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Abstract

Three species of fish including, macroscopic
scaled fish as Oftolithes ruber, microscopic
scaled sturgeon as Huso huso and free scaled
cat fish as Pangasius hypophthalmus were
prepared and specimen of dorsal of head and
caudal peduncle were carried out. Routine
procedures of tissues preparation followed and
paraffin sections stained with (H&E) and
(PAS). Results showed, epidermis formed non
keratinized stratified squamous epithelium with
epidermis, lymphocytes, goblet cells, taste bud
and club cells. The epidermis thickness of the
head skin was higher than that of the caudal
peduncle, as demonstrated by image analysis
using light microscopy. Goblet cells were along
the superficial cells layers and their

distributions were varied.
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In histomorphometric studies by PAS staining
the highest number of these cells were seen in
head of O. ruber and the lowest were seen in
the caudal peduncle of P. hypophthalmus. Most
of them were seen from the middle to surface
layer of the epidermis. Club cells, with large
nucleus, mostly evident in the deep and middle
layer of the epidermis, being the largest cells
within the epithelium. The highest numbers of
these cells (61.8 + 2.16) were found in head
region of P. hypophthalmus. Taste buds as a
sensory organ were not seen in caudal peduncle
of O. ruber and H. huso. Based on the results of
this study, epidermis had similarities in cell
type and differences in their numbers that could
be justified by the presence or absence of

scales.
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Introduction

Fish skin is one of the largest organs of the body
and provide complete coverage, responsible for
the maintenance of internal exchanges
(Guardiola et al., 2014.). Also, skin with
mucous plays an important role in fish health
(Jung and Tonn, 2011). Mucous secreting cells
are single extracellular glands that have
produced the slimy body surface of fish. They
are responsible for the secretion of mucous in
the epidermis of fish (Raj et al., 2011). It can be
very sensitive to chemicals, water, and physical
stress. The thickness of the skin and each of its
constituent layers varies between different
species and even within one species (Zhou et
al.,2014). Age, season, body different part, and
environmental conditions are related (Sveen,
2016). In adult the skin of fish has two general
layers of epidermis and dermis. The outer
epidermal cells maintain their proliferation. In
epidermis, the outermost layer of the skin,
naturally is mainly secreted by epithelial
superficial cells and mostly by mucosal goblet
cells (Jensen, 2015). Epidermis thickness in
scaleless fish has increased cellular diversity,
especially the presence of high alarm cells (Li
et al., 2010). Mucous secretion is one of the
characteristics of the epidermis of all Teleost’s
and a large number of other aquatic vertebrates.
The goblet cells are larger in size than other
epithelial cells and have a positive reaction
histochemical staining (Richardson, 2013;
Wang et al., 2016). This study was based on the
presence or absence of scales in fish skin. The
scales actually protect the skin, muscles and

internal organs (Webb and Kimelman, 2008).
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Cycloid circular scales are large and thick in
less developed bony fish such as H. huso. In O.
ruber cycloid circular scales are thin and
relatively transparent. Research has also shown
that the presence or absence of scales will cause
changes in cell structure and the number of
layers on the surface of the skin (Jensen, 2015).
The present study can answer many questions
in the field of pathology, physiology and
histology in the executive units of these species
studied. Because there is no report available
about comparative study of O. ruber, H. huso,

and P. hypophthalmus skin histology.

Materials and methods

Fish samples

To do this study, three species were collected
from different centers and it was considered five
numbers for any of male and female fish. The
fish were transported alive and anesthetized
before sampling with anesthetics. In this study
fish used were mature. O. ruber was harvested
from Bahrekan beach in Hendijan, H. huso
provided from sturgeon farm center in Dezful
and P. hypophthalmus collected from Behbahan

breeding center for ornamental catfish.

General histology

Specimens (0.5x0.5 c¢cm?) (Abdi et al., 2007)
were taken from different parts of head (dorsal
head), caudal peduncle and placed in bouin's
fixative solution (Basir and Peyghan, 2019). The
process of decalcification was done for H. huso
by formic acid (Kim et al., 2008). Next steps
including dehydration in various degrees of
alcohol and clarified by xylene and paraffin

embedding were performed with a tissue
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processor (Amiripour et al., 2015). Following
embedding in paraffin, cross and longitudinal
sections of 4-6 um were cut by a Leica RM2255
microtome (German) and collected on glass
slides and stained with Hematoxylin and Eosin
(H & E) and Periodic acid—Schiff (PAS) (Basir
et al., 2015) then observed and photographed
using an Olympus BX50 light microscope
(Japan) equipped with a Dino-Lite lens together
with Dino-Capture software installed on the
computer (Savari et al., 2016; Moradkhani ef al.,
2020).

Statistical analyse

Data (epiderma thickness, goblet cells, taste
buds and club cells number) were statistically
analyzed by student t-test to determine
differences between head and caudal peduncle
skin areas using statistical package for social
science (SPSS for Windows; v19) and
differences were considered statistically
significant when p < 0.05 (Liu et al., 2017,
Basir and Abdi, 2016).

Results

The results of microscopic studies in all three
species showed that skin of head and caudal
peduncle consisted of epidermis with non-
keratinized stratified squamous epithelium. By
histological examination, large spherical and
dilated cells were observed in several rows.
These cells showed PAS positive reactions are
called mucous secreting or goblet cells. As these
cells were drawn to the surface of the epidermis,
grew larger and increased in size. There were

also very large and bulky called club cells in the
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epidermis. These cells had a large euchromatin
nucleus with a large cytoplasm that reacted
negatively with PAS staining and thus were well
differentiated from goblet cells that responded
positively with PAS staining. The shape and
number of these cells were reported different.
They were found mainly in the middle region,
rarely reaching the apical surface and show
elongated and globular shapes. In addition, other
structure has elongated, oval-shape called taste
buds that open to the surface of the skin by pores.
Generally, epidermis in the middle layer is
characterized by the presence of blood
capillaries and underneath the epithelium was a
layer of loose connective tissue with fibroblasts
and associated by melanophores (Fig. 1-3). In
histomorphometric ~ studies, the  highest
epidermis thickness was in head of O. ruber (20
+ 1.58) and the least thickness was in caudal
peduncle of P. hypophthalmus (8 = 2). Goblet
cells with amount of (155 £ 3.39) in head of O.
ruber was the greatest and club cells with
amount of (7.6 £+ 1.51) in caudal peduncle of H.
huso was the least. Taste buds with the greatest
amount of (3.6 + 1.14) was reported in head of
P. hypophthalmu and in two O. ruber and H.
huso in caudal peduncle was not observed
(Table 1). Significant comparison between the
three fish species was measured in two areas
studied separately (Table 2). Also Tukey's post-
test to determine significant differences between
epidermis thickness, taste buds, goblet cells and
club cells in three fish species in two areas
studied are shown in (Table 3). In the current
study, there was no difference in the type and

number of cells between males and females.
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Figure 1. Light micrograph of head skin of O. ruber (A), H. huso (B) and P. hypophthalmus (C) (H & E; x40).
Photomicrograph are showing thick epidermis of stratified squamous epithelium tissue composed by epidermis
(Ep), lymphocytes (L), dermis (De), goblet cell (Gc), club cells (Cc), fibroblast (F) and melanophores (C), (scale
bar = 20pm).

Figure 2. Light micrograph of head skin of O. ruber (PAS; x40). Mucus-containing goblet cells (Gc) responded
positively to PAS staining and appear purple while the club cells (Cc) are neutral. In this figure, a large goblet cell
is secreting mucus material near the surface of the epidermis (Ep). In this form, goblet cells of large size, spherical,

oval shape and connective tissue (arrow) were seen, (scale bar = 20um).
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Figure 3. Light micrograph of caudal peduncle skin of O. ruber (A), H. huso (B) and P hypophthalmus (C) (H &

E; x40). Photomicrograph are showing thick epidermis of stratified squamous epithelium tissue composed of

epidermis (Ep), dermis (De), goblet cell (Gc), club cells (Cc) and melanophores (C), (scale bar = 20pum).

Table 1. (mean = SEM) of epidermis thickness, goblet cells, club cells and taste buds number (um?) in different

areas of skin at 100um in O. ruber, H. huso and P. hypophthalmus analyzed by (H & E) staining method

Region Epidermis Goblet cells Club cells Taste buds
thickness

Head

O. ruber 20+1.58* 155 +3.39° 8.8+0.83° 1.4+0.54°

H. huso 18+1° 118.6£5.17° 7.6+151° 22+0.83"

P. hypophthalmus 17.6+1.14° 61.8+2.16° 61.8+2.16° 36+1.14°¢

Caudal peduncle

O. ruber 10£1° 21+£1.582 17.4+£1.14* Not seen

H. huso 94+1.14° 18.4+1.14° 20.2 +2.38" Not seen

P. hypophthalmus 8+£22 12.8 £2.38¢ 22.6+3.36° 3+1

Different letters each column indicate a significant difference (p <0.05).
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Table 2. Significant comparison table between the three fish species was measured in terms of the two areas separately

Region Epidermis thickness Goblet cells Club cells Taste buds
Head 0.02%* 0.00* 0.25 0.04*
Caudal peduncle 0.12 0.00* 0.02* -

*In each column indicate a significant difference in terms of the two areas separately (p <0.05).

Table 3. Tukey's post-test to determine significant differences between epidermis thickness, taste buds, goblet cells

and club cells in three fish species in head and caudal peduncle areas

Region Variable significant
Head Epidermis thickness

O. ruber - H. huso 0.06

O. ruber - P. hypophthalmus 0.02%*

H. huso - P. hypophthalmus 0.87
Caudal peduncle Epidermis thickness

O. ruber - H. huso -
O. ruber - P. hypophthalmus -
H. huso - P. hypophthalmus -

Head Taste buds
O. ruber - H. huso 0.44
O. ruber - P. hypophthalmus 0.00%*
H. huso - P. hypophthalmus 0.03*
Caudal peduncle Taste buds

O. ruber - H. huso -
O. ruber - P. hypophthalmus -
H. huso - P. hypophthalmus -

Head Goblet cells
O. ruber - H. huso 0.00*
O. ruber - P. hypophthalmus 0.00*
H. huso - P. hypophthalmus 0.00*
Caudal peduncle Goblet cells
O. ruber - H. huso 0.09
O. ruber - P. hypophthalmus 0.00%*
H. huso - P. hypophthalmus 0.00*
Head Club cells

O. ruber - H. huso -
O. ruber - P. hypophthalmus -
H. huso - P. hypophthalmus -

Caudal peduncle Club cells
O. ruber - H. huso 0.21
O. ruber - P. hypophthalmus 0.01%*
H. huso - P. hypophthalmus 0.30

*In each column indicate a significant difference depending to the measured items in three fish species (p <0.05).

Discussion

The skin of fish constitutes about 10% of the
body weight and the epidermis has an important
role as a barrier between the environment and
the body of the fish, osmoregulatory processes,
protecting the fish against mechanical damage,
ectoparasites and pathogenic microorganisms
(Al-Banaw et al., 2009; Lin et al., 2008).

Unlike the epidermis of most onshore
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vertebrates which is covered with a keratinous
layer, that of fish remains metabolically active.
The epidermis is covered several cell layers
thick, and contains a variety of cell types with
different properties (Richardson, 2013). The
epidermal thickness affected by size,
environmental conditions, maturing and

physiological status and even in one species in
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different parts of the body (Regueira et al.,
2016). In the recent study, the highest
epidermal thickness in the two head and caudal
peduncle regions was reported in O. ruber.
Researchers believe that presence of scales and
multiple layers of mucus secreting cells may be
due to the increased thickness of the epidermis
compared to the other two species (Stabell and
Vegusdal, 2010). For these reasons, the lowest
thickness of the epidermis layer in P.
hypophthalmus is acknowledged. In fish the
epidermis cell layers may be variable from 2 to
15 (Cordero et al., 2017). In O. ruber as a
pelagic fish species, the epidermis is frequently
thickest in the dorsal areas of the body but in
benthic species, the epidermis covering ventral
surfaces is often thicker. In confirmation of our
findings, other researchers reported that some
species such as salmonids, the epidermis is
often thicker in non-scaled areas, such as the
top of the head, than in scaled areas of the body
(Park et al., 2010). Melanophores found in the
basal region of the epidermis in all three species
studied have been reported to be dark cells
containing pigments along with a large number
of electron-dense granules of melanin pigment
that can move into the cytoplasm of the cell to
give a favorable staining and protective effect
(Guardiola et al., 2014). Goblet or mucus-
secreting cells were studied in the epidermis of
all fish in the present study. They numbers vary
greatly with site and species. The size and
number of these cells in different species and
even in one species were very different
depending on the position. The most prominent
feature of these cells was PAS staining positive,

usually originated in the middle layer of the
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epidermis and they were massive when they
were drawn to the surface. Unlike these,
superficial, middle and basal layer epithelial
cells and club cells did not respond positively
to the PAS staining. The highest and lowest
numbers of goblet cells were observed in the
head and caudal peduncle in all three species,
respectively. The highest number of this cell
was reported in macroscopic scaled fish as O.
ruber in head while, the lowest number of these
cells was reported in free scaled fish as P.
hypophthalmusi in caudal peduncle. The
researchers believe that the reason for the
increase of these cells in the head area is for
easy splitting, floating and prevent damage to
this area when searching for food and collision
with foreign bodies (Barbosa et al., 2010). The
classification of goblet cells varies greatly
according to the number, shape, and size of the
skin tissue, depending on the presence or
absence of scales (Naderi et al., 2014). Apart
from scales, it has been reported that in deep-
water fish, goblet cells are more tolerant of
adaptation to the lifestyle (Ceballos-Francisco
et al., 2017). In addition, the number of these
cells is more in scaleless area than in other areas
of the body (Cordero et al., 2015). The
thickness of the epidermis layer in each part of
the fish's body also depends on the number of
goblet cells in that area to secrete mucus to
forming lubricate (Halbgewachs et al., 2009).
In general, as observed in the recent study on
the skin of all three different species, there was
a higher concentration of goblet cells in the
epidermis of the anterior than to the posterior
region, because the mucosa tends to return to

the back of the animal when moving forward.
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Therefore, the concentration of these cells in
the posterior part of the body will be less due to
the accumulation of mucus. Histological
analysis revealed the presence of club cells in
the epidermis of all three species studied. These
cells were observed large, round to oval central
nucleus, in the middle region of the epidermis
and showed no PAS positive reaction. So in this
experiment the presence of carbohydrates and
non-basophil  cytoplasm  is  detected.
Researchers believe that these cells have
immune function that protect against general
injury, parasites, pathogens, and may also have
alarming function as a secondary role (Karlsen
et al., 2018). According to our finding, these
cells in P. hypophthalmusi were elongated
compared to the other two species. It has also
been reported that in the Plicofollis
argyropleuron, these cells were elongated,
whereas they were observed globular in
Ictalurus punctatus (Lei et al., 2012). In any
case, the morphology, large size, position and
negative reaction to PAS are quite similar to the
description of the other species studied
(Regueira et al., 2016). In histomorphological
finding in all three species, taste buds or
sensory buds were very different from other
studied factors. As reported, in the caudal
peduncle only in P. hypophthalmus this organ
has been seen. Researchers believe that the
shape and size of the sensory buds vary in
different parts of the body and have specific and
protective epithelial cells in each species. Also
some researchers reported that the difference in
these organs is related to ecomorphological

adaptation of fish (Sveen et al., 2019).
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