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Abstract: As a surface for respiratory gas diffusion, ion regulation and waste excretion, gill epithelium 
of Alosa Caspio Caspio has been investigated. Problem statement: Surely, morphological study of 
gill cells is the main route for giving the basic data which can be inductive for physiological and 
pathological investigations. Approach: Gills were removed from Alosa Caspio which is from 
euryhaline species and fixed in freshly prepared glutaraldehyde and osmium tetroxide. Thin sections 
were stained in Uranyl acetate-lead citrate and examined under LEO transmission electron microscope. 
Results: Flattened respiratory lamellae extend in two rows from the sides of the filaments. The 
pavement cell is the major cell covering the thin epithelia of lamellae, but mucous cell and chloride 
cell also can be seen on lamellar epithelia, however, most of them are observed in filamental epithelia. 
The other cell forms the wall of capillaries in lamellae is Pillar cell. Chloride cells which are as single 
cells without complex junction, are surrounded by the pavement cells, have high number of large 
mitochondria and extensive membranous tubular system, with a free and smooth surface. There is one 
type of chloride cell with a light cytoplasm. Conclusion: The main ultrastructure aspects of the major 
cells are similar in teleosts, although some features such as the localization of chloride cell on lamellae, 
one type of cell, small crypts and the smooth surface are special features of this cell in Alosa Caspio 
that resemble this cell to freshwater species. 
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INTRODUCTION 

 
 Fish gills are a pretty complex structure and 
perform a variety of physiological functions in adult 
fish including respiratory gas exchange, ion and water 
balance, excretion of nitrogenous wastes and the 
maintenance of acid-base balance (Snow et al., 2008; 
Goss et al., 1998; Carmona et al., 2004). Gills are made 
up of filaments attached to a rigid gill arch. The arches 
are hollow and have arteries inside them that contain 
blood low in oxygen. These arteries branch into small 
arteriole that runs inside the filaments. Each filament 
has many lamellae to increase surface area. Tiny 
capillaries branch off of the arterioles and carry the 
blood to inner surface of the lamellae. The multilayered 
filament is largely involved in ion exchange and the 
bilayered lamellar epithelium involved in gas exchange. 
Many studies have described the morphological and 
functional characteristics of gill epithelial cells. 
Because of the reported variability in the position and 

morphological modifications of some of these cells as 
chloride cells (Franklin, 1990; Perry et al., 1996) and 
also since many physiological processes take place in 
the gills, disturbance of this organ comprises the 
survival of fish and the gills represent an appropriate 
indicator for environmental contamination (Galbrand 
et al., 2006). To our knowledge, there are no 
published studies on the normal structure of gills of 
Alosa Caspio. Thus the purpose of this study was to 
describe normal ultra structural morphology of most 
important cells in the lamellae of this species to be as 
a basis for further histological studies. The Alosa 
Caspio is an important endemic species of fish, owing 
to its tolerance to a wide range of salinities, it is a 
euryhaline species. 
 

MATERIALS AND METHODS 
 

 In this study 5 specimens of Alosa Caspio from 
south of Caspian Sea were used (body weight ranging 
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between 90-110 gr, body length 28-30 cm). The gills 
were dissected out and washed with a Saline solution 
(0.9% Nacl). They were fixed in 10% buffered 
formaldehyde solution (pH 7.3). Samples were 
dehydrated in a graded series of ethanol and embedded 
in paraffin wax.  Tissue blocks were cut into 5 µm 
thickness and were stained with H&E and PAS for light 
microscope. Small samples of gills also were fixed in 
2.5% glutaraldehyde in buffer (pH 7.0) and post fixed 
in Osmium tetroxide and then dehydrated in a graded 
series of ethanol. The small pieces were embedded, 
obtained semithin sections (200nm thick) from the 
blocks and stained with toluidine blue, they were used 
to select areas for thin sectioning. They were stained 
with Uranile acetate and lead citrate and then 
photographed with a LEO transmission microscope. 
 

RESULTS 
 
 The gills of Alosa Caspio Caspio as other teleosts 
consist of four holobranchs on every side of opercular 
cavities. Holobranchs has two rows of branchial 
filaments and branchial lamellae radiates out from 
dorsal and ventral of each filament. Two types of 
epithelium cover the gill filament and lamellae. The 
filaments are lined by a stratified epithelium and 
lamellae are covered by a thin epithelium. 
 The gill filament composed of three major cells, 
mucous cells, pavement cells and chloride cells. 
Branchial lamellae consist of capillary core covered by 
thin epithelia and basement membrane interposed 
between capillary and epithelium. The most important 
cells in this epithelium were pavement cell, chloride 
cell, mucous cell and pillar cell (Fig. 1). 
 Pavement cells are the most abundant cell type of 
filament epithelium with small electondence vesicles in 
the cytoplasm of the most pavement epithelial cells and 
there is infolding protrusion and microridges covered 
with a thick coat on the surface of these cells (Fig. 2). 
Pavement cells in lamellae have a polygonal shape with 
a larger surface area to pavement cells of filaments. 
Their nucleus is elongated and euchromatin with a 
cytoplasm contains small mitochondria and developed 
Golgi complex. They are joined by interdigitations of 
lateral cell membrane and tight junctions (Fig. 3). 
 Chloride cells (mitochondrial rich cells) are found 
mainly in the interlamellar space especially at the base 
of areas where lamellar platelets emerged. They are 
ovoid to elongated cells with basal nucleus. They have 
an abundant cytoplasm with many mitochondria and an 
extensive network of tubules and vesicles. They have 
no tight junctions with adjacent chloride cells. In most 
of cells the surface is free and without invagination, but 

in some cells the mucosal surface is below the 
pavement cells and produce small invagination. In this 
species the chloride cells are ultrastructurally as light 
cells with free ribosome, large mitochondria and 
developed tubule-vesicular system (Fig. 4). The 
basolateral tubular system is less developed and they 
have a close contact with mitochondria. There are also 
chloride cells with clear cytoplasm without 
mitochondria and tubular system (Fig. 5). It must be 
noticed that a few chloride cell also can be identified in 
the lamellar epithelia. 
 Mucous cells are oval in shape and located in the 
uppermost layer of epithelium, with a basally located 
nucleus and a large amount of secretory granules that 
fill the apical cytoplasm; the granules show a high 
electronic density. It has positive reaction to PAS stain. 
On semithin sections, they stain metachromatically with 
toluidine blue (Fig. 1 and 6). 
 Pillar cells are endothelial cells of blood space in 
lamellae. Their position is perpendicular to the axis of 
lamellae with small nuclei in the center of cells. They 
join with their cytoplasmic projections and by a tight 
junction to form the wall of capillaries (Fig. 6). 
 

 
 
Fig. 1: Toluidine blue staining of semithin sections in 

gills of Alosa Caspio. B, blood channel; MC, 
Mucous cell; PIC, pillar cell; PC, pavement cell 

 

 
 
Fig. 2: Transmission electron micrographs of pavement 

cell with euchromatin nucleus (N) and 
microridges (arrowhead) covered by mucoid 
material 
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Fig. 3: Transmission electron micrographs of pavement 

cell. Gc, Golgi complex; m, mitochondria; J, 
junctions between pavement cells 

 

 
 
Fig. 4: Transmission electron micrograph of chloride 

cell in Alosa Caspio. No crypt in apical surface. 
Note to Great abundance of mitochondria and 
development of tubular network 

 

 
 
Fig. 5: Transmission electron micrograph of chloride 

cell with a clear cytoplasm withought 
mitochondria and tubular system 

 
 
Fig. 6: Transmission electron micrographs of lamellae B, 

blood channel; MC, Mucous cell; PIC, pillar cell 
 

DISCUSSION 
 
 The gill, as the main osmoregulation organ, is 
sensitive to environment factors and changes in salinity 
(Uchida et al., 2000; Bu-Olayan et al., 2008).  
 Pavement cell has been identified in many studies 
as the site of Na+ uptake in filament. In these cells, the 
electrodense vesicles has been showed that are joined 
with the apical membrane and providing a mechanism 
for H+-ATPase (Goss et al., 1998; Wilson et al., 2000). 
The apical microridges of lamellar pavement cells can 
enhance and favor the diffusion of gases to and from 
water, so as an increasing area for gas exchange, can 
influence this process. 
 Chloride cells in this species were abundant on 
filaments, but rarely appeared on lamellae. The 
occurrence of lamellar chloride cells is thought to 
satisfy the physiological demand of ion uptake in some 
euryhaline teleosts (Uchida et al., 1997; Sasai et al., 
1998; Hirai et al., 1999) but not in others (Laurent and 
Perry, 1990). The most chloride cells in this fish living 
in Caspian Sea showed no crypt. The crypts may play a 
role in the concentrations of Cations and maintenance 
on an ionic concentration. We failed to observe the 
multicellular complex in the chloride cells of Alosa 
Caspio. The multicellular complexity is defined in 
some sea water Species (Anguilla Anguilla, Solea Solea 
and Blennius pholis) and some freshwater teleosts 
(Oreochromis mossambicus, Plectoglossus altivelis and 
Cyprinus Carpio). This structure that is important in the 
process of ion exchange, According to previous studies 
in some fishes that live in south of Caspian Sea may be 
identified. The light chloride cells were the only type of 
this cell in Alosa Cspio and can refer to “Alpha-
chloride cell “that are pale cells”. This morphological 
feature has been reported in euryhaline fish during 
seawater adaptation. In these species that in freshwater 
adapted had two types of chloride cells, one type 
referred to alpha cell was pale and a second type was 
referred to beta cell was a darker cell. In seawater 
adapted after degeneration of beta chloride cells, they 
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disappeared (Pisam et al., 1987) and alpha cells 
increased. The organization and location of 
cytoplasmic tubules, showed tubules and vesicles that 
often did not anastomose and were not continuous 
with the basolateral plasma membrane from this point 
it has resembled the features of freshwater that 
basolateral tubular system often is less developed 
(Pisam et al., 1987). The cells without mitochondria 
and tubular system can be the initial stage during the 
lifetime of the chloride cells. 
 The frequency and existence of mucous cell and a 
mucous layer can be affected by aquatic milieu. It also 
as a protective layer forms a barrier against pathogens 
and also diffusion of ions from gills to environment that 
is important in many species. The mucus produced is 
PAS+ and it is formed from neutral mucosubstances that 
have a protective role. In the previous studies, it 
showed changes in electrodensity of granules in 
different conditions from salinity, so in high-salinity 
conditions they were clear and in freshwater 
environment they showed high electronic density. 
Although the significance of the changes is not known, 
the granules have been showed to join with the apical 
membrane to provide a mechanism for recovery of H+-
ATPase (Carmona et al., 2004).  
  

CONCLUSION 
 
 According to this study, the different cell types on 
the gills of Alosa Caspio are similar to many other 
teleosts. However, some peculiarities associated with 
ultrastructure of chloride cell in this euryhaline species 
of Caspian Sea (brackish water milieu) have more 
similar to freshwater species.  
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