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Abstract

Background: The Anabolic-androgenic steroids (AAS)
are synthetic compounds based on the testosterone hormone
structure. They have been abused by athletes to increase the
muscular mass.

Aimof Sudy: This study was performed to investigate
the biochemical and histological changes in testis of adult
albino rat model using different doses of one of the injectable
forms of the anabolic steroid nandrolone deconate (ND).

Material and Methods: Forty adult albino rats were divided
into four groups (ten rats per group), injected IM once aweek
for ten weeks as follow; group | (control) were injected with
0.1ml of peanut oil, group 11, group |11 and group IV rats were
treated respectively with ND in adose 2.5, 5 and 10mg/kg
body weight solved in 0.1ml peanut oil.

Results: Results of this study showed that the body weight
significantly decreased only in group IV compared to the
control group, asignificant decrease in the testis weight in
group I11 and IV while insignificantly changesin group Il
compared to group |. The blood level of testosterone, LH and
FSH hormones insignificantly decreased in group Il and I11
but significantly reduced in group 1V compared to group 1.
Histological findings revealed decrease in the number of
Leydig cellsin the intergtitial tissue, change in the shape of
the seminiferous tubules, irregularity of the basement mem-
brane with some areas detached from the germ cells, The
germ cells showed vacuolated cytoplasm and decrease in
number with subsequent dilatation of intercellular spaces and
finally decreased sperms appearance in the lumen of the
seminiferous tubules. These changes were noticed in all groups
treated with ND to a variable degree being more evidenced
ingroup I11 and 1V and to less degree in group 11 compared
to the group I.

Conclusion: The results of this study showed that fine
structures of the testis were affected by ND.
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Introduction

IMPROVING physical appearance and athletic
ability have always been a man dream. Historicaly,
athletes have used plants, natural and synthetic
agents to increase their performance [1]. The com-
monest abused drugs are (AASs), which are syn-
thetic derivatives of testosterone and are important
pharmacologically for their use in the treatment
of various medical conditions such as growth
deficiency, osteoporosis, and some blood disorders
[2] . Nandrolone deconate is a synthetic (AASS)
promoting muscle growth. It has a stronger anabolic
capacity than the natural testosterone. ND isfre-
quently used to treat many clinical problems, such
as HIV -associated muscle wasting, growth defi-
ciency and anemia associated with chronic kidney
failure. However, despite such therapeutic benefits,
chronic administration of ND results in unfavorable
outcomes, including hepatic and cardiovascular
toxicities [3]. Prominent side effects of ND misuse
are also found in the reproduction of male and
female. For examples, prolonged treatment of ND
in the male leads to altered testicular morphology,
a decrease of testosterone secretion, and reduction
of sperm count and quality [4]. It is suggested that
such detrimental effects of ND on the reproductive
tract would be due to a disruption of feedback
regulation on hypothalamic-pituitary-gonadal axis
by the exogenous agent [5].

Aimof thework: The aim of the present study
was to investigate the effect of ND on the testis of
adult male albino rat using biological and histolog-
ical techniques.

Material and M ethods

Animals used: The present study was conducted
on 40 adult albino rats weighing 200-250gm. The
animals were housed in plastic cages (56 x 39 x
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19cm) bedded with wooden chipsin groups of five
rats per cage. Rats were given ad libitum access
to food and water, kept in agood ventilated and
relatively humid room with temperature controlled
at 24° Cx3 and 12/12 hours dark/light cycle was
preserved. This study was conducted in Mansoura
Experimental Research Center, 2018. Drug Used
(ND): ND ampoules (Nile Pharmaceutical Compa-
ny) have been obtained from the local pharmacy
in Mansoura, Egypt. According to the manufacturer,
each one ml of the ampoule solution contains 25
mg of ND solved in peanut oil.

Experimental design: After one week of accli-
matization, the rats were divided randomly into
four groups, each group consisted of ten rats:
Injected IM once aweek for ten weeks as follow;
group | (control) were injected with 0.1ml of peanut
ail, group 11, group 111, and group 1V were treated
respectively with ND inadose 2.5, 5 and 1 0mg/kg
body weight solved in 0.1ml peanut oil. The doses
and the duration of ND administration simulate
one cycle of (AAS) abuse by athletes. The duration
of administration was corresponding to the sper-
matogenic period in rats which is approximately
48-56 days [6] .

Sampl e collection and processing:

1- Serum: One ml of blood was collected by he-
matocrit tube from retro-orbital plexus at the
end of experiment. blood samples were centri-
fuged at 3000 rpm for 15min to separate the
serum. Serum levels of testosterone, FSH and
LH hormones were measured by radioimmu-
noassay (RIA) using special kits as described
in the instructions provided with the kits [7].

2- Body and testis weight determination: The next
day after the final drug administration, the
animals were weighed, anaesthetized with Ether,
then sacrificed by cervical decapitation. The
testes and epididymis of both sides were care-
fully removed through a lower abdominal inci-
sion. The testes were then separated from the
epididymis and weighed using digital electronic
balance [9].

3- Sperms suspension for count and mor phol ogy:
Sperms were collected from the tail of the
epididymis by cutting it into small piecesinto
10ml of normal saline in small petri dish, ho-
mogenized by using manual glass homaogenizer.
The number of sperms was measured by using
a hemocytometer using alight microscope.
Sperm count was expressed as number of sperms
per milliliter [9] . Sperm suspension was exam-
ined for the presence of abnormal sperm mor-

phology in the form of angulated bent sperms,
fork headed sperms, broken sperms, short or
coiled tail sperms [10].

4- Processing of the testes for histological study:
The testes were fixed in Bouin’ s fixative for
24h. They were cut longitudinally into two
halves and fixed again in fresh Bouin's fluid
for another 24h. Samples then processed to
obtain 5 g teick paraffin sections for both
routine H& E staining and caspase-3 immuno-
histochemical staining. The other parts of both
testes were cut into small fragments to be fixed
in 2.5% buffered gluteraldehyde and processed
to obtain semi- and ultra-thin sections for the
electron microscopic study [11].

5- Satistical analysis: Data were analyzed with
SPSS version 21. The normality of data was
first tested with one-sample Kolmogorov-
Smirnov test. ANOVA test was used to compare
more than two groups. Considering the mean
* SEM (standard error of mean) variability
between the different groups with fixed signif-
icant p-valueislessthan 0.05 and highly sig-
nificant is less than 0.001.

6- Ethical Approval: All the experiment steps were
carried according to the rules and regulation of
the Medical Research Ethics Committee
(MREC) of Mansoura, Faculty of Medicine.

Results

1- Changesin the Body Weight and Testicular

Weight (Table 1):

Injection of ND at a dose of 2.5mg/kg led to
insignificant decrease of body weight from 347 +
5.5 gm (mean = SEM) in control group (1) to 325.0
+8.09gm in group |1, group Il and group IV re-
vealed a significant decrease in the body weight
to 285.0% 16.7gm and 251.67+6.17gm respectively

(Fig. 1).

Insignificant decrease of testicular weight from
2.2+0.15gmin group | to 2.18+0.11gm in group
I1. Ingroup Il and 1V the testicular weights were
1.73+£0.14gm and 1.43+0.09gm respectively which
showed a significant decrease compared to group

| (Fig. 2).

2- Biochemical Changes (Table 2):

Changes in testosterone level Testosterone
level was 0.33+0.008ng/ml and 0.34+0.015ng/ml
ingroup Il and 111 respectively which showed
insignificant decrease compared to 0.341 +0.007ng/
ml in group |. Testosterone level in group 1V
showed a significant decrease to 0.306 +0.005ng/
ml (Fig. 3).
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Changesin FSH level:

FSH level was 0.280+0.015mlu/ml and 0.256
+0.01 Imiu/ml ingroup Il and I respectively which
showed insignificant decrease compared to
0.289+0.015mlu/ml ingroup |. But itslevel in
group 1V was 0.216+0.014mlu/ml which showed
a significant decrease compared to group | (Fig. 4).

Changesin LH level:

LH level was 0.299+0.008mlu/ml and 0.308 +
0.012mlu/ml in group Il and |11 respectively which
showed insignificant decrease compared to 0.297
+0.006miu/ml in group |. LH level in group 1V
was 0.264+0.007mlu/ml which showed a significant
decrease compared to group | (Fig. 5).

Table (1): Changesin the body weight and testicular weight.

Group | Group 11 Group I11 Group IV
Body weight 347+55 325.0+8.09 285.0£16.7* 251.67+6.17*
(gm)
Mean * SEM
Testisweight 2.2+0.15 2.18+0.11 1.73+0.14*  1.42+0.09*
(gm)
Mean = SEM

*Significant difference, p<0.05.

Table (2): Biochemical changes regarding Testosterone, FSH,
and LH hormones.

Group | Group 11 Group I11 Group IV
Testosterone 0.341+0.007 0.33+0.008 0.34+0.015 0.306+0.005*
(ng/ml)
Mean + SE

FSH (mlu/ml) 0.289+0.015 0.280+0.015 0.256+0.011 0.216+0.014*
Mean = SE

LH (mlu/ml) 0.297+0.006 0.299+0.008 0.308+0.011 0.264+0.007*
Mean = SE

*Significant difference, p<0.05.
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Histopathological Study:
1- Hematoxylin and eosin-stained sections:

The seminiferous tubules showed a normal
arrangement of germ cells and Sertoli cellsin the
control group as the spermatogonia lined the pe-
riphery of the seminiferous tubules, it wasarela
tively small cell, situated next to the basal lamina.
The primary spermatocytes were large spherical
cellslocated in the middle third of the wall of
seminiferous tubules above the spermatogonia
Spermatids are smaller than spermatocytes and are
located higher in the epithelium. They are rounded
cells, often deformed to polygons by their close
packing. Also, seminiferous tubules in control
group showed multiple Sertoli cells closeto a
regular basement membrane (Fig. 6-B). Seminif-
erous tubules in the sections of control group
usually showed abundant number of spermsin the
lumen. The interstitial tissue revealed large and
numerous L eydig cells which occurred mostly in
clusters of cellswith spherical, oval, or irregular
shape (Fig. 6-A). In group 11, most of the seminif-
erous tubules maintained the normal arrangement
of their seminiferous epithelium and adequate

(A)

(€)

amount of interstitial tissue in between the tubules.
Theinterstitial tissue exhibited groups of Leydig
cells and blood capillaries (Fig. 6-C). Some sem-
iniferous tubules showed different shapes, irregular
basement membrane and fewer spermatozoain
their lumen (Fig. 6-D). In group I11, the stained
sections revealed changes in the shape of the sem-

iniferous tubules which appeared condensed and
showed irregular germ cells arrangement, also
these affected tubules had few spermsin their
lumen (Fig. 7-A). The basement membrane showed
wide areas without attached cellsindicating the
low number of germ cells. Dilated intercellular
spaces between germ cells are also noticed. The
interstitial tissue revealed few and small sized
Leydig cellsin between the seminiferous tubules
(Fig. 7-B). In group 1V, multiple seminiferous
tubules appeared irregular in shape with empty
lumen (Fig. 7-C). Marked reduction in the germ
cells causing dilatation of intercellular spaces.

Germ cells showed vacuolated cytoplasm, primary
spermatocytes lied close to the basement mem-
brane. The interstitial tissue in this group was
nearly absent between seminiferous tubules with
few Leydig cells (Fig. 7-D).

(B)

(D)

Fig. (6): A photomicrograph of sections of arat testis. (A): Control group showing normal semineferous tubules with basal arranged
spermatogonia (SG) amount of sperms (ST) in the lumen. Interstitial Leydig cells (LC) distributed between the tubules, (B): Control group
showing normal stages of spermatogenesis including spermatogonia (SG), primary spermatocytes (SC), Spermatids (SP), multiple Sertoli cells
(SE), abundant spermsin the lumen (ST), intact basement membrane (BL) and extra-tubular Leydig cells (LC), (C): Group Il showing normal
seminiferous tubules with basal spermatogonia (SG), intraluminal spermatozoa (ST) and groups of Leydig cells (LC) in the interstitial tissue.
Minimal changesin the form of empty lumen of some tubules (crossed arrow), irregular basement membrane (arrowhead) and wide spaces
between the tubules (astrik) and (D): Group |1 showing normal seminiferous tubule with basal spermatogonia (SG), spermatocyte (SC), spermatid
(SP), intraluminal spermatozoa (ST) and groups of Leydig cells (LC) in the interstitial tissue. The changes appeared in form of empty lumen
(crossed arrow), irregular basement membrane (BL). (A and C are H& E X100; B and D are H& E X400).
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Fig. (7): A photomicrograph of sections of arat testis. (A): Group |11 showing condensed seminiferous tubules with irregular shapes (arrow
head) and decrease of the interstitial tissue (astirk) in between with few Leydig cells (LC). The basement membrane showed spaces between
the basal spermatogonia (arrow). Some tubules appeared with empty lumen (crossed arrow) or few sperms (ST) in the lumen, (B): Group 111
showing basement membrane with detached areas (BL) and areas without attached spermatogonia (SG). There is apparent decrease in the
number of spermatocytes (SC) and the lumen empty from sperms (ST). Wide increased intervals between germ cells (astrik) and small sized
Leydig cells (LC) in between the seminiferous tubules are noticed, (C): group IV showing seminiferous tubules with irregular shape (arrow),
wide areas of their basement membrane are devoid of spermatogonia (arrowhead), and their lumen are empty (crossed arrow). Notice wide
spaces (astrik) appear between the tubules with few Leydig cells (LC) and (D): Group IV showing vacuolated germ cells with condensed
chromatin (arrow), basal small spermatogonia (SG), lost basement membrane (BL), degenerated spermatocytes (SC), small round spermatids
fill the lumen indicating arrest of spermatogenesis, few sertoli cells (SE) and wide space between the tubules (astrik) (A and C are H& E X 100;

B and D are H& E X400).

2- Caspase |l1-stained sections: Fig. (8)

Immunohistochemical detection of caspase 3
reaction appeared as brown granules which repre-
sent antibody binding sites, contrasted against a
blue hematoxylin background. In the control group
weak reaction noticed in the interstitial tissue (Fig.
8-A). Examination of caspase 3 stained sections
of thetestisin group Il showed mild positive
immunostaining reaction (Fig. 8-B), group 111
showed moderate reaction (Fig. 8-C) while group
IV showed marked reaction (Fig. 8-D).

3- Ultrastructural result by electron microscopic
examination:

By EM examination, the ultrastructure of the
rat testisin the control group displayed the Sertoli
cells and the spermatogenic cells with their intra-
cellular features typical to those described in the
normal process of active spermatogenesis. Sper-

matogonia were seen rested on thin regular base-
ment membrane with oval nuclel containing abun-
dant heterochromatin and their cytoplasm contained
normal mitochondria (Fig. 9-A).

Sertoli cellslocated close to the basal lamina
with triangular nuclei containing prominent nucle-
olus and dense chromatin body. The primary sper-
matocytes with large spherical nucleus containing
clumps of heterochromatin scattered all over the
nucleoplasm and cytoplasm contained peripherally
arranged mitochondria (Fig. 9-A).

The results of the EM examination exposed
degenerative changesto all kinds of the cellular
elements of the testisin the different treated groups,
they shared common degenerative changes but
differed in severity. In group |1 the spermatogonia
appeared close to irregular basement membrane
with oval nuclei and abundant heterochromatin.
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Fig. (8): Animmunohistochemical micrography of a section of arat testis (A): Control group showing weak caspase 3 positive immunoreaction
in form of brown color (arrowhead) limited to the interstitial tissue with normal tubule showing negative immunoreaction. (B): group Il showing
mild caspase 3 positive immunoreaction in different spermatogenic cells (arrowhead). (C): Group |11 showing moderate caspase 3 positive
immunoreaction in the interstitial tissue and spermatogenic cells (arrowhead). (D): Group IV showing marked caspase 3 positive immunoreaction
in the spermatogenic cells including spermatozoa and in the interstitial tissue (arrowhead). (Caspase 3 X400)

Sertoli cells showed awell-defined triangular
nucleus and small sized vacuolesin its cytoplasm
which filled the intervals between the spermatogen-
ic cells. In Addition to the previous findings, the
primary spermatocytes showed a rounded appear-
ance their nuclei were large, rounded, invested
completely with a nuclear membrane, and filled
with homogenously apparent chromatin. The cyto-
plasm was granular in nature with multiple small-
size vacuolated mitochondria (Fig. 9-B). In group
[11, the histological changes that were apparent
including the spermatogonia as they lost their
normal architecture, position and appeared away
from the basal lamina, with irregular-shaped nuclei
showed patches of condensed chromatin. Together
with the interval s between the spermatogonia were
widened. The primary spermatocytes decreased in
size, with irregular shrunken nucleus containing

condensed chromatin. Sertoli cells appeared con-
taining ill-defined nucleus, swollen mitochondria,
and vacuolated cytoplasm. Also, the basal lamina
appeared irregular in shape associated with enlarged
myoid cells (Fig. 9-C). In group |V, the spermato-
gonialost their normal histological pattern, showing
the characters of the degenerating cells as they
were irregularly shrunken with folded pyknotic
nuclei containing visible condensed chromatin.
The intercellular spaces between them were wid-
ened, Sertoli cells were also shrunken, containing
small sized vacuolated mitochondria showing rup-
tured cristae and degenerated nuclei. The primary
spermatocytes distorted with irregular nucleus; its
cytoplasm showed small vacuol ated mitochondria
which lost its normal peripheral arrangement (Fig.
9-D).
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Fig. (9): An electron micrograph of a section of arat testis (A): Control group showing the spermatogonial cell (SG) based on thin regular
basal lamina (BL) of seminiferous tubule. The spermatogonial cell (SG) shows oval nucleus (N) with peripheral chromatin clumps, prominent
nucleolus (Nu) and the cytoplasm contains normal mitochondria (arrow). (B): group Il showing irregular basement lamina (BL). The spermatogonia
(SG) appeared with its rounded nucleus (N1) containing abundant heterochromatin. Sertoli cell (SE) revealed triangular nucleus (N2) with small
sized vacuoles (V) in the cytoplasm which fill the spaces between the cells of spermatogenic series. Notice the large rounded nucleus (N3) of
the primary spermatocyte (SC) with peripherally arranged vacuolated mitochondria (arrow). (C): Group 11 showing irregular wavy basal lamina
(crossed arrow) and swollen myoid cell (My). Sertoli cell (SE) shows irregular nucleus, cytoplasm contains swollen mitochondria (curved
arrow) and variable sized vacuoles (V). (D): Group 1V showing spermatogonial cell (SG) small in size with irregular shrunken nucleus (N1)
and vacuolated mitochondriain its cytoplasm (curved arrow). Sertoli (SE) cell reveals necrotic nucleus (N2), abnormal swollen mitochondria
(curved arrow)) and multiple cytoplasmic vacuoles (V). A dilated intracellular space appeared between the cells (astrick).

Discussion

In the present study, ND decanoate injection at
adose of 2.5mg/kg led to insignificant decrease
of body weight and testicular weight. This result
agreed with Saddick [12], who showed that chronic
administration of ND significantly decreased the
body weight in male rats, this significance may be
due to the more prolonged duration. The present
study revealed that (ND) injection at a dose of
2.5mg/kg led to an insignificant decrease in the
serum level of testosterone, FSH and LH. These
results corresponded to the work of [13] on rats
received 2.5mg/kg ND decanoate intramuscul ar
injection weekly during the experimental period
of 13 weeks and the reported serum levels of
testosterone, FSH and LH which were significantly
reduced when compared with control normal rats.
In the present study, ND decanoate injection at a
dose of 5.0mg/kg led to significant decrease of
body weight, testicular weight. These results agreed
with Mohamed and Mohamed [14], who noticed
that ND administration to rats led to significant

decrease of body weight, testicular weight. Also,

injection of ND in a dose 5.0mg/kg led to insignif-
icant decrease of testosterone, FSH and LH levels.

These results agree with Barone et al. [15], who
showed that middle dose ND administration to
mice led to decreased testosterone level. These
occurred may be due to Low levels of LH may

contribute to low levels of testosterone production

as LH stimulates testosterone production in Leydig
cells. In the present study, ND injection at a dose
of 1 0.0mg/kg led to significant decrease of body
weight, testicular weight. These results agree with
Mesbah et al. [16] , who noticed that ND adminis-
tration to rats led to significant decrease of body

weight, testicular weight. The testicular concentra-

tions of testosterone are necessary to maintain
normal length of the seminiferous tubule and the
reduction in tubule length may be one reason for

the reduction in testisweight [17] . In the present
study, ND injection at a dose of 10.0mg/kg resulted
in significant decrease in the serum level of testo-

sterone, FSH and LH.
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These results agree with Maravelias et al. [19],
Wesson and McGinnis [19] and Shahraki et al. [20]
who showed that chronic administration of ND at
high dose decreased plasmalevel of FSH, LH,
testosterone, and decreased spermatogenesisin
male ratsin male rats.

Like other tissues, Androgens act on the testis
by activating androgen receptor (AR) transcription.
Inside Sertoli cells, testosterone bindsto ARs at
the beginning of its activation, cause activation of
the receptor to maintains spermatogenesis and
inhibits apoptosis of germ cells [20] . The histological
findings of the present work showed an affection
and sometimes even complete destruction of the
seminiferous tubules, there were irregular basement
membrane, arrest of spermatogenesis in different
levels (especialy in high dose group 111 & 1V).
These results agree with Tahtamouni et a. [21] who
stated that, AR expression is maintained by endog-
enous testicular androgens, absence of testosterone
is known to lead to disruption of spermatogenesis.

ND injected with low or high doses, can lead
reduce of testosterone, which cause the maturation
arrest at the primary spermatocyte level and sper-
matid level). Also, in this study there was, apoptosis
of germ cells, disarranged spermatogenic cells.
These findings support the findings of [22,23] re-
garding the apoptosis of the germ cell and decreased
number of germ cell layersin rats treated with ND.

This study revealed reduction in the number
and size of Leydig cellsand minimal interstitial
tissue in between the seminiferous tubules which
matched with Takahashi et al. [24] who found a
reduction in Leydig cell numbers after ND admin-
istration. The close relationship between Leydig
cells and blood vessels suggested that these cells
are at high risk of exogenous toxicants. In the
present study, there were aremarkable decrease in
the number and size of the spermatogenic cells
and depletion of intact cellsin treated groups,
especialy in groups 111 and IV animals. These
results were consistent with Naraghi et al. [25] who
demonstrated pyknotic changes and severe deple-
tion of intratubular cells following treatment by
AASs. The low number of the spermatogenic cells
within the tubules of the treated animal was asso-
ciated with enlarged and dilated intracellular spaces
within the tubules. These results agree with Nooraf-
shan et al. [26] who observed that there was disrup-
tion of the seminiferous epithelium with broad
spaces between the cellular components the sem-
iniferous epithelium of the treated animals with
AAS associated with presence of copious vacuoles
frequently associated with degenerating germ cells.

In the present study, the seminiferous tubules
showed the features of the disrupted spermatogen-
esis which includes the progressive decrease in the
sperm appearance in the lumen which may indicate
the arrest of the maturation in different cell stages.

These results were in the same side with [25,27]
in reporting the histological affection of testis was
in the form of seminiferous tubules containing
widely separated germinal cells with darkly stained
nuclei and vacuolated cytoplasm and that the lumen
of the tubules had scanty number of sperms and
sloughed germ cells.

Conclusion:

Administration of ND decanoate exerts a clear
effect on testicular structure including degenerated
changes of germ cells, Sertoli cells, and Leydig
cells. These are accompanied by deleterious effects
of ND on the feedback regulation of hypothalam-
icpituitary-gonadal axis which decreases the serum
levels of testosterone, FSH and LH.
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