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Abstract 

In order to study kidney changes in, Tenualosa ilisha during migration from sea to the river, 

twenty mature T. ilisha specimens were collected from the Persian Gulf (42.7ppt salinity and 

29.27°C temperature) and twenty specimens from Arvand River (2.3ppt salinity and 21.16°C 

temperature). Macroscopic observation indicated that the kidney was located retroperitoneal 

and attached to the vertebral column. For histological studies, 5 mm of thickness, from all parts 

of the kidney removed and fixed in Bouin’s fixative. Routine procedures of preparation of 

tissues as dehydration, clearing and embedding were followed and paraffin blocks cut at 4-6 

micron and stained with Hematoxylin and Eosin. In sea and river specimens, the head of the 

kidney composed exclusively of hematopoietic tissue. But, in the body and caudal part, the 

amount of hematopoietic tissue was less and substituted by renal tubules and glomeruli. The 

microscopic results of kidney tubules showed that nephrons consisted of glomerulus, proximal 

tubules (I & II), distal tubules and collective tubules. The proximal tubules consisted of 

cuboidal cells with well- developed brush border. The distal tubules had cuboidal epithelium 

without brush border. The collecting tubules lined with high cuboidal epithelium. Their nuclei 

were mainly spherical and located in the central portion of the cells. Morphometric studies 

showed glomerular volume was larger in fish acclimated to freshwater, and tubules were larger 

in diameter and had thicker walls (P ≤ 0.05). On this research, we clearly demonstrate that 

histologic changes take place in the kidney of this marine migratory species that is acclimated 

to different physicochemical characteristics of sea and freshwater environments. 
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1. Introduction 

Hilsa shad (Tenualosa ilisha), is related to the 

herring, in the Clupeidae family. It is a very popular 

and sought-after food fish in south Asia (Banaee et 

al., 2013). T. ilisha is anadromous and able to 

survive in environments with a broad spectrum of 

salinities. It migrates from sea, Persian Gulf to 

freshwater, Arvand River, for reproduction (Freire et 

al., 2008). Animal needs a highly effective osmotic 
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regulation system to survive in two different 

environments (Diep et al., 2010). In teleosts, the 

main organs for the osmoregulatory functions are 

gill, kidney and digestive system. In marine gills, are 

directly exposed to the external environment and 

kidneys are regulated the internal environment by 

modifying the amount of urine and making balance 

between ion excretion and reabsorption according to 

environment salinity (Krayushkina et al., 1996). 

Kidney is important for osmoregulation in marine 

euryhaline fishes, and does it by changing in rate of 

urine secretion (Zhou et al., 2010). Actually, teleosts 

produce diluted urine in fresh water for reabsorption 

of salt to preserve plasma osmolality. Instead, when 

fish placed in the sea excrete salt through gills and 

produce isotonic urine, so their kidneys show weak 

glomerular filtrations (Genten et al., 2009; 

Reimschuessel et al., 1990). In seawater adapted fish, 

kidney secretes and absorbs ions to maintain the 

acid-base balance. In urinary system, kidney tubules 

were playing an important role in secretion, 

absorption and reabsorption of different ions and 

electrolytes of the plasma by using different ion 

transporters and channels (Prodocimo et al., 2008). 

This observation is carried out to investigate the 

osmoregulatory organs of the T. ilisha and to 

evaluate the osmoregulation condition of this species 

which migrate from sea to the river with different 

salinity. Results of the present study on T. ilisha as a 

tested fish could be fundamental for further studies 

on migratory fish, in terms of osmoregulation and 

physiology of the excretory system. 

2. Material and Methods 

2.1. Fish and experimental conditions 

To do this experimnt in July 2018, 20 mature T. 

ilisha (female: male ratio 1:1) with a total length of 

(25.33±1.37 cm) (mean length ± SE) and weight 

(173.24±11.67 g) (mean weight ± SE) were collected 

from sea water of Musa creek, 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 ± SE) and weight (170.33±12.27 g) 

(mean length ± SE)  were caught in the Arvand  river 

in Khuzestan province in July 2018. Only healthy 

looking specimens were selected for the study. The 

geographic and physicochemical parameters of the 

water at the time of sampling were shown in Figure 1 

and Table 1 to 2. 

 

 

Fig. 1: Sampling stations in the northern coast of the Persian Gulf in Musa creek (above arrow) 
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and Arvand  River (lower arrow) in the south of Iran 

Table 2: The geographic coordinates of sampling stations in the Persian Gulf 

and Arvand using GPS devices 

Stations longitude latitude 

1- Musa creek (sea water) 31º 45' 23/13" E 39º 27' 42/11" N 

2- Arvand  (river) 31º 24' 15/38" E 38º 35' 61/31" N 

 

Table 2: The average of physicochemical amounts were measured in different station using 

(Horiba U- 10, Japan) devices 

Parameters 
Musa creek 

(sea water) 

Arvand 

(river) 

1- Salinity (ppt) 42.7 2.3 

2- Temperature (°C) 29.27 21.16 

3- Dissolved oxygen (ml/L) 6.34 7.31 

4- pH 13.21 9.12 

 

2.2. Classic Histology and laboratory processing 

In macroscopic observation kidney was attached 

to the vertebral column and the average long of them 

was 6.5 ± 0.1 cm. For histological studies, specimens 

were immediately euthanized a plastic tank (50 l) 

using clove powder (75 mg l-1), then pieces of each 

portions of the kidney immediately immersed into 

bouin's solution for 24 hours,and routine procedures 

of preparation of tissues were followed (Watanabe et 

al., 2009 , Blanco Garcia et al., 2015). They were 

washed and dehydrated in an ascending series of 

ethanol for embedding in Paraffin (Merck) (Georgas 

et al., 2009; Romagnani et al., 2013). Following 

embedment in Paraffin, cross and longitudinal 

sections of 4-6 µm were cut on a Leica RM2255 

microtome (Germany) (Basir, 2017) and collected on 

glass slides and stained with Hematoxylin and Eosin 

were observed and photographed using an Olympus 

BX50 light microscope (Japan) equipped with a Dino 

-Lite lens, together with the computer installed with 

the Dino-Capture software (Basir and Abdi, 2015). 

In morphometric results the diameter of glomeruli 

and diameter and thickness of the collecting tubules 

were measured according to the procedures of Wong 

and Woo (2006) (Youson et al., 1989). 

2.3. Statistical analysis 

Data were expressed as mean ± SEM. They were 

analyzed using student t-test comparison to 

determine significant differences between groups. 

Significance was accepted at (p< 0.05). 

3. Result and Discussions 

In microscopic structure, kidney of sea and river 

specimens was composed of head, that almost made 

up of heamatopoitic tissue and very few renal 

pronephros tubules, and trunk or body, which 

divided into right and left parts, mainly made up of 

nephron and short end part which opens to the 

urinary pore. Kidney nephron were composed of the 

Bowman’s capsule surrounded by the glomerulus 
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capillary network, followed by a short neck segment, 

proximal tubule I and II, distal and collecting tubule. 

The neck segment that connects glomeruli to first 

proximal tubule composed of short cuboidal 

epithelial cells with round nucleus almost located 

basally. Proximal segments I and II, consisted of 

cuboidal cells and their nucleus in PI was located in 

the basal portion and in PII toward to the middle 

part. Cells in proximal tubule PII were taller than to 

the PI. Both in two segments brush border were seen 

on apical surface of epithelial cells that were 

elongated into the lumen but their density reduced 

from segment I to the segment II (Figure 2). The 

distal tubule consists of cuboidal cells with basal

nuclei (Figure 3). Collecting tubule was wide with 

cuboidal to columnar epithelial cells, which leaves 

the distal tubule and enters the collecting duct. Both 

distal and collecting tubule had no brush border on 

their apical part (Figure 4). Glomeruli were included 

urinary space, Bowman's capsule, mesangial cell, 

visceral epithelium of the renal capsule, parietal 

epithelium of the renal capsule, podocyte cells, 

vascular bridge and capillaries (Figure 5). In 

morphometric structure there was some histological 

differences between sea and freshwater river 

samples. 

 
 

Fig 2: Light microscopic structure of proximal tubule segments I (PI) and II (PII) 

of kidney tissue in T. ilisha, from sea (a) and river (b), 

which has cuboidal epithelial cells with apical brush border, Neck segment (NS), (H&E, ×2900). 

 

 

 
 

Fig 3: Light microscopic structure of distal tubule (D) of kidney tissue in T. ilisha, 
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from sea (a) and river (b) which its epithelial cells have no brush border (H&E, ×2900). 
 

 

  

Fig 4: Light microscopic structure of collecting tubule (C) of kidney tissue in T. ilisha, from sea (a) and river (b) 

which has columnar epithelial cells with basal nucleus and no brush border (H&E, ×2900). 

 

 

 
 

Fig 5: Light microscopic structure of glomeruli of kidney tissue in T. ilisha, from sea (a) and river (b), 

1. Podocyte cell; 2. Visceral epithelium; 3. Parietal epithelium; 4. Blood capillaries;  

5. Mesangial cells; 6. Urinary space; 7. Vascular bridge 

In these two illustrations, it has been shown how to measure the glomerular diameter (red line) (H&E, ×2900). 

 

For example, the glomerular structure had 

collapsed in the fish that had acclimated to sea, while 

in fish acclimated to the freshwater river, the 

glomerular structures were larger. Also the diameter 

of the glomerulus and the diameter and thickness of 

the collecting tubules were significantly larger in 

freshwater  river  samples  than to the  sea  samples 

(P ≤ 0.05) (Table 3, 4). 

T. ilisha is euryhaline that lives in tropical and sub 

tropical region, adults members live in rigid area and 

coral reef while larvae and juvenile live on surface of 

aquatic plants and estuarine. This species will enter 

the river for reproductive purposes. According to our 

studies, it was found out that scientists categorized 

teleostean kidney in five groups from point of 
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morphologic structure (Charmi et al., 2010; Farabi et al., 2009; Menke et al., 2011).  

Table 3: Morphometrics of proximal and distal tubule in Musa creek and Arvand fish kidney 

acclimated to sea and freshwater. Values are means ± SEM. (n: 20).  

Stations Proximal tubule 

diameter 
(μm) 

Proximal tubule 

thickness 

(μm) 

Distal tubule 

diameter 

(μm) 

Distal tubule 

thickness 

(μm) 

1- Musa creek (sea water) 53.22 ± 1.33 11.12 ± 1.27 63.11 ± 1.33 20.17 ± 1.44 

2- Arvand (river) 59.31 ± 1.14* 18.17 ± 1.39* 79.11 ± 1.37* 25.21 ± 1.28* 

*Indicates significant difference among sea and river (P ≤ 0.05). 

 

Table 4: Morphometric of glomeruli and collecting tubules in Musa creek and Arvand Rud fish kidney 

acclimated to sea and freshwater. Values are means ± SEM. (n: 20) 

Stations Glomerular diameter 
(μm) 

Collecting tubules diameter 

(μm) 
Collecting tubules thickness 

(μm) 

1- Musa creek (sea water) 54.12 ± 1.26 71.25 ± 1.22 31.16 ± 1.53 

2- Arvand (river) 65.14 ± 1.26* 83.12 ± 1.63* 34.12 ± 1.52* 

*Indicates significant difference among sea and river (P ≤ 0.05). 

 

Based on this category, kidney of T. ilisha like 

most marine teleosts showed the morphological 

characteristics of the type III including three parts as 

head, trunk (mesonephric portion) and caudal part. 

Fish urinary system exhibits extensive diversity in 

morphology and physiology, probably reflecting 

differences in their requirements and capabilities for 

water excretion and salt retention in various 

environments (Drummond et al., 2010). Kidneys are 

important organs that play a role in ion and water 

regulation in different aquatic environments 

(Ghazilou et al., 2011.).. As T. ilisha , he believes 

that in fresh water (A), fish lose salts (NaCl) by 

diffusion and gain water by osmosis (open arrows). 

Active transport of electrolytes (filled arrows) in the 

gill and kidney serve to recover salt and to excrete 

water. But, in seawater (B), fish gain salts (NaCl) by 

diffusion and lose water by osmosis. Active transport 

mechanisms in the gill now secrete NaCl, and the 

kidney excretes Mg, SO4, and other bivalent ions. 

Histological studies of kidney trunk in T. ilisha in 

two different environment showed that, nephrons 

was consist of glomeruli, neck segment, proximal, 

distal and collecting tubules. Scientists have reported 

that glomerulus is a coil of capillary which occupies 

the Bowman’s spaces (Humphreys et al., 2008; 

Reimer et al., 2009; Teranishi and Kaneko, 2010). 

The presence of mesangial cells in glomerulus as T. 

ilisha, reported in other species such as Huso huso 

and Acipenser persicus by a number of researchers 

(Justin et al., 2017). They explained that, mesangial 

cells are barriers for free molecules and ions through 

the filtration process and essential for rapid 

adaptation to different environments. Neck segment 

was short and connected the glomeruli to the first 

segment (PI) and had short cuboidal epithelial cells 

with basal nuclei. Proximal tubules had cuboidal 

cells with basal nucleus with a well developed brush 

border. That amount of microvilli reduced from 

segment I to the segment II. The brush border of 

proximal tubules is of course a specialization for 

increasing surface area for absorptive activity. The 

difference between the first and second proximal 

segment is not very pronounced, but we observed a 
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reduced in density of brush border and cells nuclei 

was oriented toward to the middle part of cell. This 

finding was reported by other researchers that 

studied on similar species elsewhere. Distal tubules 

with round and central nucleus had cuboidal 

epithelium without brush border. Besides, other 

researchers reported that tubules aren't specialized 

for absorption. Their function is pumping ions, as 

sodium, out of its lumen into the surrounding 

intracellular space (Malakpour et al., 2012; Wong 

and Woo, 2006). Segment that receives filtered urine 

from distal tubule and carries it, for excretion is 

called “collecting tubules”. It is found that this tubule 

was larger than proximal and distal tubules with high 

cuboidal epithelium with central nuclei differ from 

other tubules (Lee et al., 2011; Piermarini and Evans, 

1998). The diameter of glomeruli, collecting tubules 

and thickness, in T. ilisha were larger in freshwater 

samples than sea water. Developed and expanded 

glomerular structure and lumen width in the 

collecting tubules of the fish acclimated to 

freshwater indicate that animal has high glomerular 

filtration rates. In contrast, fish acclimated to the sea 

water had collapsed glomerular structure and thinner 

lumen in collecting canals, indicate that filtration in 

the nephrons is lower (Oguz, 2013). Due to the 

environmental changes in the two different aquatic 

environments the fish excretes dilute urine in hypo-

osmotic environments and reabsorbs required ions. 

These changes in the fish environment that lead to 

changes in the kidney histomorphometry show the 

ability of animal to adjust osmoregulation. Like our 

findings, similar morphologic changes have been 

found in sturgeon, silver sea bream and spotted scat 

(Romagnani et al., 2013). 

4. Conclusions 

In conclusion, the results of this study suggested 

that successful migration to a wide range of salinities 

in T. ilisha is not accompanied by mortality and 

damage. Animals are able to conform to different 

salinity to hypoosmotic of river (2.3 ppt) as well as 

to hyperosmotic environments of sea (42.7 ppt). This 

species was also able to adapt well to gradual 

decrease in salinity of the external environment and 

migrate into river. This study has demonstrated the 

ability of T. ilisha to adapt to a diverse range of 

environmental conditions and hence, it can be used 

as a reliable model, for osmoregulation in marine 

teleosts. 
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