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ABSTRACT 

    Cadmium (Cd) is considered to be one of the major environmental pollutants which 

have potential threat to human health. Reports of declining male fertility have renewed 

interest in the role of environmental and occupational exposures in the etiology of human 

infertility. This study was performed to investigate the cadmium induced structural 

effects on the testes and to evaluate the possible protective effect of concomitantly 

administered zinc and vitamin E in adult albino rats. Cadmium exposure led to obvious 

degnerative changes in testicular tissue accompanied by decreased level of serum 

testosterone hormone. Simultanious adminstration of vitamin E and Zink have 

ameliorated  most of induced testicular damage. Thus dietary agents like Vitamin-E and 

Zinc can be recommended as effective protectors against Cadmium intoxication. 
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INTRODUCTION: 

  

Infertility is a problem affecting one 

in six couples (Balen and Rutherford, 

2007). However, male factor is solely 

responsible in about 20% of infertile 

couples and contributory in another 30–

40% (Wong et al., 2000). Cadmium (Cd) 

is considered to be one of the most toxic 

heavy metals. Exposure to Cd as a result 

of industrial and environmental pollution 

leads to dangerous health hazards. Cd 

has been found to produce wide range of 

biochemical and physiological 

dysfunctions in humans and laboratory 

animals (Santos et al., 2004). It is a by-

product of the mining and smelting of 

non-ferrous metals. It is used in nickel-

cadmium batteries, dyes, plastics, 

electrochemistry and paint pigments. It 

can be found in soils because 

insecticides, fungicides, sludge and 

commercial fertilizers containing Cd are 

used in agriculture ( Diana, 2008). 

 

Cadmium impairs reproductive 

capacity by causing severe testicular 

degeneration, seminiferous tubular 

damage and necrosis in rats (Xu et al., 

2005). Evidences suggest that Cd 

exposure enhances intracellular reactive 

oxygen species (ROS) production and 

lipid peroxidation, which may lead to 

tissue damage (Gupta et al., 2004 and 

Kara et al., 2005).  

Zinc (Zn) is an antioxidant trace 

element that is present in all organs, 

tissues, and fluids of the body. It is 

required for cell proliferation, 

differentiation, normal growth, immune 
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functions, and wound healing (Rotsan et 

al., 2002). Zn is an essential mineral for 

spermatogenesis and a hepatocellular 

metallothionein inducer, and zinc co-

treatment protects tissues against free 

radicals and oxidative stress (Afonne et 

al., 2002). 

Vitamin E is a powerful lipophilic 

antioxidant that is absolutely vital for the 

maintenance of mammalian 

spermatogenesis and deficiencies of 

vitamin E leads to a state of oxidative 

stress in the testes that disrupts both 

spermatogenesis and the production of 

testosterone (Gavazza and Catala, 2006). 

Therefore, the purpose of this study 

was to investigate the toxic effect of 

cadmium on the testes of adult albino 

rats and to evaluate the possible 

ameliorating effect of zinc and vitamin E 

on such cadmium toxicity . 

 

MATERIALS AND METHODS 

The study was performed on 80 

healthy adult male albino rats (3-6 

months old) weighing 150-200gm. The 

rats were obtained from the animal 

house, Faculty of Medicine, Zagazig 

University. The animals were kept under 

the same environmental conditions as 

regarding diet (water ad libitum), light 

(12 h) and temperature (21–23 _C). The 

experiment was performed according to 

the norms of Ethical Committee of the 

Zagazig University. The animals were 

randomly divided into 8 groups with 10 

animals each: Group I  (Negative control 

group): which received only balanced 

diet and tap water, Group II  (Positive 

control group): which received corn oil, 

Group III  received zinc sulphate at a 

dose of 1 mg/kg/day, Group IV received 

vitamin E at a dose of 100 mg/kg/day, 

Group V  received cadmium chloride at 

a dose of 20 mg/kg/day dissolved in 2ml 

of tap water, Group VI  received zinc 

sulphate at a dose of 1 mg/kg/day 

dissolved in 2ml of tap water and after 4 

hours received cadmium chloride, Group 

VII  received vitamin E at a dose of 100 

mg/kg/day dissolved in 2ml of corn oil 

and after 4 hours received cadmium 

chloride and Group VIII  received 

vitamin E and after 4 hours received zinc 

sulphate and after another 4 hours 

received cadmium chloride. The rats 

were given the previous chemicals daily 

by a feeding tube for six weeks 

(Baranski et al., 1982; Takagi et al., 

1995 and Batra et al.,1998). At the end 

of the experimental period, the rats were 

sacrificed under ether anesthesia.  

 

Measurements of serum testosterone 

levels 

Blood samples were collected from 

the retro–orbital plexus (Joslin, 2009). 

Blood samples were left for serum 

separation, and then centrifuged at 3000 

r.p.m. for 15 minutes. Serum samples 

were collected and kept frozen at -20º C 

for performing hormonal analysis by 

using Testosterone Rat/Mouse ELISA 

(Zirkin & Chen, 2000).   

 

Histological examination 

 

Fresh specimens were taken from the 

testis of each animal and dissected into 

two pieces; one was immersed 

immediately in glutaraldehyde and the 

other one was fixed in Bouin’s solution 

and paraffin – embedded. The specimens 

were prepared for histological studies. 

Light microscopic study using: 

Haematoxylin and Eosin stain (H&E) 

(Bancroft & Gamble, 2008) and Electron 
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microscopic study using: transmission 

electron microscope (Glaurt & Lewis, 

1998)  examined by electron microscope 

research unit, Histology and Cell 

Department, Faculty of Medicine, 

Zagazig University .  

 

Statistical analysis:  

The data were expressed as mean 

value ±SD. Difference between control 

and CdCl2-exposed groups were 

analyzed using Student’s t test.  P values 

less than 0.05 were considered 

significant (Snedecor & Cochran, 1980).  

         

RESULTS 

Histological results of testes: 

Light microscopic examination using 

H&E stain: 

Sections of the testes from control 

rats and groups (III, IV) showed  the 

normal structure of the testis . Most of 

the seminiferous tubules (STs )  had 

rounded or oval contour with regular 

basement membrane and were lined with 

stratified germinal epithelium showing 

two types of cells,  germ and sertoli 

cells. Sperms were seen in the lumina of 

the tubules. The narrow interstitial 

spaces contained clusters of cells. The 

stratified germinal epithelium revealed 

several types of spermatogenic cells. 

Spermatogonia appeared as small 

rounded cells with rounded nuclei. 

Primary spermatocytes appeared large in 

size with large rounded nuclei and the 

cells were arranged in one or two rows. 

Spermatids were small rounded cells 

with pale nuclei. Sertoli cells were 

detected inbetween  spermatogenic cells 

as pyramidal cells. The STs were 

ensheathed by a single layer of flattened 

myoid cells (Figs. 1, 2). 

    Examination of sections obtained 

from testes of cadmium chloride–treated 

rats revealed the STs with multiple 

distortions, severe damage and necrosis , 

loss of germinal cells and testicular 

interstitium . Some STs appeared 

shrunken and had different shapes with 

irregular outlines. Disorganized 

epithelial lining ,wide lumina  and wide 

interstitial spaces were also noticed. 

Other  STs exhibited sloughing of germ 

cell layers with marked vacuolations and 

the lumina of these tubules were filled 

with degenerated germ cells. 

Spermatogenic cells appeared with 

darkly stained nuclei. The interstitial 

spaces contained Leydig cells with oval 

darkly stained nuclei (Figs. 3, 4, 5).  

 

     In cadmium chloride and zinc–treated 

group, some STs appeared shrunken and 

had different shapes with irregular 

outlines. Some lumina contained 

aggregations of degenerated germ cells 

and others were wide with no sperms. 

Some STs showed disorganized 

epithelial lining with marked 

vacuolations. Different germ cell layers 

appeared with darkly stained nuclei. The 

interstitial spaces were wide and 

contained clusters of leydig cells with 

oval darkly stained nuclei (Figs. 6, 7). 

    In cadmium chloride and vitamin E–

treated group, wide areas of testicular 

tissue were more or less similar to the 

examined control sections (Figs. 8, 9).  

   In cadmium chloride and zinc and 

vitamin E–treated group, most of STs 

nearly retained their normal architecture. 

They revealed regular rounded contour 

and were lined by stratified germinal 

epithelium showing several types of 

spermatogenic cells. Most lumina 
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contained aggregations of sperms. The 

interstitial spaces  contained clusters of 

Leydig cells (Figs. 10, 11). 

 

 Transmission electron microscopic 

examination: 

    Electron microscopic examination of 

the control rat testis revealed the normal 

structure of the seminiferous tubules. 

Sertoli cells were identified by their 

large indented euchromatic nuclei with 

prominent nucleoli. Their cytoplasm 

showed numerous  mitochondria and 

smooth endoplasmic reticulum. Sertoli 

cells were connected by specialized 

zones of tight junctions of cellular 

membranes. Spermatogonia were seen 

applied to the basement membrane  and 

revealed rounded nuclei with peripheral 

heterochromatin. Primary spermatocytes 

appeared above the spermatogonia as 

larger rounded cells with large rounded 

nuclei that contained densely packed 

particulate nucleoplasm with some 

electron dense clumps of 

heterochromatin. Their cytoplasm was 

relatively electron lucent with moderate 

number of mitochondria (Figs.12, 13). 

Spermatids were noticed with their 

rounded euchromatic nuclei with 

distributed chromatin, prominent golgi 

apparatus and acrosomal cap at one side 

of the nucleus  and their cytoplasm 

showed peripherally arranged 

mitochondria. Intercellular bridges could 

be seen connecting adjacent spermatids 

(Fig.14). Cross sections in the middle 

pieces of the spermatozoa showed 

central axoneme which was surrounded 

by nine outer dense fibers, mitochondrial 

sheath and cell membrane (Fig.15). In 

the interstitial spaces, Leydig cells were 

identified by their large rounded nuclei 

with peripheral clumps of 

heterochromatin and prominent nucleoli. 

Their cytoplasm contained numerous 

mitochondria and darkly stained lipid 

droplets (Fig.16). 

      In cadmium chloride–treated group, 

there was a wide variability in the degree 

of tubular affection. Some STs were 

lined by sertoli cells with distorted 

mitochondria, electron dense bodies in 

their cytoplasm,  intracellular vacuoles 

and irregular nuclear envelope. Wide 

intercellular spaces which sometimes 

contain vacuoles caused indentation of 

the near germ cells (Figs. 17& 19 ). 

Disintegrated nucleus of primary 

spermatocyte was also observed (Fig. 

18). Spermatogonium with irregular 

outlined nucleus and condensed 

peripheral heterochromatin was seen 

lying on irregularly thick basement 

membrane (Fig. 20). Some tubules 

showed spermatids with shrunken 

nuclear envelope (Apoptotic nucleus) 

and other spermatids showed few 

abnormally distributed mitochondria in 

their cytoplasm with dilated intercellular 

spaces which contained vacuoles  (Fig. 

21). Transverse sections in sperm tails 

(middle piece) revealed that the 

axonemes and the outer fibrous sheaths 

were disorganized and surrounded by 

swollen and distorted mitochondrial 

sheath (Fig.22). The interstitial spaces 

showed Leydig cells exhibiting shrunken 

oval irregularly outlined nuclei with 

poorly defined organelles in their 

cytoplasm (Fig. 23). 

 

      In cadmium chloride and zinc 

treated–group, some STs were affected.  

Sertoli cells exhibited large indented 

euchromatic nuclei and their cytopasm 

showed few distorted mitochondria, 

electron dense bodies and vacuoles (Fig. 

24). Also sloughed sertoli cell from 

nearly thick basement membrane was 
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observed. Myoid cell with shrunken 

irregular outlined nucleus and 

peripherally condensed chromatin was 

also seen (Fig. 25). Most spermatids 

appeared with rounded euchromatic 

nuclei, prominent acrosomal cap, and 

golgi apparatus. Some spermatids 

appeared with elongated nuclei. Their 

cytoplasm showed peripherally arranged 

mitochondria. Wide intercellular spaces 

were also seen (Fig.26). Transverse 

sections in sperm tails (middle piece) 

showed disorganization of the 

axonemes, outer fibrous sheaths and 

swollen mitochondrial sheath (Fig.27). 

In the interstitial space, some Leydig 

cells exhibited  rounded nuclei with 

peripherally arranged heterochromatin 

and the cytoplasm contained 

mitochondria (Fig. 28). Other leydig 

cells revealed nearly rounded nuclei with 

peripheral condensation of the chromatin 

and prominent nucleoli. Their cytoplasm 

showed loss of organelles and there were  

multiple dilated spaces with vacuoles  

(Fig. 29). 

 

     In cadmium chloride and vitamin E–

treated group, wide areas of testicular 

tissue were more or less similar to the 

examined control groups (Figs. 30, 31, 

32, 33, 34).  However, few vacuoles 

were observed (Fig. 31) and some tails 

of sperms either mid or principal pieces 

still show disorganization (Fig. 33).     

On the other hand, in the cadmium 

chloride and zinc and vitamin E–treated 

group, there was clear improvement as 

most of seminiferous tubules nearly 

retained their normal architecture. 

Sertoli cells with large indented nuclei 

were resting on nearly regular basement 

membrane. Their cytoplasm contained 

mitochondria. Primary spermatocytes 

contained large nuclei with electron 

dense chromatin masses. All cells were 

resting on relatively regular basement 

membrane and myoid cells with 

flattened nuclei were observed (Figs. 

35). Spermatids appeared with rounded 

euchromatic nuclei with prominent 

acrosomal cap. Their cytoplasm showed 

peripherally arranged mitochondria (Fig. 

36). Cross section in the mid piece of 

most of sperms had central axoneme 

which was surrounded by nine outer 

dense fibers, mitochondrial sheath and 

cell membrane (Fig.37). Leydig cells 

contained rounded nuclei with 

peripherally arranged heterochromatin. 

Their cytoplasm contained mitochondria, 

smooth endoplasmic reticuum and lipid 

droplets (Fig. 35).         
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Table (1): Statistical comparison between the mean values of serum testosterone levels 

of adult male albino rats of positive control and other treated groups by t-test:  

 Range X±SD t-test P-value 

Group IB 

 Positive control group 

6.55-8.56 7.61±0.67 0.91 0.37 

Group II 

Zn sulphate group 

3.62-8.89 7,43±1.5 0.35 0.72 

Group III 

vitamin E group 

7.19-9.21 8.13±0.61 1.78 0.09 

Group IV 

Zn sulphate+vitaminE group 

7.26-9.68 8.16±0.87 1.55 0.13 

Group V 

CdCl2– treated group 

1.22-3.78 2.42±0.84 15.2 <0, 001*** 

Group VI 

CdCl2+Zn –treated group 

2.33-5.17 3.84±0.98 10.01 <0.001*** 

Group VII 

CdCl2+vit E– treated group 

2.87-6.63 5.11±1.2 5.85 <0.001*** 

Group VIII 

CdCl2+Zn+vit E– treated group 

5.38-8.49 6.94±1.1 1.67 0,11 

Number of rats =10 rats in each group                SD: Standard Deviation 

(P>0.05):    non significant difference                   


X :  Arithmetic mean 

    (P ≤ 0.05): Significant (*).                           (P < 0.01):  Highly Significant(**)  

    (P < 0.001): Very Highly Significant (***)  
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Fig. (1): A photomicrograph of a section in a 

control adult albino rat’s testis showing 

seminiferous tubules (T) lined by stratified 

germinal epithelium (Ge). Aggregations of 

sperms (p) are seen in their lumina. Narrow 

interstitial spaces (I) show clusters of 

cells.[H&E   X 100] 

 Fig. (2): A photomicrograph of a section in a 

control adult albino rat’s testis showing 

spermatogenic cells; spermatogonia (g), 

primary spermatocytes (ps), spermatids (sp) 

and sperms (p). Sertoli cells (S) are resting 

on regular basement membrane. The 

interstitial space (I) shows Leydig cells (L). 

The tubule is ensheathed by a single layer of 

myoid cells (M). [H&E   X 400] 
 

 

 

 

 

 

 

 

 

Fig. (3): A photomicrograph of a section in 

albino rat’s testis of cadmium chloride 

treated group showing multiple shrunken 

tubules (double arrows) and the tubules have 

different shapes with apparent diminished 

layers of germinal epithelium. Some tubules 

are resting on an irregular basement 

membrane (arrow). Also wide lumina (W) 

and wide interstitial spaces (I) are noticed. 

The lumina of some tubules are filled with 

degenerated germ cells (T). [H&E X100] 

 Fig. (4): A photomicrograph of a section in 

albino rat’s testis of of cadmium chloride 

treated group showing sloughing of germ 

cell layers (arrow) in some seminiferous 

tubules and lumina of these tubules are filled 

with degenerated germ cells (T). Some 

tubules have wide lumina (W). Few tubules 

appear with aggregation of sperms (P) in 

their lumina. [H&E X100] 
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Fig. (5): A photomicrograph of a section in 

albino rat’s testis of cadmium chloride 

treated group showing seminiferous tubules 

with disorganized germinal epithelium with 

marked vaculations (*). The germ cells (Ge) 

show darkly stained nuclei. Interstitial spaces 

(I) contain Leydig cells (L) with darkly 

stained nuclei. The tubules have wide lumina 

(W) with no aggregations of sperms. [H&E 

X400] 

 Fig. (6): A photomicrograph of a section in 

albino rat’s testis of cadmium chloride group 

treated with zinc sulphate showing some 

tubules appear shrunken and had different 

shapes with irregular outlines (arrow). Some 

lumina contain aggregations of degenerated 

germ cells (T) and others are wide with no 

sperms (W) [H&E    X100] 

 

 

 

 

 

 

 

 

Fig. (7): A photomicrograph of a section in 

albino rat’s testis of cadmium chloride group 

treated with zinc sulphate showing the 

seminiferous tubules (T) with disorganized 

epithelial lining, vacuoles (*) and lumina of 

the tubules are filled with degenerated germ 

cells. Different germ cell layers appear with 

darkly stained nuclei (Ge). The interstitial 

spaces (I) are wide and contain clusters of 

Leydig cells (L) with darkly stained nuclei. 

[H&E    X400] 

 Fig. (8): A photomicrograph of a section in 

albino rat’s testis of cadmium chloride group 

treated with vitamin E showing most 

seminiferous tubules (T) having nearly 

regular contour and are lined by stratified 

germinal epithelium(Ge). Their lumina 

contain aggregations of sperms (P). The 

interstitial spaces (I) are relatively narrow 

and contain clusters of cells.  [H&E    

X100]. 
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Fig. (9): A photomicrograph of a section in an 
albino rat’s testis of cadmium chloride group 
treated with vitamin E showing that the stratified 
germinal epithelium has several types of 
spermatogenic cells. Spermatogonia (g) are resting 
on a thin basement membrane and have small 
rounded nuclei. Primary spermatocytes (Ps) appear 
with their large rounded nuclei. Spermatids (Sp) are 
small rounded cells with rounded nuclei. Sertoli 
cells (S) are seen between spermatogenic cells. 
Sperms (P) are seen in the lumina of the tubules. 
Clusters of interstitial cells of Leydig (L) with 
acidophilic cytoplasm are seen in the interstitial 
space (I). [H&E    X400] 

 Fig. (10): A photomicrograph of a section in 
albino rat’s testis of cadmium chloride group 
treated with a combination of zinc sulphate and 
vitamin E showing that most of the seminiferous 
tubules (T) reveal nearly regular rounded contour 
and are lined by stratified germinal epithelium 
(Ge). Most lumina contain aggregations of 
sperms (P). The interstitial spaces (I) contain 
clusters of Leydig cells (L). [H&E    X100] 

 

 

 

 

 

 

 

 

 

 

 

Fig. (11): A photomicrograph of a section in albino 
rat’s testis of cadmium chloride group treated with 
a combination of zinc sulphate and vitamin E 
showing spermatogonia (g) resting on a thin 
basement membrane and have small rounded 
nuclei. Primary spermatocytes (Ps) appear with 
their large rounded nuclei. Spermatids (Sp) are 
small rounded cells with rounded nuclei. Sertoli 
cells (S) are seen between spermatogenic cells. 
Clusters of interstitial cells of Leydig (I) are seen  
[H&E    X400] 

 Fig. (12):  An electron photomicrograph of an 
ultrathin section of a control adult albino rat’s 
testis showing Sertoli cell (S) with large 
euchromatic indented nucleus (N) with prominent 
nucleolus(n). Spermatogonium (g) with rounded 
nucleus (N) and peripheral heterochromatin is 
seen lying on a regular basement membrane 
(BM). [TEM     X 6000] 
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Fig. (13): An electron photomicrograph of an 
ultrathin section of control adult albino rat’s testis 
showing Sertoli cell (S) with large euchromatic 
indented nucleus (N) with prominent nucleolus (n). 
Its cytoplasm contains mitochondria (m) and 
smooth endoplasmic reticulum (SER). Primary 
spermatocyte (Ps) appears with large rounded 
nucleus (N) containing electron dense clumps of 
heterochromatin. Notice Sertoli cell is connected 
with adjacent cell by specialized zones of tight 
junctions of cellular membranes (Arrow) [TEM     
X 5000] 

 Fig. (14): An electron photomicrograph of an 
ultrathin section of control adult albino rat’s testis 
showing spermatids (Sp) containing large 
rounded euchromatic nuclei (N) with distributed 
chromatin, prominent Golgi apparatus (G) and 
acrosomal cap (C) at one side of the nucleus. The 
cytoplasm shows peripherally arranged 
mitochondria (m). Intercellular bridges can be 
seen connecting adjacent spermatids (arrow). 
[TEM  X 2000]. 

 

 

 

 

 

 

 

 

 

 

Fig. (15): An electron photomicrograph of an 

ultrathin section of control adult albino rat’s testis 

showing cross sections in the middle pieces of the 

spermatozoa. In the mid pieces the axoneme (ax) is 

surrounded by nine outer dense fibers (arrow), 

mitochondrial sheath (m)  and cell membrane 

(double arrows) [TEM   X 20000] 

 Fig. (16): An electron photomicrograph of an 

ultrathin section of control adult albino rat’s testis 

showing the interstitial Leydig cell (L) with 

rounded nucleus (N) with peripheral clumps of 

heterochromatin and prominent nucleolus (n). 

The cytoplasm contains  mitochondria (m) and 

darkly stained lipid droplets (d). The basement 

membrane is also noticed (BM). [TEM  X 5000] 
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Fig. (17): An electron photomicrograph of an 

ultrathin section in albino rat’s testis of 

cadmium chloride treated group showing 

Sertoli cell (S) with distortded mitochondria 

(m) and electron dense bodies (lysosomes) (E) 

in its cytoplasm and with irregular nuclear 

envelope (N). Multiple wide intercellular 

spaces (*) and ruptured nucleus (N) of primary 

spermatocyte (Ps) are also noticed. [TEM  

X1000] 

 Fig.(18): Higher magnification of the 

previous figure showing Primary 

spermatocyte (Ps) with ruptured nucleus (N). 

Notice wide vacuolated spaces (*) [TEM X 

2000] 

 

 

 

    

 

 

 

 

 

Fig. (19): An electron photomicrograph from an 

ultrathin section in albino rat’s testis of cadmium 

chloride treated group showing Sertoli cell (S) with 

distortded mitochondria (loss of cristae)(m) while 

some cristae are retained in other mitochondria 

(arrow) and electron dense bodies (lysosomes) (E) 

in its cytoplasm and with large indented nucleus 

(N) and prominent nucleolus (n). Intracellular 

vacuoles (v) are also noticed. [TEM  X2000] 

 Fig. (20): An electron photomicrograph of an 

ultrathin section in albino rat’s testis of cadmium 

chloride treated group showing spermatogonium 

(g) with irregular outlined nucleus (N) and 

condensed peripheral heterochromatin. The cell is 

seen lying on an irregular thick basement 

membrane (BM) and myoid cell (M) is also 

noticed. Its cytoplasm shows distorted 

mitochondria (m) and electron dense bodies (E). 

Presence of wide intercellular spaces (*) and 

intracellular vacuoles (v) are also seen.  [TEM  X 

2000] 
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Fig. (21): An electron photomicrograph of an 

ultrathin section in albino rat’s testis of cadmium 

chloride treated group showing one of spermatids 

(Sp) with shrunken nuclear envelope (arrow) 

(Apoptotic nucleus). The cytoplasm of the other 

spermatid contains few mitochondria (m). Multiple 

wide vaculated intercellular spaces (*) are 

noticed.[TEM X1500 ] 

 Fig. (22): An electron photomicrograph of an 

ultrathin section in albino rat’s testis of cadmium 

chloride treated group showing transverse 

sections in sperm tails with disorganization of the 

axonemes (ax). The outer fibrous sheaths (arrow) 

are surrounded by swollen mitochondria (m). 

[TEM   X20000] 

 

 

 

 

 

 

 

 

 

Fig. (23): An electron photomicrograph of an 

ultrathin section in albino rat’s testis of cadmium 

chloride treated group showing two seminiferous 

tubules and the interstitial space inbetween. Leydig 

cells (L) in the interstitial space appear shrunken 

with irregular oval  nuclei (N). The basement 

membrane with degenerated myoid cell (M) is also 

noticed (BM). [TEM   X 4000 ] 

 Fig. (24): An electron photomicrograph of an 

ultrathin section in albino rat’s testis of cadmium 

chloride group treated with zinc sulphate showing 

Sertoli cell (S) with large indented nucleus (N) 

and prominent nucleolus (n). Its cytoplasm 

contains  mitochondria (m) , electron dense 

bodies (E) and vacuoles (v). Spermatogonium  

(g) with rounded nucleus (N).  Wide intercellular 

space (*) is also seen. Primary spermatocyte (Ps) 

contains large nucleus(N) with electron dense 

chromatin masses. [TEM X 4000] 
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Fig. (25): An electron photomicrograph of an 
ultrathin section in albino rat’s testis of cadmium 
chloride group treated with zinc sulphate showing 
sloughed Sertoli cell (S) with large euchromatic 
nucleus (N) and prominent nucleolus (n). Its 
cytoplasm shows electron dense bodies (E). Nearly 
thick basement membrane(BM) and Myoid cell (M) 
with irregular outlined nucleus and peripherally 
condensed chromatin are also seen. Notice primary 
spermatocyte (Ps) with rounded nucleus (N). Its 
cytoplasm shows dilated mitochondria (m). 
Vacuoles are also seen (v). [TEM   X 6000]. 

 Fig. (26): An electron photomicrograph of an 
ultrathin section in albino rat’s testis of cadmium 
chloride group treated with zinc sulphate showing 
some spermatids appear with rounded 
euchromatic nuclei (Rs), prominent acrosomal 
cap (C) and Golgi apparatus (G). Its cytoplasm 
shows peripherally arranged  mitochondria (m). 
Wide intercellular spaces (*) are also seen. Other 
spermatids appear with elongated nuclei (Es). 
[TEM   X 4000]. 
 

 

 

 

 

 

 

                                                                                                                               

 

Fig. (27): An electron photomicrograph of an 

ultrathin section in albino rat’s testis of 

cadmium chloride group treated with zinc 

sulphate showing transverse sections in sperm 

tails with disorganization of the axonemes(ax), 

outer fibrous sheaths, mitochondrial sheath (m) 

and cell membrane  (double arrows). [TEM   

X 20000 ] 

 Fig. (28): An electron photomicrograph of an 
ultrathin section in albino rat’s testis of 
cadmium chloride group treated with zinc 
sulphate showing one of interstitial Leydig 
cells (L) with rounded nucleus (N) with 
peripherally arranged heterochromatin, its 
cytoplasm contains mitochondria (m). Also 
basement membrane is seen (BM). [TEM   
X 4000 ] 
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Fig. (29): An electron photomicrograph of an 
ultrathin section in albino rat’s testis of cadmium 
chloride group treated with zinc sulphate showing 
interstitial Leydig cell (L) with irregular margins, 
intracellular vacuoles (v) and indented dark nucleus 
(N) with condensed heterochromatin and prominent 
nucleolus (n). Many dilated vacuolated spaces are 
seen(*). Cytoplasm appears with poorly defined 
organelles. Also basement membrane (BM) which 
separated from interstitial tissue is seen.  [TEM   X 
8000] 

 Fig. (30): An electron photomicrograph of an 

ultrathin section in albino rat’s testis of cadmium 

chloride group treated with vitamin E showing 

Sertoli cell (S) with large nucleus (N). Primary 

spermatocyte (ps) contains large nucleus (N) with 

electron dense chromatin masses. Its cytoplasm 

contains mitochondria (m). Tight junctions of 

cellular membranes which connect Sertoli cells 

with adjacent cells are noticed (arrow). [TEM   

X5000] 

 

 

                                                                                                                                

 

 

 

 

 

 

Fig. (31): An electron photomicrograph of an 

ultrathin section in albino rat’s testis of cadmium 

chloride group treated with vitamin E showing 

Sertoli cell (S) resting on basement membrane 

(BM) with large nucleus (N). Its cytoplasm contains 

mitochondria (m). Primary spermatocyte (Ps) 

contains large nucleus (N) with electron dense 

chromatin masses is also seen. Few vacuoles (v) are 

also noticed. [TEM X 5000] 

 Fig. (32): An electron photomicrograph of an 

ultrathin section in albino rat’s testis of cadmium 

chloride group treated with vitamin E showing 

spermatid (Sp) with oval euchromatic nucleus 

(N), acrosomal cap (c) and acrosomal granule 

(arrow). Its cytoplasm shows peripherally 

arranged mitochondria (m).  [TEM   X 6000 ] 
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Fig. (33): An electron photomicrograph of an 
ultrathin section in albino rat’s testis of cadmium 
chloride group treated with vitamin E showing 
cross section in the sperm tail. The axoneme (ax) is 
surrounded by nine outer dense fibers (arrow), 
mitochondrial sheath (m) and cell membrane. Also 
some sperms show disorganization (double arrows). 
[TEM   X20000] 

 Fig. (34): An electron photomicrograph of an 
ultrathin section in albino rat’s testis of cadmium 
chloride group treated with vitamin E showing 
basement membrane (BM) of the seminiferous 
tubule and the interstitial space. Leydig cells (L) 
contain oval nuclei (N) with peripherally 
arranged condensed heterochromatin. Their 
cytoplasm contain few mitochondria (m) and 
darkly stained lipid droplets (d). [TEM X 6000] 

 

 

 

 

 

 

 

 

Fig. (35): An electron photomicrograph of an 
ultrathin section in albino rat’s testis of cadmium 
chloride group treated with a combination of zinc 
sulphate and vitamin E showing a seminiferous 
tubule lined by basement membrane (BM) with a 
flattened myoid cell (M) and the interstitial space. 
Interstitial cells of Leydig (L) contain oval nuclei 
(N) with peripherally arranged heterochromatin. 
Their cytoplasm contain   mitochondria (m), 
smooth endoplasmic reticulum (SER) and lipid 
droplets (d). Sertoli cell (S) with large nucleus (N) 
resting on basement membrane is seen. Cytoplasm 
of Sertoli cell contains mitochondria (m). Primary 
spermatocyte (Ps) contains large nucleus (N) with 
electron dense chromatin masses. [TEM   X4000] 

 Fig. (36): An electron photomicrograph of an 
ultrathin section in albino rat’s testis of cadmium 
chloride group treated with a combination of zinc 
sulphate and vitamin E showing spermatids (Sp) 
with rounded euchromatic nuclei (N) with 
prominent acrosomal cap (c). Their cytoplasm 
showed   peripherally arranged mitochondria (m). 
[TEM   X 5000]  
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Fig. (37): An electron photomicrograph of an ultrathin section in albino rat’s testis of cadmium 

chloride group treated with a combination of zinc sulphate and vitamin E showing the mid piece 

of sperm tail. The axoneme (ax) is surrounded by nine outer dense fibers (arrow), mitochondrial 

sheath (m) and cell membrane (double arrows). [TEM   X20000] 

 

DISCUSSION 

The highly sensitive cellular composition of the spermatogenic epithelium and the high 

rate of mitotic activity make the testis more vulnerable to environmental and occupational 

hazards than other tissues (Queiroz and Waissmann, 2006). It has also been suggested 

that the human male fertility is even more sensitive, as the output of human sperms is few 

times less than other mammals in terms of the number of sperms produced per gram of 

tissue. So, any factor identified in laboratory studies as a reproductive hazard is also 

expected to exert detrimental effects on the human reproductive performance (Cotran et 

al., 2005). Therefore, the present work was designed to investigate the effect of exposure 

to cadmium chloride on albino rat’s seminiferous tubules and to evaluate the possible 

protective role of Zinc and vitamin E on such effects.  

 The histological examination of the testes of cadmium chloride -intoxicated rats in the 

present study demonstrated variable adverse effects of cadmium chloride. By light 

microscopic examination, some seminiferous tubules showed variable of morphological 

changes in the form of multiple distortions, severe damage, necrosis and also damaged 

testicular interstitium. Some tubules appeared shrunken. Wide lumina and wide 

interstitial spaces were also noticed. Other seminiferous tubules showed sloughed 

degenerated  germ cells into the lumina of  these tubules. Spermatogenic cells appeared 

with darkly stained nuclei (pyknosis). The  interstitial spaces contained leydig cells with  

oval darkly stained nuclei. Similar findings were reported by (El-Shahat et al., 2009  and 

Kamel et al., 2011). Accumulated degenerated germ cells in the lumina of seminiferous 

tubules depicted in the present work  may be attributed to the failure of Sertoli cells to 

perform their function in engulfing these bodies (Bin Dohaish et al., 2008). The authors 

added that defects of Sertoli cells result in loss of spermatic cells and may lead to the 

destruction of testicular tissue and infertility.        
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 In the current work, the electron microscopic examination depicted more cellular details 

confirming the toxic effect of Cdcl2 and  revealed sertoli cells which had irregular 

nuclear envelope with distorted mitochondria, electron dense bodies(lysosomes)  and 

vacuoles in their cytoplasm. Wide vacuolated intercellular spaces were also noticed. 

These results  are in line with (Queiroz and Waissmann,2006) who reported that  sertoli 

cells have been indicated as the most common target cells for Cd toxicity in the 

seminiferous epithelium. Moreover, the main morphologic responses are the 

vacuolization, alteration of intercellular junctions (Bizarro et al., 2003) and the 

accumulation of lysosome-like structures (electron dense bodies) (Creasy,2001 ). 

Evidence has emerged from several studies suggesting that  sertoli cell damage was due 

to  disruption of tight junctions (TJs) in blood testis barrier (BTB); however, these 

changes were observed in studies using a high dose of cadmium (Wong et al.,2005). 

 Vacuoles revealed in the present study are most probably derived from dilatation and 

vesiculation of the endoplasmic reticulum and mitochondrial swelling. Much larger 

vacuoles are often phagocytotic vacuoles remaining after the digestion of necrotic germ 

cells (Nolte et al., 1995). Creasy (2001) reported that vacuolations of Sertoli cell is the 

early and common morphological response to injury. He also explained that any injury 

affecting Sertoli cell will have a rapid secondary effect on its paracrine regulation of the 

other dependent spermatogenic cells with subsequent death and necrosis, rapid 

exfoliation in the lumen and thinning in the wall of the tubules.  

 The mitochondrial damage observed in the present work could be explained by ROS 

production which increases membrane permeability allowing calcium entry accompanied 

by uncoupled respiration and osmotic swelling, which in turns breaks inner mitochondrial 

membrane and a general collapse of energy production (Ye et al., 1999).  The increased 

lysosomal content in the cytoplasm of Sertoli cells, depicted in the present study might 

indicate an increased number of degenerated germ cells that were phagocytosed by 

Sertoli cells (Murthy et al., 1991). 

 

 In the current study, Leydig cells nuclei appeared shrunken and irregularly outlined. 

Also the organelles were poorly defined. These findings are in accordance  with the 

leydig cell nuclear shrinkage reported by Blanco et al., (2009) and Predes et al.( 2011)  

who also found a diminished amount of endoplasmic reticulum, mitochondria, and dense 

cytoplasmic matrix of leydig cells. On contradistinction to our findings, the increased 

number of Leydig cells in the cadmium  treated group depicted by (Ichihara et al., 2001 ) 

may be attributed to the differentiation of immature precursor cells that have the capacity 

to repopulate the testis after destruction of the mature cell population due to cadmium 

treatment .          

 In the present work in cadmium chloride treated group, disintegrated nucleus of primary 

spermatocyte was observed. Spermatogonium with irregular outlined nucleus and 

condensed peripheral heterochromatin was seen lying on irregular thick basement 

membrane . Some tubules showed spermatids with shrunken nuclear envelope (Apoptotic 

nucleus) and other spermatids showed few abnormally distributed mitochondria in their 

cytopasm with dilated intercelular spaces which contained vacuoles .Our previous 
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findings are consistent with Burukog˘lu and Bayc¸u (2008) who stated that Cd severely 

damaged the seminiferous tubules, including thickened basal lamina, degeneration and 

disintegration of spermatogenic cells and interstitium.  

Al-Azemi et al. (2010) stated that cadmium produced an extensive germ cells apoptosis 

in Sprague- Dawley rats. Apoptosis is a physiological process that contributes to keeping 

the cell number in testicular tissue and helps to remove damaged cells, but excessive 

apoptosis could cause destruction of male reproductive function (John, 2000). In Cd-

induced apoptosis, the mitochondria are most pertinent in mediating apoptosis (Pulido 

and Parrish, 2003). ROS can induce apoptosis in different cell systems and tissues (Wedi 

et al., 1999).  In addition, increased germ cell apoptosis within the seminiferous tubules 

might be a result of Sertoli cell injury. Sertoli cells are recognized as playing an 

important role in spermatogenesis, i.e. normal sperm requires normal Sertoli cell. In 

addition, the separation of spermatids and spermatocytes from Sertoli cells would 

interfere with the transfer of nutrients from Sertoli cells. This results in inhibition of 

spermatogenesis and leads to the death and disintegration of the germ cells (Creasy, 

2001). Thus, the damaged nearby spermatogenic cells, depicted in the present study, 

might be secondary to Sertoli cells affection. 

          

In the present work, in cadmium chloride treated group, transverse sections in sperm tails 

(middle piece) revealed disorganization of the axonemes,  outer fibrous sheaths and  

swollen and distorted mitochondrial sheath. In agreement with the results of the present 

study, El Shafai et al., (2011)  observed flagellar abnormalities  mainly in the form of 

missing in one or more of the outer dense fibers surrounding the axoneme in some 

developing sperms.  It was reported that  oxidative stress affects the integrity of sperm 

chromatin and causes higher frequencies of single and double stranded DNA breaks with 

significant effect on male fertility (Saleh et al., 2003). Moreover, spermatozoa are 

particularly susceptible to oxidative damage because their cell membranes contain high 

percentage of polyunsaturated fatty acids and their cytoplasm contains low concentrations 

of scavenging enzymes (Pace et al., 2005) . 

 In the present study, some seminiferous tubules showed irregular thick basement 

membrane and shrunken myoid cells with dense nuclei. This thickening might be 

attributed to increase in the amount of collagenous fibers that could result from either 

over production of collagen fibers by fibroblasts or decreased  rate of collagen 

phagocytosis. (Makhlouf et al.,2008).    
On the other hand, the irregularities in the basal lamina in the present work could be 

secondary to tubular shrinkage in degenerated seminiferous tubules or as a result of 

contraction of myoid cells (Imran et al., 2003). Any change in the proportion of collagen 

fibers and myoid cells may prevent the appropriate release of spermatozoa from the 

germinal epithelium into the lumen (Aydos et al., 2001). 
       

In the present study, microscopic examination of cadmium chloride with zinc sulphate 

treated group showed partial improvement of spermatogenic cells as most of 

seminiferous tubules were affected. 
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On the other hand, vitamin E  was effective in preventing most of the toxic effects 

induced by Cd . The group of rats simultaneously treated with vitamin E in the current 

study preserved histological structure. Apparently normal testicular architecture was 

revealed in comparison to the control testis. However, few seminiferous tubules showed 

focal basal vacuolations in the germinal epithelium. The ultrastructural examination 

confirmed what was revealed by light microscopy with mild alterations in few tubules in 

the form of mild vacuolations in Sertoli cells.  Our previous findings are in consistence 

with (El-Refaiy and Eissa, 2012) who postulated that the rats treated with Cd plus Zn 

have shown partial improvement of spermatogenic cells and Pyknotic nuclei and many 

vacuoles were observed.  On contrary to our results, Burukog˘lu and Bayc¸u (2008) 

reported that when Zn and Cd were used together, zinc protected testes from Cd-induced 

changes. 

Also our previous findings are in agreement with Al-Attar (2011)  who revealed that 

administration of vitamin E protected the testis of mice exposed to heavy metals as 

evidenced by appearance of normal structures of seminiferous tubules of testis. Yang et 

al. (2006) revealed that alpha-Tocopherol (vitamin E) treatment can protect testicular 

tissue and preserve spermatogenesis from the detrimental effects of Cd but its 

effectiveness is dependent on the dose of Cd exposed.  

      In the current work, the group of rats simultaneously treated with cadmium chloride 

and zinc sulphate and vitamin E revealed preserved normal testicular architecture in 

comparison to the control testis. In consistence with our findings, several authors have 

reported that combination form of antioxidants might be very useful in protection of 

tissues against Cd toxicity. Subsequent studies with substances having antioxidant 

activities, such as vitamin C, vitamin E, Zn, selenium and melatonin, have also 

demonstrated that these substances reduced and/or prevented both the oxidative stress 

and damage in the testis caused by Cd.    (Santos et al.,2004; Faure et al., 2007 ; Acharya 

et al., 2008; and Burukoglu and Baycu, 2008).  

 

     In the present work, there was non significant difference in the level of testosterone 

hormone in group II (zinc sulphate group), group III (vitamin E group), group VI (zinc 

sulphate and vitamin E group) and group VIII (Cd, Zn and vitamin E treated group) in 

comparison with positive control (groupIB) by t-test. In addition, there was a significant 

decrease in the level of testosterone hormone in the following treated groups [Group V 

(CdCl2 treated group), Group VI (Cd and Zn treated group), Group VII (Cd and vitamin 

E treated group) than control group Group IB (positive control group) by t test. The 

previous findings are consistent with Henson and Chedrese, (2004) and Darbre, (2006) 

studies which reported that Cd is a known endocrine disruptor by affecting the synthesis 

and/ or regulation of several hormones. Indeed, studies have shown that Cd may also 

activate the estrogen receptor (ER) α and/or mimic estrogen effects in different tissues 

(e.g.uterus and mammary gland) (Johnson et al., 2003).  
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 تأثير الكادميوم علي خصي الجرران البيضاء البالغة والتأثير المحسه للسوك وفيتاميه هـ
 

 ، أمل سليمانأحمذ عمرأشرف صابر، ،  دعاء محمذ

 والطب الشرعي و السموم اإلكليىيكية  واألجىة أقسام التشريح                         

 جامعة السقازيق -كلية الطب البشرى

 

 ملخص البحث

 

 ٗحذدالكبدهْ٘م . الكبدهْ٘م، ُْ أحذ الولْثبث الب٘ئ٘ت ّالصٌبع٘ت الخٖ حؤثش علٔ الدِبص الخٌبسلٖ الزكشٕ 

هي  ُـّف٘خبه٘ي ( الخبسص٘ي)الضًك . ألًسدتفٖ احأث٘شٍ عي طشٗك الخأث٘ش ف٘أًظوت االًضٗوبث الوضبدة لألكسذة 

للضًك ّف٘خبه٘ي ُـ ضذ األضشاس الٌبخوت فٖ الوحسٌُْ حق٘٘ن الذّس ّكبى الغشض هي ُزٍ الذساست . هضبداث األكسذة

 .ّشولج الذساست الفحص ببلودِش الضْئٖ ّااللكخشًّٖ. الخص٘خ٘ي عي الكبدهْ٘م

. حن حقس٘ن ثوبً٘ي هي ركْس الدشراى الب٘ضبءالببلغ٘ي األصحبء علٔ حذ سْاء إلٔ ثوبًٖ هدوْعبث 

أعط٘ج ( : الثبلثت) الودوْعت . حلقج صٗج الزسة ( : الثبً٘ت) الودوْعت . حخلقٔ هبء الصٌبْس( : األّلٔ) الودوْعت 

. حصل علٔ كلْسٗذ الكبدهْ٘م ( : الخبهست)هدوْعت . أعط٘ج ف٘خبه٘ي ُـ ( : الشابعت) الودوْعت . كبشٗخبث الضًك 

ٗلَ٘ أعط٘ج ف٘خبه٘ي ُـ (: السببعت)هدوْعت . أعط٘ج كبشٗخبث الضًك ٗلَ٘ كلْسٗذ الكبدهْ٘م( : السبدست)هدوْعت 

أعط٘ج  .ٗلَ٘ كبشٗخبث الضًك ٗلَ٘  كلْسٗذ الكبدهْ٘م. حصل علٔ ف٘خبه٘ي ُـ( : الثبهٌت)هدوْعت . كلْسٗذ الكبدهْ٘م 

 . الوْاد الك٘و٘بئ٘ت الوزكْسة أعالٍ ببلفن ْٗه٘ب عي طشٗك أًبْة حغزٗت فٖ الوعذة لوذة سخت أسبب٘ع

ّبعذُب حن خوع عٌ٘بث الذم هي الضف٘شة . شٗك اسخٌشبق األث٘شفٖ ًِبٗت ُزٍ الفخشة، حن حخذٗش الدشراى عي ط         

لخحض٘شُب ّ حدِ٘ضُبللفحص ( الخص٘ت)ّحن أخز العٌ٘بث . الشخع٘ت الوذاسٗت لخحذٗذ هسخْٓ ُشهْى الخسخْسخ٘شّى

ت زكْس الدشراى الب٘ضبء الببلغل الكبدهْ٘م كلْسٗذ اعطبء أى ٗوكي االسخٌخبجّ .ببلودِشٗي الضْئٖ ّ االلكخشًّٖ

أّ  الضًك اعطبءّ .فٖ الذم الخسخْسخ٘شّى هسخْٓ ُشهْى ّاًخفبض ًس٘ح الخص٘ت بٌ٘ت خط٘شة فٖ أحذد حغ٘٘شاث

هعب  ُـ ّف٘خبه٘ي الضًك اعطبء ، فبىّهع رلك. خضئ٘ب ححسٌب أحذد الكبدهْ٘م كلْسٗذ بشكل هٌفصل هع ُـ ف٘خبه٘ي

 .الكبهلت لبٌ٘ت ًس٘ح الخص٘ت حقشٗبب األسخعبدة ححذد الكبدهْ٘مكلْسٗذ ب للفئشاى الوعبلدت

 


