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ABSTRACT

Background: Anabolic androgenic steroids (AAS ) abuse is considered as a public issue as a result of their widespread use
to enhance muscular building.

Aim of the Work: The aim of the study is to clarify the hazards effects that occurred in the skeletal muscles of adult male
albino rats as a result of administration of Nandrolone Decanoate histologically as well as immunohistochemically and the
possible role of the interaction between (AAS) and training exercise.

Materials and Methods: Forty adult male albino rats were divided randomly into four groups; group I (control group), group
II (steroids treated group ), group III (trained group ) and group IV (steroid treated-trained group) . Both groups II and IV were
administered 5 mg/kg body weight, of Nandrolone Decanoate twice a week by intramuscular injection for Sweeks. Group I11
and Group IV were subjected to training protocol in the form of 4 sets of 10 jumps into water for 5 weeks. At the end of the
experiments the rats were sacrificed and their quadriceps muscles were processed for histological and immunohistochemically
procedures.

Results: Group II (steroid treated group) had hypertrophy of muscle fibers and disrupted striations with wide spacing
between them. In addition to areas of degeneration and congested blood vessels. Group III had hypertrophy of muscle fibers.
Group IV exhibited normal histological appearance of the muscle fibers. Minute areas of focal degeneration and congested
blood vessels were observed.

Conclusion: Administration of (AAS) was presented with noticeable degenerative changes in the quadriceps muscles of
the adult male albino rats . These hazards effects could be attenuated in the group of rats that were subjected to (AAS) in
concomitant with training exercise.
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INTRODUCTION

Anabolic androgenic steroids (AAS) that are considered
as one of the synthetic testosterone derivatives, are widely
used as therapeutic agents for the treatment of numerous
chronic catabolic disorders!'. AAS as a structural
derivatives of testosterone, they had been programmed
to enhance anabolic effects; building of the muscles?.
Nowadays the abuse of (AAS) is considered as a public
issue as a result of their widespread use at fitness centerst®!.

The action of (AAS) are displayed through the
induction of protein synthesis and the suppression of its
breakdown¥. Usage of (AAS) over long period and in a
high dose has been associated with masculinization®.

When (AAS) has been applied in a therapeutic dose,
it displayed beneficial results. However their benefits has
been overshadowed as a result of the consequence abuse
of (AAS). Nowadays the abuse of (AAS) has attracted
considerable attention and has been blamed for the majority
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of the numerous hazardous effects, among them the most
popular were atherosclerosis, hypertension, endocrine
disturbance, hepatic and renal toxicity!”!. Furthermore,
the misuse of (AAS) has been associated with neurotoxic
effects in the form of behavioral disorders!®.. Over the past
ten years the number of adolescents used (AAS) that had
been recorded grew greatly!®.

The aim of the current study is to clarify the hazards
effects that occurred in the skeletal muscles of adult male
albino rats as a results of administration of Nandrolone
Decanoate (one of AAS) histologically as well as
immunohistochemically and the possible role of the
interaction between (AAS) and training exercise.

MATERIALS AND METHODS

Chemicals and drugs

In this study, the anabolic androgenic steroid (AAS);
Nandrolone  Decanoate  (Decadurabolin;  Organon,
Roseland, USA) was used. Nandrolone decanoate is
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known commercially as Deca-Durabolin. It is available in
the form of ampoules and each ampoule contains 25 mg
of Nandrolone Decanoate. The ampoule was dissolved
in 10ml of sesame oil and then injected intramuscularly
to rats in a dose of 5 mg/kg body weight?.. In this study
the intramuscular injection was chosen as a route of
administration as this is the most common method of
administration used by athletes!'",

The primary antibodies wused in this study were
anti-PCNA (Proliferating cell nuclear antigen) (Zymed,
San Francisco, California, USA) and Bcl2 (Thermo
scientific company, USA).

Experimental design

Forty adult male Wistar albino rats (4 months of age),
weighing 160-200 g were obtained from Animal House,
Faculty of Medicine, Assuit University and used in this
work. The rats were housed in clean cages with bedding of
fine woods with 12:12 hr light: dark cycle. Food and water
were available ad libitum. The rats were divided randomly
into four groups (ten rats per group); group I (control
group), group II (steroids treated group), group III (trained
group) and group IV (steroid treated-trained group). Both
groups II and IV were administered 5 mg/kg body weight,
of Nandrolone Decanoate as an anabolic androgenic steroid
(AAS) twice a week by means of intramuscular injection
into the hip region for five weeks!!!. As regard groups I
and 11, they received similar volume of the calculated dose
of nandrolone decanoate that were formed of mixture of
benzyl alcohol and peanut oilt'!).

This experiment was done in accordance with
the guidelines of animal ethics committee, that were
accomplished with the internationally accepted principles
for laboratory animal's use and care.

Training Protocol

The training protocol of this experiment was done
according to Cunha et al., 200501, The rats of group
II (trained group) and group IV (steroid treated-trained
group) were allowed to swim in a tank contained water for
30 min/day during the first week of the experiment. The
dimensions of this tank were 60 cm width, 75 cm length and
80 cm depth. This maneuver was done for the adaptation
of the experiment environment. During the second to the
sixth week, the exercise training was performed as follow;
the animals' exercise training included 4 sets of 10 jumps
from the tank bottom to its surface with about thirty
seconds recovery times in between the sets. This exercise
training was done one time per day for five days. For the
augmentation of the intensity of the exercise, an additional
external load was used during the second week. The rate
were allowed to carry extra load, about 50% body weight
tied to the chest of the animals. During the third and fourth
weeks the same regimes was used but the extra load was
about 60% body weight. During the fifth and sixth weeks
the allowed extra load was about 70% of body weight.

Histological and immunohistochemically studies

At the end of the experiments the rats of the different
groups were sacrificed under inhalation of ether. The
quadriceps muscles of both sides were dissected to be
processed for histological and immunohistochemically
procedures.

Light microscopic study

For the light microscopic study, specimens of
quadriceps muscles were processed to paraffin wax and
sections of about 6um thickness were obtained for the
histological study by using hematoxylin and eosin!'?.

Transmission electron microscopic study

The quadriceps muscles' specimens of different groups
were processed for ultrastructural study. Immediately
the specimens were fixed in a solution of phosphate
buffered glutaraldehyde (2.5%). The specimens were
then dehydrated by means of ascending grades of alcohol
(30, 50, 70, 90 and 100% for 120 minutes). Then they were
embedded in epon araldite mixture. Semithin sections
(0.5pm thickness) were prepared and stained by toluidine
blue. Ultrathin sections (80-90nm) from the chosen arcas
were cut using ultra-microtome and then stained by lead
citrate and uranyl acetate'’. Finally the sections were
examined and photographed by transmission electron
microscope (Joel- JEM- 100 CXII; Joel, Tokyo, Japan) in
the Assiut Electron Microscopic Unit.

Immunohistochemically study

The tissues sections were dewaxed and then treated
with 10% hydrogen peroxide for the reduction of the
endogenous peroxidase. The sections were then boiled
in10 mM citrate buffer for about 25 minutes. The muscle
sections were processed to be incubated overnight with
the lry antibodies: Bcl2 (a mouse monoclonal antibodys;
clone c-2). Following this, the sections were taken to
be incubated with the 2™ antibody (biotinylated goat
anti-rabbit  immunoglobulin) and  followed by
streptavidin—biotin complex. The site of the reaction could
be visualized by adding diaminobenzidine HCI, that was
converted into brown precipitate by peroxidase. Mayer’s
hematoxylin was used to stain the slides!'¥.

As regard the Proliferating cell nuclear antigen
(PCNA) immunoreactivity, the muscle sections were
deparaftinized and washed in in phosphate-buffered saline
(PBS). To suppress the peroxidase activity, 0.3% H,O, in
methanol was used for 30 minutes. Following this, the
sections were washed by PBS and incubated with blocking
solution for about ten minutes. Subsequently, the sections
were incubated with the anti-PCNA primary antibody 60
minutes and then were further incubated with streptavidin
peroxidase for about ten minutes. Finally, the sections
were counterstained with hematoxylin for one minute to
be examined!!,

37



RAT , SKELETAL MUSCLE , AAS.

Morphometric procedure and statistical analysis

The thickness of the quadriceps muscle fibers was
measured in the different studied groups. Sections stained
by toluidine blue (X1000) were used. Five non overlapping
fields were chosen from each slide to be measured. CX41
optical microscope (Olympus, USA) was used. The used
microscope was equipped by Olympus digital camera
that was attached to a computer. The measured data were
presented as mean + standard deviation (SD). Statistical
analysis was achieved via SPSS software, version 13.00
(Chicago, Illinois, USA).The results of the different groups
were compared by the aid of One-way analysis of variance
and a post-hoc least significant difference test. P<0.05 was
considered significant.

RESULTS

Histological Results
Group I (control group)

Light microscopic examination of a longitudinal section
of quadriceps muscles stained with H&E displayed the
appearance of regularly arranged well organized parallel
muscle fibers with multiple peripheral oval vesicular
nuclei just beneath the sarcolemma. Evident transversely
striated pattern of muscle fibers was noticed. The flat nuclei
of fibroblast were found in the endomysium between the
muscle fibers (Figure 1A). Sections stained with toluidine
blue showed regularly arranged muscle fibers with
well-defined transverse striations. The nuclei were oval,
vesicular and peripherally situated. In addition flat nuclei
of the spindle shaped cells in the interstitium could be
observed (Figure 2A)

Electron microscopic examination of a longitudinal
section in the quadriceps muscle revealed regular
arrangement of myofibrils forming sarcomere with
alternative dark (A) and light (I) bands bisected by Z
lines. A peripheral oval euchromatic nucleus beneath the
sarcolemma and sarcoplasmic reticulum existed in the
region of I band. Around Z lines, paired mitochondria
were arranged between myofibrils. In addition, some
mitochondria also presented at the periphery of the fibers.
Multiple glycogen granules arranged in rows between the
myofibrils (Figure 3A).

Group I showed strong positive Bcl2 immunoreactivity
that was demonstrated by diffuse cytoplasmic staining in the
myocytes (Figure 5A). Negative immunohistochemically
stained sections for PCNA could be noticed in this group
(Figure 6A) .

Group II (steroid treated group) H&E stained
sections declared apparent hypertrophy of muscle fibers
and disrupted striations with wide spacing between
them. Many large vacuoles replaced and interrupted the
continuity of the skeletal muscle fibers. Furthermore
areas of complete degeneration, densely stained
nuclei and congested blood vessels (C) were noticed
(Figures 1B and 1C). Sections stained with toluidine blue

presented with apparent hypertrophy of skeletal muscle
fibers which appeared disrupted with loss of transverse
striations. Areas of degeneration and wide spacing between
muscle fibers could be noticed . Centrally located deeply
stained nuclei were noticed among the disorganized
muscle fibers with disrupted transverse striations. Dilated
congested blood vessels were presented (Figures 2B,2C).

Electron microscopic examination of this group showed
wide spaces between myofibrils with localized areas of
myofibrillar loss, disruption of Z lines and mitochondria
with destroyed cristae. The nuclei had irregular
outline and peripheral chromatin condensation. Some
myofibrils appeared with fragmentation and increased
intermyofibrillar space. Others showed disorganization,
lysis and disruption of Z lines. Congested blood vessels,
Collagen fibrils and swollen mitochondria were also
observed (Figures 3B,3C,3D).

Faint cytoplasmic immunoreactivity for Bcl2 antibody
in the myocytes of group II was obvious (Figures 5B) .
Numerous diffuse brown- positive immunoreaction for
PCNA were obvious in this group (Figure 6B).

Group III (trained group) H&E stained section of
group III had apparent hypertrophy of muscle fibers which
appeared parallel to each other. The muscle fibers were
well organized with distinct striations. Peripheral vesicular
nuclei with normal appearance formed nuclear chain.
Frequent dilated congested blood vessels and extravasated
RBCs between muscle fibers were noticed (Figure 1D).
Sections stained with toluidine blue had well organized
parallel muscle fibers with evident transverse striations.
Apparent hypertrophy of muscle fibers might be observed.
Flat peripheral oval vesicular nuclei and congested blood
vessels were noticed (Figure 2D).

Ultrastructural examination of this group showed
parallel arrangement of myofibrils with dark (A) and light
(I) bands and sarcoplasmic reticulum. The mitochondria
were arranged in pairs around the Z line and at the
periphery of the fibers . Multiple glycogen granules and
dilated congested blood vessels were noticed (Figure 4A).

Group III displayed positive Bcl2 immunoreactivity
(Figure 5C). This group appeared with no expression of
PCNA (Figure 6C).

Group IV (steroid treated-trained group) Muscle
sections stained by H&E exhibited normal histological
appearance of the muscle fibers. The muscle fibers were
more or less similar to that of the control group. Partial
splitting of some fibers and apparently normal peripheral
vesicular nuclei could be noticed. Some muscle fibers
appeared with apparent hypertrophy with nearly normal
transverse striations (Figure 1E). Sections stained with
toluidine blue of group IV showed nearly normal muscle
fibers which appeared regularly arranged with distinct
transverse striations and peripheral elongated oval
vesicular nuclei. Minute areas of focal degeneration and
congested blood vessels were observed (Figure 2E).
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Electron microscopic examination of the muscle fibers
of this group had relatively normal pattern and arrangement
of myofibrils with light and dark bands and clear successive
Z lines and decreased intermyofibrillar space. Focal
areas of degenerated myofibrils were noticed. Flattened
elongated oval euchromatic nucleus under the sarcolemma

Immunoreactivity for bel2 antibody appeared as mild to
moderate cytoplasmic reaction (Figure 5D). Few positive
nuclear immunoreactions for PCNA as regard this group
was present (Figure 6D ).

Morphometric and statistical results

The means thickness of the quadriceps muscles were

presented with significant differences (P<0.05) between
group I (control group) and the other groups; group II
(treated group), group III (trained group) and group IV
(steroid treated-trained group ). Non-significant difference
(P>0.05) was observed when compared group II (steroid
treated group) and group IV (steroid treated-trained group)
(Table 1, Histogram 1).

were present. Nearly normal mitochondria were observed
but few swollen mitochondria at the periphery of the fibers
and also few electron dense mitochondria in between the
myofibrils could be noticed. In addition Satellite cell with
euchromatic nucleus and collagen fibrils were obvious
(Figures 4B,4C).

Fig. 1: A photomicrograph of a longitudinal section of quadriceps muscle .1A: group I showing regularly arranged well organized parallel muscle fibers with
multiple peripheral oval vesicular nuclei just beneath the sarcolemma (short arrows). Inset: Higher magnification showing evident transversely striated pattern
of muscle fibers . The flat nuclei of fibroblast (arrow) are noticed in the endomysium between the muscle fibers. H&E; X400, 1000. 1B: group II showing
apparent hypertrophy of muscle fibers and disrupted striations with wide spacing between them (curved arrows). Note many large vacuoles (arrow heads)
replace and interrupt the continuity of the skeletal muscle fibers . Centrally located nuclei are observed (wavy arrows). Inset: Higher magnification showing
areas of complete degeneration (asterisk). Densely stained nuclei (crossed arrow) and congested blood vessels (C) are noticed. H&E; X400, 1000. 1C : group
1I showing disrupted striations of muscle fibers with areas of complete degeneration (asterisk). Note densely stained nuclei (crossed arrow) and congested
blood vessels (C). H&E; X400. 1D: group III showing apparent hypertrophy of muscle fibers which appear parallel to each other. Note normal appearance of
peripheral vesicular nuclei forming nuclear chain (short arrow). Frequent dilated congested blood vessels (C) are noticed. Inset: Higher magnification showing
well organized muscle fibers with distinct striations. Note extravasated RBCs between muscle fibers (arrow ). H&E; X400, 1000. 1E: group IV showing
muscle fibers more or less similar to that of the control group, associated with partial splitting of some fibers (asterisk). Note apparently normal peripheral
vesicular nuclei (short arrow). Inset: Showing nearly normal transverse striations with apparent hypertrophy of muscle fibers. Note vascular congestion (C).
H&E; X400, 1000.
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Fig. 2: A photomicrograph of a longitudinal section of quadriceps muscle. 2A: group I showing regularly arranged muscle fibers with well-defined transverse
striations. The nuclei are oval, vesicular and peripherally situated (short arrows). Note flat nuclei of the spindle shaped cells in the interstitium (arrow).
Toluidine Blue; X1000. 2B: group Il showing apparent hypertrophy of skeletal muscle fibers which appear disrupted with loss of transverse striations. Note
areas of degeneration (asterisk) and wide spacing between muscle fibers (curved arrow). Dilated congested blood vessels (BV) are observed. Inset: showing
centrally located deeply stained nuclei (tailed arrow) among disorganized muscle fibers with disrupted transverse striations. Toluidine Blue; X1000. 2C: group
1I showing disruption of striation of muscle fibers with focal areas of degeneration (asterisks). Centrally located nuclei can be seen (wavy arrow). Inset:
showing dilated congested blood vessels (BV).Toluidine Blue; X1000. 2D: group III showing well organized parallel muscle fibers with evident transverse
striations. Note apparent hypertrophy of muscle fibers. Flat peripheral oval vesicular nuclei (short arrows) and congested blood vessels are observed (C).
Toluidine Blue; X1000. 2E: group IV showing nearly normal muscle fibers which appear regularly arranged with distinct transverse striations. Note minute
areas of focal degeneration (asterisk) and congested blood vessels (C). Inset: showing peripheral elongated oval vesicular nuclei (wavy arrows). Toluidine
Blue; X1000.
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Fig. 3: An electronmicrograph of a longitudinal section in the quadriceps muscle . 3A: group I showing regular arrangement of myofibrils forming sarcomere
with alternative dark (A) and light (I) bands bisected by Z lines (Z). Note a peripheral oval euchromatic nucleus (N) beneath the sarcolemma and sarcoplasmic
reticulum (arrow) exist in the region of I band. Inset: showing paired mitochondria (m) arranged around Z lines between myofibrils. Mitochondria (M) also
present at the periphery of the fibers. There is multiple glycogen granules (g) arranged in rows between the myofibrils. Note the nucleus (N) with indentation
of the nuclear envelope (double arrow). TEM; X 10,000. 3B: group II showing wide spaces between myofibrils (asterisks) with localized areas of myofibrillar
loss (arrow head), disruption of Z lines (wavy arrow) and mitochondria with destroyed cristae (m). Note the nucleus (N) with irregular outline and peripheral
chromatin condensation. TEM; X 10,000. 3C: group II showing fragmentation of myofibrils (mF) with increased intermyofibrillar space (asterisks) and
localized areas of myofibrillar loss (arrow head). Congested blood vessels (C) and swollen mitochondria (M) are observed. Note the nucleus (N). TEM; X4800.
3D: group 1I showing disorganization and lysis of myofibrils (mF) and disruption of Z line (wavy arrows) with wide intermyofibrillar space (asterisks) and
localized areas of myofibrillar loss (arrow head). Note ballooning of the mitochondria (m). Collagen fibrils (tailed arrow) and a hetrochromatic nucleus (N)
with indentation of the nuclear envelope (double arrow) are observed. TEM; X7200
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Fig. 4: An electronmicrograph of a longitudinal section in the quadriceps muscle. 4A: group III showing parallel arrangement of myofibrils with dark (A)
and light (I) bands and sarcoplasmic reticulum (tailed arrow). The Z line (Z) is noticed. Note the arrangement of the mitochondria (m) in pairs around the
Z line. There are mitochondria (M) at the periphery of the fibers and multiple glycogen granules (g). Inset: showing dilated congested blood vessels (C).
TEM; X10,000. 4B:  group IV showing relatively normal pattern and arrangement of myofibrils with light and dark bands and clear successive Z lines (Z)
and decreased intermyofibrillar space (asterisk). Focal areas of degenerated myofibrils are noticed (arrow head). Note few electron dense mitochondria (m)
in between the myofibrils. Note the presence of flattened elongated oval euchromatic nucleus (N) under the sarcolemma. TEM; X10,000. 4C: group IV
showing apparently normal arrangement of muscle fibers with glycogen granules (g) and minimal focal areas of degeneration (arrow heads). Nearly normal
mitochondria (m) with few swollen mitochondria (M) at the periphery of the fibers are seen. Satellite cell contains euchromatic nucleus (N) is observed. Note
collagen fibrils (tailed arrow) . TEM; X10,000
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Fig. 5: A photomicrograph of a longitudinal section of quadriceps muscle. SA: group I showing strong positive Bcl2 immunoreactivity demonstrated by diffuse
cytoplasmic staining in the myocytes. Bel2; X1000 . 5B: group II showing faint cytoplasmic immunoreactivity for Bel2 antibody in the myocytes . Bcl2;
X1000 .5C: group III showing positive Bcl2 immunoreactivity. Bel2; X1000 .5D: group IV showing mild to moderate cytoplasmic immunoreactivity for bel2
antibody. Bcl2; X1000

Fig. 6: A photomicrograph of a longitudinal section of quadriceps muscle. 6A: group I showing negative immunohistochemically stained sections for PCNA.
PCNA; X400. 6B: group II showing numerous diffuse brown- positive immunoreaction for PCNA (arrows). PCNA; X400 . 6C: group III showing no
expression of PCNA. PCNA; X400 . 6D: group IV showing a few positive nuclear immunoreactions for PCNA (arrows). PCNA; X400.
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Table 1: Shows the mean thickness (um) of the muscle fibers in the different groups

Group I Group II Group I1I Group IV P-value' P-value’ P-value’ P-value’
Mean + SD 103.07+2.67 165.06+0.46 134.65+0.62 164.41£1.00
0.000 0.000" 0.000" 0.223
Range 99.3-105.0 164.6-165.8 133.8-135.1 163.1-165.7
P-valuel: Comparison between Group I & Group II
P-value2: Comparison between Group I & Group IIT
P-value3: Comparison between Group I & Group IV
P-value4: Comparison between Group 11 & Group IV
T Light microscopic examination of steroid treated
165.08 16441 rats (group II) declared apparent hypertrophy of muscle
160 ] fibers and disrupted striations with wide spacing between
140 13455 ] them. Many large vacuoles replaced and interrupted the
R 120 o — continuity of the skeletal muscle fibers. Furthermore areas
Y100 — - of complete degeneration, densely stained nuclei and
§ g0l I congested blood vessels were noticed. The results of the
= e L | L current works were in line with Elgendy et al., 2018122,
ol | - They stated that following intramuscular injection of
Nadrolone decanoate in a dose of 5 mg/kg body weight
21T ] weekly for 8 weeks, muscular hypertrophy with widening
0 ' ' of the spaces in between were observed. The results
Group | Group Il Group Il Group IV
J of the current work were also supported by Dela Cruz

Histogram 1: Shows the mean thickness (um) of the muscle fibers in
the different groups

DISCUSSION

The misuse of (AAS) has great attention as one of the
worldwide health problem and their unprescribed usage
has continued to massively increased especially among
athletes and also among men in order to enhance the
figure of their body. The interaction between the (AAS)
and the exercise training and their resulting effects on
the tissues adaptation and the body structure remains not
fully understood and under investigation!'®. The aim of the
current study is to clarify the hazards effects that occurred
in the skeletal muscles of adult male albino rats as a results
of administration of Nandrolone Decanoate (one of AAS)
histologically as well as immunohistochemically and
the possible role of the interaction between (AAS) and
training exercise.

In this study Nandrolone Decanoate was chosen, as a
previous study done by Wimalawansa et al.,1999"" showed
its anabolic effects as regard the rat skeletal muscles. In
addition, Nandrolone Decanoate had been known by its long
biological half-life!?. Furthermore, Nandrolone Decanoate
had been known to have great anabolic properties in
comparison to its androgenic effects, so it was considered
as the most frequently abused AAS!®. It has been reported
that the skeletal muscle fibers were established to be target
tissues as regard the (AAS) anabolic effects and presented
with increased number following exposure to (AAS)!L,

The current work focused on the adult male rat as an
animal model to study as about 98% of AAS users were
male”. Females rarely used such type of drugs as a result
of their recorded androgenic effects; breast enlargement
,masculinization and deepening of voice?!l.

et al., 20123, They added that (AAS) induced muscular
hypertrophy was owing to the ability of the testosterone
to enhance the myocytes to keep contractile protein with
subsequent muscle growth. The results of the present
work were in harmony with Sinha-Hikim et al., 2002124,
They notice that the increase in the size and length of the
muscle following administration of (AAS) were performed
in a dose dependent manner. They explained that the
muscular hypertrophy occurred as a result of increased
differentiation of mesenchymal stem cells as well as
increased myonuclear number.

It has been reported that 5-a-reductase played a major
role in the metabolism of (AAS ). This enzyme converted
(AAS) to an active compound; dihydrotestosterone
(androstnolone). The (AAS) or after conversion to
dihydrotestosterone had the capacity to bind androgen
receptors. The resulted steroid-receptor complex enhanced
the synthesis of protein through interaction via DNA
and RNAMI. The molecular mechanism involved in the
growth of the muscle fibers in response to (AAS) included
the biological activity of the growth factor myostatin
(MSTN); one of the members of the transforming growth
factor-b family of proteins (TGF-B) that was affected by
(AAS)ES. Mosler et al., 20127 added that exaggerated
hypertrophy of the muscle was greatly related to (MSTN)
gene mutation.

Ultrastructure study of group II (Steroid treated rats)
showed wide spaces between myofibrils with localized
areas of myofibrillar loss, disruption of Z lines and
mitochondria with destroyed cristae. The nuclei had
irregular outline and peripheral chromatin condensation.
These observed degenerative changes were supported by
the previous study done by Zelleroth et al., 2019181 who
reported increased cellular cytotoxicity and decreased
cellular viability following (AAS) administration to mixed
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cortical cultures taken from embryonic rats. They observed
evidences of reduced mitochondrial activity and increased
level of lactase dehydrogenase. It has been reported that
(AAS) were capable of the induction of apoptosis in
different tissue and organs®®®l. The (AAS) induced cell
death was mediated by two signaling pathway ; an intrinsic
(mitochondrial pathway) and an extrinsic (death receptor
pathway)?l.

Supraphysiological dose of Nandrolone Decanoate
enhanced the production of tumor necrosis factor-o
(TNF-0) and interleukin-1beta (IL-1f) in the human
peripheral blood lymphocyte cultures. (TNF-a) was
known as cytotoxic cytokine that are responsible for the
initiation of cellular apoptosis by the disturbance of the
mitochondrial membrane and the subsequent release of
cytochrome CB,

H &E stained section of group III (trained group) had
apparent hypertrophy of muscle fibers which appeared
parallel to each other. Peripheral vesicular nuclei with
normal appearance formed nuclear chain were noticed.
As regard the sections stained with toluidine blue, well
organized parallel muscle fibers with evident transverse
striations and apparent hypertrophy of muscle fibers
might be observed. The results of the current study were
supported by Dela Cruz et al., 20123 who studied the
possible effects of resistance exercise on the skeletal
muscles in adult male albino rats. They concluded that
physical exercise could be associated with the behavior of
the skeletal muscles with subsequent enlargement. Song
et al., 2006P" studied the effects of exercise training to
suppress the apoptotic signaling in the rat skeletal muscle
declared that regular training exercise presented with large
muscle mass and also suppress the increased connective
tissue associated with age.

Light and electron microscopic examination of the
muscle specimens of the trained rat (Group III) were
appeared with the presence of dilated and congested
blood vessels. Similar to that Prior etal., 20045%; Kojda
and Hambrecht, 201203 observed the intimate association
between the vascular improvement of the muscles and
the physical exercise. They stated that the molecular
mechanism of the increased muscular vasculature was
owing to VEGF (vascular endothelial growth factor). In
the same line with that Wagatsuma et al., 20055 reported
the elevated level of VEGF in the cardiac muscle of the rat
after physical exercise. These results were also supported
by Lloyd et al., 2003P% who studied the behavior of the
rat skeletal muscles in response to exercise training. They
declared the occurrence of angiogenesis with the activation
of angiopoietin and VEGF pathway in the rat skeletal
muscle. They added that the VEGF/VEGF receptor mRNA
abundance and changes in the ratio of angiopoietin 2 to
angiopoietin 1 were recorded to precede the noticed
angiogenesis.

Light microscopic examination of steroid treated-
trained group (group IV ) showed normal histological

appearance of the muscle fibers. The muscle fibers were
more or less similar to that of the control group. Partial
splitting of some fibers and apparently normal peripheral
vesicular nuclei could be noticed. As regard the muscle
behavior in response to (AAS) administration, a questioner
was present as regard the muscular hypertrophy in response
to testosterone when given to non-exercising person and
whether this effect could be augmented when testosterone
was given in concomitant with exercisel®®. In the same
line with this opinion, Mosler et al., 201227 reported
that the molecular mechanism for the muscular growth in
response to the (AAS) and training together was not fully
understood. However, Filho et al., 2006837 reported that
the administration of (AAS) in concomitant with physical
exercise might enhance the skeletal muscles power and
their hypertrophy.

Previous researches demonstrated that administration
of (AAS) could induced type 1 and type II muscular
hypertrophy and increase muscle mass and strength3%,
The muscular behavior was intimately related to the redox
state. Skeletal muscle produced reactive oxygen species
(ROS) and in the exercising muscle the (ROS) production
was greatly noticed. The produced (ROS ) might alter
the oxidant—antioxidant balance within the cells with the
occurrence of muscle fatigueP®”. It has been reported that
there was experimental evidence as regard the testosterone
ability to regulate the antioxidant enzymes in the cells*?.
Delgado et al., 20101 stated that administration of (AAS)
had the ability to enhance the antioxidant system within
the skeletal muscle, however it was not able to enhance the
training effects as regard this system.

Congested blood vessels were observed in the steroid
treated-trained rats. In harmony with the result of the current
work Kahal and Allem, 20181 declared the presence of
congested renal blood vessels following (AAS) abuse to
adult male mice.

In the present study, the histological results were
correlated with the immunohistochemically results.
Positive Bcl2 immunoreactivity was presented in group
I (control group ) and group III (trained group), while
the steroid treated group (group II) exhibited Faint
cytoplasmic immunoreactivity for Bcl2 antibody in the
myocytes. Finally mild to moderate cytoplasmic reaction
for Bel2 antibody was noticed in group IV (steroid treated-
trained group). Cellular apoptosis could be regulated
through numerous pathways, one of the considerable
critical pathway is the mitochondrial -mediated pathway
including the Bcl2 family™. Bcl2 was a 26-KD a protein
encoded by a gene that was associated with chromosomal
translocation™, Tyer et al., 2019 explained the ability
of Bcl2 to inhibit apoptosis through the binding between
Bcl2 and proapoptotic proteins . In the same line with these
results, Yi et al., 20034 reported that Bcl2 interacted to
the nuclear membrane and mitochondria to maintain their
integrity and therefore could control the opening of the
mitochondrial permeability transition pore (MPTP) with
subsequent inhibition of calcium transmembrane flow and
S0 preventing apoptosis.
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Previous researches had been focused on the important
of the satellite cells as regard the skeletal muscle
regeneration following injury*’). They were represented as
myogenic stem cells found in the adult skeletal muscles™®!.
Under steady condition, the satellite cells were inactive,
however in response to stressful condition, they activated,
proliferated and fused with each other or the damaged
muscle fibers to form new fibers, at this point they were
known as muscle precursor cells™*?). The control mechanism
of the muscle repair process was not fully understood,
however disruption of the sarcolemma and basal lamina
integrity could be a trigger factor for the activation of
the satellite cells*®. Proliferating cell nuclear antigen
(PCNA) was known as an acidic nonhistone auxiliary
protein of DNA polymerase and it could be detected
during DNA synthesis*. It has been known as a marker
of cellular proliferation including the satellite cells*®!. This
could explain the results of the current study as regard
immunoreactions for PCNA . The immunohistochemically
stained sections for PCNA demonstrated Negative
reaction in group I, Numerous diffuse brown-positive
immunoreaction for PCNA in group II, no expression of
PCNA in group III and group IV had few positive nuclear
immunoreactions for PCNA.

CONCLUSION

In conclusion , administration of Nandrolone Decnoate
as one of the (AAS) was presented with noticeable
degenerative changes in the quadriceps muscles of the adult
male albino rats. These hazards effects could be attenuated
in the group of rats that were subjected to (AAS) in
concomitant with physical exercise (steroid treated-trained
group). As regard the trained group , apparent hypertrophy
of muscle fibers was noticed without histological
degenerative changes. So the desired benefits muscular
effects of (AAS) could be achieved in the same way with
exercise and without the associated (AAS) risk for health.
Further researches are recommended, using variable doses
of (AAS) and different protocol of physical exercise in
order to fully understand the interaction between them to
gain the wanted benefits with minimal health risks.

CONFLICT OF INTERESTS

There are no conflicts of interest.
REFERENCES

1. Achar S, Rostamian A, Narayan SM. Cardiac and
metabolic effects of anabolic-androgenic steroid abuse
on lipids, blood pressure, left ventricular dimensions
and rhythm. American Journal of Cardiology
2010; 106: 893-901.

2. CarsonJA, Lee WJ, Mc Clung J, Hand GA . Steroid
receptor concentration in aged rat hind limb muscle:
effect of anabolic steroid administration. Journal of
Applied Physiology 2002 ; 93: 242-250

10.

I1.

12.

13.

14.

Hernandez-Guerraa Al, Tapia J, Menendez-
Quintanalc LM , Lucena J S. Sudden cardiac death
in anabolic androgenic steroids abuse: case report
and literature review. Forensic Science Research
2019; 4(3) : 267-273.

Powers M. Performance-Enhancing Drugs. Principles
of Pharmacology for Athletic Trainers, Houglum J,
Harrelson GL, eds. (2nd ed.). SLACK Incorporated
2011; P: 345.

Kicman AT
steroids. British
2008; 154:502-521.

Pharmacology of anabolic
Journal of Pharmacology

Joksimovic J, Selakovic D, Jovicic N, Mitrovic
S, Mihailovic V, Katanic J, Milovanovic D, Rosic
G. Exercise Attenuates Anabolic Steroids-Induced
Anxiety via Hippocampal NPY and MC4 Receptor in
Rats . Frontiers in Neuroscience 2019; 172(13) :1-14 .

Santos MA, Oliveira CV, Silva AS. Adverse
cardiovascular effects from the use of anabolic-
androgenic steroids as ergogenic resources. Subst. Use
Misuse 2014; 49: 1132-1137.

Bueno A, Carvalho F B, Gutierres JM, Lhamas C,
Andrade CM . A comparative study of the effect of
the dose and exposure duration of anabolic androgenic
steroids on behavior, cholinergic regulation, and
oxidative stress in rats . Plos One 2017 ;8 :1-19 .

Riezzo I, Turillazzi E, Bello S, et al. Chronic
nandrolone administration promotes oxidative
stress, induction of pro-inflammatory cytokine and
TNF-0 mediated apoptosis in the kidneys of CDI
treated mice. Toxicology and Applied Pharmacology
2014; 280(1): 97-106.

Parkinson AB , Evans NA .Anabolic androgenic
steroids: a survey of 500 users. Medicine and Science
in Sports and Exercise 2006 ; 38(4): 644-651.

Cunha TS, Tanno AP, Moura M J, Marcondes F
K. Influence of high intensity exercise training and
anabolic androgenic steroid treatment on rat tissue
glycogen content. Life Science 2005 ;73:1030 -1043.

Bancroft JD, Gamble M. Theory and practice
of histological techniques. 6th ed. Edinburgh,
London, New York, Tokyo: Churchill Livingstone;
2008. p. 121.

Hayat M A. Principles and techniques of electron

microscopy: biological applications. 4th ed.
Edinburgh, UK: Cambridge University Press;
2000; 37-59.

Ramos-Vara JA. Principles and Methods of
Immunohistochemistry. Methods in  Molecular
Biology 2017; 1641 :115-128.

46



Mohamed and Mohamed

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Tousson E, El-Moghazy M, Massoud A, Akel A.
Histopathological and Immunohistochemical Changes
in the Testes of Rabbits After Injection With the
Growth Promoter Boldenone . Reproductive Sciences
2012 ;19(3) 253-259.

Reitzner SM , Hengevoss J, Isenmann E , Diel
P . Modulation of exercise training related adaptation
of body composition and regulatory pathways by
anabolic steroids . The Journal of Steroid Biochemistry
and Molecular Biology 2019 ;190 :44-53 .

Wimalawansa SM, Chapa MT, Wei JN, Westlund
KN, Quast MJ, Wimalwansa SJ. Reversal of
weightlessness induced musculoskeletal losses with
androgens: quantification by MRI. Journal of Applied
Physiology 1999 ; 86: 1841-1846.

Zelleroth S, Nyberg ENF, Gronbladh A , Hallberg
M . Toxic Impact of Anabolic Androgenic Steroids
in Primary Rat Cortical Cell Cultures. Neuroscience
2019 ;397 : 172-183.

Diel P, Friedel A, Geyer H, et al. The prohormone
19-norandrostenedione displays selective androgen
receptor modulator (SARM) like properties after
subcutaneous administration. Toxicology Letters
2008; 177 (3): 198-204.

Pope HG, Kanayama G, Athey A, Ryan E, Hudson
JI, Baggish A. The lifetime prevalence of anabolic-
androgenic steroid use and dependence in Americans:
current best estimates. American Journal on Addiction
2014; 23(4): 371-377.

Kanayama G, Hudson J I, Pope H G .Anabolic-
Androgenic Steroid Use and Body Image in Men: A
Growing Concern for Clinicians . Psychotherapy and
Psychosomatic 2020; 89:65-73 .

Elgendy HA , Alhawary AA , El-Shahat MA | Ali
AT . Effect of Anabolic Steroids on the Cardiac and
Skeletal Muscles of Adult Male Rats. International
Journal of Clinical and Developmental Anatomy
2018; 4(1): 1-14.

Dela Cruz C , Agati L B, Pereira O C. M . Effects
of Nandrolone Decanoate and Resistance Exercise
on Skeletal Muscle in Adult Male Rats . International
Journal of Morphology 2012; 30(2):613-620.

Sinha-Hikim I, Artaza J , Woodhouse L . Testosterone
induced increase in healthy young men is associated
with muscle fiber hypertrophy .American Journal
of Physiology - Endocrinology and Metabolism
2002; 283:154-164 .

Hartgens F , Kuipers H . Effects of Androgenic-
Anabolic Steroids in Athletes. Sports Medicine
2004; 34 (8): 513-554 .

Diel P, Schiffer T, Geisler S, Hertrampf T, Mosler
S, Schulz S, Wintgens KF, Adler M . Analysis of
the effects of androgens and training on myostatin

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

propeptide and follistatin ~ concentrations  in
blood and skeletal muscle using highly sensitive
Immuno PCR. Molecular Cellular Endocrinology
2010; 330:(1-2):1-9.

Mosler S, Pankratz C, Seyfried A , Piechotta M,
Diel P . The anabolic steroid methandienone targets
the hypothalamic-pituitary—testicular  axis and
myostatin signaling in a rat training model. Archives
of Toxicology 2012;86: 109-119.

Pomara C, NeriM, Bello S, Fiore C, Riezzo I, Turillazzi
E. Neurotoxicity by synthetic androgen steroids:
oxidative stress, apoptosis, and neuropathology:
A review. Current Neuropharmacology
2015 ;113:132-145.

Green DR, Llambi F . Cell Death Signaling. Cold
Spring Harbor Perspectives in Biology 2015 ;7.

Misseri R, Meldrum DR, Dinarello, Dagher P, Hile
KL, Rink RC, Meldrum K K . TNF-alpha mediates
obstruction-induced renal tubular cell apoptosis
and proapoptotic signaling. American Journal of
Physiology- Renal Physiology 2005;288: F406-F411.

Song W, Kwak H, Lawler J M . Exercise Training
Attenuates Age-Induced Changes in Apoptotic
Signaling in Rat Skeletal Muscle . Antioxidants and
Redox Signaling 2006;8( 3 & 4) : 517-528 .

Prior BM, Yang HT, Terjung RL. What makes vessels
grow with exercise training? Journal of Applied
Physiology 2004; 97:1119-1128.

Kojda G, Hambrecht R. Molecular mechanisms of
vascular adaptations to exercise. Physical activity
as an effective antioxidant therapy. Cardiovascular
Research 2012; 67 (2): 187-197.

Wagatsuma A, Tamaki H and Ogita F. Expression of
VEGF and its receptor in the heart tissue following
short- term swimming training. International Journal
of Sport and Health Science 2005, (3): 91-99.

Lloyd PG, Prior BM, Yang H T, Ronald L. Terjung R
L .Angiogenic growth factor expression in rat skeletal
muscle in response to exercise training . American
Journal of Physiology : Heart and Circulatory
Physiology 2003 ; 284: H1668-H1678 .

Tamaki T, Uchiyama S, Uchiyama Y, Akatsuka
A, Roy R R, EdgertonV R. Anabolic steroids
increase exercise tolerance. American Journal
of Physiology - Endocrinology and Metabolism
2001; 280: E973-E981

Filho JCJICS, Vanderlei LCM, Camargo RCT,
Francischeti FA, Belangero WD, Pai VD. Effects of the
anabolic steroid nandrolone on the soleum muscle of
rats submitted to physical training through swimming:
histological, histochemical and morphometrical study.
Rev Bras Med Esporte. 2006; 12, (5): 243-247.

47



RAT , SKELETAL MUSCLE , AAS.

38.

39.

40.

41.

42.

43.

KadiF. Cellular and molecular mechanisms responsible
for the action of testosterone on human skeletal
muscle. A basis for illegal performance enhancement.
British Journal of Pharmacology 2008; 154:522-528.

Powers SK, Jackson MJ .Exercise-induced
oxidative stress: cellular mechanisms and impact on
muscle force production. Physiological Reviews
2008; 88:1243-1276.

Pinthus JH, Bryskin I, Trachtenberg J, Lu JP, Singh G,
Fridman E, Wilson BC . Androgen induces adaptation
to oxidative stress in prostate cancer: implications
for treatment with radiation therapy. Neoplasia
2007; 9:68-80.

Delgado J , Saborido A , Megias A . Prolonged
treatment with the anabolic-androgenic steroid
stanozolol increases antioxidant defences in rat skeletal
muscle. Journal of Physiology and Biochemistry
2010 ; 66:63-71.

Kahal A. and Allem R. Reversible effects of anabolic
steroid abuse on cyto-architectures of the heart,
kidneys and testis in adult male mice. Biomedicine
and Pharmacotherapy 2018; 106: 917-922.

LiuWY,He W, Li H.Exhaustive Training Increases
Uncoupling Protein 2 Expression and Decreases
Bcl-2/Bax Ratio in Rat Skeletal Muscle . Oxidative
Medicine and Cellular Longevity 2013; 780719: 1-7 .

44,

45.

46.

47.

48.

49.

Szabadkai G, Rizzuto R . Participation of endoplasmic
reticulum and mitochondrial calcium handling in
apoptosis: more than just neighborhood?. FEBS
Letters 2004 ;4 (1) : 111-115.

Iyer S, Uren RT, Kluck RM . Probing BAK and
BAX activation and pore assembly with cytochrome
c release, limited proteolysis, and oxidant-induced
linkage. In: BCL-2 Family Proteins. Springer
2019 :201-216 .

Yi X, Yin X M, Dong Z. Inhibition of Bid-induced
apoptosis by Bcl-2. tBid insertion, Bax translocation,
and Bax/Bak oligomerization suppressed. Journal of
Biological Chemistry 2003 ; 278(19) :16992-16999.

Yamada M, Sankoda Y, Tatsumi R, Mizunoya
W, Ikeuchi Y, Sunagawa K, Allen R.E. Matrix
metalloproteinase-2 mediates stretch-induced
activation of skeletal muscle satellite cells in a nitric
oxide-dependent manner . International Journal of
Biochemistry and Cell Biology 2008; 40 :2183-2191.

Filippin L I ,Cuevas M J, Lima E, Marroni N
P, Gonzalez-Gallego J, Xavier R M . Nitric oxide
regulates the repair of injured skeletal muscle. Nitric
Oxide 2011; 24:43-49 .

Putman C T, Dusterhoft S, Pette D . Satellite cell
proliferation in low frequency-stimulated fast muscle
of hypothyroid rat .American Journal of Physiology
- Cell Physiology 2000; 279: C682-C690

48



Mohamed and Mohamed

A padlal)

Al Cily g i) slas) o Alil) ol pililt AuiliasS gl g dsa of it i) )
DS Al edlaml ) e o pail) G pail) aa Adal Jia g 33 dla dpiia Al
QAL sland) ¢)a all

dana JlaS 4 g dasa Cpdilal) o) A
hwihb_ﬁiaﬂﬁ_h@‘i\éﬁjgndiﬂ@ﬂﬂ\euﬁ

el al 1) o L Gy @l g dale Al yiiay Ay HaW) Al il s 5Dl ol aladin) sdasiall
ESlanl)

el HSA el cliaall ciaa Al 5 jlall <l il e 8 ) Cangd A Hall s2a sduand) ¢ Cing)
Jelall Jainall 550l 5 LilesS siva 5 L sl siva (Nandrolone Decnoate) 33le stheY 4aiis &) clal)
A a1 Al Sl 5 5 5 a8l G el G

Vic ganall 1le gane aa )l ) Wil sde AL elaand) el 5580 G a3 sduad) (3 dag 3 ga
fde ganall 5 (R el de sanall) Yo ganall ¢(2 5 iu¥l dallaall de sanall) Yaie ganall ((dailiall de senall)
(Nandrolone Decnoate) 33k € 5 ¥ e ganall sldac) a3 285 (2 5_0iuVL Aallaal) g 4o )2l Ae sanall)
€ 5 ¥ Cle senall aull © 30 Lmall aal) 53 5k e anall )5 e paS/ ane © Ao ao e sl (4
Ul B alad 0 300l Ll 3 i 58 ) v Jadidads JS ¢ lala £ 5 g0m (B o )3 JsS 55 0 ni L g
Aibas sl s Ao 5l sl Sl ja U sy a3 @Yl o lanll 34T 5 ) il dpmaail] Caai 4y il
i i alas (& IS 0 g g5 aall G adial 0 ga g 5 VL Aadladll de senall @ jedal 8 i)
Yie ganall & 4 seall e s ciliia) s IV (e (shalie sm s A LaVl | agin cililusall & Lusi) o LAY
e b o sl st S i L Agliaall GV o) & jeda) $e senall | CDLarl) Gl (8 adiad 3 g g Jaa ]
Ao seall due SV liial 5 STV (e A8 (3lalia 3 ga g

A0l ol s G gan 8 o 8 A V) ALl by 5 i) Jhalad () ol Al all a3 < jedal sAuadAl)
Calf 385 jlal) o il oda o daa 1S | ARIL eliand) ()13 el 5 sSAL (s g5 ) aa ¥ Cld OBlianll i 4k sl
Al Sl al ae 25 YL dallaall de ganall b

49



