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Light and Transmission Electron Microscopy of the Granular
Cell in the Skin Epidermis of a Cottid,
Pseudoblennius cottoides

Mitsuo Sato
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Abstract The granular cell in a skin epidermis of a cottid fish, Pseudoblennius cottoides, is a volumi-
nous one having coarse or finely granular contents which are acidophilic and may be regarded as
containing basic and aromatic amino-acid groups from preliminary tests for protein histochemistry.
This cell is mostly buried in the middle layers of the skin epidermis, and seems to attain the mature
condition through graded developmental stages similar to those described by Thomson (1969) in a
boxfish, Ostracion meleagris. Electron microscopy reveals that this cell at the developmental stage
III is occupied by an enormous central vacuole containing relatively high dense granules without

membrane-bounded structure. This vacuole is uniformly surrounded by several layers of larger
vesicles having granules closely alike to those found in the central vacuole. The enormous central
vacuole may probably be formed by successive ruptures of the vesicles. Considerably complicated
interdigitations are visible between the granular cell and the filament-containing cell. The chara-
cteristics of integumentary structures common to the teleosts endowed with the granular cells re-
main to be solved. The function of this cell is also discussed.

The granular cell is one of voluminous unicellu-
lar glands found in the skin epidermis of some
bony fishes, and is generally sac-like structure
having coarse or finely granular contents. This
cell has hitherto been investigated by various
authors under various names: sackformige
serose Driise (Studnicka, 1906; Pawlowsky,
1911); Kornerdriise (Rauther, 1907); offener
Kolben (Hase, 1911); granulated cell or sac-cell
(Bhatti, 1938); cellule sacciforme (Bertin, 1958);
eosinophilic vesicle (Satd, 1967); granular cell
(Henrikson and Matoltsy, 1968); club cell
(Thomson, 1969); sacciform gland (Mittal and
Munshi, 1971). Recently, Mittal and Banerjee
(1975) studied this cell of a murrel, Channa
striata, histologically and histochemically, and
proposed a new term ‘‘sacciform granulated
cell.”

The granular cell is found mainly in the skin
of the fishes belonging to suborder Siluroidei.
The occurrence of this cell, however, is not re-
stricted in a special group, but is considerably
widespread in fishes. Pawlowsky (1911) re-
garded the granular cell as belonging to the cate-
gory of albumen glands containing albumen
contents, and Rauther (1907) suggested that
this cell provides albumen-containing secretion
which may have poisonous properties. Ac-

cording to Mittal and Banerjee (1975), the
contents of this cell are basic proteins which
constitute a thick coat of slime together with
mucopolysaccharides and lipids. On the other
hand, Thomson (1969) suspected the production
of ostracitoxin by the granular cell (club cell
named by him) in a boxfish, Ostracion meleagris.
The nature and function of this cell, however,
have not been ascertained fully. Thomson
(1969) performed also histological observations
and divided the developmental process of this
cell into five graded stages. The ultrastructure
of this cell was examined by Henrikson and
Matoltsy (1968), but they made no reference to
the relation between the formation of granules
and cytoplasmic organelles of this cell.

In the previous paper (Satd, 1967), the histo-
logical structure and staining reaction to some
common histological dyes were examined on the
granular cells in three cottids. The present
report attempts to further characterize this cell
by results obtained from light and transmission
electron microscopy and from some histo-
chemical tests, mainly protein histochemistry,
on the granular cell of a littoral cottid.

Material and methods

Specimens, Pseudoblennius cottoides (Richard-
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son), used were of about 10 cm in total length,
collected from the seashore of Fukauramachi,
Aomori Prefecture. For routine histological
observation, skin fragments of about 55 mm
were cut from various parts of the head and the
trunk, and were fixed in Bouin’s fluid, Zenker’s
fluid and Zenker-formol. Paraffin sections,
cut at 8 um, were stained with Delafield’s
haematoxylin and eosin, Heidenhain’s azan
triple stain, and Mallory’s triple stain. The
histochemical methods employed to identify
general proteins and amino-acid groups were
as follows: ninhydrin-Schiff method for protein-
bound NH, (Yasuma and Ichikawa, 1953),
deamination/ninhydrin-Schiff method (Lillie,
1954), chloramine-T Schiff method for protein-
bound NH, (Burstone, 1955), deamination/
chloramine-T  Schiff method (Lillie, 1954),
coupled tetrazonium reaction (Pearse, 1968),
tryptophane method for formalin-fixed tissue
(Adams, 1960), rosindole reaction for indols
(Glenner, 1957), Sakaguchi oxine reaction for
arginine (Caver, Brown, and Thomas, 1953),
DDD reaction for SH groups (Barrnett and Selig-
man, 1952), and ferric ferricyanide method for
SH (Chévermont and Fréderic, 1943). These
histochemical tests were done according to the
instructions in Pearse (1960, 1968) and Lillie
(1954). Most of these tests were performed in
paraffin sections, but a few of them in frozen
sections, cut at 20 #m using an American Optical
Company cryostat.

For electron microscopy, small pieces of head
skin approximately 1.5 mm?® were fixed for two
hours in cold 1% osmium tetroxide buffered at
pH 7.3 with Millonig’s phosphate (Millonig,
1962) or with Benett and Luft’s s-collidine
{Benett and Luft, 1959). Some of the pieces
fixed in s-collidine buffered osmium tetroxide
solution were exposed to block staining by 3%
aqueous solution of uranyl acetate for 30
minutes to one hour. Dehydration was ac-
.complished rapidly in a series of graded ethanols,
and then embedded in Epon 812, through two
-changes in propylene oxides. Thin sections were
cut on a Porter-Blum MT-1 ultramicrotome
and stained first with 39 aqueous solution of
uranyl acetate and then with lead hydroxide
(Millonig, 1961) or lead citrate (Reynolds,
1963). Observations were made on a Hitachi
HS-7D electron microscope.

Results

Histology. The skin epidermis of this fish,
as with other bony fish, may be divided into
three layers: the basal layer (stratum germinati-
vum), the middle layer and the outermost layer.
The granular cells are mostly buried in the
middle layer of the epidermis, and are generally
oval or pear-shaped, with variable sizes ranging
from about 10 to 30 ym in basal diameter (Fig.
1). As reported in the previous paper (Satd,
1967), the contents of these cells are stained
intensely with such acid dyes as eosin, orange
G, acid fuchsin and azocarmine B. Epidermal
cells being present between the granular cells
are vertically elongated as a result of the lateral
pressure of the latter cells. The granular cells
occur in the skin epidermis of almost the whole
body, but they are scanty in fins. Mucous cells
are also found in the superficial and middle
layer of the skin epidermis (Fig. 1, B). Between
the cells of the basal layer are found irregular
lymphatic spaces having small lymphocytes
(Fig. 1, B and Q).

Thomson (1969) described five graded stages
(I~V) in the development of boxfish club cell
which may be identical with the granular cell.
In the present investigation, however, all of the
five stages mentioned above could not be found,
but the graded stages roughly corresponding to
the stage Il and Il of Thomson were observed.
A granular cell marked with Roman numerals
I~II in Fig. 1, A seems to be present at a transi-
tion from the stage I to II, because this cell
has a spherical nucleus and locates at the basal
layer of the epidermis. All granular cells indi-
cated by IIT in Fig. 1 may be present at the stage
I11, because they have coarse granules which are
accumulated at the apical part below a thick cap
of homogenous, colloidal material at the apex,
and their nucleus is somewhat flattened against
the basal part of the cell, owing to the accumula-
tion of granular materials. They have generally
a short and narrow neck which seems to open to
the exterior. Most of the cells at this stage
occupy the entire height of the epidermis. A
granular cell marked with III~IV in Fig. 1.
C seems to be present at a transition between the
stage III and IV, because the contents of this cell
is mostly composed of homogenous colloidal
product.
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Fig. 1. A, B, and C. Cross section of the head skin of a cottid, Pseudoblennius cottoides, showing
granular cells at various developmental stages and the structure of the epidermis. Xca. 600.
gc, granular cell; Is, lymphatic space; mc, mucous cell. Roman numerals (I~II, 111, and I1I~IV)
indicate the developmental stage of the granular cell.

Fine structures. Following descriptions are
based on the granular cell at the stage I1I or 111~
IV. In these stages, major part of the cell is
occupied by an enormous central vacuole within
which are scattered relatively high dense granules.
These granules are not bounded by membranes,
and have variable sizes and forms (Fig. 2). The
remainder of the protoplasm of this cell is com-
pressed between the central vacuole and the cell
membrane. The central vacuole is uniformly
surrounded by some layers of larger vesicles
which are buried in the compressed cytoplasm
and contain granules closely resembling those

found in the central vacuole (Fig. 2). Some of
the larger vesicles being present in contact with
the central vacuole may often be seen to rupture
and to release their granules into the central
vacuole (Fig. 3, A and B). From these electron
micrographic figures, it may be supposed that
some vesicles containing granules appear in the
perinuclear cytoplasm at first, and then release
their granules into spaces formed by rupture of
the vesicles, followed by gradually increasing
sizes of the spaces owing to successional ruptures
of the vesicles, and finally occupy the major part
of the cell. In the cell at the stage III~IV, upper
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Fig. 2. Vertical section of the granular cell at the stage 111, showing an enormous central vacuole (cv) sur-

rounded by larger vesicles, and a nucleus (n) flattened against basal part of the cell. x4,000.
bm, basement membrane.

Table 1. A summary of histochemical tests showing the protein nature of the granular cell of

Pseudoblennius cottoides. 4+, positive; —, negative; +, weakly positive.

Technique employed Fixative and section Reaction
Ninhydrin-Schiff Carnoy, Zenker, paraffin +
No treatment Schiff Carnoy, Zenker, paraffin -
Deamination/ninhydrin-Schift Carnoy, Zenker, paraffin -
Chloramine-T Schiff Carnoy, Zenker, paraffin +
Deamination/chloramine-T Schiff Carnoy, Zenker, paraffin —
Coupled tetrazonium reaction 109 neutral formalin, paraffin +
Tryptophan method 109 neutral formalin, paraffin +
Rosindole reaction 109 calcium acetate-formalin,

paraffin +
Sakaguchi oxine reaction Bouin, Carnoy, paraffin +
DDD reaction for SH group Trichloroacetic-ethanol,

paraffin —
Ferric ferricyanide method for SH 109, formalin, frozen +
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Fig. 3. A. Portions of the granular cell and the fil

K W

ament-containing cell (fcc), showing the rupture of the

larger vesicle (arrow), mitochondria (m) and other cytoplasmic organelles of the granular cell. Con-
siderably complicated interdigitations are visible between these two cells. % 20,000. B. Portion of
the granular cell, showing the rupture of the larger vesicle (arrow). % 20,000. C. Portions of the
granular cell and the filament-containing cell, showing Golgi complex (g) and other cytoplasmic

organelles of the granular cell.  x20,000.

half of the central vacuole is occupied by fine
fibrils which seem to correspond to the homo-
genous colloidal product observed by light
microscopy. Numerous mitochondria, a few
of Golgi complexes, rough endoplasmic reticula,
and free ribosomes are discernible in the com-
pressed cytoplasm (Fig. 3, A and C). A con-
siderable number of the same cytoplasmic fila-

cv, vide Fig. 2.

ments as those found in filament-containing cells
are also visible. As stated already, the flattened
nucleus is situated at the basal part of the
granular cell (Fig. 2). Considerably complicated
interdigitations are seen between the granular
cell and the filament-containing cell (Fig. 3, A).
A few of desmosomes are also found in junction
of these two cells, where no interdigitations are
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observed.

Protein histochemistry. Since the contents
of the granular cell do not give histochemical
reactions for mucopolysaccharides (Sato, 1967;
Mittal and Banerjee, 1975), protein histochemis-
try was performed as a preliminary test in this
investigation. The results obtained are summa-
rized in Table 1.

The positive colour reactions of the granular
cells to ninhydrin-Schiff and chloramine-T
Schiff methods are blocked completely by de-
amination. This shows the presence of protein-
bound NH, groups in their contents. The
colour reaction mentioned above is not due to
free aldehyde. The granular cells show also
positive reactions to the coupled tetrazonium
reaction, the tryptophan reaction, the rosindole
reaction, and the Sakaguchi oxine reaction,
suggesting the presence of aromatic and basic
amino-acid groups. The existence of sulphur-
containing amino-acid groups, however, could
not be ascertained, because of unstable re-
actions for sulphydral groups.

Discussion

According to results obtained by Studnicka
(1906)., Rauther (1907), and several other authors,
the granular cells are detected in species from
such diverse orders as Cypriniformes, Channi-
formes, Mastacembeliformes, Synbranchiformes,
Tetraodontiformes, Cottiformes, and Gobie-
sociformes. Viewed from the integumental
structures, it is not clear whether or not chara-
cteristics common to the bony fishes endowed
with the granular cells are present, because
these fishes show considerable variations in their
integument, viz., some of them are covered with
dermal scutes, spineless carapase or scales,
whereas others are naked. Phylogenitical
significance of this cell also cannot be discussed
until the fishes provided or unprovided with this
cell have been examined more fully. So far as
cottid fishes concerned, an inverse relationship
between the occurrence of the granular cells and
the abundance of the mucous cells, even though
there is such an exception as Cottus nozawae,
was suggested in the previous paper (Sato,
1967). P. cottoides, however, is endowed with
the granular cells and with a considerable number
of small and large mucous cell. Mittal and
Munshi (1971), on the other hand, reported that

Amphipnous cuchia has both a good number of
granular cells and numerous elongated mucous
cells. Thus, the inverse relationship mentioned
above does not seem to be tenable.

According to Bhatti (1938), the contents of the
granular cell of Otocinchus nigricauda are
almost wholly homogenous in early stages, but as
soon as the cell opens to the exterior, the plasma
is transformed into granular substance, the
nucleus shrinks towards the basal wall of the
cell, and whole cell seems to decrease in size.
Thomson (1969), however, observed that the
granular cell (club cell named by him) of the
boxfish, Ostracion meleagris, passes through
I~V stages of development and its coarse granu-
lar contents transform into homogenous col-
loidal material which finally may be extruded to
the exterior. In the granular cell of P. cottoides,
all of I~V stages of the development were not
observed, but II, III, and III~IV stages were
most frequently encountered. The granular
cell at the stage IV was observed in a cottid,
Blepsias cirrhosus draciscus (Sato, 1967). Ac-
cordingly, the granular cell of the cottid fishes,
at least, presumably passes through graded
developmental stages similar to those described
by Thomson (1969).

Electron microscopy of the granular cell of
P. cottoides shows that the fine structure of this
cell is very similar to that observed by Henrikson
and Matoltsy (1968) in the cell of Corydoras,
and furthermore suggests that an enormous
central vacuole occupying the major part of this
cell is formed by successive ruptures of larger
vesicles which are buried in the cytoplasm of
the cell and contain granules. Where do the
granules originate? Since the stage correspond-
ing to the stage I of Thomson has not been in-
vestigated in P. cottoides, the granular forma-
tion in very early stage is unknown. However,
it is expected that the formation of granules may
be closely related to Golgi complex of this cell.

Mittal and Banerjee (1975) reported that the
contents of the granular cell (sacciform granu-
lated cell named by them) of Channa striata
give strong reaction to basic protein test. This
result cannot be directly supported by the present
histochemical tests for proteins. The present
examination shows that the contents of this
cell of P. cottoides are acidophilic and may pro-
bably contain basic and aromatic amino-acid
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groups. The presence of basic proteins may be
expected from the above-mentioned results,
though further investigations are needed to fully
elucidate proteins of this cell of this fish. Rau-
ther (1907) conjectured that the proteinous con-
tents of the granular cells of Callichthys puncta-
tus may have poisonous properties. Pfeiffer
and Pletcher (1964) reported that a distasteful
secretion from granular cells of the skin of the
lamprey is suspected of being biologically sig-
nificant in protecting this cyclostome from pre-
dacious fish. Though it is questionable whether
the granular cells of the lamprey are identical
with those of teleosts, the results obtained on the
lamprey seem to be very helpful to make clear
the function of the granular cells of teleosts.
The result similar to that of Pfeiffer and Pletcher
has been obtained by the writer in preliminary
tests using Corydoras which is provided with the
granular cells (unpublished). According to
Thomson (1969), the granular cells of the box-
fish is suspected to produce ostracitoxin, a
powerful poisonous material, which is far
different from that contained in the granular cell
of other teleosts. Mittal and Banerjee (1975)
stated that slime on the skin of Channa striata is
mainly composed of mucus secreted from the
mucous glands and surface polygonal cells,
along with basic proteins from the granular cells
(sacciform granulated cells) and lipids from the
surface polygonal cells. The contribution of the
granular cells to formation of slime on the skin
could not be ascertained in the present specimen.
Whether or not the granular cell participates the
formation of thick covering layer to overlie
the external surface of the epidermis of cutaneous
flaps of a cottid, Hemitripterus villosus, remained
questionable in the latest paper (Sato, 1977).
From the results obtained by the previous
(Sato, 1967) and the present observations, it is
obvious that three cottids of Blepsias cirrhosus
draciscus, Cottus nozawae and P. cottoides are
endowed with a considerable number of the
granular cells, but they lack the thick covering
layer. Since the existence of the granular cells
does not always correlate with the presence of the
covering layer, these cells do not seem to play the
leading role in the formation of this layer.
Mittal and Banerjee (1975) proposed a new
term ‘‘sacciform granulated cells” for the cells
which are invariably sac-like in outline having

coarse or finely granular contents. The writer
expresses his approval for their proposal and
wishes to adopt this new term in future publi-
cations. As the eosinophilic vesicle designated
by the writer (Satd, 1967) does not imply defi-
nitely cellular structure, this term is not ap-
propriate and should be replaced by the above-
mentioned new term. ‘““‘Schlauchzelle’ described
by Lucowicz (1966) in the skin epidermis of
Bagrus bayad, a siluroid fish of the Nile, is a
bag-like cell having granular materials, and may
be included among the sacciform granulated
cells. Roberts et al. (1971) found a previously
undescribed cell in the basal layer of the skin
epidermis of a plaice, Pleuronectes platessa, and
named it eosinophilic granular cell. This speci-
alized cell is similar to the granular cell in light
microscopic structure and eosinophil. Electron
microscopy performed by Roterts et al. (1971),
however, suggested that this specialized cell has
dendritic processes extending between higher
epithelial cells. Accordingly, this specialized
cell seems to fall under the category other than
that of the sacciform granulated cell. According
to Roberts etal. (1971), this specialized cell is
considered to show the closest resemblance to
the Paneth cell of the mammalian intestinal epi-
thelium.
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THETFNE (WP hE) ORRICH LN DEAM
ROAFLROVICEFHEHFEC S IBR
B it

THETF~EOEMITIE, TLLTEFHRED
I TEfET B KB T 5. AMAax, Thomson
(1969) #3~ =27 7 o —%& Ostracion meleagris T
L 7-ARKMIBA (club cell) &Rz, RMEILHR
ERBELEBLOLEL L R B, FEERE I~
ORI E, HHROMEEEREY &%, TR LHERK
LFHRBENID, FEEDIVEESE T I /B2 AT
MELBOFEENTHREINS. MITOERICH 5AM
BoOEFGkE»3 L, MROEER T @BopoER
(central vacuole) Iz X TE®wHh, o ZEdic
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DBEICOCTLETOEEZRR.
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