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TABLE 2 Distribution of immunoreactive endocrine cells and nerves in the elephant stomach

Cardiac region
Antibody

Fundic region Pyloric region j

Cells

Nerves

Cells Nerves Cells Nerves

Gastrin —
Somatostatin ++
Cholecystokinin -
PYY -
Chromogranin A + -
4

o+

Serotonin
Glucagon
Bomesin - +
VIP - ++
PHI - ++
CGRP - +
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funica muscularis consisting of a typical inner circular
and outer longitudinal layer of visceral muscle. The
non-keratinized, stratified, squamous epithelium of the
mucosa was about 480 um thick. Papillae of the
lamina propria were seen to run deep into the epi-
thelium (Fig. 1). Slightly PAS-positive mucosal and
submucosal glands were observed. They were struc-
turally similar and separated by thick strands of the
muscularis mucosae. Frequently fibres of the muscu-
laris mucosae were seen between groups of alveoli
of the submucosal glands. Both the submucosal and
mucosal glands had pale-staining cells with basally
situated nuclei. Groups of lymphocytes were common
within the oesophageal glands (Fig. 2).

The submucosa was a relatively thin layer. In five of
the samples examined, plant material was observed
in the submucosa. These foreign objects were usual-
ly surrounded by neutrophils and some lymphocytes
(Fig. 3).

Stomach

Both the cardiac and pyloric glands had deep and
slender gastric pits and consisted mainly of pale-stain-
ing, mucous-secreting cells. The apical parts of these
cells were intensely PAS positive (Fig. 4). In the py-
loric region the basal parts of the glands were coiled.
The fundic glands had typical pale-staining cells in
their neck portions, and parietal and chief cells in
their body portions. Frequently, the parietal cells oc-
curred in groups, and the basal parts of the glands
were coiled (Fig. 5). Mucosal endocrine cells shown
by Grimelius silver impregnation were present in all
areas, and were particularly abundant in the pyloric
glands.

In the /amina propria of the gastric mucosa there
were various degrees of eosinophil infiltration. Scat-
tered lymphocytes and lymphoid nodules were ob-
served throughout the mucosa. Samples from two
elephants exhibited, in some places, lesions associ-
ated with marked infiltration of inflammatory cells
cons ng mainly of neutrophyls. These ulcers were

seen to erode the gastric glands (Fig. 6). No foreign
objects were observed in them.

Immunocytochemistry

The immunostaining results are summarized in Table
2. Absorption controls showed that all positive immu-
noreactions could be prevented by preabsorption of
the diluted antibody with its homologous antigen.

Endocrine cells

No immunoreactive endocrine cells were seen in the
mucosa of the oesophagus.

Immunostaining for the general endocrine marker,
chromogranin, demonstrated endocrine cells in the
mucosa of all areas of the stomach.

Specific staining for gastrin was confined to the py-
loric region, mainly in a band running through the
basal third of the mucosa (Fig. 7). All the gastrin-pos-
itive cells were embedded in the pyloric glands and
some could be seen to reach the lumen.

Somatostatin-immunoreactive cells were found in all
regions of the stomach. In the cardiac region these
cells were sparse, but in all the other regions they
were numerous. They occured in the gastric glands
(Fig. 8), and in the fundus they had very obvious ba-
sal extensions. In the pyloric region some of the so-
matostatin cells were seen to reach the lumen.

Scattered cells were immunoreactive for peptide YY
(PYY) in the cardiac and fundic regions, but not the
pyloric region. Serotonin-positive cells were found in
all regions.

Nerves

Nerve fibres immunoreactive for somatostatin 14 were
seen in the lamina propria of pylorus, but they were
not very prominent. Vasoactive intestinal peptide
(VIP)-positive nerves were seen in the lamina propria
and muscle layer of the stomach, particularly in the
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cardiac region. Ganglion cells were seen in the plex-
us (Fig. 9). Nerves immunoreactive for peptide histi-
dine isoleucine (PHI) had a distribution similar to that
of VIP, and were pal ularly noticeable around the
vessels of the glandular layer of the stomach (Fig.
10). Nerves immunoreactive for substance P (SP)
were seen in the lamina propria of all the regions of
the stomach (Fig. 11), and nerve-cell bodies were
positive in the muscle plexus. Bombesin-containing
nerves were seenini :muscle layer of the stomach
and were particularly clear in the fundic region (Fig.
12). The cell bodies were not positive, but the gang-
lia contained bombesin-immunoreactive nerve fibres.
Nerves and plexus immunoreactive for calcitonin
gene-related peptide (CGRP) were seen in the mus-
cle wall of cardiac ar fundic regions only (Fig. 13).
No immunoreactivity was observed with the antisera
to glucagon, galanin, neurotensin, met-enkephalin
and neuropeptide Y (NPY).

DISCUSSION

Histologically, the oesophagus of the elephant is
in line with that of monogastric domestic mammals
(Banks 1986). It seems that the oesophagus of the
elephant is not well protected against sharp objects
because plant material penetrated the submucosa.
No lesions were seen in the mucosa, probably be-
cause they were not in the sectioning plane. Plant
material was so frequently observed in the submu-
cosa that it may be considered normal for this spe-
cies.

The gastric mucosa: the African elephant is com-
parable to that of swine (Banks 1986) and man (Neu-
tra & Padykuia 1983), because the entire stomach
is glandular and the glands of the different regions
are comparable. Although the eosinophil infiltration
of the lamina propria was marked, it seems to be nor-
mal for this species, as it was not confined to the le-
sions. The small inflammatory sites in the mucosa
are not considered to be true peptic ulcers, because
in none of them was the entire mucosa lost (Walter
1989).

Stomach ulceration is a consistent feature of ele-
phants slaughtered during culling operations in the
Kruger National Park (De Vos, personal observations).
In a previous study, 15 out of 22 elephant carcasses
showed ulcers of the stomach which were confined
mainly to the anterior portion of the greater curvature
of the stomach (Basson, McCully, De Vos, Young &
Kruger 1971). The ulcers varied from very superficial
ulcerations to loose, h  erplastic lesions with predom-
inantly granulation tissue, and ranged in size from
approximately 3—-50 mm in diameter. The older and
bigger lesions invariably contained a yellowish exu-
date and numerous verv siender nematodes identi-
fi asP: ronema.  _anum. These lesions can,

under certain adverse conditions, become bleeding
uicers (De Vos, personal observations). Bleeding ul-
cers were found in young elephant calves shortly af-
ter they had been taken from the wild and held in
captivity; even to the extent of causing death. Stress
suffered by these animals immediately after capture
is probably the trigger mechanism for these lesions
to be converted to fully fledged bleeding ulcers with
severe conseguences, and this fits the descriptions
of Selye (1950), and Glavin, Murison, Overmier, Pare,
Bakke, Henke & Hernandez ( 91).

Lesions of the stomach have been associated with
parabronemiasis before. Evans (1910) reports that
as early as 1882, Cobbold associated Parabronema
indicum of the Indian elephant, with small tumours
in the stomach. Sutherland, O’Sullivan & Ohman
(1950) recorded a large abscess in the stomach of
an elephant containing many P. indicum, while Con-
dy (1974) also associated parabronemiasis with stom-
ach ulcers in elephants.

The topographic distribution of gastrin celis in the
stomach of the elephant is in line with the situation
in monogastric mammals (Kitamura, Yamada, Yama-
shita & Yanaihara 1982; Tobe, Chen, Henmi & Fuku-
chi 1976).

Somatostatin cells in the pyloric region of the stom-
ach of the elephant were confined to basal parts of
the glands—as they are in the cat (Kitamura et al.
1982). Cytoplasmic projections were observed only
in the somatostatin cells of the fundus. This is in line
with observations made on other species, viz. mouse,
dog and man (Larsson 1985). The distribution of ser-
otonin-containing cells is in line with the situation
found in the rat stomach (Rubin & Schwartz 1983).

This study of the content and distribution in the ele-
phant stomach of peptides of the diffuse neuroendo-
crine system indicates that the elephant is, in many
respects, a typical mammal. However, the absence
of immunoreactivity for glucagon differentiates it from
several mammals in which this peptide occurs in en-
docrine cells of the gastric fundus, notably the cat
and the dog (both carnivores) (Larsson, Holst, Hak-
anson & Sundler 1975; Grimelius, Holst, Buffa, Polak,
Pearse & Solcia 1976). Inrat  d man (both omni-
vores), glucagon cells are only sparsely present,
though they are more prominent in the human fetus
(Grimelius, Holst, Buffa, Polak, Pearse & Solcia 1976).
The presence, albeit infrequent, of PYY-immunoreac-
tive cells is intriguing, since PYY is found co-local-
ized with glucagon in enteric endocrine cells (Ali-Ra-
chedi, Varndell, Adrian, Gapp, Van Noorden, Bloom
& Polak 1984), but has not so far been reported in
the stomach. Whether elephant glucagon differs from
other mammalian glucagons to the extent that it does
not react with the antibodies used in this investiga-
tion, or whether the absence of glucagon and the
presence of PYY is connected with the complex
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digestive needs of the elephant’s entirely herbivorous
diet, requires further investigation, e.g. studies in oth-
er regions of the elephant gut and comparative stud-
ies in other species.
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