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Effect of exercise training and anabolic androgenic steroids on hemodynamics, glycogen
content, angiogenesis and apoptosis of cardiac muscle in adult male rats
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Abstract:

Objectives: To investigate the effects of exercise training and anabolic androgenic steroids (AAS) on hemodynamics, glycogen
content, angiogenesis, apoptosis and histology of cardiac muscle.

Methods: Forty rats were divided into 4 groups; control, steroid, exercise-trained and exercise-trained plus steroid groups. The
exercise-trained and trained plus steroid groups, after one week of water adaptation, were exercised by jumping into water for 5
weeks. The steroid and trained plus steroid groups received nandrolone decanoate, for 5 weeks. Systolic blood pressure and
heart rate (HR) were monitored weekly. Heart weight / body weight ratio (HW/BW ratio) were determined. Serum testosterone,
vascular endothelial growth factor (VEGF), cardiac caspase-3 activity and glycogen content were measured.

Results: Compared with control, the steroid group had significantly higher blood pressure, HR, sympathetic nerve activity,
testosterone level, HW/BW and cardiac caspase-3 activity. Histological examination revealed apoptotic changes and
hypertrophy of cardiomyocytes. In exercise-trained group, cardiac glycogen, VEGF and testosterone levels were significantly
higher while HR was significantly lower than control. HW/BW was more than control confirmed by hypertrophy of
cardiomyocytes with angiogenesis on histological examination. Trained plus steroid group, had no change in HR, with higher
blood pressure and HW/BW than control, cardiac glycogen and serum VEGF were higher than control but lower than exercise-
trained group. Histological examination showed hypertrophy of cardiomyoctes with mild angiogenesis rather than apoptosis.

Conclusion: When exercise is augmented with AAS, exercise-associated cardiac benefits may not be fully gained with potential
cardiac risk from AAS if used alone or combined with exercise.
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Introduction

Exercise training exerts its beneficial effects
on cardiovascular system through reducing
cardiovascular risk factors, and directly
affecting the ceIIuIar and molecular remodeling
of the heart. " The acute endocrine response
to heavy resistance exercise includes
increased secretion of testosterone, and this
can explain muscle hypertrophy observed in
athletes who routlnely employ high power
resistance exercise. ® Testosterone is one of
the most potent naturally secreted androgenic-
anabolic hormones and is considered the
major promoter of muscle growth. It has been
shown to decrease pro-inflammatory cytokines
and increase anti-inflammatory cytokines,
cause coronary vasodilatation, improve insulin
sensitivity, reduce body mass index, reduce
abdominal fat with decreased risk of heart
disease. ®* Men with low testosterone levels
are at an increased risk of stroke as well as
heart attack due to an increased accumulation
of atherosclerotic plaque in their arteries. The
physiological effects of testosterone are
modulated  through the interaction  of
testosterone and trammg

Anabolic androgenic steroids (AAS) are
synthetic compounds, made up of testosterone
and its derivatives. When these AAS work on
androgen receptor, they produce nearly similar
anabolic and androgenic  effects  of
testosterone. They are used in diseases,
such as testosterone deficiency, malnutrition,
aplastic anemia, hypogonadism and delayed
male puberty. ' AAS have attracted the
attention of health researchers because some
athletes have been using them without
prescription and at supraphysiological doses,
with the purpose of increasing muscle mass or
to improve physical performance. ©

Although testosterone has beneficial effects
on the cardiovascular system, some studies
linked the exogenous supraphysiologic doses
of AAS with the development of cardiovascular
abnormalities as hypertension, increased
interventricular septum thickness, dilated
cardiomyopathy, arrhythmla heart failure and
sudden cardiac death. ¢

Muscle glycogen is an essential fuel for
exercise training. Exercise produces a
significant reduction in muscle glycogen. ('
However during recovery from prolonged
exercise, muscle glycogen can be restored
more than preexercise levels. Therefore,

glycogen availability would be greater for
subsequent exercise bouts which elevate
exercise tolerance and increase resistance to
fatigue. Previous studies reported that
capillarity in active skeletal muscle is
S|9n|ﬂcantly increased by exercise tralnlng

Angiogenesis refers to the formation of new
capillaries from existing capillaries. Vascular
endothelial growth factor (VEGF) is a potent
mitogen of endothelial cells and plays a critical
role in both Physmlogical and pathological
angiogenesis. However, little is known
about the impact of training and AAS on
cardiac glycogen and angiogenesis.

Apoptosis has been observed in a large

spectrum of heart diseases, and constitutes a
key event in the pathogenesis of cardiac
failure. Previous observations emphasize the
fact that cardiomyocyte apoptosis is a critical
event in the transition between compensatog/
cardiac hypertrophy and heart failure.!
AAS exert primarily anabolic and growth-
promoting effects in cardiac tissue; however,
they also cause ultrastructural alterations of
cardiomyocytes similar to those observed in
the early stages of congestive heart failure. (19)
Although the use of AAS is frequently
associated with exercise, limited studies in
animal models have attempted to find the
relationship between AAS use with and without
training and cardiovascular function.
Therefore, the aim of the present work was to
investigate the effects of training and AAS on
the hemodynamic function, cardiac glycogen
content as an energy store, sympathetic
activity, angiogenesis, apoptosis, and histology
of cardiac muscle in adult male rats. Also, as
the cardiovascular functions are influenced by
testosterone and because training and AAS
have different effects on it, the serum
testosterone levels will be also evaluated.

Material and methods

This study was carried out on 40 adult male
albino rats aged 12-14 weeks old; weighing
200-250 g. They were obtained from Faculty
of Medicine Animal House, Assuit University,
Egypt. The rats were divided randomly into
four groups, each with 10 rats: control, steroid,
exercise-trained, and trained plus steroid
groups. Food and water were provided ad
libitum. Room temperature was kept at 23 *
1°C. A 12:12-h light-dark cycle was maintained
throughout the experiment. Over the course of
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5 weeks, the steroid and trained plus steroid
groups were treated with the anabolic
androgenic  steroid (AAS), nandrolone
decanoate (Decadurabolin; Organon,
Roseland, USA) administered intramuscular
twice a week, in a dosage of 5 mg/kg body
weight. The control and exercise-trained
groups received the same volume of vehicle of
the AAS, composed of 0peanut oil with benzyl
alcohol (90: 10, V/V). Initial and final body
weights (BW) were recorded Animal care and
use were in accordance with procedures
outlined in the National Institutes of Health
Guidelines. The protocol was approved by the
institutional animal experimentation ethics
committee of Assuit University, Assuit, Egypt.

The training2 protocol was according to
Cunha et al. ® During the first week, the
animals of the exercise-trained and trained
plus steroid groups swam for 30 min/day in a
tank (60 cm wide, 75 cm long, 80 cm deep)
filed with water at 32 + 1°C to adapt the
environment. The exercise training was done
once per day for 5 days, from the second to
the sixth week of the experiment. The exercise
regimen included 4 sets of 10 jumps from the
bottom of the tank to the water surface with 30
seconds recovery time between sets. To
augment the exercise intensity, an external
load was added to the animal. The animals
carried a load of 50% body weight strapped to
the chest in the second week. In the third and
fourth training weeks, the animals performed
the same exercise carrying a load of 60% body
weight, and in the last two weeks, this load
was adjusted to 70% of body weight. All the
procedure began at 8 a.m.

Systolic blood pressure was recorded in the
first week as baseline then weekly twenty-four
hours after the last training session for all
groups throughout the experiment. It was
recorded with pneumatic tail — cuff device
(NARCO, Biosystems, Inc., Houston, Texas)
after the animals had been pre warmed for 30
min. in a metabolic chamber maintained at
approximately 30 °C, mean values of three
consecutive measurements (10-sec interval)
were calculated.

Recoding of electrocardiogram (ECG) was
done in the first week as baseline then weekly
after twenty-four hours of the last training
session for all groups. It was recorded by
inserting the needle electrodes in the skin of
four limbs of all groups under light ether

anesthesia. The needle was connected to an
ECG recorder (ECG Cardiofax Nih Onkohn
Kohden, Kogyo Co. Ltd, Kogyo, Japan). The
animals were left for 15 min before recording
LI, LIl and LIl of ECG from which the heart
rate (HR) (beats /min) of each rat was
determined.

Recording of sympathetic nerve activity was
done by measuring SCIatIC nerve activity (SNA)
as described by McLeod @V, After the animals
were sacrificed, the right Ieg was dissected to
expose the sciatic nerve. A strong thread was
passed around the main sciatic nerve and tied.
Sciatic nerve traffic was recorded after
stimulation with a microelectrode connected to
the stimulator cable (electronic stimulator SEN-
3201). The stimulator frequency was set at
25/sec, for the duration of 2 sec and strength
of 3-5 V. The sciatic signals were magnified
with a Washington coupler (814-80950-0).
Responses of the nerve were recorded on the
physiograph. SNA was determined as burst /
min.

Blood and Tissue Preparation:

At the end of the experimental period, blood
samples were collected, and serum was
separated for assays. Then the rats were
sacrificed. The intraabdominal fat was
dissected, weighed and normalized by total
BW of the animal. To measure cardiac mass,
the heart was removed from the thoracic cavity
and dissected to separate the left ventricle
(LV). The interventricular septum remained as
part of the LV. To evaluate -cardiac
hypertrophy, the heart LV weight (HW) was
normalized by total BW of the animal (HW/BW
in mg/g). The HW/BW ratio was used as an
index of cardlac hypertrophy as reported by
Rocha et al. ® For analytical assay, the apex
half of the LV was cut into pieces that were
snap-frozen  in  liquid  nitrogen  then
homogenized and stored at -20-C until used
for biochemical analysis, while the other half
was used for histological analysis.

For light microscopy, cardiac samples were
fixed in 10% neutral buffered formaldehyde
then processed for paraffin sections, cut into 5
mm thickness and stained with hematoxylin
and eosin (H&E) for the visualization of cellular
structures. ®

Serum testosterone level was measured by
ELISA method (ALPCO Diagnostics. NH, USA,
Cat No 55-TESMS-E01). Serum vascular
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endothelial growth factor (VEGF) as a marker
of angiogenesis '® was evaluated by ELISA
method (R&D  Systems, Minneapolis,
Minnesota, USA). Cardiac glycogen content
was determined by chemical method according
to the Siu et al. ® Cardiac caspase-3 activity
as a marker of apoptosis "® was measured by
ELISA method using Apotarget Apoptosis kit
supplied by Biosource International, Inc
(Camarillo, California 93012USA). Data were
normalized to the amount of protein measured
by the Lowery method, ®® using the bovine
serum albumen as a slandered.

Statistical Analysis:

Data were presented as means + standard
error (SEM). Comparison between groups was
done by using Unpaired Student's "t" test.
Comparison between means of different
parameters in the same group before and after
the intervention was done by Paired Student's
"t" test. The level of significance was accepted
with P < 0.05. Prism computer program (graph
pad version 3.0) was used for statistical
analysis according to that described by Knapp
and Miller. ®®

Results

A significant rise of systolic blood pressure
(mmHg) was observed in steroid group at the
4" 5" and 6™ weeks (P<0.05, P<0.01 and
P<0.01 respectively) in comparison to 1% week
and to control group during 4", 5", and 6"
weeks  (P<0.01,P<0.001 and P<0.001
respectively). In trained plus steroid group,
significant rise of systolic blood pressure was
observed starting from 5" week (P<0.05) and
6" week (P<0.05) as compared with 1% week
and with control group. In exercise-trained
group, systolic blood pressure was non
significantly varied from control levels (Table

1).

In steroid group, the HR (beats/ min) was
increased significantly at the 3™ , 4" 5" and
6" weeks ( P<0.01,P<0.001,P<0.001 and
P<0.001 respectively) in comparison to 1%
week and in comparison to control group
during 3, 4™,5", and 6™ weeks (P<0.001 for
each). In exercise-trained group, HR was
significantly lower at 2™ 3 4" 5" and 6"
weeks as compared to the 1% week
(P<0.05,P<0.01, P<0.001,P<0.01 and P<0.001
respectiveIC}/) and as compared to control
during 2™ 3° 4™ 5" and 6" weeks

(P<0.01,P<0.01, P<0.001,P<0.001 and
P<0.001 respectively). In trained plus steroid
group HR was non significantly varied as
compared to 1% week or to control group
(Table 2).

The SNA (burst/min) was significantly
higher in steroid group as compared to control,
exercise-trained and trained plus steroid
groups (P<0.01 for each) (Figure 1).

The body weight (BW) increased
significantly at the sixth week compared to the
first week in all groups with P value <0.001 for
each. Compared to control the BW measured
at week 6 were significantly lower in steroid,
exercise-trained, trained plus steroid groups (P
<0.001 for each). Trained plus steroid group
has less BW as compared to steroid group
(P<0.05). Compatible with BW, the
intraabdominal fat was significantly lower in
steroid and trained plus steroid (P<0.05 for
each) and non significantly lower in exercise-
trained group than control group (Table 3).

Steroid and trained plus steroid had
significantly increased HW in comparison to
control group (P<0.01, P<0.05 respectively). In
exercise-trained group, HW was non
significantly varied from control or trained plus
steroid groups while significantly lower than
steroid group (P<0.05) (Table 3).

HW/BW ratio was significantly higher in
steroid (P<0.01), exercise-trained (P<0.05) and
trained plus steroid (P<0.05) groups in
comparison to control group. This ratio was
non significantly higher for steroid and trained
plus steroid groups than exercise-trained group
(Table 3).

The levels of serum testosterone (ng/dl) in
steroid, exercise-trained, and trained plus
steroid groups were significantly higher than
control (P <0.001, P <0.01 and P <0.001
respectively). In between the 3 groups
exercise-trained group had lower testosterone
levels than steroid and trained plus steroid
groups (P value < 0.05 for each) (Figure 2).

It was found that serum levels of VEGF
(pg/ml) were significantly higher in both
exercise-trained and trained plus steroid
groups when compared to control and steroid
groups (P<0.001 for all) with higher level
observed in exercise-trained than in trained
plus steroid group (p<0.01) (Figure 3).

Cardiac glycogen content (mg/100mg
protein) was significantly higher in exercise-
trained and trained plus steroid groups than
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control and steroid groups (P<0.001 for all)
with  higher level (P<0.05) observed in
exercise-trained than in trained plus steroid
group (Figure 4). Steroid group presented with
the highest cardiac caspase -3 activity
(nmol/mg protein) than control, tra exercise-
trained ined and trained plus steroid (P<0.001
for each) whereas the levels in exercise-
trained and in trained plus steroid groups non
significantly varied from control (Figure 5).

Histological Changes

Figure 6a—d showed histological sections of
the studied groups of animals, stained with
H&E. The histological structure of cardiac
muscle fibers of the LV in control group is
shown in Figure 6 a. Normal blood capillaries
were seen among the muscle fibers. The
muscle fibers appeared elongated and

branched with oval central nuclei and pale
acidophilic cytoplasm. Figure 6 b showed
histological features of the steroid group with
the nuclei of the cardiac muscle fibers
appeared enlarged with less frequency
(hypertrophy of cardiomyocytes) in comparison
to that of the control group. Focal areas of
degeneration and vaculation as well as
damage of sarcolemma and myofibril
(apoptotic changes) were observed. The most
characteristic features of exercise-trained
group were the increased capillaries density
around the cardiomyocytes (angiogenesis) and
hypertrophy of the cardiomyocytes (Figure 6
c). Intrained plus steroid group hypertrophy of
the cardiomyocytes was found. No apoptotic
changes were noticed but mild angiogenesis
was seen among the muscle fibers (Figure 6
d).

Table (1). Systolic blood pressure (mmHg) in control, steroid, exercise-trained and trained plus

steroid groups.

Groups 15" week [ 2™ week | 3@ week | 4" week | 5" week | 6" week
(n=10)

Control 100+4.7 | 101£5.5 | 103+5.8 | 102+5.5 | 105+4.6 104+4.7
Steroid 107+4.2 112+6.4 | 120+8.6 | 129+7.1 | 142+8.2 147+9.3

**, # ***’ # ***’ #

Exercise- 104+5.3 110£7.2 | 112+7.5 | 116+6.2 | 115+5.5 112+£9.2
trained

Trained plus 105+4.9 114474 | 115£6.6 | 119+6.5 | 122+6.3 12447 .4
steroid * # L #

Data are presented as mean + SEM. * P<0.05, **P<0.01, *** P<0.001 versus control group. # P<0.05,
##P<0.01 versus first week.

51



Asmaa F. Hassan and Manal M. Kamal

Table (2). Heart rate (beats/ min) in control, steroid, exercise-trained and trained plus steroid
groups.

Groups 1 week | 2™ week | 3@ week | 4™ week | 5" week | 6™ week
(n=10)
Control 410427 | 433428 | 421+33 | 461+28 | 452429 | 466+34
Steroid 422+29 | 50535 | 63136 | 677+38 | 793143 | 851150
***’ # ***, # ***’ # ***’ #
Exercise-trained 405425 | 326+19 | 311£18 | 279+31 | 301+21 | 260+23
**, # **, # *kk # ***’ # *kk #

Trained plus steroid 401+24 | 386+26 | 391+22 | 485+34 | 474+39 | 492142

Data are presented as mean + SEM. **P<0.01, *** P<0.001 versus control group. # P<0.05, ##
P<0.01, ##tP<0.001 versus first week.

Table (3). Body weight (BW), heart weight (HW), HW/BW ratio and intraabdominal fat in control,
steroid, exercise-trained and trained plus steroid groups.

Body weight (g)
Heart weight | HW/BW Ratio | Intraabdominal fat
Groups Weak 1 Weak 6 (9) (mg/g) (g/ 100g BW)
Control (n=10) 219+4.2 | 39518.2 1.1310.05 2.86 5.18+0.63
§8§8§
Steroid (n=10) 223+5.1 35116.6 1.45+0.07 413 * 3.16£0.42 *
§8§8§
Exercise-trained 227+4.5 335+7.7 1.24+0.04 3.7* 4.2940. 53
(n=10) i #
§8§8§
Trained plus steroid 222+3.9 | 32416.9 1.3040.04 4.01 * 3.65+0.23
(n=10) ***’ #, * *
§8§8§

Data are presented as mean + SEM. * P<0.05, **P<0.01, *** P<0.001 versus control group. # P<0.05
versus steroid group. §§§ P<0.001 versus weak 1.
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Fig. (1). Sciatic nerve activity (burst/min) in control, steroid, exercise-trained and trained plus steroid groups. Data are
means *SEM. ** P< 0.01versus control, ##P< 0.01 versus steroid group.
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Fig. (2). Serum testosterone level (ng/ dl) in control, steroid, exercise-trained and trained plus steroid groups. Data are
means *SEM. ** P< 0.01, *** P< 0.001 versus control, #: P< 0.05 versus steroid group and + P<0.05 versus trained plus
steroid group.
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Fig. (3). Serum level of VEGF (pg/ml) in control, steroid, exercise-trained and trained plus steroid groups. Data are
means *SEM. *** P<0.001versus control, ###P<0.001 versus steroid and ++P<0.01 versus trained plus steroid group.
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Fig. (4). Cardiac glycogen content (mg/100mg protein) in control, steroid, exercise-trained and trained plus steroid
groups. Data are means *SEM. *** P<0.001 versus control, ###P<0.001 versus steroid and +P<0.05 versus trained plus
steroid group.
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Fig. (5). Cardiac caspase-3 (nmol/mg protein) in control, steroid, exercise-trained and trained plus steroid groups. Data
are means *SEM. ***: P<0.001 versus control, and ##P<0.001 versus steroid group.

Fig. (6a—d) showed histological sections of cardiac muscle fibers (LV) of the studied groups of animals, stained with
H&E a: Control group shows normal blood capillaries among the muscle fibers. The muscle fibers elongated and
branched with oval central nuclei and pale acidophilic cytoplasm. b: Steroid group shows that the nuclei of the cardiac
muscle fibers are enlarged with less frequency in comparison to that of the control group with apoptotic changes. c:
exercise-trained group shows increased capillaries density around the cardiomyocytes (angiogenesis) with
hypertrophy of the cardiomyocytes. d: Trained plus steroid shows hypertrophy of the cardiomyocytes with no
apoptotic changes and mild angiogenesis among the muscle fibers. x 250 (a, c) & x 400 (b, d).
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Discussion

Exercise training fosters the health and
performance of the cardiovascular system, and
represents nowadays a powerful tool for
cardiovascular therapy. "’ The abuse of AAS
which are commonly used to enhance sport
performance in athletes has been associated
to cardiovascular disorders. The heart is the
most  frequently  affected organ by
administration of these steroids. ¢”

In the present study, hemodynamic
measurements in steroid group showed a
significant increase of systolic blood pressure
and HR after receiving AAS compared to the
initial values and to control group. These
results could be attributed to increased
sympathetic activity (SNA) observed in this
group. These results are in accordance other
investigators' showed that AAS treatment
leads to dysfunction in tonic cardiac autonomic
regulation with  marked impairment of
parasympathetic cardiac modulation and
sympathetic hyperactivity. ®® ? |t was also
found that in presence of supraphysiological
dose of AAS there may be changes in the
sensitivity of the heart by increasing in
adrenergic [ receptors, causing super-
sensitiveness in the cardiac sinoatrial node. ©°
The decrease in HR observed in exercise-
trained group at 2", 3rd 4", 5th, and 6" weeks
as compared to the initial value in 1% week and
to control group confirms the effectiveness of
exercise training in this study. These results
are in line with previous studies which reported
that the exercise-induced resting bradycardia
is associated with exercise-induced adaptation
in cardiac autonomic nervous activities. ' %
However nandrolone treatment in trained plus
steroid group block this cardiac autonomic
adaptation as we didn’t detect any exercise-
induced resting bradycardia in this group but a
significant rise of systolic blood pressure was
found at 5™ and 6" week.

All groups had increased BW after 6 weeks
however this BW was less in steroid, exercise-
trained, trained plus steroid groups in
comparison to control group indicating less
weight gain in the 3 groups with decrease of
intraabdominal fat in comparison to control
group. This may reflect a higher body fat
metabolism with decreased weight gain
achieved by training and ASS administration
which caused an increase in fat metabolism in

adipose tissue or blunted the appetite,
resulting in less weight gain in rats. (22)

The HW per se was not significantly
different in  exercise-trained group as
compared to control; however, the training
protocol was efficient in increasing the HW/BW
ratio compared with that in control. This
response is typical of physical training and
represents physiological cardiac hypertrophy.
(34.39) Rats received AAS in steroid and trained
plus steroid groups presented with significantly
higher HW. Recent studies reported that
recurring high dose AAS administration and
physical training in mice produce significant
increase in HW. @& %) Both groups had
significantly higher HW/BW ratio than control
and non significantly higher than exercise-
trained group. Riezzo et al ®” observed that
exogenous AAS administration induced
cardiac hypertrophy in vitro and in vivo, and
when combined with exercise, these steroids
change exercise-induced physiological cardiac
hypertrophy to pathophysiological cardiac
hypertrophy. Histological examination revealed
also that in steroid, exercise-trained and
trained plus steroid groups, hypertrophy of the
cardiomyocytes was evident compared to
control group. These results are in line with
previous studies. "

Administration of AAS in steroid and trained
plus steroid groups increased serum
testosterone levels than control group. These
results are consistent with the previously
described that chronic AAS administration
causes a significant increase in serum
testosterone level in trained rats treated with
steroids. They speculated that both
endogenous and exogenous testosterone or
testosterone like substances were measured.
(2238 On the other hand, other study reported
that low testosterone level was observed
throughout AAS treatment due to negative
feedback mechanism with reduced
endogenous  testosterone  secretion.  ©?
Increased serum testosterone levels than
control was also detected in exercise-trained
group but less than those levels found in
steroid and trained plus steroid groups. This
agrees with data of Fry and Lohnes ® who
reported that physical exercise can elicit a high
testosterone response and can contribute to
the muscle hypertrophy observed in athletes.
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Marsh et al “? reported that presence of

androgen receptors in cardiac myocytes can
directly mediate a significant hypertrophic
response to androgens in heart. In the present
study, higher testosterone levels in response to
training and with administration of AAS are
likely to share such influences on the cardiac
hypertrophic response through actions on the
androgen receptors. The use of
supraphysiological dose of AAS and not the
physiological amounts of natural testosterone
could induce pathophysiological cardiac
hypertrophy since natural testosterone is
beneficial with regard to cardiovascular health.
AAS resemble the testosterone molecule and
work like it in some ways but not in others. One
of the ways they don't work like testosterone is
in terms of toxicity. ©

The pattern of energy use by the heart is
combined competition between fatty acids,
lactate and glucose and varies according to
workload and hormonal status. In the
present work, training resulted in significantly
higher cardiac glycogen content in exercise-
trained and in trained plus steroid groups
compared  with  other groups. AAS
administration alone did not increase cardiac
glycogen content in steroid group as compared
to control group. Lapier and Rodnick “?
demonstrated that physical training, could
induce increase of cardiac glycogen storage
and glucose uptake via enhancing the activity
of glycogen synthase and considered these
effects as metabolic adaptations in cardiac
function and energy metabolism. Foss and
Keteyian “** reported that testosterone can
increase glycogen synthase activity with
subsequent increase in glycogen synthesis in
male animal. Accordingly, in this study the
increased cardiac glycogen in both trained
groups could be due to endogenous
testosterone secretion in response to exercise
training and not AAS administration. On the
contrary; Silva et al ® reported an increase in
glycogen content of the cardiac muscle in
presence of AAS and suggested that this
increase may reflect the effect of these
steroids on changing the tissue
responsiveness to other hormones, such as
insulin-like growth factor on the glycogenic
pathway.

The exercise training-induced increase of
capillary density in this study is a beneficial
adaptation for the heart because capillary

network participates in maintaining the supply
of oxygen and energy substances in the heart.

*) The molecular mechanisms underlying the
exercise-induced improvement of angiogenesis
in the heart might be related to VEGF. (" **
We observed that the highest serum level of
VEGF was found in exercise-trained followed
by trained plus steroid groups in comparison
either to control or steroid groups in which the
levels were very minimal. In harmony with
these data the histological examination of the
cardiac muscle showed angiogenesis in
exercise-trained group which was more
prominent than trained plus steroid grouP Our
findings are in line with Ellison et al " who
showed that exercise training induces vascular
remodeling of the cardiac muscle by increasing
angiogenesis. Our results also agree with
previous studies showed increased VEGF
expressmn in rat heart after exercise training.
(#6.47) 1t was found that reduced oxygen tension
in active muscles during exercise may increase
a hypoxia-inducible factor that stimulates
transcr|pt|on of the VEGF gene in cardiac
muscle. “® VEGF appears to enable and/or
facilitates the mobilization of endothelial
progenitor cells from the bone marrow & 49
which are known to have a great capacity for
neovascularization. Based on these
observations, in this study the angiogenesis
induced within the cardiac muscle of the
exercise-trained and trained plus steroid
groups was dependent on the availability of
VEGF in response to the increased myocardial
oxygen demand imposed by cardiac
hypertrophy.

It's described that the AAS abuse is
clinically associated with sudden cardiac
death, myocardial infarct; ventricular
remodelling and  cardiomyopathy, the
molecular mechanisms of these events were
closely related to apoptosis. © Results of the
current study revealed that caspase-3 activity
of the cardiac muscle as a marker of apoptosis
was significantly increased in steroid group
than other groups.Concomitant with these
results, histological finding showed apoptotic
changes in the cardiac muscle fibers of this
group. These results are in accordance with
other animal studies found that AAS resulted in
cardiac apoptotic lesions. ® °" *? |n a recent
study, it has been shown that AAS indirectly
mediates the processes that precede
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mitochondrial dama%e,
sarcomere disruption.

In trained plus steroid group, cardiac
caspase-3 activity was minimal and no
apoptotic changes were observed on
histological examination. These data support
the hypothesis that exercise training is able to
reduce the extent of apoptosis in rat cardiac
muscle, where Siu et al ®* reported that 8
weeks endurance training led to decrease
proapoptotic and increase antiapoptotic gene
levels in rat cardiac muscle.

In  Conclusion; impaired angiogenesis,
pathophysiological ~ hypertrophy,  adverse
hemodynamics and apoptotic changes of
cardiac muscle on AAS administration may
affect viability of the heart. Physiological
cardiac hypertrophy with exercise training was
associated with increase glycogen content,
angiogenesis and improvement of
hemodynamics of the heart; effects that can
improve cardiac function and energy
metabolism. Co-administration of AAS with
exercise partially reduced those benefits with
adverse hemodynamic effects and
pathophysiological hypertrophy of the cardiac
muscle suggesting increased cardiovascular
risks in training exercise associated with AAS
abuse.

apoptosis  and
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