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The regional distribution and frequency of pancreatic
endocrine cells in the red-bellied frog, Bombina orientalis,
were studied by the immunohistochemical peroxidase anti-
peroxidase (PAP) method using five types of specific mam-
malian antisera to insulin, glucagon, somatostatin, bovine
pancreatic polypeptide (PP) and secretin. The frequency was
calculated as the mean number of each endocrine cell
type/1,000 total cells (including exocrine and endocrine
cells) using an automated image analysis process. The per-
centage of each immunoreactive (IR) cell species to the total
IR cell population was also calculated. In the pancreas of the
red-bellied frog, all five endocrine cell types were demon-
strated. Insulin IR cells were located in the pancreas as sin-
gle cells or islet-like clusters. The latter were localized in cen-
tral regions. The insulin-IR cells showed a frequency of
65.40±14.56/1,000 cells. Glucagon IR cells were also
detected as single cells or as clusters but in the case of clus-
ters, two distributional patterns were detected — a central
core type and a marginally distributed type. They showed an
abundance of 32.70±7.32/1,000 cells. Somatostatin-IR
cells were dispersed throughout the pancreatic parenchyma
as single cells, three to four cells, or clusters. The clusters
were located in the marginal regions. The somatostatin-IR cell
frequency was 19.40±6.52/1000 cells. PP-IR cells were ran-
domly distributed throughout the pancreatic parenchyma as
single cells with a frequency of 14.70±4.92/1,000 cells.
Secretin-IR cells were demonstrated as clusters or as single
cells, and as clusters they occupied the central regions. They
showed a frequency of 39.60±10.36/1,000 cells. This is the
first report of the presence of secretin-IR cells in amphibian
pancreatic endocrine cells. Overall, there were 37.20±6.84%
insulin-, 21.90±5.55% glucagon-, 11.60±4.33% somato-
statin-, 8.60±2.72% PP- and 23.40±4.45% secretin-IR cells.
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T
here has been a surge of interest in the
endocrine cells of the gastroenteropancreatic
(GEP) system of amphibia in recent years.

This is not remarkable considering that so many
GEP neuropeptides have been isolated from the
amphibian skin (Nakajima et al., 1979; Van
Noorden and Polak, 1979). The pancreas is well
accepted as a valuable organ for endocrine studies,
particularly because of the association of this organ
with diabetes (Jansson and Sandler, 1988). In addi-
tion, the investigations of GEP endocrine cells have
been considered as an important part of phyloge-
netic studies (D’Este et al., 1994).

It is generally known that the pancreas of verte-
brates is divided into two portions, i.e. the exocrine
portion, from which digestive enzymes are released,
and the endocrine portion, from which regulatory
hormones, such as insulin, glucagon, somatostatin
and pancreatic polypeptide (PP), are released into
the blood circulation. The appearance, regional dis-
tribution and relative frequency of these regulatory
hormones secreted by the endocrine cells in the pan-
creas have been carefully elucidated by histochem-
istry (Kobayashi and Syed Ali, 1981), immunofluo-
rescence (Orci, 1982) and immunohistochemistry
(Sternberger et al., 1970). In addition to the above
regulatory hormones, peptide YY-, neuropeptide YY-
(Ali-Rachedi et al., 1984), motilin- (Yamada et al.,
1986) and chromogranin family- (Rindi et al.,
1986; Ito et al., 1987) immunoreactive (IR) cells
were also demonstrated in the vertebrate pancreas.

The regional distribution and relative frequency of
insulin, glucagon, somatostatin and PP have also
been reported in the pancreas of some anurans such
as the European common frog (Rana temporaria)
(Etayo et al., 2000), the green frog (Rana esculen-
ta) (Trandaburu et al., 1995), the African clawed
toad (Xenopus laevis) (Hacker et al., 1983; Shapiro
et al., 1979; Cowan et al., 1991), the Japanese newt
(Cynopus pyrrhogaster) (Oikawa et al., 1992) and
the newt (Notophthalmus viridescens) (Foty et al.,



1989). In addition, adrenomedullin- (Lopez et al.,
1999), peptide tyrosine tyrosine- (Lozano et al.,
1999), chromogranin- (Reinecke et al., 1991),
polypeptide YY- and neuropeptide Y-immunoreac-
tive cells (El-Salhy et al., 1987) have been found,
and new types of endocrine cells have been report-
ed in the pancreas of the various vertebrates. In
particular, the appearance of IR cells of unknown
content (called X-cells) in the pancreas of the
European common frog were also demonstrated
(Etayo et al., 2000).

With the increasing demand for diabetic animal
models and/or the usefulness of irradiation in many
fields, the regional distribution and relative fre-
quency of pancreatic endocrine cells, especially
insulin- and glucagon-producing cells in laboratory
animals, has attracted great attention in recent
years (Warbritton et al., 1994; Gomez-Dumm et
al., 1995; Fu et al., 1996). Many researchers have
suggested that the species-dependent characteristic
distribution of cells producing different hormones
in the pancreas of each species of animal might be
due to feeding habits, a concept that is now gener-
ally accepted (Wieczorek et al., 1998).

It was also reported that different regional distri-
butions and relative frequencies of endocrine cells
in the pancreatic islets existed in different portions
of the pancreas, even in the pancreas of the same
animal (Yukawa et al., 1999).

Despite biological, physiological and anatomical
differences between the red-bellied frog, Bombina
orientalis, and other anuran species, reports have
seldom dealt with the endocrine cells in the pancre-
atic islets of this species.There is only one report on
the distributions and relative frequencies of
endocrine cells in the alimentary tract of the red-
bellied frog (Ku et al., 2000). And, with the excep-
tion of the European common frog (Etayo et al.,
2000), quantitative studies of the anuran pancreas
are scarce.

The object of this study was to determine the
regional distribution and quantitative frequency of
endocrine cells in the pancreas of the red-bellied
frog by immunohistochemistry using antisera spe-
cific for insulin, glucagon, somatostatin, PP or
secretin.

Materials and Methods
The red-bellied frog, Bombina orientalis, belong-

ing to the order Anura is widely distributed in
Korea. Ten adult specimens were captured in

Kyungsan, Korea, and used in this study without dis-
tinction for gender. The animals were phletomized
under ethylether and samples from the pancreas
were fixed in Bouin's solution. After paraffin
embedding, 3-4 µm serial sections were prepared.
Representative sections of each tissue were stained
with hematoxylin and eosin for light microscopic
examination of the normal pancreatic architecture.

The deparaffinised, and rehydrated sections were
treated with methanol containing 0.3% H2O2 for 30
min to block any endogenous peroxidase. Sub-
sequently, the sections were incubated for 1 hr at
room temperature in normal goat serum (1:100),
then stained immunohistochemically to identify spe-
cific endocrine cells using the peroxidase anti-perox-
idase (PAP) method (Sternberger, 1979). In the
first layer, the sections were incubated with antisera
specific for individual pancreatic hormones for 12
hrs at 4ºC. Details of specific antisera used as the
first layer are listed in Table 1. After rinsing in
0.01M phosphate buffered saline (PBS, pH 7.4,
containing 0.05% Tween), anti-rabbit Ig G serum
raised in goats was used as the second layer at
1:200 dilution for 1 hr at room temperature. They
were then washed with PBS and the PAP complex
was used as the third layer at 1:400 dilution for 1 hr
at room temperature. The peroxidase reaction was
carried out in a solution 3,3'-diaminobenzidine
tetrahydrochloride containing 0.01% H2O2 in
0.05M Tris-HCl buffer, pH 7.6. After immunostain-
ing, the sections were lightly counterstained with
Mayer's hematoxylin and the immunoreactive cells
were observed under light microscope.

The specificity of each immunohistochemical
reaction was determined as described by Stern-
berger (1979), including the replacement of specif-
ic antiserum by the same antiserum which had been
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Table 1. Antisera used in this study.

Antisera raised* Code Source Dilution

Insulin 842613 Diasorin, Stillwater, USA 1:2000

Glucagon 8240-0004 Biogenesis, Kingston, USA 1:800

Somatostatin PUO421295 BioGenex Lab., San Ramon, USA 1:20

PP1 PUO660495 BioGenex Lab., San Ramon, USA 1:20

Secretin 4660-0089 Biogenesis, Kingston, USA 1:320

*All antisera were raised in rabbits except for insulin, which was raised in guinea pigs.
1) PP: bovine pancreatic polypeptide

 



preincubated with its corresponding antigen. The
frequency of immunoreactive cells was calculated
as the mean ± standard deviation (S.D.) of 10
parts (n=10) of pancreatic parenchyma. Among
1000 cells, including exocrine and endocrine cells,
cells showing immunoreactivities against each anti-
serum were counted using an automated image
analysis process (Soft Image System, Germany)
coupled to light microscopy. In addition, the per-
centage of cells immunoreactive to each antiserum
was determined among 100 cells of the total IR cell
population.

Results
In this study, five types of immunoreactive

endocrine cells were detected and quantified with
antisera to insulin, glucagon, somatostatin, PP and
secretin in the pancreas of the red-bellied frog.The
frequency of these immunoreactive cell types in the
pancreas is shown in Table 2.

Spherical-to-spindle or occasionally oval-to-
round-shaped immunoreactive cells were present in
the pancreas.These were distributed throughout the
pancreatic parenchyma between exocrine acinar
cells, and were also observed as islet-like clusters.

Insulin IR cells
These cells were present in the pancreas as single

cells or clusters. The single cells were dispersed
throughout the pancreatic parenchyma, between
exocrine acinar cells (Figure 1a).The clustered cells
had the appearance of mammalian islet-like struc-
tures and were situated in the central regions
(Figure 1a-c). The clusters of insulin IR cells were

more numerous than the single-cells.The insulin IR
cells showed a density of 65.40±14.56/1000 cells
and amounted to 37.20±6.84% of the total IR cell
population (Table 2).This is the most predominant
endocrine cell type in the pancreas of the red-bel-
lied frog.

Glucagon IR cells
These cells were detected as single cells or clus-

ters in the pancreas.The single cells were randomly
distributed throughout the pancreatic parenchyma,
between exocrine acinar cells (Figure 2a).The clus-
tered cells showed two distributional patterns. One
showed a central core distributional pattern (Figure
2b) and the other showed a marginal distributional
pattern (Figure 2c) like that of mammalian pan-
creatic islets. The glucagon IR cells showed a fre-
quency of 32.70±7.32/1000 cells and approxi-
mately 21.90±5.55% of immunoreactive cells was
immunoreactive for glucagon (Table 2).This is the
third most abundant endocrine cell type in the pan-
creas of this frog species.

Somatostatin IR cells
These immunoreactive cells were dispersed in the

pancreatic parenchyma as single cells, three to four
cells, or clusters. The single or three to four cells
were randomly distributed throughout the pancre-
atic parenchyma between exocrine acinar cells.The
clustered cells were localized exclusively in the mar-
ginal regions (Figure 3a-c). The somatostatin IR
cells showed a frequency of 19.40±6.52/1000 cells
and approximately 11.60±4.33% of the immu-
noreactive cells was immunoreactive for somato-
statin (Table 2). This is the fourth most abundant
endocrine cell type in the pancreas of the red-bel-
lied frog.

PP IR cells
These cells were randomly dispersed throughout

the pancreatic parenchyma as single cells between
exocrine acinar cells (Figure 4a, b).The PP IR cells
showed a frequency of 14.70±4.92/1000 cells and
approximately 8.60±2.72% of the immunoreactive
cell population was immunoreactive for PP (Table
2).This is the least abundant endocrine cell type in
the pancreas of the red-bellied frog.

Secretin IR cells
These cells were dispersed in the pancreatic

parenchyma as single cells and/or clusters, between
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Table 2. Quantitative frequencies of specific immunoreactive
endocrine cell populations in the pancreas of the red-bellied
frog, Bombina orientalis.

Immunoreactive cell No.of immunoreactive Percentage of immunoreactive cells
cells/1000 cells* against each antiserum*

Insulin 65.40 ± 14.56 37.20 ± 6.84

Glucagon 32.70 ± 7.32 21.90 ± 5.55

Somatostatin 19.40 ± 6.52 11.60 ± 4.33

PP  1) 14.70 ± 4.92 8.60 ± 2.72

Secretin 39.60 ± 10.36 23.40 ± 4.45

*Quantitative frequencies were calculated using an automated image analysis process
(Soft Image System, Germany) coupled with light microscopy; 1) PP: pancreatic
polypeptide.
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Figure 1. Insulin IR cells are distributed as single cells (a)
and/or clusters (a-c) in the pancreas of the red-bellied frog. a,
b. 3350; c. 3175; PAP method.

Figure 2. Glucagon IR cells are distributed as single cells (a)
and/or clusters (b, c) in the pancreas of the red-bellied frog.
Clusters are distributed as a central core type (b) and a mar-
ginally distributed types (c). a. 3175; b, c. 3350; PAP method.



exocrine acinar cells. The single secretin IR cells
were randomly distributed throughout the whole
pancreatic parenchyma (Figure 5a, d). The clus-
tered cells formed round- to spherical shaped-cores
(Figure 5b, c). The secretin IR cells showed a fre-
quency of 39.60±10.36/1000 cells and 23.40±
4.45% of the immunoreactive cell population was
immunoreactive for secretin (Table 2), making it
the second most predominant endocrine cell type in
the pancreas of the red-bellied frog.

Discussion
In the pancreas of the red-bellied frog, Bombina

orientalis (Anura, Amphibian), all of the five
endocrine cell types studied were distributed
throughout the pancreatic parenchyma, between
exocrine acinar cells; with the exception of the PP
cells, they were also observed as islet-like clusters.

Insulin is synthesized in the ß cells of the pancre-
atic islets and regulates the serum glucose levels
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Figure 3. Somatostatin IR cells are distributed as single, three
to four cells and/or clusters in the pancreas of the red-bellied
frog (a-c). In the case of clusters, they are exclusively situated
in the marginal regions (b, c). a, b. 3175; c. 3350; PAP
method.

Figure 4. PP IR cells are distributed as single cells in the pan-
creas of the red-bellied frog (a, b). a. 3175; b. 3350; PAP
method.



(see Hsu and Crump, 1989). The regional distribu-
tion and relative frequency of insulin-immunoreac-
tive cells in the pancreas were reported in the
European common frog (Rana temporaria) (Ortiz
de Zarate et al., 1991; Etayo et al., 2000) and

African clawed toad (Xenopus laevis) (Cowan et
al., 1991; Maake et al., 1998; Lozano et al., 1999)
among anuran amphibians. From these reports, it is
well recognized that insulin IR cells are present
throughout the anuran pancreas either in small
clusters of single cells or as islet-like structures.
Our results in the present study concurred with
those of the above studies in that the insulin IR cells
were found to be localized in the pancreas of the
red-bellied frog as single cells or clusters. In the
case of clusters, they presented a mammalian islet-
like appearance and were situated in the central
regions. Although reports dealing with the abun-
dance of endocrine cells in the anuran pancreas are
very few, insulin IR cells were the most predomi-
nant type in the pancreas of the red-bellied frog,
showing a frequency of 65.40±14.56/1000 cells,
with 37.20±6.84% of all immunoreactive cells
being immunoreactive for insulin.These results are
similar to those of the European common frog
(Etayo et al., 2000).

Glucagon is synthesized in the a cells of the pan-
creas and regulates glucose levels in blood (see Hsu
and Crump, 1989). Morphologically similar cells
are also observed in the digestive tract of the dog
(Wieczorek et al., 1998). In the present study,
glucagons IR cells were found as single cells or
clusters in the pancreas of the red-bellied frog, sim-
ilar to the insulin IR cells. However, two distribu-
tional patterns were detected in the case of clusters
– central core and marginal distributional patterns.
Although somewhat different distributional pat-
terns were detected in the anuran pancreas with
lobes, cells immunoreactive to glucagon were iso-
lated as singles cells, clusters (central core) or in
the margins of the islet-like structures quite similar
to the results of the present study (Cowan et al.,
1991; Lozano et al., 1999; Etayo et al., 2000). In
addition, glucagons IR cells showed the third high-
est abundance in the present study, 32.70
±7.32/1000 cells and 21.90±5.55% of all immu-
noreactive cels was immunoreactive for glucagon.
These results are similar to those of European com-
mon frog (Etayo et al., 2000).

Somatostatin, which consists of 14 amino acids,
was first isolated from the hypothalamus of sheep.
The molecule mayu exist in the linear form and the
cyclic form (Brazeau et al., 1973). This substance
inhibits the secretion of gastrin, cholecystokinin,
secretin, glucagon, insulin, motilin and gastric acid
(Kitamura et al., 1984) and the absorption of
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Figure 5. Secretin IR cells are distributed as single cells (a, d)
and/or clusters (b, c) in the pancreas of the red-bellied frog. In
the case of clusters, they form round to spherical shaped cores
(b, c). a. 387; b-d. 3350; PAP method.

 



amino acids, glucose and fatty acids in the gas-
trointestinal tract (Polak et al., 1976). In the pan-
creas of anurans, somatostatin IR cells were
detected in the European common frog (Etayo et
al., 2000), the African clawed toad (Shapiro et al.,
1979; Hacker et al., 1983; Cowan et al., 1999;
Lozano et al., 1999), and the green frog (Tranda-
buru et al., 1995).They were present as single cells
or clusters in the pancreas of these species, includ-
ing, in the present study, the red-bellied frog. In the
case of cluster, they occupied marginal regions
(Etayo et al., 2000). Cells immunoreactive to
somatostatin showed the fourth highest frequency
in the present study, 19.40±6.52/1000 cells and
approximately 11.60±4.33% of the immunoreac-
tive cell population was immunoreactive for soma-
tostatin.These results were quite similar to those of
the European common frog (Etayo et al., 2000)
and the African clawed toad (Hacker et al., 1983).

PP, a peptide hormone containing 36 amino
acids, is synthesized by F cells in the pancreatic
islets (see Hsu and Crump, 1989). The specific
function of this peptide is not clear, but inhibition of
food intake has been postulated as a possible func-
tion (Hsu and Crump, 1989). In addition, some
researchers reported that PP promotes the secre-
tion of gastric acid and stimulates glycolysis in the
liver in avian species (Polak et al., 1976). The
appearance of PP IR cells was fairly well identified
in various species of anuran amphibians, and it has
been shown that they are conspicuously distributed
in the pancreas as single cells, or in peripheral
regions as islet-like cell clusters (McKay et al.,
1998; Maake et al., 1998; Lozano et al., 1999;
Etayo et al., 2000). However, in the present study,
they were randomly dispersed in the pancreatic
parenchyma only as single cells, between exocrine
acinar cells. These differences are considered to be
species-dependent characteristics. PP IR cells
showed the lowest frequency, 14.70±4.92/1000
cells in this study, and 8.60±2.72% of the
immunoreactive cell population was immunoreac-
tive for PP. These results are similar to those of
European common frog (Etayo et al., 2000).

Secretin stimulates fluid secretion of the pan-
creas (Suzuki et al., 2001). In all vertebrates so far
investigated, except for some species of rodents,
secretin IR cells have proved to be exclusive to the
small intestine, usually with a preference for the
duodenum (Solcia et al., 1989; Kitamura et al.,
1990; Ku et al., 2002). Until now, there have been

no reports dealing with the presence of secretin IR
cells in the pancreas, except for the human fetus
(Vincze et al., 2001), in which a transient appear-
ance of such cells was demonstrated in 18- and 20-
week old fetuses (Vincze et al., 2001). However, in
the present study, numerous secretin IR cells were
detected in the pancreas of the red-bellied frog as
single cells and/or clusters, between exocrine acinar
cells. This is thus the first report describing the
appearance of such cells in the adult pancreas of
vertebrates. In addition, the secretin IR cells were
found to be the second most predominant endocrine
cell type, having an abundance of 39.60±
10.36/1,000 cells and consisting of approximately
23.40±4.45% of the immunoreactive cell popula-
tion.

In conclusion, distributional patterns of immuno-
reactive cells in the pancreas of the red-bellied frog
were quite similar to those of other anuran species
but the appearance of secretin IR cells in the pan-
creas of this species is unique.
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