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Summary. Extracts of discrete lobes of chicken pan- 
creas were assayed for somatostatin (SRIF), insulin, 
and glucagon immunoreactivity. The distribution of 
hormone concentration was correlated appropriately 
with the known distribution of A, B, and D-cells. 
Concentrations of all three hormones were highest in 
the splenic lobe. The glucagon content of the ventral 
and dorsal lobes was low. Evidence is presented that 
the SRIF-like material in the pancreatic extracts 
is very similar to synthetic cyclic SRIF; parallel im- 
munoassay displacement curves and similar 
chromatographic elution profiles were obtained. The 
SRIF concentration in chicken pancreas is 21 times 
higher than that found in the rat. Chicken pancreas 
may provide a useful model for studies of somatostatin 
physiology. 
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Somatostatin (SRIF) is a cyclic fourteen amino acid 
peptide originally isolated from the hypothalamus [1]. 
In addition to inhibiting growth hormone secretion it 
has also been found to inhibit the release of insulin, 
glucagon, gastrin, secretin, ACTH, prolactin and TSH 
[2-7]. Furthermore it is capable of inhibiting gastric 
acid [3] and pancreatic exocrine secretion [7, 8, 9]. 

The presence of somatostatin in extraneural tis- 
sues was first suggested by Dubois who demonstrated 
somatostatin immunoreactivity in pancreatic islets of 
mammals and birds by immunofluorescence techni- 
ques [10]. Somatostatin immunoreactivity was also 
found in extracts of rat islets [11] and of whole pan- 
creas [12] using specific radioimmunoassays. Further- 
more the gel filtration elution profiles of the rat islet 

extracts were identical to  those of synthetic cyclic 
somatostatin (unpublished observations of Patel, 
Reichlin and Weir). Somatostatin immunoreactivity 
has also been found in gastrointestinal tissue [12 and 
unpublished observations of Patel, Reichlin and 
Weir]. The cell of origin of somatostatin in both the 
pancreas and gut appears to be the D-cell [13]. Be- 
cause of the large number of D-cells in the avian 
pancreas it was decided to evaluate the somatostatin 
content of the chicken pancreas. 

Materials and Methods 

Five-week old White Leghorn chickens were sac- 
rificed and individual pancreatic lobes (ventral, dor- 
sal, third, and splenic) were dissected out, weighed, 
and placed in iced Hanks solution. As soon as possible 
they were individually homogenized with a Ten 
Broeck pyrex homogenizer in 5 ml of 2 N acetic acid. 
Tubes containing these homogenates were then sus- 
pended in boiling water for five minutes to inactivate 
proteolytic pancreatic enzymes and the extracts fro- 
zen pending assay. Before dilution for assay aliquots 
of the extracts were neutralized with NaOH. 

The radioimmunoassay for somatostatin (method 
of Patel, and Reichlin, unpublished) utilized a rabbit 
antiserum obtained following immunization with 
SRIF conjugated to thyroglobulin. This antiserum was 
highly specific for SRIF with negligible or no cross- 
reactivity with insulin, glucagon, gastrin, cholecys- 
tokinin-pancreozymin, cholecystokinin octapeptide 
(C8-CCK), secretin, vasoactive peptide (VIP), sub- 
stance P and neurotensin. [1251] Tyrl-SRIF was iodi- 
nated with chloramine T. Synthetic cyclic somato- 
statin (kindly provided by the Ayerst Company, Mon- 
treal, Canada) was used as standard. The buffered 
diluent was 0.05 M PO 4 with 0.1% crystalline BSA at 
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a pH 7.5. The incubation volume was 0.7 ml and 
dextran-charcoal separation was employed [14]. The 
detection limit for the  assays done in this study was 
3-4 pg of SRIF per incubation tube. 

Glucagon concentrations were determined with 
radioimmunoassay methods previously described [15] 
utilizing antiserum 30K provided by Dr. Roger Un- 
ger. Pork glucagon (lot GLF 599A, EliLilly and Com- 
pany) was used as standard. The insulin radioim- 
munoassay method was that of Albano et al. [16] and 
chicken insulin (lot 615-1082B-249) was kindly do- 
nated by Dr. Ronald Chance of Eli Lilly and 
Company. 

Results 

The hormone concentration of individual lobes of the 
chicken pancreas is presented in Table 1. The con- 
centration of all three hormones is greatest in the 
splenic lobe, with the glucagon concentration being 
strikingly high. It is noteworthy that the glucagon 
concentration of the ventral and dorsal lobes is very 
low. When the total hormonal content of each lobe is 
determined (Table 2) it canbe  appreciated that the 
splenic lobe contributes little to total amount of insu- 
lin or SRIF, but contains at least half of the total 

Table 1. Hormone concentration of chicken pancreas (ng/mg) 

Pancreatic 
Lobe (n) Insulin Ghicagon SRIF 

Ventral [6] 40.9 _+ 7.1 1.12 + 0.30 3.40 + 0.85 
Dorsal[6]  22.7 + 3.1 0.55 + 0.11 3.07 + 0.63 
Third [5] 55.1 + 9.1 13.9 + 3.7 9.23 -+ 1.64 
Splenic [6] 171.0 + 26.6 599.0 _+ 128.0 22.63 + 5.51 
Total 
Pancreas [5] a 33.6 + 4.0 8.16 + 1.43 3.76 -+ 0.80 

a Calculations could only be made for five total pancreata because 
a third lobe from one of the six chickens was lost. 

Table 2. Hormone content of chicken pancreas 

Pancreatic Lobe 
Lobe (n) Weight (mg) Insulin (~tg) Glucagon (Ixg)SRIF (~g) 

Ventral  [6] 274 + 24 11.2 + 2.3 0.30 + 0,10 0 . 9 1 +  0.28 
Dorsal [6] 598 + 39 13.6 + 2.3 0.32 + 0.05 1 .82+0 .40  
Third[5]  2 5 4 + 3 9  12.6_+0.9 3 . 0 5 + 0 , 2 7  2.19_+0.39 
Splenic [6] 12 _+ 3 1.8 + 0.3 5.76 + 1,09 0.23 + 0.07 

Total 
Pancreas [5] a 1156 + 35 38.6 + 4.2 9.29 + 1.48 4.33_+0.90 

a Calculations could only be made for five total pancreata because 
a third lobe from one of the six chickens was lost. 

G. C. Weir et al.: High Concentration of Somatostatin Immunoreactivity 

glucagon. The contribution of the splenic lobe may 
actually be slightly higher, because it was difficult to 
dissect out all of a given splenic lobe. Splenic lobes 
probably weigh about 20 mg each and therefore the 
figure of 12 + 3 mg is probably low. It was also 
difficult to accurately delineate the caudal border of 
the third lobe in some of the birds. Nonetheless we are 
confident that most, if not ali, of what is called the 
third lobe, is in fact the third lobe. Even though there 
are definite differences in amount of each hormone as 
determined by weight there are less marked differ- 
ences if the amounts are expressed in molar terms 
(insulin: 6.5 nM; glucagon: 3.2 nM; and SRIF: 3.7 
nM). 

Further studies were done to help determine the 
likelihood that the material with SRIF-like im- 
munoreactivity was SRIF. As shown in Fig. 1, when 
dilutions of a splenic lobe extract were assayed the 
inhibition curve was parallel to that of synthetic cyclic 
SRIF. The splenic lobe extract was also subjected to 
column chromatography (Fig. 2). The elution profile 
of SRIF immunoreactivity from the extract is almost 
identical to that of synthetic cyclic SRIF under identi- 
cal conditions. In each case the major peak of im- 
munoreactivity is preceded by a small peak close to 
the void volume fraction. 

Discussion 

The anatomy of the chicken endocrine pancreas dif- 
fers markedly from that found in mammals. Two sepa- 
rate types of islets have been described. The so called 
light islets are composed of B- and D-cells, whereas 
dark islets consist primarily of A- and D-cells [17]. 
One study has found the cellular population of light 
islets to contain 14% D-cells whereas dark islets have 
28% D-cells [17]. This contrasts with man and mon- 
key in which D-cells occupy 10-15% of the islet cells 
and the rat which contains 4.4 % D-cells [18]. Another 
feature of f the chicken pancreas is that it consists of 
four lobes. The ventral and dorsal lobes contain al- 
most exclusively light islets whereas the third and the 
small splenic lobe contain both light and dark islets. 
The study by Mikami and Ono [17] and unpublished 
morphological studies of ours indicate that a remark- 
ably large proportion of the splenic lobe consists of 
endocrine tissue. 

The hormonal distribution found in the present 
study correlates reasonably well with the anatomical 
arrangements described above. The largest concen- 
trations of all three hormones are found in the splenic 
lobe. Furthermore the concentration of glucagon in 
the ventral and dorsal lobes was very low. The insulin 
concentration of the entire chicken pancreas approxi- 
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Fig. 1. Standard curve o[ synthetic cyclic somatostatin compared 
with inhibition curve produced by serial dilutions of an extract of the 
splenic lobe of chicken pancreas 
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Fig. 2. Gel filtration elution patterns of synthetic cyclic somatostatin 
and an extract of the splenic lobe of chicken pancreas. A 1 x 64 cm 
column contained Sephadex G-25 and was eluted with 1 M urea - 
0.05 M P � 9  4 buffer, pH 7.5.20 drop fractions were collected. V�9 and 
Vi were determined using [125I] albumin and [12sI] respectively 

mates that found in an earlier study and is lower than 
the concentration found in a number of mammalian 
species [19]. Older studies indicate that chicken pan- 
creas contains ten times more bioassayable glucagon 
than mammalian pancreas [20]. The glucagon content 
of the chicken pancreas in the present study (8 ng/mg) 
was similar to that found in rat (5 ng/mg) [21], bovine 
(8 ng/mg) and human (9 ng/mg) [22]. Some of this 
discrepancy may be due to differences of extraction 
and immunoassay technique. 

The finding that the displacement curves of ex- 
tracts of splenic lobes and synthetic cyclic somatosta- 
tin are parallel (Fig. 1) suggests that the immunologi - 
cal characteristics of the two substances are identical. 
This would also suggest that the structures of the two 
may be identical or very similar. Furthermore the 
similar elution profiles seen with column chromato- 

graphy (Fig. 2) would also suggest similarity. The 
identity of the small early peak is not known, but it 
may represent either a dimer of SRIF or a larger 
precursor form of the hormone. Further proof that 
this pancreatic material is somatostatin awaits peptide 
sequence determination and demonstration of biolog- 
ical activity. It is of interest that before the discovery 
of somatostatin Hellman and Lernmark demonstrated 
that an aqueous extract of pigeon D-cells inhibited in 
vitro insulin secretion [23]. 

The content of somatostatin immunoreactivity is 
high in all four lobes of the chicken pancreas and is 
markedly higher than that found in extracts of rat 
pancreas. We have found the concentration in the 
pancreata of 450 g male Sprague-Dawley rats to be 
0.18 + 0.02 ng/mg (n = 6) and Arimura et al. have 
reported a concentration of 0.14 ng/mg [11]. Orci et 
al. have recently indicated that the number of cells in 
the pigeon pancreas with somatostatin-like immuno- 
fluorescence is greater than is found in rat, dog, pig 
and man [24]. The function of SRIF in the chicken 
pancreas is unknown. The finding of these high con- 
centrations suggests that the chicken pancreas may be 
an excellent model for studies of the secretion and 
biosynthesis of pancreatic somatostatin. 
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