A microscopical examination of the gastric
morphology of the white-tailed rat Mystromys
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A study of the gastric morphology of Mystromys albicaudatus
revealed a sacculated stomach with a papiilated, keratinized
corpus separated from a distal glandular antrum by a pre-
gastric pouch. Gastric morphology of this type is defined as
bilocular hemiglandular. Although the forestomach of M.
albicaudatus bears a superficial resemblance to that of a
ruminant, the corpus {(and papiliae in particular) differ struc-
turally and functionally from the rumen. Whereas rumen
papillae are important in absorption, those of M. albicaudatus
increase surface area for the attachment of symbiotic
bacteria.
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'n Studie van die gastriese morfologie van Mystromys
albicaudatus het 'n sakvormige maagstruktuur getoon; ’'n
pregastriese sak het 'n met papillae uitgevoerde gekeratini-
seerde corpus geskei van 'n distale klierryke antrum.
Gastriese morfologie van hierdie tipe word gedefinieer as
tweesakkig-hemigeklierd (bilocular hemiglandular). Alhoewel
die voormaag van M. albicaudatus 'n oppervliakkige
ooreenkoms toon met dié van 'n herkouer, is die corpus (en
die papillae spesifiek) struktureel en funksioneel verskillend
van die rumen. Papiliae van die rumen is belangrik vir ab-
sorpsie terwyl dié van M. albicaudatus groter vashegtingsarea
bied vir die simbiotiese bakteriese bevolking.
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Comparative gross morphological studies of Muroid
digestive systems have indicated great structural diversity
(Vorontsov 1962; Carleton 1973; Perrin & Curtis 1980).
A ‘primitive’, monogastric stomach and an ‘advanced’,
digastric stomach (with reduction of glandular compared
to keratinized epithelium) have been recognized as end
points of an evolutionary continuum. Gastric morpholo-
gy of most rodents examined conforms to this series but a
few species show atypical adaptations. For example,
Mystromys albicaudatus shows the digastric condition
but possesses numerous papillae in the proximal,
keratinized region of the stomach (Perrin & Curtis 1980);
similarly, Cricetomys gambianus, has gastric papillae
(Caiman, Quenum, Kerrest & Goueffon 1960). The
gastric histology and ultrastructure of these species have
not been examined and the functions of the papillae
are unknown. A microscopical examination of the gastric
morphology of M. albicaudatus was therefore initiated
to determine its histology and ultrastructure, prior
to studies of assimilation efficiency and microbial
function.

The alimentary tract of M. albicaudatus is indicative of
a herbivorous/omnivorous diet (Perrin & Curtis 1980). A
shift in the diet of certain rodents, from omnivory (Lan-
dry 1970) or granivory/insectivory (Vorontsov 1962) to
herbivory has been associated with climatic and vegeta-
tion changes during the Miocene (Vorontsov 1962; Moir
1968). During this dry period forests were replaced by
savannah and steppe vegetation (Moir 1968) causing taxa
to adopt herbivorous specializations and thereby redu-
cing interspecific competition. This change was
facilitated by various anatomical, physiological and
behavioural adaptations (Vorontsov 1962) including sac-
culation of the stomach, an increase in keratinized
epithelium and a decrease in glandular epithelium
(Vorontsov 1962; Carleton 1973). Similar modifications
in M. albicaudatus have been recorded (Perrin & Curtis
1980). In the light of the present detailed study it seems
plausible to suggest that such modifications reflect an
ability to digest an increasingly herbivorous diet while re-
taining the ability for proteolytic activity.

Materials and Methods

Adult M. albicaudatus were killed by chloroform
anaesthesia and placed on ice to retard autolysis.
Stomachs, including approximately 1 cm of the oesopha-
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Figure 2 A generalized diagram of the three stomach types (modified after Carleton 1973). (A) unilocular hemiglandular, (B) bilocular hemiglandu-
lar (M. albicaudatus) and (C) bilocular discoglandular. Lettering as in Figure la.

and ‘advanced’ types (Figure 2). The proximal, non-
glandular pars oesophagea consisted of a papillated cor-
pus and a non-papillated pre-gastric pouch (PGP) (Figure
1). The glandular antrum was separated from the pars
oesophagea by a bordering fold of tissue, the grenzfalte
(Figure 1).

The oesophagus entered the mid-dorsal region of the
corpus, which was enlarged by a diverticulum of the for-
nix ventricularis (Figure 1). Papillae, a few of which were
bifurcate, were irregularly orientated in the corpus. A

constriction (the pre-gastric pouch — PGP) extended
from the corpus adjacent to the PGP to the distal side of
the grenzfalte (Figure 1).

The antrum was a glandular sac originating immediate-
ly distal to the grenzfalte. Its asymmetrical U-shape (the
larger, distal, section of which lead directly to the duo-
denum) was due to an angular notch or incisura angularis
(Figure 1). pH readings from the non-glandular and glan-
dular regions, and papillae measurements are summariz-
ed in Table 3.

Table 3 pH values from the glandular and non-glandular regions of
the stomach of M. albicaudatus and corpal papillary measurements

pH value Density Length
Antrum 2,7(SD = 0,29) - -

(n = 10)
Corpus 4,6 (SD = 0,46) - -

(n = 10)
Papillae - 550/cm? (SD = 114) 1,8 mm (SD = 0,45)

(n* = 1300, n = 10)

(n* =124, n = 10)

n* = number of samples examined; » = number of animals examined
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rodent stomach types from the simple unilocular hemi-
glandular to the complex bilocular discoglandular type.
The gastric morphology of M. albicaudatus attains the
bilocular condition but shows no overt discoglandular ar-
rangement of the secretory epithelia. The term bilocular
hemiglandular is adopted for such a stomach which
resembles that of C. gambianus (Caiman et al. 1960).

Although a discoglandular arrangement is not ap-
parent, M. albicaudatus has a papillated bilocular hemi-
glandular stomach which may be approaching a
papillated discoglandular condition. An increase in car-
diac, and cardiac/fundic transitional glands (at the ex-
pense of pyloric glands, Bensley 1905), restriction of the
fundic area and subsequent replacement of cardiac
glands by keratinized epithelium generates the modified
bilocular discoglandular condition. The position and area
occupied by fundic and cardiac glandular epithelia in M.
albicaudatus, the compensatory increase in the length of
the fundic glands (Luthje 1976) and the fact that the
grenzfalte is keratinized and not glandular (¢f. Bensley
1905) is indicative of trends towards the modified
digastric stomach type.

Peters & Gartner (1973) found that Rattus norvegicus
and Mus musculus have a thin, elastic forestomach and a
muscular, thick-walled glandular stomach; the lack of
forestomach musculature implies that mechanical prepa-
ration of food in this organ cannot be similar to that of
ruminants (Krzywanek 1927). M. albicaudatus, however,
has a thicker muscularis externa in the corpus than in the
antrum, in addition to a layer of striated muscle exten-
ding from the oesophagus to the incisura angularis, sug-
gesting that mechanical preparation of food in the fore-
stomach of M. albicaudatus is more important than in
the rodents examined by Peters & Gartner (1973).

Epithelial stratification, with keratohyalin granules in
the stratum granulosum, indicates that the pars oesopha-
geal epithelium of M. albicaudatus has undergone ‘soft’
keratinization. Spearman (1977) and Matoltsy (1962)
reviewed the process of epidermal keratinization which
parallels the keratinization of the non-glandular region of
the stomach of M. albicaudatus. The papillae show a
slightly different type of keratinization to the FCE and
PGP epithelium; the thick papillary stratum corneum
resembles the pathological epidermal condition termed
hyperkeratosis. However, this condition is not pathologi-
cal in M. albicaudatus but is a normal, physiological
adaptation whereby symbiotic bacteria are provided with
ecological niches. The term physiological hyperkeratosis
is thus suggested for this type of keratinization; orthoke-
ratin is suggested for the ‘soft’ keratin of the FCE and
PGP.

The extensive stratum corneum of the papillae is gene-
rated by a high mitotic rate in the basal cells. The papil-
lary epithelium, although not possessing epithelial pegs,
shows a thickening of the basal layers and may parallel
phase two type epidermis which is characterized by a high
mitotic rate resulting in a thickened epithelium (Bullough
1975). The abundance of mitochondria in the basal cells
may account for the high mitotic rate. (Rumen epithelia
also possess numerous basal cell mitochondria, but in
contrast to M. albicaudatus, these are important in ab-
sorption of rumen metabolites.) The FCE and PGP epi-
thelium has a unicellular basal layer and thin epithelium,
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thus paralleling phase one type epidermis (Bullough
1975).

The precise adaptive functions of the stomach of M.
albicaudatus are unknown. It has been proposed that sac-
culation of certain cricetid stomachs permits pH to re-
main near neutrality in the corpus allowing for continued
salivary a-amylase activity (Carleton 1973), which has
also been reported for the non-glandular forestomach of
the rat (Kunstyr, Peters & Gartner 1976; Peters & Gartner
1973). Amylase (optimal pH 7) in this region would, how-
ever, be partially denatured by the low pH and would not
have optimal activity. The acidity is caused by microbial
metabolites, as both pH and amylase activity increase in
germ-free rats (Kunstyr et al. 1976). Kunstyr et al. (1976)
therefore considered the forestomach microflora of the
rat detrimental to starch digestion. Inner regions of the
chyme may, however, have a higher pH than that of the
periphery allowing for some degree of amylolysis (Peters
& Girtner 1973). An acidic pH (4,6) occurs in the corpus
of M. albicaudatus and thus reduction of amylase activity
is probable. The acid conditions and presence of nume-
rous bacteria on the corpal papillae suggest that a reser-
voir with amylolytic activity, is not the primary function
of the corpus although it is possible for some starch
hydrolysis to occur if the food has a slow passage through
the stomach.

The papillae are considered to play an integral role in
the corpus but owing to the absence of vascularization
and presence of keratinization they are not absorptive,
unlike rumen papillae (Hyden & Sperber 1965; Lavker,
Chalupa & Dickey 1969; Henrikson 1970). The intimate
association between the papillary stratum corneum and
numerous bacteria in healthy M. albicaudatus suggests a
symbiotic relationship. The evolution of the papillae can-
not be readily explained by assuming that the bacteria are
parasitic or physiologically detrimental to the host. The
bacteria on the FCE and PGP epithelium constitute a
separate autochthonous flora, characteristic of many
rodents (Savage 1977).

An understanding of the mechanisms and processes of
this symbiotic relationship will only be gained by studies
of digestive physiology and microbial function. It is
possible that protein-rich bacteria are digested by M.
albicaudatus. However, it has been demonstrated that
Rattus norvegicus and Mus musculus do not obtain pro-
tein from a gastric bacterial source (Girtner & Pfaff
1979). Ehle & Warner (1978) suggest that microbial acti-
vity in the forestomach of Mesocricetus auratus, may
assist that in the caecum, and improve forage cell wall
digestibility. This process contrasts with Vorontsov’s
functional compensation theory (1961) but Perrin & Cur-
tis (1980) noted that concurrent morphological modifica-
tion of forestomach and caecum may be associated with
different or complementary digestive processes. The ro-
dent caecum is undoubtedly important for microbial fer-
mentation in many species (McBee 1971). However, the
papillated corpus, symbiotic bacteria, stomach saccula-
tion and simple caecum of M. albicaudatus suggest that it
is the forestomach that initiates and predominates in
microbial fermentation processes. Similar conclusions
were drawn by Sakata & Tamate (1976) and Hoover,
Mannings & Sheerin (1969) when studying M. auratus.

In conclusion, the non-glandular corpus of M. albicau-
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datus is lined with keratinized epithelia, and FCE, papil-
lary and PGP epithelia are present, each with different
mitotic rates and thicknesses. The corpal papillae maxi-
mize surface area for attachment of symbiotic bacteria,
possibly important in carbohydrate fermentation. It is
believed that these bacteria, in smaller numbers, would
not predispose a dietary advantage to the host; the papil-
lae thus being crucial for the symbiotic relationship. The
corpus may have other secondary functions. Ehle &
Warner (1978) noted that the effectiveness of fore-
stomach fermentation is decreased by the rapid emptying
rate of stomach contents. The papillae of M. albicauda-
tus may slow the rate of gastric ingesta flow causing food
to be subjected to microbial activity for a longer period
and thus increasing the effectiveness of fermentation.
Finally, the findings of Kunstyr et al. (1976) with R. nor-
vegicus propound that increased starch digestion may oc-
cur in the corpus of M. albicaudatus. The antrum retains
cardiac, fundic and pyloric glands for proteolytic diges-
tion,

M. albicaudatus has developed specialized herbivorous
adaptations and retained the ability to digest protein.
Specializations of this cricetid are partially offset by the
reproductive potential of murids (Perrin 1980). Studies
are underway to determine digestive efficiency in relation
to the role of the papillary bacteria.
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