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Fig. 2. Relative number (Mean t SD) of pancreatic endocrine cells in the reptilian pancreas. AM, Amyda maackii,
GR, Geoclemys reevesii; RTL, Rhadophis tigrina lateralis; DRR, Dinodon rufozonatum; ER, Enhydris rufodorsata;
ABB, Agkistrodon blomhoffii brevicadus; AS, Agkistrodon saxatilis; AC, Agkistrodon caliginosus. * . §%. %:. p <
001, @; p < 0.05. when compared with those of human.

Table 1. Sizes of insulin (B}, glucagon (A), somatostatin (D) and pancreatic polypeptide (PP) cells in the reptilian

pancreas.

Species B cell A cell D cell PP cell
‘Amyda maackii 150 x 7.3 128 x 85 135 x 79 153 x 6.8
-Geoclemys reevesii 150 x 93 153 x 85 148 x 80 17.3 x 80
-Rhadophis tigrina lateralis 173 x 65 195 x 7.8 165 x 7.0 —
-Dindon rufozonatum rufozonatium 20.0 x 5.0 225 x 6.0 185 x 64 —
-Enhydris rufodorsata 165 x 55 215 x 58 143 x 63 -
‘Agkistrodon blomhoffii 200 x 64 223 x 6.5 153 x 6.2 —
-Agkistrodon saxatilis 16.0 x 7.3 163 x 88 153 x 85 —
‘Agkistrodon caliginosus 20.7 X 6.3 187 x 7.0 157 x 7.0 —

*Long axis {,m) X Short axis (. m)
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Fig. 3. Relative number (Mean + SD) of pancreatic endocrine cells in the amphibian pancreas. DP, Diemyctylus
pyrrhogaster; RN, Rana nigromaculata; RR, Rana rugosa: RNC, Rana nigromaculata coreana; RTD, Rana tempor-
aria dybowskii, HAJ, Hyla arborea japonica: BO, Bombina orientalis; BBG, Bufo bufo gargarizans. * . 5%, %. @: p

< 0.01, when compared with those of human.

Table 2. Sizes of pancreatic insulin (B), glucagon {A) somatostatin (D) and pancreatic polypeptide (PP) cells of the

amphibian.

Species B cell A cell D cell PP cell
-Diemyctylus pyrrhogaster 199 x 14.0* 258 x 14.1 26.7 x 11.7 263 x 135
‘Rana nigromaculata 139 x 89 134 x 74 143 x 75 133 x 82
‘Rana rugosa 192 x 74 171 x 106 19.2 x 101 17.0 x 100
‘Rana nigromaculata coreana 173 x 95 160 x 85 158 x 9.3 160 x 90
‘Rana temporaria dybowskii 135 x 100 150 x 98 155.x 95 165 x 938
-Hyla arborea japonica 133 x 73 153 x 75 153 x 65 145 x 8.0
-Bombina orientalis 140 x 10.0 183 x 105 17.3 x 103 173 x 95
-Bufo bufo gargarizans 194 x 63 195 x 97 169 x 83 216 x 97
*Long axis (z.m) X Short axis (. m)
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D cerL D) PP CELL

o
o
J

RELATIVE NUMBER OF CELLS, »
8 8
I l

0

cC PA PSP LM CCN

Fig. 4. Relative number (Mean + SD) of pancreatic endocrine cells in the pisces pancreas. CC, Carassius carassius;
PA, Parasilurus asotus; PSP, Pseudobagrus sp; LM, Liobagrus mediadiposalis; CCN, Cyprinus carpio nudu; OM,
Orcorhynchus masou; ST, Scylliorhinus torazame. *. 3. %. @: p < 0.01, when compared with those of human.

Table 3. Sizes of pancreatic insulin (B), glucagon (A), somatostatin (D} and pancreatic polypeptide (PP) cells of the

pisces.

Species B cell A cell D cell PP cell
-Carassius carassius 195 x 70 163 x 58 135 x 35 —
-Parasiturus asotus 163 x 6.0 158 x 6.0 150 x 840 148 x 58
-Pseudobagrus sp 110 x 53 128 x 50 150 x 48 128 x 50
-Liobagrus mediadiposalis 140 x 55 128 x 65 173 x 60 110 x 63
-Cyprinus carpio nudu 148 x 75 153 x 78 163 x 73 —
-Orcorhynchus masou 185 x 118 168 x 11.0 198 x 118 -
-Scylliorhinus torazame 193 x 130 19.0 x 11.0 203 x 115 —

*Long axis (,m) X Short axis (pm)

A. reptilia

Fig. 5. Representative maps displaying the distribution of insulin (@), glucagon (H),
somatostatin (- 3) and pancreatic polypeptide (4} cells in the pancreatic islet of diffe-
rent vertebrate groups.
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* Immunocytochemical Studies on the Pancreatic Endocrine Cells of Phylogenetically Different

Vertebrates II. Reptilia, Amphibia, and Pisces

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 550-757, Korea)

This study was conducted to investigate the distribution, frequency, and morphology of various

types of pancreatic endocrine cells in three classes of vertebrate species, 8 species from reptilia; 8

from Amphibia; and 7 from Pisces.

In hematoxylin-eosin stained sections, the pancreas from Testudinata of Reptilia, from Urodela

of Amphibia and Lamnida of Pisces were noted to contain diffuse endocrine tissue instead of

segregated islets. In the immunostained sections, four types of pancreatic cells could be identified,

namely, glucagon positive A cell, insulin positive B cell, somatostatin positive D cell, and pan-

creatic-polypeptide positive PP cell. The size of the each endocrine cell according to the animal
species was noted to be as follows: B-cell; Reptilia > Amphibia > Pisces, A-cell and PP cell;
Amphibia > Reptilia > Pisces, D-cell; Amphibia > Pisces > Reptilia. No significant differences

were noted in the shapes of endocrine cells among the animal species used in this study. The

shapes of cell was generally round or oval, and sometimes fusiform or wedge-shaped. Most

abundant cell type in the islets of all animals was B-cell, next was A-cell, and the least abundant

were D-cell and PP-cells. PP-cells were outnumbered by D-cells in Amphibia, but were far less

in number than the D-cells in other vertebrates. The average order of frequencies in B-cell and

PP cell among the animal species was Amphibia, Pisces. Reptilia. In the case of A-cell, the

frequency was in the order of Reptilia, Pisces, Amphibia and, in the case of D-cell, was Pisces,

Reptilia, Amphibia. The distribution of B-cells in the vertebrates was throughout the islet, and

these of A-cells and D-cells were generally at the islet periphery but, D-cells in the Pisces were

also present in the central region of the islet. The distribution of PP-cells, a fewer cell type,

located peripherally in the islet. In pancreases of Reptilia and Amphibia, a few isolated endocrine

cells were observed within the exocrine acinus tissue, and occasionally in the epithelium of

pancreatic duct. However in Pisces, none of the endocrine cells were found in the exocrine

parenchyma.
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Explanation of Figures

Fig. 6. A pancreatic islet (outlined by dotted line) of the snake, Dinodon rufozonatum rufozonatum, with H-E
staining is shown to have numerous endocrine cells along the blood vessels. x 500.

Fig. 7. A intrasplenic pancreatic islet (encircled by dotted line) of the snake, Agkistrodon saxatilis, stained with H-E
is shown to have enhanced acidophilia than the surrounding splenic tissue. x 300.

Fig. 8. Pancreatic islet (outlined by dotted line) of the toad, Bufo bufo gargarizans, stained with H-E is shown to be
composed mainly of endocrine cells arranged in cords. x 500.

Fig. 9. Pancreatic islet {encircled by dotted line) of the teleostei, Parasilurus asotus, stained with H-E is shown to be
sharply demarcated by connective tissue capsule from the exocrine pancreatic tissue. x 500.

Fig. 10. A triple immunostained pancreatic islet with ABC method for B-, A- and D-cells of the snake pancreas,
Agkistrodon saxatilis, is shown. B-cells (brown) and A-cells (greyish-blue, arrowheads) are distributed throughout
islet. D-cells (red, arrow) are present at the periphery of the islet. x 500.

Fig. 11. A double immunostained pancreatic tissue with ABC method for B-cells (brown) and A-cells {(greyish-blue,
arrows) of the newt, Diemyctylus pyrrhogaster, is shown. B-cells and A-cells are dispersed in the exocrine paren-
chyma. x 500.

Fig. 12. A double immunostained pancreatic islet with ABC method for D-cells (brown) and PP-cells (greyish-blue)
of the toad, Bufo bufo gargarizans, is shown. The both cell types are generally confined to the periphery of islet.
x 500.

Fig. 13. A double immunostained pancreatic islet with ABC method for D-cells (brown) and A-cells (greyish-blue,
arrows) of the teleostei, Cyprinus carpio nudu, is shown. D-cells and A-cells are scattered throughout the islet.
X 500.

Fig. 14. Pancreatic tissue of snake, Agkistrodon saxatilis, immunostained with anti-insulin serum by the PAP method
shows an islet with numerous B-cells along the blood vessels. x 500.

Fig. 15. Pancreatic tissue of snake, Agkistrodon blomhoffii brevicaudus, immunostained with anti-insulin serum by
the PAP method shows isolated B-cells {arrows) among the exocrine acinar cells. x 500.

Fig. 16. Pancreatic tissue of snapping turtle, Amyda maackii, immunostained with anti-insulin serum by the PAP
method shows B-cells aligned along the blood wvessels. x 500.

Fig. 17. Pancreatic tissue of snake, Rhadophis tigrina lateralis, immunostained with anti-glucagon serum by the PAP
method shows an islet with abundant A-cells arranged along the small blood vessels. X 500.

Fig. 18. Pancreatic tissue of korean terrapin, Geoclemys reevesii, immunostained with anti-glucagon serum by the
PAP method shows A-cells (arrows) aligned around the capillaries. < 500.

Fig. 19. Pancreatic tissue of snake, Dinodon rufozonatum rufozonatum, immunostained with anti-somatostatin
serum by the PAP method shows many D-cells scattered throughout the islet. X 500.

Fig. 20. Pancreatic tissue of snake, Enhydris rufczonatum, immunostained with anti-somatostatin serum by the PAP
method shows D-cells located in the periphery of islet. X 500.

Fig. 21. Pancreatic tissue of snapping turtle, Amyda maackii, immunostained with anti-pancreatic polypeptide serum
by the PAP method shows PP-cells among the exocrine acini. x 500.

Fig. 22. Pancreatic tissue of toad, Bufo bufo gargarizans, immunostained with anti-insulin serum by the PAP
method shows an islet composed mainly of B-cells. x 500.

Fig. 23. Pancreatic tissue of frog, Bombina orientalis, immunostained with anti-insulin serum by the PAP method
shows a B-cell (arrow) between the pancreatic duct cells. x 500.

Fig. 24. Pancreatic tissue of newt, Diemyctylus pyrrhogaster, immunostained with anti-glucagon serum by the PAP
method shows A-cells (arrows) among the acinar cells. x 500.

Fig. 25. Pancreatic tissue of the frog, Hyla arborea Japonica, immunostained with anti-glucagon serum by the PAP
method shows a few A-cells (arrow) at the periphery of islet and in the exocrine acini. X 500.

Fig. 26. Pancreatic tissue of toad, Bufo bufo gargarizans, immunostained with anti-somatostatin serum by the PAP
method shows an islet with some D-cells at its periphery. X 500.

Fig. 27. Pancreatic tissue of frog, Rana nigromaculata coreana, immunostained with anti-somatostatin serum by the
PAP method shows two D-cells (arrows) in the pancreatic duct epithelium. x 500.

Fig. 28. Pancreatic tissue of frog, Bufo bufo gargarizans, immunostained with anti-pancreatic polypeptide serum by
the PAP method shows clusters of PP-cells along the peripheral border of islet. x 500.

Fig. 29. Pancreatic tissue of frog, Hyla arborea Japonica, immunostained with anti-pancreatic polypeptide serum
by the PAP method shows many PP-cells. < 500.

Fig. 30. Pancreatic tissue of teleostei, Cyprinus carpio nudu, immunostained with anti-insulin serum by the PAP
method shows an islet with abundant B-cells. x 500.
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Fig. 31. Pancreatic tissue of cat shark, Scylliorhinus torazame, immunostained with anti-insulin serum by the PAP
method shows a few isolated B-cells (arrows) in the pancreatic duct epithelium. x 500.

Fig. 32. Pancreatic tissue of teleostei, Liobagrus mediadiposalis, immunostained with anti-glucagon serum by the
PAP method shows A-cells at the periphery of islet. x 500.

Fig. 33. Pancreatic tissue of teleostei, Scylliorhinus torazame, immunostained with anti-glucagon serum by the PAP
method shows A-cells (arrows) in the pancreatic duct epithelium. X< 500.

Fig. 34. Pancreatic tissue of teleostei, Cyprinus carpio nudu, immunostained with anti-somatostatin serum by the
PAP method shows D-cells scattered throughout the islet. X 500.

Fig. 35. Pancreatic tissue of cat shark, Scylliorhinus torazame, immunostained with anti-somatostatin serum by the
PAP method shows deeply stained D-cells in the pancreatic duct epithelium. x 500.

Fig. 36. Pancreatic tissue of the teleostei, Liobagurus mediadiposalis, immunostained with anti-pancreatic
polypeptide serum by the PAP method shows a small number of PP-cells (arrows) at the periphery of islet. x 500.
Fig. 37. Pancreatic tissue of teleostei, pseudovagrus sp, immunostained with anti-pancreatic polypeptide serum by
the PAP method shows a small number of PP-cells (arrows), at the periphery of islet. x 500.
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