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Background: Aging has a deleterious effect on the morphology of the male re-
productive system which might, in turn, lead to changes in spermatogenesis and 
consequently, decrease in both quality and quantity of spermatozoa. 
Materials and methods: The present study elucidated the histological and ultra-
structural changes of testes of adult albino rats during aging and applied mor-
phometric measures to obtain quantitative data for these changes. The oxidative 
and antioxidative markers of aged testes were also assessed. 
Results: The results documented the presence of age-related regressive struc-
tural changes of the testis accompanied with an increase in the apoptosis and  
a decrease in the proliferative capacity.
Conclusions: The biochemical results gave evidence of an imbalance between 
the oxidative damage and the antioxidant defence indicating increased oxidative 
stress of aged testis. (Folia Morphol 2020; 79, 3: 503–515)
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INTRODUCTION
Aging is a natural process comprising irreversible 

changes in all organs due to a number of endogenous 
and environmental factors. Changes of the testicular 
morphology are one of the effects of aging on male 
reproductive system. These changes might lead to 
a decrease in both the quality and quantity of sper-
matozoa [16]. 

It was believed that age influences the male repro-
ductive capacity much less than it influences that of 
the females and that male fertility remains unaffected 
throughout their whole lifespan [33]. However, recent 
studies showed that advanced paternal age could 
be associated with a high incidence of congenital 
anomalies like Down syndrome, malignancies like 

leukaemias, central nervous system neoplasm and 
several neuropsychiatric disorders in the offspring 
[16, 48, 49].

The seminiferous epithelium in rats might also 
be influenced by toxic substances which cause histo-
pathologic and morphometric changes. The changes 
depend on the duration of exposure to these sub-
stances [14]. There is no definite time for the onset 
of the progressive testicular involution associated 
with advancing age. The most frequently observed 
histological change in the aging testes is variation in 
spermatogenesis in seminiferous tubules [43]. 

In both humans and rodents, aging-related atro-
phy was found to begin focally in the seminiferous 
tubules where atrophic tubules were often observed 
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adjacent to tubules exhibiting normal spermatogen-
esis [40].

In the testicular tissue, with its high rates of me-
tabolism and cell replication, oxidative stress can 
be especially damaging; a process which makes the 
antioxidant capacity of the tissue very important [45]. 
It appears that increased oxidative stress commonly 
occurs during the aging process and antioxidant sta-
tus may significantly influence the effects of oxidative 
damage associated with advancing age and may even 
positively influence life span [25]. 

This study was designed to demonstrate the influ-
ence of aging on the structure of the testis of male 
albino rat and evaluate the apoptosis and the pro-
liferative capacity of spermatogenic cells in different 
age groups. The study also aimed to assess associated 
biochemical changes that occur during aging and 
elicit the oxidative stress exerted on the aged testis.

MATERIALS AND METHODS
Thirty albino rats of Wistar strain were used in 

this study. The rats were obtained from the animal 
house of the Faculty of Medicine, Cairo University. 
The animals were acclimatised for a period of 2 weeks 
before carrying out the study. They were housed in 
separate clean cages, 5 rats/cage under standard labo-
ratory and environmental conditions. They were given 
standard rodent food pellets and water ad libitum.

The rats were equally divided into three groups 
each of them consisted of ten rats as follows [41]:

—— group I (early adult) ranging in age from 3 to  
5 months (weight: 150–200 g);

—— group II (middle-aged) ranging in age from 8 to 
12 months (weight: 200–250 g);

—— group III (senile) ranging in age from 20 to  
24 months (weight > 300 g). 
All animals were anaesthetised and subsequently 

sacrificed. The testes of both sides were quickly ex-
tracted. Each testis was weighed (absolute weight) 
then relative weight was calculated (testis weight/ 
/body weight). The animals were handled and sacri-
ficed in accordance to the ethical international guide-
lines for laboratory care and use. All the efforts to 
ensure minimal animal suffering were taken. The 
experiment protocol was approved by the committee 
of experimental animals (Cairo University Institutional 
Animal Care and Use Committee [CU-IACUC] approval 
number CU/III/F/45/17).

The testes were processed and subjected to the 
following.

Histopathological examination

The testes were fixed in Bouin’s solution and 
then were processed for paraffin sections of 4–6 µm 
thickness. Testes sections were cut and subjected to 
haematoxylin and eosin (H&E), Masson’s trichrome 
and periodic acid Schiff (PAS) staining.

Electron microscopic examination

Testicular specimens including the stroma and 
parenchyma were immersed in 2.5% glutaraldehyde 
(pH 7.4). Semithin sections were prepared at 0.5 μm 
thickness and stained with 1% toluidine blue. Ul-
trathin sections were double stained with 4% uranyl 
acetate and 0.1% lead citrate, examined and pho-
tographed by JEOL JEM 1010 transmission electron 
microscope (TEM) (Japan).

Immunohistochemical studies

The immunohistochemical study was performed 
as previously described for proliferating cell nuclear 
antigen (PCNA) and caspase-3 [11, 23]. Testicular sec-
tions were deparaffinised, rehydrated followed by an-
tigen retrieval, inactivation of endogenous peroxides 
and incubation with rabbit polyclonal anti-caspase-3 
primary antibody (ab4051, 1/500, Abcam, USA) and 
rabbit polyclonal anti-PCNA antibody (ab18197, 
1/500, Abcam, USA) for detection of apoptosis and 
proliferating spermatogenic cells, respectively. The 
secondary antibody used was biotinylated goat poly-
valent antibody at 1/200 dilution. Colour reaction 
was developed after adding diaminobenzidine. Par-
affin-embedded mouse tonsillar tissue was used as  
a positive control. Negative controls were done through  
omission of the primary antibody in the automated 
staining protocol.

Histomorphometric study

A quantitative study was performed using Leica 
Qwin 500 image analyser computer system (Leica 
Imaging Systems, Cambridge, UK). The image analyser 
was first calibrated automatically to convert the meas-
urement units (pixels) produced by image analyser 
programme into actual measurement units. Digi-
tal images were uniformly acquired and snapped at 
×100 magnification. All parameters were calculated 
in ten non-overlapping fields per slide in each age 
group.

The quantitative morphometric study included:
—— thickness of epithelium of seminiferous tubule 
in µm;
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—— mean perimeter of seminiferous tubules in µm;
—— surface area of the seminiferous tubules in µm2;
—— mean area per cent of collagen fibres deposition 
in Masson’s trichrome stained sections;

—— optical density of the basement membrane in PAS 
stained sections;

—— number of PCNA-positive cells per seminiferous 
tubule;

—— area per cent of caspase-3 immunoexpression in 
cytoplasm of spermatogenic cells.

Measurement of tissue level of malondialdehyde, 
nitric oxide and reduced glutathione

Testicular tissue homogenate was prepared as 
follows.

The tissue was homogenised in 5–10 mL cold  
buffer (i.e., 50 mM potassium phosphate, pH 7.5. 1 mM  
EDTA) per gram tissue then it was centrifuged at 
100,000 g for 15 min at 4°C. The supernatant was 
removed for assay and stored on ice. The testes tis-
sue homogenates were prepared for assessment of 
malondialdehyde (MDA) as a biomarker for lipid per-
oxidation. The MDA assay was performed with thio-
barbituric acid (TBA) test in the supernatant, accord-
ing to the method suggested by Buege and Aust [2].  
MDA reacts with TBA to give a red compound absorb-
ing at 535 nm. Measurement of glutathione (GSH) 
was based on the reduction of 5,5-dithiobis (2-ni-
trobenzoic acid) (DTNB) with reduced glutathione to 
produce a yellow compound [5]. The levels of nitric 
oxide (NO) in the testes homogenate were measured 
as previously described [15].

Statistical analysis

Quantification results were statistically described 
in terms of mean and standard deviation (mean ± SD)  
and were analysed using statistical package SPSS 
version 24 by ANOVA with multiple comparisons 
Bonferroni post hoc testing. Differences with p < 0.05  
were considered statistically significant.

RESULTS
Light microscopic results
Histological results

In early adult rats, the testis was covered by  
a well-defined capsule formed of tunica albuginea  
and tunica vasculosa. The testicular parenchyma was 
composed of several seminiferous tubules with nar-
row interstitial spaces containing loose areolar tis-
sue in between. The seminiferous tubules were lined 

by stratified epithelium with two types of cells, the 
supporting Sertoli cells and the spermatogenic cells. 
The spermatogenic cells included spermatogonia, 
spermatocytes, round early spermatids and elongated 
late spermatids, arranged in that order from the basal 
compartment to the adluminal compartment of the 
seminiferous tubule (Fig. 1A, B). 

The middle-aged rats’ testes were comparable to 
group I in most of the cases. Slight structural changes 
were noted in only few cases where the seminiferous 
tubules showed both intercellular and intracellular 
vacuolisation in the seminiferous epithelium (Table 1;  
Fig.1C, D). 

Testes of senile rats revealed marked thickening 
of the tunica albuginea and tunica vasculosa with 
congested thick-walled arterioles. Vacuolisation of 
the germinal epithelium was frequently observed. 
Different forms of degenerative changes including 
pyknotic or fragmented karyorrhectic and necrotic 
nuclei were also observed. Atrophic hyalinised semi-
niferous tubules with arrest of spermatogenesis and 
tubules with numerous multinucleated giant cells 
were frequently observed in this age group. 

The interstitial compartment of aged testes re-
vealed obvious widening of the interstitial spaces 
plugged with lymphatic exudates, cytoplasmic vac-
uolisation of Leydig cells and Leydig cell hyperpla-
sia. The blood vessels showed severe vascular wall 
thickening and lumen narrowing (Table 1; Fig. 1E–H).

Ultrastructural results

Examination of the seminiferous epithelium of 
group I by TEM showed Sertoli (supporting) cells 
resting on the basement membrane of the seminif-
erous tubule. Sertoli cells were bound to one another 
by Sertoli-to-Sertoli cell junctional complexes. Pri-
mary spermatocytes were present next to the sper-
matogonia. Early spermatids with pale round nuclei 
and peripherally located mitochondria near the cell 
membrane, spermatids with pro-acrosomal granules 
and mature sperms in the lumen of the seminifer-
ous tubules were observed. The developed flagellum 
showing typical architecture of a cilium was seen in 
the tail of the sperms forming its axoneme with two 
single central microtubules and nine pairs of periph-
eral microtubules. The seminiferous epithelium was 
surrounded by a regular basal lamina and a lamina 
propria formed of few collagen fibres, myoid cells 
and endothelial lining of the peritubular capillaries 
(Fig. 2A–E).
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Figure 1. A, B. Haematoxylin and eosin stained sections of early adult group showing; A. The stroma of the testis formed of tunica albuginea 
(TA) and tunica vasculosa (TV) containing blood vessels (BV). The testicular parenchyma is seen formed of closely packed seminiferous tu-
bules (ST) (H&E ×100); B. Seminiferous tubule’s epithelium is shown formed of supporting Sertoli cells (S) and spermatogenic cells as sper-
matogonia (SG), primary spermatocytes (SC), round early spermatids (ES) and elongated late spermatids (LS) arranged in many layers. Sertoli 
cell processes are shown surrounding the adjacent spermatogenic cells (inset). The interstitial tissue between ST show Clusters of Leydig 
cells (LC) around interstitial blood vessels (Bv) (H&E ×400); C. Haematoxylin and eosin stained sections of middle aged group is shown com-
parable to early adult group where the seminiferous tubules are separated by narrow interstitial spaces (H&E ×400); D. Some seminiferous 
tubules are shown with intracellular and intercellular vacuolisation (arrows) (H&E ×100); E–H. The senile group, E. Haematoxylin and eosin 
stained sections show marked thickening of the tunica albuginea (TA) and tunica vasculosa (TV) appears also thickened with a large thick-
walled congested arteriole (arrow) (H&E ×100); F. The seminiferous tubules show numerous multinucleated giant cells (arrows), pyknotic 
germ cell (curved arrow) and necrotic cells are seen extruded in the lumen (dotted arrow) (H&E ×400); G. Extensively atrophic tubules (ST) 
with spermatogenic arrest, hyalinisation (h) and vacuolisations (V) are observed. The blood vessels of the interstitium (arrows) show mark-
edly thickened wall and extremely narrowed lumen. A massive widening of the peritubular spaces is evident (*) (H&E ×100); H. Cytoplasmic 
vacuolisation of Leydig cells (arrows) are also demonstrated (H&E ×400). 
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On the ultrastructural level, testes of middle-aged 
rats showed no apparent structural changes as com-
pared to early adults. In only few cases vacuolisation 
of Sertoli cells cytoplasm was seen (Table 2; Fig. 2F).

In senile group, atrophic tubules showed an ev-
ident decrease in the spermatogonia, highly vacuo-
lated Sertoli cells with marked increase in their lipid 
droplets and phagocytosed necrotic germ cells. The 
Sertoli-to-Sertoli cell junctional complexes showed 
atypical appearance. Necrotic spermatogonia with 
dark cytoplasm and pyknotic nuclei were also fre-
quently observed. Wide spaces denoted sites of resid-
ed spermatogonia were seen. Primary spermatocytes 
frequently displayed blebbing and irregular dilatation 
of the perinuclear spaces. Abnormal spermatids with 
nuclear indentation and deformation of the proacro-
somal granule were also detected. Abnormal sperms 
having double flagellum surrounded by a single mem-
brane were also detected in this age group. Marked 
thickening of the wall of the seminiferous tubules 
(the basal lamina and lamina propria) were noticed 
in most tubules (Table 2; Fig. 3A–F). 

Gross anatomical results

Right and left testes from all rats in the studied 
groups were weighed (absolute weight). Absolute 
and relative weights of the testes were registered 
and tabulated (Table 3).

Histochemical results of the three age groups

Periodic acid Schiff stained sections of group I  
and group II showed a moderate positive reaction in 
the basement membrane surrounding the seminiferous 
tubules. Most of germ cells showed negative reaction 
although elongated spermatids showed positive reaction. 
Group III revealed intense PAS reaction in the basement 
membrane surrounding the seminiferous tubules. These 
sections also showed thickened irregular basement mem-
branes. There was a statistically significant increase in this 
measurement with advancing age (Fig. 4A–D).

Masson’s trichrome stained sections in group I  
showed minimal collagen deposition in the tunica 
vasculosa, around the basement membranes of semi-
niferous tubules and blood vessels in the interstitium. 
This deposition was moderate in group II and extensive 
in group III. In certain areas there was invasion of tunica 
vasculosa by thick compact collagen bundles in senile 
group. There was a statistically significant increase in 
the mean area per cent of collagen fibres deposition 
measurements with advancing age (Fig. 4E–H).

Immunohistochemical results of the three age 
groups

Proliferating cell nuclear antigen. Immunohis-
tochemical PCNA-stained testicular tissues in group I  
demonstrated positive immunoreactivity in most of 
spermatogonia and primary spermatocytes. The stain-
ing of the nuclei of the labelled cells was moderate 
to intense brown nuclear coloration. No reaction was 
seen in the nuclei of the early spermatids. Most of the 
stained sections of group II revealed intense positive 
immunoreactivity in basal spermatogonia and primary 
spermatocytes. In group III, PCNA stained sections 
revealed fewer immunoreactive basal spermatogenic 
cells. There was a statistically significant decrease in 
the mean number of positive stained cells between 
the studied groups with advancing age (Fig. 4I–L).

Caspase-3. Immunohistochemical staining of 
the testes in group I using caspase-3 showed weak 
caspase-3 immunoexpression in the form of minimal 
diffuse brown cytoplasmic discoloration. Group II  
showed moderate caspase-3 immunoexpression, 
while group III showed strong positive caspase-3 

Table 1. Histopathologic results detected by light microscope 
in middle age and senile group

Group II

Seminiferous epithelium:

Intercellular and intracellular vacuolisation  

Sporadic loss of spermatogenic cells

Hypospermatogenesis

Group III

Tunica albuginea:

Thickening

Tunica vasculosa:

Thickening

Congested thick walled arterioles

Seminiferous epithelium:

Vacuolisation

Spermatogenic arrest

Hyalinisation

Degenerative changes: pyknotic cells, necrotic cells

Multinucleated giant cells

Interstitial compartment:

Widening of interstitial spaces

Cytoplasmic vacuolisation of Leydig cell 

Hyperplasia of Leydig cell

Vascular wall thickening and narrowing of the lumen
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Figure 2. A–F. Electron photomicrographs in early adult rat testis showing; A. Sertoli cells with deeply indented euchromatic nuclei (N) with 
a prominent nucleolus (n). Sertoli cells are seen bound to one another by Sertoli-to-Sertoli cell junctional complexes (arrows) (inset); m — 
mitochondria, sER — smooth endoplasmic reticulum, Lp — lipid droplet, Ly — lysosomes (×8000); B. Primary spermatocytes (SC) showing 
widespread patches of heterochromatin in their nuclei are seen next to a spermatogonium (×5000); C. Early spermatids are shown with pale 
round nucleus (N), peripherally arranged small mitochondria (m) with electron lucent centre, acrosomal granule (A) and acrosomal cap  
(arrows) are also seen (×10,000); D. A transverse sections in the middle piece of a mature sperm in the lumen of an early adult rat testis 
show an axoneme composed of two single central microtubules (C-MT) and 9 pairs of peripheral microtubules (P-MT) surrounded by 9 outer 
dense fibrils (DF) and circumferentially oriented sheath of mitochondria (m) followed by plasma membrane (Pm) (× 40,000); E. The wall of 
the seminiferous tubule is shown formed of a regular basal lamina (BL) and a lamina propria (Lpr) formed of few collagen fibres (col), the my-
oid cells (M) and endothelial cells (E) bounding the lymphatic space (×5000); F. A middle-aged rat testis shows variable sized vacuoles (V)  
in the cytoplasm of Sertoli cells (×5000). 
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immunoexpression. It was also found that there was 
an increase in the mean area per cent of caspase-3 
measurements between the three groups with ad-
vancing age. This difference was found to be statis-
tically insignificant between groups I and II. However, 
the increase in the mean area per cent of caspase-3 
stained sections was found to be statistically signifi-
cant between groups I and III and between groups II  
and III (Fig. 4M–P).

Histomorphometric results  
of the three age groups

There was a statistically significant increase in the 
mean surface area and perimeter of the seminiferous 
tubule in the middle-aged group as compared to early 
adult. There was a decrease in these measures in the 
senile group. This decrease was found to be statis-
tically significant when compared with middle-aged 
group, but statistically insignificant when compared 
with young adult group. There was also a statistically 
significant decrease in the mean thickness of epitheli-
um measurements between the three studied groups 
with advancing age (Fig. 5A–C).

Biochemical results of the three age groups

The mean values of the oxidative markers; NO 
and MDA showed a statistically significant increase 

with advancing age, while that of the anti-oxidative 
marker; reduced GSH showed a statistically significant 
decrease with advancing age (Fig. 5D–F).

DISCUSSION
Aging has a deleterious effect on all organs. Re-

cent studies have implied that aging impairs the 
male reproductive function and leads to production 
of malformed sperms in senile fathers which, in turn, 
give rise to offspring showing high prevalence of ge-
netic abnormalities, childhood neoplasms and several 
neuropsychiatric disorders [16]. 

The morphological changes observed in the present 
study developed progressively, being insignificant in 
middle-aged rats, and started to be significant in the 
senile ones. Despite the slight alteration in testicular 
tissue, testes in this age group showed many layers 
of spermatogenic cells up to mature sperms in the 
lumen. On the other hand, some rats of the senile 
group show spermatogenic arrest with complete ab-
sence of sperms. In accordance to the current result, 
slight hypospermatogenesis in middle-aged group has 
been reported [20]. The current study observed many 
age-related regressive changes in the senile group. Of 
these changes, thickening of the tunica albuginea and 
tunica vasculosa was a constant finding in this age 
group. In agreement with the current data, fibrotic 
thickening of the tunica albuginea of the aged testes 
have been reported [13]. The age-related variations in 
the thickness of tunica albuginea were assumed to be 
due to different activeness of testes in different ages 
[35]. New layers of connective tissue were deposited 
around the testis with the advance of age, thereby 
leading to tunical wall thickening which could lead to 
several deleterious effects on spermatogenesis [12].

In the present study, the seminiferous tubules of 
the senile group showed pleopathological changes. 
The histopathologic changes in the current study 
endorse previous studies describing similar age-re-
lated changes [18, 20, 34]. Some studies attributed 
seminiferous epithelium vacuolisation to Sertoli cell 
degeneration. Sertoli cell vacuolisation was consid-
ered a phenomenon usually appearing before ex-
tensive germ cell degeneration, and was believed to 
be an early indicator of Sertoli cell damage [31, 37]. 
The presence of seminiferous epithelial vacuoles was 
attributed to germ cell loss [36], while abnormal germ 
cells phagocytised by Sertoli cells lead to vacuolisation 
in the Sertoli cell cytoplasm [16]. It was concluded that 
the presence of vacuoles reflected diminished biological 

Table 2. Ultrastructural results detected by transmission elec-
tron microscope in middle age and senile group

Group II

Sertoli cell:

Vacuolisation of Sertoli cell cytoplasm

Group III

Sertoli cell:

Increased lipid droplets

Increased vacuolisation

Impaired Sertoli-to-Sertoli cell junctional complex

Spermatogonia:

Necrotic nuclei and dark cytoplasm

Spermatocytes:

Blebbing and irregular dilatation of the perinuclear spaces

Spermatids:

Nuclear indentation and deformation of proacrosomal granule

Sperms:

Abnormal forms with double flagellum

Seminiferous tubule wall:

Thickening in both basal lamina and lamina propria
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Figure 3. A–F. Electron photomicrographs of the senile group showing; A. Many lipid droplets (Lp), vacuoles (V) and phagocytized necrotic 
germ cell (thick arrow) in Sertoli cell cytoplasm. Few Sertoli-to-Sertoli junctional complexes can be identified (dotted arrows) with loss of 
their typical appearance (inset) (×6000); B. The basal cells are also surrounded by empty intercellular spaces (*) denoting sites where germ 
cells have resided. Necrotic shrunken spermatogonia (SG) with pyknotic or fragmented nuclei and dark cytoplasm are seen (×2000);  
C. Primary spermatocytes (SC) show blebbing (arrow) and dilatation of perinuclear spaces (*) (×10,000); D. Early spermatid is seen with 
indented nucleus (arrow), deformed acrosomal granule (dotted arrows) and absence of the acrosomal cap (×2000); E. Sperms displaying 
double flagellum surrounded by a single membrane are seen (×4000); F. Marked thickening of the basal lamina (BL) and lamina propria (Lpr) 
are seen in senile group; Col — collagen fibre, m — the myoid cells, E — endothelial cells, V — vacuoles (×6000).
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Table 3. Absolute and relative weights of the testes in grams (g) in the three age groups

Groups Body weight of rats [g]
Mean ± SD

(range in brackets)

Right testis
Mean ± SD

Left testis
Mean ± SD

Absolute weight [g] Relative weight [g] Absolute weight [g] Relative weight [g]

Group I 171.9 ± 14.2
(155–195)

0.98 ± 0.4
(0.25–1.4)

0.56 ± 0.2 1.07 ± 0.4
(0.36–1.6)

0.61 ± 0.2

Group II 242.5 ± 0.1
(230–255)

1.14 ± 0.3
(0.68–1.5)

0.43 ± 0.1 1.17 ± 0.4
(0.65–1.6)

0.44 ± 0.1

Group III 315.0 ± 31.6
(300–375)

1.39 ± 0.2
(1.2–1.7)

0.44 ± 0.1 1.51 ± 0.1
(1.4–1.6)

0.48 ± 0.1

function of Sertoli cells with aging [19, 39]. The opinion 
suggested by the current study is that vacuolisation of 
seminiferous epithelium is multifactorial as the ultra-
structural results showed widened spaces next to the 
basement membranes suggestive of spermatogonial 
germ cell loss in addition to marked vacuolisation of 
the adjacent Sertoli cells. Also, the presence of phago-
cytosed necrotic germ cells in the Sertoli cell cytoplasm 
gave an indication that this process could be one of the 
causes of Sertoli cell vacuolisation.

The ultrastructural changes that we have noted 
in the Sertoli cell cytoplasm were consistent with 
previous studies [19, 30, 28]. It was suggested that 
lipid accumulation is due to degeneration of the germ 
cells that have been phagocytised by Sertoli cells [42]. 

The disruption in Sertoli-to-Sertoli junctions has 
been incriminated in abnormal spermatogenesis and 
subsequent degeneration of immunological barrier 
given by the blood testis barrier in the aged groups 
[19, 39]. In agreement with the histopathologic 
changes observed in the present study, regressed 
tubules with degenerated germ cells and large in-
tercellular spaces in senile Brown Norway rats were 
reported [24]. 

In the present study, affection of the process of 
spermiogenesis in senile rats and presence of ab-
normal spermatids was evident. In agreement with 
these results, abnormalities principally affecting the 
acrosome and flagellum were also previously reported 
in aged hamsters [28, 44]. Abnormalities affecting 
the developing sperm flagellum, including sperms 
with double flagellum, were related to mitochondri-
al changes originating during spermiogenesis pro-
cess [44]. Spermatids that displayed mitochondria 
arranged in a disordered fashion were previously 
reported [19]; an alteration that was clearly docu-
mented in the present study.

The presence of multinucleated giant cells in the 
current study was consistent with previous studies 

who reported the occurrence of multinucleated giant 
cells as a characteristic feature of aging testis [4, 17, 
18, 22, 39]. The presence of multinucleated giant 
cells could be attributed to impaired spermatogenesis 
or inability of tetraploid primary spermatocytes to 
complete meiotic division [29, 38].

Fourteen caspases have been implicated in the 
apoptotic pathway cascade. Among these, caspase-3 
is considered to be a major execution protease and 
has critical role in apoptosis of germ cells [21]. The ac-
celerated apoptotic events of germ cells have recently 
attracted great attention [10, 16, 19]. In agreement 
to our study, there is an increased apoptosis in the 
testicular germ cells with advancing age, supporting 
the idea that changes would occur in sperm DNA 
quality with aging [46]. 

The present study indicated that regressive alter-
ations of the seminiferous tubules in the senile rats 
varied from sporadic loss of spermatogenic cells and 
hypospermatogenesis up to maturation arrest and 
hyalinisation. The morphometric results confirmed 
the structural findings regarding atrophy and re-
gression of the seminiferous tubules. The reduction 
in the morphometric parameters might be caused by 
regression of the germ cell population and increasing 
apoptosis in the spermatogonia with age. 

Arrest or hypospermatogensis and reduced thick-
ness encountered many factors including increase in 
the apoptotic activity as expressed by caspase-3 con-
comitant with a decrease in the proliferative capacity 
as expressed by PCNA. Assessment of the prolifera-
tive capacity of testicular cells in the current study 
was done using immunohistochemical staining with 
PCNA. In contrary to other methods, PCNA immunos-
taining seemed to be a reasonable method for eval-
uating proliferation, as it is a sensitive marker of the 
proliferative events in the process of spermatogenesis. 
It is also simple, cheap, accurate and promising for 
application in clinical field [9]. Diminished prolifera-
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Figure 4. Periodic acid Schiff (PAS) stained sections (×100); A. In early adult group; B. In middle aged group show a moderate PAS reaction 
in the basement membrane and in elongated spermatids (arrows); C. Senile group testes show intense PAS reaction (arrows) in the basement 
membrane surrounding the seminiferous tubules; D. Statistically significant increase in the optical density of PAS staining with advancing  
age is shown. Masson trichrome (MT) stained sections (×100) show; E. Group I with minimal collagen deposition around basement membranes  
and blood vessels in the interstitium (arrows); F. The middle-aged group show moderate deposition of collagen fibres (arrows). No obvious 
changes in tunical albuginea (TA) and vasculosa (TV) of middle aged as compared to group I (inset); G. Senile group shows dense collagen 
fibres deposition (arrow). Extensive collagen bundles deposition in tunica albuginea and tunica vasculosa is shown (inset); H. The mean area  
per cent of collagen fibres deposition is increased with advancing age. Proliferative cell nuclear antigen (PCNA) immunoreactivity (×400);  
I. Early adult group shows a strong positive PCNA immunoreactivity in the nuclei of spermatogonia (SG) and primary spermatocytes (SC); 
J. In middle-aged group, moderate PCNA immunoreactivity (thin arrows) in some spermatogenic cells appear among strong positive PCNA 
immunoreactivity (thick arrows); K. Senile group shows markedly reduced germ cells with intense positive immunoreactivity; L. The mean 
number of positive stained cells shows a statistically significant decrease with advancing age. Caspase-3 immuoexpression (×400);  
M. Early adult group shows weak caspase-3 immunoreactivity of spermatogenic cells with minimal brown cytoplasmic discolouration;  
N. In middle-aged, moderate caspase-3 immunoexpression (arrow) in some spermatogenic cells is shown; O. Senile group shows strong  
positive caspase-3 immunoreactivity in most of the spermatogenic cells (arrows); P. The mean area per cent of caspase-3 measurements 
show an increase with advancing age which is statistically significant between group I and III.
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tion of the germ cells is considered a characteristic 
finding during testicular aging [19, 32].

Apoptosis is essential for spermatogenesis under 
normal conditions but the balance between prolifer-
ation of spermatogonia and apoptosis of different 
germ cell types might be disturbed with aging [16, 32].

Apart from senile changes in seminiferous epi-
thelium, alterations in the basement membrane of 
the seminiferous tubules on both histological and 
ultrastructural levels as well as histochemically using 
PAS stain was concomitant with increased basement 
membrane thickness has been previously linked to 
spermatogenic arrest and fibrosis [6].

It seems that the vascular changes observed in the 
senile animals in the present study played an impor-
tant role in most of the histopathological changes 
observed in this age group as these vascular changes 
were common in the interstitium surrounding the 
atrophic seminiferous tubules. This correlation comes 
in line with other authors who mentioned that the 
development of tubular involution with advancing 
age is similar to that observed after experimental 
ischaemia, suggesting that vascular lesions may be 
involved in age-related testicular atrophy [43]. 

In accordance to the current results regarding the 
Leydig cells, previous authors linked the decrease in 

Figure 5. Morphometric measures of the three age groups; A. The mean surface area; B. The perimeters of the seminiferous tubules show  
a significant increase in middle age group as compared to early adult. The senile group showed a decrease in the mean surface area and  
perimeter of the seminiferous tubules. This decrease was found to be statistically significant when compared with the middle-aged group;  
C. The mean epithelial thickness shows a statistically significant decrease between with advancing age. Biochemical results of the three age 
groups; D. Nitric oxide (NO); E. Malondialdehyde (MDA); F. Reduced glutathione (GSH) show a statistically significant increase in the mean 
values of NO and MDA with advancing age and a statistically significant decrease in the mean values of GSH with advancing age.
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endocrine activity in aged Leydig cells to involution 
in organelle content in advanced age [3]. One in-
teresting phenomenon noted in the present study 
was the increase in the number of Leydig cells in the 
interstitium surrounding atrophic tubules. Similarly, 
other researchers recorded an increase in the Leydig 
cells size and number with aging [6, 47]. The increase 
in the number and size of Leydig cells might indicate 
a compensatory process of aged testicular tissue. 

Examination of the biochemical changes includ-
ing oxidative and antioxidative markers is of crucial 
importance in studying aging of the tissues as oxida-
tive stress has a great role in the regressive changes 
associated with advanced age, thus the present study 
has measured NO, MDA and reduced GSH in testicular 
tissue being the most important markers maintaining 
the redox state of the cells. The senescence processes 
in reproductive cells induces free radicals accumula-
tion in sperm mitochondria and Leydig cells, resulting 
in the disruption of sperm telomere, steroidogenesis 
in the Leydig cells and the presence of mitochondrial 
DNA in both cells [7].

In the current study, the imbalance between ox-
idative and antioxidative markers made the senile 
testis exposed to oxidative stress contributing to the 
regressive changes in this group. 

Several studies attributed the age-related germ 
cell apoptosis to the oxidative/antioxidative imbal-
ance [1, 8, 27]. With aging, the enzymatic defence 
mechanisms protecting the germinal epithelium 
cannot cope with the extensive oxidative damage 
and therefore apoptotic events increases especially 
in germ cells. Thus, aged testes undergo profound 
histological and morphological alterations leading to 
a reduction in testicular function [26].

CONCLUSIONS
It appears that aging of the testis and its potential 

contribution to male infertility and to adverse health 
outcome is still a matter of thorough investigation 
in recent researches. Many theories have been devel-
oped to establish the cause and mechanism of aging 
of male reproductive system. However, no single theo-
ry could explain the exact cause of male reproductive 
senescence. The results of the current study docu-
mented the presence of age-related regressive chang-
es of the testes augmented by immunohistochemical 
and biochemical data. The biochemical results gave 
evidence of an imbalance between oxidative damage 
and anti-oxidant defence in aged testis. 
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