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Anabolic-androgenic steroids (AAS) are used in high doses by athletes to improve athletic ability, physical appearance, and muscle mass. Unfortunately,
the abuse of these agents has significantly increased. It has been established
that exercise and high doses of AAS may influence the hypothalamic-pituitary
gonadal (H-P-G) axis, which can in turn affect the ultrastructure of the testes.
However, the effect of the combination of exercise and high doses of AAS on
the ultrastructure of the testes is not known. This study was undertaken in
order to examine the combination effects of swimming exercise and supraphysiological doses of nandrolone decanoate on the ultrastructural changes in
rat testes. Five groups of male Wistar strain albino rats were treated as follows
for 8 weeks: solvent of nandrolone decanoate (peanut oil) as a vehicle (sham);
nandrolone decanoate (ND) (10 mg/kg/week) — ND; exercise (1 h/day, 5 days
a week) — exercise; ND (10 mg/kg/week) and exercise (1 h/day, 5 days a week)
— ND-EX; and sedentary control without any injection or exercise — control.
Ultrastructural changes in the rat testes were characterised by transmission
electron microscopy. The number and size of Leydig cells were considerably
decreased in the interstitial space in the experimental rats. The increased thickness and irregular wavy multilaminar appearance of basement membrane in
the treated animals, especially in the ND-EX group, are associated with well
developed myoid cells. Cytoplasm vacuolisation, vesicular-like crista of the mitochondria, numerous lipid droplets, and lysosome and phagolysosome in Sertoli cells were significantly observed in the experimental groups. Several apoptotic germ cells were considerably observed in the experimental rats (p £ 0.05).
Exercise training seems to increase the extent of ultrastructural changes caused
by supraphysiological doses of ND in rats, which in turn may affect fertility.
(Folia Morphol 2010; 69, 3: 138–146)
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INTRODUCTION

Iran). Epoxy resin araldite CY212 was purchased from
TAAB Laboratories, Berks, UK.

Anabolic-androgenic steroids (AASs) are synthetic
derivatives of testosterone and are important pharmacologically for their use in the treatment of various medical conditions such as growth deficiency,
some blood disorders, osteoporosis, hypogonadal
dysfunction and the commencement of delayed
puberty in men, and growth promotion [4, 7, 23].
However, AASs have not always been used purely
for medical purposes [23]. Due to their anabolic effects, AASs became vastly popular among bodybuilders, power lifters and both male and female
professional athletes, recreational athletes, prepubescents, and adolescents [7, 23]. Most recently, AAS
use has filtered through to “recreational street drug”
users and is the fastest growing drug group in this
subdivision [9]. These people use such compounds
in excess of therapeutic doses (10- to 100-fold) by
administration of a single type or a mixture of several AASs, with little or no regard for the consequences [4]. AASs seem to be appealing to abusers
because when taken in conjunction with exercise,
they increase muscle mass and strength, and increase
libido [7, 23]. Abuse of AASs may be an aetiological
factor in male infertility among recreational power
athletes. In men the effects of intensive exercise training combined with high doses of AAS on reproductive function have not been thoroughly investigated. In fact, most authors have focused only on hormonal indices of male reproductive function and less
attention has been directed toward ultrastructural
changes in testis. AASs and endurance exercise might
induce some subclinical alterations in the hypothalamic-pituitary gonadal (H-P-G) axis. Such changes
include primarily a reduction in circulating levels of
total and free testosterone as well as luteinising
hormone (LH) [7]. These effects result from negative feedback of androgens on the H-P-G axis. However, the combined effects of exercise training and
supraphysiological doses of exogenous androgens
on the ultrastructure of testes have not been investigated. This study was undertaken in order to examine the combination effects of swimming exercise and
supraphysiological doses of nandrolone decanoate
on the ultrastructural changes in rat testes.

Animals
The animals were maintained according national guidelines and protocols as approved by the National Institute of Health Guide (National Institute
of Health Publications No. 80–23, Revised 1978).
Healthy adult male albino rats of Wistar strain from
an in-house breeding colony, weighing 170–200 g
(90 days old), were randomly selected from the Laboratory Animal Centre of Tehran University of Medical Sciences. The animals were housed in a specific
pathogen-free environment and well-ventilated animal house. After 1-week acclimatisation they were
placed in clean polycarbonate cages under a 12 h:
12 h Light: Dark cycle with a room temperature of
22 ± 2°C. The rats were fed a standard laboratory
diet (Pars dam factory; Tehran, Iran) and clean drinking water was made available ad libitum.
Exercise procedure
In this study, swimming was considered a suitable model of endurance exercise training, since
swimming is a natural behaviour among rodents and
it is a widely used exercise model [22]. The swim
training included two phases: adaptation and training. The adaptation phase consisted of the first
6 days of training. On the first day, the animals exercised in the pool for ten minutes. The exercise period was extended by ten minutes each day until the
rats were swimming for sixty minutes. The training
phase consisted of five sixty-minute sessions per
week for eight weeks (between 11:00–13:00 h on
each training day). All the animals were able to swim
for the whole sixty minutes [17]. Exercise was performed by swimming in glass tanks (length 100 cm,
width 50 cm, depth 50 cm) containing tap water
maintained at 32–34°C. A maximum of six rats were
allowed to swim together. ND injection and exercise
periods were selected according to the spermatogenesis period in rats. The period of spermatogenesis
in rats is approximately 48–56 days [14]; therefore,
8-week ND injection (56 days) seemed to be a reasonable period for assaying of spermatogenesis.
Treatment

MATERIAL AND METHODS

The rats were randomly divided into five different groups of 7 animals each. Group A (sham) rats
received the solvent of ND (peanut oil) as a vehicle;
group B (ND) received 10 mg/kg/week of nandrolo-

Chemicals
Nandrolone decanoate (ND) (25 mg/mL) was
purchased from the Iran Hormone Company (Tehran,
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location on the basal laminae of the tubuli, by their
extension to the lumen of the tubule, and by their
large, deeply indented nucleus with a homogeneous
nucleoplasm and a prominent nucleolus. The cytoplasm contained oval mitochondria, a small Golgi
apparatus, an agranular endoplasmic reticulum, lipid
droplets, and primary and secondary lysosomes.
Leydig cells were found in the stroma between the
tubules. The cytoplasm of the Leydig cells contained
a high number of mitochondria, an agranular endoplasmic reticulum, varying numbers of lipid droplets, and occasionally some protein crystals.
The ultrathin sections were studied in the following categories: (1) Seminiferous tubules: basement membrane (BM); Spermatogenic series: various stages of maturation, sperm count, and sperm
morpho-logy; Sertoli cells: number, size, and organelles; (2) Extracellular matrix (ECM); and Leydig
cells. Features of degeneration were fragmentation
of the cell membrane, disorganisation of the organelle, intracellular oedema, disruption of the endoplasmic reticulum (ER), and rarefaction of mitochondria. The va-cuolar and degenerative changes
were graded according to the percentage of cells
involved as follows: grade 0: < 1% of cells; grade 1:
1–25%; grade 2: 25–50%; grade 3: > 50% of cells
affected. Apoptosis was similarly graded as follows:
grade 0: < 1%; grade 1: 1–5%; grade 2: 6–10%;
grade 3: > 10% of cells. Cell numbers were graded
as follows: grade 0: normal; grade ± 1: 25–50% increase or decrease; grade ± 2: 50–75% increase or
decrease; grade ± 3: > 75% increase or decrease.
Thickening of the BM was graded as 0: BM thickness in control rats (taken as normal range); 1: 25–
–50%; 2: 50–75%; 3: > 75% increase.

ne decanoate for 8 weeks; in group C (exercise) the
exercise protocol was employed for 1 hour of continuous swimming per day, 5 days a week for
8 weeks [10, 17, 22]; group D (ND-EX) received
10 mg/kg/week of ND and the exercise protocol was
employed for 1 hour of continuous swimming per
day, 5 days a week for 8 weeks; and group E (control) were without any injection or exercise protocol. The vehicle and ND were injected intramuscularly to the gluteal region once every week.
Laboratory studies
The rats were anesthetised with a mixture of ketamine (45 mg/kg) and xylazine (35 mg/kg) intraperitoneally. Both testes were quickly removed and cut.
TEM procedure
A 1–2 mm cube of testicular tissue was fixed in
a mixture of 1% paraformaldehyde and 2.5% glutaraldehyde buffered with 0.1 mol/L sodium cacodylate
containing 3 mmol/L calcium chloride, pH 7.4. (EM
fluid) for 24 h, washed with sodium cacodylate-buffered saline, and post-fixed in 1% osmium tetroxide
and again washed with sodium cacodylate-buffered
saline. After en block staining, the tissue was dehydrated in graded ethanol solutions and was embedded in a mixture of equal amounts of epoxy resin araldite CY212 and dodecenyl succinic anhydride
in 0.2% DMP 30 (TAAB Laboratories, Berks, UK), and
incubated at 60°C overnight to make the resin blocks.
Sections 1 µm thick were cut and placed on glass
slides and stained with toluidine blue to select the
representative areas (seminiferous tubules). Ultrathin
sections around 60–90 nanometer were cut and taken on a copper grid and stained with a mixture of
uranyl acetate and lead citrate, then viewed by transmission electron microscopy (TEM) (Philips CM10,
Holland). The sections were photographed and the
prints assessed in a single sitting.
To distinguish different testicular cell types, the
following ultrastructural morphological characteristics were used. Spermatogonia are located on the
basal lamina of the seminiferous tubules. Type A
spermatogonia were identified as cells with an ovoid
nucleus with the nucleoli close to the nuclear membrane. The electron-dense cytoplasm contained
a small Golgi apparatus, few mitochondria, and many
free ribosomes. Type B spermatogonia were identified by having a more rounded nucleus and heavily
stained chromatin masses attached to the nuclear
membrane or to the nucleoli, located at the centre
of the nucleus. Sertoli cells were recognised by their

Statistical analysis
Kruskal-Wallis and Wilcoxon rank-sum tests were
used to analyse the statistical significance of differences in parameters between the control testes and
the experimental groups separately. A p-value less
than 0.05 was taken to be statistically significant.

RESULTS
Testicular interstitium
Light microscopy of the interstitial tissue in the
control and sham rats showed normal appearance
and contained Leydig cells, blood vessels, and fibroblasts. The Leydig cells had spherical and oval nuclei. In the experimental groups, especially in the
ND-EX group, less Leydig cells, blood vessels, and
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treated animals, especially in the ND and ND-EX
groups (Fig. 2A, B and Table 2). The nucleus of some
spermatocytes had more prominent clumps of chromatin (Fig. 2H). The spermatids in the ND-EX group
contained more vesicles and vacuoles and some
dense bodies (Fig. 2E, F and Table 1).

fibroblasts were observed and the interstitial spaces were wider. The study of interstitium using an
electron microscope revealed a great abundance of
lipid droplets in Leydig cells in the sham and control
animals, as well as a great number of mitochondria
with well-developed cristae. Tubular and vesicular
smooth ER was distributed throughout the cytoplasm in both the control and sham groups (Fig. 1F).
Contrary to control and sham animals, more pyknotic
and apoptotic Leydig cells associated with vacuolated cytoplasm were seen in the treated animals,
especially in the ND-EX group (Fig. 1E).

DISCUSSION
The results of the present study show a remarkable decrease in the number and size of Leydig cells
and a depletion of intact cells in treated animals,
especially in the ND and ND-EX groups. These results were consistent with Feinberg et al. [7], who
found pyknotic and severe depletion of Leydig cells
following treatment by AASs. The close relationship
between Leydig cells and blood vessels suggests that
these cells are at high risk of exogenous toxicants,
and multivacuolated Leydig cells are probably a form
of cell involution. Leydig cells are known to have
receptors for LH that stimulate these cells to produce testosterone. Both LH and testosterone are responsible for normal spermatogenesis in male rats
[26]. Therefore, depletion of LH receptors and a decrease in peripheral LH by exogenous testosterone
administration result in a reduction of testosterone
secretion [13].
The BM plays an important role in maintaining
the structural and functional integrity of tissues [18].
It provides structural stability of organs and sends
signals to cells through cell surface receptors [15].
Altered BM structure has been associated with severe functional impairment of the testis [18]. The
BM contains several proteins including laminin, type IV collagen, various heparin sulphate proteoglycans,
and ectatin/nidogen [6]. Type IV collagen is a major
constituent of mammalian BM that has been localised in both the inner and the outer ECM layers of
the BM of seminiferous tubules [15]. This collagen
is secreted by myofibroblasts and Sertoli cells [21].
In the present study, the increased thickness and
irregular wavy multilaminar appearance of BM in the
treated animals, especially in the ND-EX group, are
associated with well developed myoid cells. Some
reports have demonstrated that exogenous stimulants, such as AASs, affect myoid cells to produce
more type IV collagen, fibronectin, and ECM, which
is responsible for basal lamina thickness [20]. Interactions between Sertoli cells, peritubular myoid cells,
Leydig cells, and germ cells are thought to be essential for spermatogenesis. Each of these interactions must be communicated through the ECM of
the BM. Many reports have demonstrated that over-

Testicular epithelium
At the light microscopic level, the seminiferous
tubules showed a normal arrangement and population of cellular components of germ cells and Sertoli cells in the control and sham animals (Fig. 1A). In
comparison with the control and sham groups, the
seminiferous epithelium of the treated animals was
disrupted with broad spaces between the cellular
components showing the presence of copious vacuoles frequently associated with degenerating germ
cells (Fig. 1B and Table 1). Ultrastructural analysis of the
seminiferous epithelium revealed that the thickness
of the BM in the ND and ND-EX rats were increased
with irregular wavy multilaminar appearance, compared with the control and sham groups (Fig. 1C, D
and Table 1). Collagen fibres were increased in both
the ND and ND-EX groups (Fig. 1C, D). Well developed myoid cells covered the BM of seminiferous
tubule in all groups; however, pyknotic nuclei were
observed in few myoid cells in the ND-EX rats. Sertoli cells with triangular nuclei and apical invaginations were observed in all the animals, and basolateral invaginations were observed in the treated rats.
In contrast to the control and sham animals, lysosome and phagolysosome and more abundant lipid
droplets were present in the cytoplasm of Sertoli
cells in the treated groups (Fig. 1G, H and Table 1).
The mitochondria of Sertoli cells were distinct and
possessed vesicular and vacuolar cristae (Fig. 2C, D).
Fine structural features of seminiferous epithelium
revealed no morphological alterations in spermatogonia, spermatocytes, and spermatids in the
control and sham animals. In addition, the spermatogonia were in contact with the BM (Fig. 1A and
Table 2).
Compared with the control and sham animals,
degenerated and small flat spermatogonia were
seen in the treated animals (Fig. 2G and Table 2).
Clumps of apoptotic spermatocytes were seen in the
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Figure 1. Electron micrograph image (TEM) of rat testes from: A. (×4000) the control group showing normal basement membrane (BA),
primary spermatocytes (PS), spermatogonia (SG), and Sertoli cell (S); B. (×5000) animals in the ND-EX group, showing empty vacuolar
spaces (EVS) in the Sertoli and spermatocyte cells. Signs of inflammatory damage of testicular tissue in the form of irregular and thickened basal lamina (Æ) in the ND — C. (×11000) and ND-EX groups — D. (×13000), cytoplasmic vacuolation (Æ) in the Leydig cells in
the ND-EX group — E. (×12000) in comparison with normal Leydig cells in the control group — F. (×15000), lipid droplets (Æ) in Sertoli
cells (N — Sertoli nucleus) in the ND — G (×22000) and ND-EX groups — H (×23000); BM — basement membrane.
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Table 1. Changes observed in rat testes by transmission electron microscopy
Groups

Control

ND

EX

ND + EX

Basement membrane thickening

Normal

Diffuse
2+ rarefaction

Mild, focal,
1 + rarefaction

Diffuse,
2+ to 3+

Spermatogenesis

Normal

Focal degeneration
single cell apoptosis
sperm count mildly
decreased

Focal degeneration
single cell apoptosis
sperm count mildly
decreased

Marked degeneration
Clumped apoptosis cells
All counts reduced

Sertoli cells

Normal

Increased size
Increased lipid
droplets

Mild increase in size
Mild increased lipid
droplets

Increased size
Increased lipid
droplets

Normal

Increased deposit

Mild increase

Increased protein deposit

Leydig cells

Normal

Normal

Normal

Single cell apoptosis

Inflammatory cells

Absent

Absent

Absent

Absent

Seminiferous tubules

Extracellular matrix

ND — nandrolne decanoate, EX — exercise

Table 2. Ultrastructural changes in testes
Groups

Control rats

Sham rats

ND rats

EX rats

ND + EX rats

0

0

2 (Gr. 2)

1 (Gr. 2)

7 (Gr. 2)a

Decreased numbers

0

0

1 (Gr. 1)

1 (Gr. 1)

5 (Gr. 2)a

Degeneration

0

0

2 (Gr. 1)

1

3 (Gr. 2)a

Vacuolation

0

0

1 (Gr. 1)

0

3 (Gr. 2)a

4 (occasional)

3 (occasional)

6 (single)a

3 (single)

7 (single)a

Decreased numbers

0

0

1 (Gr. 1)

1 (Gr. 1)

3 (Gr. 1)a

Degeneration

0

0

2 (Gr. 1) a

1

5 (Gr. 3)a

Vacuolation

0

0

1 (Gr. 1)

0

1 (Gr. 2)

5 (single)

7 (clumps)a

Seminiferous tubules
1. Basement membrane thickening
2. Spermatogonia

Apoptosis
3. Spermatocytes

Apoptosis

6

(clumps)a

4 (occasional)

3(occasional)

2 (mild)

2 (mild)

4 (moderate)a

1 (mild)

2 (mild),
5 (moderate)a

0

0

2 (tail/head)a

0

4 (head)a

2

1

1

2

2

0

7a

4. Spermatids
Decreased numbers
Abnormal morphology
5. Sertoli cells
Increased cell number
Increased cell size

0

0

5a

Increased lipid droplets

2

2

5a

1

7a

0

0

0

0

2

0

5a

0

7a

Leydig cell number increase
Extracellular matrix thickness
aWilkinson

0

rank-sum test; p < 0.05 statistically significant; ND — nandrolone decanoate, EX — exercise

expression of the subtypes of type IV collagen correlates with abnormally thickened BM and is related to spermatogenic dysfunction in humans and

other mammals [6, 11, 20, 25]. Among the testicular epithelium two major changes were noticed in
the Sertoli cells and in their vicinity. One was the pre-
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Figure 2. Spermatogenic cell apoptosis (TEM) analyses of testis cross-sections from the ND-EX group, 400 × magnification: The representatives TEM semithin (A) and TEM ultrathin (B) sections demonstrate increased germ cell apoptosis (arrows) in sections from the
ND-EX rats; BM — basement membrane, PS — primary spermatocyte. Vacuoles in the mitochondria of Sertoli cells (Æ) in the ND-EX group
— C. (×30000) in comparison with normal mitochondria of Sertoli cells (N — Sertoli nuclous) in the control group — D. (×17000), dens
body in the cytoplasm of spermatid cells (N — spermatid nucleolus) in the ND-EX group — E. (×25000), F. (×45000), degenerated cell
(Æ) near the basement membrane (BM) in the ND-EX group — G. (×30000), dense clumped marginal chromatin (Æ) in primary spermatocytes in the ND-EX group — H. (×35000).
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indicated that chronic treatment with ND causes an
impairment of exercise induction of antioxidant enzyme activities, leading to reduced cardioprotection
upon ischaemic events. Therefore, it seems logical that
the physical/chemical-induced oxidative stress may
affect the testicular antioxidant system and lipid peroxidation in rats [12]. OS has been shown to be a major
cause of male infertility; a large proportion of infertile
men have elevated levels of seminal ROS. Several forms
of sperm DNA damage are caused by ROS, e.g. chromatin cross-linking, chromosome deletion, and DNA
strand breaks (Apoptosis). Under physiological conditions, apoptosis maintains the number of germ cells
within the supportive capacity of Sertoli cells. However, disturbances in this pathway can interrupt the spermatogenic cascade. High levels of apoptosis were
detected at spermatogenic stages where major developmental blocks occur, and frequencies of DNA
damage were higher in less mature germ cells [24].
The present study showed that exercise training
seems to increase the extent of apoptotic changes
caused by supraphysiological doses of ND treatment
on the testis of rat (Fig. 2, Table 1, 2). Recent studies have shown that exercise training enhances antioxidant enzyme activity and reduces lipid peroxidation in vital tissues of animals [1]. However, the testes contain a low amount of antioxidant enzymes in
comparison with other organs such as the liver and
kidneys. The mitochondrial membrane of the testis
is rich in polyunsaturated lipids [1] and the testes
may actually be more vulnerable to peroxidative injury. Therefore, further experiments are needed to
clarify the mechanisms of the effects of ND-EX treatment on germ cell apoptosis, and we suggest that
other researchers measure the ROS and antioxidant
enzymes of the testes after treatment with a combination of ND and exercise.

sence of cytoplasm vacuolisation: vesicular-like crista
of the mitochondria, numerous lipid droplets, and
lysosome and phagolysosome in the Sertoli cells of
ND and ND-EX rats. These are in agreement with the
reports showing that exogenous stimulants may
cause progressive apoptosis of the Sertoli cells, which
affect spermatogenesis and sperm parameters [8].
The second major change was the empty vacuolar
spaces between the Sertoli cells that are thought to
be the place where spermatogonia and spermatocytes should be located.
In addition, the results of the present study show
that apoptosis occurred in all germline cells, especially
in spermatogonia and spermatocytes. The presence
of apoptotic germ cells in this study is supported by
Blanco et al. [2], who described apoptosis in hamster
testis following treatment with AASs. However, Feinberg et al. [7] showed apoptosis only in the Leydig
cells following testosterone propionate treatment in
rats. Spermatogenesis is a complex and dynamic process that results in the continual production of spermatozoa in mammals. The Sertoli cells are largely responsible for orchestrating the germ cells through sequential phases of mitosis, meiosis, and differentiation. The Sertoli cells accomplish this task by providing hormonal, nutritional, and physical support. The
apoptosis of germ cells that occurs in the testicular
epithelium serves as a mechanism to reduce the germ
cell population to the level that the Sertoli cells can
support. Drugs such as AASs that injure or disrupt the
function of Sertoli cells can effectively reduce their supportive roles and result in an increase in the elimination of the germ cell numbers via apoptosis [19]. Also,
it has been shown that apoptosis in the germ cells is
related to the Fas signalling system, which is activated by exogenous toxicants [19]. Observation of detached germ cells, amorphous head sperm, and missed
location of spermatids and spermatozoa that are closely related to the BM in this study may be due to the
rapid disruption of the Sertoli germ cell interaction.
This physical interaction ultimately leads to the sloughing of the germ cells from the seminiferous epithelium [19]. It seems that the spermatogenesis cycle is
reduced due to the presence of high levels of androgens. On the other hand, some researchers believe that
exercise increases the oxygen consumption rate by
10- to 20-fold, resulting in an enhanced production of
reactive oxygen species (ROS) in the cells/tissues, and
exerts oxidative stress (OS), which increases the rate
of cellular damage [5]. Pey et al. [16] showed that prolonged stanozolol treatment as an AAS can cause an
oxidative stress situation in rat liver. Chaves et al. [3]

CONCLUSIONS
In conclusion, exercise training seems to increase
the extent of apoptotic and ultrastructural changes
caused by supraphysiological doses of ND treatment
on the testis of the rat. All these findings indicate
that there is a high degree of infertility risk associated with the use of a combination of ND and exercise.
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