
   

Salmo trutta caspius

 

surp78@gmail.com

  

Na+,K+-ATPase

Salmo trutta caspius

Na+, K+-ATPaseIgG 5

Image Tools 2.1

Salmo trutta caspiusNa+,K+-ATPaseIgG 5

 
 [

 D
O

I:
 1

0.
22

09
2/

IS
FJ

.2
01

7.
10

99
91

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
61

35
4.

13
90

.2
0.

2.
6.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 is

fj
.ir

 o
n 

20
25

-1
1-

05
 ]

 

                             1 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


   
Salmo trutta caspius, Kessler 

1877

.

Evans et al., 2005 ;Nordile et 

al., 1989; Cote et al., 1996

 

Jurd, 2000

 

Eldon, 

2003

 

Jurd, 2000

 

Wood & Marshall, 1994

Na+,K+-ATPase

Eldon, 

20035IgG

Na+,K+-ATPase

 

Nebel et al., 

2005; Khodabandeh et al., 2005; Evans et al., 

2005

;;Evans et al., 

2005

 [
 D

O
I:

 1
0.

22
09

2/
IS

FJ
.2

01
7.

10
99

91
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

61
35

4.
13

90
.2

0.
2.

6.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 is
fj

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                             2 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


   
et al., 2005Khodabandeh

Poly-L-Lysin

Micros

 

Na+,K+-ATPase 

 

IgG 5

PBSPhosphate Buffered Saline

A PBS

B PBS 

Regiler et al., 2009aKhodabandeh

 

PBS

IgG 5PBS

CB

 

PBS 

FITCl

lC

PBS

Nikon,TE 

2000S

Image Tools 2.1 

Shikano & Fujio, 1998

SPSS 11.5

(Arch)

(Filament)

(Lamellae)

IgG 5

 

Na+,K+-ATPase

FITC

 [
 D

O
I:

 1
0.

22
09

2/
IS

FJ
.2

01
7.

10
99

91
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

61
35

4.
13

90
.2

0.
2.

6.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 is
fj

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                             3 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


   

Na+,K+-ATPase

 [
 D

O
I:

 1
0.

22
09

2/
IS

FJ
.2

01
7.

10
99

91
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

61
35

4.
13

90
.2

0.
2.

6.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 is
fj

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                             4 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


   
GA

F

C

GS

BV

RBC

L

MC
PC

CC

Pic

MC

CC

PC

CC

PiC

N

N

C

µm µm

µm

µm

µm µm

        

BVBlood VesselCCartilageCCChloride CellFFilament

GAGill Arch

 

GS Gill SeptupLLamellaeM Mucus 

CellNNucleusPCPavment CellPiCPillar CellRBC

Red Blood Cell

 
 [

 D
O

I:
 1

0.
22

09
2/

IS
FJ

.2
01

7.
10

99
91

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
61

35
4.

13
90

.2
0.

2.
6.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 is

fj
.ir

 o
n 

20
25

-1
1-

05
 ]

 

                             5 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


     

Na+,K+-ATPase 

 

IgG 5

      

AVAfferent vesselBV Blood VesselCCartilageCCChloride CellCVS
Central Venous SinusEVEfferent VesselLLamellae

RBCRed Blood Cell

 
 [

 D
O

I:
 1

0.
22

09
2/

IS
FJ

.2
01

7.
10

99
91

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
61

35
4.

13
90

.2
0.

2.
6.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 is

fj
.ir

 o
n 

20
25

-1
1-

05
 ]

 

                             6 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


    

(P<0.05) 

  

(P<0.05) 

 

B

 

*

 

*

 

a

 

a

 

B **

 
*

 

a a

 
 [

 D
O

I:
 1

0.
22

09
2/

IS
FJ

.2
01

7.
10

99
91

 ]
 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
61

35
4.

13
90

.2
0.

2.
6.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 is

fj
.ir

 o
n 

20
25

-1
1-

05
 ]

 

                             7 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


      

(P<0.05) 

   

(P<0.05) 

 
A

 
A

 

A

 

*

 

A 

B

 

A

 

*

 

*

 

** 

a

 

b 

a 

 [
 D

O
I:

 1
0.

22
09

2/
IS

FJ
.2

01
7.

10
99

91
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

61
35

4.
13

90
.2

0.
2.

6.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 is
fj

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                             8 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


   

;;Khodabandeh et al., 

2009a

Witters et al., 1996Paddle fish(Polydon 

spathulaKrayushkina et al., 2000gilthead 

sea breamSparus auratus

Carrion et al., 2005

IgG 5

Na+,K+-ATPase

 

Shikano & 

Fujio, 1998; Khodabandeh et al., 2009a & 2009b

;Shikano & Fujio, 1998; Khodabandeh et al., 

2009a & 2009b

Na+,K+-ATPase

NKCC

CFTRShikano & Fujio, 1998; 

Khodabandeh et al., 2005 & 2009b

PisamRambourg 

Pisam & Rambourg, 1991

Liza aurata

et al., 2009aKhodabandehOeochromis 

mossambicusLee et al., 1996

Acipenser persicus

Anguila japonica

Wong & Chan, 2001

Dicentrarchus labraxVarsamos, 

2002

Oreochromis mossambicusVan 

der Heijden et al., 1997

 [
 D

O
I:

 1
0.

22
09

2/
IS

FJ
.2

01
7.

10
99

91
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

61
35

4.
13

90
.2

0.
2.

6.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 is
fj

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                             9 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


   
Nordile et al., 1989; Cote et al., 1996; Evans et al., 

2005

Robert, 2000

Fraklin

Na+,K+-ATPase

.

Na+,K+-

ATPase Silurus 

glanis

Na+,K+-ATPase

Acipenser 

persicus

Salmo trutta caspius

 

Carrion R.L., Guerreiro P.M., Fuentes J., Canario 

A.V.M., Del Rio M.P.M. and Mancera J.M. 2005. 

Branchial osmoregulatory response to salinity in the 

Gilthead sea bream, Sparus auratus. Journal of 

Experimental Zoology,303:563-576. 

Conte F.P., Wagner H.H., Fessler S. and Gnose 

C. 1996. Development of osmotic and ionic 

regulation in juvenile coho salmon. Comparative 

Biochemistry and Physiology, 18:1-15. 

Eldon J.B., 2003. Regulation of renal and lower 

gastrointestinal function: role in fluid and 

electrolyte balance. Comparative Biochemistry 

and Physiology, 136:499-505. 

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, 85:97-177.  

Franklin G.E., 1990. Surface ultrastructural changes in 

the gills of sockeye salmon (Teleostei: Oncorhynchus 

nerka) during seawater transfer: Comparison of 

successful and unsuccessful seawater adaptation. 

Journal of Morphology, 206:13-23. 

Khodabandeh S., Chamantier-Daures M. and 

Chamantier G., 2005. Ultrastructural Studies and 

Na+,K+-ATPase Immunolocalization in the 

Antennal Urinary Glands of the Lobster Homarus 

Gammarus (Crustacea, Decapoda). Journal of 

Histochemistry & Cytochemistry, 53:1203 1214.

 [
 D

O
I:

 1
0.

22
09

2/
IS

FJ
.2

01
7.

10
99

91
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

61
35

4.
13

90
.2

0.
2.

6.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 is
fj

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            10 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


   
Khodabandeh S., Shahriari M. and Abtahi B., 

2009a. Changes in choloride cells abundance 

Na+,K+-ATPase immunolocali-zation and 

activity in gills of Golden Grey Mullet, Liza 

aurata, fry during adaptation to different 

salinities. Yakhteh Medical Journal, 11:49-54.  

Khodabandeh S., Khoshnood Z. and Mosafer S., 

2009b. Immunolocalization of Na+,K+-ATPase-

rich cells in the gill and urinary system of 

Persian sturgeon, Acipenser persicus, fry. 

Aquaculture Research, 40:329-336. 

Krayushkina L.S., Semenova O.G., Panov A.A., 

Gerasimov A.A. and Ogorzalek A., 2000. 

Reaction of the osmoregulatory system of the 

Paddlefish Polydon spathula to marine 

environment. Zoologica Poloniae, 45:95-120  

Jurd R.D., 2000. Instant notes in animal biology. 

Biological Science Publications. pp.140-145. 

Lee T.H., Hwang P.P., Lin H.C. and Huang F.L., 

1996. Mitochondria-rich cells in the branchial 

epithelium of the teleost, Oreochromis 

mossambicus, acclimated to various hypotonic 

environments. Fish Physiology and Biochemistry, 

15:513-523. 

Nebel C., Negre-Sadargues G., Blasco C. and 

Chamantier G., 2005. Morphofunctional

ontogeny of the urinary system of the European 

sea bass Dicentrarchus labrax. Anatomy and 

Embryology, 209:193-206.  

Nordile F.G., Szelistowski W.A. and Nordile 

W.C., 1982. Ontogenesis of osmotic regulation 

in salmonid fishes. Nature, 161:1218-1219. 

Pisam M. and Rambourg A., 1991. Mitochondria-

rich cells in the gill epithelium of teleost fishes: 

An ultrastructural approach. International 

Review of Cell & Molecular Biology, 130:191-

232. 

Robert R.S., 2000. Encyclopedia of Aquaculture, 

Wiley-Interscience Publication. UK. 880P. 

Shikano T. and Fujio Y., 1998. Immuno-

localization of Na+,K+-ATPase in the branchial 

epithelium of chum salmon fry during seawater 

and fresh water acclimation. Experimental 

Biology,201:3031-3040

 

Van der Heijden A.J.H., Verbost P.M., Eygensteyn 

J., Li J., Wendelaar Bonga S.E. and Flik G., 

1997. Mitochondria-rich cells in gills of tilapia 

(Oreochromis mossambicus) adapted to freshwater 

or sea water: Quantification by confocal laser 

scanning microscopy. Journal of Experimental 

Biology, 200:55-64. 

Varsamos S., 2002. Tolerance rage and 

osmoregulation in hypersaline conditions in the 

European Sea Bass (Dicentrarchus labrax). 

Journal of Marine Biology, 82:1047-1048. 

Witters H., Berckmans P. and Vangenechten C., 

1996. Immunolocalization of Na+,K+-ATPase in the 

gill epithelium of Rainbow Trout, Oncorhynchus 

mykiss. Cell and Tissue Research, 283:461-468. 

Wong C.K. and Chan D.K., 2001. Effects of 

cortisol on chloride cells in the gill epithelium of 

Japanese eel, Anguilla japonica. Endocrinology, 

168:185-192. 

Wood C.M. and Marshall W.S., 1994. Ion balance, 

Acid-base regulation and choloride cell function in 

the common killifish, Fundulus heteroclitus a 

euryhaline estuarine teleosts. Estauries. 17:34-52

 [
 D

O
I:

 1
0.

22
09

2/
IS

FJ
.2

01
7.

10
99

91
 ]

 
 [

 D
O

R
: 2

0.
10

01
.1

.1
02

61
35

4.
13

90
.2

0.
2.

6.
3 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 is
fj

.ir
 o

n 
20

25
-1

1-
05

 ]
 

                            11 / 12

http://dx.doi.org/10.22092/ISFJ.2017.109991
https://dor.isc.ac/dor/20.1001.1.10261354.1390.20.2.6.3
https://isfj.ir/article-1-368-en.html


Iranian Scientific Fisheries Journal                                                             Vol. 20, No. 2, Summer 2011 

  

Distribution pattern of branchial chloride cells in smolt  

Salmo trutta caspius fries of the Caspian Sea  

during freshwater adaptation  
Rajabi H.; Khodabandeh S.*; Fallah S. and Amirimoghadam J. 

Surp78@yahoocom 

Department of Natural Resources and Marine Science, Tarbiat Modares University,  

P.O.Box: 14115-356 Noor, Iran 

Received: September 2009                        Accepted: April 2011  

Keywords: Osmoregulation, Salmo trutta caspius, Na+,K+-ATPase, IgG 5, Caspian Sea  

Abstract 
The immunolocalization of Na+,K+-ATPase rich-cells (chloride cells) and their distribution 

pattern in smolt Salmo trutta caspius fries of the Caspian Sea weighing 5, 15, 25 grams during 

freshwater adaptation was studied in 2008. Gill samples were fixed in Bouin s solution, and 

after hydration, the samples were paraffinaized and sectioned. Na+,K+-ATPase localization 

was performed using IgG 5 antibody and immunohystoshimy technique. In order to count 

cells in gill area, immunofluorescence light microscopy pictures was analyzed using Image 

Tool 2.1 software. Chloride cells were found on gill arch, lamellae and filament. Filamentary 

chloride cells and their total number (chloride cells in lamellae and filament) had no 

significant difference in all 5, 15, 25g specimens but lamellar chloride cells in 5g fries was 

significantly decreased. Also, percentage of lamellae chloride cells in 15g specimens and 

those of filament chloride cells in 5g fries was higher than other weights. According to our 

results, weight has important impact on osmoregulation ability in same age fishes. Fries with 

higher weight can resist salinity stress after migration to Caspian Sea through production of 

more chloride cells and change in their position but those which remain in freshwater for a 

long time, would adapt easily to the new environment.    

*Corresponding author 
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