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Short Communication 

Fine Structure of the Gastric Mucous and Endocrine Cells 
of the Toad, Bufo marinus 

Andrew S. Giraud and Neville D. Yeomans* 
Melbourne University Department of Medicine, Austin Hospital, Melbourne, Australia 

Summary. The ultrastructure of  the mucous and endocrine cells of  the gastric 
mucosa of the cane toad (Bufo marinus) has been examined. Surface mucous 
cells line the entire gastric mucosa and pits. Many of  their secretory granules 
contain an elect/'on-dense core that remains unreactive after cytochemical 
testing for glycoproteins. A second spatially and structurally discrete 
population of  mucous cells is present in the gastric glands. These glandular 
mucous cells are probably homologous with the antral gland and mucous neck 
cells of  mammals;  their secretory granules also contain non-glycoprotein cores. 
Three distinct populations of  endocrine cells show structural homologies with 
gastric hormone-storing cells of  higher vertebrates. 
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The light microscopic morphology of  the amphibian gastric mucosa has been well 
documented (Lim 1922; Norris 1959; Reeder 1964; Loo and Wong 1975; 
Tsukahara et al. 1978). Most  fine structural studies have focused on the 
oxynticopeptic cell, particularly its subcellular changes during and after acid 
secretion (Vial and Orrego 1960; Sedar 1961, 1962, 1965; Forte et al. 1969). In 
contrast, the mucous and endocrine cells have been given less attention. Geuze 
(1971a, b) and Helander et al. (1972, 1973, 1975) have briefly described the 
morphology of the mucoid cells of  two anuran species, while Ka taoka  (1973) has 
documented the fine structure of  some endocrine cells in the stomach of one species 
of  frog. 

In the present paper, the fine structure of  these cell types in the gastric mucosa of  
the cane toad is described, with particular emphasis on their secretory granules. The 
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c a r b o h y d r a t e  c o m p o s i t i o n  o f  m u c o u s  g ranu les  has  been  e x a m i n e d  c y t o c h e m i c a l l y  
in o r d e r  to  d e t e r m i n e  w h e t h e r  the  gas t r ic  m u c o u s  g ranu les  o f  the  t o a d  c o n t a i n  m o r e  

t h a n  one  sec re to ry  p r o d u c t ,  as has  been  es tab l i shed  for  o t h e r  ve r t eb ra t e s  ( Y e o m a n s  
a n d  G i r a u d  1980). 

Materials and Methods 

Adult cane toads (Bufo marinus) were maintained in open glass aquaria at 22 ~ C, and fed assorted insects. 
Water was freely available. Food was witheld for 24h prior to tissue fixation. Toads were anesthetized 
with pentobarbitone (100mg/kg body weight intraperitoneally). The stomachs were either removed, 
diced into pieces and fixed by immersion, or fixed in situ by vascular perfusion via an aortic arch. The 
primary fixative was 3 % glutaraldehyde in 0.15 M cacodylate buffer (pH 7.4); when used for perfusion, 
2 % Dextran T40 was added (Rostgaard and Behnke 1966). Perfusion was continued for 20-30 min; 
pieces of the stomach were then fixed by immersion in the perfusion fluid for another 2 h. All tissue was 
postfixed for 1 h in 1% OsO 4 in 0.15 M cacodylate buffer, and embedded in Araldite. 

Thick (1 gm) sections were stained routinely with toluidine blue, or by the PAS-Bowie method for 
the dual identification of mucus and zymogen (Moxey and Yeomans 1976). Thin sections were stained 
with uranyl acetate and lead citrate, or with the periodic acid-chromic acid-silver methenamine (PA- 
CrA-SM) method ofRambourg et al. (1969) for the cytochemical demonstration of glycoproteins. Grids 
were incubated on silver methenamine for 60-90 min at 45 ~ C; control grids were similarly treated except 
for the omission of the oxidation steps. 

Results 

Surface Mucous Cells ( S M C )  

Sur face  m u c o u s  cells l ine the  en t i re  gas t r ic  sur face  a n d  pits. T h e  nuc leus  lies c lose to  

the  fo lded  basa l  l amina .  A b o v e  it a re  G o l g i  c o m p l e x e s  and  a smal l  n u m b e r  o f  l ight-  

s t a in ing  inc lus ions ,  c o n s i d e r e d  to be  i m m a t u r e  secre t ion  granules .  M e m b r a n e  

b o u n d e d  m a t u r e  sec re to ry  g ranu les  a g g r e g a t e  in the  apica l  th i rd  o f  the  cells. T h e y  

a re  o v o i d  to d u m b - b e l l  shaped .  

S o m e  g ranu l e  prof i les ,  s t a ined  wi th  u r a n y l  a ce t a t e / l e ad  ci t ra te ,  revea l  an  

e l e c t r o n - o p a q u e  co re  (Fig.  1 B). I n  th in  sec t ions  r e ac t ed  for  g lycosyl  g r o u p s  wi th  the 
P A - C r A - S M  m e t h o d ,  a pos i t ive  r e a c t i o n  was  o b t a i n e d  ove r  the  g r anu l e  cor t ices  bu t  

not o v e r  the  cores  (Fig.  1A),  i nd i ca t i ng  tha t  the  co re  is un l ike ly  to  c o n t a i n  mucus .  

Glandular Mucous Cells ( G M C )  

G l a n d u l a r  m u c o u s  cells, a s econd  m o r p h o l o g i c a l l y  a n d  spa t ia l ly  d iscre te  

p o p u l a t i o n  o f  m u c u s - s e c r e t i n g  cells in the  gas t r ic  m u c o s a  o f  the  toad ,  a re  l oca t ed  

Fig. 1A-D. Mucous cells. A Surface mucous cell granules stained by the PA-CrA-SM method for mucus. 
Granule cortices are heavily stained, but cores remain unreactive. • 15.000. B Apical cytoplasm of 
surface mucous cell stained with uranyl acetate and lead citrate (UaPb). Granule cores (arrow) stain 
more densely than cortices, x 15,000. C Cytochemical demonstration of glycoprotein in glandular 
mucous cell granules. Many granules stain evenly; others contain unstained cores. PA-CrA-SM. 
x 12,000. D Portion of a glandular mucous cell. Some granules contain eccentric electron-dense cores 
(arrow). N nucleus. UaPb. x 12,000. E-G. Endocrine cells. E Paranuclear cytoplasm of type I endocrine 
cell. Secretory granules are small and vary in shape. UaPb • 24,000. F type 2 cell. Granules appear 
vacuolated; some contain a dense, inner portion surrounded by an electron-lucent zone. UaPb • 24,000. 
G Type 3 cell. Secretory granules round and dark-staining. UaPb x 24,000 
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below the level of the gastric pits, in the gastric glands. These are large, 
polymorphous cells, with a prominent nucleus, containing many randomly 
distributed secretory granules. After conventional staining the granules are highly 
variable in shape and electron-density. Most granules are evenly electron dense, 
some stain palely, and others contain a small, discrete, peripheral body of more 
electron-dense material (Fig. 1D). In sections treated with the PA-CrA-SM 
procedure, most secretory granules are uniformly covered by silver grains, but some 
contain peripheral unstained regions corresponding to the dense areas described 
above (Fig. 1 C). 

Endocrine Cells 

Three distinct types of endocrine cells have been distinguished. Type 1 cells are 
present in gastric glands throughout the stomach. They contain many pleomorphic, 
electron-dense granules (mean diameter 120nm) distributed throughout the 
cytoplasmic (Fig. 1 E). Type 2 cells are restricted to the gastric glands of the proximal 
and middle thirds of the stomach. This cell type commonly features a bilobed 
nucleus as well as numerous round secretory granules which appear vacuolated or 
contain variable amounts of electron-dense material (Fig. 1 F). The granules have a 
mean diameter of approximately 330nm. Type 3 cells (Fig. 1G) are present in 
smaller numbers than either of the previously described cell types. Their secretory 
granules (150 nm in diameter) are oval to round and moderately to densely electron- 
opaque. 

Discussion 

The surface mucous cells of the stomach of adult toads have almost the same 
uttrastructure as those of  other vertebrates, specifically fish (Noaillac-Depeyre and 
Gas 1978), reptiles (Giraud et al. 1979) and mammals (Ito 1967). One particular 
aspect of this shared property is the presence of non-glycoprotein, electron-dense 
cores in the mucous granules. These have been noted previously in other vertebrate 
classes (Yeomans 1974; Noaillac-Depeyre and Gas 1978; Giraud et al. 1979). Fox et 
al. (1972) have previously described dense cores in gastric surface-cell granules of 
Xenopus laevis larvae. In parallel with this observation, fetal rats show non- 
glycoprotein, electron-dense material in the greater part of the secretion granules of 
the surface cells (Yeomans 1978). The nature of the core substance is not yet known, 
although its widespread occurrence in vertebrate ontogeny and phylogeny hints at a 
significant biological role. 

The structure of the toad's glandular mucous cells is also very similar to that of 
the GMC of lizards (Giraud et al. 1979), and of the two glandular mucous cells 
(mucous neck and antral gland cells) of mammals (Ito 1967). There is some evidence 
that mammalian GMC contain pepsinogen (Yasuda et al. 1966; Samloff 1971 ; Samloff 
and Liebman 1973), localized in granule cores (Zeitoun et al. 1972). It is probable 
that toad GMC granules also contain pepsinogen, since in distal mucosa, where 
oxynticopeptic cells are absent, pepsinogen is assayable in homogenates (Giraud 
1980), and demonstrable in glandular cells by immunofluorescence (Reese et al. 
1979). 



Ultrastructure of Toad Gastric Mucosa 667 

The distinction among three types of endocrine cells in the toad, based primarily 
on the criterion of granule morphology, parallels that in mammals (Solcia et al. 
1975). There are marked similarities between the type 1 cell of Bufo and that of the 
frog Rana nigromaculata nigromaculata (Kataoka 1973), as well as the EC cell of 
mammals (Solcia et al. 1978), and the type I cell of lizards (Giraud et al. 1979). 
Likewise, the type 2 cell of Bufo corresponds closely in both distribution and 
ultrastructure to the type 2 cell of Kataoka (1973), the reptilian type II cell (Giraud 
et al. 1979) and the mammalian ECL cell (Solcia et al. 1978). The affinities of the 
toad's type 3 cell are more obscure, but its granules resemble those of the frog type 3 
cell (Kataoka 1973) and the bombesin-like immunoreactive cell (Lechago et al. 
1979). 

Homologies of structure therefore exist between individual endocrine cell types 
of amphibians belonging to different genera, and between those of amphibians and 
higher vertebrates. Morphological similarities alone are insufficient grounds to 
establish parallelism of function (Solcia et al. 1978); nevertheless it appears likely 
that the amphibian stomach produces a variety of hormones, and that at least two 
of these may be similar to hormones produced by the mammalian stomach. 
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