
Histol Histopath (1990) 5: 83-88 Histology and 
Histopathology 

An immunohistochemical study on the distribution 
of endocrine cells in the gastrointestinal tract 
of the musk shrew, Suncus murinus 
Nobuo Kitamura1, Junzo Yamadal, Tohru Watanabe2 and Tadayuki Yamashital 
'Departrnent of Veterinary Anatorny, Obihiro University of Agriculture and Veterinary Medicine, Obihiro, Hokkaoido and 
'Departrnent of Veterinary Anatorny, Faculty of Agriculture, Nagoya University, Nagoya, Japan 

Summary. The endocrine cells in the gastrointestinal 
tract of the musk shrew were studied immunohistoche- 
mically. Eleven kinds of endocrine cells, immunoreactive 
for serotonin, somatostatin, gastrin, cholecistokinin, 
gastric inhibitory polypeptide, motilin, secretin, 
neurotensin, pancreatic glucagon, enteroglucagon and 
bovine pancreatic polypeptide, were revealed. In the 
stomach, serotonin-, somatostatin-, gastrin-, pancreatic 
glucagon- and enteroglucagon-immunoreactive cells 
were detected. The first three types of cells predominated 
and were more abundant in the pyloric glands than in the 
other stomach regions. In the small intestine, al1 types 
of endocrine cells were found, each having different 
distributions and relative frequencies. In the large 
intestine, 10 types of endocrine cells except cholecystokinin- 
immunoreactive cells were detected. Serotonin- and 
bovine pancreatic polypeptide-immunoreactive cells 
were more numerous in the large intestine than in the 
small intestine. 
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lntroduction 

The musk shrew, Suncus murinus, is an insectivore 
which retains many primitive characteristics from the 
lowest order of eutherian. Therefore, it has been noted 
that the shrew is suitable as a new experimental animal as 
insectivore (Kondo, 1985). From the view point of these 
characteristics, some morphological studies have been 
done on the gastrointestinal tract of the shrew (Kurohmaru 
et al., 1980; Kurohmaru, 1985; Kiso et al., 1988). Its 
gastrointestinal tract is characterized by a short intestine 
where the large intestine, in particular, is extremely short 
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and the cecum is absent. The presence of intestinal 
endocrine cells were reported briefly by conventional 
methods such as electron microscope and silver 
impregnation (Kurohmaru et al., 1980; Kiso et al., 
1987). However, no immunohistochemical studies on the 
endocrine cells in the gastrointestinal tract of the shrew 
have been reported. The present study was designed to 
clarify the regional distribution and the relative 
frequency of occurrence of endocrine cells in the 
gastrointestinal tract of the musk shrew using specific 
immunohistochemical methods. 

Materials and methods 

Fourteen adult musk shrew, Suncus murinus(5 males 
and 9 females) were killed by cervical dislocation. Tissue 
material from the gastrointestinal tract was sampled 
(Table 2). Tissues were fixed in Bouin's fluid, then 
processed routinely for embedding in paraffin and 
sectioned serially at 5 pm in thickness. 

After deparaffinization and rehydration, the sections 
were stained irnmunohistochemically using the peroxidase- 
anti-peroxidase (PAP) method (Sternberger, 1979) for 
al1 antisera, except for gastrin and insulin which was done 
by the bridge method (Mason et al., 1969). Details of the 
specific antisera used are listed in Table 1. The specificity 
of each immunohistochemical reaction was determined 
as recommended by Sternberger (1979) including 
replacement of the specific antiserum with antiserum 
preincubated with an excess amount of corresponding 
antigen and related peptides. After immunohistochemical 
staining, the sections were counterstained with Mayer's 
hematoxylin. 

The distribution and relative frequency of immuno- 
reactive cells in the gut mucosa are summarized in Table 
2. The immunoreactive cells were graded subjectively 
into five groups according to their relative frequency as 
confirmed using a light microscope. In this study. 
glucagon-irnmunoreactive cells were classified into two 
subtypes, according to their specific immunoreactivities to 
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the antiserum GL-5 or antiserum RPN 1602 (Table l ) ,  as 
pancreatic glucagon- or enteroglucagon-immunoreactive 
cells, respectively. 

Results 

Eleven kinds of immunoreactive cells were revealed in 
the gastrointestinal mucosa of the musk shrew (Table 2). 

In the cardiac glands, which consisted of a narrow 
circular zone around the cardia, only serotonin- and 
somatostatin-immunoreactive cells were detected in 2 of 
the 14 shrews (Fig. 1A). In the fundic glands, moderate 
numbers of serotonin-immunoreactive cells were found 
in al1 shrews examined, but only a few somatostatin-, 
pancreatic glucagon- and enteroglucagon-immunoreactive 

cells were recognized (Figs. lB ,  C). In some of the 
shrews, they were rare or absent. In the fundic glands, 
endocrine cells had no luminal contact with their apical 
cytoplasmic processes but they had short or long basa1 
processes running along the basement membrane (Fig. 
1B). They appeared to be ~closed-type» cells. The 
pyloric glands possessed numbers of serotonin- and 
somatostatin-immunoreactive cells as well as numerous 
gastrin-immunoreactive cells (Figs. I D ,  E). These cells 
were generally distributed throughout the glands and 
were pyramidal, oval or barrel-like in shape. Their apical 
cytoplasmic process reached to the glandular lumen, and 
were classifed as «open-type» cells. 

In the small intestine, moderate numbers of 
serotonin-immunoreactive cells and a small number of 
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Fig. 1. lrnrnunoreactive cells in the stornach. A. Sornatostatin-irnrnunoreactive cell in the cardiac gland. 
B. Serotonin-irnrnunoreactive cells in the fundic glands. Note two cells bearing long cytoplasrnic 
processes. C. Pancreatic glucagon-irnrnunoreactive cells in the fundic glands. D. Sornatostatin- 
imrnunoreactive cells in the pyloric glands. E. Gastrin-irnrnunoreactive cells in the pyloric glands. A-C x 
375, D, E x 188 

somatostatin-immunoreactive 
cells were usually found (Fig. 
2A), while the other 9 types 
of immunoreactive cells had 
variable distributions. The 
immunoreactive cells were 
distributed throughout the 
intestinal villi and crypts. Only 
gastrin-immunoreactive cells 
were found to be distributed 
more frequently in the crypts 
than in the villi. 

Gastnn-immunoreactive cells 
were found more frequently in 
the initial portion of the small 
intestine (proximal duodenum) 
(Fig. 2B) and decreased in 
number distally along the 
intestine. and they were rarely 
found in the terminal portion 
of the small intestine (ileum). 
Although cholecystokinin 
(CCK)-, gastric inhibitory 
polypeptide (GIP)- and motilin- 
immunoreactive cells were 
located in every portion of the 
small intestine (Figs. 2D-F), 
they were more abundant in 
the proximal small intestine. 
Secretin-immunoreactive cells 
were also found consistently, 
but they were most frequent in 
the middle portion of the small 
intestine (Fig. 2G). Neurotensin- 
and enteroglucagon-immuno- 
reactive cells which were 
distributed in every portion 
of the small intestine were 
most abundant in the dista1 
small intestine (Figs. 2H, 1). 
Pancreatic glucagon-immuno- 
reactive cells were absent 
from the initial portion and 
rare in the remainder of the 
small intestine. A small 
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Fig. 2. Irnrnunoreactive cells in the small intestine. A. Serotonin-irnrnunoreactive cells in the rniddle region of CCK-, GIP-, motiiin-, 
the srnall intestine. B Gastrin-irnrnunoreactive cell in the initial part 0f the srnall intestine (proxirnal secretin- and neurotensin- 
duodenurn). C. Gastrin-irnrnunoreactive cell in the duodenal gland. D. Cholecystokinin-irnrnunoreactive cell 
in the rniddle region of the srnall intestine. E. Gastric inhibitory polypeptide-irnmunoreactive cell in the immunoreactive cells in 
rniddle region of the proximal half of the small intestine. F. Motilin-irnmunoreactive cells in the initial part of the intestine. B0th 
the small intestine (proximal duodenurn). G. Secretin-irnrnunoreactive cells in the rniddle region of srnall serotonin- and BPP- 
intestine. H. Neurotensin-immunoreactive cell in the rniddle region of the proxirnal half of the srnall intestine. immunoreactive cells were 
l. Enteroglucagon-irnrnunoreactive cells in the rniddle region of thesmall intestine. A and I x 188, B-H x 375 numerous in the large 

intestine. 
number of bovine pancreatic polypeptide (BPP)- In the cardiac glands in the mammals, at least three 
immunoreactive cells were only found in the dista1 small types of immunoreactive cells were detected consistently 
intestine. (Kitamura et al., 1982,1984,1985; Kawano et al., 1983; 

In the duodenal glands, localized in a narrow Calingasan et al., 1984; Ohara et al., 1986; Ito et al.. 
circular zone just caudal to the pylorus, a few gastrin- 1987). However, in the present study, a few serotonin- 
immunoreactive cells were detected in 6 of the 14 animals and somatostatin-immunoreactive cells were recognized 
(Fig . 2C). but even then in only two of the 14 shrews investigated. 

In the large intestine. ten types of immunoreactive In the duodenal glands, three to six types of 
cells were found, but CCK-immunoreactive cells were immunoreactive cells, as small discrete populations, 
absent. Serotonin- and BPP-immunoreactive cells were were identified and are found consistently in many 
most numerous in this portion and were mainly located in mammalian species (Kitamura et al., 1982; 1984, 1985; 
the crypts (Figs. 3A, B). Small numbers of somatostatin- Kawano et al., 1983; Calingasan et al., 1984; Ohara et 
gastrin-, secretin-, and enteroglucagon-immunoreactive al., 1986; Ito et al., 1987). In the present study, however, 
cells were detected in al1 animals, while GIP-, motilin-, only a few gastrin-immunoreactive cells were found in 6 
neurotensin- and pancreatic glucagon-immunoreactive of the 14 shrews. 
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Fig. 3. Serotonin- (A), bovine 
pancreatic polypeptide- (B), 
somatostatin- (C), gastrin- 
(D), gastric inhibitory 
polypeptide- (E), motilin- (F), 
secretin- (G), neurotensin- (H) 
and pancreatic glucagon- 
immunoreactive cells (1) in the 
terminal part of the intestine 
(rectum). J. Serotonin- 
immunoreactive cells in the 
stratified squamous 
epithelium just caudal to the 
anorectal junction. A, C-l x 
375,B x 188,J x220  

Somatostatin-immunoreactive cells of the gastric 
mucosa have been reported to  be more numerous in the 
fundic glands than in the pyloric glands in the rat, dog, 
man, horse and Japanese field vole (Alumets et al., 1977; 
Kitamura et al., 1984; Ohara et al., 1986). In other 
mammals, they were detected in larger numbers or 
similar numbers in the duodenum (Kitamura et al., 1982, 
1985; Kawano et al., 1983; Calingasan et al., 1984; Ito et 
al., 1987). Phillip et al. (1977) suggested that suppression 

of human gastric acid secretion largely resulted from a 
direct effect of somatostatin on the parietal cells and only 
to a minor extent from prevention of gastrin release. It 
could be presumed that in the shrew, which rarely has 
somatostatin-immunoreactive cells in fundic glands, 
direct inhibition of gastric secretion by somatostatin 
might share lesser extent than in other mammals. 

As a rule, in most mammals studied to date, gastrin-, 
CCK-, GIP-, motilin- and secretin-immunoreactive cells 
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Table 1. Antisera used. 

Antiserurn raised to Code Specificity Dilution Source 

Serotonin 

Synthetic hurnan 
cyclic sornatostatin 

Synthetic porcine 
glucagon 

Porcine glucagon 

Bovine pancreatic 
polypeptide 

Synthetic porcine 
motilin 

Synthetic human 
gastrin 

Gastric inhibitory 
polypeptide 

Natural porcine 
cholecystokinin 

Synthetic porcine 
secretin 

Synthetic bovine 
neurotensin 

GL-5 Reacts with pancreatic 
glucagon 

RPN.1602 Cornpletely cross-reacts 
with pancreatic and 
intestinal glucagon 

61 5 4 - 1  10- Cross-reacts with human 
146-17 pancreatic polypeptide 
R-1104 Reacts against entire 

rnolecule 
GP-1304 No cross-reaction with 

CCK-8 
G/R/34- No cross-reaction with 
lllD glucagon 

. . . Reacts with CCK-11-20; 
No cross-reaction with 
gastrin 

R-801 Reacts with the C- and 
N-terrninals 

R-3501 . . . 

1:10000 lrnmuno Nuclear Corp., 
Stilwater 

1 :3000 S.lto, Niigata 

1 :2000 N.Yanaihara, Shizuoka 

1 :lo00 Amersharn lnternational pl, 
Amersharn 

1 :12000 R.E.Chance, lndianapolis 

1 :4000 N.Yanaihara 

1 :5000 N.Yanaihara 

1:10000 Guildhey antisera, Surrey 

1 :3000 D. Grube, Hannover 

All antisera were raised in rabbits except that against insulin and gastrin which were raised in guinea pigs. 

Table 2. Distribution and relative frequency of endocrine cells in the gastrointestinal tract of the musk shrew, Suncus Murinus. 

Endocrine 
cells 

Serotonin 
Somatostatin 
~as t r i n  
CCK 
GIP 
Motilin 
Secretin 
Neurotensin 
PG 
EG 
BPP 

Stomach lntestine 

Cardiac Fundic Pyloric DG 1 2 3 4 5 6 

- not detected, f rare and not detected in every animal, + few but detected in every animal, + + rnoderate, + + + numerous, DG: Duodenal glands, 
CCK:Cholecystokinin, GIP:Gastric inhibitory polypeptide, PG:Pancreatic glucagon, EG:Enteroglucagon, BPP:Bovine pancreatic polypeptide, 
1:initial part of the small intestine (proximal duodenum), 2:middle region of the proximal half of the srnall intestine, 3:rniddle region of the small 
intestine, 4:middle region of thedistal half of thesmall intestine, 5:terrninal region of thesmall intestine (ileum), 6:terrninal partof the intestine(rectum) 

are mainly localized in the proximal small intestine, while 
the neurotensin-immunoreactive cells are characteristically 
most abundant in the dista1 small intestine (Polak et al., 
1975; Tobe et al., 1976; Helmstaedter et al., 1977; Larsson 
et al., 1977: Sundler et al.. 1977; Kitamura et al., 1982, 
1984, 1985: Kawano et al., 1983; Calingasan et al.. 1984; 
Ohara et al., 1986; Ito et al., 1987). In the present study, 
however, these endocrine cells were distributed along the 
entire length of the intestine, except for the absence of 
CCK-immunoreactive cells in the large intestine. It is well 
known that gut endocrine cells are distributed more widely 
in fetal life than in adult life (Larsson, 1977). However, the 

present study was carried out on adults, so the extensive 
distribution of the gut endocrine cells does not appear to be 
due to ontogenic reasons. It is possible that there is a 
relationship between the extensive distribution of the gut 
endocrine cells and the short length of the intestine of the 
shrews. The larpe intestine of the shrew may have small 
intestinal natureto a certain extent at least in the aspect of 
endocrine regulation of gut function such as absorption. 
Morphological study of the mucosa suggested the 
possibility that the shrew large intestine has a high ability 
of absoprtion (Kurohmaru, 1985). 

The total population of endocrine cells in the lower 
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gut have been reported to be more numerous distally 
(rectum) in other species as well, including man (Cristina 
et al., 1978; Kitamura et al., 1982, 1985; Calingasan et 
al., 1984). Kurohmaru et al. (1980) and Kiso et al. (1987) 
reported that in the shrew gut endocrine cells were 
more numerous in the crypts of the large intestine. 
These reports are consistent with the present immuno- 
histochemical results. Why numerous gut endocrine cells 
are present in the terminal part of the intestine is not yet 
clear. However, it is possible that they may be involved 
in feed-back controls of secretory and motile functions as 
supposed by Kitamura et al. (1982). The irnportance of 
the colon and rectum as an endocrine organ has been 
considered (Lluis and Thompson, 1988). The lower gut 
as endocrine organ in the shrew may be also important in 
the aspect of the number and variety of endocrine cells. 

It could be presumed that the distribution of the gut 
endocrine cells in the shrew, as a primitive insectivore, 
may represent the archetype of mammals, although 
further studies are needed to clarify this speculation. 
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