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ABSTRACT
Background: Silver nanoparticles (AgNPs) are one of the most eminent and commonly used nanoparticles in customer 
everyday products for both adults and children.
Objective: This study objects to study the effect of prepubertal exposure of AgNPs on the histological structure of testis and 
the possible protective role of vitamin E.
Materials and Methods: Twenty three days old juvenile male albino rats were used and divided into 3 groups. Group I 
control: subdivided into two subgroups: subgroup Ia (negative control), Rats received no treatment and sacrified at postnatal 
day (PND) 23 and 58. Subgroup Ib (vehicle control group), further subdivided into two subgroup Ib1, Ib2. Group II: subdivided 
into 2 subgroups: Subgroup IIa; rats treated with AgNPs intraperitoneally daily at dose of (50 μg /kg/day) for 35 days from 
23 PND to 58 PND and Subgroup IIb; treated with AgNPs and vitamin E (vit. E) orally by gavage at a dose (150 mg /kg /
day) dissolved in corn oil from age 23-58 PND, Group III; follow up group, rats received AgNPs left without treatment till 
90 PND.
Results: Testicular damage was also detected in AgNPs treated group as compared to the control group. Vit. E-treated 
subgroup and the follow up groups showed significant testicular improvement. A drastic decrease of testicular germinal 
epithelial height in AgNPs treated compared to control and vit. E treated rats. The expression of Bcl2 immunoreaction was 
also decreased in AgNPs-treated rats compared to the control and AgNPs and vit. E-treated groups.
Conclusion: AgNPs induced structural changes on male reproductive system that can be ameliorated by Vit. E supplementation 
and limiting the exposure to the products rich in these particles.
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INTRODUCTION                                                                                      

Silver nanoparticles (AgNPs) are used in many practical 
applications like medicine, industry, cosmetics, etc... These 
nanoparticles can be found in wound dressings, medical 
devices and food packs. Due to the widespread of AgNPs, 
humans get exposed to them everywhere in daily life 
by inhalation, orally, skin exposure, and by intravenous 
injection[1,2,3]. Some studies confirmed the toxicity of AgNPs 
to mammals while others have shown that they may induce 
genes associated with genetic injury[4]. So, it is mandatory 
to evaluate the safety of these particles on reproduction and 
fertility especially, in the prepubertal stage.  Studies are rare 
in this developmental period and this matter requires more 
research[5]. 

Vitamin E (Vit. E) is a group of fat-soluble compounds. 
It is present in large quantities in vegetable oils and it has 
abundant essential roles in the body due to its antioxidant 

properties[6,7]. It is mainly originated in the membranes 
of cells and their organelles where it can do its maximal 
protective effect. It is also very important in defense against 
lipid peroxidation, thus protecting cell membranes from 
free radicals attack[8]. It is also well-known to be vital for 
spermatogenesis in mammalians[9]. 

MATERIALS AND METHODS                                                    

Chemicals

Silver nanoparticles

Silver nanopowder with a particle size less than 
100 nm and a 99.9% trace metals basis purchased from 
Sigma-Aldrich Chemicals, Cairo, Egypt. Chemical 
Abstract Service registration Number (CAS No) is                                                                              
(7440-22-4). Polyvinylpyrrolidone (PVP) was used as 
dispersant (Figure 1).
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Fig. I: An electron micrograph showing average diameters of AgNPs.

Vit. E
400 mg oil capsules, from Sigma-Aldrich Chemicals, 

Cairo, Egypt.

Corn oil
solvent for Vit. E.

Animals and experimental design
56 healthy juvenile  male albino rats (23 days old) with 

average weight 70-90 gm were used in this experiment, 
housed at animal house of Faculty of Medicine, Zagazig 
University at room temperature, fed standard balanced 
regimen and allowed water ad-libitum. The rats were 
permitted to adjust to their new surrounding environment for 
5 days. All experimental procedures were done in agreement 
to guidelines of Medical Researsh Ethics Committee of 
Zagazig University (the protocol approval number: 4663). 
This committee follows the recommendations of the National 
Institutes of Health Guide for Care and Use of Laboratory 
Animals. 

Rats were randomly divided into three groups; Group I 
(control group): contained thirty two rats further subdivided 
into two subgroups:

Subgroup Ia (negative control group): Contained 16 
rats; this group received no treatment to measure the basic 
parameters. Eight rats were sacrificed at age 23 PND. The 
remainders were sacrificed at age 58 PND[10].

Subgroup Ib (vehicle control group): included 16 rats 
equally subdivided into two subgroups:

Subgroup Ib1: Rats received 1 ml saline daily 
intraperitoneally from age 23 to 58 PND. Saline solution is 
the solvent for silver nanoparticles[10]. 

Subgroup Ib2: Rats received corn oil 0.5 ml /day orally 
by gavage from age 23-58 PND. Corn oil is the solvent for 
vit. E[11].

Group II: Included 16 rats, further subdivided into 2 
equal subgroups:

Subgroup IIa (AgNPs treated subgroup): Rats received 
AgNPs intraperitoneally at dose of (50 μg /kg/day)[12] 

dissolved in saline solution daily from age 23 to 58 PND[10]. 

Subgroup IIb (AgNPs and vit. E treated subgroup): Rats 
received AgNPs as group IIa and vit. E orally by gavage at a 
dose (150 mg /kg /day) dissolved in corn oil from age 23-58 
PND[10,11].

Group III (follow up group): Included 8 rats, they 
received intraperitoneal injection of AgNPs as group IIa 
then left without treatment for 32 days till they reached                          
PND 90[12].

At the end of the experiment, all rats were anaesthetized 
with 50 mg/kg body weight of sodium phenobarbital through 
intra-peritoneal injection[13]. Blood samples were taken for 
measuring serum testosterone level. Then, the testicles 
specimens were excised and processed for histological study 
(light microscopic and electron microscopic examination).

Biochemical study (Measurement of serum testosterone 
level): serum was obtained by centrifugation (1300 x g for 
20 minutes at 4°C) and examined in department of Clinical 
Pathology, Faculty of medicine- Zagazig University using 
commercial Randox kits for measuring serum testosterone 
level by enzyme-linked immunosorbent assay (ELISA). The 
results were collected and statistically analyzed[14]. 

Histological and Immunohistochemical Studies

Histological studies
For light microscopy: Testes were immersed in Bouin 

fixative for 24 hours, processed and stained with Hematoxylin 
and Eosin[15].

Immunohistochemical study
Paraffin-prepared sections were stained using the 

avidin–biotin peroxidase system for the detection of Bcl2 
as antiapoptotic protein (CAS No. 85878, Sigma-Aldrich, 
Steinheim, Germany) using primary antibody (rabbit 
polyclonal antibody) (product No. LS-C78828; Life span 
Biosciences, Inc. seattle, WA, USA). Then, they were 
incubated for two hours with secondary anti-rabbit antibody 
(Zymed laboratories). Staining was completed by using 
diamiobenzidine (DAB) according to[16].

For electron microscope preparation; testicular specimens 
were fixed in fresh 3% glutaraldehyde (pH. 7.4), post fixed in 
1% osmium tetroxide in the same buffer at 4°C, dehydrated 
and embedded in epoxy resin. Then, semi-thin for toluidine 
blue stain was obtained. Ultrathin sections were obtained 
and processed for electron microscope examination using 
a JEOL JEM 2100 electron microscope (Jeol Ltd, Tokyo, 
Japan) in Electron Microscope Research Laboratory of 
Faculty of Agriculture, El Mansoura University, Egypt[17,18].

Morphometric study
Sections stained with H&E and immunostained for 

Bcl2 were morphometrically analyzed using the Fiji Image 
J (1.51n, NIH, USA). All the parameters were measured 
for the randomly chosen five fields per section in total five 
sections from each group. 
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Statistical analysis
Performed using SPSS software (version 16.0, Chicago, 

USA) via using one-way analysis of variance (one-way 
ANOVA). The attained data from biochemical analysis 
(serum testosterone), morphometrical analysis (germinal 
epithelial height, and Bcl2 immunoreactions) were presented 
as mean±SD and studied using (ANOVA) followed by the 
post hoc test for multiple comparisons between different 
groups. The probability values (P) less than 0.05 were 
considered statistically significant and highly statistically 
significant when P value <0.001and non-significant when      
P value >0.05[19].

RESULTS                                                                                     

General observations: During the study period, rats of 
AgNPs treated group exhibited fatigue, decreased food 
consumption, reduced locomotor activity. In AgNPs+vit. E 
and follow up groups, there was a decrease in the incidence 
and severity of the previous signs. No treatment-associated 
mortality was observed in all groups. 

Biochemical analysis

Hormonal assay of serum testosterone level
The level of serum testosterone in 23 days control rats 

was significantly less than the corresponding values in the 
other groups. However, testosterone values in all other 
groups were not significant (Table.1).

Histological results

Group I (Control group): subgroup Ia (23 days old)
Examination of H&E stained-sections of testis of 

23 days control rats revealed parenchyma of testis was 
formed of small rounded seminiferous tubules surrounded 
by tunica albuginea. Seminiferous tubules were lined by 
stratified germinal epithelium resting on a regular basement 
membrane. Most of them had narrow lumina. Clusters 
of Leydig cells were found in the narrow interstitium                                                      
(Figures 2a, 2b). Immuno-histochemical sections stained with 
Bcl2 protein exhibited positive cytoplasmic immunoreaction 
in most cells of the germinal epithelium and in the Leydig 
cells (Figure 2c). Toluidine blue stained semithin sections 
showed that epithelium of tubules lined with several types 
of spermatogenic cells. These tubules were surrounded by 
myoid cells. The interstitial tissue contained small groups of 
Leydig cells and blood capillaries (Figure 2d).

Examination of ultrathin sections of previous group 
showed primary spermatocytes with a large heterochromatic 
spherical nucleus. Their cytoplasm contained mitochondria 
and free ribosomes. Sertoli cells had euchromatic nuclei 
with prominent nucleoli, and many mitochondria. Early 
spermatids appeared with large rounded nuclei and fine 
chromatin. Their cytoplasm contained peripherally arranged 
mitochondria (Figures 3a, 3b). Leydig cells nuclei were 
heterochromatic and ovoid in shape. Their cytoplasm 
contained smooth endoplasmic reticulum, mitochondria and 
lysosomes (Figure 3c).

Examination of 58 days control rats of subgroups Ia and 
Ib revealed nearly similar histological results; consequently, 
only results of the control subgroup Ia were presented.

H&E stained sections revealed normal testicular 
parenchyma with packed larger seminiferous tubules 
compared to the control prepupertal group surrounded by 
regular connective tissue capsule. Tubules were lined by 
stratified germinal epithelium. Interstitium exhibited groups 
of Leydig cells with oval nuclei and acidophilic cytoplasm 
and blood capillaries (Figures 4a, 4b). AgNPs treated 
subgroup there was shrunken disorganized seminiferous 
tubules with marked reduction in epithelium thickness with 
few spermatozoa. 

Marked separation between germinal epithelial cells was 
also seen. Germ cells were few and many cells exhibited 
deeply stained nuclei. Interstitium had congested blood 
vessels with homogenous vacuolated eosinophilic material 
(Figures 4c. 4d). In AgNPs and Vit. E-treated subgroup the 
covering capsule is regular, most of seminiferous tubules 
had nearly normal architecture and their wall was formed 
of nearly normal arranged germinal epithelium. Most of 
their lumina contained aggregation of sperms. There were 
near to normal width of interstitium in-between the tubules 
with little homogenous vacuolated eosinophilic material                           
(Figures 4e, 4f). 

In the follow up group, tubules were covered by slightly 
irregular capsule. some semineferous tubules apparently 
resumed their normal general structure. They had moderately 
arranged germinal epithelium with little intercellular 
spaces. They were separated by wide interstitium which 
contained leydig cells and eosinophilic vacuolated exudate                               
(Figure 4g, 4h).

Immuno-histochemical stained sections of 58 days 
control rats for Bcl2 protein displayed positive cytoplasmic 
immunoreaction in most cells of the germinal epithelium and 
Leydig cells (Figure 5a).

AgNPs-treated subgroup there was weak cytoplasmic 
immunoreaction in few cells of germinal epithelium 
and Leydig cells (Figure 5b). Interestingly, AgNPs and 
Vit. E-treated rats showed nearly normal cytoplasmic 
immunoreaction in the cells of germinal epithelium and 
Leydig cells (Figure 5c). Moreover, examination of follow 
up group revealed moderate cytoplasmic immunoreaction 
in the cells of germinal epithelium and Leydig cells                                
(Figure 5d).

Toluidine blue stained semithin sections of 58 days 
control group showed that seminiferous tubules were lined 
by different types of spermatogenic cells. Spermatids 
occupied several layers at the adluminal compartement. The 
sperm heads appeared penetrating a large depth of adluminal 
compartement. The interstitium exhibited clusters of Leydig 
cells (Figure 6a). In AgNPs-treated subgroup, there were 
separation between germinal epithelial cells and many 
vacuoles. They were lying on irregular basement membrane. 
Wide interstitium with a thick wall blood vessel was also 
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observed (Figure 6b). However, AgNPs and Vit. E-treated 
subgroup showed nearly normal seminiferous tubules with 
apparently normal lining epithelium enclosed by regular 
basement membrane with few spaces between germinal 
epithelial cells (Figure 6c).

Examination of follow up group revealed seminiferous 
tubules with moderately organized epithelium enclosed by 
slightly irregular basement membrane. Many spaces and 
vacuolations were seen between germinal epithelial cells 
(Figure 6d).

Ultrastructurally, 58 days control rats revealed that the 
seminiferous tubules were lined by spermatogonia that had 
thin rim of cytoplasm and rounded nuclei with marginated 
heterochromatin. Primary spermatocytes had large rounded 
nuclei and electron dense heterochromatin. Spermatids 
appeared with large ovoid euchromatic nuclei. Sertoli 
cells contained euchromatic nucleus and large number of 
mitochondria and lysosomes. The cytoplasm had numerous 
peripherally situated mitochondria. More developed 
spermatid appeared with ovoid euochromatic nucleus 
with acrosomal cap with well-formed acrosomal vesicle                                                                                              
(Figures 7a, 7b, 7c). Middle pieces of sperm tails had 
central axoneme, surrounded by nine thick course 
dense fibers, mitochondrial sheaths and cell membranes                                            
(Figure 7d). Interstitial cell of Leydig had spherical nuclei 
and the cytoplasm contained smooth endoplasmic reticulum 
and mitochondria and significant amount of lipid droplets 
(Figure 7e).

While, AgNPs-treated subgroup exhibited partial 
separation of spermatogonia from basement membrane 
and from surrounding cells. They revealed heterochromatic 
nucleus and cytoplasmic vacuoles. Primary spermatocytes 
had irregular shaped nuclei and their cytoplasm contained 
disorganized mitochondria and cytoplasmic vacuoles. Sertoli 
cells had electron dense nuclei and cytoplasmic vacuoles. 
They had mitochondria with disrupted cristae and lysosomes 
(Figures 8a, 8b, 8c). Late spermatids appeared with eccentric 
nuclei and disarranged mitochondria beneath irregular cell 
membranes. Many vacuoles and intercellular spaces were 
also observed (Figures 8d, 8e). Cross sections of middle 
piece of mature sperms revealed swollen mitochondrial 

sheath and irregular cell membrane. Some pieces showed 
cytoplamic vacuoles (Figure 8f). Leydig cells had irregular 
nuclei with peripheral heterochromatin and widened nuclear 
envelope (Figure 8g). On the other hand, examination of 
AgNPs and vit. E-treated subgroup revealed spermatogonia 
with heterochromatic nuclei, Primary spermatocytes had 
large rounded nuclei with scattered heterochromatin masses. 
Sertoli cells appeared with large euchromatic nuclei. 
Spermatids displayed rounded euchromatic nuclei and 
peripherally situated mitochondria. Little spaces were also 
found in-between cells (Figures 9a, 9b). Cross sections in 
the tails of sperms showed the middle, principal and end 
pieces which had normal structure (Figure 9c). Leydig 
cells were seen with oval regular euchromatic nuclei with 
peripheral heterochromatin and their cytoplasm contained 
lipid droplets (Figure 9d). In the follow up group, some 
cells had euchromatic nuclei with scattered heterochromatin 
particles. However, other cells had shrunken nuclei with 
irregular nuclear envelopes. Early spermatids appeared with 
rounded euchromatic nuclei and mitochondria. Paranuclear 
mitochondria also appeared in the cytoplasm. Sertoli 
cells also appeared separated from basement membrane                      
(Figures 10a, 10b). Cross sections of tails of sperms revealed 
that some pieces had normal structure with well-organized 
axoneme and fibrous sheath. However, some pieces showed 
ruptured cell membrane and many vacuoles (Figure 10c). 
Leydig cells showed oval euchromatic nuclei with irregular 
nuclear envelope and peripheral heterochromatin particles 
(Figure 10d).

Morphometrical results

The epithelial height of seminiferous tubule in random 
fields showed a significant decrease in AgNPs-treated group 
compared to the control and AgNPs+Vit. E-treated groups. 
However, they were significantly increased in AgNPs+Vit. 
E-treated group compared to the follow up group (Table 2).

The Optical density of immunoreaction to Bcl2 showed 
a drastic decrease in AgNPs group compared to the control 
and AgNPs+Vit. E-treated groups. However, there were 
dramatically increased in AgNPs+Vit. E-treated group 
compared to the follow up group (Table 3).
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Fig. 2: a): A photomicrograph of 23 days control rats showing small rounded packed seminiferous tubules (T) with narrow lumina (LU), separated by 
narrow interstitium (I). They are surrounded by regular connective tissue capsule (C) (H&E X100 scale bar 30µm). b): Seminiferous tubules (T) are lined by 
spermatogonia (g), primary spermatocytes (P), spermatids (SP) and Sertoli cells (St). Interstitium contains clusters of leydig cells (L). (H&E X400 scale bar 
30µm).  c): Immunohistochemical examination of the same group showing strong positive cytoplasmic immunoreactions to Bcl2 in most cells of germinal 
epithelium (arrow) and in the Leydig cells (arrow head). (Immunoperoxidase for Bcl2 protein x400 scale bar 30µm). d): Toludine blue semithin section 
showing seminiferous tubules surrounded by regular capsule (C). They are lined by spermatogonia (g), primary spermatocytes (P) and spermatids (SP). Sertoli 
cell (St). They are resting on regular basement membrane (curved arrow) ensheathed by flat myoid cells (arrow head). Interstitium shows clusters of Leydig 
cells (L) and blood capillaries (arrow) (Toluidine blue x 1000 scale bar 30µm).

Fig. 3: a): An electron micrograph from 23 days control rat showing a primary spermatocyte (P) and Sertoli cell (St) resting on regular basement membrane 
(arrow) ensheathed by myoid cell (curved arrow). Primary spermatocyte has large spherical nucleus (N). Its cytoplasm contains mitochondria (m) and free 
ribosomes (circle). Sertoli cell has euchromatic nucleus (N) and prominent nucleolus (n) with many mitochondria (m) X6700 b): Early spermatids (SP) with 
large rounded nuclei (N), their cytoplasm contains peripherally arranged mitochondria (m). c):  Leydig cell (L) with ovoid nucleus (N). Cytoplasm contains 
cisternae of smooth endoplasmic reticulum (circle) mitochondria (m) and lysosomes (ly) X8400.
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Fig. 4: a): A photomicrograph of a section in the testis of 58 days control rats showing testicular parenchyma consists of packed seminiferous tubules (T) 
and separated by narrow interstitium containing clusters of leydig cells (L). They are covered by regular connective tissue capsule (C). Lumena are patent 
and contain clumps of spermatozoa (Z) (H&E X100scale bar 30µm). b): Seminiferous tubules (T) lined by spermatogonia (g), primary spermatocytes (P), 
spermatids (SP) and sertoli cells (St). The lumen of the tubule contains spermatozoa (Z) and the interstitium contains Leydig cells (L) (H&E X400scale bar 
30µm). c): AgNPs treated subgroup many shrunken disorganized seminiferous tubules (T) with marked reduction in the thickness of their linning germinal 
epithelium (rectangle). Other tubules reveal reduction in the number of spermatozoa (Z). Separation and spaces (star) between germinal epithelial cells are 
also noticed. The interstitium in-between is wide and contains vacuolated eosinophilic material (E) (H&E X100scale bar 30µm). d): Marked separation (star) 
between the germinal epithelial cells. Many germinal cells exhibited deeply stained nuclei (N). A congested blood vessel (CO) with homogenous vacuolated (V) 
eosinophilic material (E) in the interstitium (H&E X400scale bar 30µm). e): AgNPs + vit. E treated subgroup most of seminiferous tubules (T) having nearly 
regular contour, normally arranged germinal epithelium (rectangle) and most of their lumina contain aggregations of spermatozoa (Z). There is apparently 
normal width of interstitium in-between the tubules (I) with little homogenous vacuolated esinophilic material (E). They are covered by regular capsule (C) 
(H&E X100scale bar 30µm). f): Nearly normal lining germinal epithelium (rectangle). Interstitium   (I) is slightly wide with clusters of Ledyig cells (L) (H&E 
X400scale bar 30µm). g): Examination of follow up group showing some semineferous tubules (T) apparently regain its normal shape with apparently normal 
arranged germinal epithelium, sperms in their lumina (Z). They are separated by wide interstitium (I) which contain leydig cells (L) and eosinophilic vauolated 
exudate (E).Tubules are covered by slightly irregular capsule (c) (H&E X100scale bar 30µm) h): moderately organized germinal epithelium (rectangle). Little 
intercellular spaces (star) are noticed. Interstitium (I) is still wide with some leydig cells (L) and eosinophilic material (E) (H&E X400scale bar 30µm).

Fig. 5: a): A photomicrograph of a section in the testis of 58 days control group showing strong positive cytoplasmic immunoreaction to Bcl2 in most cells 
of germinal epithelium (arrow) and in Leydig cells (arrow head). b): AgNPs treated subgroup reveals weak positive cytoplasmic immunoreaction to Bcl2 in 
few cells of germinal epithelium (arrow) and in the Leydig cells (arrow head). c): AgNPs and vit E-treated subgroup stained sections showing strong positive 
cytoplasmic immunereaction to Bcl2 in germinal epithelium (arrow) and in Leydig cells (arrow head) d): In follow up group there are moderate positive 
cytoplasmic immunereaction to Bcl2 in germinal epithelium (arrow) and Leydig cells (arrow head) (Immunoperoxidase for Bcl2 protein x 400 scale bar 30µm)
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Fig. 6: a): A photomicrograph of a semithin section in the testis of a control 58 days albino rat revealing a seminiferous tubule lined by spermatogonia (g), 
primary spermatocyte (P), and spermatid (SP). The sperm heads (S). Sertoli cell (St) is seen lying on regular basement membrane (curved arrow) ensheathed 
by flat myoid cell (arrow head). Interstitium contains clusters of Leydig cells (L) and blood vessel (arrow) b): AgNPs treated subgroup there is separation 
between germinal epithelial cells (star) and many vacuoles (V), resting on irregular basement membrane (curved arrow). Some cells exhibit deeply stained 
nuclei (N) with wide interstitium (I) containing leydig cells and blood vessel (arrow) with a thick wall. c): AgNPs + vit E treated subgroup reveal regular 
basement membrane (curved arrow) with few spaces (star) between germinal epithelial cells. Apparently normal clusters of leydig cells (L) and blood vessels 
(arrow) are noticed. d): Follow up group shows slightly irregular basement membrane (curved arrow) with many spaces (star) in-between germinal epithelial 
cells (Toluidine blue x 1000 scale bar 30µm).

Fig. 7: a): An electron micrograph from 58 days control group showing spermatogonia (g) lying on regular basement membrane (arrow) enshesthed by myoid 
cell (curved arrow). Spermatogonia have rounded nuclei (N) its cytoplasm has cisternae of endoplasmic reticulum (circle) and golgi apparatus (rectangle), 
mitochondria (m). Sertoli cell (St) appears with euchromatic nucleus (N), mitochondria (m) and lysosomes (zigzag arrow) X6600. b): Sertoli cell (St) resting 
on regular basement membrane (arrow). Primary spermatocytes (P) appear with large rounded nuclei (N). Its cytoplasm contains mitochondria (m). Spermatid 
(SP) appears with large ovoid euchromatic nuclei (N). Cytoplasm contains numerous peripherally situated mitochondria (m) X6400. c): Late spermatid 
(SP) with ovoid euochromatic nucleus (N) and acrosomal cap (arrow head) with well-formed acrosomal vesicle (ac). Flattened Golgi saccules (arrow) and 
peripherally situated mitochondria (m) X10000. d): Cross sections in the middle pieces (MP) and end pieces (EP) of sperms. All pieces have central axoneme 
(a). In the middle piece, the axoneme is surrounded by nine thick course dense fibers (f), mitochondrial sheaths (m) and cell membrane (arrow). In the end 
piece, the axoneme is surrounded by cell membrane only (arrow) X12600.  e): Leydig (L) contains spherical nucleus (N) and prominent nucleolus (n) its 
cytoplasm contains cisternae of smooth endoplasmic reticulum (circle), mitochondria (m) and many lipid droplets (zigzag arrow). A blood capillary (arrow) 
is also noticed X8400.
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Fig. 8: a): An electron micrograph of AgNPs treated subgroup showing spermatogonia (g) with irregular cell membrane (arrow) partially separated from 
basement membrane (curved arrow) and from surrounding cells (star). A primary spermatocyte (P) has irregular shape nucleus (N) and disorganized 
mitochondria (m), disorganized golgi apparatus (red arrow). Sertoli cell (St) with electron dense nucleus (N) is seen sending cytoplasmic processes (arrow 
head) in-between germ cells with cytoplasmic vacuoles (V) X5000.
b): Sertoli cell (St) resting on basement membrane (arrow) with euchromatic nucleus (N) and prominent nucleolus (n). Its cytoplasm contains mitochondria (m) 
with disrupted cristae, lysosomes (zigzag arrow) and some vacuoles (V) X9600. c): Spermatogonium (g) and profile of sertoli cell (St) are resting on basement 
membrane (arrow). Spermatogonium has heterochromatic nucleus (N) and cytoplasmic vacuoles (V). A primary spermatocyte (P) also appears with large 
nucleus (N). Its cytoplasm contains mitochondria (m) and vacuoles (V). Sertoli cell has mitochondria (m) with disrupted cristae and lysosomes (zigzag arrow). 
Little spaces (star) are also noticed in-between cells X8200. d): A late spermatid (SP) with formed acrosomal vesicle (ac). Some mitochondria have abnormal 
shape (arrow). Many vacuoles (V) and intercellular spaces (star) are also noticed X12600. e): A spermatid (SP) with eccentric nucleus (N). Its cytoplasm 
contains abnormally located mitochondria (m). Widened intercellular spaces are also noticed (star) X10000. f): Cross sections of middle pieces (MP) of mature 
sperms with swollen mitochondrial sheath (m) and irregular cell membrane (arrow). Some pieces showed cytoplasmic vacuoles (V). Late spermatids (SP) with 
pyriform electron dense nuclei (N) are also seen X12600. g): Leydig cell (L) having an irregular nucleus (N) with peripheral heterochromatin and widened 
nuclear envelope (arrow). Its cytoplasm contains mitochondria (m), lipid droplets (zigzag arrow) and dilated cisternae of smooth endoplasmic reticulum (circle) 
X12600.

Fig. 9: a): An electron micrograph of AgNPs and vit. E treated subgroup showing spermatogonium (g) and sertoli cells (St) resting on slightly irregular 
basement membrane (arrow) ensheathed by myoid cells (curved arrow). Spermatogonium has heterochromatic nucleus (N). Sertoli cell has large euchromatic 
nucleus (N). A spermatid (SP) appears with rounded euchromatic nucleus (N) and peripherally situated mitochondria (m). Golgi apparatus (red arrow) also 
appears at one pole of nucleus. Little spaces (star) are also noticed in-between cells X4200. b): Primary spermatocyte (P) with large rounded nucleus (N), 
its cytoplasm contains mitochondria (m). Early spermatid (SP) appears with rounded euchromatic nucleus (N) and peripherally arranged mitochondria (m) 
X8000. c): Cross sections in sperms, in middle piece (MP), axoneme (a) is surrounded by nine thick course dense fibers (f), mitochondrial sheath (m) and cell 
membrane (arrow). In principal pieces (PP), axoneme is surrounded by dense fibers (f) and fibrous sheath (fs). End pieces of sperms (EP) and late spermatids 
(SP) with pyriform electron dense nuclei (N) are also seen X12600. d): Leydig cell (L) with oval regular nucleus (N), its Cytoplasm contains lipid droplets 
(zigzag arrow) with many cisternae of smooth endoplasmic reticulum (circle) and many mitochondria (m) X6700.
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Fig. 10: a): An electron micrograph of follow up group showing primary spermatocytes (P) resting on basement membrane (arrow). One of them has 
euchromatic nucleus (N), other has shrunken nucleus (N2). Early spermatid (SP) with peripherally arranged mitochondria (m). Part of Sertoli cell (St) 
also appears with little separation (star) from basement membrane X4400. b): Spermatid (SP) with euchromatic nucleus (N). Its cytoplasm contains some 
peripherally situated mitochondria (m). Paranuclear mitochondria (arrow) also appear in the cytoplasm X8400. c): Cross sections of tails of sperms with some 
pieces having normal structure with well-organized axoneme and fibrous sheath (arrow). Some pieces show ruptured cell membrane (arrow head) and vacuoles 
(V) X12600. d): leydig cell (L) having oval nucleus (N) with irregular nuclear envelope (arrow). Its cytoplasm contains vacuolated mitochondria (m), dilated 
cisternae of SER (circle) and lipid droplets (zigzag arrow) X10200.

Table 1: Statistical analysis of serum testosterone level (ng/dl) by one-way ANOVA test.

Parameter Control 23 days Control 58 days Group IIa Group IIb Group III F P

Serum testosterone (ng/dl) 0.33±0.08 3.4±0.67 3.16±0.55  3.45±0.44 3.73±0.81  61.25 <0.001**

Values are expressed as mean ± standard deviation (SD).                                                                                                         **:  Highly significant (P<0.001).

Table 2: Statistical analysis of height of germinal epithelium (µm) by one-way ANOVA test.

Parameter Control 23 days Control 58 days Group IIa Group IIb Group III F P

Height of germinal epithelium (µm) 60±13.4 67.6±16.2 41.9±11.4 59.7±17.3 55.3±10.4 4.6 0.003*

Values are expressed as mean ± standard deviation (SD).                                                                                                         **:  Highly significant (P<0.001).

Table 3: Statistical analysis of Optical density of immune reaction to Bcl2 by one-way ANOVA test.

Parameter Control 23 days Control 58 days Group IIa Group IIb Group III F P

Optical density of immunoreaction to Bcl2 5.41±1.4 6.31±1.82 1.51±0.45 4.9±1.07 4.08±1.14 21.09 <0.001**

Values are expressed as mean ± standard deviation (SD).                                                                                                         **:  Highly significant (P<0.001).
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DISCUSSION                                                                              

Silver nanoparticles with their antibacterial characteristics 
open new pathways to treat and prevent diseases. However, 
studies on AgNPs toxicity raise our doubts about their 
potential risk[20,21]. Children may be affected by daily 
products containing AgNPs because of their physiological 
functions, developmental stage and habits[22]. Gametogenesis 
is potentially affected by several environmental factors like 
exposure to toxicants infectious and inflammatory events 
which have a harmful impact on the germline and also 
negative consequences on fertility[23].

For this purpose, 56 healthy prepubertal male albino rats 
were utilized in this study. The choice of age 23 PND in 
our study relied on the fact that rodents are weaned at PND 
21. After that, they begin to undergo sexual maturation[24]. 
Also age 58 days was chosen to scarify rats in accordance to 
studies that mentioned that the age of maturity varies between 
males, ranging from 40 days old to 76 days in rats[25].

In the present work, non-significant decrease in serum 
testosterone level in rats of AgNPs subgroup in comparison 
to the 58 day control group means that testosterone level was 
not altered by AgNP treatment with 50 μg /kg/d. The same 
result was found by other studies[12,10]. The latter clarified that 
the defects in spermatogenesis due to direct effects of AgNPs 
on spermatogenic cells led to the morphological insult and 
imperfect sperm function. It was also reported that the the 
concentration of AgNPs applied to the cells controls the 
viability of Leydig cell[26]. However, in other studies AgNPs 
appeared to affect Leydig cell function leading to increase in 
testosterone levels[27].

In AgNPs treated rats, shrunken and disorganized 
seminiferous tubules were explained by some authors as 
cytotoxicity of AgNPs is related to increased formation 
of reactive oxygen species (ROS), which could induce 
apoptosis[26]. Furthermore, the irregularities in the basal 
lamina could be secondary to myoid cells contraction or 
distorted seminiferous tubules[28].

Also, marked separation and spaces between germinal 
cells with apparent diminished layers of germinal epithelium. 
The latter, was confirmed statistically by highly significant 
decrease of the mean of epithelial height in AgNPs subgroup 
in comparison with the control group. Similar results were 
stated by another study used nanoparticles orally for 90 days 
and confirmed that degenerative alterations in seminiferous 
tubules showed that nanoparticles could directly inhibit 
spermatogenesis[29]. Few spermatozoa in tubules lumina 
were also seen in our study. This could be explained that by 
the fact that decrease in germinal stem cells number may 
probably have badly affected sperm production and lead 
to weakness in male fertility[30]. Other studies mentioned 
that the effect of nanoparticles on cell cycle or release of 
spermatozoa to the mid duct of seminiferous tubules led to a 
significant decrease in sperm stem cells[31].

Cytoplasmic vacuoles were detected within germ cells. 
These results were also confirmed by electron microscopic 

examination. Vacuolization may be effect of disturbances 
in membrane function, which results in influx of water 
and sodium. Also, Cellular swelling may be accompanied 
by cytoplasmic degeneration due to leakage of lysosomal 
hydrolytic enzymes[32]. Many cells reveal deeply stained 
nuclei. Similar results were stated by other studies using higher 
dose of AgNPs which explained that undue accumulation of 
ROS might be a triggering agent to apoptosis and autophagy 
of the germ cells[33,34].

Histological changes found in the interstitium were in 
agreement with other studies[33,35]. The latter declared that 
interstitial tissue damage may be associated with AgNPs 
deposition in the tissue. It was also observed that changes in 
the composition or volume of the interstitial fluid could also 
significantly affect the testicular function[36].

In the present work, results of immuno-histochemical 
stained sections for Bcl2 protein in AgNPs-treated subgroup; 
there were weak cytoplasmic immunoreactions in few cells 
of germinal epithelium and Leydig cells. These results were 
confirmed by statistical evaluation of optical density of 
Bcl2 was going with other authors who mentioned that ratio 
of Bax/Bcl-2 proteins plays a main role in mitochondrial 
membrane permeability, release of cytochrome C into 
cytoplasm and initiation of apoptosis[37,38].

Ultrastructurally, germ cells had irregular shape nuclei 
and vacuolated mitochondria. Oxidative injury to cell 
membranes results in great ionic imbalance, mitochondrial 
damage, and finally lysosomal activation[39]. Irregular 
membranes of early spermatids with abnormally arranged 
mitochondria. This is in accordance with[37].

Abnormalities in cross sections of middle piece of mature 
sperms were in harmony with another study on AgNPs[40]. 
Oxidative stress could lead to insufficient sperm production, 
motility disorders, increased abnormal forms and impaired 
function[41].

Interstitial Leydig cells had irregular cell membrane. 
Nuclei appeared with peripheral heterochromatin and 
widened nuclear envelope. Their cytoplasm had few lipid 
droplets. Similar results were reported by[42,26]. The latter 
admitted that cell viability was directly related to the 
concentration of AgNPs applied to the cells. Cell death was 
also noticed in a concentration-dependent manner. Moreover, 
higher levels of membrane leakage occur due to lactate 
dehydrogenase (LDH) release after cell membrane damage.

Irregular dilated cisternae of smooth endoplasmic 
reticulum (SER) found in our study  was also described by 
other trials as vesicular SER, involving separated vesicles 
of variable diameters and dilated Golgi apparatus indicate 
typical adaptations of an activated steroidogenic cell. These 
alterations were not accompanied by changes in the level of 
total plasma testosterone when compared with the control 
group. This is also going with our study[43].

Vitamin E is a potent antioxidant believed to have a 
protective effect against oxidative stress which happens when 
the overproduction of ROS is not balanced by a satisfactory 
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level of antioxidants and so increase in free radicals which 
are toxic for biological membranes[44,45].  

Serum testosterone level of the AgNPs and vit. E treated 
rats revealed non-significant decrease in the mean of serum 
testosterone level compared to control group. However, a 
prominent increase in the testosterone level of the testicular 
tissue of the rats in the vitamin E‐administered group was 
observed by other authors[46]. Results of light microscopic 
stained sections of AgNPs and vit. E subgroup was confirmed 
by non-significant decrease of the mean of epithelial height 
in AgNPs and vit. E subgroup compared to the control group 
were found by other authors who found that vit. E improved 
testicular tissue but not as in the control group[46]. In another 
study on cerebellum, it was observed that vit. E could protect 
against ROS toxicity following AgNPs administration and 
counteract their toxic effects[47]. Vitamin E plays a vital role in 
reproductive health as it reduces testicular oxidative damage 
and its deficiency increased oxidative stress and decreased 
normal spermatogenesis and androgens production[48].

Results of immuno-histochemical stained sections for 
Bcl2 protein in the same group exhibited nearly normal 
cytoplasmic immunoreaction in the cells of germinal 
epithelium and Leydig cells. These were reported by other 
studies which detected that vit. E is effective in protection 
against apoptosis by decreasing caspase 3 expression and 
upregulating Bcl 2 expression, and by improving DNA 
oxidative destruction in bone marrow hemopoietic cells[49].  
It was also reported that vit. E increases the Bcl2 level in 
mitochondria and decreases the level of Bcl2 like protein 4, 
suppresses release of cytochrome C, activates caspase 9 and 
caspase 3 and therefore, leads to inhibition of myocardial 
cell apoptosis[50].

Ultrastructural results were reported by other studies that 
the supplementation of vit. E assisted in the recovery of the 
structure of seminiferous tubules showing normal epithelium 
with a regular arrangement of germ cells within most phases 
of spermatogenesis process involving differentiation of 
spermatids[44,51].

Cross sections in the tails of sperms revealed the middle, 
principal and end pieces which had normal structure with 
well-organized axoneme. That could be explained as vit.E 
increased activity of sperm defense antioxidant system 
together with superoxide dismutase, glutathione peroxidase 
and catalase. This eventually led to increase sperm viability, 
count and motility[52].

Light and electron microscopic examination of follow up 
group showed incomplete recovery which was going with 
another study that found that AgNPs accumulated in a dose-
dependent manner in the liver, spleen, testis, lung, kidneys, 
brain and blood. The authors also added that a four-week 
recovery period decreased the concentration of AgNPs in 
the liver, spleen, kidneys and testes, in comparison with the 
levels observed in the experimental group obtained at the 
end of the 4 weeks administration period of AgNPs[53]. In 
addition, the administrated AgNPs were cleared from liver, 
spleen and kidneys but slowly cleared or to some extent 

showing bio- persistency in organs, which have barriers like 
brain and testis[54,55].

CONCLUSION AND RECOMMENDATIONS                   

Prepubertal exposure to AgNPs had several deleterious 
effects on male reproductive organs even at small doses. 
They also had toxic cumulative effect stayed after 4 weeks 
of stoppage of adminsteration. Therefore, it is critical to 
understand their nature and origin of toxicity. However, 
these changes could be limited by vit. E supplementation. 
So, it is recommended to promote health awareness, limit 
exposure to such materials and encourage supplementation 
of vit. E. The scientific community should dedicate attention 
to establish protocols for toxicity elimination, in order 
to accurately determine the potential threats of AgNPs 
applications mainly on reproductive organs.
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الملخص العربى

تأثيرجزيئات الفضة الدقيقة علي خصية ذكور الجرذان المهق فى فترة ما قبل البلوغ 
والدور الوقائي المحتمل لفيتامين هـ

)دراسة هستولوجية و هستوكيميائية مناعية(
خالد حامد المسلمي، محمد عبد الرحمن شاهين، نوره حسين عبد الحميد، فاطمة موسي الحسيني موسي 

قسم الهستولوجيا- كلية الطب البشري - جامعة الزقازيق- الزقازيق - مصر

الخلفية: جزيئات الفضة الدقيقة واحدة من اكثر الجزيئات الدقيقة شهرة وشيوعا لالستخدام في منتجات المستهلك اليومية 
بالنسبة للكبار واالطفال علي حد سواء. 

الهدف من الدراسه: تهدف هذه الدراسة الي دراسة تاثير التعرض لجزيئات الفضة الدقيقة قبل البلوغ علي التركيب 
النسيجي للخصيتين و دراسة الدور الوقائي المحتمل لإلمداد بفيتامينه .

 المواد والطرق: استخدمت جرذان المهق البيضاء في هذه التجربة والبالغة من العمر ثالثة وعشرين يوما وقسمت الي 
ثالث مجموعات: المجموعة الضابطة االولي وقد تم تسقيمها الي مجموعتين فرعيتين: ( المجموعة الفرعية الضابطة 
أ (السلبية) ولم تتلقي الجرذان أي عالج وتم ذبح البعض منها عند عمر 23 يوما واالخري عند 58 يوما.  المجموعة 
الفرعية الضابطة ب (االيجابية) وقد تم تقسيمها الي مجموعتين فرعييتين. المجموعة الثانية وشملت المجموعة الفرعية 
لجزيئات الفضة الدقيقة وتم أعطائها بجرعة (50 ميكروغرام / كجم / يوم) يوميًا لمدة 35 يوما من عمر 23  وحتي 
عمر 58 يوما والمجموعة الفرعية المعالجة بجزيئات الفضة الدقيقة وفيتامين ه : تلقت الجرذان جزيئات الفضة الدقيقة 
تزامنا مع فيتامين ه  باالنبوبة المعدية بجرعة (150 مغ / كغ / يوم) مذابة في زيت الذرة من عمر 23 الي عمر 58 
يوما. واخيرا المجموعة الثالثة :مجموعة المتابعة فيها تم ترك بعض من الجرذان المعالجة بجزيئات الفضة الدقيقة بدون 

عالج الي عمر 90 يوما. 
مقارنةً  الدقيقة  الفضة  بجزيئات  المعالجة  المجموعة  في  الخصية  بنسيج  كبيرة  هستولوجية  تغيرات  وجدت   النتائج: 
بالمجموعة الضابطة وفيتامين ه ومجموعات المتابعة التي أظهرت تحسنًا كبيًرا. كما وجد انخفاض كبير بارتفاع الطبقة 
المبطنة لألنابيب المنوية في المجموعة الفرعية لجزيئات الفضة الدقيقة مقارنة بالمجموعه الضابطة وفيتامين ه. كما 
اظهر الفحص الهستوكيميائي لعينات الخصية انخفاضا كبيرا  للكثافة البصرية للتفاعل المناعي لبروتين ((Bcl2 في 

المجموعة الفرعية لجزيئات الفضة الدقيقة مقارنة بالمجموعه الضابطة وفيتامين ه.
 الخالصة: جزيئات الفضة الدقيقة لها آثار ضارة على الجهاز التناسلي الذكري والتي يمكن الحد منها عن طريق االمداد 

بفيتامين ه والتقليل من التعرض لهذه المنتجات.


