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Fig. 1. Diagrammatic illustrations showing the pancreas
in relation to the surrounding organs of different verte-
brate group. D: duodenum, G: gizzard, P: pancreas, S:
spleen, Sm: stomach.
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Fottol A5 = glg B ohjel Axu W A gl AEE dgon, # Ay, FdY Y
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wgEA, A7, A, A, Ve Y 2okl pam)e chks|el AR (AT 19.2 pm X 8.7
Soll 4= DA Z b Al abalell 45 745 Fd st pmellA A Fa, A (10.9 pm X 7.8 4
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Fig. 2. Relative number (Mean + SDJ) of insulin (B), glucagon (A), somatostatin (D) and pancreatic polypeptide (PP)
cells in the mammalian pancreas. *; p < 0.01, when compared with those of human.
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Fig. 3. Relative number (Mean + SD) of insulin (B}, glucagon (A), somatostatin (D) and pancreatic polypeptide (PP)
cells in the mammalian pancreas. *; p < 0.01, when compared with those of human.
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Table 1. Sizes of insulin (B), glucagon (A), somatostatin (D) and pancreatic polypeptide (PP) cells in the mammalian

pancreas.
Species B cell A cell D cell PP cell
-‘Homo sapiens 144 x 104* 134 x 179 153 x 838 133 x 86
‘Rinolophus ferrumequinum korai 94 x 56 92 x 73 99 x 74 135 x 92
-Erinaceus europaeus koreansis 116 x 94 13.0 x 95 126 x 9.1 128 x 85
-Talpa micrura coreana 9.7 x 73 126 x 94 124 x 8.0 120 x 85
-Mus molossinus molossinus 116 x 79 109 x 64 95 x 54 109 x 78
-Rattus norvegicus var. albinos 140 x 9.1 140 x 104 166 x 7.1 141 x 7.2
-Cavia cobaya 17.3 x 11.0 16.8 x 105 145 x 9.1 17.2 x 86
-Tamias sibiricus asiaticus 145 x 92 125 x 7.5 168 x 70 19.0 x 9.0
-Sciurus vulgalis coreae 128 x 88 135 x 95 163 X 88 125 x 85
-Mesocricetus auratus 134 x 95 145 x 99 171 x 86 135 x 83
-Oryctologus cuniculus var. domestics 145 x 9.0 153 x 86 188 x 92 194 x 83
‘Felis catus 133 x 84 124 x 87 153 x 104 129 x 83
‘Cervus nippon mantchuricus 136 x 9.1 158 x 88 145 x 84 16.0 x 8.7
‘Bos tauraus var. domesticus 147 x 98 140 x 89 149 x 81 15.1 x 85

*Long axis (zm) X Short axis (. m)

sheleh(Fig. 23). Balze] £814 (37 38.6%) o4 2L Falfo] okeh(Fig., 4). Baz2] e

2 Alzpelob Alwl, e} Sebxlwba] sfolell = ARl F(Alzpeiel Sebx|wis]), el g, w

£ Fol el F9lT Aol % F o, 4 % Y Aga s LAY o el 04

21o] 7A9-(77.8% )¢k vl mebm BF §0)8 4F aba 2o r} R Tel 4 wbEH L ebyich 3
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A Ao 4 £ 4FE alas] 9o (Figs, 5, 25). D4
Fol Fel & (4 20.6%)-2 wme] o} §uhx]wh
Floll A = Foll wb& b0 7} ‘ii‘iiL a9l chg
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Zol| 4] L

%
749-(5.2% )¢} wlis) Hobd w =&
% =oeh(Fig. 3, 4). DA 2| ofo 3t
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el A o A 2 < Oé, wk

shEoll 4 & el o
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23 o wadelsl,
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Fig. 4. Relative number (Mean + SD) of pancreatic endocrine cells in the avian. OCD, Oriolus chinensis diffusus;
USVD, Uroloncha striata var. domestica; HR, Hirundo rustica; TDA, Turdus dauma aureus; APVD, Ansa platyrhyyn-
chos var. domestica; GGD, Gallus gallus domesticus; MU, Melopssittacus undulatus. *; P < 0.01, when compared

with those of human.
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Table 2. Sizes of insulin (B), glucagon (A), somatostatin (D) and pancreatic polypeptide (PP) cells in the avian
pancreas.

Species B cell A cell D cell PP cell
-Oriolus chinensis diffusus 140 x 7.3* 138 x 7.3 143 x 75 105 x 6.8
‘Uroloncha stiriata var. domestica 110 x 70 135 x 68 145 x 78 130 x 6.0
‘Hirundo rustica 115 x 75 115 X 68 158 x 6.3 138 x 6.0
-Turdus dauma aureus 145 x 95 133 x 78 180 x 5.8 140 x 63
-‘Anas platyrhyynchos var. domestica 143 x 7.8 130 x 75 120 x 75 103 x 6.3
‘Gallus gallus domesticus 128 x 7.8 208 x 68 228 X 63 138 x 53
-Melopssittacus undulatus 125 x 7.3 140 x 65 120 x 83 -
*Long axis (,m) X Short axis (g m)
A. mammalia . dbq oz Wby Y ubEdoldd
Aol gk Solshl i <lg
Pl 27} A3 ababs =z ofote}
FA (T 2.8%)8 Ba%e) 44
&

Wlzskgl o, Akgke] A -5-(0
Z2F7e 4L Ao o
HFigs. 3, 4).
Fig. 5. Representative distribution maps of insulin (@), il é‘"

glucagon (), somatostatin ((O) and pancreatic
polypeptide (A) cells in the pancreatic islets of different
vertebrate groups.
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A8 #HAAso] ol =(Nicket ef al., 1979) Hi=dd),

D. Pancreatic polypeptide(PP) Si4BIS M| A (217 2 A5l e F A% Aal b obyl

uj 4] Al Aol A 5 mkabs] ol el (Figs. 5, 26). 5 ¢d e} (Orci, 1982; Choi et al., 1988a, 1989

PPAEE a2 A5 F9lol 218k o Akl Vb eko2 g2 glgo] ¥u
3 ).

ghz) w7 ol 4 = PP Z7b 2l 2 4hs] o x1 s Zeiu 2R R (A, Wz g o) Al £
7]

73

el

(s}

Fabrs|o] Solstich(Fig. 27). PP4l2e] = dshsl uhof Zoko] dal 2 TAso] et U
(337 12.6 gm X 6.1 pm)s= 58 x| wlg] 2] ¢l e} (Epple and Farner, 1967, Schwarz et al.,
©(14.0 pm X 6.3 gm)ol| 7} F oM, Ao 1983).

o] 74$(10.3 gm X 6.3 pm)oll 7} 2gra, ¥ Aol A 2t ERHFTEI 272 A A
o2t she abg g Y vl A8 fo 2gt Hulw 4 Al Sl wheb vhh o]t ok 2
th(Table 2). Al22| ®oke A%, sels% F2e HFEe] F(dAF, 435, 455 4
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Immunocytochemical Studies on the Pancreatic Endocrine Cells of Phylogenetically Different
Vertebrates I. Mammalia and Aves
Nam Jung Kim, Hyuk Bang Kwon,* and Wol Bong Choi (Department of Anatomy, College of
Medicine, Hallym university, Chunchon 200-010, Korea, Department of Biology,* Chonnam
National university, Kwangju 500-757, Korea)

This study was designed to examine the distribution and morphology of pancreatic endocrine

cells in phylogenetically different vertebrates. Pancreatic tissues were obtained from 11 orders, 21
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species of adult vertebrates;, 14 species from Mammalia; 7 from Aves.

In hematoxylin-eosin stained sections, the islets of Langerhans in mammalia appeared to be
round masses of cells staining less intensely than the surrounding acinar tissues. Most of the
vertebrates had well defined pancreatic islets which were similar in size in a given animal species,
but the birds had large- and small-sized islets. The sizes of endocrine cells in various animal
species were somewhat different from each other such that Mammalia B-cell and PP-cell are
larger than those of Aves, however Aves A-cell and D-cell are larger than those of Mammalia.
However there is no significant differences in the shapes of endocrine cells in various animal. The
endocrine cells were generally roundish or oval-shaped, but sometimes fusiform or
wedge-shaped. The most abundant cell type in the islets of all the animals examined in this study
was B-cell, and the next one was A-cell. D-cells and PP-cells appeared least abundantly. The
average order of abundance of each cell according to the animal species was summerized that
B-cells are Mammalia and Aves in order, ancther cells are Aves and Mammalia in order. B-cells
of the vertebrates were uniformly distributed throughout the islet, except for those of the Aves
whose large islet had the B-cells mainly at its periphery but small islet contained them in its
central region. A-cells were generally distributed at the periphery of the islet in all species except
in Aves that had A-cells scattered in the central region of the large islet. The D-cells were mainly
distributed at the periphery of the islet in the all animals, and were also present in the central
region of the islet in the cases of Aves. PP-cells, a fewer cell type, located peripherally in the
islet. In the pancreases of Mammalia and Aves, a few scattered endocrine cells not forming a islet
were observed within the exocrine acinous tissue, and occasionally in the epithelium of pancrea-
tic duct.
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Explanation of Figures

Fig. 6. A human pancreatic islet (encircled by dotted line) containing pale stained endocrine cells arranged in cords
along capillaries. H-E stain, x 500.

Fig. 7. An oval-shaped mouse pancreatic islet (outlined by dotted line) demarcated by connective tissue capsule of
exocrine parenchyme. H-E stain, X 300.

Fig. 8. Large and small pancreatic islets (encircled by dotted line) of a domestic chicken, Gallus gallus. H-E stain, X
500.

Fig. 9. Double immunostained pancreatic islet of a hedgehog with PAP method for B-cells (brown) and A-cells
(greyish-blue). B-cells distributed homogeneously throughout the islet, while A-cells are present at the periphery of
the islet. x 500.

Fig. 10. Double immunostained islet tissue of the cat pancreas with ABC method for B-cells {brown) and PP-cells
(areyish-blue, arrows). Numerous B-cells grouped together forming the main body of the islet, whereas a few
PP-cells scattered at the periphery of the islet. x 500.

Fig. 11. A double immunostained section of a cat pancreas. Many A-cells (brown) and a few D-cells ( eyish-blue,
arrows) distributed at the periphery of the islet. x 500.

Fig. 12. Double immunostained pancreatic islet of a bird, Turdus dauma aureus, with ABC method for B-cells
{brown) and A-cells {greyish-blue). A small islet is composed both cell types, but large islet is mainly composed of
A-cells. x 500.

Fig. 13-15. Immunostaining for B-cell of mole pancreas with PAP method. Note the islet with numerous B-cells
(Fig. 13, x 500). B-cell of cat pancreas reveals in the peripheral zone of the islet (Fig. 14 x 500) and shows
B-cells (arrows) interposed between the epithelial cells of pancreatic duct (Fig. 15, x 500).

Fig. 16-18. Immunostaining for A-cell of human pancreas with PAP method shows A-cells (arrows) present at the
islet periphery (Fig. 16, X 500) and arranged as cord both in the central and peripheral region of the guinea pig
istet (Fig. 17, x 500). A-cell of hamster pancreas shows group in the islet, and a few isolated cells (arrows) among
the acinar cells (Fig. 18, x 500).

Fig. 19-20. Immunostaining for D-cell of bat pancreas shows at the periphery of small islet and single cell (arrow) in
the exocrine pancreas (Fig. 19, x 500) and shows D-cells (arrows) in the pancreatic duct of guinea pig pancreas
(Fig. 20, x 500).

Fig. 21. Immunostaining for PP-cell of squirrel pancreas with PAP method shows PP-cells at the periphery of the
islet, and a single cell (arrow) in a pancreatic acinus. X 500.

Fig. 22-23. A pancreatic tissue of bird, Turdus dauma aureus, immunostained with anti-insulin serum by the PAP
method shows a small islet with of numerous B-cells, and large islet with a few B-cells (arrows) at its periphery (Fig.
22, x 500) and shows B-cells (arrows) among the acinar cells (Fig. 23, X 500).

Fig. 24. A pancreatic tissue of bird, Melopssittacus undulatus, immunostained with anti-glucagon serum by the PAP
method shows a large islet with clusters of A-cells. x 500.

Fig. 25. A pancreatic tissue of bird, Uroloncha striata var. domesticus, immunostained with anti-somatostatin serum
by the PAP method shows D-cells at the periphery of small islet and in the pancreatic acini (arrow). X 500.
Fig. 26-27. A pancreatic tissue of bird, Turdus dauma aureus, shows PP-cells at the periphery of the small islet (Fig.
26, X 500) and in the pancreatic duct epithelium (Fig. 27, x 500).
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