Development of the gastric morphology and fornical
bacterial/epithelial association in the white-tailed rat
Mpystromys albicaudatus (Smith 1834)
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The growth and development of the stomach, gastric epithelia
and associated microflora of M. albicaudatus have been quan-
tified and a chronology of morphological, histological and
ultrastructural events documented. In neonates, a monogastric
stomach was present with distinct separation of glandular (an-
tral) and cornified (fornical) regions. Development of the fornix
ventricularis and ‘grenzfalte’ characterized the transitional
period and gave rise to the bilocular condition. An early
autochthonous microflora of facultative cocci and cocco-bacilli
became established. In the infantile phase, fornical papillae
developed and provided microhabitats for colonization by sym-
biotic anaerobic bacilli. Cocci and cocco-bacilli remained at-
tached to (or successive populations colonized) the folded for-
nical epithelium and pregastric pouch. All common bacteria .
were attached to the gastric epithelium by a capsular (slime)
layer in palisade formation. The synchrony of events in gastric
development (appearance of papillae, ingestion of solid food
and the colonization of papitlae by bacilli), the numerical abun-
dance of papillae bacilli, and the absence of epithelial
damage, suggest that the bacilli are autochthonous, symbiotic
and aid the digestive processes of M. albicaudatus.
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Die groei en ontwikkeling van die maag, maag-epiteel en
geassosieerde mikroflora van M. albicaudatus is gekwantifi-
seer en die chronologie van morfologiese, histologiese en
ultrastrukturele gebeurtenisse is gedokumenteer. In pasgebore-
nes was 'n monogastriese maag aanwesig met duidelike skei-
ding van klieragtige (antrum) en verhoringde (fornix) gebiede.
Ontwikkeling van die fornix ventricularis en ‘grenzfalte’ het die
oorgangstydperk gekenmerk en het gelei tot die tweekamer-
toestand. 'n Vroeé outochtoniese mikroflora van fakultatiewe
kokke en kokko-basille het gevestig geraak. In die infantiele
fase het fornix-papille ontwikkel en mikrohabitatte voorsien vir
kolonisasie deur simbiotiese anaérobe basille. Kokke en
kokko-basille het vasgeheg gebly aan die gevoude fornixepiteel
en die pregastriese sak (of opeenvolgende bevolkings het dit
gekoloniseer). Alle gewone bakterieé was deur middel van 'n
kapsulére (slym) laag in palissade-formasie aan die maag-
epiteel geheg. Die sinchronisme van gebeure in maagontwik-
keling (verskyning van papille, inname van vaste voedsel en
kolonisasie van papille deur basille), die groot hoeveelheid
basilli aan die papille en die afwesigheid van skade aan die
epiteel dui daarop dat die basille outochtonies en simbioties is
en bydra tot die verteringsproses van M. albicaudatus.
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The gastric morphology of adult Mystromys albicaudatus
has been described (Maddock & Perrin 1981). The papillated
bilocular hemiglandular stomach comprises a glandular an-
trum and a keratinized pars oesophagea divided into a
papillated fornix and non-papillated pregastric pouch
(PGP); cardiac, fundic and pyloric glands are present in the
antrum (Maddock & Perrin 1981). Gastric papillae have
been recorded in only four rodent species; Myospalax
myospalax (Carleton 1973), Cricetomys gambianus
(Caiman, Quenum, Kerrest & Goueffon 1960), Tachyo-
ryctes splendens (Rahm 1976, 1980) and Mpystromys
albicaudatus (Perrin & Curtis 1980) and their precise adap-
tive functions are unknown. Maddock & Perrin (1981) pro-
posed that the papillae of M. albicaudatus incréase surface
area for bacterial attachment thus facilitating a symbiotic
relationship between the rodent and the gastric micro-
organisms.

To further the earlier morphological description of this
rat’s stomach, development of gastric features was observed
in rats from birth to 80 days of age. Previous post-natal
studies of this rodent were restricted to gross physical and
behavioural investigations (Meester & Hallett 1970; Hallett
& Meester 1971). In this more circumscribed and detailed
examination, gastric development was studied at gross, light
and electron microscope levels.

During the study various factors which may be responsi-
ble for stimulating papillary development in the juvenile
stomach were examined, and a morphological investigation
of the association between the autochthonous bacteria (in
juvenile and adult white-tailed rats) and the fornical
epithelium was initiated. In addition to contributing to a
clearer understanding of the gastric morphology of the
white-tailed rat it was considered imperative to understand
these associations before beginning a study of the role of
bacteria in digestion in this rodent.

Materials and Methods

Development of the gastric morphology

Breeding colonies of Mystromys albicaudatus were
established and data obtained from 34 animals (14 litters)
between 0 and 80 days of age. Stomachs (with and without
contents) were weighed before fixation in Bouin’s and
stomach weight, expressed as a percentage of body weight,
was used as a relative measure of gastric development.
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and sacculations of the bilocular hemiglandular stomach
were absent. However, this monogastric condition was lost
towards the end of the first week of life and the stomach
began to acquire the adult form.

Histologically distinct glandular (antral) and non-
glandular (fornical/pars-oesophageal) regions were visible
at birth, and PB occurred in the keratinized fornix
(2704 + 25/cm?® Figure 2). Significant differences existed
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between the number of cell layers in the papillary buds and
interpapillary epithelium (P < 0,05 Figure 3) and between
the thickness of the papillary stratum corneum at birth and
at 7 days (P < 0,001 Table 2), suggesting rapid growth of
the PB.

The antrum contained pyloric and branched cardiac
glands with irregular surface topography. Mucus cells oc-
curred in the fundus but parietal and chief cells were absent.
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Figure 2 Number of papillae (buds) per cm? of fornical epithelium. Vertical bars
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Figure 3 Post-natal development of the gastric papillary and interpapillary epithelia of M. albicaudatus showing the mean number of cell layers
per epithelial stratum. o = stratum basale; ® = stratum spinosum; x = stratum granulosum; A = stratum corneum. Vertical bars = one standard

deviation; sample size = 20.
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Figure 27 Diagrams showing (A) increase in papillae thickness with age, (B) proposed periods of influence on papillae growth by external stimuli

(o ) and innate growth potential (

), and (C) sequence of events associated with gastric development in M. albicaudatus.

1. Development of fundic glands. 2. Facultative anaerobes establish an autochthonous gastric flora. 3. Unilocular shape develops into a bilocular
shape. 4. Ingestion of solid food. 5. Stomach conditions change. 6. Bacilli colonize the papillae which appear at 15 — 17 days. 7. Anaerobic autochthonous
flora established. 8. Regular detachment from mother. 9. Weaning period (X" = 22,3 days). 10. All adult features present.

ternal factors stimulate early development, this increase in
PB length is presumably genetically controlled. However,
it seems improbable that the exceptional growth of the PB
between 15 and 17 days is due solely to an innate mechanism
and it is more likely that growth is stimulated by allogenic
factors during this period.

Determination of papillary stimulatory growth factors in
M. albicaudatus was beyond the scope of this study, but
the coincident appearance of bacilli, the sampling of solid
food and the period of exceptional PB growth (Figure 27)
strongly suggests that these factors influence papillary
growth,

Solid food, first sampled at about 16 days of age (Hallet
& Meester 1971; Figure 27), is most likely a major factor
influencing the development of the stomach since anaerobic
bacilli are frequently introduced into the juvenile gut via
the food (Schaedler, Dubos & Costello 1965; Savage, Dubos
& Schaedler 1968). (Bacteria may also be introduced into
the gut if the young eat the faeces of adults; a common prac-
tice among rodents: Ewer 1968.) An innate potential alone
is responsible for rapid PB growth during the first two weeks
of life and ensures that the bacilli are provided with specific
papillary microhabitats when they enter the stomach with
solid food (or faeces) at about 16 days of age. After bacterial
colonization, the papillae growth rate continues at a high
level and it is possible that the ingestion of solid food and
the presence of bacilli are further stimuli for papillae growth.

The high rate of papillary growth may be due to the
presence of the bacilli since it is known that autochtonous
bacteria increase the desquamation rate and hence the
mitotic rate of intestinal epithelia (Abrams, Bauer & Spintz
1963; Coates & Fuller 1977). It is suggested that by a similar

mechanism, the bacilli in M. albicaudatus cause the already
high papillary growth rate to increase. However, the FFE
also achieves maximum thickness during the appearance of
the papillary bacilli. Therefore increased FFE growth can-
not be explained by bacterial stimulation alone and another
stimulus must be involved. A possible factor is the abrasive
action of solid food. Abrasion increases the desquamation
rate and as a result the mitotic rate (Abrams ef al. 1963),
causing an increase in epithelial growth (of both the FFE
and papillae).

The role of chemical stimuli on gastric development can-
not be discussed in detail although one aspect must be noted.
A major stimulatory force for papillary growth in ruminants
is the absorption of volatile fatty acids through papillae in
the rumen and reticulum (Brownlee 1956; Richard & Ter-
nouth 1965). However, the gastric papillae of the white-
tailed rat do not function in absorption and VFA'’s are not
produced in large quantities in this rodents’ fornix (Mad-
dock 1981) thereby preventing the possibility of the
mechanism operating.

Thus it is proposed that the crucial event in the gastric
development of M. albicaudatus is the ingestion of solid
food at about 16 days after birth. Ingestion of food in-
troduces papillary bacilli to the stomach. The main feature
characterizing development is the high papillary growth rate
which probably is due to a number of factors. Mechanical
abrasion and the influence of bacteria increase desquama-
tion, and hence, mitotic rates. A high innate growth poten-
tial persists throughout life (Figure 27). The rapid innate
papillary growth during the first two weeks of life provides
the bacilli with specific habitats. Thereafter rapid growth
results in an increase in papillary length, number of
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microhabitats and bacilli population density. The simul-
taneous appearance of papillae, bacilli and the ingestion of
solid food is surely more than coincidental.

During gastric morphological development in the white-
tailed rat a microbial succession is apparent, initiated by
a bacterial flora established in the gut during the first few
days of life. A variety of transitory microbes invades the
gut after birth but a few favour the gastric conditions
characteristic of a milk diet and colonize the stomach. These
are largely facultative anaerobes (Schaedler er al. 1965;
Savage et al. 1968). Cocci and cocco-bacilli are represen-
tative of this early autochthonous flora (Figure 27). During
the third week of life (after the ingestion of solid food)
gastric conditions change and become unfavourable for the
juvenile rats’ facultative microbial community, but evidently
suit the bacilli introduced with the solid food. These bacilli
are specific to papillary microhabitats and do not occupy
the FFE which is colonized by cocci and cocco-bacilli. The
FFE microbiota may represent part of the early facultative
community or may be newly introduced bacteria particularly
suited to the new gastric conditions. Therefore, during the
infantile period the young rat acquires a microbial gastric
community resembling that of the adult.

In the mammalian gut numerous micro-organisms inter-
act with each other and various environmental factors to
produce a stable ecosystem comprising autochthonous and
allochthonous microbes (Savage 1977a). Autochthonous
microbes are those that multiply and maintain climax com-
munities in specific gastro-intestinal habitats in which they
have a definitive niche while allochthonous micro-organisms
are ephemeral and do not reach high population densities
(Savage 1977a). (Species may be indigenous in one gastro-
intestinal habitat but allochthonous in another: Savage
1977a).

All niches in the gastro-intestinal tract are occupied by
an autochthonous community forming a stable ecosystem
(Alexander 1971). However, even in a stable habitat some
allochthonous microbes may be abundant, making it dif-
ficult to distinguish them from the indigenous microbiota
(Alexander 1971; Savage 1977a,b). A distinction is necessary
when determining the influence of the species on the host’s
biology (Dubos, Schaedler, Costello & Hoet 1965; Gordon
& Pesti 1971; Savage 1972, 1977b). To this end certain
criteria for autochthony have been suggested (Savage
1977b).

Bacilli that colonize the gastric papillae of M.
albicaudatus conform well to the autochthonous criteria
(Savage 1977b): they are always present in adult hosts, col-
onize the papillae of 17-day-old juveniles, maintain stable
climax communities in adults, always occur on papillae, and
it is likely that they efficiently utilize nutrients in the
microhabitats, thereby tolerating environmental extremes
and competing successfully with other micro-organisms.
Papillary bacilli also associate intimately with the
epithelium. For these reasons the bacilli are considered in-
digenous, occupying a niche that necessitates close
microbe/epithelium association. However, this conclusion
is based on microscopical evidence alone and before all
criteria are satisfied, identification of these bacilli in white-
tailed rats from different age colonies is required. Never-

S.-Afr. Tydskr. Dierk. 1983, 18(2)

theless, evidence points to an autochthonous role for the
papillary bacilli and some important comments are now
made about the bacterial/epithelial associations in M.
albicaudatus.

The presence of bacilli in papillary microhabitats is uni-
que; although the mode of attachment is not, and resembles
that of Lactobacillus in the non-glandular regions of other
mammalian stomachs (Smith 1965). Although its exact
mechanism of attachment is unknown (Suegara, Morotomi,
Watanabe, Kawai & Mutai 1975; Savage 1979) it is believed
to be mediated by a macromolecular acidic mucopoly-
saccharide on the surface of the bacteria (Savage 1970;
Savage & Blumershine 1974). It is likely that the capsular
layer in the papillary bacteria comprises a similar molecule.

All the fornical bacteria in the white-tailed rat attach to
the epithelium in palisade formation. Palisade bacterial at-
tachment has also been noted in the non-glandular stomach
of the laboratory rat (Brownlee & Moss 1961) and mouse
(Savage & Blumershine 1974). The latter workers suggested
that this allows for bacterial contact over a larger surface
area facilitating transfer of metabolites. It is possible that
more than one species of bacillus occurs on the papillae in
M. albicaudatus and although their interdependence is
unknown, the paralle] alignment, resulting from end-on at-
tachment, provides excellent opportunities for interbacterial
metabolite transfer. Palisade formation increases the
number of bacteria (per unit area) able to contact the
epithelium (Savage & Blumershine 1974). If the papillae
function to increase the surface area for bacterial attach-
ment (Maddock & Perrin 1981) this mode of attachment
will further increase the number of bacilli per unit area.

The bacilli occur in microhabitats which are formed by
the desquamating cells of the papillae. Formation of these
larger intercellular spaces could be a normal consequence
of the desquamating epithelium, accelerated by bacterial in-
fluences. The deeper intercellular spaces are narrow and are
not colonized by bacteria. However, as the cells assume a
more superficial position, desquamation is advanced, cells
lose cohesion, and spaces are colonized and enlarged by the
bacilli. This is a continuous process and as surface cells,
microhabitats and bacteria are lost, bacilli colonize newly-
formed deeper intercellular spaces where cell cohesion is
decreasing.

The gastric bacilli are confined to papillary microhabitats
and only appear in the stomach once the papillae have
developed. The habitats are considered essential for bacterial
survival and advantageous for protection from ingesta flow.
The bacteria need not invest in high multiplication rates to
offset bacteria carried down the gut before attachment to
the epithelium is achieved (Clarke 1977). After vegetative
division, an unattached bacterium sheltered from ingesta
flow has a good chance of attachment.

A second advantage is that conditions in the micro-
habitats are unique and probably provide optimal condi-
tions for the multiplication of bacilli. As noted in sterile
rats, drastic changes in fornical conditions, induced by anti-
biotic treatment, do not immediately affect bacilli in the
deeper regions of the microhabitats. Thus a major advan-
tage of these regions might be protection against adverse
gastric conditions with nucleus bacterial populations remain-
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ing in microhabitats to permit subsequent recolonization.

The advantages that microhabitats afford the bacilli sug-
gest that the bacilli are non-parasitic. The high population
densities and exclusive attachment of bacilli to the papillae,
the lack of epithelial damage, the intimate association be-
tween papillaec and microbes in healthy M. albicaudatus,
and the conformation of the characteristics of these
microbes to the criteria for autochthony (Figure 27) sug-
gest a symbiotic association. The evolution of fornical
papillae cannot readily be explained by assuming the
bacteria to be detrimental to the host (Maddock & Perrin
1981). It is probable that co-evolution of the papillae and
the autochthonous flora has occurred.
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