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Summary. The inhibitory effects of somatostatin on 
the release of insulin and glucagon, as well as its 
localization to the Al-cells (D-cells) of the pancre- 
atic islets, suggest a role of this peptide in carbohy- 
drate metabolism. In the present study we have 
measured the percentage islet volume, the total 
weight of the Al-cells and the somatostatin concen- 
tration in the pancreas of normal and spontaneously 
diabetic Chinese hamsters. In addition, the concen- 
tration of somatostatin in the stomach and 
hypothalamus as well as the insulin and glucagon 
content of the pancreas were evaluated. The percen- 
tage islet volume in the normal hamsters was 0.66 _+ 
0.12, which was in marked excess of that in the 
diabetic group, 0.38 + 0.04. Similarly, the total 
weight of the Al-cells in the controls, 0.17 + 
0.02 mg, was significantly larger than that in the 
diabetic animals, 0.12 + 0.02 mg. In agreement with 
these findings there was also a decreased pancreatic 
concentration of insulin and somatostatin, whereas 
the glucagon concentration was in the normal range. 
Also the stomach of the diabetic hamsters showed a 
decreased concentration of somatostatin. In the 
hypothalamus the total content of somatostatin ap- 
peared similar in the two groups of animals, but 
when expressed per mg wet weight this value was 
also decreased in the diabetic hamsters. These ob- 
servations strongly suggest that, in the diabetic 
Chinese hamster, apart from the well-known B-cell 
deficiency there exists also a decreased functional 
activity of the somatostatin-producing cells. 
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The surprising finding of somatostatin or a somato- 
statin-like compound in a variety of extra-hypo- 
thalamic cells suggested a much broader biological 
significance for this peptide than was previously en- 
visaged [1, 2, 3, 4, 5]. These observations were in 
keeping with a number of other reports indicating 
that somatostatin is able to suppress not only the 
secretion of growth hormone and TSH, but also of 
several other hormones, such as insulin, glucagon 
and gastrin [6, 7, 8]. Although the precise 
pathophysiological role of somatostatin is thus far 
ill-defined, its potent inhibitory effects on insulin 
and glucagon release suggest that it might have a 
glucoregulatory function. 

A legitimate question is whether somatostatin 
participates in the establishment or maintenance of 
the diabetic syndrome, Recent studies [9, 10] have 
demonstrated that the pancreatic content of 
somatostatin is increased in streptozotocin-induced 
diabetes in the rat. However, since this form of 
diabetes is hardly representative of genetic diabetes 
mellitus, the role of pancreatic somatostatin in the 
genesis of this disease remains obscure. It is also not 
known whether somatostatin occurring in the 
hypothalamus and stomach is of any aetiological sig- 
nificance in this context. In the present report we 
attempt to elucidate these questions by studying the 
volume of the pancreatic Al-cells and the somato- 
statin content of the pancreas in Chinese hamsters 
with hereditary diabetes. Apart from the pancreas, 
somatostatin was also measured in the stomach and 
hypothalamus. 

Materials and Methods 

Preparation of Tissue 

Nine diabetic, non-ketotic Chinese hamsters (Cri- 
cetulus griseus), 12-16 months old, as well as five 
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age- and weight-matched non-diabetic controls were 
kindly provided by Dr K. Schultz (Thomae GmbH, 
Biberach an der Riss, W. Germany). After arrival in 
the laboratory the animals had free access to a uni- 
form diet. A week later, blood was collected from 
the orbital vein during light ether anaesthesia, and 
the blood glucose concentration determined ac- 
cording to Hjelm and de Verdier [11]. Immediately 
after blood sampling the animals were killed by de- 
capitation. The pancreas was rapidly dissected out, 
weighed and subdivided into three pieces. One piece 
from the body and one from the head were im- 
mersed in Zenker-formalin solution, dehydrated and 
embedded in paraffin wax. The remaining pancrea- 
tic tissue was quickly weighed and frozen in liquid 
nitrogen. The hypothalamus and the lower part of 
the stomach including the pylorus were quickly dis- 
sected, weighed and frozen in liquid nitrogen. 

Quantitative Histology of the Islets 

The paraffin embedded pancreatic tissue was cut in- 
to 4 ~t thick sections which were either silver im- 
pregnated [12] or granule stained with Gomori's 
chrome-haematoxylin ponceau fuchsin [13]. The 
percentage volume of islet tissue was evaluated in 
the light microscope at a magnification of 125 • ac- 
cording to the point sampling technique of Chalkley 
[14]. For this purpose, a square ruled grid with 121 
intersection points was placed in the focal plane of 
the microscope eye-piece, and the number of in- 
tersections (hits) superimposed on pancreatic islets 
or connective tissue or vessels were counted in the 
stained sections. In each animal at least 30000 hits 
in 8 sections from both tail and head were used to 
compute the relative volume of islet tissue. 

The percentage volume of the Al-cells was de- 
termined by point sampling [14] in silver impreg- 
nated pancreatic sections at a magnification of 
1000x.  In each animal, at least 1000 hits superim- 
posed on blackened Al-cells from a minimum of 40 
islets were counted. The total weight of the Al-cells 
could then be calculated from their relative volume, 
the percentage contribution of islets and the total 
weight of,the pancreas. 

Extraction of Tissues and Hormone Assay 

The frozen pieces of pancreas, stomach and 
hypothalamus were sonicated in approximately 20 
volumes of cold acid-ethanol [0.18 molar HC1 in 
75% (v/v) ethanol] and extracted for 16-18 hours 
at 4 ~ C. After centrifugation at 2000 g for 20 min at 
4 ~ C, the supernatants were removed and stored at 
- 2 0  ~ C until assayed. 

Acid ethanol extracts were diluted with the buf- 
fer used in each of the radioimmunoassays. 
Somatostatin was measured with the radioim- 
munoassay of Elde et al. (submitted for publica- 
tion), which uses a guinea pig anti-somatostatin an- 
tibody, cyclic somatostatin standards (number 
84-60, kindly provided by Dr R. Guillemin), and 
TyrLsomatostatin (number DC-3-79, kindly pro- 
vided by Dr A. Arimura) which was labelled by the 
lactoperoxidase method [15] and purified by ion ex- 
change chromatography on carboxymethyl cellulose 
[16]. Free 125I-Tyrl-somatostatin was absorbed onto 
charcoal-coated dextran [17] and counted in a Pac- 
kard gamma counter. 

Insul in  was assayed using a rabbit anti-bovine/ 
porcine insulin antibody, rat insulin standards (kind- 
ly provided by Dr J. SchlichtkruU, Novo Research 
Laboratories, Copenhagen, Denmark) and 12sI-insu- 
lin (Amersham). Free 125I-insulin was absorbed onto 
charcoal-coated dextran [17] and counted. 

Glucagon was assayed using antiserum 30K (Dr 
R. Unger), glucagon standards and 125I-glucagon, 
labelled and purified as for somatostatin. Separation 
of antibody bound and free labelled glucagon was 
accomplished with charcoal-coated dextran as 
above. 

Results 

The blood glucose concentration was 124 + 
7mg/100ml  in the controls and 410 + 
32 mg/100 ml in the diabetic animals (p < 0.001). 
Qualitative studies of the pancreatic sections 
suggested that islets were less numerous in the pan- 
creas of the diabetic hamsters. It was also found that 
signs of degeneration, such as cells exhibiting vac- 
uoles, possibly corresponding to so called ballooning 
degeneration, were occasionally present in the islets 
of these animals. These cells presumeably rep- 
resented B-cells since they were localized in the 
central parts of the islets. 

The total pancreatic weight in the control group 
was 243 + 11 mg wet weight and in the diabetic 
group 261 + 15 mg (p > 0.05). The percentage islet 
volume in the former group was 0.66 _+ 0.12, which 
was in significant excess of that in the diabetic 
group, 0.38 +_ 0.04 (p < 0.05). The percentage con- 
tribution of Al-cells to the islet parenchyma was 
similar and amounted to 11.5 _+ 1.3% in the control 
animals and 11.9 + 1.3% in the diabetic animals. 
However, calculations of the total weight of the A1- 
cells showed that the weight in the controls, 0.17 + 
0.02 mg, was significantly larger than that in the 
diabetic hamsters (0.12 + 0.02 mg; p < 0.05). 
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The hormone concentrations in the pancreas are 
presented in Table 1. There  was, firstly, a much 
smaller insulin concentration in the pancreas from 
the diabetic hamsters than in that from the normal 
ones and, secondly, the concentration of somatosta- 
tin was significantly decreased in the pancreas of the 
diabetic group. In contrast, the glucagon concentra- 
tion showed a slight though not significant increase. 
As can be seen in Table 2, there was a marked de- 
crease also in the somatostatin concentration of the 
stomach in the diabetic hamsters. The hypothalamic 
store of somatostatin was similar in the two animal 
groups when calculated per total hypothalamic 
weight. However,  careful dissections using identical 
landmarks for hypothalamic pieces in the two 
groups, indicated a higher total hypothalamic wet 
weight in the diabetic, 58.5 _+ 1.6 mg, than in the 
normal animal group, 49.1 _+ 3.0 mg. When calcu- 
lated per mg wet weight the hypothalamic somato- 
statin concentration of the diabetic animals, 598 _+ 
28 pg/mg wet weight was, therefore,  lower than that 
in the normal group, 708 + 34 pg/mg wet weight 
(p < 0.05). 

Discuss ion  

Previous light microscopic studies of the islets in 
hereditary diabetic hamsters have shown glycogen 
infiltration of the B-cells and a deficient prolifera- 
tion and decreased total volume of these cells [18, 
19, 20]. Electron microscopy has fur thermore re- 
vealed a marked degranulation of the B-cells, some 
of which showed signs of cytoplasmic degeneration 
and necrosis [20, 21]. By contrast, the islet A2-cells 
of the diabetic hamster have been found to be well 
granulated and without morphological signs of de- 
generation [22]. In fact, an increased pancreatic 
concentration of glucagon and an enhanced re- 
sponse to arginine has been reported by Grodsky et 
al [23]. The present observations of a decreased tot- 
al islet volume, a pronounced depletion of pancreat- 
ic insulin and a Slightly elevated glucagon concen- 
tration of the diabetic hamster pancreas agree well 
with these observations. The presence of vacuolated 
islet cells also suggests the occurrence of soluble 
glycogen in these cells. These findings, together with 
the pronounced hyperglycaemia, leave no doubt  that 
the diabetic syndrome of the present animals was as- 
sociated with severe insufficiency of the B-cells. 

Unlike the findings, in the B-cells, previous elec- 
tron microscopic studies have failed to demonstrate 
morphological changes of the islet Al-cells (D-cells) 
in the diabetic hamster pancreas [20]. Our data, 
however, indicate a decreased total mass of these 
cells associated with a diminished concentration of 

Table 1. Concentrations of insulin, glucagon and somatostatin in 
the pancreas of normal and hereditary diabetic hamsters 

Animals Insulin Glucagon Somatostatin 
/aU/mg wet wt ng/mg wet wt pg/mg wet wt 

Controls (n = 5) 672 _+ 82 2.63 _-4- 0.33 202 _+ 18 
Diabetics (n = 9)160 _+ 25 c 3.44 _+ 0.34 ~ 155 _+ 12 b 

a p > 0.05 vs. controls 
b p < 0.05 VS. controls 
c p < 0.001 vs. controls 

Table 2. Occurrence of somatostatin in the stomach and 
hypothalamus of normal and hereditary diabetic hamsters 

Animals S t o m a c h  Hypothalamus 
pg/mg wet wt pg per total organ 

Controls (n = 5) 1001 + 160 35.1 _+ 3.6 
Diabetics (n = 9) 400 _+ 24 b 35.1 _+ 1.3 a 

" p > 0.05 vs. controls 
b p < 0.001 vs. controls 

pancreatic somatostatin. It is of considerable interest 
in this context that Orci et al [9] recently demon- 
strated a significantly increased total volume of im- 
munofluorescent somatostatin containing islet cells 
in streptozotocin diabetic rats. These observations 
were confirmed by others who found a striking in- 
crease in immunoreactive somatostatin concentra- 
tion of islets isolated from rats [10] and in whole 
pancreas from mice (Elde et al, to be published) 
rendered diabetic with streptozotocin. These find- 
ings are in line with earlier ones in alloxan diabetic 
rats showing an increased total weight of the A 1- 
cells [24]. Altogether  these observations indicate 
that, in the experimental type of diabetes, the 
somatostatin producing islet cells exhibit a prolifera- 
tive and hyperactive response, whereas there is a re- 
gressive change of these cells in the hereditary 
diabetic hamsters. It is worthy of note that these 
quite different reactions of the Al-cells occurred in 
diabetic syndromes which are both characterized by 
severe insulin deficiency. Thus, the regressive 
changes of the Al-cells in the diabetic Chinese 
hamster are probably not  a secondary consequence 
of the insulinopenia, and might possibly constitute 
one genetic marker  of the disease. However,  our da- 
ta do not exclude the possibility that these changes 
are secondary to the metabolic derangement in this 
species. 

The present observation in the diabetic Chinese 
hamsters of a marked decrease in somatostatin con- 
centration in the pyloric antrum also is of consider- 
able interest. This tissue has previously been found 
to contain a substantial concentration of somatosta- 
tin and also abundant cells reacting with anti- 
somatostatin antibodies [3, 5, 25]. Although the 
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precise relationship between the somatostatin con- 
taining cells in the pancreas and those in the 
stomach is obscure, their similar alterations in the 
diabetic hamster favour the idea that these cells may 
in some way be functionally interrelated. The recent 
discovery that not only somatostatin but also gastrin 
may be stored in the human Al-cell [26], and that 
pancreatic-type glucagon may be produced also by 
endocrine cells in the stomach wall [27], is further 
evidence for the close interrelationship between the 
endocrine systems in the gut and the pancreas. To 
what extent these two somatostatin producing cell 
systems are related to that in the hypothalamus re- 
mains to be evaluated. The present failure to dem- 
onstrate any marked changes in the hypothalamic 
somatostatin content does not exclude the existence 
of such a relationship. 
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