mM periodic acid (PA*)
and stains neutral mucins magenta. sialomucins stain
blue, if there is no side chain acylation or is present
at site C7 only. site C8 and C9 acylated and sulphated
mucins are unreactive. For distinction between the blue
staining of this method and that of ABjPAS the colour
produced by alcian blue is referred to as "azure" (A)
and that produced by thionin as blue (B).

Periodic acidjborohydride reductionjpotassium hydroxide
saponificationjPAS (PBTjKOHjPAS) (Reid et al 1984)·.This
technique stains acid sialomucins, with side-chain
acylation at sites C7 and C8, magenta (M), while site C9
substitution, absence of substitution and neutral mucus
are unstained.

These properties are summarised in Table 2.1.

TABLE 2.l.

SITE OF ACYLATION
None 7 8 9

PBTjKOHjPAS 0 M M 0
PA*jTjBhjPASjKOH B B 0 0
PAPS M M 0 M
PAS M M 0 M

https://etd.uwc.ac.za/



61

o = No staining. M Magenta. B = Blue.

All references to "sialic acid" mean -N-acetylneuraminic
acid which is the most abundant of the sialic acids (Kiernan
1990). This terminology is most frequently found in the
literature.
Techniques using digestion with sialidase (neuraminidase)
were not considered due to the cost involved in purchasing
the enzyme. In addition not all sialic acids are removed by
this enzyme so little significance can be attached to the
use of the technique (Kiernan 1990).
Sufficient volumes of both Schiff reagents were made to
enable the use of one batch throughout the experiment.
sections were prepared as described in 2.2.5. Poly-l-lysine
with a molecular weight greater than 350 000 (Sigma Chemical
Company. Product code P-1524) was used to adhere the
sections to the slides to prevent detachment caused by
prolonged staining times and the solutions used in some
methods. Coverglasses were attached as in 2.2.5 ..

2.3.2.7. MICROSCOPY. Microscopy was performed as in 2.2.6.
In addition, when applicable, the intensity of staining with
a particular mucus staining technique was visually scored on
a scale of 0 to 4. Where the staining technique and results
permitted, the area of tissue which was differentially
stained was scored using a 100 point microscope eyepiece
graticule. sections were examined blind and at random and
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twenty consecutive fields examined. pointswere As

superimposed on staining results are proportional to their

surface area (Drury and Wallington 1980) this was scored as

a percentage. If individual and adjacent cells, as opposed

to groups of cells or acini, showed the presence of

different mucus types this was recorded as a patchwork (P)

effect. The final record of a staining reaction could, for

example, be 4G/2A (4 Grey/2 Azure), 75/25, (P). This example

would be shown in the tabulated results in the following

format:-
4G/2A
75/25
(P)

2.3.2.8. STATISTICAL ANALYSIS. The recorded weights of the

salivary glands and the pancreas were submitted to the

Institute for Biostatistics where they were analysed by diet

and sex with data expressed as the weight of the glands, the

gland:somatic ratios and the gland:gland ratios. A two way

analysis of variance was performed on each variable, as well

as non-parametric tests based on ranks.
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TABLE 2.2
DIETARY CONSTITUENTS

INGREDIENT

Whole milk powder
Egg
Lambs liver
Mutton (fatty)
Beef (fatty)
Chicken
Fish
White kidney beans
Rice
White flour
Sugar
Salt
Banana (raw)
spinach
Carrot
Potato
Butter
Sunflower oil
Apple (raw)

(ATHEROGENIC DIET)

Grams/monkey/day

4,70
12,70
1,10
7,85

15,50
0,95
0,95

18,20
5,50

10,55
10,95
0,95

12,70
16,60
11,40
10,95
8,00
1,95

52,50
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TABLE 2.3.
DIETARY CONSTITUENTS

INGREDIENTS

Skimmed milk powder
Egg
Beef (lean)
Chicken
Fish
White kidney beans
Rice (white)
Flour (brown)
Sugar
Salt
Banana (raw)
Spinach
Carrot
Potato
Margarine
Apple (raw)

COMPONENT
(Grams/monkey/day)
Protein
Fat
Carbohydrate
Fibre

(THERAPEUTIC DIET)

Grams/monkey/day

3,40
1,27
8,60
6,15
1,35
5,00

19,50
34,00
10,90
0,05

33,77
30,00
30,00
30,00
6,72

52,50

TABLE 2.4.
DIETARY ANALYSIS

ATHEROGENIC
DIET

12,75
12,00
41,60
4,30

THERAPEUTIC
DIET

12,75
6,80

67,20
8,00

64
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CHAPTER 3.

RESULTS.

Results are presented in two main sections.
Firstly the findings of the preliminary investigation in
which the general histology and location of the mucus
producing cells is described.
Secondly the results of the influence of the three diets
on the tissue and on the mucus produced are presented
following way:-
(a) The tabulated weights of the body, salivary glands

and pancreas. This table also identifies the
individual animals from which tissue was selected
for mucus histochemistry.

(b) A short narrative description
histochemistry findings.

of the mucus

(c) The results of the statistical analysis of salivary
gland weights.

(d) The tabulated results of the histochemical findings.
These are presented using a system adapted from
Shehan and Jervis (1976) which has been added to in
order to present additional data. The tables must be
used in conjunction with the key on page 95.

3.1. PRELIMINARY INVESTIGATIONS.

3.1.1. SALIVARY GLANDS.

3.1.1.1. Lips. Most acini and cells of the lips are
mucous with serous demilunes. Distribution and frequency
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within upper and lower lips is random. Glands are
separated from each other by the fibrous and muscular
tissue of the lamina propria and are usually mucosal to
the obicularis oris muscle. Glands rarely appear external
to this muscle and if this occurs may be in close
proximity to sweat glands and hair follicles. The
staining reaction produced by AB/PAS indicates that these
cells contain mixed acid and neutral mucus. The colour
produced by (AB/PAS) varies from azure (acid mucus)
through shades of purple to magenta (neutral mucus). The
differing intensity and shading indicate varying
quantities and ratios which may differ from cell to cell.
Some mucous cells appear empty which may indicate that
the cells are functionally asynchronous. Some serous
cells contain droplets in the cytoplasm which stain
intensely magenta with AB/PAS. Acini in which only mucous
or serous cells are present occur infrequently.
Excretory ducts are short and have intercalated and
striated portions. The remainder is convoluted, lined by
a single layer of cylindrical or cuboidal cells which do
not produce mucus, with the terminal portion relatively
large. There is no evidence of accumulation of mucus in
the ducts. In one individual, goblet cells, which were
present in some of the ducts, contained acid mucus. The
existence of the goblet cells could not be linked to age,
any specific local pathology or other factor. Duct
associated lymphoid tissue (DALT) is regularly present
close to the opening into the oral cavity but
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infiltration of the duct wall by mononuclear leucocytes
was not a general feature.

3.1.1.2.PALATE. The palate is divided into an anterior
portion which is subtended by bone and in which numerous
transverse rugae occur. There are no glands in this area.
The posterior portion has a core of fibrous connective
tissue and contains glands which constitute most of the
tissue volume and are purely mucous in nature. Both of
these areas
epithelium. The

are covered by stratified squamous
mucus in the glandular portion is almost

exclusively acid with scanty cells showing the presence
of minimal amounts of neutral mucus. Ducts appear to be
rudimentary and
short excretory
their orifice.

expand to form "lakes" before
portions which sometimes have
There are no intercalated or

joining
DALT at
striated

ducts apparent. No evidence of mucus production or goblet
cells was seen in the excretory portions of the ducts.

3.1.1.3. PAROTID GLAND. The cells of this gland are
serous and contain numerous intensely eosinophilic
granules which are also PAS positive. The cells are
formed into acini with a small central lumen. Thin
connective tissue separates acini. Groups of acini are
combined into lobules enclosed in interlobular connective
tissue. No mucous cells or adipose tissue was seen in any
of the sections examined. A sequence of intercalated I

intralobular I interlobular and excretory ducts are
present. The interlobular and excretory ducts are present
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in the interlobular connective tissue. The larger
excretory ducts contain goblet cells producing neutral
and acid mucus in the same cell, as well as in separate
cells. Small accumulations of lymphoid tissue are present
adjacent to excretory ducts in some animals.

3.1.1.4. SUBMANDIBULAR GLAND. The submandibular gland is
a mixed serous and mucous gland in which the ratio of
serous to mucous components varies. It is composed of
lobules which are separated by interlobular septae of
fibrous tissue. Lobules are composed of"acini consisting
of mucous cells with serous demilunes, although acini of
purely serous or mucous cells do occur. In the glands
viewed less than half of the area comprised mucous cells.
The serous cells contain numerous eosinophilic granules
when stained with HE. These granules stain either magenta
or azure with AB/PAS indicating that they are probably
sero-mucous cells. Mucous cell content is a mixture of
neutral, which predominates, and acid mucus. However
occasionally the entire mucus content is either acid or
neutral. The acini are drained by a prominent network of
intercalated, striated, intra and interlobular, and
excretory ducts. The intercalated duct is conspicuous and
is centrally placed in the mucous acinus. A feature is
that mucous cells were not seen adjacent to the external
border of striated or interlobular ducts. The cells which
line the intra- and interlobular ducts are cuboidal and,
proximal to the acini, a single layer thick. The wall of
the excretory ducts consists of pseudostratified columnar
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cells. Goblet cells producing mainly acid mucus are
present in most of the excretory and in large
interlobular ducts. Small amounts of neutral mucus are
also present as small discrete, supranuclear droplets in
many duct cells. No sex related difference in the
components of the gland was noted.

3.1.1.5. SUBLINGUAL GLAND. The sublingual gland is
separated into two distinct portions separated by a band
of fibrous connective tissue.
The "major" portion (see 1.2.5.)
both mucous and serous cells.

is mixed and consists of
In this portion

and acid
of the

gland the mucous cells contain neutral, mucus.
There is no consistent amount of either of the types of
mucus present in the different animals examined. A
"patchwork" pattern, with adjoining cells containing
either of the mucus types in an apparently random
distribution, is present in the majority of cases. Serous
cells are usually present as demilunes. Infrequently
serous acini are also present. It was estimated that
serous cells comprise between 5% and 20% of the volume of
gland tissue and are filled with eosinophilic granules.
Scattered droplets which stain magenta or purple with PAS
are present in these cells.
Ducts are a prominent feature of the gland. The
intercalated and striated ducts are formed by a single
layer of cells which gradually increase in height and are
cuboidal for the majority of their length. The excretory
ducts are lined by pseudocolumnar cells. In the majority
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of animals examined there were goblet cells producing

acid mucus present in this portion of the duct.

The "minor" portion of the sublingual contains only

mucous cells in acinic formation. The mucus content is

almost exclusively acid but very rarely there are cells

which contain neutral mucus. The ducts are short with

most of the length consisting of an excretory duct. The

presence of goblet cells, which produce acid mucus, was

only detected close to the duct opening where DALTalso

occurred.

3.1.2. OESOPHAGUS. The oesophageal mucosa of the animals

examined is composed of three layers, epithelium, lamina

propria and muscularis mucosae. The stratified squamous

epithelium in the proximal third matures to the stage of

keratinised cells in the superficial layers.

Keratinisation decreases distally and disappears at the

end of the middle third. The muscle fibres of the

muscularis mucosae are not striated. Scanning of serial

sections of all specimens revealed no mucous glands or

ducts. Longitudinal folds are present throughout the

length of the organ but increase in number and height

distally. The oesophageal mucosa terminates abruptly at

the junction with the stomach. The muscularis externa, at

the point of entrance to the stomach, is slightly

thickened but does not appear to form a sphincter.

3.1.3. STOMACH. At the junction of the oesophagus and

stomach a change from stratified squamous epithelium to
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gastric epithelium occurs. A narrow band, approximately
2mm wide, of typical cardiac glands is immediately
adjacent to this. These glands are simple or compound
tubular glands and are shorter than the glands found in
body and fundus. No parietal or chief cells occur in this
area. The gland cells produce acid mucus with neutral
mucus present in some glands in some animals. The amount
of neutral mucus increased in the upper regions of the
cardiac glands and the gastric foveolae. No evidence of
side chain acylation was seen. The surface epithelial
cells in the cardiac region contained primarily neutral
mucus but moderate amounts of acid mucus was present in
all cases. The amount of acid mucus decreased from the
oesophageal junction towards the body of the stomach.
The glands in the fundus and corpus are straight except
at the base where they are usually bent or slightly
coiled. They increase in length from fundus to body.
Parietal, chief and mucous neck cells occur in glands in
both of these areas but the ratio of one to the other
differs in the two regions. Fundic glands are
approximately one third shorter than those in the body
and have more mucous neck cells and fewer parietal cells.
Mucous neck cells in both regions were "foamy" in
appearance and contained traces of acid mucus. Chief
cells occur in the base of the glands and are very weakly
positive with PAS. The surface epithelial cells contain
neutral mucus only except for some cells in the foveolae
which contain small amounts of acid mucus.

https://etd.uwc.ac.za/



72

A change in appearance of the epithelium between the body
and antrum was not visible to the naked eye. In some
animals an abrupt change was evident microscopically. In
these particular animals the disappearance of chief and
parietal cells, which were not present in antral glands,
occurred over a distance of O,5mm. The antrum and pylorus
glands are branched or coiled tubular mucous glands in
which only neutral mucus is present. Surface epithelial
cells contain large amounts of neutral mucus and varying
quantities of acid mucus. The foveolae in this area
appear to be approximately one third deeper than those in
the body region. A gradual decrease in the length of
glands occurs distally through the antrum. No intestinal
type cells were seen and there was no discernible
difference between male and female animals in any area of
the stomach.

3.1.4. SMALL INTESTINE. The small intestine could not be
differentiated into duodenum,
naked eye. All areas had a
distinctive features. Valves

jejunum and ileum with the
"furry" appearance with no
of Kerkring are visible

microscopic
patches.
Brunner's glands (see 3.2.1.9.) are present in the first

examination to correspond with peyers

macroscopically in the first 20cm of small bowel. In the
ileum, areas with a less "furry" appearance are seen on

7 cm to 8 cm of the duodenum.
Microsopically the intestine adjacent to the stomach
contains tall narrow villi which do not branch. This form
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of villus continues for approximately 50 cm after which a
gradual reduction in height and broadening of the villus
occurs. In the jejunum the villi have rounded ends and
branches and "arches" occur. villi in the ileum are more
triangular in shape.
villi are subtended by intestinal glands (crypts of
Lieberklihn). Numerous mitotic figures are present in the
crypt bases, are less plentiful in the midcrypt, and were
not seen in upper regions. Paneth cells with intensely
eosinophilic granules are present in crypt bases
throughout the small intestine but decrease in number
from duodenum to ileum. Goblet cell precursors were
present in
acid mucus

the midcrypt and contained both
which increased in quantity

neutral and
with their

migration towards the villus.
Columnar cells with striated borders comprise

villi in
the
themajority of cells on the surface of

duodenum. They do not contain mucus but the striated
border stains purple with AB/PAS indicating mixed neutral
and acid mucus. Goblet cells which are evenly distributed
along the surface of the villus contain acid mucus. Many
of these cells also contain small quantities of neutral
mucus with occasional cells having only neutral mucus.
The number of goblet cells increases gradually along the
length of the intestine so that in the terminal ileum
they appear to form the majority of cells on the surface
of villi. The number of goblet cells containing only
neutral mucus is greatly reduced in the ileum compared
with the duodenum and jejunum. Approximately 5cm from the
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ilea-caecal junction, goblet cells contain increasing
amounts of sulphated mucus. There is also evidence of

PA*/T/Bh/PAS/KOH stains some goblet
in this area.
cells purple.

side chain acylation of the acid mucus

PBT/KOH/PAS staining results in occasional pale magenta
coloured cells. Transition from small intestinal to large
intestinal type mucosa occurs at the ilea-caecal
junction. At this point there is an accumulation of
lymphoid tissue beneath the mucosa.

3.1.7. PANCREAS. Pancreatic tissue consists of acini,

3.1.5. BRUNNER'S GLAND. These glands are tubular mucous
glands which branch regularly and occur in the submucosa
of the duodenum. Muscle fibres of the muscularis mucosae
are frequently seen interspersed in the gland tissue. The
glands empty into the crypts of Lieberklihn.Ducts are not
visible. In some animals these duodenal glands also
extend beneath pyloric gastric mucosa and also into the
base of the intestinal glands. Acini also extend into the
submucosa of the valves of Kerkring and, on rare
occasions, above the muscularis into the mucosa. The
majority of cells produce both neutral and acid mucus,
the ratio of which is not constant. In all cases some of
the cells produced only neutral or acid mucus but the
number of these cells varied considerably.

3.1.6. APPENDIX. No area which could be identified as
appendix was seen either macro- or microscopically.
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islets and ducts. Pyramidal acinar cells surrounding a
small central lumen form the bulk of the tissue. HE
staining revealed the existance of numerous eosinophilic
granules in these cells. Acini are separated by thin
bands of connective tissue. Groups of acini are separated
into lobules by broad bands of fibrous tissue.
Intercallated, intralobular and interlobular and
excretory ducts were
seen. The smallest
occur in the centre

present but no striated ducts were
of the intercallated ducts, which

of acini, were lined by simple

Columnar cells contain acid and neutral mucus

squamous cells. Larger ducts were lined by cuboidal cells
which become taller and change to columnar as the duct
increases in size. Mucus was not seen in cuboidal cells.

supranuclearly, the former predominating. The excretory
ducts and Wirsung's duct were surrounded by a thick band
of fibrous tissue which is positively correlated with the
size of the duct. Smaller ducts, which appear to run
parallel to the larger ones before joining it, are
sometimes present in the fibrous band. Cells lining these
smaller ducts are flattened and do not contain mucus. The
largest of the excretory ducts and Wirsung's duct contain
goblet cells which are more numerous in Wirsung's duct
close to its opening into the duodenum. Wirsung's duct
and the choledochal duct appear to join prior to entering
the duodenum.

3.1.8. GALL BLADDER. The gall bladder was lined by tall
columnar cells with basally situated nuclei. The apices
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of the cells have microvilli which were visible only in
well preserved specimens. The membrane is extensivly
folded and is supported by a loose lamina propria.
Adjacent to the neck the epithelium is more deeply folded
and has the appearance of crypts or glands. The columnar
cells all contain fine mucus droplets which are both
neutral and acid although some cells had only neutral
mucus.

3.1.9. LARGE INTESTINE. The caecum and colon examined had
identical mucosae macro- and microscopically.
Macroscopically the mucosa was folded transversly into
broad irregularly spaced ridges. Microscopically,
lymphatic nodules, which were distributed evenly
throughout the region, were evident. In some areas these
nodules were large and extended close to the mucosal
surface. In these situations intestinal glands were
shorter than those in the surrounding tissue. There was
no accumulation of lymphoid tissue in the caecum that
could be equated with an appendix (see 3.3.6.). The
glandular epithelium contained both striated columnar and
goblet cells. Goblet cells predominated in the glands but
were only occasionally seen in the surface epithelium.
The mucus content of individual goblet cells was mixed
acid and neutral. Some cells at the base of the glands
contained only neutral mucus. This was more prevalent in
the caecum than in the colon.
Macroscopically the rectum differs from the colon in that
there are longitudinal folds which are more prominent
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closer to the anus. Microscopically the structure remains
the same as the colon but the cellular content of the
mucosa changes. Most of the cells are goblet cells with
very few columnar cells present. The mucus content of the
goblet cells remains mixed neutral and acid.
Approximately 3mm prior to the recto-anal junction there
are numbers of cells which have only acid mucus present.
At the recto-anal junction there is a shortening of the
glands prior to an abrupt transition to stratified
squamous epithelium. Acid mucus producing non-goblet
cells are present between the squamous cells at the ano-
rectal margin.

3.2. EXPERIMENTAL.
3.2.1. SEX, BODY AND ORGAN WEIGHTS. These are presented
in TABLES 3.l.A., 3.l.B. and 3.l.C. below.
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There was no difference in the3.2.2. HISTOLOGY.
histological features between the tissues examined in the
preliminary survey and those examined in the experimental
work. Reference will therefore only be made to the mucus
histochemistry for each tissue examined. These results
will be presented primarily as tables.

3.3. SALIVARY GLANDS.
3.3.1. LIPS. The results are presented in the upper
halves of Tables 3.2., 3.3. and 3.4.. In summary the
serous cells contained droplets which are demonstrated by
PAS and in some animals by HIO/AB being coloured
grey/black (G) by the latter method.
Mucous cells contained both acid and neutral mucus
together in the same cell. In a single animal (675, TO)
only acid mucus was demonstrated by one method. The
majority of animals showed the presence of carboxylated
and sulphated mucus and adjacent cells or groups of cells
may contain either type. Scores indicate that the
relative quantities are variable.
Duct lining cells were unreactive to all methods used.

3.3.2. PALATE. The histochemical results are detailed in
the lower halves of Tables 3.2., 3.3. and 3.4. The glands
contain mostly carboxylated and sulphated acid mucus in
which the sialic acid has no side chain acylation. A
"patchwork" effect is present. These features are shown
in FIGURE 3.3. There is occasionally a small amount of
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neutral mucus present in one animal
indicated by AB/PAS.
Duct lining cells contained acid mucus in some instances.
This may be seen in FIGURE 3.4. where the duct cells on

(675, TD) as

the left of the photograph contain no mucus whereas those
on the right do. Goblet cells (not shown) were seen in
two animals (574 and 675) only. An analysis of the
staining results indicates that the sialic acid in the
mucus of the duct lining and goblet cells is either not
side chain acylated or is acylated at position C7. This
is demonstrated by the magenta staining shown in FIGURES

3 •S. and 3. 6 .

3.3.3. PAROTID GLAND. cytoplasmic granules in the gland
cells stain intensely magenta with AB/PAS. Granules in
serous cells surrounding intercallated ducts stain purple
with PA*/T/Bh/PAS/KOH. These results are demonstrated at
low magnification in FIGURE 3.7. and at high
magnification in FIGURES 3.8. AND 3.9. A pale magenta
reaction was obtained in acinar cells with
PA*/T/Bh/PAS/KOH in all animals. Acinar cells in animals
from the AD/SO diet also stained magenta with
PBT/KOH/PAS. Cells lining striated ducts were unreactive
to all histochemical stains. Goblet cells found in the
walls of excretory ducts contained carboxylated and
sulphated mucus. This occurred as sulphated or
carboxylated or as a combination of these two mucus types
in one cell. No evidence of 0 acylation of the sialic
acid in this mucus was seen. A single animal (701) fed
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the therapeutic diet had
mucus in the duct cells.

droplets of acid and neutral

Tables 3.5. , 3.6. and
The upper halves of tables

(Pages 97-99) present the3.7.

individual results.

3.3.4. SUBMANDIBULAR GLAND. Serous cells in this gland
contain droplets of PAS positive material. This is
visible at high magnification and cannot be seen in
FIGURE 3.10.

Adjacent mucous cells and acini contain either neutral or
acid mucus or both neutral and acid mucus. A typical
staining result produced by AB/PAS is shown in FIGURE

3.10. Results indicate that the sialic acid has no side
chain acylation in the majority of cases, but where it is
present it probably occurs at position C7. Duct lining
cells did not contain mucus (see FIGURE 3.10.). However,
goblet cells present in the excretory ducts (not shown)
contained mucus similar to that in the mucus cells.
The results are presented in Tables 3.8. and 3.9. (Pages
100-101).

3.3.5. SUBLINGUAL GLAND. Tables 3.10, 3.11. and 3.12.

(Pages 102-104) show the detailed findings. Serous cells
in the "major" gland contain neutral, carboxylated acid
and in some instances sulphated acid mucus droplets. Some
serous cells containing sulphated mucus droplets are
indicated by arrows in FIGURE 3.11.

Mucous cells in the "major" contain a variable mixture of
neutral and. carboxylated and sulphated acid mucus.
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neutral mucus were present in all animals. The

Individual cells, groups of cells and acini in immediate
proximity to one another showed a clear difference in the
variety of mucus produced ("patchwork" effect). This
effect is clearly seen in FIGURE 3.12. When the scores of
the mucus types, as demonstrated by HID/AB and AB/PAS
stains were added together the results showed that diet
had an effect on the type of mucus produced. In animals
consuming the AD/SO the greatest proportion of the gland
produced sulphated mucus while in the AD/Fa this was true
of carboxylated mucus. Consumption of the therapeutic
diet resulted in neutral mucus being the largest
individual amount of mucus produced. This is demonstrated
in FIGURE 3.1..
Duct lining cells in this portion of the gland were
largely unreactive. Goblet cells in the excretory ducts,
however, contained sulphated and carboxylated mucus (see
FIGURE 3.13.) which, on the basis of histochemical
results, did not contain 0 acylated sialic acid. Trace
amounts of neutral mucus may be present as is indicated
by the result of the PA*/T/Bh/PAS/KOH staining sequence.
The minor sublingual gland produced mainly sulphated acid
(see FIGURES 3.12. and 3.13.) mucus although small
amounts of carboxylated acid mucus and trace amounts of

sialomucins appear not to be side chain acylated. There
is no detectable pattern in the type of mucus produced.
Duct cells did not produce mucus but goblet cells in the
excretory ducts produced acid mucus of the same nature as
found in the gland itself.
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3.3.6. TONGUE. The lower halves of Tables 3.5., 3.6. and
3.7. show the tabulated results. Serous cells contain
droplets of PAS positive material and in some animals
droplets which stain grey with HID/AB. These findings
indicate the presence of both neutral and acid mucus
respectively, a result confirmed by the other techniques
especially PA*/T/Bh/PAS/KOH. Mucus cells contain both
carboxylated and sulphated acid mucus in varying
proportions. Sialic acid is not O-acylated in this mucus.
striated duct cells contain supranuclear droplets of
mixed neutral and acid mucus. The acid mucus is both
carboxylated and sulphated with no side chain acylation.

A two way ANOVA showed no significant diet/sex
3.4. STATISTICAL ANALYSIS OF SALIVARY GLAND WEIGHTS.

interaction.
The gland:somatic ratios are expressed as grams:kilogram.
3.4.1. Parotid. Parametric (P) : No significant
differences in weight. Non parametric (NP): significant
differences between AD/SO and AD/FO as well as AD/FO and
Therapeutic (p= 0,048). Gland:somatic ratios: Female
3,254 (SD 0,635), Male = 2,580 (SD 0,860). These ratios
are significantly different between sexes P p= 0,0001, NP
p= 0,0001.

3.4.2. Submandibular. There were significant differences
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in weight between male and female P: p= 0,0202, NP: p=

0,0235. Gland:somatic ratios: Female = 0,542 (SO 0,095),

Male = 0,459 (SO 0,106). The ratios are significantly

different between male and female P: p= 0,0036, NP: p=

0,0050

3.4.3. sublingual. Significant differences in weight

between sexes P: p= 0,0001, NP: p= 0,0009. Gland:somatic

ratios: Female = 0,176 (SO 0,095), Male = 0,175 (SO

0,106). There was no significant difference in the

gland:somatic ratio for the sexes in this gland.

3.4.4. Palate. Significant differences in weight between

the sexes P: p= 0,0075, NP: p= 0,0035. Gland:somatic

ratios: Female = 0,329 (SO 0,036), Male = 0,254 (SO

0,083) These are significantly different for the sexes P:

p= 0,0008, NP: p= 0,0009. Tests also show a difference

between the AD/SO and Therapeutic diet and AD/FO and

Therapeutic diet. P: p= 0,0463 and NP: p= 0,0053.

3.4.5. Gland: gland ratios. Significant differences

between the sexes were found for the following.

Parotid: sublingual (P: p= 0,0093, NP:

sublingual:submandibular (P: p= 0,0492).

p= 0,0169),

3.5. STOMACH. Mucus in the cardiac region is distinctly

different to that in the other areas of the stomach. The

base of the glands contains both acid and neutral_ mucus.

(FIGURE 3.14.) The acid mucus is both sulphated and

carboxylated and does not appear to contain side chain

acylated sialic acid in the majority of cases. An

exception to this is noted in animal number 802 (AD/FO)
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which shows a positive result in the PBT/KOH/PAS method.

This indicates the presence of side chain acylation at C7

and/or C8. The mucous neck cells, mucous cells in the

gastric pits and surface are similar in their mucus

content. They contain neutral and acid mucus but the

latter was not sulphated in any of the animals examined.

The acid mucus contains side chain acylated mucus at

sites C7 and/or C8 and Cg as is indicated by the results

obtained with PAPS and PBT/KOH/PAS techniques.

The fundic and body regions (FIGURES 3.15. and 3.16.) are

described together as the results obtained for the two

areas are almost identical.

The parietal

unreacti ve to

and chief cells

used.

of the glands were

all methods Mucous neck cells and

surface cells contain neutral, which predominates, and

acid mucus. No indication of sulphated acid mucus was

seen in the surface cells but was present in small

amounts in the neck cells.

In the antral region (FIGURE 3.16.) there is no

indication of acid mucus in the base of the glands but

small amounts are present in the surface cells where

neutral mucus predominates. No evidence of sulphated

mucus or of side chain acylation of sialic acid was seen.

The full histochemical results are presented in Tables

3.13, to 3.17. (Pages 106-110).
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3.6. SMALL INTESTINE. The mucus histochemistry results
for each animal are shown in Tables 3.18., 3.19, and
3.20. The results presented are the average picture
obtained from all sections examined. Small localised
variations in the general pattern were not included. The
type, distribution and amount of each mucus variety
present is detailed in the tables.
In summary no staining with HID/AB, PBT/KOH/PAS, PAPS or
PA*/T/Bh/PAS/KOH occurred in the columnar cells. However
small amounts of PAS positive material was sometimes
present in droplet form in these cells.
In all regions of the small intestine there was no
difference in the staining reactions of the goblet cells
in the upper or lower halves of the individual villi. All
methods indicated the existence of both acid and neutral
mucus in these cells. Both acid and neutral mucus was
shown to be present at the same time within individual
goblet cells. This is clearly illustrated in FIGURES

3.17., 3.18. and 3.21. Sialic acid acylated at C7, C8 and
probably at Cg is present in some of the goblet cells as
indicated by the reactions obtained with PAPS,
PA*/T/Bh/PAS/KOH and PBT/KOH/PAS. (FIGURES 3.19. and
FIGURE 3.20.) The unstained goblet cells seen in these
two figures probably indicate that their mucus content
has been extruded into the gut lumen. Sulphated mucus
(FIGURE 3.21. arrows) was present in the duodenaI and
jejunal goblet cells of 7 of the 12 animals examined.
This was not related to diet, sex or age. It is present
in gradually increasing quantities in these cells with
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the progress from jejunum to ileum. A rapid increase in
the presence of this type of mucus occurs in the terminal
2 cm of ileum so that at the junction with the caecum it
predominates.
Mucus on the surface of the striated border was different
to that detected in the microvillus itself. The surface
contained sulphated acid mucus while the microvillus
contained only neutral mucus. FIGURES 3.21. and 3.22.
show this differentiation clearly. It could not be
determined whether the surface mucus originated from the
striated border or was adherent mucus produced by goblet
cells.
3.7. BRUNNER'S GLANDS. Cells in this gland contain
neutral and carboxylated and sulphated acid mucus. The
presence of sulphated mucus in some cells is shown in
FIGURE 3.23. Side chain acylation of the sialic acid was
not detected. The amounts of each type of mucus differed
between the three diets and this result is illustrated in
FIGURE 3.2. which is extracted from the results obtained
from HID/AB. staining with AB/PAS (FIGURES 3.17., 3.24.)
elicited varying shades of purple. However, it was not
possible to determine the amounts of neutral and acid
mucins that these colours represented. The presence of
small amounts of acid mucus in most cells is indicated by
the result obtained with PAPS and is demonstrated in
FIGURE 3.25. In a single animal Brunner's gland cells
extended along a villus (FIGURE 3.17. and 3.18). The
results of the histochemical methods are tabulated in
Table 3.21.
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3.8. LARGE INTESTINE. Table 3.22. presents the results of
the mucus histochemistry. with the exception of the
proximal portion of the acending colon and the terminal
portion of the rectum there were no discernible regional
differences in the ratio of carboxylated to sulphated
mucus. In the caecum and proximal portion of the
ascending colon, carboxylated and sulphated mucus were
present in approximately equal quantities. Goblet cells
contained either or both of the predominating mucus types
but there was no pattern to the distribution. There were
also small amounts of neutral mucus present. These
features are shown in FIGURES 3.26., 3.27., 3.28., and
3.29.
Sulphated mucus containing goblet cells predominated
(FIGURE 3.30.) throughout the remainder of the length but
no area was without a few cells containing carboxylated
mucus. Occasional intestinal glands had a predominance of
of this latter type of mucus but this could not be linked
to any abnormality nor to a specific locality. Individual
goblet cells at the base of the intestinal glands
commonly had a predominance of neutral mucus while
scattered cells in the upper areas of the glands (FIGURE
3.31.) also contained neutral mucus. Surface goblet cells
were infrequent for much of the length of the colon
(FIGURE 3.32.).
Acylated sialic acid containing mucus is present in all
areas of the large intestine but was not present in all
goblet cells. The acylation of the sialic acid may occur
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at site C8 as is shown by the lack of staining with the
PAPS stain and a magenta colour in the PBT/KOH/PAS stain
(FIGURE 3.33.). There is no pattern to the distribution
of goblet cells containing either the acylated or non
acylated mucus. There is, however, a difference between
the dietary treatments in the ratio of the amount C8 and
C9 acylated sialomucus to the amount of mucus showing
non-acylation. The combined scores obtained with the PAPS
stain show that C8 acylation occurs more frequently in
animals on the AD/FO diet than in AD/SO or Therapeutic
diets. The AD/SO and Therapeutic treatments have similar
results. Goblet cells containing C8 acylated sialomucus
occur almost exclusively in the lower half of the glands.
The variety of mucus and its distribution is not markedly
different in the rectum from that of the rest of the
large intestine.
At the recto-anal junction the type of mucus changes with
the reduction in the amount of sulphated mucus and a
concomitant increase in carboxylated mucus. (FIGURE
3.34. )
(AD/SO)

Two exceptions to this occurred in animals 720
and 701 (TO). In these two animals sulphated

remained predominant. Isolated goblet cellsmucus
frequently occur in the columnar epithelium at some
distance from the junction with the glandular epithelium
(FIGURES 3.34. and 3.35.). These cells produce acid mucus
which is mainly sulphated (FIGURES 3.36. and 3.37.) but
some neutral mucus is also present (FIGURE 3.38.). From
an analysis of the histochemical results it appears
probable that the acid mucus present is not acylated. The
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columnar epithelium is replaced by non-keratinising
squamous epithelium at an abrupt interface very
reminiscent of that at the oesophago-gastric junction.
Keratinising epithelium gradually replaces this over the
following approximate 1 cm. Tabulated results are
presented in Table 3.23 ..

3.9. PANCREAS. Tissue from all animals was examined. All
results obtained were identical and no tabulated results
are presented.
Diet did not have a detectable effect on the type of
mucus produced or on the site at which acylation of the
sialic acid occurred.
Cells forming the intercalated ducts were squamous in
character and became taller until they were cuboidal in
nature. Cuboidal cells lined the intra- and smaller
interlobular ducts. Mucus was not detected in any of
these cells. The cuboid cells gradually change to
columnar cells which line the interlobular ducts. A
gradual thickening of the fibrous wall
columnar cells the mucus is present as
above the nucleus and is concentrated
luminal surface (FIGURE 3.39.). Both

also occurs. In
small droplets

adjacent to the
neutral (FIGURE

3.40.) and carboxylated and sulphated (FIGURE 3.41) acid
mucus is present. Acylation of the acid mucus is present
at sites C7, CB (FIGURE 3.39., and 3.40) and C9. Ducts
lined by squamous and low columnar cells were present in
the fibrous wall of the inter lobular and Wirsungs ducts.
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These cells did not contain mucus except in occasional
instances where it was localized to cells at the junction
with the larger duct. Goblet cells present in Wirsungs
duct (see 3.1.8.) contain mixed carboxylated and
sulphated (FIGURE 3.41.) mucus in the same cell.
Acylation at C7, (FIGURE 3.40.) C8 and C9 (not shown) is
apparently present. Some of these goblet cells contain
both neutral and acid mucus (FIGURE 3.40.).
Greatly increased numbers of goblet cells were present in
the region of the Ampulla of Vater (FIGURE 3.42.). The
mucus in these cells was identical to that demonstrated
in other goblet cells in the gland.

3.10. GALL BLADDER. The histochemical results obtained
from all sites examined was the same from all animals and
in all treatment groups. For this reason the results are
not presented as a table.
The gall bladder is lined by simple mucus secreting
columnar epithelium. (FIGURE 3.43.) The mucosa is folded
and many "pseudoglands" (FIGURES 3.44 and 3.45.) are
present. Goblet cells were not seen in any of the
specimens viewed. Mucus was present as fine droplets
above the nucleus and was concentrated at the luminal
surface. Neutral (FIGURE 3.44.) and
sulphated (FIGURE 3.45.) acid mucus
latter type predominated. Small

carboxylated and

occurred

was present. The
irregular regional
which neutral orvariations sometimes in

sulphated mucus was the common variety. These areas could
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not be linked to any local tissue changes. No evidence of
side chain acylation of any of the acid mucus was
detected.

SEROUS CELLS.

MUCUS CELLS.

DUCT LINING CELLS.

SURFACE CELLS

MUCUS NECK CELLS.

CHIEF CELLS.

PARIETAL CELLS.

BASE CELLS.

STRIATED BORDER

GOBLET CELLS

"PATCHWORK EFFECT".

CYTOPLASMIC DROPLETS.

SUPRANUCLEAR CYTOPLASMIC DROPLETS.

MAGENTA.

PURPLE.

AZURE.

GREY/BLACK.

NO REACTION. N.B. THIS RECORD DOES NOT REFER TO

EMPTY (DISCHARGED) CELLS. MUCUS DROPLETS WERE PRESENT IN

THESE CELLS.

NUMERALS REPRESENT INTENSITY OF STAINING WHEN ADJACENT TO

A LETTER OR TO AN AREA SCORE WHEN APPLICABLE.
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FIGURE 3.3.
PALATE. PREDOMINANTLY SULPHATED ACID MUCUS
(GREY/BROWN) WITH ISOLATED CELLS CONTAINING
CARBOXYLATED MUCUS (AZURE). LARGE DUCTS PRESENT.
HID/AB. x450

FIGURE 3.4.
HIGHER MAGNIFICATION (x1800) OF ACINI
TO DUCT.
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FIGURE 3.5.
PALATE. ACINUS CONNECTING WITH DUCT. NOTE CUBOIDAL
NON MUCUS PRODUCING DUCT LINING CELLS. ACID MUCUS
STAINED MAGENTA. PAPS. x1800.

FIGURE 3.6.
PALATE. ACINUS CONNECTING WITH DUCT. DUCT LINING
CELLS SQUAMOUS. NOTE THAT MUCUS IS ADHERENT TO AND
NOT PRODUCED BY CELLS. ACID MUCUS MAGENTA. PAPS.
x1800.
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FIGURE 3.7.
PAROTID GLAND. CELLS STAINING MAGENTA. DISPERSED
CELLS STAINING PURPLE. INTERLOBULAR DUCTS NON-

REACTIVE. NEUTRAL MUCUS MAGENTA, MIXED NEUTRAL AND
SIDECHAIN ACYLATED (SITE 7) ACID MUCUS PURPLE.

PA*jTjBhjPASjKOH. x180.
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FIGURES 3.8. AND 3.9.
PAROTID GLAND. TWO EXAMPLES SHOW CELLS ADJACENT TO
INTERCALLATED DUCTS STAINED PURPLE. INTERLOBULAR

DUCT (BOTTOM RIGHT, TOP ILLUSTRATION) NOT STAINED.
NEUTRAL MUCUS MAGENTA, MIXED NEUTRAL AND SIDECHAIN
ACYLATED (C 7) ACID MUCUS PURPLE. PA*jTjBhjPASjKOH.

x1800.
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FIGURE 3.10.
SUBMANDIBULAR GLAND. SHOWING THE RANGE OF
TINCTORIAL RESPONSE OF MUCUS CELLS. COLOUR RANGES
FROM MAGENTA (NEUTRAL MUCUS) THROUGH SHADES OF
PURPLE (NEUTRAL/ACID MIXED) TO AZURE (ACID MUCUS).
THE INTERLOBULAR DUCT ON THE TOP RIGHT IS NOT NOT
STAINED. AB/PAS. x180.
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FIGURE 3.11.
MAJOR SUBLINGUAL GLAND. CELLS CONTAINING SULPHATED
(GREY/BROWN) AND CARBOXYLATED (AZURE) MUCUS. NOTE
UNSTAINED MUCUS CELLS AND SEROUS CELLS CONTAINING
SULPHATED MUCUS DROPLETS. HID/AB. x1800.

FIGURE 3.12.
MAJOR AND MINOR SUBLINGUAL GLAND. MAJOR (LEFT)
SHOWS "PATCHWORK" EFFECT (CARBOXYLATED MUCUS AZURE,
SULPHATED MUCUS (GREY/BROWN) AND SEROUS DEMILUNES
(UNSTAINED). MINOR SHOWS ONLY SULPHATED MUCUS.
HID/AB. x180 .

........,..---.,-r,. ..... -=.-.....
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FIGURE 3.13.
SUBLINGUAL GLAND. A LOBE OF "MINOR" SUBLINGUAL
GLAND CONTAINING ALMOST EXCLUSIVLY SULPHATED MUCUS
(GREY/BROWN) BETWEEN TWO LOBES OF "MAJOR"
SUBLINGUAL GLAND. AN EXCRETORY DUCT (LEFT) SHOWS
GOBLET CELLS CONTAINING SULPHATED OR CARBOXYLATED
MUCUS (AZURE). SOME GOBLET CELLS APPEAR TO CONTAIN
BOTH MUCUS TYPES. NOTE "FOAMY APPEARANCE OF MUCUS.
HID/AB. x450.

https://etd.uwc.ac.za/



125

FIGURE 3.14.
STOMACH. CARDIAC REGION. GLANDS ARE STAINED SHADES
OF PURPLE (MIXED ACID AND NEUTRAL MUCUS) WHEREAS
THE TRANSVERSE SECTIONS OF THE PITS ARE MORE
MAGENTA (LESS ACID MUCUS). NOTE ABRUPT CHANGE FROM
STRATIFIED SQUAMOUS TO GASTRIC EPITHELIUM. AB/PAS.
x900.
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FIGURE 3.15.
STOMACH. BODY. SURFACE EPITHELIUM STAINED MAGENTA
TO PURPLE (NEUTRAL OR MIXED NEUTRAL/ACID MUCUS).
NOTE MAGENTA STAINING OF GLANDS AND PRESENCE OF
PARIETAL AND A FEW CHIEF CELLS. AB/PAS. x450.

FIGURE 3.16.
STOMACH. ANTRUM. SURFACE EPITHELIAL CELLS STAINED
MAGENTA INDICATING THE PRESENCE OF ACID MUCUS.
PAPS. x450.
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BRUNNERS GLAND AND JEJUNAL VILLI. BRUNNERS GLAND
STAINED MAGENTA (NEUTRAL MUCUS) TO PURPLE (MIXED
ACID AND NEUTRAL MUCUS). BRUNNERS GLAND CELLS
EXTEND ALONG A VILLUS. THIS WAS THE ONLY ANIMAL
EXAMINED WHICH SHOWED THIS FEATURE. NOTE GOBLET
CELLS STAINED AZURE (ACID MUCUS) TO PURPLE. AB/PAS.
x180.

FIGURE 3.18.
JEJUNAL VILLUS. GOBLET CELLS CONTAIN MAINLY ACID
MUCUS (AZURE) BUT ALSO CONTAIN DISCRETE DROPLETS OF
NEUTRAL MUCUS (PURPLE/MAGENTA). THE BRUNNERS GLAND
CELLS SHOW ROUND NUCLEI WHEREAS THE GOBLET CELL
SHOWS A TYPICAL CONICAL NUCLEUS. AB/PAS. x1800.
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FIGURES 3.19.a. and 3.19.b.
DISTAL ILEUM. SECTIONS STAINED WITH
PA*/T/Bh/PAS/KOH (TOP) SHOWING PURPLE GOBLET CELLS
.AND PBT/KOH/PAS (BOTTOM) SHOWING THE SAME REGION
WITH PALE MAGENTA STAINING. x450.
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FIGURES 3.20.a. and 3.20.b.
DISTAL ILEUM. HIGH MAGNIFICATION FROM FIGURE 3.17.
SECTIONS STAINED WITH PA*jTjBhjPASjKOH (TOP)
SHOWING PURPLE GOBLET CELLS AND PBTjKOHjPAS
(BOTTOM) SHOWING THE SAME REGION WITH PALE MAGENTA
STAINING. x1800.
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JEJUNUM.
(AZURE)
GOBLET
BORDER
BELOW.

FIGURE 3.22.
GOBLET CELLS CONTAINING PRIMARILY ACID
BUT ALSO NEUTRAL (MAGENTA) MUCUS. TWO

CELLS CONTAIN ONLY NEUTRAL MUCUS. BRUSH
BI-COLOURED, AZURE AT SURFACE AND MAGENTA
AB PAS. x1800.

FIGURE 3.21.
JEJUNUM. GOBLET CELLS ON VILLI CONTAINING
CARBOXYLATED ACID MUCUS (AZURE) SOME CELLS APPEAR
TO HAVE TRACE AMOUNTS OF SULPHATED MUCUS (ARROWS).
SURFACE OF STRIATED BORDER GREY/BROWN INDICATING
PRESENCE OF SULPHATED MUCUS. x1800.
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FIGURE 3.23.
BRUNNERS GLAND. CELLS CONTAINING SULPHATED
(GREY/BROWN) AND CARBOXYLATED (AZURE) MUCUS. NOTE
UNSTAINED CELLS CONTAINING NEUTRAL MUCUS WHICH IS
NOT DEMONSTRATED BY THIS METHOD. HID/AB. x1800.
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FIGURE 3.24.
BRUNNER'S GLAND. A RANGE OF TINCTORIAL RESPONSE
FROM MAGENTA (NEUTRAL MUCUS) TO DEEP PURPLE (MIXED
NEUTRAL/ACID MUCUS) IS PRESENT. AB/PAS. x1800.

FIGURE 3.25.
BRUNNER'S GLAND. ACID MUCUS, POSSIBLY ACYLATED AT
SITE 7, STAINED MAGENTA. NOTE THAT INTENSITY OF
MAGENTA COLOUR IS LESS THAN THAT OF AB/PAS STAIN
DUE TO NEUTRAL MUCUS NOT STAINING. PAPS. x1800.
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FIGURE 3.26.
PROXIMAL COLON. GOBLET CELLS IN GLANDS WITH BOTH
CARBOXYLATED (AZURE) AND SULPHATED (GREY/BROWN)
MUCUS PRESENT IN THE SAME CELL. SOME CELLS CONTAIN
ONLY ONE MUCUS TYPE. HID/AB. x1800.

FIGURE 3.27.
PROXIMAL COLON. TRANSVERSE SECTION THROUGH GLANDS
IN THE SAME AREA AS ABOVE. NOTE RANDOM DISTRIBUTION
OF MUCUS TYPES. THE DARK LINE ON THE LEFT IS A FOLD
IN THE SECTION. HID/AB. x900.
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FIGURE 3.28.
PROXIMAL COLON. GOBLET CELLS IN GLANDS WITH BOTH
NEUTRAL AND ACID MUCUS (PURPLE) PRESENT IN THE SAME
CELL. OCCASIONAL GOBLET CELLS, STAINED MAGENTA,
CONTAIN ONLY NEUTRAL MUCUS. AB/PAS. x1800.

FIGURE 3.29.
PROXIMAL COLON. TRANSVERSE SECTION THROUGH GLANDS

THE SAME AREA AS ABOVE. NOTE RANDOM DISTRIBUTION
MUCUS TYPES. AB PAS. x900.
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FIGURE 3.30.
MID COLON. SECTON SHOWING GOBLET CELLS IN GLANDS
CONTAINING SULPHATED MUCUS (GREY/BROWN). NOTE
ALMOST COMPLETE ABSENCE OF CARBOXYLATED (AZURE)
MUCUS. HID/AB. x900.

FIGURE 3.3l.
MID COLON. SECTION SHOWING GLANDS. NOTE REDUCED
AMOUNT OF NEUTRAL MUCUS (LESS PURPLE STAINING) THAN
PROXIMAL COLON (FIGURE 26). AB PAS. x900.
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FIGURE 3.32.
MID COLON. SECTION SHOWING GLANDS. NOTE THAT THERE
ARE FEW SURFACE GOBLET CELLS. HE. x900.

FIGURE 3.33.
MID COLON. SECTION ILLUSTRATING THE PROBABLE
PRESENCE OF C7 AND/OR ca ACYLATED SIALIC ACID IN
GOBLET CELLS WHICH ARE STAINED MAGENTA.
PBT/KOH/PAS. x900.
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FIGURE 3.34.
RECTO-ANAL MARGIN. SECTION DEMONSTRATING THE CHANGE
FROM GLANDULAR TO COLUMNAR EPITHELIUM. NOTE THE
INCREASED AMOUNT OF CARBOXYLATED (AZURE) MUCUS AND
ISOLATED GOBLET CELLS. HID/AB. x450.

FIGURE 3.35.
RECTO-ANAL MARGIN. ISOLATED GOBLET CELLS IN
COLUMNAR EPITHELIUM. CARBOXYLATED MUCUS (AZURE)
PREDOMINATES. HID/AB. x900.
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FIGURE 3.37.
RECTO-ANAL MARGIN. IDENTICAL AREA TO PREVIOUS
ILLUSTRATION WITH SULPHATED MUCUS STAINED
GREY/BROWN. ANIMAL 720. HID/AB. x900.

138

FIGURE 3.36.
RECTO-ANAL MARGIN. SHOWING PREPONDERANCE OF ACID
MUCUS AND THE JUNCTION WITH SQUAMOUS EPITHELIUM.
ANIMAL 720. AB/PAS. x900.
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FIGURE 3.38.
RECTO-ANAL MARGIN. NEUTRAL AND ACID MUCUS IS
PRESENT IN THE COLUMNAR CELLS. AB/PAS. x1800.
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FIGURE 3.39.
PANCREATIC DUCT. COLUMNAR CELLS IN INTRALOBULAR
DUCT WITH APICAL MUCUS STAINED MAGENTA. THIS'
INDICATES THE PRESENCE OF SIDE CHAIN ACYLATION AT
SITES 7 AND 8. PBT/KOH/PAS. x1800.

FIGURE 3.40.
PANCREATIC DUCT. GOBLET CELLS IN INTERLOBULAR DUCT
STAINED PURPLE INDICATING THE PRESENCE IN THE SAME
CELL OF BOTH NEUTRAL AND ACID MUCUS WITH EITHER
SIDE CHAIN ACYLATION AT SITE 7 OR WITH NO SIDE
CHAIN ACYLATION. PA* Bh PAS KOH. x1800.
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PANCREATIC DUCT. GOBLET CELLS IN INTERLOBULAR DUCT
CONTAINING EITHER OR BOTH SULPHATED (GREY/BROWN) OR
CARBOXYLATED (AZURE) MUCUS. NOTE THE PRESENCE OF
GOBLET CELLS IN CLOSE PROXIMITY TO EACH OTHER
PRODUCING DIFFERENT TYPES OF MUCUS. HID/AB. x900.

FIGURE 3.42.
AMPULLA OF VATER. THE PRESENCE OF NUMEROUS GOBLET
CELLS AS THE DUCT ENTERS THE DUODENUM IS DEPICTED.
CARBOXYLATED (AZURE) AND SULPHATED (GREY/BROWN)
ACID MUCUS IS PRESENT. CRYPTS OF LIEBERKUHN ARE
PRESENT AT THE LEFT OF THE PICTURE. HID.AB. x450.
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FIGURE 3.43.
GALL BLADDER. SHOWING FOLDED MUCOSA WITH SIMPLE
COLUMNAR EPITHELIUM. HE. x450.
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FIGURE 3.44.
GALL BLADDER. SECTION THROUGH PSEUDOGLAND SHOWING
MIXED ACID AND NEUTRAL MUCUS CONCENTRATED IN THE
CELL APEX. AB/PAS. x1800.

FIGURE 3.45.
GALL BLADDER. SECTION THROUGH PSEUDOGLAND SHOWING
EXCLUSIVELY SULPHATED ACID MUCUS. HID/AB. x1800.
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CHAPTER 4.

DISCUSSION.

PART ONE.
4.1. GENERAL.
This work reports on the effect of diet upon the mucus
histochemistry of specific areas of the Vervet digestive
tract. Additional knowledge about the histology and mucus
histochemistry of Vervet monkeys has been gained. This is
relevant as Vervets are being used in dietary
experimentation in South Africa and there is an

are differentincreasing awareness
susceptibilities to

that
identical

there
test substances. This

difference occurs between primates and non primates and
probably between primates as well as is noted by Fincham,
Hewlett, de Graaf et al. 1991 and Lave 1988. It is
therefore may not be valid to extrapolate from
information obtained in other primates.
If non-human primates are to be used experimentally,
definition, in as many areas as possible, is necessary.
This is a basic requirement so that the maximum amount of
information can be gained during, or subsequent to, any
experimental procedure. It is also fundamental that as
much knowledge be obtained so that ethical requirements
for the use of animals in research can be fulfilled.
The discovery that a single dietary component can effect
a change in the weight of a salivary gland is discussed
below. This finding poses problems with regard to the
establishment of normal in respect of weights of salivary
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glands as these may apparently change with diet. Because
of this no attempt is made to define "normal" parameters
for gland weights. Whether a dietary effect on other
organs occurred is unknown but the possibility cannot be
excluded. If changes to other organs did occur, their
effect, if any, on the tissue examine~ is unknown.
Careful appraisal of the microanatomy is also required as
tissue elements may also have been differentially
affected by dietary composition.
The weights, histological and histochemical data given
should thus be viewed as applicable to Vervets housed in
the environmental conditions specified and to the diets
used.
The question of dietary influence on tissue also raises
the question of whether we know enough about the
formulation of diets for captive animals and illustrates
the need for more information. The danger in formulating
diets through extrapolation has been emphasized by Venter
et al. (submitted 1992).

PART TWO.
REGIONAL HISTOLOGY AND HISTOCHEMISTRY.
4.2. ORAL CAVITY.
4.2.1. SALIVARY GLAND:SOMATIC RATIOS.
The noticeable difference in the salivary gland weights
between male and female is to be expected if the
difference in total body weight between sexes is
considered. The glands in the lips were not weighed due
to the difficulty in identifying and isolating the glands
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from the surrounding tissue. Accordingly no conclusions
regarding their weight and its relationship, if any, to
sex are possible. The contribution of these dispersed
glands to the total mass of the salivary glands is also
not known.
However the gland:somatic ratios are interesting in that
they reveal that only with respect to the sublingual
gland does sex not play a role. It is unfortunate that
the major and minor portions of this gland were not
weighed separately. Had this been done it is possible
that an inter-relationship between either of the
components and sex would have become apparent. A
relationship between the submandibular and palatine
glands may also have become evident. These latter glands
are similar to the major and minor portions respectively
of the sublingual gland.
In the Vervets examined females had more gland tissue per
Kg body weight than did males. This could not be related
to a variation in the cell size or content or to
differences in the volume of other gland components such
as ducts or adipose tissue. The sexual dimorphism of
mucous cells in the rat submandibular salivary gland
reported by Hatakeyama, Sashima and Suzuki (1987) was not
evident in any of the salivary glands of the Vervets
examined.
Enzymes (Guven, Oz, and Omidfar 1987) and growth factors
(Aranciba and Assenmacher 1985) occur in salivary glands.
The role which salivary glands play in the production of
these substances was not examined in this case and their
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possible contribution to the differences in salivary
gland weight between the sexes cannot be commented on.
Sex and diet did not interact significantly and in
addition the Vervets were matched for age. It appears,
therefore, that neither diet nor a difference in weight
of glands occurring with age, as was found by Scott,
Flower and Burns (1987), contribute to the sex related
weight differences.
Raised prolactin levels have also been shown to increase
the weight of salivary glands in man and rat (Abbey and
Witorsch 1984). None of the female Vervets was lactating
and this is an improbable reason for the difference in
salivary gland weights. It must hence be assumed that the
gland:somatic ratios are a true reflection of the normal
situation but that the reason for the sex related
differences is presently unknown and the current work did
not present any possible solutions.
It is interesting that there were no references to
gland:somatic ratios in the literature reviewed. This gap
in information is surprising considering the substantial
amount of interest that has been displayed in the
salivary glands over many years. It would be of great
interest to see if the ratios remain the same in other
primates, especially man. New information on the less
obvious contributions of each salivary gland to oral and
general biology might become apparent if there is a range
of differences. The reason for species differences such
as occurs in the common marmoset in which, according to

https://etd.uwc.ac.za/



148

Sacramento and Miraglia (1972), the submandibular is
larger than the parotid may also become apparent.

4.2.2. SALIVARY GLAND WEIGHT AND DIET.
The parotid and palatine glands were the only glands
affected by diet.

4.2.2.1. PAROTID.
The difference in the weight of the parotid gland between
AD/FO and AD/SO is of great interest. These two diets
differed only in the addition of FO or SO. In addition
consumption of the AD/FO but not the AD/SO diet resulted
in a difference in weight of this gland when compared to
glands taken from Vervets consuming the TD. These two
results point to the FO as the primary, if not the only,
cause of the difference. This is an original finding. The
salient differences between the two oils are only in the
greater amount of polyunsaturated fatty acids, n-6 in SO
and n-3 in FO. No other record of fatty acids having a
significant effect on parotid weight have been found.
Raubenheimer et al. (1992) state that salivary glands are
adapted to the type of diet that is consumed. However
they were referring to the gross composition and not to
individual and minor, in terms of volume, components.
Whether n-3 fatty acids only or combinations of fatty
acids in the oil were responsible for the weight
differences was not possible to determine under the
experimental conditions pertaining. A dietary influence
on the gland weight might be anticipated when the serous
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nature of the gland and its contribution to digestion is
considered. These primates were fed the separate diets
for a period of 20 months which is about 7% of the
possible lifespan of a Vervet. It therefore appears that
the inducement of a change in gland weight by diet can
occur over a short period in Vervets. Scott and Gunn
(1991) showed that in rats fed liquid diets for 9 days
atrophic changes took place in the parotid and
submandibular glands. It is possible therefore that the
consistency of the diets was an influencing factor. The
glands were weighed before fixation and a change in
weight caused by fixation can thus be discounted and is
an unlikely cause as all glands were not affected.
However an increase in weight caused by accumulation of
serous or other fluid components which was stimulated by
the diet is possible. A difference in weight due to this
cause cannot be excluded but was not visible in any
animal. No evidence of increased cell size was seen. No
reasons can be advanced to account for the differences in
weight and its cause remains to be elucidated.

4.2.2.2. PALATE.
Unlike the parotid, the palate weights in both the AD/Fa
and AD/SO differed from those in the Therapeutic diet but
not from each other. The palate in Vervet monkeys is
exclusively mucous in nature. Its product is more likely
to be involved with the lubrication and "environmental
insult" functions ascribed to it by Tabak et al. (1981).
Van der Bijl et al (1989), using diets similar to the AD
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and Therapeutic diets, found patterns of tooth wear
related to diet. They decided that these could not be
explained in terms of diet roughness alone. However the
Therapeutic diet contained less fat and twice as much
fibre as either of the other diets (Van der Bijl et al.

1989) and possibly required more moistening and
lubrication during mastication. As the palate weight
differed between both the AD/Fa and AD/SO diets and the
TD it appears that the differences could be attributed to
the need for greater lubrication. Watanabe and Dawes
(1988) showed that different foods influence salivary
flow rates and it is conceivable that if a gland is
required to increase its output over a long period that
the size may increase to facilitate this. This is a
likely explanation for the result in the present
experiment.
The effect of the three diets on the bacterial flora of
the mouth was not determined. There was no gross tooth
decay during the course of the experiment (J. V. Seier
personal communication). Bacterial infection requiring a
compensatory antibacterial response (Tabak et al. 1981)

by any of the salivary glands is consequently improbable.
This does not however exclude the possibility that any of
the diets affected the production of bacterial
agglutinins. If this did occur the possible seqelae
(infection and decay) were, in all probability, avoided
as the agglutinins were protected from oxidation by the
presence of adequate amounts of vitamin C (Ericson and
Bratt 1987) in the diets.
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In conclusion the reason for the difference in weight of
the parotid and palatal glands between diets is
unexplained. These are histologically disparate and
further more detailed research is required to elucidate
the reasons which are probably multifactorial.

4.2.3. SALIVARY GLAND HISTOLOGY AND HISTOCHEMISTRY.
The product and histology of each of the various glands
differs. The proportion of mucous cells, serous cells and
non glandular components, especially ducts, was distinct
for individual glands. Each gland containing mucous cells
produced differing ratios of neutral and both
carboxylated and sulphated acid mucus. These general
results are in conformity with the observations of
Arglebe (1981) and Shackleford and Wilborn (1968) and
Junqueira, Carneiro and Contopoulos (1977).
There has been a great deal of controversy regarding the
nomenclature pertaining to the non-mucous cells in the
various salivary glands (Vigneswaran, Haneke and
Hornstein 1989). Some authors (Laden, Schulte and Spicer
1984, Nakai et al. 1985, Nakajima et al. 1987) prefer the
term serous for the basophilic staining cells of the
parotid and submandibular glands. Although not stated
this would probably extend to the serous cells in the
lips and major sublingual glands. Others (Munger 1964,
Pinkstaff 1980) prefer the term seromucous because of the
presence of mucosubstances in the cells. In this
discussion the term seromucous will be used to refer to
cells which are serous in character but which contain
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mucosubstances. This will be done because, as shown
below, most of these cells contain mucus droplets and the
terminology seems more logical.

4.2.3.1. LIPS.
The finding that both mucous and serous cells are present
in the labial glands in the Vervets studied differs from
the findings of TandIer et al. (1969) who determined that
there were no serous cells present in these glands in
man. These authors considered the serous appearing cells
to be "resting" phases of mucous cells. Ultrastructural
features were used in reaching this conclusion. In the
present investigation differences in cell shape and
distribution and in histochemical reactions permitted a
clear distinction to be made between cell types.
Seromucous cells were only seen as demilunes and it seems
improbable that the only cells which were in the
"resting" phase proposed by TandIer et al. (1969) should
occur in this form. The mucus droplets in the seromucous
cells in labial glands were different to those found in
other seromucous cells in other salivary glands. They
were small and discrete and, in those histochemical
methods in which they stained, intensely coloured. These
features are in contrast to the less intensely stained
and less "picnotic" appearing droplets in other
seromucous cells. The droplets were not similar to those
present in goblet cells present in salivary gland ducts
nor to the more diffuse appearance of the mucus in the
mucus cells of the same gland. In addition the presence
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of droplets which stain with HID (sulphated acid mucus)
lend weight to the cells being seromucous. The different
appearance of the mucus droplets may indicate that these
cells are different to seromucous cells in other glands.
This view appears to coincide with that of Vigneswaran,
Haneke and Hornstein (1989) who found that lectin binding
patterns in these cells were different to other salivary
gland seromucous cells.
The identification of seromucous cells is also in
agreement with Hensten-Petersen (1976) who
c. aethiops and M. irus. Warwick, Bernard

investigated
and Meskin

(1964) and Eversole (1972) both described serous
demilunes in man. A point of disagreement between

and Eversole in the useHensten-Petersen, Warwick et al.

of the term serous, as opposed to seromucous, is probably
only one of nomenclature.
Eversole (1972) states that the presence of demilunes was
more commonly associated with acini containing neutral or
carboxylated mucus. This was not seen in the present
study. No obvious association between seromucous cells
and the type of mucus in mucous cells
Vervet monkeys. This is probably

was seen
only a

in these
further

illustration of interspecies difference.
There is agreement between the current study and that of
Shackleford and Wilborne (1968) in which the presence of
neutral and sulphated acid mucus is recorded in the
mucous cells. In the present study carboxylated mucus was
additionally present. TandIer (1969) reported that mucus
in the labial glands occurred as membrane bound droplets.
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This is probably the manner in which one cell was able to
contain three types of mucus. As there was no pattern in
the distribution of the mucus droplets the reason for
their presence is difficult to explain. The stimuli which
determine the production of mucus are presumably local,
given the ongoing need for the protection against the
desiccation and lubrication functions ascribed to saliva
by Tabac et al. (1981). C7 and/or C8 and/or C9 (di or tri
substitution) acylated mucus is present in salivary
seromucous and mucous cells of Vervets fed the
Therapeutic diet whereas the presence of C8 acylated
mucus can not be confirmed in Vervets fed the other two
diets. A reason for this cannot be advanced as the
specific functions of these mucus types is unknown. It is
known that substituted mucins occur in normal tissue
adjacent to malignancies in the colon where it is
presumed they have a protective role (Nakayama et al.

1987). If this role is the function in the present
location the stimulus must be very specific, local and
diet related.
The labial gland ducts differ from those described by
Sacramento and Miraglia (1972) in that the portion close
to the acinus was lined by squamous cells which increased
in height and became cuboidal. In comparison to the other
salivary glands the ducts were large. This may be a
requirement for rapid draining of the glands to provide
lubrication. Rapid lubrication is probably a necessity
when the proximity to the point where food is taken in is
considered. Duct associated lymphoid tissue (DALT) was
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not present regularly as was recorded by Nair and
Schroeder 1985, 1987. This may be a consequence of the
protected environment in which the animals lived and of
the type of food provided. DALT would be a more necessary
requirement in the Vervets' natural environment where
abrasion and exposure to infection occur regularly. As
the animals were all of similar age, differences in the
volume of DALT, which were reported by Nair, Zimmerli and
Schroeder (1987), were not evident.

4.2.3.2. PALATE.
There were significant differences in the weight of the
palate in monkeys on different diets ..
The morphology of the Vervet palate described by Hensten-
Petersen (1976) is confirmed by the present
investigation. The results also agree
descriptions given by Junqueira et
Eversole (1972) for man.
The mucous glands, which subtend the posterior portion
produce acid mucus almost exclusively. Most of this is
sulphated mucus although some carboxylated mucus is also
produced. This is present in isolated cells. This result
is in agreement with the majority of published results

with the general
al . (1977) and

(Imai, Shibata and Moriguchi 1976; Green and Embury 1987;
Hensten-Petersen 1976; Eversole 1972). However one Vervet
(675) also showed cells containing neutral mucus as did
the marmosets investigated by Sacramento and Miraglia
(1972). Vervet 675 was different in having occasional
goblet cells present in the terminal portions of the

https://etd.uwc.ac.za/



156

ducts. This may be an atypical result. No overt
abnormality was however seen. Watanabe and Dawes (1988)
demonstrated that various foods may influence the product
of salivary glands.
There is a dietary associated difference in the type of
mucus in Vervets fed the Therapeutic diet compared with
the AD/FO and AD/FO. In the TD group small amounts, as
judged by the staining intensity of PBT/KOH/PAS, of di or
tri substituted sialomucus are present. The presence of
C8 substituted mucus cannot be conclusively proved. This
is similar to the occurrence of the same mucus types in
the labial glands in the same group of Vervets and lends
further credence to this being a diet related response.
Hensten-Petersen (1976) refers to the ducts in the
palatal gland as sinusoidal. While this term does
describe the appearance of some of the ducts seen, many
of the larger portions in the present work could be more
likened to lakes or "storage" areas. If these are some
form of reservoir they would provide a rapidly usable
source of lubrication when dry food is ingested. When the
normal diet of Vervet and many other species of monkeys
is considered, this may be a practical requirement. The
terminal portion of duct is narrow, sometimes tortuous,
and lined by squamous epithelium. This arrangement
probably provides the method of control for the excretion
of mucus into the oral cavity. without this the contents
of the large volume of mucus in the sinusoidal or lake-
like ducts could not be retained. This microanatomical
arrangement supports the proposal that the enlarged ducts
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are storage areas whose contents are released by the
pressures created by mastication. Numerous duct openings
are present and DALT occurred only in some ducts and this
result, in combination with that of the labial glands
mentioned above, confirms the finding of Nair and
Schroeder (1987) that DALT is anatomically restricted in
Vervets.

4.2.3.3. SUBLINGUAL GLAND.
As can be seen from the results obtained (Table 3.12.)
the sublingual gland is the smallest of the
salivary glands. This is in agreement with the
reported by Mason and Chisholm (1975) in man.
There is some lack of clarity in reporting the results of

major
data

investigations of the sublingual gland and this renders
direct comparison difficult. Imai, Shibata and Higashi,
(1986) in their attempt to clarify the situation, divided
the gland, in Japanese macaques, into the sublingual
gland and minor sublingual glands. The "minor" portion
consisted of clusters of acini, each with its own duct.
Ducts and duct openings were not specifically traced but
present results do not confirm this feature in Vervet
monkeys as too few excretory ducts were seen. The
appearance of the gland in Vervets was one of a gland
draining through one or more, but certainly not many,
ducts. This result agrees with those found in Man,
squirrel and Rhesus monkeys by Leppi and Spicer (1966).
The presence of two distinctly separated sublingual
glands was reported in the common marmoset (Sacramento
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and Miragila 1972). In the latter animal's siblingual
gland seromucous cells predominated over mucous cells
while in the
addition the

Vervet the mucous cells predominated. In
description of one portion as tubular

differs from
obtained by

Vervet monkeys.
Sacramento and

The histochemical results
Miraglia (1972), which

excluded techniques which indicate the presence of side
chain acylated sialomucins, are the same as with
comparable techniques used in the present investigation.
Imai, Shibata and Moriguchi (1986), Imai et al. (1986)

and Eversole (1972) divided mucous cells into types
dependent on which type of mucus was produced. This
approach differs from most other reports and can not be
supported on the basis of present results which indicate
that cells may produce more than one mucus type at a
time. No
different

histological evidence for the
cell types was offered by these
seen in the tissues examined in

presence of
authors and
the presentnone was

investigation.
The results obtained from the present investigations are
similar in many respects to those of Jacobsen and From
(1973). The localization and general histological
features are the same but they did not report the
distinct "patchwork" effect created by cells in this
portion of the sublingual gland. The proportions of
seromucous to mucous areas in the "major" portion however
differ. Jacobsen and From (1973) found between 40% and
60% and Junqueira et al. (1977) report 30% of the gland
to be serous in nature whereas the present results give a
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range of between 5% and 20%. No reason for this
discrepancy is obvious but in view of the variability in
primate salivary glands, previously noted, these
differing results can be offered as further evidence of
this. other authors give no indication of the percentage
of the respective cell types.
An interesting feature of the results is that in Vervet
monkeys the gland:somatic ratio for the sublingual gland
is greater than in man. Mason and Chisholm (1975) state
that in man the gland weighs "less than two grams".
Glands found in an atypical location by Moss-Salentijn
and Hendricks-Klyvert (1987) were not weighed but the
dimensions given agree with those published elsewhere.
Apparently, therefore, the weight and size of the gland
in man remains within close limits. The average weight of
the sublingual glands from the Vervets in all treatments
was 0,727g and the average body weight 4,2kg giving an
average gland:somatic ratio of 0,173:1.
this in a 70kg man would result in a
weighing 12,11 grams. Application of
ratios established for these Vervets

A ratio such as
sublingual gland

the gland:somatic
to the parotid,

submandibular and palate to man would result in weights
of 180,6g, 32,lg and 17,78g respectively. Although no
figures for gland weights for man could be found these
weights appear to be high.
The reason for Vervet monkeys having a need for greater
amounts of gland tissue is open to conjecture. If the
gland:somatic ratio remains constant for free living
Vervets and those in captivity it may be found in the
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content of their normal diet. This would consist mainly
of raw vegetable material which western man's diet does
not. Whether a similar difference between man consuming a
"western" diet and man consuming an unrefined
carbohydrate and vegetable diet occurs is unknown. Imai,
Shibata and Moriguchi (1986) (Japanese macaque), Ichikawa
and Ichikawa (1977) (Rhesus monkey), Leppi and Spicer
(1966) (Squirrel and Rhesus monkeys), Sacramento and
Miraglia (1972) (Common marmoset) and Jacobsen and From
(1973) (Rhesus and Vervet) all worked on sublingual gland
histology. None of these authors recorded the weight and
it is unfortunately not possible to compare the weight of
these Vervet sublingual glands with the other non-human
primates.
Results obtained from the current study demonstrate that
diet influences the ratio of mucus types. No other report
was found of similar results. The discovery that diet
influences the ratio of mucus types was serendipitous and
arose as an incidental finding subsequent to the
recording of staining results (Tables 3.9.,3.10. and
3.11.). A subjective influence on the results can thus be
excluded. Feeding the AD/FO and AD/SO diets resulted in a
larger score for the acid mucins than feeding the
Therapeutic diet. Whether this difference was influenced
by a need for greater protection or lubrication is
difficult to determine. This is exacerbated by the
differing ratios of carboxylated to sulphated mucus in
results from Vervets fed either AD/FO or AD/SO. A
hypothesis that sulphated mucus is required for greater
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lubrication, as for example in the colon, is invalid as
the AD/FO and AD/SO were essentially identical in
texture. A protective role for carboxylated mucus is
similarly improbable.
lubricative function
dietary components

However a combined protective and
for the acid mucins, with small

differences between the AD/FO

the final ratio, is
stressed that these
and AD/SO and the

possible. It must
determining
however be

Therapeutic diet should be examined while taking into
account the fact that none of the diets are normal for
Vervet monkeys.
The evidence of the influence of diet, to some extent,
make direct comparisons between various histochemical
results reported in different studies impossible. The
presence or absence of a particular type of mucus may
have been determined by the diet fed the animal. Authors
investigating a wide range of species agree that
sublingual glands have varying amounts of both sulphated
and carboxylated acid mucus and neutral mucus. Specific
localization and different quantities are a common source
of interspecies difference. No pattern of localization of
mucus as was found in the ferret by Jacob and Poddar
(1978) was evident.
All reports on minor sublingual gland acinar cells are
uniform in recording the absence of neutral mucus in this
portion of the gland. However, in the Vervet monkeys
examined, only the animals on the AD/FO conformed to this
pattern. Neutral mucus was present in more cells from
glands from Vervets on the Therapeutic diet than the
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AD/SO diet. This once again confirms some influence of
diet upon mucus production.
Duct lining cells were uniformly unreactive to all mucus
stains. However goblet cells present in the duct wall
present difficulties in interpretation of staining
results due to the low numbers present and the
irregularity with which they occurred. The results, which
can be commented on, reveal the presence of a
predominance of acid mucus over neutral with carboxylated
and sulphated being present in approximately equal
amounts. None of the articles reviewed contained
reference to goblet cells and the presence of these
unicellular glands may be unique to Vervets.
In both the major and minor portions of the gland the
purple staining of cells with PA*/T/Bh/PAS/KOH indicates
the possible presence of C7 acylated sialomucin. This is
not confirmed by the other staining methods. The purple
staining is, in all probability, the result of the cells
producing a mixture of neutral and non-acylated mucus. A
single exception to this is found in the minor gland of
Vervet 845 in which a few cells stained blue with
PA*/T/Bh/PAS/KOH. This staining result may, because of
its uniqueness, demonstrate that these cells are capable
of producing side-chain acylated mucus if a specific
stimulus is present.

4.2.3.4 .. SUBMANDIBULAR GLAND.
Histological results of both phases of this investigation
show the presence of seromucous acini, seromucous
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demilunes and mucous acini in the submandibular gland. In
this they are similar in major topographical features to
man, Rhesus monkey (stevens et al. 1966), Japanese
macaque (Imai et al. 1986), ferret (Jacob and poddar
1978) and many rodents
As is illustrated in

(Bondi et al. 1984, Sirigu 1985).
TABLES 3.8. and 3.9. the mucus

histochemical results are, with minor exceptions,
identical. Unlike in man (Leppi and Spicer 1966, Eversole
1972) and Rhesus monkey (Stevens et al. 1986) the
presence of acid mucus in the seromucous cells was not
detected. This may be a consequence of the type of diet
which reduced the production of specific proteinases and
decreased the need for the protective effect (Gorog and
Pearson 1984) of sialic acid.
It is significant that the submandibular gland is the
only salivary gland which contains no histochemically
demonstrable sulphated mucus. Menghi (1984) demonstrated
that with a change in diet and increasing age sulphated
mucus disappeared from rabbit submandibular glands. The
absence of sulphated mucus in these adultVervets may
therefore be the consequence of diet or of age. The
similarity in cell population, if not in cell ratios,
between the submandibular and major sublingual glands
make the lack of sulphated mucus in the latter
interesting. The duct system in the submandibular is more
prominent than in any of the other glands and this
appears to indicate that, as in man (Junqueira et: al.

1977), this gland supplies most of the salivary volume.
If this gland does supply most of the saliva, the
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requirement to provide lubrication is probably
subservient to a digestive role. This could then explain
the presence of neutral and carboxylated mucus, to
provide local protection against seromucous cell
products, but the absence of sulphated mucus for
lubrication. If a prime digestive role for the
submandibular gland is accepted it would be expected to
be affected by local stimulants or diet. However there
was no detectable sign of this as in the major sublingual
gland.
Reid, Needham and Owen (1991) have shown that bovine and
rat submandibular mucous cells contain C9 acylated sialic
acid as well as sialic acids which have substitution at
C7 or C8 or which are di (C7C8,C7C9,C8C9) or tri (C7C8C9)
substituted. A similar result has been obtained with
Vervet monkeys in this investigation. Magenta staining
with PAPS and lack of staining with PBT/KOH/PAS indicate
the probable presence of C9 acylated sialomucin. The
results of the PA*/T/Bh/PAS/KOH stain indicates the
presence of di or tri substitution although the presence
of C8 substitution is not conclusively proven. This is
due to the limited range of histochemical techniques
used. The specific function of these mucins is unrecorded
and the present work regrettably sheds no further light
on the subject. Tabak et al. (1982) report that the
sialic acid found in human as well as monkey salivary
mucus is unsubstituted and that this assisted the
clearance of influenza virus. The presence of substituted
sialomucins in the Vervet monkey may be a species
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difference but did not appear to result in overt viral or

bacterial infection. This may however have been due to

the specific bacterial species present in the oral cavity

(Levine et al. 1978).

Although female Vervets had a greater gland:somatic ratio

there were no obvious differences in the ratio of

cellular components between the sexes as occurs in the

Wistar rat (Hatakeyama et al. 1987). This observation

must be considered provisional as the exact cellular

ratios were not established as dietary influences could

not be conclusively excluded. There may have been a

dietary effect on the submandibular gland similar to that

of other glands and this was not detected by the methods

used. It consequently appears that it is only possible to

define salivary gland mucus product for this species when

a specific diet is detailed. This may also be true for

man, other non-human primates and other mammalian

species.

4.2.3.5. PAROTID.
As can be seen from the histochemical results which

indicate the presence of neutral and acid mucus, the

acinar cells of the parotid must be classed as seromucous

(Munger 1964). This is in agreement with many reports

(Shackleford and Klapper 1962, Dreizen, Goodrich and Levy

1968, Shackleford and Wilborn 1968, Laden, Schulte and

spicer 1984, Riefel and Traviii 1972, Harrison et al.

1987, Raubenheimer et al. 1988) on studies in a range of

primates including man, rodents, lagomorphs and
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carnivores. A dissenting report by Stevens et al. (1986)
calls the parotid of Rhesus monkeys serous. The type of
mucus recorded however varies. In most mammals, including
man and rhesus monkey, both neutral and acid mucus have
been detected. In the Vervet monkeys on the Therapeutic
and AD/FO diets, neutral mucus only was detected in the
majority of cells. The result from the AD/SO, diet in
which side chain acylated (C8) sialic acid was detected,
needs examination. The possibility that this detection is
due to a variation in histochemical technique can be
excluded as sections from all groups were stained
simultaneously as was the case with all methods.
Consideration must consequently
possibility that the diet (AD/SO)

be given
supplied a

to the
component

that was lacking in the other diets. It is also possible
that this result is normal for Vervet monkeys although
none of the diets can be called normal for monkeys. That
the diet influenced the result is more likely. The diets
were identical except in the ratio of n-3 to n-6 fatty
acids which could be responsible for the difference in
results. The finding that AD/FO and Therapeutic diets
resulted in similar mucus histochemistry results, differs
from the results of the influence of diet on the weight
of the parotid in which the effect of AD/SO (and not
AD/FO) and Therapeutic diets are similar. Why n-6 fatty
acids should affect the mucus type and n-3 fatty acids
the weight of the parotid is unknown however.
It has been reported that Rat parotid acinar cells are
replaced by progenitor cells from the intercalated duct
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(Schwartz-Arad et al. 1988) They propose that all
exocrine glands are renewing cell populations. If a
similar sequence occurs in the parotid of Vervets, the
magenta staining of some of the acinar cells with the
PA*/T/Bh/PAS/KOH stain (Figures 3.7., 3.8., 3.9.) may
represent an intermediate "tubulo-acinar" stage in which
the cells are progressing towards the acinus from the
progenitor cell. The histological picture and the fact
that duct cells do not produce mucus (see below) renders
this conclusion questionable. More possibly these stained
cells represent some functional or developmental stage in
the maturation of these cells comparable to hepatocytes
(Zajicek, Oren and Weinreb 1985) and adrenocytes (Zajicek
et al. 1986) which produce different enzymes and hormones
respectively at different maturation stages. Diet was not
an influencing factor as these cells were present in all
treatment groups. Additionally the site of acylation of
the sialomucin of the acid mucus present in all cells in
the AD/SO group and the acylation site of the sialomucin
in the "newly renewed" cells is different. That in the
AD/SO group is probably acylated at C8 whereas that in
the new cells is acylated at C7 or, more probably, is non
acylated.
Clarification and confirmation of these results requires
further and more detailed investigation of the role and
functions of newly renewed parotid acinar cells. Further
information on the effect of unsaturated fatty acids on
glandular tissue is also necessary
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Duct cells in the Vervet parotid do not contain mucus.
Scattered goblet cells are however present in the
excretory portion of these ducts. If these cells
originate from progenitor cells in the intercalated ducts
further differentiation to goblet cells must take place
at a later stage. Acid mucus was produced primarily in
these glands and this was almost exclusively carboxylated
sialomucous. The presence of small amounts of neutral
mucus is also indicated by PBT/KOH/PAS and
PA*/T/Bh/PAS/KOH techniques. The
colour in AB/PAS may be due to
being overwhelmed by the strong

absence of a purple
the magenta component
azure colour of the

alcian blue. Acylated mucus is present in these cells.
However it is difficult to determine, with any degree of
certainty, the site at which this occurs because of the
few cells present.
The function of the mucus in the ducts is presumably that
of protection of the duct wall from the product of the
parotid as a need for lubrication, if any, is small.

4.2.3.6. TONGUE.
The previous observations on the general anatomy of the
tongue (Woodroof 1986) were confirmed. Additional
information on the mucus histochemistry of the seromucous
cells has been obtained. The ability of these cells to
produce sulphated mucus is a new observation. Sulphated
mucus was however present only in two of the Vervets fed
the AD/FO diet. Only carboxylated mucus was present in
animals fed the AD/SO and Therapeutic diets. These
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results may indicate that the production of sulphomucus
is influenced by diet although insufficient data is
available to draw definite conclusions. In seromucous
cells of the major sublingual gland and lips sulphomucus
was present in the majority of animals from all treatment
groups and this may negate any conclusion that diet is an
influence. The appearance and mucus content of the
seromucous cells in the lips, tongue and submandibular
gland are different to those in the submandibular gland.
This appears to support the findings of Testa-Riva et al.

(1985) and Vigneswaran, Haneke and Hornstein (1989) that
these cells are different to those in the submandibular
gland. The result of the histochemical staining methods
are equivocal but it appears that the sialomucus in the
seromucous cells is not side chain substituted. The
apparent discrepancy created by the lack of staining by
PAPS (TABLES 3.4., 3.5., 3.6. ) is possibly due to the
small amounts present giving insufficient colour to be
distinguishable under the viewing conditions used. This
did not occur in the PA*jTjBhjPASjKOH where both neutral
and acid mucus were demonstrated and sufficient colour
was generated. These results indicate the need for care
when assessing mucus histochemical methods. The ducts
draining these glands modify the final product of the
gland by adding to it their content of neutral and mixed
sulphated and carboxylated mucus. The acid mucus added to
the salivary flow by these cells is not side chain
substituted.
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The presence of mucous cells with either carboxylated or
sulphated mucus content presenting a "patchwork" effect
is confirmed. This was present in all treatment groups
and a diet related effect on the ratio was not evident.
Trace amounts of neutral mucus were present in all
dietary treatments but their presence is only indicated
in the PA*/T/Bh/PAS/KOH. This may be due to their
presence being masked by the strong azure colour obtained
with AB/PAS. In two Vervets (850 [AD/SO] and 701 [TO]),
only neutral mucus was. present in some cells. The
presence of neutral mucus is similar to the Japanese
macaque (Imai, Shibata and Higashi 1982) and Ferret
(Jacob and Poddar 1979) and confirms the previous
identification of small amounts of neutral mucus present
in some Vervet lingual gland mucus cells by the author
(1986). A paucity of reports on primate lingual gland
mucus histochemistry exists and no previous report using
histochemical methods, to identify side chain acylated
mucus in lingual glands, was found. The acid mucus,
present in most of the Vervets under discussion, is
probably not side chain acylated.

4.3. OESOPHAGUS.
The histological structure
general terms the same as

of the oesophagus
that described by

is in
Palmer

(1952). The only significant difference is in the
presence of keratinised squamous epithelium in the upper
regions. This may be present to cope with the abrasive
nature of normal Vervet foodstuffs. Captivity and
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different diets did not appear to modify the presence of
this keratinized mucosa. Descriptions of oesophageal
histology from other non-human primate species could not
be found and it is unfortunate that no comparisons can be
made. No evidence of ectopic gastric mucosa, such as has
been reported by Jabbari et al. (1985), or of a condition
similar to "Barrett's Oesophagus" (Haggitt et al. 1988)

could be identified. Oesophageal submucosal glands were
not seen. Although methods to identify their ostia were
not used, sections taken at 3mm intervals should have
revealed the presence of these glands and their presence
in this species is thus doubtful. This finding, together
with the presence of keratinizing epithelium, has
significance if Vervets are to be used to investigate the
etiology of oesphageal cancer as it does not reproduce
the human situation exactly. The keratinizing epithelium
would provide increased protection against abrasion and
attack by potentially carcinogenic substances and dietary
contents. The lack of less well protected submucosal
gland cells and ducts could conceivably have the same
effect. Wallace and whittle (1986) demonstrated the
beneficial role of mucus in the repair of damaged mucosa.
The lack of a mucus layer in the absence of these glands,
together with the previously mentioned differences, may
reduce the value of these primates as experimental
animals in the investigation of human oesophageal
disease. The termination of oesphageal epithelium at the
gastric margin was rounded but a distinct flap of tissue,
which was described in an unidentified species of monkey
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by Rhodin (1974), was not present. The presence or

absence of this flap may be a species specific feature in

either man or other non-human primates.

4.4. STOMACH.

Gastric

distal

Japanese

cardiac glands were not

portion of the oesphageal

(Macaca fuscata) and (Macaca

1987) .

(Imai,

and to

subtend the

the

seen to

mucosa as in

crab-eating

fasicularis) macaques (Imai, Shibata and Shimano

In this respect Vervets are similar to man,

Shibata and Shimano 1987, Shehan and Jervis 1976)

Rhesus monkey and baboon (Shehan and Jervis 1976). The

extent of the area covered by these glands differs widely

in diverse species (Shehan and Jervis 1976). Of the

species reported the Vervet appears to be most similar to

man. Although no specific measurements for the area

covered could be found the approximately 2mm broad band

of cardiac glands in Vervet monkeys appears to be smaller

than that of other non-human primate species.

The cardiac glands themselves have been subject to much

debate regarding their morphology. The structural

appearance of those in the Vervet is most like those

described for man by numerous authors (Gad 1969, Filipe

1979 and Jass and Filipe 1981). The short tubular glands

were seen to branch but noticeable coiling was not

present. The absence of parietal and chief cells close to

the oesphageal border, in any tissue section examined,

supports the existence of a distinct region of cardiac

glands. This is the 2mm broad band referred to above that
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excludes the presence of chief and parietal cells. These
gradually increased in number towards the body of the
stomach. Additional support for the existence of distinct
cardiac glands in Vervets is supplied by the mucus
histochemistry. Many of the cells at the base of the
glands contained sulphated mucus. Sulphated mucus only
occurred in small amounts in neck cells elsewhere in the
stomach. The presence of sulphated mucus in the cardiac
region appears to be confined to primate species. Neither
horse and pig (Imai, Shibata and Shimano 1987) nor
various rodents, lagomorphs and carnivores (Shehan and
Jervis 1976) were found to display its existence. The
presence of sulphated mucus may provide superior
lubricative properties in primates which lack the
squamous forestomach of rodents. An alternative role may
be to provide additional protection against
autodigestion. This may be necessary as parietal cells,
which are reported to produce a hydrophobic substance
(stiel 1990), are absent.
Reports on the mucus histochemistry of the gastric
epithelium are many and individual results vary. This is
not surprising as many authors have noted that gastric
mucus is involved in the protection and repair of the
mucosa and individual stimuli may produce different
results. pasqiuer and vatier (1990) state that gastric
epithelial cells are replaced in two to four days and
that this is accelerated when epithelial damage occurs.
One is therefore examining tissue which has been produced
in response to the environment existing during this time
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span. In addition the results of the current
investigation must be viewed while considering that the
influence of stress, which plays a role in the synthesis
of mucus (Dekanski et al. 1975), is not known.
The gross histological picture of both the fundic and
body regions of the Vervet do not differ in major aspects
from man. However the differing ratios of parietal and
chief cells in the fundus and body are not mentioned in
standard text books (Junqueira, Carneiro and Contopoulos
1977. Leeson and Leeson 1981) nor is reference to this
occurrence found in reports on various non-human
primates. It is unlikely however that this is a unique
feature of Vervet monkeys. The terms "fundus" and "body"
referring to anatomical regions of the stomach are used
interchangeably and this may be a reason for no report of
differing cell ratios in other animals. Differing
digestive sequences may account for the presence of more
enzyme producing cells in the area of the stomach
(fundus) first entered by food. Increasing numbers of
parietal cells coincide with greater gland height and it
appears probable that the number of chief cells stays
relatively constant. The greater numbers of parietal
cells appear to account for the increased gland height in
the body region. There is, nevertheless, no difference in
the types of mucus found in the two regions. A need for a
change in mucus type, to provide increased protection
from a more acid environment in the body, may not be
necessary if parietal cells produce a hydrophobic
surfactant, as proposed by stiel (1990). Neutral mucus is
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the main type of mucus present in the surface cells but
small amounts of carboxylated acid mucus are also
present. As surface epithelial mucus cells are replaced
by migration of cells from the neck region it appears
that these cells alter the type of mucus produced to suit
the local micro-environment. Sulphated mucus which was
found in surface cells in man (Hakkinen, Jarvi and
Gronroos 1968, Tyrkko, Hakkinen and Rimpela 1968) and dog
(Tyrkko, Hakkinen and Rimpela 1968) was not present. The
possibility that it was solubilized in the aqueous
fixative, as proposed by the latter authors, is unlikely
as sulphomucus was clearly demonstrated elsewhere using
the same fixative. The presence of sulphated mucus in the
neck cells is additional confirmation of this.
Sulphomucus in these cells may be required to provide
greater protection from concentrated amounts of pepsin.
These mucins have peptic inhibitory effects due to the
binding of sulphate to the protein substrate of pepsin
(Mikuni-Takagaki and Hotta 1979, Azuumi et al. 1980). The
absence of sulphated mucus in the surface cells may also
be due to the feeding regime used during the experiment
as it has been shown that fasting increases the amount of
sulphated mucus in the gastric mucosa (Ohara et al.

1984).
The small amount of sialosulphomucus present in the neck
cells appears to be side chain acylated at C7. This is
different to the trace quantities of acid mucus present
in the surface cells which is not sulphated and non-
acylated. The significance of acylation at C7 is unknown
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presence

investigation
methods are
O-acylated

and requires
with a wider

further elucidation. Further
range of mucus histochemical

required to confirm the of
sialomucus. If this result can be confirmed it will
indicate that Vervets are different to man, rats, mice
and rabbits in which 0- acylated mucus is confined to the
colon (Culling Reid and Dunn 1976). The ability of mucus
to provide a protective microenvironment has been
demonstrated by Wallace and Whittle (1986) and this
difference gives greater impact to the proposed peptic
inhibitory role of mucus in the neck cells.
The anomalous histochemical results obtained in Vervets
801 and 802 from PA*/T/Bh/PAS/KOH and PBT/KOH/PAS cannot
be explained with certainty but are probably technique
related. Re-evaluation of results was not attempted as a
knowledge of a discrepant result may have influenced the
outcome in an area where colour appreciation is highly
critical.
Little attention appears to have been paid to the
reaction of parietal and chief cells with mucus
histochemical methods. Faint staining "at the base of the
fundic pits" was found by Jass and Filipe (1981) while
Gad (1969, 1979) found a similar result but neither
record the presence of mucus in chief or parietal cells.
Posel, Lang and Starck (1986) describe parietal cells as
a "principle site" in which mucus occurs. This latter
finding appears to be a unique occurrence in new world
monkeys as no record of a similar result can be found for
man or old world monkeys. Small amounts of neutral mucus
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were found in parietal cells of Rhesus monkeys and
Baboons by Shehan and Jervis (1976) while Stemmerman
(1967) found neutral mucus in human chief cells, a result
which differs from that of Shehan and Jervis (1976).
The present investigation where neither parietal nor
chief cells reacted to any of the histochemical methods
used is therefore similar to those most commonly, but not
exclusively, reported in man. It was noted, during the
examination of both HE and mucus histochemical methods,
that the cytoplasm of chief cells stained a faint blue.
This needed careful differentiation from the pale grey
which a weak reaction with HID (HIO/AB) might have

by HIO/AB, which is counterstained with

produced
sulphated
produced

and which would indicate the presence of
mucus. However the similarity of the result

haematoxylin, and all other methods permitted a definite
distinction to be made. Results which have been based on
HID staining only may have suffered in their
interpretation if attention to this last mentioned detail
was not taken into consideration.
The abrupt change from body to antral and pyloric type
glands, which was visible microscopically in some animals
only, may have been due to the anatomical site from which
the tissue specimen was taken. While every effort was
taken to use the same site in each case, folding of the
tissue sometimes made this difficult. Thus, while the
preferred site was the greater curvature, on unrecorded
occasions the lesser curvature was used. It is thus not
possible to determine whether this feature is a regular
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anatomical feature or an occasional occurrence which was
present in some Vervets only. The distinctive
histological feature of this area is the absence of
parietal and chief cells. These diminished rapidly from
the body region simultaneously with a reduction in the
height of the glands. Although the gastric pits were
deeper the difference in height could well be attributed
to the absence of parietal and chief cells. The normal
and histopathological features of this region are well
documented but little attention appears to have been paid
to a comparative examination of mucus histochemistry. Gad
(1969, 1979) made no distinction between mucus in body
and antral regions while Stemmermann (1967)
differentiated between the areas

(1979), Jass
but found identical

and Filipe (1981)mucus types. Filipe
reported occasional cells with acid mucus at the base of
antral pits and glands.
The mucus histochemical features of these Vervet monkeys
in the antral and pyloric region are distinctive. There
is a small amount of acid mucus in the surface epithelium
and pits, with a total absence in the base of the glands
(Figure 3.16.). This carboxylated acid mucus (azure with
RID/AB) is apparently present in such small quantities
that its presence was concealed by the intensity of the
magenta colour produced by PAS (AB/PAS). In addition it
is not present in all cells. Similar occurrences may
account for the differing results produced by various
authors if the numbers of cells containing acid mucus
were so few or contained so little acid mucus that it was
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missed. The number of acid mucus producing cells did not
show a regional variation or reduction in numbers towards
the pylorus, which might have been expected.
The Vervet therefore is different to man, Rhesus monkey,
baboon and some carnivores. As has been previously noted,
diet may influence the production of mucus. As these
Vervets were consuming diets which consisted of normal
human dietary constituents, however, a difference to man
should not be marked. Comparison with and between other
non-human primates is difficult. If, as proposed, diet
influences the type of mucus produced, animals with
different normal diets and dietary requirements such as
Marmosets and Rhesus monkeys may well have adaptations to
these different diets. Even greater dietary differences
occur with carnivores and rodents. It hence appears that
great is required extrapolating resultswhencare
obtained from experimental animals to man or indeed to
other animals.

4.5. SMALL INTESTINE.
Changes in the intestinal villus shape over the length of
the small intestine conform to the general pattern
described for man and various primates.
The replacement and migration of intestinal villus cells
was not examined as it did not form part of the
objectives of the study. However this is an area of
singular importance where diet and nutrition is
concerned. Decreased villus height has been shown to be
both a result and a cause of inadequate nutrition.
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Modifications of villous dimension in Vervets has also
been shown to be affected by the type of dietary fibre.
Although every effort was made to ensure that the diets
fed to all groups of Vervets was nutritionally optimal
there exist inadequacies in our knowledge about non human
primate requirements. Interpretation of villous histology
must as a result be approached with caution. Present
results indicating a decrease in villus height and
increase in width over the length of the small intestine
are probably correct. However the scale on which they
occurred mayor may not have been due to diet. The
presence of "arched" villi appears to be abnormal as this
feature has not been noted in other non-human primates or
in man under normal circumstances. Fused villi have been
reported in rats as a response to fibre by Schiebel and
Mehta (1985). It was, however, not present in Vervets
which were fed dietary fiber which caused structural
changes (Paulini, Mehta and Hargis 1987). This feature
may therefore be a response to some other dietary
constituent.
There were no consistent differences in goblet cell mucus
between the dietary treatments. However subtle and
unperceived differences in goblet cell mucus may have
been present. These differences would have been very
difficult to detect due to the range of staining
responses between individual goblet cells. The absence of
granular goblet cells, described in the mouse by Cheng
(1974), may be a species difference but the influence of
diet cannot be excluded.
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The obvious presence of sulphated mucus in duodenal

goblet cells, in a majority of Vervets studied, requires

further examination. Parasitic infestation (Koninkx et

al. 1987) increases the number of goblet cells containing

sulphated mucus. The Vervets studied were clear of

parasitic infections but subclinical bacterial infections

may have been present and could have had a similar

effect. That this occurred in so many animals appears

improbable and the presence of sulphated mucus can be

regarded as a regular feature. This would conform with

the findings of Romagnoli et al. (1986) who found that

the presence of sulphated acid mucus was an occasional

occurrence in both normal and abnormal human small

intestinal biopsies. There are differences however

between the results obtained by different authors. Shehan

and Jervis (1976), Culling et al. (1977), and Lance,

Fillipe and WasteIl (1978) did not find sulphated mucus

in duodenal goblet cells whereas Krause (1975) found it

present in fourteen primate species. However, Chambraud

et al. (1989) showed that intestinal epithelium was

replaced every 3 to 6 days and that goblet cell mucus is

replaced twice during this period. Moré et al. (1987)

demonstrated that diet can affect the type of mucus

produced. These findings may account for the differing

results obtained by Shehan and Jervis (1976), culling et

al. (1977) and Lance, Filipe and WasteIl (1978). In view

of the findings of Chambraud et al. (1989) and Moré et

al. (1987) it is possible, therefore, to consider that

the present findings, where sulphated mucus is present,
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reflect the effect of diet and intestinal environment
during the most recent 48 hours. However caution is
required in stating that these results are "normal" for
Vervets as they may only be a reflection of the dietary
treatments.
There is more uniformity in the reported presence of
sulphated mucus in the jejunum and ileum. Sulphomucus was
detected in the jejunum of a a number of species and was
found to increase towards the ileum (Reid et al. 1989);

and Olubuyide et al. 1984). This was confirmed in the
present study. The regular presence of sulphated goblet
cell mucus may be due to the jejunum and ileum being less
susceptible to the influence of diet than the more
proximal portions of the small intestine. The need for
greater protection from abrasion by the progressively
less hydrated intestinal content cannot be excluded.
However it is also possible that the presence of
sulphomucus is due to the prior absorption of potential
irritants in the duodenum and proximal ileum as proposed
by Forstner (1978).
The presence of O-acylated mucus in the jejunum and ileum
of these Vervets mimics results from man. It is of
interest that not all the goblet cells displayed the
presence of this type of mucus. As has been previously
noted the unstained cells were not empty and contained
mucus droplets. Just as sulphation of mucus occurs in the
Golgi apparatus (Forstner 1978) so acylation probably
also occurs there. Distances separating cells are small.
Local environmental differences are, therefore, probably
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not responsible for the presence or absence of O-acylated
mucus. This seems to indicate a separate method of
control which may also account for the presence of both
sulphated and non-sulphated mucus droplets in the same
cell. The benefits of goblet cells containing both kinds
of acid mucus are not obvious. If either kind is needed
for protection from specific local irritants, as is
proposed by Yamazaki et al. (1992) they would need to be
secreted rapidly into the lumen. This is not apparent as
droplets are irregularly dispersed in the cell.
The bi-laminar staining of the brush border in these
Vervets is similar to that established for Rhesus monkeys
by Shehan et al. (1970). It is different in that, in the
duodenum, the microvilli show the presence of
carboxylated acid in addition to neutral mucus whereas in
the remainder of the small intestine acid mucus is not
present. It also appears that the surface layer is not
purely acid mucus but that neutral mucus is also present.
Whether the surface mucus is produced by the brush border
or whether it is adherent mucus from the goblet cells is
open to conjecture. If the mucus is of goblet cell
origin, sulphated mucus seems to be preferentially
adherent. The sialic acid present is not acylated
although the lack of staining with PAPS indicates that it
is. This apparent lack of staining with this method is
possibly due to an insufficient amount of mucus present
to be detected histochemically.
Although there were both regional and inter diet
differences in the pattern of goblet cell and brush
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border not constant enough fortheymucus were
conclusions to be drawn. This may be due to a variety of
factors although there are three major considerations.
Firstly the histochemical methods used may be too crude
to detect a variance. Secondly there may have been no
difference in response to diet and thirdly the difference
between the diets was not enough to induce a distinctly
different response.

4.6. BRUNNER'S GLANDS.
Guyton (1986) states that Brunner's glands secrete mucus
in response to tactile or irritating, vagal and
gastrointestinal hormone stimuli. Which of these factors
is the reason for the differing mucus production between
the diets is unclear. The similarity between the
histochemical responses of the AD/Fa and AD/SO treatments
makes it reasonable to contrast these results with the TD
treatment. The obvious is thedifferencemost
predominance of carboxylated mucus in the latter
treatment. Whether this is a response to the reduced fat
content or the increased fibre and carbohydrate is
unclear and methods used do not make a distinction
possible. It is possible that the higher fat content of
the AD/Fa and AD/SO reduced the luminal pH in comparison
to the TO. This would have stimulated the production of
increased amounts of neutral mucus as a protective
measure. The possibility that the fat itself constituted
an irritant, as proposed by Forstner (1978), cannot be
excluded.
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Comparison with reported results is confusing. Human
Brunner's glands have no acid mucus (Filipe 1979) whereas
in non-human primates, according to Krause (1975) only, a
minority of cells contain acid mucus. Both AD/SO and
AD/FO treatments thus produced histochemical results
closer to man while the TD produced results closer to
those found in non-human primates. The presence in all
dietary groups of small numbers of cells producing
sulphated mucus is similar to that reported by Shehan et
al. (1970) although the predominance of this type of
mucus in the duct cells was not a feature in these
Vervets. It thus remains unclear whether the results
obtained are only a reflection of the treatments or
whether any of them approach "normal".
exists that any mucus histochemical
Brunner's glands will merely reflect

The possibility
investigation of
the recent food

intake of the animal under investigation.

4.7. PANCREAS.
The similarity
between the

in general structure of pancreatic ducts
Vervet monkeys investigated and those

described for man, rhesus monkey and numerous other non-
human primates is remarkable. The absence of mucus in
cuboidal cells rendered the distinction between these
cells and columnar cells easy.
to columnar cells appeared

The change from cuboidal
to coincide with the

transition from intra- to interlobular ducts. Why mucus
production is required at this stage is not evident but
it may be linked to functional changes in the cells. The
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presence of neutral and both sulphated and carboxylated
mucus in these cells is similar to that found in many
other primates, carnivores and rodents. Unfortunately no
comparison is possible with regard to the presence of
acylated sialomucins as no other reports of these kinds
of mucus in pancreatic duct cells could be found. Further
investigation is required before it can be determined if
the presence of these mucus types is normal in Vervets or
whether their presence is a consequence of the treatments
given. The function of the gradually thickening
connective tissue surrounding the ducts as they progress
toward the ampulla is presumably to retain the patency of
the ducts. It is of interest to note that small ducts
regularly proceed for some distance in the connective
tissue before connecting with the larger duct. This may
indicate that the fibrous connective tissue increases in
volume or thickness with ageing and envelops the smaller
duct during this process.
The large numbers of goblet cells situated close to the
ampulla of Vater possibly play a role in protecting the
duct tissue from duodenal contents. However most of the
mucus is acid and not neutral which would be expected if
neutralization of the duodenal acid contents was the
objective, as is assumed to be the case with Brunner's
glands. It consequently is probable that the mucus
present is to protect cells from pancreatic secretions
which accumulate at this point because of the larger duct
diameter.
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It has been previously shown (Jaskiewicz et al. 1987)
that Vervet gallbladder mucus production is influenced by
high cholesterol diets. Pancreatic duct and gallbladder
epithelial mucus did not appear differ between the
treatment groups. It is possible that differences did
occur but were to small to be detectable. Such
differences would be difficult to detect as the small
mucus droplets of different types are so intermingled
that quantification, even crudely, is impossible. The
changes in mucus histochemistry seen by Jaskiewicz et al.

(1987) and Lee (1981) must therefore have been
significant and be directly linked to the amount of
cholesterol present in the diets used. Histochemical
results from these Vervets are similar to most reported
results from man, non-human primates, lagomorphs and
rodents and vary only in that goblet cells were not seen.

4.8. ILEO-CAECAL JUNCTION.
The absence of a recognizable appendix in these Vervets
is a finding which agrees with results from other non-
anthropoid apes. However the presence of an accumulation
of lymphoid tissue beneath the mucosa at the ileo-caecal
junction may serve a similar function in Vervets. The
absence of a narrow, blindly terminating portion of gut
may account for the low incidence of an appendicitis-like
disease in non-anthropoid primates.

4.9. COLON.
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Distribution patterns of colonic goblet cell mucus differ
in these monkeys from man. Whereas in man the whole
ascending colon contains mixed carboxylated and sulphated
mucus this was only present in the most proximal colon in
Vervets. The diets fed these Vervets did not have an
apparent effect on either the ratio of carboxylated to
sulphated mucus or its distribution. The dietary induced
crypt branching found by Jaskiewicz et al. (1986) was not
seen. It is of interest to note that although occasional
goblet cells contained only neutral mucus the general
rule was that neutral mucus when present was found in
conjunction with acid mucus.
Adult human colon contains predominantly side chain 0-
acylated sialomucins (Culling et al. 1974). In Vervets
the number of cells containing these types of mucus
predominates but is variable. The distribution of 0-
acylated mucus in these monkeys varied throughout the
crypt length as was found in man and rat (Voltz et al.

1987). It is of interest that cells which abutted each
other contained either acylated or non acylated mucus.
This again appears, as in the small intestine, to imply a
fine method of control of mucus production. The
possibility that the unstained cells did not contain
mucus can be excluded as all cells stained with
PA*jTjBHjPASjKOH which shows that these cells contain non
acylated mucus. Acylation, where present, is probably at
positions C7, C8 and C9 but it is of interest that the
ratio of cells which display the presence of these mucins
does not remain constant between staining techniques.
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ulceration (Al-Suhail et al.

increased mucus species in
remains open to conjecture.

1983). The function of this
the present investigation

Culling et al. (1979) found

This may indicate that while C7 acylated mucus is present
in all cells, di-substitution (C7C8, C7C9) may occur but
tri substitution (C7C8C9) does not. The different ratio
of C8 acylated sialomucus found in association with the
AD/FO was not attended by histological features which
differed from the other treatments. Decreased amounts of
C8 substituted mucus have been associated with colonic

that, in man, C8 O-acylated mucus predominated in the
ascending colon. This was not present in the Vervets
examined, however, the ability of a treatment selectively
to alter these mucins (Podolsky et al. 1985) is
confirmed.

4.10. RECTO-ANAL JUNCTION.
The reason for the change from primarily sulphated to
carboxylated mucus at the recto-anal junction is unknown.
It is tempting to ascribe it to the greater need for
protection from bacterial invasion. This, however, does
not seem probable as the same reason is relevant in the
colon where sulphated mucus predominates. It appears more
likely that a combination of reasons both unknown and
including a reduction in the need for lubrication play a
role.

PART THREE.
4.11. CONCLUSION.
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The general histological features of those areas of the
digestive tract investigated in these Vervet monkeys are
similar in most respects to both man and other non-human
primates. Where differences occur they are often between
separate genera where major dietary dissimilarities are
present.
Mucus histochemistry results are more variable. The prime
objective of this work has been met in that information
on the histology and mucus histochemistry of the Vervet
monkey has been obtained. The aim of establishing the
normal mucus hLst.oohemist ry has not been achieved since
the results clearly indicate that dietary influences play
a prominent influencing role on mucus histochemistry.
Thus the second objective of establishing that diet has
an effect on the type of mucus produced has been
achieved. Comparison of these results with those from
closely related species in
difficult. To contrast the
from free living Vervets

captivity is consequently
present findings with those
is also difficult due to

confounding factors such as the influence of parasitic
and bacterial infections in the natural environment.
It can be seen from the study presented here that there
is not one "normal" mucus histochemical state. Mucus
histochemistry is dynamic displaying an ability to adapt
to changing needs depending on dietary and environmental
influences.
It is hoped that with these results an increased
awareness of the influence of minor dietary constituents
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on the outcome of experimental procedures will be
achieved.
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THE EFFECT OF DIET ON MUCUS HISTOCHEMISTRY AND ADJACENT
HISTOLOGY

OF THE DIGESTIVE TRACT IN VERVET MONKEYS

Vervet monkeys are frequently used in Southern Africa as
experimental animals. Some of these experiments involve
dietary treatments to model human nutrition. Animals used
in research need to be defined as completely as possible
so that correct conclusions may be drawn from results
obtained. The normal mucus histochemistry of the
digestive system of Vervet monkeys does not appear to be
recorded. Similarly the effect of diet on mucus
histochemistry in these animals is lacking.

In order to redress this lack of information 20 female
and 9 male Vervets were separated into dietary treatment
groups. Three diets were fed. Two of these, one
containing fish oil the other sunflower oil, were known
to be atherogenic in Vervets. The third was a
"therapeutic" diet. The diets were fed for twenty
months. After sacrificing the animals, salivary glands
were examined histologically, histochemically and
morphometrically. The stomach, small and large intestine,
Brunner's glands, gall bladder and exocrine pancreas were
examined histologically and histochemically. The
histochemical examination included techniques which
demonstrate neutral carboxylated and sulphated acid mucus
and for O-acylated sialomucins.

Salivary gland:somatic ratios were established from the
data obtained. It is believed that this is the first time
that these results have been obtained from Vervets. These
ratios differ between male and female animals. Diet had
an effect on salivary gland weights and on mucus
histochemistry. Some cells in the parotid gland were
found to produce an O-acylated mucus. Histological and
mucus histochemical results from the remaining tissues
were essentially similar between the dietary treatments.
An exception was Brunner's glands in which diet affected
the ratio of neutral:carboxylated:sulphated mucus.

The definition of Vervet monkey as an experimental animal
has been extended. It is concluded that, as diet appears
to affect mucus histochemistry and gland weights, normal
mucus histochemistry is a dynamic picture and
environmental and dietary conditions should be defined
for each mucus assessment.

192
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