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Recently, an increasing attention has been paid to the 

productivity and propagation of grey mullet “Mugil cephalus”. 

In view of the fact that the steroidogenic hormones play a key 

role in fish maturation and production of fertile ova, the present 

work was planned to determine and investigate the steroido-

genic cells in the testes of grey mullet, and thence to determine 

their levels of activities during its maturing cycle, aiming at 

making use of the obtained data in fish breeding and culture. 

Mature males of M. cephalus were obtained from the natural 

habitat (Al Bardawil Lagoon). Cytochemical and ultrastructural 

investigations were performed for the steroidogenic cells 

containing 3β-hydroxysteroid dehydrogenase. Five develop-

mental stages were quite distinguishable in M. cephalus    

males during the testicular cycle: immature stage, stimulating 

spermatogenesis, rapid spermatogenesis, mature or ripe, and 

spent stages. The electron microscopy showed that the 

interstitial (Leydig), lobular bounding, and Sertoli cells 

inspected during rapid spermatogenesis displayed prominent 

lipid droplets and cytoplasmic organoids typical of protein-

synthesizing cells (i.e. rough endoplasmic reticulum, abundant 

ribosomes, and distinct Golgi apparatus). In addition, Sertoli 

cells, in particular, possessed certain microtubules that are 

known to serve in transporting metabolites. Furthermore, the 

testes examined after spawning (spent ones) by electron 

microscope have designated that Sertoli cells, as well as some 

Leydig cells, had been changed into phagocytic ones to get ride 

from the non-ejaculated sperm cells. In conclusion, the present 

results could be very valuable in the problems concerning fish 

maturation in captivity. 

 

INTRODUCTION 

Accurate knowledge of the gonads cycle  

and their functional mechanism in fishes is 

essential for good management in both 

natural fisheries and fish farming; the 

morphology, histology, ultrastructure, and 
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cyclical changes in the fish testes have    

been studied in many teleosts
[1-6]

. Also, the 

histology and histochemistry of the testes 

and ovaries in a large number of teleosts 

have been investigated by many researchers 

who had proved that the gonads of those  

fish secrete steroid hormones
[2,7-9]

. Although 

the exact distribution of the tissues secreting 

steroid hormones is not known, there are at 

least five different cellular sources that   

have been suspected to be implicated in 

androgen production: the interstitial cells, 

lobule boundary cells, Sertoli cells, germ 

cells, and the epithelial cells of testicular 

efferent ducts
[2,8,10,11]

. 

The sex-steroid synthesizing cells are 

characterized by the presence of ∆ 5-3β-

hydroxysteroid dehydrogenase (3β-HSD) 

and glucose-6-phosphate dehydrogenase 

(G6PD)
[12-16]

. These key enzymes play   

main roles in the metabolic pathways   

during the synthesis and production of      

sex steroids
[17]

. Histochemically, 3β-HSD 

has been localized in the interstitial cells     

of the testis in many of teleost              

fishes; Xiphophorus maculatus
[12]

, Ictalurus 

nebulosus
[18]

, O. niloticus
[19]

, Padogobius 

martensi
[13]

, Serrasalmus spilopleura
[20]

 and 

Carassius auratus
[16]

. Also, the histo-

chemical studies have also revealed the 

presence of 3β-HSD activity in the       

Sertoli cells of Cymatogaster aggregate
[21]

, 

Salmo gairdneri
[22]

 and O. niloticus
[19]

. In 

addition, 3β-HSD activity was detected        

in interstitial cells and lobule boundary    

cells of Sarotherodon mossambicus
[23]

, and 

O. niloticus
[19]

. Furthermore, the lobule 

boundary cells have 3β-HSD positive 

reaction and misnamed Sertoli cells in       

the testis of O. niloticus
[24]

. The histo-

chemical observations were confirmed by 

the electron microscopy that the testi-     

cular 3β-HSD and G6PD-positive cells        

of teleosts had ultrastructural features  

typical of the steroid-producing cells;             

e.g. Padogobius martensi
[25]

, Torpedo 

marmorata
[26]

, Synbranchus marmoratus
[27]

, 

Larimichthys�polyactis
[28]

, and Kareius 

bicoloratus
[29]

. However, not all available 

electron microscopic results supply 

consistent support for the histochemical 

findings. 

In spite of the biochemical investigations 

have appeared that the gonads of M. 

cephalus produce sex steroid hormones
[7,30]

, 

no available information concerning the real 

steroid-secreting sites in the gonads of this 

fish. Although, the wide concern of the 

mullet, few investigations were done on the 

location and fine structure of the steroid-

secreting cells during its gonads maturation. 

Thus, the real location of steroid hormones 

secretion in the mullet gonad is still 

disputable. The present research was done to 

determine the steroids-producing cells by 

both the histochemical and the ultrastructural 

methods in the testes of M. cephalus. 

 

MATERIAL AND METHODS 

Fish collection and sampling 
From Al Bardawil Lagoon, 100 adult males 

of M. cephalus (with standard length larger 

than 28 cm) were collected alive during    

the testicular cycle (from September until 

December, 2020). Before the dissection of 

fishes, they were anesthetized in clove oil   

at a dose of 40 mg/L of water
[31]

. After fish 

collection, the total and standard lengths of 

fish were measured to the nearest 0.1 cm. 

The gonads were extirpated from the body 

cavity, weighed to the nearest 0.01 g and the 

gonadosomatic index (GSI) was calculated 

for each fish according to the following 

formula: 

GSI = (Weight of the gonad/Gutted weight)  

× 100 

Based on the gonads morphology, 

histological appearance, and their gonado-

somatic index (GSI), five sexual maturity 

stages were signified as adult males stage I, 

stage II, stage III, stage IV (Ripe), and stage 

V (spent or post-spawning)
[32]

. 

 

Enzyme histochemistry 

Immediately after dissection of fishes, the 

gonads were cut into fragments, which   

were fixed in a mixture of 1% formaldehyde 

(freshly prepared from paraformaldehyde) 

and 0.25% glutaraldehyde in a 0.1 mol 

phosphate buffer at pH = 7.4
[33]

. Fixation 
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lasted for 20 minutes at 4°C under constant 

shaking, and the fixative was renewed after 

10 minutes. Also, other fragments of gonads 

were fixed in 4% glutaraldehyde in 0.1 mol 

phosphate buffer (pH = 7.4). 

The incubation media were freshly 

prepared just before use. To prepare           

10 mL of the incubation medium of the     

3β-hydroxysteroid dehydrogenase, 2 mg 

dehydroepiandrosterone were dissolved 

either in a mixture of N, N-dimethyl 

formamide (0.3 mL) and propylene glycol 

(0.3 mL) or in 0.6 mL of acetone           

(final concentration of substrates; 0.7 mmol), 

which considered as medium “A”. 

Approximately, 10 mg of nicotinamide 

adenine dinuleotide (NAD) and 10 mg        

of nitro-blue tetrazolium (NBT) were    

mixed in 9.4 mL of 0.1 mol phosphate   

buffer (at pH = 7.2) and considered as 

medium “B”. Phenazine methosulfate 

(PMS), an electron carrier, was added          

to the mixture of the media “A+B” just 

before the beginning of incubation. The  

final concentration of PMS varied from      

0.1 mmol to 10 mmol. All of this operation 

had to be performed in the dark because     

of the high photosensitivity of PMS. 

The fixed tissue fragments were 

incubated for a period varying from            

30 minutes to one hour at 37°C in the 

darkness in a shaking water bath. After 

incubation, the tissue fragments were   

rinsed in the phosphate buffer, dehydrated 

through an ascending series of ethyl alcohol, 

cleared, infiltrated in 1.0% celloidin in 

methyl benzoate (two changes, 1-5 hours  

for each change), and placed in two   

changes of benzene (15-45 minutes for   

each change) before finally infiltrating         

and embedding in paraffin wax (paraplast; 

milting point: 56-58°C). Transverse sections 

of gonads were cut at the thickness of          

2-4 μm. These sections were counterstained 

with eosin. 

 

Electron microscopy technique 

Immediately after dissection of the fish, the 

gonads were cut into several parts. Those 

assigned for the ultrastructural studies were 

fixed in 4% glutaraldehyde in 0.1 mol 

cacodylate buffer (pH = 7.2-7.4) at 4°C     

for 2-3 hours. Thereafter, washing in 5% 

sucrose in 0.05 mol cacodylate buffer       

(pH = 7.2-7.4) was performed three times 

each one 15 minutes. The specimens could 

be left in the fourth change overnight at 4°C. 

The post-fixation was performed in 1% 

osmium tetroxide in 0.2 mol cacodylate 

buffer (pH = 7.2-7.4) for 2 hours at 4°C. 

Thereafter, rinsing in 0.1 mol cacodylate 

buffer (pH = 7.2-7.4) was done three times 

and washing in distilled water at 4°C. 

The tissues were dehydrated in an 

ascending series of ethanol and embedded in 

epoxy resin. The processes of dehydration, 

infiltration, and embedding were done as 

indicated in the Durcupan ACM set   

(D0166, Sigma-Aldrich Chemie GmbH, 

Taufkirchen, Munich, Germany). 

For light microscopy, semi-thin sections 

were cut on a JUM-7 ultramicrotome     

(Jeol, Tokyo, Japan) with glass knives and 

stained with l.0% toluidine blue in 1.0% 

sodium borate. The ultra-thin sections were 

cut on a JUM-7 ultramicrotome with a glass 

knife, and placed on 200-mesh copper grids. 

The sections were then stained with uranyl 

acetate (saturated in 70% ethyl alcohol) 

followed by lead citrate
[34]

 and examined 

with a JEM = 10 CX transmission electron 

microscope (JEOL Ltd., Akishima, Tokyo, 

Japan) at 80 kV. 

All used chemicals in the present study 

were of high purity and purchased from 

Sigma-Aldrich Chemie GmbH (Taufkirchen, 

Munich, Germany). 

 

RESULTS 

Histology of the putative steroids-

secreting cells during testis maturation in 

M. cephalus 

The putative (suspected) steroid-secreting 

cells in the testis of M. cephalus are 

presumably the interstitial cells, lobules 

boundary cells, as well as the Sertoli cells   

as illustrated in Figure “1”. With the 

seasonal changes in the testicular activity 

(i.e. testicular recrudescence) of male M. 

cephalus, the presumably steroid-producing 
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Figure 1: Semi-thin section of M. cephalus showing: (a) Immature testis, demonstrating the interstitial cells 

(ISC) with oval nuclei, lobule boundary cells (LBC) with elongated nuclei, and Sertoli cells (SC) with irregular 

nuclei. Besides, sperm mother cells (SMC), spermatogonia (SG), and interlobular connective tissue (CT) were 

present. (b) Stimulating spermatogenesis, designating the abundant interstitial cells (ISC) in the interlobular 

spaces, lobule boundary cells (LBC), and the Sertoli cells (SC) inside the lobules. Also, the spermatogonia (SG), 

primary spermatocytes (PSC), secondary spermatocytes (SSC), spermatids (ST), and spermatozoa (SZ) were 

illustrated. (c) Rapid spermatogenesis stage, marking abundant large interstitial cells (ISC) in the interlobular 

spaces, small-sized lobule boundary cells (LBC), and large Sertoli cells (SC). Also, the secondary spermatocytes 

(SSC), spermatids (ST), and spermatozoa (SZ) were demonstrated. (d) Ripe testis, displaying abundant 

interstitial cells (ISC) in the connective tissue of interlobular septum (ILS), lobule boundary cells (LBC), 

spermatids (ST) and spermatozoa (SZ). (e) Spent testis, perceiving the phagocytic Sertoli cells (SC) inside the 

lumens of seminiferous lobules (LU), beside the interstitial cells (ISC), remnants of germ cells, spermatozoa 

(SZ), and the thick interlobular connective tissue (CT). 
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cells have manifested certain quantitative 

and qualitative alterations. In the stage I 

(immature stage), the testis contained small 

sized lobules and a relatively large 

interlobular spaces filled with dense stroma 

consisting of connective tissue and blood 

capillaries (Figure 1a). The GSI was 

0.35±0.15 (Table 1). The main components 

of the lobules comprised sperm mother cells 

and spermatogonia. The interstitial cells 

were occurring either singly or in small 

groups at both the periphery of the testis and 

in the interstices. These cells had 

comparatively large sizes with oval nuclei 

stained darkly with toluidine. The lobule 

boundary cells of the immature stage 

exhibited elongated shapes with also 

elongated nuclei. Sertoli cells commonly 

existed peripherally in the testis lobules 

being in close proximity to the germ cells 

(sperm mother cells and spermatogonia). 

They had comparatively large sizes and 

irregular shapes with prominent nuclei 

(Figure 1a). 

In the stage II (stimulating spermato-

genesis), the seminiferous lobules appeared 

relatively large in size (GSI of 0.8±0.25; 

Table 1) surrounded by lobule boundary 

cells and containing germ cells at various 

stages of maturation (i.e., spermatogonia, 

spermatocytes, spermatids, and spermatozoa; 

Figure 1b). Besides, Sertoli cells were     

seen in those lobules. Figure “1b” also 

showed the relatively small interlobular 

spaces occupied with connective tissue 

elements embodying interstitial cells. The 

interstitial cells exhibited a gradual increase 

in number. They had small-sized nuclei 

together with a sparse amount of cytoplasm. 

The lobule boundary cells being lesser in 

number and smaller in size and with   

smaller nuclei, than before, but the Sertoli 

cells had apparently increased in size        

and contained faintly stained nuclei. In 

addition, the testicular lobules contained 

spermetogonia, spermatocytes, spermatids, 

and spermatozoa (Figure 1b). 

 

Table 1: Gonadosomatic index (GSI, %) of adult males M. cephalus at different stages of 

maturation during testicular cycle in natural habitat. 

 

Testis Stage 
Gonadosomatic index GSI% 

Mean±SD Number of fish 

I. Immature stage 

II. Stimulating spermatogenesis 

III. Rapid spermatogenesis  

IV. Mature (ripe) testis 

V. Spent testis 

  0.35±0.15 

  0.80±0.25 

  3.10±0.38 

10.55±0.65 

  1.25±0.35 

20 

20 

20 

20 

20 
 

Data were expressed as mean ± standard deviation (SD). 

 

In the stage III (rapid spermatogenesis), 

the seminiferous lobules of the testis at     

this stage are revealing the predominance   

of spermatids and spermatozoa, but the 

number of spermatocytes was relatively low 

(Figure 1c). In this stage, the GSI was 

3.1±0.38 (Table 1). The interstitial cells, 

during this period of development, have 

exhibited rapid multiplication with large 

sizes. The lobule-boundary cells were also 

apparently increased in both number and 

size. Besides, Sertoli cells of the testis were 

comparatively large in size in these stages, 

embodying relatively large-nuclei, and 

stained faintly with toluidine blue       

(Figure 1c). 

In the stage IV (ripe testis), the 

seminiferous lobules appeared fully packed 

with mature spermatozoa. The GSI was 

10.55±0.65 (Table 1). However, spermatids 

were still visible, though in small numbers 

(Figure 1d). The interstitial cells were    
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quite numerous in the interstitial septum of 

connective tissue, exhibiting large sizes    

and small nuclei and stained darkly with 

toluidine blue. On the other hand, Sertoli 

cells were clearly decreased in both size   

and number. Also, the lobule boundary cells 

were increased in size, but were conversely 

reduced in number However, spermatids 

were still visible, though in small numbers 

(Figure 1d). 

In the stage V (spent testis), the 

seminiferous lobules of the testes examined 

after spermiation had seemingly diminished 

in size, and their walls were acquiring          

a thickened appearance owing to the 

contraction of their contents of elastic fibers 

(Figure 1e). In this stage, the GSI was 

1.25±0.35 (Table 1). The interstitial cells of 

the spent testes were irregular in shape, large 

in size, and had large nuclei ranging from 

oval to round shapes. It is also clear that 

Sertoli cells of the spent testis had turned    

to be active phagocytes, being migrated      

to the lumen of the seminiferous lobules 

playing a conspicuous role in phagocytizing 

the residual sperms, as well as other 

degenerative germ cells (Figure 1e). 

 

The histochemical localization of the 

steroid dehydrogenases (3β-HSD) in the 

testis of M. cephalus 
The histochemical localization of 3β-HSD 

was examined in mature (or ripe) and          

in spent stages. In the ripe testis, the 

histochemical localization of 3β-HSD was 

detected in the interstitial and sertoli cells 

(Figure 2a). In the spent testis, obtained  

after spawning, which was also incubated   

in the steroid dehydrogenases media, gave   

a positive reaction for 3β-HSD (Figure 2b). 

The reaction was mainly restricted to the 

phagocytic Sertoli cells, which were thence 

located inside the lumen of the seminiferous 

lobules.  

 

Ultrastructure of the steroid-producing 

cells during testis maturation in M. 

cephalus 

In the immature stages of spermato-  

genesis, the interstitial cells were obviously 

situated within the interstitium either    

singly or in clusters (Figure 3a). They 

contained an extensive amount of rough 

endoplasmic reticulum, as well as oval or 

round mitochondria with tubular cristae 

embedded in a relatively dense matrix. 

Besides, these cells possessed moderately-

sized nuclei containing aggregates of 

heterochromatin; occasionally, spherical 

lipid droplets, and free ribosomes and 

collagen fibers were present in the 

cytoplasm. The lobule boundary cells of the 

immature testes characterized by having 

large elongated nuclei with prominent 

nucleoli and a small amount of cytoplasm 

containing collagen fibers (Figure 3a). 

Accompanying spermatogenesis of M. 

cephalus, during the stimulating spermato-

genic stage, the secretory activity of the 

interstitial cells had exhibited an obvious 

increase (Figure 3b). They were noticeably 

manifesting almost the same characteristic 

features of the steroid-producing cells, 

namely extensive smooth endoplasmic 

reticulum, with dilated vesicular cisternae, 

numerous mitochondria with tubular cristae, 

large sized lipid droplets, as well as a few 

collagen fibers. In addition, they embodied 

large elongated nuclei with dense 

heterochromatin material. Both steroido-

genic organelles characteristic for the 

steroid-producing cells, as well as the 

protein-synthesizing organelles, were quite 

detectable in the Sertoli cells (Figure 3b). 

Sertoli cells also exhibited large lipid 

droplets, dilated cisternae of smooth 

endoplasmic reticulum, microtubules and 

free ribosomes (Figure 3c). Also, they had 

small nuclei with irregular outlines and 

containing heterogeneous chromatin material 

(Figure 3c). 

The following period, identified as the 

rapid spermatogenic stage (Figure 3d,e). The 

steroid-producing cells (interstitial cells, 

lobule boundary cells, and Sertoli cells)  

have manifested a high level of secretory 

activity. Concerning the interstitial cells, 

they contained distinct rough and smooth 

endoplasmic reticulum, mitochondria with 

tubular or lamellar cristae, free ribosomes, 
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Figure 2: (a) Ripe testis of M. cephalus illustrating the positively reacting interstitial cells (ISC) and Sertoli 

cells (SC) with the substrate of 3β-HSD enzyme. (b) Spent testis of M. cephalus, showing the positive reaction 

of Sertoli cells (SC), located inside the seminiferous lobules, with the substrates of 3β-HSD enzyme. Beside 

remnants of germ cells, spermatozoa (SZ), and the thick interlobular septum (ILS) contained connective tissue 

(CT). 3β-HSD: 3β-hydroxysteroid dehydrogenase. 



Steroidogenesis during testicular cycle of grey mullet 

 

 

85 

 
 

Figure 3: Ultrathin section of the testis of M. cephalus showing: (a) Immature testis, designating the interstitial 

cells (ISC), containing mitochondria (M), rough endoplasmic reticulum (rER), lipid droplets (LD), free 

ribosomes (R), lobule boundary cells (LBC), and collagen fibers (CF). (b) A stimulating spermatogenesis stage, 

illustrating interstitial cells with many elements of extensive smooth endoplasmic reticulum (sER), large lipid 

droplets (LD), beside the nucleus (N) containing dense heterochromatin. (c) A stimulating spermatogenesis 

stage, showing Sertoli cell (SC) with large lipid droplets (LD), large cisternae of smooth endoplasmic reticulum 

(sER), microtubules (MT), free ribosomes (R), the nuclei (N), collagen fibers (CF). (d) A rapid spermatogenesis 

stage, revealing interstitial cells (ISC) with large lipid droplets (LD), mitochondria (M), rough endoplasmic 

reticulum (rER), and smooth endoplasmic reticulum (sER). Besides, ribosomes (R), Golgi apparatus (GA), 

microtubules (MT), and nuclei (N) were illustrated. (e) A rapid spermatogenesis stage, showing lobule boundary 

cells (LBC) with lipid droplets (LD), mitochondria (M) and smooth endoplasmic reticulum (sER), and Sertoli 

cells (SC) containing mitochondria (M) with dense matrix and smooth endoplasmic reticulum (sER) with dilated 

cistemae. Beside spermatogonia (SG), primary spermatocytes (PSC), and nuclei (N) were present. (f) Spent 

testis, showing the phagocytic interstitial (ISC), Sertoli cells (SC), and degenerated germ cells (DGC). 
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and lipid droplets (Figure 3d). Besides,  

these cells contained large prominent nuclei 

with dense chromatin material. The Sertoli 

cells of the testis at this spermatogenic   

stage had lipid droplets, mitochondria,  

rough endoplasmic reticulum, distended 

Golgi apparatus, microtubules, ribosomes, 

and polysomes (Figure 3d). The lobule 

boundary cells of the rapid spermato-    

genic testis were also characterized by 

exhibiting lipid droplets with different    

sizes numerous mitochondria, endoplasmic 

reticulum (smooth and rough ones) ones, and 

free ribosomes (Figure 3d,e). Their nuclei 

were elongated with prominent nucleoli and 

a dense chromatin material (Figure 3e). 

In the spent stage (after-spawning), the 

steroid-producing Sertoli cells and some 

interstitial cells have been obviously 

transformed into phagocytic cells to get rid 

of the remnants of the spermatozoa and 

some decayed germ cells (Figure 3f). The 

Sertoli cells of the spent testes have 

obviously represented nearly the same 

organelles characteristic for the phagocytic 

cells; comprising membrane-bound hetero-

phagic lysosomes containing degenerated 

mitochondria and endoplasmic reticulum, in 

addition to parts of deteriorated germ cells 

(Figure 4a). The phagocytic Sertoli cell was 

with large pinocytotic vesicles containing 

portions of decayed germ cells (Figure 4a). 

They also contained many mitochondria 

with lamellar cristae beside some lysosomes. 

The nuclei of those Sertoli cells had  

irregular shapes with less dense chromatin 

material relative to the normal corresponding 

cells (Figure 4a,b). The phagocytic inter-

stitial cells of the spent testis were 

characterized by the presence of extensive 

rough endoplasmic reticulum, distinct lyso-

somes, degenerated germ cells, and mito-

chondrial elements manifesting certain 

degenerating signs (Figure 4c). In addition, 

most of those cells have exhibited almost  

the same characteristic features of the 

steroid-producing cells, such as the picture 

of the endoplasmic reticulum (smooth and 

rough), mitochondria with different sizes 

and lamellar cristae, and lipid droplets 

(Figure 4d,e). They also had prominent 

nuclei with condensed peripherally located 

chromatin adjacent to the nuclear envelopes. 

The lobule boundary cells of the spent   

testes were characterized by the presence    

of endoplasmic reticulum (smooth and 

rough), free ribosomes, and mitochondria 

with different sizes and lamellar cristae 

(Figure 4d). 

 

DISCUSSION 
Our findings give a particular anatomical 

disposition of the steroidogenic cells during 

testicular recrudescence of M. cephalus      

by using different practical techniques 

including the histological structure of the 

putative (suspected) steroidogenic cells, the 

histochemical confirmation of the 3β-HSD 

that is fundamental for modulating the 

production of sex steroids, and the electron 

microscopy to give the accurate locating of 

the steroid synthesis cells in the gonads of 

this fish. In M. cephalus, inhabiting natural 

habitat, five developmental stages were dis-

tinguished during testicular cycle (immature, 

stimulating and rapid spermatogenesis, ripe, 

and spent stages). The presently encountered 

findings have indicated the presence of three 

types of putative steroid-producing cells (the 

interstitial cells, lobule boundary cells, and 

Sertoli cells) in the testis of the inspected 

fish “M. cephalus”. These observations have 

received confirmation from those presented 

previously for other teleost fishes
[35,36]

. It is 

worthy of mentioning that in some teleost 

species, Sertoli cells have been misnamed 

"lobule boundary cells". On the other hand, 

the lobule boundary cells have been 

misnamed "Sertoli cells" in Oreochromis 

niloticus
[24]

. However, the testes of 

Oncorhynchus kisutch and Oncorhynchus 

gorbuscha were reported to contain only 

interstitial cells and lobule boundary cells
[37]

. 

The present findings have designated   

that Sertoli cells are present in the lobule 

wall, being separated from the interlobular 

space by a thin, but distinct, basal lamina. 

However, these cells were often noticed      

to occur in close proximity to the develop-

ing germ cells. These observations are in 
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Figure 4: Ultrathin section of the testis of M. cephalus showing: (a) Spent testis, representing the phagocytic 

Sertoli cell (SC) with lipid droplets (LD), membrane bound digestive vacuole (DV) containing degenerating 

mitochondria (M), endoplasmic reticulum (ER) and lysosomes, and a nucleus (N). (b) Spent testis, illustrating 

the phagocytic Sertoli cells (SC) with pinocytotic vesicles containing a portion of degenerating germ cell 

(DGC), and mitochondria, beside lobule boundary cell (LBC) and connective tissue (CT). (c) Spent testis, 

showing the phagocytic interstitial cell (ISC), rough endoplasmic reticulum (rER), mitochondria (M), lipid 

droplets, (LD) and digestive vacuole (DV), beside nucleus (N) and collagen fibers (CF). (d) Spent testis 

illustrating lobule boundary cell (LBC) and interstitial cell (ISC) in a secretory phase, lipid droplets (LD), 

mitochondria (M), and both of smooth (sER) and rough endoplasmic reticulum (rER), beside nuclei (N) and 

connective tissue (CT). (e) Spent testis, designating interstitial cell (ISC), cisternae of both rough (rER) and 

smooth (SER) endoplasmic reticulum, lipid droplets (LD), mitochondria (M), and nucleus (N). 
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agreement with those presented in other 

teleost species
[38-40]

. Also, the presently 

obtained data have clarified that the 

seminiferous lobules of the testis of M. 

cephalus are completely lined by distinct flat 

lobule boundary cellular layer with 

elongated nuclei. These observations 

confirmed those declared in some other 

teleosts
[37,41]

. 

The interstitial cells of M. cephalus,       

as in most fishes (Oreochromis    

niloticus
[24]

, Oncorhynchus gorbiuscha     

and Oncorhynchus kisutch
[37]

, and    

Ictalurus nebulosus
[18,40]

(, were distributed 

either singly or in small groups in the 

interstices between the seminiferous  

lobules. However, in Poecilia latipinna  

such cells were mentioned to be located 

around the sperm duct and at the     

periphery of the testis, but were not   

detected between the testis lobules
[42]

. 

Besides, the obtained results have     

revealed that the putative steroid-producing 

interstitial cells have manifested both 

quantitative and qualitative variations in 

concurrence with the successive 

developmental stages of the testis of M. 

cephalus. These cells were easily detected in 

all stages of maturity, but they appeared      

to attain their maximum development  

during ripeness and just before spermiation. 

Their signs of maximal activity were 

reflected by the remarkable increase in   

their numbers and their sizes. Our 

observations confirmed those obtained by 

other researchers concerning some other 

teleosts
[29,39,40,43]

. However, in general, the 

present histological observations concerning 

the steroidogenic activity of the interstitial 

cells of M. cephalus received good     

support from the findings presented            

by in Oreochromis niloticlus
[44]

 and 

Padogobius martensi
[25]

, which showed        

a marked correlation between the intensity 

of interstitial cells and the circulating levels 

of testosterone. 

The activity of 3β-HSD was designated  

in the gonads of all M. cephalus examined 

by both light and electron microscopy. The 

presence of this enzyme is a characteristic 

feature of cells engaged with sex-steroid 

synthesizing activity. The 3β-HSD is known 

to occupy a key position in the metabolic 

pathways that lead to the formation of 

androgens and estrogens
[13,17,25]

. The 

occurrence of G6PD activity in the cells 

containing 3β-HSD enzyme provided 

sounding evidence of the steroidogenic 

potentiality of these cells, since G6PD is 

known to provide NADPH that is needed for 

hydroxylation during steroidogenelis
[45,46]

. 

The present mode of 3β-HSD occurrence    

is consistent with the localization of this 

enzyme in other teleosts such as Torpedo 

marmorata
[14]

, Anguilla anguilla
[15]

,
 

Cymatogaster aggregate
[21]

, and Salmo 

gairdneri
[22]

. Worthwhile is that 3β-HSD 

activity was detected only in the interstitial 

cells of the testis of a number of teleosts 

(e.g. Ictalurus nebulosus
[18]

, Serrasalmus 

spilopleura
[20]

,
 

Padogobius martensi
[13,25]

, 

and Synbranchus marmoratus
[27]

). In 

addition, to interstitial cells, lobule boundary 

cells were suspected to serve as possible 

sites of steroidogenesis in some teleosts such 

as Tilapia mossambica
[23]

 and Tilapia 

nilotica
[24]

. 

As previously notified by certain 

researchers
[25,47,48]

, the steroid-producing 

cells are believed to be characterized by 

certain ultrastructural features such as 

mitochondria with tubular cristae, smooth 

endoplasmic reticulum, and lipid droplets. 

The steroid-synthesizing cells are recogniz-

able at the electron microscopic level by   

the presence of smooth endoplasmic 

reticulum as well as mitochondria, with 

tubular cristae, as already indicated 

previously
[49]

. The present ultrastructural 

examination of M. cephalus testis has 

revealed that the Leydig cells stand as 

essential sites of steroid production in the 

testis. These findings are also in good 

agreement with previous reports offered, 

concerning the corresponding cells in the 

testes of other teleosts including Pampus 

argenteus
[8]

, Kareius bicoloratus
[10]

, 

Serrasalmus spilopleura
[20]

, Boleophthalmus 

pectinirostris
[11]

, Larimichthys polyactis
[28]

, 

and Kareius bicoloratus
[29]

. 
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In addition to Leydig cells, Sertoli cells or 

lobule boundary cells were also considered 

as possible sites of steroidogenesis in 

teleosts
[50]

. This assumption was strengthen-

ed by the present ultrastructural findings of 

M. cephaluis testes, at different maturity 

stages, indicating a steroidogenic potency of 

these cells particularly at the end of the 

maturation phase of germ cells. Similarly, 

Sertoli cells or lobule boundary cells of other 

species have been reported to contain some 

ultrastructural features commonly accepted 

as characteristics of steroid-producing cells, 

comprising mitochondria with tubular  

cristae and a granular endoplasmic 

reticulum, although much less developed 

than those of the interstitial cells, beside 

many lipid droplets
[22,26,37,38]

. 

Worthwhile is that the presently gathered 

ultrastructural data have also displayed    

that the steroid synthesizing cells in the 

testes of M. cephalus, especially in the   

period of rapid spermatogenesis, possess 

certain features suggestive of protein 

synthesis ability including rough endo-

plasmic reticulum, as well as a distinct  

Golgi apparatus and free ribosomes. In 

addition, Sertoli cells have exhibited      

some ultrastructural features indicating   

their involvement in transporting metabolites 

(e.g. microtubules). This postulation 

supported the previous reports for Poecilia 

latipinna, Carassius aurata, Oncorhynchus 

kisutch, and O. gorbuscha,
 
and Pampus 

argenteus
[8,51,52]

. 

After spawning of M. cephalus, Sertoli 

cells and some of the interstitial cells of 

spent testes had manifested certain features 

presented in the form of organelles,      

which are common characteristics for         

the phagocytic cells. These comprised          

a membrane-bound heterophagic lysosomes, 

pinocytotic vesicles containing portions      

of degenerating germ cells, deteriorated 

mitochondria, and injured endoplasmic 

reticulum. These findings reinforce the 

phagocytic role played by both Sertoli    

cells and some of the interstitial cells           

in the resorption of non-ejaculated sperm 

cells. A similar function assigned to Sertoli 

cells was reported in Pampus argenteus
[8]

, 

Kareius bicoloratus
[10]

, Boleophthalmus 

pectinirostris
[11]

, Padogobius martensi
[13]

, 

Larimichthys polyactis
[28]

, Kareius 

bicoloratus
[29]

,
 

and Synbranchus 

marmoratus
[53]

. 

In conclusion, our investigation showed 

that during mullet spermatogenesis five 

developmental stages were distinguished  

and different cell types, i.e. Sertoli, Leydig, 

and lobule boundary cells, are involved       

in testosterone production, whose prominent 

role in spermatogenesis seems to be funda-

mental in meiotic phase. 
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 تٍروٌذ أثىبء دورة الخصٍتلتكوٌه الس، وكٍمٍبء الأوسجت، والتركٍب الذقٍق التركٍب الىسٍجً

 الطبٍعٍت البٍئت " فىMugil cephalusلسمك البوري"
 

فشَبه أحَذ اىَسذٌ 
1

ّهً عجذ اىحَُذ خيُو ،
2

ٍظطفً عجذ اىىهبة ٍىسً ،
3
  

1
 ، ٍظشاىَْىفُخ ،خبٍعخ اىَْىفُخ ،ميُخ اىعيىً ،قسٌ عيٌ اىحُىاُ

2
 ، اىقيُىَجخ، ٍظشواىَظبَذاىَعهذ اىقىٍٍ ىعيىً اىجحبس ، ٍعَو رْبسو ورفشَخ الأسَبك

3
 ، ٍظشالإسنْذسَخ، اىَعهذ اىقىٍٍ ىعيىً اىجحبس واىَظبَذ ،ٍعَو رْبسو ورفشَخ الأسَبك

 

". وّظشًا ىيذوس اىشئُسٍ اىزي ريعجه اىهشٍىّبد Mugil cephalusثزنبثش وإّزبج أسَبك اىجىسي "ٍؤخشًا صداد الاهزَبً ا

ضبد اىَخظجخ، فقذ رٌ اىزخطُظ ىيعَو اىحبىٍ ىزحذَذ وفحض اىخلاَب اىسزُشوَذَخ فٍ ّضىج الأسَبك وإّزبج اىجىَ

ضدهب ثهذف الاسزفبدح ٍِ اىْزبئح فٍ وٍِ ثٌ رحذَذ ٍسزىَبد ّشبطبرهب خلاه دوسح ُّ  ،اىسزُشوَذَخ فٍ خُظًَ أسَل اىجىسٌ

ورٌ خ )ثحُشح اىجشدوَو(. رنبثش واسزضساع الأسَبك. ورٌ اىحظىه عيً اىزمىس اىْبضدخ لأسَبك اىجىسي ٍِ اىجُئخ اىطجُعُ

ثُزب هُذسومسً -3اىزٍ رحزىٌ عيً إّضٌَ اىسزُشوَذَخ إخشاء اىفحىطبد اىنَُُبئُخ اىخيىَخ ودساسخ اىزشمُت اىذقُق ىيخلاَب 

وقذ أٍنِ رَُُض خَس ٍشاحو ٍِ اىزغُشاد أثْبء دوسح اىخظُخ فً رمىس أسَبك اىجىسي: اىَشحيخ  إسزُشوَذ دَهُذسوخُُْض.

حُىاّبد اىَْىَخ، اىَشحيخ اىسشَعخ ىزنىَِ اىحُىاّبد اىَْىَخ، ٍشحيخ اىْضح، ، ٍشحيخ رحفُض رنىَِ اىغُش اىْبضدخ

وٍشحيخ ٍبثعذ اىزفشَخ. وأظهش اىفحض ثبىَدهش الإىنزشوٍّ أُ اىخلاَب اىجُُْخ )خلاَب ىُذج(، واىخلاَب اىَحُطخ ثبىفظُظبد 

ىاّبد اىَْىَخ ثهب قطشاد دهُْخ ثبسصح اىخظىَخ، وخلاَب سُشرىىٍ اىزٍ رٌ فحظهب أثْبء اىَشحيخ اىسشَعخ ىزنىَِ اىحُ

وعضُبد سُزىثلاصٍُخ َّىرخُخ ىيخلاَب اىَظْعخ ىيجشورُِ )ٍثو اىشجنخ الإّذوثلاصٍُخ اىخشْخ واىشَجىسىٍبد اىىفُشح 

وخهبص خىىدٍ اىَزَُض(. ثبلإضبفخ ىزىل، رَزيل خلاَب سُشرىىٍ، عيً وخه اىخظىص، أُّجُجبد دقُقخ ٍعُْخ ٍعشوفخ ثأّهب 

فً ٍشحيخ ٍب ثعذ اىزفشَخ ثبىَدهش الإىنزشوٍّ أوضح  خُظًٍَ ّقو اىْىارح الأَضُخ. علاوح عيً رىل، فئُ فحض اىرعَو ف

أُ خلاَب سُشرىىٍ ومزىل ثعض اىخلاَب اىجُُْخ قذ رحىىذ إىً خلاَب ثيعَُخ ىيزخيض ٍِ خلاَب اىحُىاّبد اىَْىَخ اىَزجقُخ ثعذ 
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