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Abstract : The regional distribution und relative frequencies of endocrine cells were studied
immunohistochemically (PAP methods) in the alimentary tract and pancreas of th: toad, Bufo
bufo gargarizans Cantor using specific antisera agaiust bovine Sp-1/chromogranin (BCG), serotonin,
bombesin, gastrin, substance P (SP), somatostatin, insulin, glucagon, pancreatic polypepride (PP),
vasoactive intestinal polypeptide (VIP) and secretin. Nine kinds of endocrine cells were identified
in this study. Spherical or spindleshaped immunoreactive (IR) cells were located i1 the gastric
glands of stomach regions, in the basal portion of the epithelium of intestinal tract or esophagus,
and in the exocrine or pancreatic islets with variable frequencies.

In the alimentary tract, BCG-IR cells were found in the fundus and pylorus with rure and a
few frequencies, respectively. Serotonin-IR cells were demonstrated in the whole alimentary tract
including the esophagus. Bombesin- and SP-IR cells were restricted to the stomach regions and
gastrin-TR cells were restricted to the pylorus. Somatostatin-IR cells were detected throughout the
whole alimentary tract except for the large intestine, However, insulin-, glucagon-, PP-, VIP- and
secretin-IR cells were not detected in the alimentary tract.

In the pancreas of toad, the distribution and relutive frequency of endocrine cells were similar
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to those of other mammals. Insulin-IR cells were located in the central portion of the pancreatic

islets and interspaces of exocrine portions, and glucagon-, somatostatin- and PP-IR cells were

detected in the marginal regions of the pancreatic islets and interspaces of exocrine. However,

other IR cells were not found in the pancreas.

In conclusion, the regional distribution and relative frequency of the endocrine cells in the

alimentary tract and pancreas of the toad were similar to other anuran species but sorme differences

which might be caused by feeding habits and species specification were also observed.
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Introduction

Toad, Bufo bufo gargurizans Cantor, belonged to the order
Anura have been widely distributed in Korea. Gastrointestinal
endocrine cells dispersed in the epithelia and mucosal glands
of the alimentary tract synthesized various kinds of gas-
irointestinal hormones and play and important role in the
physiolagical functions of the alimentary tract’ Until now,
the investigation of gastrointestinal endocrine cells 15 con-
sidered to be an important part of a phylogenic study”. In ad-
dition. the regional distributions and relative frequencies of
these endocrine cells were varied with animal species and fe-
cding habits™,

Many gastroenteropancreatic (GEP) neuropeptides have been
isolated from the amphibian skin®’. The GEP endocrine
cells in the various amphibians have been extensively stu-
died by histochemical®, clectron microscopical * and im-
munohistochemical’ metiods. Although about 17 types of
¢ndocrine cells including serotonin, somatostatin. glucagon,
cholecystokinin (CCK)-8, chromogranin, pancreatic polypeptide
(PP), bombesin, neurotensin, gastrin-releasing peptide, sub-
stance P (SP), polypeptide YY, secretin, gastrin. vasoactive
intestinal polypeptide (VIP), motilin, met-enkephalin and §-
enkephalin etc, have been detected in Rana dvbowskii "

1-13 14
, Rana esculenta °, Bufo

. 13} .1

Rana pipens ', Xenopus laevis

regularis mﬁ, Rana catesbeiana '™, Rana nigromaculata I
. e U

and 8 species of anuran amphibian’, there are not many

works on the endocrine cells of the toad. In addition, Choi

et al * reported the localization of erdocrine cells in the al-
imentary tracts of six frog species habited in Korea. The
present study zims fo characterized the regional distributions
and the relative frequencies of the endocrine cells in the al-
imentary tract and pancreas of the toad, Bufo bufo gar-
garizans Cantor, were investigated by immunohistochemical
methods using specific antisera against bovine Sp-1/chro-
mogranin (BCG), serotonin, bombesin, gastrin, SP, soma-

tostatin, insulin, glucagon, PP, VIP, ard sccretin.

Materials and Methods

Five adult toads, Bufo bufo garguri:ans Cantor, were cap-
tured in Kyungsan, Korea withour sexual distinction and
used in this study. Samples from seven portions of the al-
imentary tract (¢sophagus, fundus, pylorus. duodenum, small
intestine, large intestine and pancreas) were fixed in Bouin's
solution. After paraffin embedding, $~4um serial sections
were preparcd with routine methods. The cach represen-
tative sections sere deparaffinized. ret:ydrated and immuno-
stained with the peroxidase anti-peroxidase (PAP) method™.
Blocking of nonspecific reaction was performed with nor-
mal goat serum prior to incubation with the specific antisera
(Table 1). After rinsing in phosphate buffered saline (PBS;
0.01M, pH 7.4), the sections were incubated in secondary
antiserum. They were then washed in ”BS buffer and finally
the PAP complex was prepared. Th: peroxidase reaction
was carried out in a solution 3,3'-diarainobenzidine tetrahy-
drochloride containing 0.01% H,0, in Tris-HCl buffer (0.05M,

- 18 -



Table 1. Antisera used in this study

Antisera raised* Source Dilution
BOGY Cs7200 Dot Copu Sl 1:1000
Serotonin BO68082C BioGenex Lab., $an Ramon 1:20
Bombesin 8652015 Immunonuclear Corp., Stillwater 1:1,000
Gastrin PUO190796 BioGenex Lab., San Ramon. 1:20
Substance P BOC 35 Sera Lab., Sussex 1:1,000
Somatostatin PUO421295 BioGenex Lab., San Ramon. 1:20
Insulin PU0290395 BioGenex Lab., San Ramon. 1:24
Glucagon PUO390598 BioGenex Lab., San Ramon. 1:20
pp' PUO660495 BioGenex Lab., San Ramon. 120
vir? BY5C Sera Lab., Sussex 11,000
Secretin BO67122A

BioGenex Lab., San Ramon. I 20

* All andisera were raised in rabbits excep: for insulin, which was raised in guinee pigs.

BCG: bovine Sp-1/chromogranin, PP o pancreatic polypeptide, VIP: vasoactive imtestinal polypepiide

pH 7.6). After immunostaining, the sections were lightly
counterstained with Maver's hematoxylin and the immuno-

reactive cells were observed under light microscope.

Result

In this study, six kinds of the IR cells were defected with
the antisera against BCG, serotonin, bombesin, gastrin, SP
and somatostatin in the alimentary tract and four kinds of
the IR cells were demonstrated with antisers aguinst insulin,
zlucagon and PP in the pancreas. According to the location
of the alimentary tract and pancreas, different Jistributions
and relative frequencies of these IR cells werz observed.
These differences are shown in Table 2. However, no VIP-
4nd secretin-IR cells were detected in this study.

Sphericalshaped BCG-IR cells were restricted to the gas-
rric gland of fundus (Fig la) and the pylorus (Fig Ib) with
rare and a few frequencics respectively.

Serotonin-IR cells were demonstrated in the basal por-
rions or interspaces of the epithelia of the whole alimentary
iract except for the stomach regions where these cells were

located in the gastric gland regions with spindle to spherical-

shaped. A few scrotonin-immunoreact ve cells were detected
in the esophagus (Fig 2a) but numerous or a few in the sto-
mach regions {Fig 2b and c). Thes: IR cells were most
predominant in the pylorus but only a few IR cells were
found in the other intestinal regicns (Fig 24 and ¢)

Bombesin-IR cells were restricted t» the gastric glands of
fundus with rare frequency (Fig 3a1 tnd the pylorus with 2
few frequency (Fig 3b) with spherici] shape. These results
were similar to that of BCG-IR celis. Anid spherical shaped
gastrin-[R cells were also restricted to the gastric glands of
pvlorus with moderated frequency (Tig 4).

The regional distribution and shape of SP-IR cells were
similar to those of BCG-, bombesin- and gastrin-IR cells. SP-
R cells were detected in the stomach with a few Tequencies
(Fig 3a and b).

Spherical to spindle shaped somatostatir-IR cells were ob-
served in the basal portion of the epithelia of the whole al-
:mentary tract except for the rectum and the stomach re-
giens. In the stomach regions, somztostatin-IR cells were
resembled to those of serotonin-IR cells hut they were not
demonstrated in the rectum. The rulative frequencies of

somatostatin-IR cells were rare in the esophagus (Fig 6a),
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Table 2. Regional distnbutions and relative frequencies of the endocrine cells n the alimentary tract of the toad, Bufo bufo gar-

Esophagus Fundus Pylorus
BCGY o + +
Serotonin - + TS
Bombesin + -
Gastrin - b
Substance P +
Somatostatin : + R
[nsulin
Glucagon
PPl
vip!
Secretin

Duodenum  Small intesune  Large mntestine Pancreas
i a A4 -
o+
+ -
++4

BCG: bovine Sp-1/chromogranin, PI': pancreatic povpeonde, VIP: vasoactve inestinal polypepride

* Relative frequencies ;. ~ 4 4 @ numerous. + + ¢ molerate. i

fundus (Fig 6b), duodenum (Fig 6d) and small intestine (Fig
6e and f). In the pylorus, somatostatin-IR cells were most
predominantly detected with numerous frequency (Fig 6¢).
In the pancreas, somatostatin-IR cells were nuracrously de-
tected in interspaces of exocrinc portion and marginal re-
gions of the pancreatic islets (Fig 7c).

Insulin-IR cells were numerously found in the central re-
gions of pancreatic islets and interspaces of the ¢xocrine por-
tions but not detected in the alimentary tract (Fig 7a).

Glucagon- and PP-IR cells were detected in the regions,
which were similar to somatostatin-IR cells in the pancreas,
but they were not demonstrated in the alimentary rract. Glu-
cagon-IR cells were detected with numerous frequency (Fig
7b) and PP-IR cells were located with moderate frequency

(Fig 7d).

Discussion

The endocrine cells in the alimentary tructs uppeared re-
markably different in the regional distribution, relative fre-

quency and cell types with animal species and cach regional

afew, b

not Jeteeted

223

part of the alimentary tract®

Chromogranins have been found to occur in Jarge vanety
of endocrine organs and cells outsice the adrenal medully,
and they have been claimed as common markers of all neu-
reendocrine cells™. However, demcnstrated chromogranin-
IR cells were restricted to the stomach vegions in Xeropus
luevis . Rana nigromaculata ™ and n the present study. In
addition. it is reported that the relative frequencies in Rana

dvbowskii "' were smaller than other typed endocrine cell. These
results suggested that chromogramin was not suitable @s a
marker of other endocrine cells in the anuran species.
Serotonin consists of monoumines and is widely dis-
tributed in nervous system and GEF endocrine celis™. El-

N

Sulhy er al ™ reported that serotonin IR cells found throughout
the gastrointestinal tract (GIT) of all species and established
in the alimentary tract at the carly sage of vertebrate evo-
lution. The regional distributions and relative frequencies of

serotonin-IR cells were detected in the whole GIT of Rana

dybowskii . Xenopus laevis °, Rana nigromaculata ™' and Rana
catesbeiana”™. Tn addition, Choi et al ™ reported the localization

of serotonin-IR cells in the alimentary tracts of six frog
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species habited in Korea including the tree frog. According
to these previous reports, these cells were most predominant
in the pylorus except for Rana nigromaculata * that were
most predominant in the fundus and ducdenum. It is re-
ported that this variance of the relative frequencies in the
anuran species might depend on sampling time or season'’.
In the present study, these cells were observed in the whole
alimentary tract like the previous reports.

11,15,17,1

Like the previous studies'™'™'"*, the present study show-
ed that bombesin-IR cells restricted to the fundus and py-
lorus, and sccretin-IR cells were not found. These findings
are similar to Lee er al®, Buchan' and Van Noorden and
Falkmer® who reported that these TR cells were not de-
tected in the lower vertebrates. However, El-Salhy e al ™ re-
ported that secretin-IR cells were demonstrated in the whole
GIT of Bufo regularis except for the rectum. It 15 reported
that PP-IR cclls were found in the stomach and small in-

- ; faa1520.28
testine of the anuran species

. Differing from these re-
ports, PP-IR cells were not detected in this study,

Tt is generally accepted that gastrin and CCK-8 originated
from same ancestor and in the human duodenum a large
fraction of these cells, besides reacting with non-C terminal
CCK antibodies and C-terminal gastrin/CCK antibodies, also
showed immunoreactivity with C-terminal gasirin-34 anti-
bodies, colocalised with CCK in a variable portion of se-
cretory granules™. In the anuran species, gastiin-, CCK-8-
or gastrin/CCK-IR cells were restricted to the pylorus, du-

. 9,10,17,20
odenum and ileum

. In the present study, different
from those of other anuran species, gastrin-IR cells were res-
tricted 1o the pylorus.

SP has been found to be colocalised with sutotonin and

chromogranin - A in the argentaffin granules of a sub-

population of gut EC cells, called EC, cells”. They has
been found in the gut. adrenal medulla and some pheo-
chromocytomas are well as in some paraganglionic cells of
the carotid body and corvical, celiac and mesenteric ganglia
¥ It is difficult to find the reports dealing the regional dis-
tribution and relative frequency of these IR cells in the anu-
ran species except for immunoreactivity in the gastrointestinal
nerve system including myenteric and submucosal plexus™.

Anyway, these IR cells were restricted to the stomach in

this study.

Somatostatin, which consists of 1+ amino acics, was iso-
lated from hypothalamus of sheep for the first and it could
be subdivided into straight form and cvclic form™. It is well
known that somatostatin-IR cells show the widest dis-
tribution in the whole GIT of ull vertebrate species in-
vestigated, including the primitive agnathans with serotonin-
IR cells™. In the anuran species, these cells were detected in

Rana dybowskii "', Rana esculenta ™, Xenopus laevis e
Bufo regularis *°, Rana nigromacuimia . Rana catesbeiana
"™ 8 species of Anura’and six frog siecies habited in Korez
including the tree frog™. According to these reports, some-
tostatin-fR cells were most predomiiant in the fundus but
decreased distally along the GIT except for tree frog in
which they were most predomirart in the pylorus and
thereafter decreased toward to the distal portion of intestine
and finally not detected in the rectum™. In the present study.
somatostatin-1R cells were detected throughtout the whole al-
imentary tract except for the rectum and the regional dis-

tributions are agreed with those of the previous studies® "'

[EREN LS H 1
. However, the relative frecuencies are somewhat

lower than those of other reports™' ™+ 1% .

VIP 15 a 28 amino acid peptide, which was originally isc-
lated from porcine intestine ard recognized for its potert
vesodilatory effect™. Immunoreactivi v of VIP in intestinzl
nerve was detected in seven species of anuran species using
immunchistockemical and radioimmuno ogical techigues™.
In this report, the regional distributior and relative fre-
quency of VIP-IR cells showed species-specific differences
and Larsson e af ™ reported that the distribution of VIP se-
cretory endocrine cells demonstratee by the ditferent VIP
antisera were varied. However, no VIP-IR cells were found
in this study.

According to the anuran specivs, vanable distributional
patterns of glucagon-1R cells in the CIT were reported” ™™
", Especially, Lee and Lee' reported that these cells were
restricted to the fundus of Xenopur facvis. However, El-
Salhy et ai " and Lee er al ™ reported that they were found
in the whole GIT of Bufo regularis and Rana nigromaculata
except for rectum. Differing from previous reports™'*™%,

these cells were not observed in the present study. It is re-
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ported that PP-IR cells were found in the stomach and small
intestine of the anuran species”™. The present study did
not found these cells either.

The Jocations and relative frequencies of insulin-, glu-
cagon-, somatostatin- and PP-IR cells in the pancreas of anu-
ran species have been accepted that insulin-IR cells were lo-
cated in the central portion of the pancreatic islets and in-

terspaces of the exocrine portions and glucagon-, soma-

tostatin- and PP-IR cells were found in the murpinal zone of

Legends
Fig 1. BCG-IR cells in the alimentary tract of the tead.
a. Fundus h. Pylorus
4, hix 240, PAP methods

Fig 2. Serotonin-IR cells in the alimentary tract of the toad.
a. Lsophagus

x 480 ;

b, Fundus ¢. Pylorus

a d, e h, ¢ :x 240, PAP methods

Fig 3. Bombesin-IR cells in the alimentary tract of the toad
a. I'undus h. Pylorus

a, b x 240, PAP methods
Fig 4.
Fig 5. SP-IR cells in the alimentary tract of the toad
a. Fundus
a, b 240

h. Pylorus

Fig 6. Somatostatin-IR cells in the alimentary tract of the toad.
a. Esophagus

a, d-f: x 480;

b. Fundus c. Pylorus
b, ¢ x 240, PAP methods

Fig 7. IR cells in the pancreas of the toad.
a. Insulin-IR cells

a-d . % 240, PAP methods

b. Glucagon-IR cells

d. Duodenum

d. Duoderum

c. Somatostatin-1R cells

the pancreatic islets and interspaces of the exocrine portion”,
and it is well coincidence with the results of the present
study.

In conclusion, the regional distributions and relative fre-
quencies of the endocrine cells in the «limentary tract and
pancreas of the toad were resembled ty the other anuran
species except for some differences which might be caused

by feeding habits and species specification.

for figures

¢. Large intestine

Gastrin-IR cells in pylorus of the toad. > 240, PAP methods

e, f. small intestine

d. PP-IR cells
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