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Somatostatin in the Dog Pancreas — Immunocytochemical Study
Somatostatyna w trzustce psa — analiza immunocytochemiczna

Initially discovered in hypothalamus, somatostatin has also been 
found subsequently in other parts of the body. With the aid of 
immunocytochemistry, it was localised in the neurons of CNS (central 
nervous system), peripheral autonomic system and in the specialized, 
endocrine, type D-cells in the gastro-intestinal tract and the pancreas. 
Distribution of the D-cells combined with somatostatin level, as measu­
red radioimmunologically, led to the observation that the antrum, gastric 
corpus, duodenum and the pancreas are the major sites of this hormone 
(5, 14).

Type D-cells belong to the APUD system and show the ultrastruc­
tural and cytochemical characteristics of this group. They contain large 
amounts of smooth endoplasmic reticulum and only small amounts of the 
rough one. They have many free follicular polysomes and their cytoplasm 
contains osmophil granules with the specific size of 350 pm, large 
amounts of proteins with free carboxyl and carboamide groups, non- 
-specific esterases and alpha-glycerophosphate dehydrogenase (7). These 
cells produce and secrete a peptide hormone, somatostatin. Its biological 
action affects many organs, such as pituitary gland, stomach, pancreas, 
intestine. Observation of somatostatin activity confines itself to ex­
perimental studies as its role in the physiology of digestion has not been 
established. It has long been shown that the dog provides the most 
convenient model for experiments on pancreas. Therefore, as the 
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contribution to the description of this organ, present work has been 
concerned with the quantitative localization of the D-cells in the dog in 
anatomically different parts of pancreas with the use of specific PAP 
method with the anti-somatostatin antibodies.

MATERIALS AND METHODS

In this study 10 dogs of different breed, aged 1—3 years, weighing 7—23 kg, were 
used. 24 hrs prior to surgery dogs were allowed no food with only water ad libitum. Then 
they were anesthetised with Tiopental (Pentothal-Abbott, USA) and the samples were 
taken from pancreas, as shown in Figure 1 in the following article (the part of the same 
experiment): Immunocytochemical Demonstration of Pancreatic Polypeptide Producing 
Cells in the Pancreas of the Dog (in press in ’’Annales UMCS”). The samples were fixed in 
the Bouin’s liquid for 12 hrs, then were dehydrated in alcohol, cleared in xylene, embedded 
in paraffin histological blocks and cut to the thickness of 6 pm. The preparations 
(specimens) were subjected to peroxidase-antiperoxidase reaction with the use of the 
following sera: 1) normal porcine serum (dilution 1:10), 2) specific serum with the rabbit 
antibodies against synthetic somatostatin (Immuno Nuclear, dilution 1:500), 3) porcine 
serum with anti-rabbit IgG antibodies (Dakopatts, dilution 1:50), 4) rabbit PAP complex 
(Dakopatts, dilution 1:100).

In order to detect peroxidase, the Graham and Karnovsky’s reaction was performed 
with the 3,3'-diaminobenzidine (DAB, Sigma) as a substrate. The number of D-cells in 
each slide was determined in the light microscope with a grid.

RESULTS

The D-cells in the pancreas showed strongly positive PAP reaction 
with the specific anti-somatostatin antibodies. Morphologically, they 
presented themselves as oval, elongated, multilateral cells with a large 
number of specific granules in cytoplasm surrounding the cell nucleus.

In contrast to the human pancreas, where the head, body and the tail 
are readily recognised, in a dog there are two branch-like parts, which 
connected together adjoin duodenal loop. The D-cells were situated 
mainly in the central part of pancreatic islets, with some single cells 
scattered among pancreatic follicules of egzocrine part. The number of 
D-cells in the particular parts of the pancreas is shown in Table 1. Most
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Tab. 1. Number of D-cells in dog pancreas

Part of pancreas

A
В
C
D

Number of D-cells/mm2

45±8 (+-) 
420±22 (+ + +)
352±15 (++)
270± 13 (++) 

of them were contained in parts В and C, less were observed in part D and 
the least were found in slices from the part A of the dog pancreas. 
Distribution of D-cells in all four examined parts of pancreas was similar.

DISCUSSION

The D-cells belong to the APUD system and to the subgroup of 
gastro-enteropancreatic (GEP) cell system. They reveal all the mor­
phological and cytochemical features of this system. In the recent years, 
neuroectodermal origin of this system has been proved (11, 12). All four 
known pancreatic hormones are phylogenetically old. They appeared 
initially in the central nervous system and the sequence of their 
appearance in the islet parenchyma of vertebrate was as follows: 1) 
insulin, 2) somatostatin, 3) glucagon, 4) pancreatic polypeptide (3). The 
D-cells produce, store and secrete peptide hormone, somatostatin (8). Its 
bioaction expresses itself in a variety of effects on organs. Somatostatin 
inhibits prolactin, TSH and pituitary growth hormone release. In 
gastrointestinal tract it exerts its inhibitory effect on gastric juice secretion 
(HC1 and pepsin) and pancreatic and enteric secretion as well — it applies 
to both the basic and stimulated states (food, nervous stimuli, hormonal 
agents) (6). It is also an inhibitor of release of some GEP hormones: 
gastrin, secretin, CCK, pancreatic polypeptide and motilin (1). Somato­
statin affects the motility of gastrointestinal tract in the way that it 
inhibits the contractions induced by different factors, enhances stomach 
emptying and significantly decreases gallbladder expultions. Inhibitory 
effect of somatostatin is also seen in the endocrine part of pancreas.
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This finding is supported by the evidence of increased secretion of insulin, 
gastrin and pancreatic polypeptide in rats after injection of antisomato­
statin antibodies (5). The D-cells may give rise to hormonally active 
neoplasmic formations with the overproduction of somatostatin (soma- 
tostatinoma). Its main symptoms have been described: fatty diarrhea, 
diabetes, diminished gastric secretion (6, 4). The D-cells secrete in the 
endocrine way, though it is believed that they also have some inhibitory 
paracrine influence on both the endocrine and exocrine secretion of 
endocrine glands (2). Owing to the anatomical simplicity, the most 
convenient model for studies on the pancreas has been the dog (9). It has 
been shown in this work that there is an uneven distribution of the D-cells 
in the canine pancreas; most of them were seen in the В and C parts, the 
smallest amount in D and only some single cells in the A part of this 
organ. The D-cells were situated mainly in the central part of the islets and 
only some of them were scattered among the follicules of egzocrine part. 
In their studies on rats, Sakaue et al. (13) demonstrated peripheral 
localization of somatostatin in the Langerhans islets. This is paralleled by 
similar findings in rat of Orci and Perrelet (10). The other authors 
observed specific immunofluorescence of somatostatin in the central 
parts of islets with single D-cells on their periphery in Holocephalan 
Cartilaginous Fish (15). In contrast, studies on Elasmobrachian have 
shown an even distribution of D-cells in the islet with the specific reaction 
with somatostatin. In humans, Grube (4) has demonstrated D-cells in 
the central part of the Langerhans islet. Demonstration of the D-cells 
distribution (localization) in the canine pancreas together with their 
quantitative evaluation is warranted by the increasingly frequent use of 
this organ as a model in studies on the pancreas.
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STRESZCZENIE

W pracy oceniono lokalizację oraz liczbę komórek D produkujących somatostatynę 
w trzustce psa. Badania przeprowadzono z użyciem metody immunocytochemicznej 
peroksydaza-antyperoksydaza ze specyficznymi przeciwciałami przeciwko somatostaty- 
nie.




