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Abstract. The two openings of the stomach lie parallel to each other in both the
species since the gastroduodenal junction is directed craniad. The fundic caecum
of Taphozous longimanus forms a distinct chamber due to the presenc~ of shelves,
one projecting from the dorsal side and the other from the ventral side. The cardiac
#ands of Taphozous longimanusare unique and composed almost entirely of mucous
secreting cells. These glands of Rhinopoma kinneari have very deep foveolae.
Pepsinogen ceils are abundant in the fundic region of the stomach of both tile species.
There is no pepsinogen cell in the transitional zone and the pyloric glands contain
mostly mucous secreting cells. Tim interstitial mucous cells of the cardiac glands
and a part of the cranial half of the fundic caecum in Rhinopoma kinneari contain
acidic sulphated mucins. The kistochemical characteristics of the gastric glands
in the two bats have been described.

Keywords. Stomach ; primitive ; microchiroptera ; anatomy ; histology ; histochemistry.

1.

Introdu¢iton

Existing literature on the gastric histology of mammals (Stevens and Leblond
1953; Spicer 1960; Read and Johnstone 1961; Ganter a n d Mar0he 1970;
Sheahan and Jervis 1976) deals mostly with laboratory mammals and the human
subject. Although the histology of a few other mammals has been described
(Park and Hall 1951; Botba 1958; Dearden 1966, 1969; Forman 1971, 1972,
1973), there is very little information on the histology and mucin histochemistry
of the gastric glands of old world bats (Okon 1977 ; Bhide 1979a, b). The present
paper is a part of an extensive programme of investigations on the gastrointestinal
tract of Indian bats.
2.

Material and methods

The specimens of Rhinopoma kinneari (Wroughton) wore collected from underground dungeons in the fort at Gwahor, and those of Taphozous longimanus
(Hardwicke) were collected from under the eaves o f windows and roofs of old
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houses at Nagpur. Empty stomachs of several s~oimens of those bats were
dissected out and fixed in 10~ cold neutral formalin or Rossrnan's fixative. The
tissues wore dehydrate.d in graded series of ethanol, embedded in paraffin and
sectioned at 5 to 6u. The sections were stained with Ehrlieh's haematoxylin and
counterstained with eosin for routine histological examination. Loealisation of
various types of mueins were made by employing a battery of histoehemieal teeh,iques (Pearse 1968; Gabe 1976; Lillie and Fullmor 1978). The dassifioation of
mueopopolysaecharides by Spieer et al (1965) is adopted in the present study.

3.

Observations

While the stomaoh of R. kinneari (figure 1) is 0.9 am long and 0.5om broad at
the fundus whioh is the broadest region, that of T. longimanus (figure 2) is 1.2 cm
long, reniform and widest in the region of the fundic oaeeum (0.5 em). The pylorus is sharply bent craniad so that the gastro-duodenal and gastro-oesophageal
jtmotions lie at the same level in both the. species. The main rugao in both the
species lie atong the long axis of the stomach in a zig-zag pattern and occur
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Figure 1. Semischcmatic drawing of the vertical sootion of the stomaoh of Rhino.
poma kinneari to show the different regions of the stomach. (B.gl., Brunnor's glands ;
c, cardiac region; duo, duodenum; f.c., fundic caecum; oes, oesophagus; py,

pylorus ; py. spit, pyloric sphincter ; t. st., tubular stomach ; tr.z, transition zone ;
Dots represent the circular layer of muscles of the museularis externa. The thick
black outline represents the serosa as well as the longitudinal layer of muscles of
the museularis externa. Broken lines refer to the muscularis mucosa.)
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Figure 2. Semischomaticdrawing of the vertical section of the stomach of Tapho.
zeus longimanus. Legends as in figure 1.

round the fundic caecum in the form of shelves in R. kinneari. In Taphozous
longimanus too the rugae occur as zig-zag parallel 'folds. I-tepee, in sagittal sections of the stomach the rugae appear like protuberances of various shapes and
sizes.

3.1.

Histology

The serosa forms the outermost coat of the stomach. The muscularis externa is
composed of an outer longitudinal and an inner circular layer of muscles. The
circular layer of muscles forms a sphincter-like thickening at the gastro-oesophageal junction in both the species. The pyloric sphincter is a conical funnel-shaped
structure projecting into the duodenal lumen and appears in longitudinal sections
in the form of two oblique valves, one projecting from the lesser curvature and
the other from the greater curvature. The valve projects to a distance of 700/,
along the greater curvature and to a distance of 400/~ along th~ lesser curvature
in R. kinneari (figure 3). In T. longimanus the valve along the greater curvature
is 400/x thick and projects obliquely into the duodenal lumen to a depth of 900 g.
The thickened wall of the pylorus itself forms the sphincter along the lesser curvature in this species. Further, the circular, layer of muscles in this species forms
two vortical fol6s, one on the dorsal side and one on the ventral side of the
ftmdic caecum at its junGtior, with the tubular stomach, and these projo~ into the
lumen of the stomach and consequently partially separate the c~vity of the fundic
stotmlah.
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The submucosa is well d~veloped in R. kinneari (figure 4) and consists of numerous blood vessels and lymphatics and connective tissue, while it is scanty in the
stomach of Taphozous Iongimanus.
The epithelium of the gastric mucosa is glandular in all the regions of the
stomach in both the speaies. A conspicuous feature of the rugae of T. longimanus
is the presence of think museularis mucosae (figure 5) which form the core of the
rugae.
3.2.

Gastric glands

The gastric glands contain four c~ll typos namely, the pepsinogen cells, the parietal
ceils, the surface mucous cells and the interstitial mucous ceils (neck mucous
cells of other authors). A critical discussion on the so-called neck mucous cells
which are really interstitial in position has been given elsewhere (Bhide 1979a).
The identification of pepsinogen cells in the two species has been made on the
basis of the shape, size and to some exte,nt on the location of these cells within the
gastric gland. However, the eytochemical reactions of these cells differ between
those two species. Whereas they are mikUy PAS-positive in R. kinneari, they
are moderately AF-positive and give negative reaction to the acid fuchsia
component of the Cason's modification of the MalloFy-tteidenhain's Triple stain
(1950) one step method (figure 6).
A remarkable featur.e of the cardiac glands of T. longimanus is that they are made
up almost entirely of mucous cells (figure 7). The distal three-fourths of these
glands is composed of surface mucous cells and the basal part contains a few pepsinogen cells and parietal cells in R. kinneari. The fundie glands of R. kinneari
consist of popsinogen cells at the base, parietal and interstitial mucous cells in
the middle segment and surface mucous cells distally. A few pepsirmgen cells
also occur sparsely distributed among the parietal and interstitial mucous cells
at the proximal part of the middle segment. The pepsinogen cells form the major
component of the fundic glands in T. longimanus (figure 6). These cells become
progressively sparse towards the middle segment of the glands where they become
interspersed with the parietal cells. Surfac~ mucous cells oeeuv in the distal third
segment of the glands.
Pepsinogel~ cells are absent from the pylo-fundie transition zone of both species
studied here (figures 8, 9). A major part of the gastric glands in this region is
composed of parietal coils and interstitial mucous coils. The distal segment of the
gastric glands in this region is composed of surfaae mucous cells.
The pyloria glands of R. kinneari (figure 3) are composed entirely of mucous
producing cells. These glands of T. longimanus also contain profuse secretion
(figure 10) and are composed almost entirely of mucous producing cells. A few
parietal ceils and interstitial mucous cells may be pre~nt at the base.

3.3.

Cytology and cytochemistry of the gastric glands

Tables 1 and 2 give the results of the histochomioal tests employed.
3.3a. Pepsinogen cells: The p~psinogen ceils of R. kinneari do not give a
positive reaction to tests for mueins except for a very weak PAS-positive reaction. These c~lls cannot be identified by lmematoxylin eosin staining in both the
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Figures 3-6. 3. Gastro-duodenal junction of R. kinneari. Note the
sphincter (thin arrow) and the pyloric glands (arrowhead). Thick arrow points
towards the Brunner's glands, (CI-PAS).
x 48. 4. Part of the fundic region
of Rhinopoma kinneari. Note the ~ell-develolzed sub-mucosa (arrow) which forms
the core of the rugae. The distal segment of the fundic glands is formed of the
surface mucous cells (arrowhead). ( C | - P A S ) x 96. 5. Part of the fundic
mucosa of T. longimanus. Note the thick c~re of muscularis mucosae (arrow)
within the rugae. (CI PAS) • 52. 6. Part of the fundic mucosa of T. Iongimanus. Note the darkly stained pepsinogen cells (arrow). (Cason's MalloryHeidenhain stain) x 320.
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Figures 7-10. 7. Cardiac glands of R. kinneari. Note the profuse secretion

(arrow) in them. (C[-PAS) x 320. 8. Part of the transition zone glands of
R. kinneari. Note the PAS-posttive interstitial mucous cells (arrow) between the
parietal ceils. The surface mucous cells form the distal segment of the glands
(arrowhead). (CI-PAS) x 200. 9. Part of the transition zone of T. hm,~,imam~.s.
Note the darkly stained interstitial mucous ce~ls (arrow). (AB pH 2 - 5 - P A S )
x 320. 10. Pyloric glands of T. longimattus. Note the profuse secretion in them•
(AB pH 2.5-PAS) x 320.

Hi~tochemi~try, ere of mieroehiroptera

5~

.°

i

~ ~

~ 1 ° ~

~ ~ ~ ~

i

.=.

ii

i
°~

0

r~

8

I

I

~~~

0

S A Bhide

570

f~

.~ ~

~

1

I

1

1

l

f~
v-q

0

Z

t

1

.=.

I

0

0

°~

5

~6

0

°~

=.
m

~

m

~b

I

0

°~
°o

e~
°~

.1=

8

.9

Histochemlstry, etc of microchiroptera

571

species studied here. The pepsinogen cells of T. longimanus, however, could be
specifically stained with the acid fuchsin component of the Cason's modification
of Heidenhain's Mallory staining procedure. These ceils also gave an intense
positive reaction to aldehyde fuchsin indicating th~ presence of acidic sulphated
mucins. With other tests for acidic sulphated mucins, however, these cells gave
negative results.
3.3b. Parietal cells : The parietal coils are ellipsoid~l in shape and have contrally placed vesicular nuclei and eosinophilic cytoplasm. They give a very weak
PAS-positive reaction in b o t h t h e species studied hero.
3.3c. Interstit•l mucous cells and surface mucous cells: The proximal and
distal interstitial mucous coils in the gastric glands of the cardiac region as well
as those in a part of the cranial half of the fundie caecum of R. kinneari contain
acidic sulphated mucins. There is no interstitial mucous celt in the rest of the
fundic caecum and the tubular stomach. The prox. int. muc. coils of the transition zone and the interstitial mucous coils of the pylorus contain only neutral
mucins. The surface mucous cells contain both neutral and acidic (sialo-) mucins
throughout the stomach.
The proximal and distal interstitial mucous cells and surface mucous cells exhibit
a very int0nse PAS-positivo reaction in all the regions of the stomach in T. longimanus. Although the intensity of the reaction is the same in all the regions of the
Stomach, the secretion is more abundant at the apex of the fundic caecum and
in the pyloric region than in other regions. Prior treatment with salivary amylase
does not alter the intensity of the PAS reaction.
With CI-PAS sequential staining the following results were obtained. The
proximal interstitial mucous cells in the cardiac region and the transition zone
take only a blue colour while these cells take only a pink colour in the fundic
region of the stomach. The distal interstitial mucous coils take a blue-purple
colour in all the regions of the stomach except in the pyloric region. The surface mucous ceils in the pylorie region, and the interstitial mucous cells, which
cannot be distinguished into proximal and distal types in this region, take only a
pink colour. On AB (pkI 1.0)-PAS and AB (pH 2.5)-PAS sequential staining
procedure similar results as with CI-PAS sequential staining were obtained.
On mild methylation followed by AB (pFI 2.5) staining while the alcianophilia
was completely abolished from the proximal interstitial mucous coils weak alcianophilia was exhibited by the distal interstitial mucous cells and surface mucous
coils. Mild methylation followed by saponification did not restore the atcianophilia of those coils. On active mothylation the alcianophilia was completely
abolished and on subsequent saponification a weak alcianophifia was obtained in
the distal interstitial mucous cells and surface mucous cells.
On subje~ing the s0ctions to hyaluronidase and subsequent staining with AB
(pH 2.5) the alcianophilia was not reduced, but on acid hydrolysis and subsequent
staining with AB (pH 2-5) there was a considerable reduction in the aleianophilia.
The above results indicate the presence of neutral mucins and atypical (probably
acidic) mucins in the surface mucous cells and distal interstitial mucous cells of
the cardiac and fundie regions and th~ transition zone. The proximal interstitial
mucous cells of the fundic region contain only neutral mucins while those ceils
of the cardiac region and the transition zone contain atypical musics in them.
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4. Discussion
The occurrence of distinct folds formed by the ingrowth of the circular muscles
in the region between the fundic caecum and the tubular stomach resulting in the
partial separation of the fundia caecum from the rest of the stomach is a characteristic feature of the stomach of T. longimanus, and is not matched by any other bat
except probably the herbivorous Glossophaga soricina (Forman 1972) in which also
there is a small fold-like projection of the circular muscles in the homologous regions
of the stomach. It is interesting to note that a fold formed by the circular layer of
muscles projects from the cardio-fundie angle of the stomach into the cavity of
the tubular stomach in some megachiropteran bats which are frugivorous. It is
interesting that a similar anatomical pecularity occurs in an exclusively insectivorous bat, such as Taphozous longimanus also. With the present state of our
knowledge of the digestive physiology of bats it is not possible to explain this
peculiar anatomical feature in Taphozous longimanus.
The details of the structure of the gastric glands vary in the different regions
of the stomach in both the species, and the two species differ considerably in the
histological and histochemieal characters of the glands in any given region of
the stomach. For example, whereas the cardiac glands of Taphozous longimanus
are composed almost entirely of mucous secreting cells, the fundio glands in this
species contain all the typos of cells characteristic of gastric glands. The cardiac
glands of R. kinneari, on the other hand, have a considerable population of (about
25~) parietal cells at the basal regions of the glands. Forman (1972) observed
that the cardiac glands in only one species of bats, namely, the fish eating Pizonyx
vivesi, among the 13 species he studied are composed entirely of mucous producing
coils. I-Ie mentioned that the cardiac glands of the emballonurid species Rhynchonycteris naso consist of a single type of co11, but he failed to mention which type.
Since detailed investigations on the mucin histoohemistry of this spe0ies wore not
made by him it is probable that the different cell types could not be identified by
him. Further the present investigations as well as earlier ones by the present
author (Bhide 1979a, b) have revealed that it is not possible to identify all the cell
types in sections stained with haematoxylin and eosin. The different cell types
could be idontitied only when a combination of stains which stain both acidic and
neutral muoins (atcian blue pH 2.5-PAS sequential staining) was employed.
The fundio glands of both the species studied hero contain a large number of
pepsinogen cells. Those ceils become, reduced in numbers towards the pylo-fundic
transition zone. Parietal cells are present throughout the gastric mucosa and
form the major cell type of the gastric glands in both the species. The surface
mucous cells and interstitial mucous ceils are less numerous than the above mentioned two cell types. With regard to the fundio glands Forman (1972) mentioned that " t h e gastric muoosa is unique in its impoverished complement of
zymogenio cells within the fundic zone" of the emballonurid species he studied.
The present studies have revealed that the. zymogenic cells stained specifically with
the acid fuchsin component of the Cason's modification of the Mallory-Heidenhain's staining procedure and also with aldehyde fuchsin in T. longimanus but not
in R. kinneari. The pepsinogen cells of R. kinneari stain moderately with the
PAS staining procedure and can be distinguished from the parietal cells on the
basis of their shape and from the interstitial mucous cells owing to the fact that
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in the case of the latter the entire cell stains very intensely with PAS. These
staining reactions reveal that the fundic mucosa has abundant zymogenic cells
which are otherwise not identifiable in ordinary histological preparations. The
zymogenic cells of the fi'agivorous EidoIon helvum (Okon, 1976), Rousettus Ieschenaulti (Bhide 1979a) and Pteropus giganteus giganteus (Bhide 1979b) differ from
those studied here in :h~t the entire cell in the megachiropteran bats takes a blue
colour with the nucleus taking a slightly darker tint than the cytoplasm in sections
stained with haematoxylin and eosin.
Rouk and Glass (1970) described the gastric histology of 3 insectivorous
(Myotis velifer, Tadarida brasiliensis and Antrozous pallidus), one frugivorous
(Leptonycteris sanborni) and one sanguivorous (Desmodus rotundus) species of
bats. These authors identified the type of mucins secreted by only the cardiac
glands and the surface epithelium of the stomach. While they reported the
occurrence of acid mucins in the gastric glands of th~ bats they studied, they did
not adduce any evidence for the absence of neutral mucins since they did not subject the tissues to tests for identifying neutral mucins.
The present studies have revealed that the type of mucins in the interstitial
mucous cells (i.e., neck mucous cells of other authors) and surface mucous ceils
differs in the different regions of the stomach in the two bats studied. For example,
in the stomach of R. kinneari whereas the proximal interstitial mucous cells contain acidic sulphated mucins in the cardiac glands and a part of the cranial half
of the fundic caecum, neutral mucins in the fundic region, and both neutral and
acidic mucins with carboxy groups in the transition zone the distal interstitial
mucous cells contain both neutral and acidic mucins in the entire stomach except
in the pylorus.
It is interesting to note that the nature of the mucins secreted by the mucus
secreting cells of the gastric glands of bats studied so far varies considerably in
different species but within a species the cells of a particular region of the stomach
always contain the same type of mucins. While this cannot just be an accident,
there is no sufficient evidence to correlate the type of secretion either with the diet
or with arty aspect of the physiology of the stomach since very little is known about
the diet and the gastric physiology of the bats.
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