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Mucous Cells and Their Structure on the Epidermis of
Five Appendages in the Korean Flat—headed Goby,
Luciogobius guttatus (Pisces; Perciformes)
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The flat-headed goby, Luciogobius guttatus, inhabits tidepools and river mouths,
and stays under stones on the dried bottom for the duration of the low tide. To know
the relationship of its respiration and habit in this fish, the epidermis of five
appendages was observed. The epidermis has three layers: the outermost layer,
middle layer and stratum germinativum. The outermost layer is composed of
polygonal cells or rather flattened cells, and mucous cells. The unicellular mucous
cells showing acid mucopolysaccharides are 11.1 to 16. 1 ym in mean height and in
one or two rows. The middle layer consists mainly of large epidermal cells that are
swollen by adjacent epidermal cells and arranged in a web-shaped structure. The
swollen cells are 12.3 to 15.2 pm in mean height and arranged in one to 11 layers.
Since the swollen cells occupy the entire height of the epidermis, the epidermis is
thick. A large number of blood capillaries are present just below the stratum ger-
minativum. Taste buds are distributed at intervals on the surface of the epidermis.
Based on these epidermal strucures, it is likely that L. guttatus utilizes cutaneous
respiration in a dual respiratory systems.
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Introduction

The Korean flat-headed goby, Luciogobius,
consisted of 4 species as L. grandis, L. guttatus,
L. koma and L. saikaiensis (Kim et al., 2005).
They are negatively buoyant and demersal because
of absence of swimbladder, perching upright on
the substrate when not swimming. They inhabit
tidepools and river mouths, and stays under
stones on the dried bottom for the duration of the
low tide (Choi et al., 2002; Kim et al., 2005).
Intertidal fishes including flat-headed gobies
can be found emerged under boulders or in cre-
vices during low tides, occasionally in shallow
pools in water that does not cover their bodies.
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As tide recedes, water levels drop until the sub-
strate itself is exposed (Horn and Riegle, 1981,
Horn et al., 1999). Eventually, their habitats
cause aquatic hypoxia during low tides.
Therefore, intertidal fishes have an additional
air-breathing mechanism to overcome their
hypoxia (Bridges, 1988; Graham, 1997; Horn et
al., 1999). However, most marine intertidal fishes,
unlike freshwater air-breathing fishes, have no
specialized or enclosed air-breathing organ (Gra-
ham, 1997). In marine fishes including intertidal
fishes, the respiration using air must take place
across the same surfaces in air as it does in
water: the gills, the skin, and perhaps the linings
of the opercular and buccal cavities (Graham,
1997; Horn et al., 1999). Marine fishes in the
world known as having air-breathing organ,
reported in the field or the laboratory, are about
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60 species in 12 families (Graham, 1997; Horn et
al., 1999). However, Luciogobius had not been
studied at all. Through the histology of the epi-
dermis in L. guttatus, therefore, we are going to
get information on the structure and histohem-
istry of the epidemis and discuss on possibility of
cutaneous air respiration.

Materials and Methods

Two males and three females, ranging from
59.8 mm to 71.6 mm in standard length, were
collected in June, 2004 by a hand and a small net
from Gigo-ri, hangseon-myeon, Hanam-gun,
Jeollanam-do, in the southern coast Korea. The
specimens were anaesthetized with MS222. For
histological examination, the skin fragments,
5x 5 mm?, were fixed in 10% neutral buffered
formaldehyde and 5 regions of the skin were
taken from the following fins: dorsal fin, pectoral
fin, anal fin, caudal fin and sucking disc.

We dehydrated these sections through a stan-
dard ethanol series to 100%, cleared in xylene
and then embedded in wax (Paraplast, Oxford).
We deparaffinized 5 pm sections and stained them
with Harris hematoxylin, Ehrlich hematoxylin,
and counter-stained with eosin, and Masson
trichrome stain (Gurr, 1956) for general histol-
ogy. Mucins of gland were demonstrated by alcian
blue solution (AB) at pH 1.0 and 2.5 (Steedman,
1950; Lev and Spicer, 1964), and the periodic
acid-schiff (PAS) method. In addition, the PAS
technique was employed in combination with AB
and vice-versa for neutral and acid mucins. Acid
mucin was shown by metachromatic reactions
with toluidine blue (Tock and Pearse, 1965). Also,
high iron diamine (HID) and with AB (Spicer,
1965) were used for nature of the acid mucins.

For evaluations of the epidermis, we took two
skin fragments by each region per specimen by
Video Test-Master (VT image analysis program)
on hematoxylin and eosin preparations. More
than 10 sections were used for measurement per
two skin fragments.

Results

General structure of Epidermis

In 5 different appendage regions, the struc-
tures of the epidermis exhibited always a stra-
tified epithelium which consisted fundamentally

of the superficial layer, the middle layer and the
stratum germinativum (Figs. 1 and 2). This prin-
cipal structure is seems in all 5 regions, although
there are differences in their thickness or stra-
tum especially in the middle cell layer.

The basal layer, the stratum germinativum was
composed of a single layer of either cuboidal cells,
or more or less columnar cells (Figs. 2A-2B).
Blood vessels located adjacent to the taste bud
organs of the epidermis are found in the intra-
epithelial layer (Fig. 2A). A number of blood cap-
illaries are present just under the basal mem-
brane.

The middle layer of epidermis is simpler in
structure. This layer consists of few round or
cuboidal epithelial cells but mainly large epithe-
lial cells (Figs. 2A-2E). The large cells are swol-
len adjacent to the epithelial cells, called as
swollen cell. The swollen cells have an oval nucle-
us and a homogeneous cytoplasm, and their
boundary is clear (Figs. 2A-2F). Occasionally,
they appeared to vesicles or vacant acellular
structures due to a loss of nucleus. The swollen
cell does not show any histochemical reactions
for general histochemiacal stain as well as stain-
ing for polysaccharides. The swollen cells are
various in height, mean 12.3 to 15.2 ym and
multi-layered, 1 to 11 layers. The layer of the
swollen cell is much in the caudal fin, reaching 3

Fig. 1. Base of the Pectoral fin of Luciogobius guttatus.
A, upper region; B, lower region (Bar =0.3 mm).
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Fig. 2. Transverse sections of the epidermis of Luciogobius guttatus (Bars indicate 50 um). A, The base of the dorsal fin.
Ehrlich haematoxylin and eosin. The epidermis consisted of 3 layers; outermost layer (ol), middle layer (ml) and
stratum germinativum (sg). The swollen cells (sc) occupy the height of the middle layer and plenty of blood
capillaries (bc) are found in the dermis. Arrows, mucous cell. B, The base of the caudal fin. Ehrlich haematoxylin
and eosin. C, The base of the anal fin. Ehrlich haematoxylin and eosin. D, The base of the pectoral fin. Ehrlich
haematoxylin and eosin. E, The base of the sucking disc. Ehrlich haematoxylin and eosin. F, The base of the
sucking disc. The mucous cells show deep purple with PAS reaction. Abbreviation; bc, blood capillaries; ml, middle
layer; ol, outermost layer; sc, swollen cell; sg, stratum germinativum; arrow, mucous cell.

to 11 layers, and less in other appendages, simi-
larly 1 to 7 layers (Table 1). Therefore, the thick-
ness of the epidermis is mainly determined by
the size or number of stratum of the swollen cells
arranges in the middle layer. By these stratified
swollen cells, the middle layer shows a web-
shaped structure in appearance (Fig. 2).

The outermost layer is composed of two types
of cell, epidermal cell shaped with round or poly-
gonal cells arranged in 1 to 3 layers, and mucous

gland cell (Fig. 2). The unicellular mucous cells
are spherical in shape and their nuclei are basal,
spherical or oval with a thin rim of slightly
basophilic cytoplasm. The mucous cells open to
the exterior by a short narrow neck that opens
on the surface by a wide pore. The mucous cells
with mean 11.1 to 16. 1 ym in height are arranged
in 1 to 2 rows. Number of the distributed mucous
cell are about O to 7 per 100 um, much in anal fin
and similar in other appendages (Table 1).
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Table 1. The thickness of the epidermis, height of mucous cell and the swollen cell in 5 appendges of the epidermis of

Luciogobius guttaus

Thickness of

Height of the mucous

Height of the swollen

1)
Regions the epidermis (um) cell (um) mtl((:)c'nj)sf cell (um) 2)Strﬁtum (i];
swollen ce
mean+SD Min.~Max. mean+SD Min.~Max.  cell mean+SD Min. ~Max

Base of dorsal fin 38.6+13.5 225~69.3 143+3.1 8.8~18.6 1~4 152+6.4 6.8~329 1~4
Base of pectoral fin 25.0+8.3 87~176 11.6+23 8.7~176 0~5 12.3+4.8 5.2~26.4 1~5
Base of anal fin 40.0+16.2 19.0~87.5 12.7+£3.2 5.6~17.6 0~7 15.2+6.5 4.7~42.6 1~7
Base of caudal fin 53.4+13.1 29.2~80.2 16.1+3.6 8.9~231 0~5 15.2+11.3 4.8~41.2 3~11
Base of sucking disc. 25.7+12.2 6.9~48.4 11.1+39 6.2~18.6 1~5 13.1+6.6 5.2~26.7 1~4

Min, minimum; Max, maximum; ®Number of mucous cell per 100 um in the middle layer; AStratum of swollen cell arranged in the middle

layer.

Table 2. A summary of the histochemical tests performed
to show the nature of the mucous cell in Lucio-
gobius guttatus

Techniques employed Mucous cell
Hematoxylin & eosin +=B
Weigerts iron Haematoxylin +++B

Masson trichrome -
PAS ++R

PAS after digestion in malt diastase/PAS ++R
Alcian blue (1.0) ++B
Alcian blue (2.5) ++B
Alcian blue/PAS ++B, BR, R
PAS/Alcian blue ++B, BR, R
Toluidine blue y-meta
Acetylation/PAS -
Methylation/AB -
Methylation/Saponification/AB +B
Aldehyde fucshin +R
Aldehyde fucshin/Alcain blue (2.5) ++BR
High iron diamine +N
High iron diamine/alcian blue +++BN

B, blue; BN, bluish black; BR, bluish red; G, green; N, black; PN,
pink; R, red; +, increasing intensity of reaction; +, fairly present;
-, absent.

Histochemistry of mucous cell

The mucous cells were predominantly distrib-
uted in the outermost layer of the skin but were
sparse in the middle layer. The mucous cells gave
a deep red color reaction with PAS technique,
which is diastase resistant, y-metachromasia
with toluidine blue, blue with the AB at pH 1.0
and 2.5 (Table 2). The mucous cells, giving a red
color with aldehyde fucshin and black color with
high iron diamine, were likely to be sulfomucins.
In mild methylation/AB and acetylation/PAS
techniques they were negative, and in methy-
lation/ saponification-AB they were stained blue.
Their nuclei were purple or red color with AB-
PAS reaction and Masson trichrome stain.

Thickness of the epidermis

The thickness of the epidermis depends mainly
on the thickness of the middle layer, ie, the size
and the stratum of the swollen cells, particularly
their size or number (Table 1). In the 5 appen-
dages, the thickness of epidermis was thicker in
the caudal fin (mean 53.4 um=+13.1) and anal fin
(mean 40.0 um=+16.2), which have large swollen
cell (mean 15.2 um+6.5) and numerous strata (1
to 11 layers) in the middle layer. Whereas the
pectoral fin and the sucking disc have a thinner
epidermis, mean 25.0 um=+8.3 and mean 25.7 um
+12, respectively. The pectoral fin is mean 12.3
pm=+4.8 in the height and 1 to 5 rows and the
sucking disc is mean 13.1 ym=+6.6 and 1 to 4
rows.

Discussion

The air-breathing fishes are dual respiratory
system, which use a combination of aerial and
aquatic respiration (Graham, 1997; Randle and
Chapman, 2005). Among them, the skin related
to cutaneous air respiration have been known as
the following structures: a thicker epidermis due
to several types of glands, intra-epithelial blood
capillaries, abundant blood capillaries in the
superficial dermis, a well-developed vasculari-
zation, reduction or absence of scales, and a
definite area with acid mucopolysaccharides in
the dermis (Jakubowski, 1958; Liem, 1967;
Johansen, 1970; Mittal and Munshi, 1971; Mittal
and Banerjee, 1974; Mittal et al., 1980; Whitear,
1986; Suzuki, 1992; Yokoya and Tamura, 1992;
Park and Kim 1999, 2000; Park et al., 2000; Park,
2002a, b; Park et al., 2003a, b; Zhang et al.,
2003).

Luciogobius guttatus had a thick epidermis
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that consisted of unicellular mucous cell in the
outermost layer and voluminous swollen cells
giving web-shaped structures in the middle layer
as the above know air-breathing fishes. In addi-
tion, plenty of blood capillaires are situated under
the stratum germinativum.

In L. guttatus, the mucous cells were present
in the outermost layer of the epidermis and acid
mucopolysaccharides in nature. Acidic mucopoly-
saccharides were of characters appearing in the
cutaneous respiratory fishes such as Monopterus,
Mastacembelus, Amphipnous, and Misgurnus, and
Boleophthalmus (Mittal and Munshi, 1971; Mittal
and Banerjee, 1974; Mittal et al., 1980; Park and
Kim, 1999; Park et al., 2003a).

The middle layer of the epidermis consisted
mainly of swollen cells which are varied in the
size and the stratum. These the swollen cells
which are varied were reported only in the skin
of amphibious mudskipper fishes, some
Periophthalmus and Boleophthalmus (Whitear,
1986; Al-Kadhomity and Hughes, 1988; Low et
al., 1990; Yokoya and Tamura, 1992; Suzuki,
1992; Zhang et al., 2000; Park, 2002; Park et al.,
2003a). These stratified swollen cells occupied
the entire height of the epidermis, which it
shows web-structure in appearance as in the
mudskipper fishes.

L. guttatus has no scale. Absence and reduction
of the scales was mainly found in cutaneously
respiratory fishes such as Misgurnus, Perioph-
thalmus, Heteropneustes, Mastacembelus, Iksoo-
kimia, Amphipnous, Monopterus, and Liobargrus
considered as an adaptation for movement or
burrowing (Liem, 1967; Mittal and Munshi, 1971,
Whitear, 1986; Park, 2002; Park et al., 2003a, b).

L. guttatus have no intra-epithelial blood cap-
illaries. But L. guttaus has plenty of blood capil-
laries just beneath the basal layer of the epider-
mis. Liem (1967) had been experimentally demon-
strated in the epidermis of Monopterus albus with
only large mucous cells, no intra-epithelial blood
capillaries. Although the blood vessels are situ-
ated in the dermis, oxygen obtained through the
mucous cell of the epidermis is sufficient to be
able to diffuse to the deeper dermis (Jakubowski,
1958; Liem, 1967; Mittal and Munshi, 1971;
Whitear, 1986; Graham, 1997; Horn et al., 1999).
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