A

AEMEREIE(1995) 35354 3%
Korean | Vet Res(1995) 35(3): 417-425

An immunohistochemical study on the gastro-entero-pancreatic
endocrine cells of the cat-shark, Scyliorhinus torazame

Hyeung-sik Lee, Jae-hyun Lee*

Department of Biology, Kyungsan University
College of Veterinary Medicine, Kyungpook National University™
(Received April 13, 1995)

5801 (Scyliorhinus torazame)?] 7% WEH|A1E) 23}
w7

o] %4 - olaf*
At A%
AEdea Solzge
(19959 4€ 139 %)

EE  SEAY AT Rl AL Hel BE, 285 U AXS) EFE sl nat ez shebE why

2.2 WY vl 55 HHSAES} FAE I

5-HT HAHSAEE 2519 WIEE, somatostatin HAI-GAIEE 252 91499} Fa59) ARl AH 7t
7} Aol A #E5Igiet. Glucagondt BPP HAHEAEE Alo| Akt g Asta chofat vIEg 4318 A
AlellA E4sigict. $8 Gas/CCK HARMSAIEE AR N4 Fesle] 254 EEsIGc).

ol gelld FE-golel AT HEHAEE B9 EFoll Qlot A thE T3 FASRNY, FHUEE ki YA

et S § & 4 dlsiet

Key words : cat-shark, gastrointestinal tract(GIT), endocrine cell, immunoreactive cell

Introduction

The gastrointestinal tract(GIT) of cartilaginous
fishes is characterized by having the ileum with spiral
valves, which compensates for a short intestine.

In recent years have been done on the intensive stu-
dies in the pylogeny of the endocrine cells in the GIT

and a valuable of information has been accumulated

on various vertebrates.

However, little work has known about endocrine cells
of cartilaginous fishes using electron microscopes™ and
immunohistochemistry®"'. Furthermore, the cat-shark, a
kind of the elasmobranch is completely unknown the
presence of endocrine cells in the GIT except for those
reported on the duodenum’, rectum’ and the pancreas®.

The purpose of the present study was to clarify the

This work was supported by a grant from Kyungsan University in 1994.
Address reprint requests to Dr Hyeung-sik Lee Department of Biology, Kyungsan University, Kyungsan 712-240, Republic of

Korea.

— 417 —



occurrence and frequency of each endocrine cells in
the GIT of the cat-shark, Scyliorhinus torazame, by
specific immunohistochemistry.

Materials and Methods

Five adult specimens of both sexes of the cat-shark,
Scyliorhinus torazame, were used in this study. Samples
from 8 portions of the GIT(Fig 1) were fixed in Bouin's
fluid. After paraffin embedding, 4pm histological sections
were prepared. The presentative sections were then de-
paraffinized, rehydrated and immunostained with perox-
idase antiperoxidase(PAP) method®”. Background block-
ing was performed with normal goat serum prior to in-
cubation with specific antiserum(Table 1). After rinsing
in PBS buffer, the sections were incubated in secon-
dary serum. They were then washed in PBS buffer
and finally the PAP complex was prepared. The perox-
idase reaction was carried out in a solution 3,3'-di-
aminobenzidine tetrahydrochloride containing 0.01%
H,0, in HCI Buffer. After immunostaining, the sec-

Table 1. Antisera used in this study

1teum(Upper)

lHeum({Lower)

Colon

Fig 1. Sampling portions in the gastrointestinal tract
of the catshark. a. cardia, b. fundus, c. pylorus,
d. duodeunm, e. upper ileum, f. lower ileum,

g. colon, h. rectum.

Antisera™ Code Source Dilution
5-hydroxytryptamine 8535028 Immunonuclear Corp. 1 : 10,000
(5-HT)

Glucagon 8635013 ” 1: 800
Insulin 8622014 ” 1:2,000
Bovine chromogranin 8541011 ” 1 : 500
(BCG)

Porcine chromogranin 8541012 ” 1 : 2,000
(PCG)

Gastrin /cholecystokinin 1600,/400 Union Chimique Belge, 1:100
(Gas/CCK) bioproducts

Bovine pancreatic polypeptide i607 ” 1: 5,000
(BPP)

Somatostatin CA325 Cambridge Research 1 : 1,000

Biochemical Ltd.

% All antisera were raised in rabbits except for insulin which
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tions were lightly counterstained with Mayer's hema-

toxylin.

Results

By means of immunohistochemical method five en-
docrine cell types were observed viz. 5-HT-, glucagon-

, Gas/CCK-, BPP- and somatostatin-immunoreactive
cells. The regional distribudon and the relative fre-
quency of these cell types in the various parts of the
GIT are shown in the Table 2.

In the stomach the immunoreactive cells occurred
in the tubular glands, whereas in the intestine they
were located mostly in the columnar epithelia. On the

other hand, immunoreactive cells generally were tall

Table 2. The regional distribution and relative frequency of immunoreactive cells in the GIT of the cat-shark,

Scyliorhinus torazame

Stomach Tleum
Duodenum Colon Rectum
Cardia Fundus Pylorus Upper Lower
5-HT + ++ +4+ ++ + + ++ ++
Glucagon + + + - + + +
Insulin - - - - -
BCG - - - - - - -
PCG - - - - -
Gas/CCK - - + + .
BPP + * +++ + ++ +
Somatostatin + + + + + + + *

- not detected, + rare, + a few, ++ moderate, +++ numerous

and slender type which they protruded a fine process
from the basal lamina to the gut lumen, except for
glucagon-, BPP- and somatostatin-immunoreactive
cells in the stomach.

5-HT-immunoreactive cells, reaching a peak in the
pyloric region were demonstrated throughout the
GIT. In the cardiac and the fundic gland regions, the
distributions of these cells were scattered mainly far
from the basal portion of the epithelia(Figs 2a-c),
whereas in the pyloric gland region they were located
to the basal portions of the epithelia(Fig 2d). In the
intestines, the majority of these cells were inserted
between the columnar cells of mucosa, having long cy-

toplasmic processes(Figs 2e-i).

Glucagon-immunoreactive cells were distributed in
the epithelia throughout the GIT with the exception
of the duodenum and the rectum. In the stomach, a
few numbers of these cells were interspersed in the tu-
bular gland regions(Figs 3a-c), whereas they were a
few in numbers in the lower ileum(Fig 3e), and rare
in the upper ileum(Fig 3d) and the colon(Fig 3f). In
addition these cells were identified mostly in the
columnar cells(Figs 3d-f).

A few numbers of Gas/CCK-immunoreactive cells
were detected only in the duodenum and the ileum
(Figs 4b, c). They were a slender columnar shape.

BPP-immunoreactive cells distributed predom-

inantly in the pyloric gland regions were found in the
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overall GIT except for the duodenum and the rectum.
While these cells were observed beneth the mucosal
epithelia in the cardiac and the fundic gland regions
(Figs 5a, b), in the pyloric gland regions they were de-
tected mainly in the basal portion of glands(Fig 5¢).

Somatostatin-immunoreactive cells were distributed
the whole GIT. In the stomach(Figs 6a-c), a few
numbers of these cells were detected in the basal tu-
bular glands. Also, they were rare in the intestinal mu-
cosal epithelia with almost uniform frequency(Figs 6f-
i.

Discussion

In the present study, five kinds of immunoreactive
cells were demonstraed in the GIT of the cat-shark by
specific immunohistochemical method. However, in-
sulin- and CGs-immunoreactive cells were not de-
tected in the GIT of the cat-shark. Although insulin-
immunoreactive cells were observed in the small and
the large intestines of the dogfish’, these cells could
not be found in the other dogfish’.

El-Salhy et al'* reported that 5-HT-immunoreactive
cells were found in the GIT in all the gnathostome
species investigated. These cells have been reported to
occur in the wider distribution and higher frequency
than other endocrine cell types in the GIT™'*'. We
found that the relative number of the cells detected in
the cardiac gland regions and the ileum were less fre-
quent than those of the other regions. This dis-
tributional pattern was different from those in the oth-

er species®”™*

reported a concentration of 5-HT-im-
munoreactive cells in the distal intestine.

El-Salhy” reported that while glucagon-im-
munoreactive cells distributed in the whole GIT of
the spiny dogfish, the rectal mucosa were devoid of
these cells in the dogfish® and the ratfish'®. We ob-
served that these cells were demonstrated throughout
GIT except for the duodenum and the rectum,
whereas the regional relative frequency in these cells
was greater in the stomach than in the intestine.
These results were somewhat different from those re-

ported previously”>.

A few number of Gas/CCK-immunoreactive cells
were only restricted to the small intestine in the
present study. Although similar findings have been re-
ported on the spiny dogfish®, dogfish” and the ratfish'’,
Cimini et al"' reported that these cells were found
numerous in the entire GIT in the dogfish.

We demonstrated that BPP-immunoreactive cells
were dominant only in the pylorus of the stomach
and found in the entire GIT with the exception of
the duodenum and the rectum. The pattern of re-
gional distribution of these cells was quite different
from that of the dogfish small intestine’, but the cat-
shark showed a similar pattern to that reported earlier’.
These results also maybe reflect the species differences
at the molecular level.

Somatostatin-immunoreactive cells were de-
monstrated a few in the stmach and rare in the in-
testine with almost uniform frequency. In the present
study, these results were correlated well with the

those reported previously”™'°

, Whereas the pattern of
regional distribution of these cells in the rectum was
quite differnt from the absence of the dogfish®.

These results suggested that the difference of re-
gional distribution of endocrine cells in the GIT of
the cat-shark may be due to difference in molecular
structure between the species and the antiserum rath-
er than to the absence of those peptides. In the future,
hybridizatin will be employed to demonstrate the site
of production of a peptide by localization of it's
mRNA or gene source.

In conclusion, we have thus demonstrated the
characteristic patterns of distribution of five kinds of
endocrine cells and their relative frequencies of the

cat-shark.

Summary

The regional distribution and relative frequencies of
gastrointestinal endocrine cells were studied im-
munohistochemically in the GIT of the cat-shark. Five
kinds of endocrine cells were identified in this study.
Mostly these cells were of open types, except for glu-

cagon-, BPP- and somatostatin-immunoreactive cells
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in the stomach which seemed to be of closed type. 5-
HT-immunoreactive cells were detected throughout
the GIT, and were more freguent than of the other
regions. Glucagon-and BPP-immunoreactive cells
were demonstrated in the entire GIT except for the
duodenum an the rectum, and occurred in various fre-

quencies. A few numbers of Gas/CCK-immunoreactive

cells were restricted to the duodenum. Somatostatin-im-
munoreactive cells were distributed in the whole GIT,
and were a few in numbers in the stomach and rare in
the intestine, respectly. These results suggest that the pat-
tern of the regional distribution is rather similar to that
reported for previously, but relative number was less fre-

quent than that of other species.

Legends for figures

Fig 2. 5-HT-immunoreactive cells throughout the GIT.

a, b. cardia, c. fundus, d. pylorus, ¢. duodenum, f. upper ileum, g. lower ileum, h. colon, i. rectum.

a, c-i; X240, b; X540.

Fig 3. Glucagon-immunoreactive cells throughout GIT with the exception of the duodenum and rectum.

a. cardia, b. fundus, c. pylorus, d. upper ileum, e. lower ileum, f. colon.

a-c, e: X240, d, f; X540.

Fig 4. Gas/CCK-immunoreactive cells in the duodenum(a), the upper(b) and the lower ileum(c). a-c; X 240.

Fig 5. BPP-immunoreactive cells in the GIT.

a. cardia, b. fundus, c. pylorus, d. upper ileum, e. lower ileum, f. colon, a-c, e; X240, d, f; X540.

Fig 6. Somatostatin-immunoreactive cells the entire GIT.

a-c. cardia, d. fundus, e. pylorus, f. duodenum, g. upper ileum, h. lower ileum, i. colon, j. rectum.

a, d-j; X240, ¢; X540.

References

1. Kwun HS, Choi WB, Chung JW, et al. Endocrine
cells in the duodenum of Scyliorhinus torazame
(Tanaka). Korean ] Anatomy 1978; 11: 67-79.

2. Kwun HS, Choi WB, Chung JW, et al. Ul-
trastructure of endocrine cells in the duodenum
of Raja kenojei Miiller et Henle. Korean | Ana-
tomy 1980; 13: 11-25.

3. Chung JW, Choi WB, Kwun HS. Endocrine cells
in the rectum of Scyliorhinus torazame
(Elasmobranchii, Lamnida). Korean | Anatomy
1980; 13: 110-111.

4. Kobayashi K, Ali SS. Cell types of the endocrine
pancreas in the shark Scyliorhinus stellaris as re-
vealed by correlative light and electron mi-
croscopy. Cell Tissue Res 1981; 215: 475-490.

5. Chung JW, Kwun HS. Ultrastructure of en-

docrine cells in the stomach of the skate ray(Raja
kenojei Miiller et Henle). Korean ] Anatomy 1982;
15: 83-93.

6. Holmgren S, Nilsson S. Bombesin-, gastrin/CCK-,
5-hydroxytryptamine-, neurotensin-, somatostatin-,
and VIP-like immunoreactivity and catecholamine
fluorescence in the gut of the elasmobranch,
Squalus acanthias. Cell Tissue Res 1983; 234: 595-
618.

7. El-Salhy M. Immunocytochemical investigation of
the gastro-entero-pancreatic(GEP) neu-
rohormonal peptides in the pancreas and gas-
trointestinal tract of the dogfish, Squalus acanthias.
Histochemistry 1984; 80: 193-205.

8. Tagliafierro G, Bonini E, Faraldi L, et al. Dis-
tribution and ontogeny of VIP-like im-
munoreactivity in the gastro-entero-pancreatic sys-

tem of a cartilaginous fish Scyliorhinus stellaris.

— 421 —



— 422 —



-

L

B &
b A
131?4’
P
ol
o woif




— 424 —



10.

11.

12.

Cell Tissue Res. 1988; 253: 23-28.

. Cimini V, Van Noorden S, Nardini V. Peptides of

the tract of the dogfish
(Scyliorhinus stellaris). ] Exp Zool suppl 1989; 2:
146-157.

Yui R, Shimada M, Fujita T. Immunohistochemical
studies on peptide- and amino-containg endocrine
cells and nerves in the gut and the rectal gland of
the ratfish Chimaera monstrosa. Cell Tissue Res 1990;
260: 193-201.

Cimini V, Van Noorden S, Sansone M. Neu-
ropeptide Y-like immunoreactivity in the dogfish
gastroenteropancreatic tract: Light and electron
microscopical study. Gen Comp Endocrinol 1992;
86: 413-423.

lee JH, lee NS, Lee HS, et al An im-
munohistochemical study of the pancreatic en-
docrine cells in the cat-shark, Scyliorhinus torazame.

gastro-intestinal

13.

14.

15.

16.

Korean J Vet Res 1991; 31: 27-32.

Sternberger LA. Immunohistochemistry, 2nd ed.
New York: John wiley & Sons. 1979; 104-169.
EL-Salhy M, Wilander E, Lundqvist M. Com-
parative studies of serotonin-like immunoreactive
cells in the digestive tract of vertebrates. Biom-
edical Research 1985; 6: 371-375.

El-Salhy M. On the phylogeny of the gastro-
entero-pancreatic(GEP) neuroendocrine  system.
Acta Univ Upsal 1981; 385: 1-39.

Falmer S, Carraway RE, El-Salhy M, et al. Phy-
logeny of the GEP neuroendocrine system. A re-
view. In Cellular Basis of Chemical Massengers in
the Digestive System. Proc Int Symp Santa Mon-
ica, CA. Jan. 16-18. 1980(ed Grossman MI, Bra-
zier MAB and Lechago J) UCLA Forum Med Sci
1981; 23: 21-42.

— 425 —



