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Summary. In the pancreas of Scyliorhinus stellaris large islets are usually found 
around small ducts, the inner surface of which is covered by elongated epithelial 
cells; thus the endocrine cells are never exposed directly to the lumen of the duct. 
Sometimes, single islet cells or small groups of endocrine elements are also 
incorporated into acini. Using correlative light and electron microscopy, eight 
islet cell types were identified: 

Only B-cells (type 1) display a positive reaction with pseudoisocyanin and 
aldehyde-fuchsin staining. This cell type contains numerous small secretory 
granules ( ~ 280 nm). Type II- and 11I-cells possess large granules stainable with 
orange G and azocarmine and show strong luminescence with dark-field 
microscopy. Type II-cells have spherical ( ~ 700 nm), type Ill-cells spherical to 
elongated granules ( ~ 450 x 750 nm). Type II-cells are possibly analogous to A- 
cells, while type IlI-cells resemble mammalian enterochromaffin cells. Type IV- 
cells contain granules ( ~ 540 nm) of high electron density showing a positive 
reaction to the Hellman-Hellerstr6m silver impregnation and a negative 
reaction to Grimelius' silver impregnation; they are most probably analogous to 
D-cells of  other species. Type V-cells exhibit smaller granules ( ~ 250 x 500 nm), 
oval to elongated in shape. Type VI-cells contain small spherical granules 
( ~ 310 nm). Type VII-cells possess two kinds of  large granules interspersed in 
the cytoplasm; one type is spherical and electron dense ( ~ 650 nm), the other 
spherical and less electron dense (~900nm) .  Type VIII-cells have small 
granules curved in shape and show moderate electron density (~100nm) .  
Grimelius-positive secretory granules were not only found in cell types lI and 
III, but also in types V, VI, and VII. B-cells (type I) and the cell types II to IV 
were the most frequent cells; types V to VII occurred occasionally, whereas 
type VIII-cells were very rare. 
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In the pancrea t ic  islets o f  car t i lag inous  fishes, at  least  three or  four  types o f  cells 
have  been descr ibed at  the l ight mic roscop ic  level (Fuj i ta  1962; Ostberg  et al. 1966; 
Pa ten t  and  Epple  1967; Ke rn  1964, 1971). In  the present  s tudy,  correla t ive  l ight and  
e lec t ron microscop ic  me thods  were used to describe the endocr ine  cell types and  
their  u l t ras t ruc ture  in an  e lasmobranch ,  Scyl iorhinus  stellaris. 

Materials and Methods 

Sharks, Scyliorhinus stellaris, were captured at Helgoland in the North Sea, Federal Republic of 
Germany. For light microscopy, blocks of pancreatic tissue were fixed in Bouin's fluid and embedded in 
paraffin. Sections were stained with azan, aldehyde-fuchsin-orange G (AFLO) or silver impregnation 
according to Hellman and Hellerstr6m (H-H) (1960). Materials for electron microscopy were fixed in 
10 % glutaraldehyde, buffered at pH 7.0 with sodium cacodylate buffer, and postfixed in 1% osmic acid 
with phosphate buffer. After dehydration in a series of acetone solutions, the tissues were embedded in 
epoxy resin and cut on an LKB ultramicrotome. Sections were mounted on uncoated grids, stained with 
uranyl acetate and lead citrate and photographed using a Philips EM 201-G electron microscope. Some 
materials were sliced with a razor-blade, stained en bloc with Grimelius' silver nitrate method (after 
glutaraldehyde fixation) and embedded in epoxy resin after dehydration. Thin sections were observed 
after staining with uranyl acetate only. To identify identical cells by both light and electron microscopy, a 
few thin sections were stained with uranyl acetate and lead citrate and the adjacent two thick sections 
were stained with aldehyde-fuchsin and pseudoisocyanin (PIC), respectively, after removal of resin. The 
same method was applied to the tissues stained en bloc according to Grimelius; the next thick section was 
stained with aldehyde-fuchsin or PIC, Indirect immunostaining was attempted for glucagon, insulin and 
somatostatin according to Lange et al. (1975). 

Results 

Pancrea t i c  islets o f  the shark,  Scyl iorhinus  stellaris, are scat tered in the exocrine 
pancreas  and  show the typical  re la t ionship  to ducts  as character is t ic  o f  o ther  
car t i l ag inous  fishes. Large  islets are e longa ted  in shape and  su r rounded  by a 
thin layer  o f  connect ive  tissue (Fig.  1). Only rarely the islet cells d isplay a direct  
con tac t  with the exocrine cells o f  the pancreas .  Two long slender cy top lasmic  
processes extending  f rom bo th  sides o f  a duc tu la r  epi thel ial  cell appea r  to anchor  
one or  a few islet cells to the basa l  lamina ,  and  in some cases the epi thel ial  cell 
appea r s  to envelop  islet cells comple te ly  (Fig.  4, 5). N u m e r o u s  capil lar ies  su r round  
the outer  surface o f  the islet (Figs.  1,2), and  nerve fibers somet imes are found  within 
the thin su r round ing  connect ive  tissue layer  (Fig.  7). In  add i t ion  to these large islets, 
single endocr ine  elements  or  small  groups  o f  islet cells may  occur  among  the 
exocrine ac inar  cells. They are never  exposed  direct ly to the ac inar  lumen,  being 
s u r r o u n d e d  by cen t roac ina r  and  ac inar  cells. 

By means  o f  corre la t ive  l ight  and  e lect ron microscopic  techniques,  eight  islet cell 
types were ident i f ied on the basis o f  their  l ight- and  u l t ras t ruc tura l  character is t ics  
(Table  1). In  the order  o f  appea rance  these cells are classified here as type I-(B-cell) 
to type  VIII-cel ls .  Each cell type occurs singly or  in small  mixed groups  and does no t  
show a regular  d i s t r ibu t iona l  pat tern .  Only  B-cells are posi t ive with pseu- 
do i socyan in  and  a ldehyde-fuchs in  staining.  Non-B-cel ls  show different  t inctor ia l  
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Fig. 1. A portion of  an islet from Scyliorhinus stellaris surrounded by thin connective tissue with 
capillaries (K- I ,  K-2, K-3, K-4). Exocrine acinar cells (EX)  with numerous zymogen granules located 
outside of  the islet tissue. Semithin section stained with pseudoisocyanin. Standard double-fixation. The 
darkly stained cells are B-cells displaying an oval, light nucleus. Symbols: a type V-cell; c, f g, h, j ,  m, p 
type I-cells; e type VIII-cell; b, d, h, i, l, n, o, q, r, s, t type II-cells have been used in Figs. 1 4 .  • 800 
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Fig. 2. Correlative electron micrograph of a thin section cut subsequently to that shown in Fig. 1, Arrow 
small lumen of the duct; arrowhead epithelial cell of the duct. x 1,140 

properties of their cytoplasm after application of  different counterstains. Using 
aldehyde-fuchsin/light-green/orange G (AFLO), the cytoplasm of various types of 
non-B-cells stained orange to yellow. The number of these cells varies greatly. 
Electron microscopically, each cell type was seen to be well granulated and 
displayed different shapes of secretory granules. Epithelial cells of the ducts were 
readily distinguished from endocrine cells due to their scarce organelles and to the 
absence of secretory granules in the cytoplasm. All types of  islet cells contact each 
other. Desmosomes between endocrine cells, and between endocrine cells and 
epithelial cells of  the duct were rare, but they were found frequently between 
epithelial cells (Figs. 2, 10). 

Cell Type I (B-Cell) 

As shown in Fig. 1, B-cells staining selectively with pseudoisocyanin are cylindric or 
polygonal in shape, of medium size and arranged frequently in groups of variable 



Fig. 3, Electron micrograph of the same group of cells shown in the framed area of Fig. 2A: a type V-cell; 
b, d typelI-cells; c typeI-cell (B-cell); e typeVIII-cell. • 4,100 

Fig. 4. Electron micrograph of the same group of cells shown in the framed area of Fig. 2B. The 
cytoplasm of the type IV-cell (white arrows), which contains numerous dense spherical granules, 
surrounds the cytoplasm of the typeV-cell (0 completely. Black arrows indicate slender cytoplasmic 
processes of ductular epithelial cells extending between islet cells; f g, h, j type/-cells (B-cells). x 4,100 
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Fig. 5. Electron micrograph of portions of islets in Scyliorhinus stellaris. Standard double-fixation. 
Certain type I-cells = B-cells (I) possess small secretory granules (I-a), whereas other elements contain 
somewhat larger granules (I-b); e epithelial cell of  the duct; 111 type III-cell. • 4,100 

Fig. 6. Electron micrograph of portions of islets in Scyliorhinus stellaris. Standard double-fixation; e 
epithelial cell of  the duct; I type I-cell (B-cell); 111 type III-cell; 1V type IV-cell; V type V-cell. x 4,100 



482 K. Kobayashi and S. Syed Ali 



Endocrine Pancreatic Cell Types in a Shark 483 

numbers. Some of  them appear  to emit long, slender cytoplasmic processes between 
neighboring cells. When stained with aldehyde-fuchsin, the cytoplasm shows a 
variable intensity of  purple coloring. Electron microscopically, B-cell granules are 
very small, angularly shaped and exhibit homogeneous, moderately dense cores 
(Figs. 3-8). Sometimes two kinds of  granules are found in B-cells: (i) a smaller type 
(I-a: 250 nm in diameter) and (ii) a somewhat larger type (I-b: 300 nm in diameter) 
(Fig. 5). The average diameter of  B-granules was 280nm. These granules are 
negative to Grimelius' silver impregnation (Figs. 10, 12). 

Cell Type H 

Light microscopically, the largest round cells have a scattered distribution and 
possess oval nuclei. These cells contain large, coarse secretory granules which stain 
red with azocarmine, dark brown with AFLO-staining and shine brightly in the 
dark field. Electron microscopically, secretory granules of  this cell type show 
circular cores of  moderate  density with a surrounding limiting membrane;  a narrow 
space is recognizable between these two structural components (Figs. 3, 8, 9). The 
granules have an overall diameter o f  600 to 850 nm (average 700 nm). Number  and 
size of  these structures are variable in each type II-cell. Using Grimelius' silver 
impregnation method, fine grains appear  over both the dense core and at the 
narrow surrounding halo (Figs. 10,11). Some cells that contained several 
crystalline structures filled with numerous parallel, long fibers and/or  fine cross- 
periodicity were encountered; the largest one measured 0.2 ~tm in width and 7 Ixm in 
length (Fig. 9). 

Cell Type I I I  

Light microscopically, this cell type resembles very closely type II-cells. They are 
large and oval in shape with an oval nucleus. However, they contain somewhat  
slender granules stained light brown with orange G and red with azocarmine. With 
dark-field microscopy, secretory granules of  this cell type shine brightly but less so 
than granules of  type II-cells. Electron microscopically, the secretory granules of  
this cell type are very variable, having spherical, oval or elongated cores of  high 
electron density with a surrounding smooth limiting membrane;  a narrow space is 

Fig. 7. Electron micrograph of a portion of an islet of Scyliorhinus stellaris. Standard double-fixation. 
Three type VI-ceUs (V1) are present containing numerous small spherical secretory granules of moderate 
density, a Golgi apparatus (G), and lysosomes (Ly); nucleus (N). Note somewhat irregular secretory 
granules of a type I-cell = B-cell (/); n nerve fiber in connective tissue; H type II-cell. • 6,800 

Fig. 8. Electron micrograph of a portion of a type VII-cell (VII) containing both dense and less dense 
granules. Two type I-cells = B-cells (I) and a type II-cell (II) are situated adjacent to the type VII-cell. 
Standard double-fixation, x 6,800 

Fig. 9. Electron micrograph of a portion of a type II-cell. Standard double-fixation. Small Golgi 
apparatus (G) located adjacent to the nucleus (N). Portions of three long crystalline structures (C) are 
found among the secretory granules. At the left, lamellar granular endoplasmic reticulum (ER). 
• 16,500 
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Fig. 10. Electron micrograph of a portion of an islet from Scyliorhinus stellaris surrounded by 
connective tissue (CT). Islet cells containing numerous secretory granules located outside of the two 
layers of clear epithelial cells (e); the latter are arranged on opposite sides of the ductular lumen (L). 
Fixation in glutaraldehyde without osmic acid. Using the Grimelius' method silver grains appear over 
the secretory granules of type II-(11), III-(111), and VII-(VI/) cells, while they are lacking over granules 
of type I-(I) and IV-(/V) cells. For cell type V, see text and Table 1. Arrows slender cytoplasmic processes 
arising from the epithelial cells (e) of the duct. • 4,100 

f o u n d  be twee n  the  two s t ruc tures  (Fig. 5). These  secretory g ranu les  are  pos i t ive  to 
Gr ime l iu s '  s i lver i m p r e g n a t i o n  (Fig.  11). The  g ranu les  o f  the th i rd  cell type are 
450 n m  in  w id th  a n d  750 n m  in  l eng th  ( m e a n  values) .  

Cell Type IV  

Cells o f  this type  are oval  to p o l y g o n a l  in  shape  wi th  a n  oval  nuc leus  a n d  a p p e a r  
sol i tar i ly  or  in  smal l  g roups  o f  several  cells w i th in  the islets. They  are m e d i u m  in  size 



Fig. I1. Portion of  three islet cells from Scyliorhinus stellaris after silver impregnation en bloc according 
to the Grimelius method. Secretory granules of  type II-(lI) and III-(11I) ceils are positive to the 
Grimelius' stain, type IV-(/V) cell is negative. Due to the osmic acid-free fixative the membrane of  the 
granules is not visible, x 9,800 

Fig. 12. Secretory granules of  type I-(1) and type IV-(/V) cells are negative to the Grimelius stain; 
type VI-(VI) cell is positive. Due to the osmic acid-free fixative the membrane is not visible, x 9,800 
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and their secretory granules are stained orange with AFLO staining. Electron 
microscopically, they have numerous secretory granules of spherical, but also 
somewhat "angular" shape (Figs. 4, 6, 11, 12). Each granular core shows a 
homogeneous high electron density and is surrounded by a closely attached limiting 
membrane. The average diameter of these granules is 540nm. The secretory 
granules of the type IV cell are negative to Grimelius' silver impregnation (Fig. 12). 

Cell Type V 

Cells of this type appear almost always solitarily in the islets. They are medium in 
size and oval or polygonal in shape. Their cytoplasm colors dark yellow with AFLO 
staining and contains numerous secretory granules. Electron microscopically, they 
display medium-sized secretory granules with cores of moderate electron density, 
which are variable in shape: oval, slender, or irregular (Figs. 3, 4, 6). As shown in 
Fig. 6, irregular secretory granules of the cell type V are very similar to those of 
type III-cells, but are somewhat smaller than the latter. They measure 250 nm in 
width and 500 nm in length. Fine silver grains appear on the granular core after 
Grimelius' silver impregnation (Fig. 10). 

Cell Type VI 

Type VI-cells are large and oval in shape and appear solitarily or in small groups in 
the islets. Cytoplasm of this cell type stains light green with the AFLO method. 
Sometimes, several lysosomes appear in the cytoplasm (Fig. 7). Electron 
microscopically, type VI-cells display small spherical secretory granules of 
moderate density (Fig. 7). The average diameter of this granule is 310 nm. The small 
granular cores show a positive reaction to Grimelius' method (Fig. 12). 

Cell Type VII 

Cells of this type are large and oval in shape and appear solitarily in the islets. Their 
cytoplasm is dark blue with AFLO staining. Electron microscopically, they have 
two types of large secretory granules with intermediate forms; one extreme is 
spherical and dense (650 nm in diameter), the other is spherical and less dense 
(900 nm in diameter) (Fig. 8). Both types of granules have fine silver grains over 
their cores after Grimelius' silver impregnation (Fig. 10). 

Cell Type VHI 

Usually this cell type appears small and angular in shape, but sometimes it may 
have an oval appearance (Figs. 1 e, 2e). These cells are found solitarily or in small 
groups in the islets. The cytoplasm of this cell type is light blue with AFLO staining. 
Electron microscopically, they display small secretory granules, angular or 
irregular in shape and of moderate electron density (100 nm in diameter) (Fig. 3e). 
These granules are negative to Grimelius' silver impregnation. 

General Cytology of Different Types of Cells as Observed Electron Microscopically 

In all types of cells the mitochondria are oval to slender in shape, except in type I 
where they are rod-like. They are scattered among the secretory granules. The 
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rough endoplasmatic reticulum is sometimes whorled (type I) or lamellar and is 
abundantly present except in the case of type V cells. The Golgi apparatus is small, 
consisting of several lamellae and vesicles and is conspicuous except in cell types III, 
VI, VII and VIII. 

Discussion 

The fact that the endocrine cells have a close relationship to the excretory duct is 
one of the characteristic features of the pancreas in cartilaginous fishes (Diamare 
1899; Jackson 1922; Thomas 1940; Fujita 1962; Ferner and Kern 1964; Kern 1964; 
Ostberg et al. 1966). Islet cells of Scyliorhinus stellaris also appear around small 
ducts, the inner surface of which, however, is always covered with epithelial cells of 
the exocrine duct. Frequently, slender cytoplasmic processes of these ductular 
epithelial cells appear to envelop islet cells completely and sometimes anchor them 
to the basal lamina. This architecture might suggest the possibility of a functionally 
intimate relationship between endocrine cells and epithelial cells of these small 
ducts. 

B-cells (type l) are the only distinct cell type that reacts positively to 
pseudoisocyanin- and aldehyde-fuchsin staining. Electron microscopically, some B- 
cells contain larger secretory granules than others. We could, however, find no 
convincing evidence for the existence of two different subtypes of B-cells. 
Irrespective of the conspicuous variation in the fine structure of B-granules among 
different animal species, the B-cell granules of Scyliorhinus should be categorized 
separately because of their peculiar small and somewhat curved form, not found in 
any other animal species examined to date. 

Concerning A-cells in mammals, birds, reptiles, amphibians and in some 
teleosts, most of the secretory granules possess a spherical core surrounded by a 
closely fitting limiting membrane. On the other hand, crystalline A-granules were 
demonstrated in some teleosts; these crystalline structures of the granular core were 
classified as rhombic dodecahedral (see Lange 1980). However, we did not observe 
cells displaying a crystalline granular core in the present study on Scyliorhinus 
stellaris. Light microscopically (Table 1), the coarse granules of type//-cells show 
the strongest brilliance among all islet cells when observed in dark field. According 
to general experience (Lange 1973), in Scyliorhinus stellaris the type II-cell is thus 
thought to be the most probable candidate for an equivalent of A-cells. Electron 
microscopically, in contrast to many other animal species (in which A-cell granules 
show a positive reaction to Grimelius' silver method only within the halo area 
between the core and the surrounding limiting membrane), silver grains in the 
type II-cell ofSeyliorhinus stellaris appear not only within the halo but also on the 
core of the secretory granules. In the present material after immunostaining using 
an antiserum against bovine glucagon, a slightly positive reaction of large oval cells 
was obtained, however, not in a reproducible manner. In conclusion, there is 
additional evidence from various observations that the type II-cell of Scyliorhinus is 
probably the glucagon-producing element. 

The cytoplasm of type Ill-cells is stained red with azocarmine and light brown 
with AFLO staining. Secretory granules of this cell type shine brightly but less 
intensely than type II-cells when viewed by dark field microscopy. Secretory 
granules that appear irregularly round, ovoid or kidney-shaped and are of high 
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electron density, resemble strikingly those of the enterochromaffin cells (EC cells) 
found in the adrenal gland, or in the epithelium of stomach or intestines exhibiting a 
strong reaction to Grimelius' silver method. Lazarus and Shapiro (1971) have 
pointed out that the X-cell secretory granules in islets of the dog show similarities in 
profile and electron density to the corresponding features reported for en- 
terochromaffin cells, Enterochromaffin cells have also been observed as rare 
components of pancreatic islets of other animals species (Like and Orci 1972; 
Grube 1976; B6ck and Gorgas 1976). 

We were able to demonstrate the presence of D-(A1- ) cells using the silver 
impregnation method of Hellman and Hellerstr6m (1960). These cells were 
examined, however, in preparations obtained from paraffin-embedded blocks after 
fixation in Bouin's fluid, so that strictly alternating serial sections for light and 
electron microscopy were not available in the present study. Nevertheless, type IV- 
cells are the most probable candidate for the D-cell based on shape, number, and 
distribution in the islets, and due to negative staining of their secretory granules 
with Grimelius' silver impregnation. Recently, somatostatin has been demonstrated 
in the pancreatic D-cells of many mammals, and has further been revealed by 
radioimmunoassay and by immunohistochemical staining in some species of fish 
(Johnson et al. 1976; Falkmer et al. 1977; van Noorden and Patent 1978; Klein and 
van Noorden 1978). The demonstration of somatostatin in the type IV-cells of the 
shark would constitute a definite argument for their identification as D-cells. 

Pancreatic polypeptide (PP)-cells were identified as an independent cell type 
(distinct from A-, B-, and D-cells) by immunocytochemical, ultrastructural, 
histological, and histochemical techniques in Langerhans islets of different 
animals, including fish (Langer et al. 1979; Klein and van Noorden 1980; 
Tagliafierro et al. 1980). Previous electron microscopic studies have revealed the 
presence of cells possessing spherical granules of smaller size than those in the A-, B-, 
and D-cells of fish (Kudo and Takahashi 1973; Kobayashi et al. 1975; Brinn and 
Epple 1976; Rombout et al. 1979). Such small granules have been observed in 
mammals to be covered by silver grains when using the Grimelius' procedure 
(Cavallero et al. 1976; Larsson et al. 1976). In Scyliorhinus, the type V/-cells may be 
equivalent to the PP-cells, based on the positive reaction of their small spherical 
granules to Grimelius' silver impregnation. However, there is no definite 
identification possible unless positive immunostaining results have been obtained. 
A new concept dealing with the gastroenteric and pancreatic (GEP) endocrine 
elements as a uniform system has been proposed and discussed (see Fujita 1976). In 
the pancreas of Scyliorhinus most of the islet cells present electron microscopic 
features closely resembling not only the endocrine elements of the pancreas of other 
vertebrate species but also the cells scattered in the gastro-enteric mucosa. Although 
the morphology of the granules displays in some cases a certain specificity, the 
chemistry of a secretion product cannot, in general, be postulated from merely 
morphological features. Therefore, the present report of eight morphological 
distinct cell types in Seyliorhinus must await confirmation by means of 
immunocytochemical methods. 
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