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Abstract

Tenualosa ilisha has a high economic and valuable marketing in the southern regions of
Iran. A recent study was conducted on changes in mitochondrial-rich cells (MRCs) and
some blood factors when fish migrated from sea to river. As a model, this research can
provide basic information on the osmoregulation functions of this fish and other similar
migratory species, and can be useful to other researchers and research centers. Forty
mature T. ilisha specimens were collected from the Musa Creek and Arvand Rud. In order
to examine the distribution, size, and number of MRCs in the gills, histological sections
were observed and analyzed by hematoxylins and eosin staining, immunofluorescent
staining, and the scanning electron microscope method. For a better understanding of
osmoregulation, plasma ion concentrations of each fish were examined. The antibody
staining results showed that in the gills, MRCs were found in lamellae, interlamellar, and
basolateral in both the sea and river samples but no MRCs were observed in the filament
epithelia. The size and numbers of MRCs in the seawater fishes were considerably larger
than those from river water. Concentrations of Na*, Cl-, K*, Ca?*, Mg?*, and glucose in
T. ilisha plasma specimens from seawater were significantly higher than the river
specimens. According to the study, changes in the gill tissue of T. ilisha during migration
can be concluded that this fish easily live in both environments with changes in gill
structure and some blood biochemical parameters.
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Introduction

Hilsa shad, Tenualosa ilisha, is
anadromous and able to survive in
environments with a wide range of
salinities. It migrates from the sea to
freshwater to spawn (Dastan et al.,
2017). This animal needs to have a
highly effective osmoregulatory system
to survive in two different environments.
In teleosts, the main organs for the
osmoregulatory functions are gills,
kidneys, and gut (Choi et al., 2011;
Sabery et al., 2014). Gill is one of the
main  places for  osmoregulatory
functions, and in this organ,
mitochondrial-rich cells (MRCs)
(Na*/K*-ATPase-rich cells, ionocytes, or
chloride cells) play a crucial role in the
ionic and osmotic regulations (Choi et
al., 2011). These cells have numerous
mitochondria and extensive tubular
system to provide required energy for
osmoregulation. For this function, they
are supported by pavement and mucous
cells of gill epithelium (Bystriansky et
al., 2006). A plethora of studies reported
that MRCs have been found in gill
filaments, lamellae, and opercular
membranes of several marines and
freshwater species (Pourkhadje et al.,
2014). In seawater-adapted fish, MRCs
secrete and absorb ions and maintain the
acid-base balance in such species. When
fish is in seawater, Cl- goes out by
secondary active transport of branchial
MRCs (Kaneko et al., 2008). The driving
force for CI° exit is the Nat
electrochemical gradient established by
MRCs in the basolateral membrane. In

anadromous fish species, CITHCO?® the
exchange is thought to occur in the apical
region of MRCs. Theoretically, the local
acidification in the apex of MRCs by H*-
ATPase caused a lower in the activity of
HCO?, for CI" uptake. On the other hand,
researchers believe that the effects of
such environmental changes may result
in  biochemical and physiological
changes in fish’s blood (Duffy et al.,
2011)

The hematological profile is a good
indicator of the physiological state of fish
and provides information about their
health status. Due to the fact that this fish
has a high economic and marketing value
in  Southwest region, especially in
Khuzestan province, the present study
was conducted on changes in MRCs and
some blood factors at time their migrated
from sea to river.

Materials and methods

Sampling collection and processing

In July 2018, twenty mature T. ilisha
(regardless of gender) with a total length
of 25.33+1.37 cm (mean length+SEM)
and weight of 173.24+11.67 g (mean
weight £SEM) were collected from the
seawater of Musa Creek ( 42.7 PSU;
29.27°C water temperature) situated in
the northwest of the Persian Gulf in
Khuzestan province of Iran.
Additionally, 20 mature T. ilisha
(female: male ratio 1:1) with a total
length of 24.45+1.23 cm (mean
length+SEM) and weight of
170.33+12.27 g (mean length+SEM)
were caught from the Arvand Rud (2.3
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PSU; 21.16°C water temperature) in
Khuzestan province (Fig. 1). Animal
studies were conducted in accordance

with the Guide for the Care and Use of
Laboratory Animals (NIH).
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Figure 1: Geographical position and the location of sampling stations in the northern coast of
Persian Gulf in Musa Creek (above arrow) and Arvand Rud (lower arrow) in southern of

Iran.

The geographic coordinates of sampling
stations using GPS devices had got in the
Musa Creek longitude (53° 45' 23/13" E),
latitude (39° 27' 42/11" N) and Arvand
Rud, longitude (52° 24" 15/38" E),
latitude (38° 35' 61/31" N). The average
of physicochemical amounts was
measured of sampling stations in the
Persian Gulf and Arvand Rud using
(Horiba U- 10, Japan) devices have been
as, water salinity (42.7, 2.3) PSU; water
temperature (29.27, 21.16) °C; dissolved
oxygen (6.34, 7.31) ml/L and pH (7.6, 8).
Only healthy-looking specimens were
selected for studying.

General histology

For histological studies, specimens were
immediately euthanized in a plastic tank
(-50 L) using clove powder (75 mg I'%).
The middle portion of the 1% gill’s arch

was immediately immersed into Bouin’s
fixative for 24 h; then were washed and
dehydrated in an ascending series of
ethanol for embedding in paraffin
(Merck) (Evans et al., 2005; Basir and
Peyghan, 2020). Following embedment
in paraffin, 4-6 pum sections were
prepared using a rotatory microtome
(RM2245-LEICA, German). Then the
sections were stained with hematoxylin
and eosin (Merck, German). Finally
observed and photographed using a light
microscope (Olympus BH-2, Japan)
equipped with a Dino-Lite lens (Dino-
Eye, Taiwan) with Dino Capture
software. The numbers and sizes of gill
MRCs of the fish collected from two
media were counted from ten different
sections of each slide and the mean
values were determined (Tang and Lee,
2010; Basir and Peyghan, 2019).
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Tests of some blood factors

In this study, some Plasma electrolytes
including Na*, CI*, K*, Mg?*, Ca®*, and
glucose were evaluated. For this purpose,
along with anesthesia, 3-4 ml blood
samples were taken from the caudal vein
using a sterile 5 ml plastic syringe that
was impregnated with an anticoagulant
(Basir and Abdi, 2016). Blood samples
were centrifuged for 5 m (5000 rpm) and
the isolated plasma were removed and
stored at -70°C. Na* and K* ion
concentrations were measured using a
flame photometer (Jenway, UK). Plasma
Cl, Mg%, and Ca®" were determined
with an RA-1000 device (Technicon,
USA). In order to measure the plasma
glucose, enzymatic methods and an auto
analyzer device (Technicon, USA)
(Sardella et al., 2004) were utilized.

Immunohistochemical staining method

For immunohistochemical studies, the
sections were collected on glass slides
coated with poly-L-lysine, they were
washed in HCI, 90% ethanol, and
distillate water, and then finally
incubated at the temperature of 37° C for
24 h. Sections were de-paraffinized with
xylene (with 100% xylene for 2 min, 3
times) and hydrated with a descending
series of ethanol (100%, 90%, 80%,
70%, and 60%) (Moradkhani et al.,
2020). Sections were preincubated for 10
min in 0.01 mM Tween 20, 150 mM
NaCl in 10 mM phosphate buffer,
pH=7.3, and then treated with 50 mM
NH4Cl in phosphate-buffered saline
(PBS), pH=7.3, for 5 min to mask the

free aldehyde groups of the fixative. In
the next step, the sections were washed
in PBS and incubated for 10 min with a
blocking solution (BS) containing 1%
bovine plasma albumin (BSA) and 0.1%
gelatin in PBS (Tang and Lee, 2010;

Fridman et al., 2011).
Immunolocalization of Na*/K*™-ATPase
was performed through

immunofluorescence light microscopy
using a mouse monoclonal antibody
called IgGa5 (Hybridoma Bank,
University of lowa) raised against the a-
subunit of the chicken Na*/K*-ATPase
(Guo et al., 2020). This antibody was
diluted in PBS to the concentration of 20
pg/ml and placed on the sections; then
they were incubated at room temperature
in a moist chamber for 2 h. The slides
were rinsed in BS and subsequently
incubated for 1 h in the secondary
antibody (fluorescein isothiocyanate
conjugated, FITC)  under  dark
conditions. All the slides were rinsed in
PBS and were mounted on a medium for
fluorescent microscopy photobleaching.
An Olympus digital camera (Olympus.
Japan) adapted to the Olympus
fluorescent microscope was used to
photograph the tissues.

Scanning electron microscope method

Freshly dissected gills from fishes were
fixed for 24 h in a solution of 5%
glutaraldehyde buffered at pH 7.4 with
0.2 mol/l sodium cacodylate buffer at
4°C. In the next step, tissues were
dehydrated in ascending concentrations
of ethanol from 60% to absolute. After


https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.1.19.5
http://jifro.ir/article-1-4661-en.html

[ Downloaded from jifro.ir on 2026-07-02 ]

[ DOR: 20.1001.1.15622916.2022.21.1.19.5 ]

Iranian Journal of Fisheries Sciences 21(1) 2022 5

sputter-coating with a gold-palladium
complex for 2 min, specimens were
examined with an LEO 1455 VP
scanning electron microscope (SEM), a
common product by (Germany- UK) at
the voltage of 20 kV (Elsheikh, 2013).
All SEM observations were carried out at
the central laboratory of Shahid Chamran
University of Ahvaz (Ahvaz, Iran).

Statistical analysis

After data normality was tested with
Kolmogorov-Smirnov  analysis,  all
statistical analysis was performed using
the Graph Pad Prism (V.8.03. San Diego,
California, USA). All parameters were
statistically analyzed by One-way
analysis of variance (ANOVA) and
Tukey multiple-comparison post hoc
tests. Finally, the Chi-square test was
applied to compare the number of gill
MRCs, the results were presented as

MeanzSEM, and differences of p<0.05
were considered statistically significant

Results

General histology

In the microscopic study, gill epithelium
of T. ilisha was composed of pavement
cells which covered almost the entire gill
structure, mucus, or goblet cells which
were found on gill arches and MRCs on
lamellae, interlamellar, and basolateral
of the lamellae in both environments. No
MRCs were observed on the filament
epithelia. In this staining, there was not
much difference in the fish gills between
the sea and the river environments (Fig.
2, A-B). The mean size and number of
gills' MRCs in specimens caught from
the sea water and river water in Fig. 3
demonstrated that the size and number of
gills' MRCs in sea water was greater than
that river specimens (Fig. 3).

Flgure 2: nght mlcroscoplc structure of gill tissue in T. |I|sha from sea water (A) and river water
(B) (H&E.100x). F=filament; L= lamellae; P= pavement cell; M= mucus cell; MRC=

mitochondria rich cell.
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Figure 3: Morphometric parameters of gill MRCs in T. ilisha, from seawater (A) and river water
(B). Mean £ SEM values with asterisk (**) are different significantly (p<0.01).
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Immunohistochemical staining method
Immunolocalization of Na+/K+-ATPase
is shown of T. ilisha's gill at sea water
(A) and river water (B) (Fig. 4, A-B). In
immunofluorescent staining from the
MRCs of gill were identified with greater
staining intensity and positive reactions
of the Na*/K*-ATPase. At
Immunofluorescent staining of Na*/K*-
ATPase a- subunit, demonstrated that
epithelial cells are big, oval to round, and
located in the lamellae, interlamellar, and
basolateral regions.

20pum
-

Figure 4: Immunolocalization of Na*/K*-ATPase in cross sections of gills of T. ilisha from seawater
(A) and river water (B) specimens (200x). After immunofluorescent staining, revealed that
MRCs were colocalized on the lamellae, interlamellar and basolateral regions membrane
of the filamental epithelial cells respectively. A weak immunofluorescence activity is
observed in the sea sections (A) and the strong immunofluorescence activity in river (B)
specimens. F= filament; L= lamellae; MRC= mitochondria rich cell.

Scanning electron microscope method

In SEM studies revealed that MRCs were
placed between two or more squamous
cells and is shown in Fig. 5. The grooves
on the apical membrane of the MRCs
were mainly microvilli, and the thin
edges that were found on the surface of
the squamous cells were not seen at
MRCs. The apical membrane of MRCs
revealed a different morphology of types
of ridge openings in these cells including
deep hole, shallow basin, and wavy
convex. In the deep hole, the apical
membrane of MRCs was much lower
than the surface of squamous cells and
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only their openings were visible among
these cells. In the river cases (Fig. 4-B),
the depth of these holes of MRCs was
low and thus they formed shallow basins.
In this type, because of the presence of
microvilli, the surface of the membrane
was visible.

Plasma biochemical parameters
The plasma electrolytes and glucose in

river samples were significantly lower

pm EHT =20,00kV  Shahid Chamran University of Ahvaz  sigwia= s

Date:3Ju 2018
H Zane Mag= 300KX WD« mm et Time 8:42:01

than the seawater one (p<0.05).
Regarding sea specimens, the greatest
amount (121.83+16.25) and the least
amount (3.31+0.27) were reported for
glucose and K*, respectively; however,
for river specimens, the greatest amount
(108.61+11.25) and the least amount
(2.32+0.18) were reported for glucose
and K+, respectively (Fig. 6).
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Figure 5: SEM apical region morphology in gill epithelial of T. ilisha of sea (A) and river (B)
specimens revealed three types of MRCs. D= deep hole MRCs; S= shallow basin MRCs;

W= wavy convex MRCs.
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Figure 6: Plasma biochemical parameters of T. ilisha in seawater (sw) and river water (rw)
specimens. Mean = SEM values with (* p<0.05, ** p<0.01, and *** p<0.001) are different

significantly.
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Discussion

Fish physiologists believe that MRCs
have different functions in fish adapted
to fresh and brackish waters. This
adaptation has been investigated in
several studies from two different media
(Hiroi et al., 2005; Blanco et al., 2015;
Kumar et al., 2020). Given their
importance, the gills are considered as
the major osmoregulatory site in
euryhaline teleosts (Evans et al., 2005;
Boutet et al., 2006; Dutta et al., 2019). In
sea, MRCs are involved in the excretion
of excessive ions, while in river, they are
responsible for ion uptake in order to
compensate for ion loss in hypoosmotic
environments (Evans et al., 2005).
MRCs that their function has been
extensively studied in fish may be
involved in osmoregulation differently,
according to their lamellae, basis of
lamellae, lamellar, and filamentary
location in some species (Yang et al.,
2016). Based on histological results,
SEM and immunofluorescence, it was
found that gill MRCs were round in
euryhaline fish and Na'/K*-ATPase
acidophilic cells were located on the
interlamellar, lamellae, and basis of
lamellae of gill epithelium. This finding
is also reported by other researchers. For
example, Hiroi and McCormick (2012),
reported that MRCs are acidophilic in the
gill epithelium of some euryhaline and
diadromous fish. In Carassius auratus,
epithelial ionocytes are mostly located
on the interlamellar region near the
afferent side of the filament, but rarely on
the trailing edge of the filament, which

has been observed in other teleosts
(Pourkhadje et al., 2011; Bradshaw et al.,
2012). Researchers have also reported
that in juvenile sea-bass Dicentrarchus
labrax, only filamentary MRCs have
been observed (Boutet et al., 2006). The
results of current study showed that, with
variations in environmental salinity, the
number and size of MRCs can change as
well. The number of MRCs in T. ilisha
specimens caught in seawater was 2.46
times higher than those were in river
water that our results are consistent with
those of other scientists (Chang et al.,
2003; Kumar et al., 2020). During
migration to a water environment with
low salinity, a significant decrease was
observed in the number and deep of
MRCs. The high number of gill MRCs in
specimens from the sea reflects the
greater requirement of these individual
organs for ion transport. In a study fish
were placed in water with a salinity as
twice as high as the original salinity, the
researchers reported an increase in the
number of MRCs (Pourkhadje et al.,
2014). Of course, there are reports on
other fish species such as Takifugu
niphobles, in which they showed that
upon transfer of the fish to saltwater, the
number of MRCs were decreased while
their size were increased (Tang and Lee,
2013). Researchers believe that
reduction in size and number of MRCs
following migration to fresh water is a
sign of reduction of their requirement for
the active excretion of Na" and CI in
hypoosmotic environments (Hwang et
al., 2011; Shirangi et al., 2016). This
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finding is in line with the results of
previous studies that showed the large
size and the number of MRCs in seawater
specimens were necessary for active
excretion of salt (Tse et al., 2006). In this
research, SEM studies of MRCs in the
gills of T. ilisha were conducted during
migration from sea to the river. The
results of this study revealed that the
morphological changes in MRCs reflect
the ionic and osmaotic requirements of the
animals. In the current study, T. ilisha
was able to tolerate different ranges of
salinities without showing mortality.
Three subtypes of MRCs (shallow basin,
deep hole, and wavy convex) were
considered to describe the ultrastructural
characteristics of apical surface of MRCs
using scanning electron microscopy. In a
previous study on tilapia, Oreochromis
mossambicus that was adapted to
freshwater, MRCs were categorized by
the same three subtypes (Pourkhadje et
al. 2014; Papi et al., 2016). The
researchers suggested that MRCs with
different morphologies are equally active
in such environments but exhibit
different ion transporting functions (Papi
et al., 2016; Da Mota Araujo et al.,
2019). In hypoosmotic environments, the
frequency of wavy convex subtype of
MRCs increase with numerous microvilli
on the apical membrane to be able absorb
ions (Huang et al., 2011; Morovvati et
al., 2017). Researchers believe that
analysis of biochemical parameters of
blood is one of the most valuable
methods, since it has been shown that
their physiological values are species-

specific. The blood parameters varied
considerably between the two different
environments. According to the results of
current study, mean concentrations of
Na* and CI ions in plasma of T. ilisha
decreased following migration to river.
In a study by Piermarini and Evans
(2001), it was reported that
concentrations of Na*and CIions in the
blood plasma of Atlantic stingray
(Dasyatis Sabina) in seawater specimens
were significantly higher than those in
river. According to Nilsson et al. (2012),
high concentrations of Na*and Cl ions in
seawater could have resulted in the
transfer of these ions into the fish’s
bodies. lon concentrations of K*, Ca®",
and Mg?*in T. ilisha blood plasma were
significantly reduced following
migration to the river. In a study by Lin
and Lee (2005) on tilapia, puffer and
milkfish, concentrations of Mg?* and
Ca?" in seawater were higher than those
in freshwater, while the concentration of
K* in freshwater fish was lower than
those in seawater. The pattern of changes
in blood plasma magnesium ion content
in T. ilisha was similar to that of other
ions. In a study conducted by Farabi et al.
(2009) they examined ion concentrations
in the plasma of juvenile Russian
sturgeon, Acipenser gueldenstaedtii, in
three different salinities, that were fresh
water (5 ppt), estuarine (9.5 ppt), and
Caspian Sea water (12.5 ppt), and
suggested that plasma concentration in
estuarine water was higher than the fresh
water and lower than to the Caspian Sea
water. Similar to other ions, values for
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glucose were decreased during migration
to the river. This finding is consistent
with the study of Martinez- Alvareztinez
(2002) that reported on adriatic sturgeo,
Acipenser naccarii. They believe that
glucose is a carbohydrate that plays a
crucial role in generating energy through
the production of ATP under stressful
conditions, catecholamine and cortisol
induce glycolysis and gluconeogenesis,
and consequently increase plasma
glucose by affecting the liver. In
conclusion, the results of the current
study provide fundamental information
on the osmoregulatory functions and
migration biology of T. ilisha, which are
prerequisites for effective management
of this species and other similar
migratory species commercially valuable
fishery resource in the Iran and other
countries.

Acknowledgements
This work was funded by Shahid
Chamran University of Ahvaz Research

Council (grant Number:
SCU.VB1400.103).
References

Basir, Z. and Abdi, R., 2016.
Histological study of WBC and
hematological indices of spotted
catshark Chiloscyllium punctatum in
Persian Gulf during the cold season.
Journal of Marine Science and
Technology, 14(4), 15-21.

Basir, Z. and Peyghan, R., 2019.
Immunohistochemical and
ultrastructural study of the effect of

different salinities on gill chloride
cells of Cyprinus Carpio. Iranian
Journal of Fisheries Science, 28(5),
131-141.
DOI: 10.22092/1SFJ.2019.119683
Basir, Z. and Peyghan, R., 2020.
Histomorphology of excretory kidney
of, Common carp, Cyprinus carpio
during different salinity adaptation.
Iranian Veterinary Journal, 16(2),
22-29.
DOI:10.22055/iv}.2019.191816.2158
Blanco Garcia, A., Partridge, G.J.,
Flik, G., Roques, J.A. and Abbink,
W., 2015. Ambient salinity and
osmoregulation, energy metabolism
and growth in juvenile yellowtail
kingfish (Seriola lalandi
Valenciennes 1833) in a recirculating
aquaculture  system.  Aquaculture
Research, 46(11), 2789- 2797.
DOI:10.1111/are.12433
Boutet, 1., Ky, C.L. and Bonhomme,
F., 2006. A transcriptomic approach
of salinity response in the euryhaline
teleost, Dicentrarchus labrax. Gene,
379, 40- 50. DOl:
10.1016/j.gene.2006.04.011
Bradshaw, J.C., Kumai, Y. and Perry,
S.F., 2012. The effects of qgill
remodeling on transepithelial sodium
fluxes and the distribution of
presumptive sodium-transporting
ionocytes in goldfish (Carassius
auratus). Journal of Comparative
Physiology B, 182(3), 351- 366. DOI:
10.1007/s00360-011-0618-7.
Bystriansky, J.S., Richards, J.G.,
Schulte, P.M. and Ballantyne, J.S.,


https://doi.org/10.1111/are.12433
https://doi.org/10.1016/j.gene.2006.04.011
https://doi.org/10.1007/s00360-011-0618-7
https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.1.19.5
http://jifro.ir/article-1-4661-en.html

[ Downloaded from jifro.ir on 2026-07-02 ]

[ DOR: 20.1001.1.15622916.2022.21.1.19.5]

Iranian Journal of Fisheries Sciences 21(1) 2022 11

2006. Reciprocal expression of gill
Na+/K+-ATPasea-subunit isoforms
ala and alb during seawater
acclimation of three salmonid fishes
that vary in their salinity tolerance.
Journal of Experimental Biology,
209(10), 1848- 1858. DOI:
10.1242/jeb.02188.

Chang, 1.C, Wei,Y.Y., Chou, F.l. and

Hwang, P.P., 2003. Stimulation of
Cl- uptake and morphological
changes in gill mitochondria-rich
cells in fresh water tilapia
(Oreochromis mossambicus).
Physiological and  Biochemical
Zoology, 76(4), 544-552.

Choi, J.H, Lee, K.M, Inokuchi, M.

and, Kaneko, T, 2011.
Morphofunctional modifications in
gill  mitochondria-rich  cells of
Mozambique tilapia transferred from
freshwater to 70% seawater, detected
by dual observations of whole-mount
immunocytochemistry and scanning
electron microscopy. Journal of
Comparative Physiology A:
Molecular & Integrative Physiology,
158(1), 132- 142. DOI:
10.1016/j.cbpa.2010.09.019

Da Mota Araujo, H.R., Fernandes,

M.N. and Cruz D., 2019. Gill
Morphology and Na+/K +-ATPase
Activity of Gobionellus oceanicus
(Teleostei: Gobiidae) in an Estuarine
System. Biological Trace Element
Research, 187(2), 526-535. DOI:
10.1007/s12011-018-1393-z.

Dastan, V., Abdi, R., Movahedinia,

A.A. and Aliabadi, S., 2017. Study of

gill and kidney tissue changes in
Tenualosa ilisha during migration
from sea to the Karun and Bahmanshir
rivers. lranian Scientific Fisheries
Journal, 25(4), 53-62.

Duffy, N.M., Bui, P., Bagherie-

Lachidan, M. and Kelly, SP., 2011.
Epithelial remodeling and claudin
mRNA abundance in the gill and
kidney of puffer fish (Tetraodon
biocellatus) acclimated to altered
environmental ion levels. Journal of
Comparative Physiology B, 181(2),
219-238. DOI: 10.1007/s00360-010-
0517-3

Dutta, S., Ray, S.K., Pailan, G.H,

Suresh V.R. and Dasgupta, S., 2019.
Alteration in branchial NKA and
NKCC ion-transporter expression and
ionocyte distribution in adult Hilsa
during up-river migration. Journal of
Comparative Physiology B, 189(1),
69-80. DOI: 10.1007/s00360-018-
1193-y

Elsheikh, E.H., 2013. Scanning electron

microscopic studies of gill arches and
rakers in relation to feeding habits of
some fresh water fishes. The Journal
of Basic & Applied Zoology, 66(3),
121-130. DOI:
10.1016/j.jobaz.2013.07.005

Evans, D.H., Piermarini, P.M. and

Choe K.P., 2005. The multifunctional
fish gill: dominant site of gas
exchange, osmoregulation, acid-base
regulation, and  excretion  of
nitrogenous waste. Physiological
Reviews, 85(1), 97-177. DOI:
10.1152/physrev.00050.2003


https://doi.org/10.1242/jeb.02188
https://doi.org/10.1016/j.cbpa.2010.09.019
https://doi.org/10.1007/s12011-018-1393-z
https://doi.org/10.1007/s00360-010-0517-3
https://doi.org/10.1007/s00360-010-0517-3
https://doi.org/10.1007/s00360-018-1193-y
https://doi.org/10.1007/s00360-018-1193-y
https://doi.org/10.1016/j.jobaz.2013.07.005
https://doi.org/10.1152/physrev.00050.2003
https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.1.19.5
http://jifro.ir/article-1-4661-en.html

[ Downloaded from jifro.ir on 2026-07-02 ]

[ DOR: 20.1001.1.15622916.2022.21.1.19.5]

12 Basir and Peyghan, Quantification and localization of mitochondrial-rich cells in the gills of an ...

Farabi, S.M.V., Najafpour, S. and

Najafpour, G.D., 2009. Aspect of
osmotic-ions regulation in juvenile
ship, Acipenser nudiventris
(Lovetsky, 1828) in the southeast of
Caspian Sea. Applied Science
Journal, 7(9), 1090-1096.

Fridman, S., Bron, J.E. and Rana K.J.,

2011. Ontogenetic changes in location
and morphology of chloride cells
during early life stages of the Nile
tilapia Oreochromis niloticus adapted
to fresh and brackish water. Journal of
fish boilogy, 79(3), 597-614. DOI:
10.1111/j.1095-8649.2011.03043.x

Guo, J., Jia, X., Liu, Y., Wang, S., Cao,

J., Zhang, B., Xiao, G. and Wang,
W., 2020. Inhibition of Na+/K+
ATPase blocks Zika virus infection in
mice. Communications Biology, 3(1),
1-8. DOI: 10.1038/s42003-020-1109-
8

Hiroi, J., McCormick, S.D., Ohtani-

Kaneko, R. and Kaneko, T., 2005.
Functional classification of
mitochondrion-rich cells in
euryhaline  Mozambique tilapia
(Oreochromis mossambicus)
embryos, by means of triple
immunofluorescence staining for
Na+/K+-ATPase, Na+/K+/2ClI-
cotransporter and CFTR anion
channel. Journal of Experimental
Biology, 208(11), 2023-2036. DOI:
10.1242/jeb.01611

Hiroi, J. and McCormick, S.D., 2012.

New insights into gill ionocyte and
ion transporter function in euryhaline
and diadromous fish. Respiratory

Physiology & Neurobiology, 184(3),
257-268. DOl:
10.1016/j.resp.2012.07.019

Huang, C.Y., Lin, C.P. and Lin, H.C.,

2011. Morphological and biochemical
variations in the gills of 12 aquatic air-
breathing anabantoid fish.
Physiological and  Biochemical
Zoology, 84(2), 125-134. DOI:
10.1086/658996

Hwang, P.P., Lee, T.H. and Lin, L.Y.,

2011. lon regulation in fish gills:
recent progress in the cellular and
molecular mechanisms. American
Journal of Physiology-Regulatory,
Integrative and Comparative
Physiology, 301(1), 28-47. DOI:
10.1152/ajpregu.00047.2011

Kaneko, T., Watanabe, S. and Lese,

K.M., 2008. Functional morphology
of  mitochondrion-rich cells in
euryhaline and stenohaline teleosts.
Tokyo. Terrapub, 1-62.

Kumar, T.V., Pradeep, M.A., Sharma,

S.R., Sanil, N.K., Vijayan, K.K. and
Anooj, E.S., 2020. Differential
morphological responses to osmotic
changes in euryhaline cichlid,
Etroplus suratensis (Bloch, 1790).
EurAsian Journal of BioSciences,
14(1), 1027-1033.

Lin, C.H. and Lee, T.H., 2005. Sodium

or potassium ions activate different
kinetics of gill Na, K ATPase in three
seawater and freshwater acclimated
euryhaline  teleosts. Journal of
Experimental Zoology Part A:
Comparative Experimental Biology,


https://doi.org/10.1111/j.1095-8649.2011.03043.x
https://doi.org/10.1038/s42003-020-1109-8
https://doi.org/10.1038/s42003-020-1109-8
https://doi.org/10.1242/jeb.01611
https://doi.org/10.1016/j.resp.2012.07.019
https://doi.org/10.1016/j.resp.2012.07.019
http://refhub.elsevier.com/S1095-6433\(15\)00059-8/rf0095
http://refhub.elsevier.com/S1095-6433\(15\)00059-8/rf0095
http://refhub.elsevier.com/S1095-6433\(15\)00059-8/rf0095
http://refhub.elsevier.com/S1095-6433\(15\)00059-8/rf0095
http://refhub.elsevier.com/S1095-6433\(15\)00059-8/rf0095
http://refhub.elsevier.com/S1095-6433\(15\)00059-8/rf0095
https://doi.org/10.1152/ajpregu.00047.2011
https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.1.19.5
http://jifro.ir/article-1-4661-en.html

[ Downloaded from jifro.ir on 2026-07-02 ]

[ DOR: 20.1001.1.15622916.2022.21.1.19.5]

Iranian Journal of Fisheries Sciences 21(1) 2022 13

303(1), 57-65. DOI:
10.1002/jez.a.130

Martinez-Alvarez, R.M., Hidalgo,

M.C., Domezain, A., Morales, A.E.,
Garcia-Gallego, M. and Sanz, A,
2002. Physiological changes of
sturgeon Acipenser naccarii caused
by increasing environmental salinity.
Journal of experimental biology,
205(23), 3699-3706.
DOI:_10.1242/jeb.205.23.3699

Moradkhani, A., Abdi, R., Abadi,

M.A.S.A., Nabavi, S. and Basir, Z.,
2020. Quantification and description
of gut-associated lymphoid tissue in,
shabbout,  Arabibarbus  grypus

(actinopterygii: cypriniformes:
cyprinidae), in warm and cold season.
Acta Ichthyologica et

Piscatoria, 50(4), 423-432. DOI:
10.3750/AIEP/0291

Morovvati, H., Abdi, R. and Shamsi,

M.M., 2017. Effect of different
salinity concentration on gill of benni
Barbus  sharpeyi. Journal  of
Veterinary Research, 72(2), 243-249.
DOI: 10.22092/isfj.2017.110322

Nilsson, G.E., Dymowska, A. and

Stecyk, J.A., 2012. New insights into
the plasticity of gill structure.
Respiratory physiology &
neurobiology, 184(3), 214-222. DOI:
10.1016/j.resp.2012.07.012

Papi, H., Abdi, R. and Movahedinia,

A.A., 2016. Morphological changes
of mitochondria-rich cells in gill of
Sparidentex hasta during adaptation
to different environmental salinities
by scanning electron microscopy.

Journal of Marine Science and
Technology, 15(1), 121-131.

Piermarini, P.M. and Evans, D.H.,

2001. Immunochemical analysis of
the vacuolar proton-ATPase B-
subunit in the gills of a euryhaline
stingray (Dasyatis sabina): effects of
salinity and relation to Na+/K+-
ATPase. Journal of Experimental
Biology, 204(19), 3251-3259.

Pourkhadje, M.R., Abdi, R,

Zolgharnein, H.,  Hoseinzade
Sahafi, H. and Morovvati, H., 2011.
Histology and immunolocalization of
ionocyte cells in gill of juvenile's
Grouper  (Epinephelus  coioides).
Journal of Oceanography, 2(6), 1-6.

Pourkhadje, M.R., Abdi, R,

Zolgharnein, H.,  Hoseinzade
Sahafi, H. and Morovvati, H., 2014.
Effects of different salinity on number
and area of chloride cells in gill of
juvenile  grouper  (Epinephelus
coioides). Iranian Journal of Fisherie
Science, 23(2), 1-10.

Sabery, M., Abdi, R., Morowvati, H.,

Ronagh, M. and Dehghani, R.,
2014. Study of histopathology in gill
of Liza klunzingeri Caused by
industrial and municipal waste water
pollution.  Journal of  Animal
Environment, 6(3), 225-231.

Sardella, B.A., Matey, V., Cooper, J.,

Gonzalez, R.J. and Brauner C.J,,
2004. Physiological, biochemical, and
morphological indicators of
osmoregulatory stress in “California”
Mozambique tilapia (Oreochromis
mossambicusxO. urolepis hornorum)


https://doi.org/10.1002/jez.a.130
https://doi.org/10.1242/jeb.205.23.3699
https://dx.doi.org/10.22092/isfj.2017.110322
https://doi.org/10.1016/j.resp.2012.07.012
https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.1.19.5
http://jifro.ir/article-1-4661-en.html

[ Downloaded from jifro.ir on 2026-07-02 ]

[ DOR: 20.1001.1.15622916.2022.21.1.19.5]

14 Basir and Peyghan, Quantification and localization of mitochondrial-rich cells in the gills of an ...

exposed to hypersaline water. Journal
of Experimental Biology, 207(8),
1399-1413. DOI: 10.1242/jeb.00895

Shirangi, S.A., Kalbassi, MR,

Khodabandeh, S., Jafarian, H.,
Lorin-Nebel, C., Farcy, E. and
Lignot J.H., 2016. Salinity effects on
osmoregulation and gill morphology
in  juvenile  Persian  sturgeon
(Acipenser persicus). Fish Physiology
and Biochemistry, 42(6), 1741-1754.
DOI: 10.1007/s10695-016-0254-y

Tang, C.H. and Lee, T.H., 2010. lon-

Deficient Environment Induces the
Expression of Basolateral Chloride
Channel, CIC-3-Like Protein, in Gill
Mitochondrion Rich  Cells for
Chloride Uptake of the Tilapia
Oreochromis Mossambicus.
Physiological ~and  Biochemical
Zoology, 84 (1), 54-67. DOI:
10.1086/657161.

Tang, C.H. and Lee, T.H. 2013.

Freshwater acclimation induces stress
responses and expression of branchial

Na*/K*-ATPase and proliferating cell
nuclear antigen in Takifugu niphobles.
Journal of Experimental Zoology Part
A:  Ecological  Genetics and
Physiology, 319(7), 409-421. DOI:
10.1002/jez.1804

Tse, W.K.F., Au, D.W.T. and Wong,

C.K.C., 2006. Characterization of ion
channel and transporter mMRNA
expressions in isolated gill chloride
and pavement cells of seawater
acclimating eels. Biochemical and
Biophysical Research
Communications, 346(4), 1181-1190.
DOI: 10.1016/j.bbrc.2006.06.028

Yang, W.K., W.u, Y.C., Tang, C.H.

and Lee, T. H., 2016. Microtubule-
dependent changes in morphology
and localization of chloride transport
proteins in gill mitochondrial-rich
cells of the tilapia, Oreochromis
mossambicus. Journal of
Morphology, 277(8), 1113-1122.
DOI: 10.1002/jmor.20561


https://doi.org/10.1242/jeb.00895
https://doi.org/10.1007/s10695-016-0254-y
https://doi.org/10.1002/jez.1804
https://doi.org/10.1016/j.bbrc.2006.06.028
https://doi.org/10.1002/jmor.20561
https://dor.isc.ac/dor/20.1001.1.15622916.2022.21.1.19.5
http://jifro.ir/article-1-4661-en.html
http://www.tcpdf.org

