
ISSN 0100-879X

BIOMEDICAL SCIENCES
AND

CLINICAL INVESTIGATIONwww.bjournal.com.brwww.bjournal.com.br

Volume 43 (4) 268-380 April 2011

Braz J Med Biol Res, April  2011, Volume 44(4) 337-344

Vascular adaptive responses to physical exercise and to stress are 
affected differently by nandrolone administration

T. Bruder-Nascimento and S. Cordellini

Faculdade de Medicina 
de Ribeirão Preto

Campus
Ribeirão Preto

Institutional Sponsors

The Brazilian Journal of Medical and Biological Research is partially financed by 

analiticaweb.com.br S C I E N T I F I C

Hotsite of proteomics metabolomics

developped by:

All the contents of this journal, except where otherwise noted, is licensed under a Creative Commons Attribution License 

http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0100-879X2009001200016&lng=en&nrm=iso
http://www.bjournal.com.br/
http://www.fmrp.usp.br/
http://www.ribeirao.usp.br
http://www.unicamp.br/
http://www.faepa.br/
http://www.usp.br/
http://www.scielo.org/php/index.php
http://www.fapesp.br/
http://portal.mec.gov.br
http://www.mct.gov.br/
http://www.capes.gov.br/
http://www.brasil.gov.br
http://www.cnpq.br/
http://www.shimadzu.com.br
http://www.gehealthcare.com/worldwide.html
http://www.analiticaweb.com.br/emarketing/proteomics
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/


www.bjournal.com.br Braz J Med Biol Res 44(4) 2011

Brazilian Journal of Medical and Biological Research (2011) 44: 337-344
ISSN 0100-879X

Vascular adaptive responses to physical exercise 
and to stress are affected differently by 

nandrolone administration

T. Bruder-Nascimento and S. Cordellini

Departamento de Farmacologia, Instituto de Biociências, 
Universidade Estadual Paulista “Júlio de Mesquita Filho”, Botucatu, SP, Brasil

Abstract

Androgenic anabolic steroid, physical exercise and stress induce cardiovascular adaptations including increased endothelial 
function. The present study investigated the effects of these conditions alone and in combination on the vascular responses of 
male Wistar rats. Exercise was started at 8 weeks of life (60-min swimming sessions 5 days per week for 8 weeks, while carrying 
a 5% body-weight load). One group received nandrolone (5 mg/kg, twice per week for 8 weeks, im). Acute immobilization stress 
(2 h) was induced immediately before the experimental protocol. Curves for noradrenaline were obtained for thoracic aorta, with 
and without endothelium from sedentary and trained rats, submitted or not to stress, treated or not with nandrolone. None of 
the procedures altered the vascular reactivity to noradrenaline in denuded aorta. In intact aorta, stress and exercise produced 
vascular adaptive responses characterized by endothelium-dependent hyporeactivity to noradrenaline. These conditions in 
combination did not potentiate the vascular adaptive response. Exercise-induced vascular adaptive response was abolished by 
nandrolone. In contrast, the aortal reactivity to noradrenaline of sedentary rats and the vascular adaptive response to stress of 
sedentary and trained rats were not affected by nandrolone. Maximum response for 7-10 rats/group (g): sedentary 3.8 ± 0.2 vs 
trained 3.0 ± 0.2*; sedentary/stress 2.7 ± 0.2 vs trained/stress 3.1 ± 0.1*; sedentary/nandrolone 3.6 ± 0.1 vs trained/nandrolone 
3.8 ± 0.1; sedentary/stress/nandrolone 3.2 ± 0.1 vs trained/stress/nandrolone 2.5 ± 0.1*; *P < 0.05 compared to its respective 
control. Stress and physical exercise determine similar vascular adaptive response involving distinct mechanisms as indicated 
by the observation that only the physical exercise-induced adaptive response was abolished by nandrolone.
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Regular physical exercise has been associated with a 
reduced incidence of cardiovascular diseases. Endurance 
training of healthy sedentary human subjects results in 
increased cardiac output and stroke volume (1). Chronic 
exercise is also known to improve the vasodilatory mecha-
nisms mediated by endothelium-dependent relaxing factors 
in the cardiac and skeletal muscles, as well as kidney, 
cutaneous and other vascular beds (2-4). Decreased blood 
pressure induced by exercise training was also reported 
in hypertensive subjects and spontaneously hypertensive 
rats (5,6).

To potentiate the physiological effects of physical train-
ing, many athletes use ergogenic substances. The use of 
anabolic androgenic steroids (AAS) is no longer limited to 
athletes and body builders. Adolescents and adults with no 

primary interest in sports, but who are interested in weight 
gain and improvement of their physical appearance have 
started to abuse AAS. The intake of these steroids has 
been associated with vascular complications, cardiomyo-
pathy, coronary atherosclerosis, and cardiac hypertrophy. 
Furthermore, in several clinical reports, AAS intake was as-
sociated with an acute myocardial infarct (7,8). It has been 
reported that treatment with the AAS nandrolone worsens 
an animal’s endothelial and vascular smooth muscle func-
tion (9-14). In fact, the endothelial cell plays an important 
role in the cardiovascular system by producing a variety 
of potent vasoactive agents. Changes in endothelial cell 
function are implicated in a variety of pathophysiological 
processes, such as steroid abuse, and the restoration of 
endothelial function appears to be a promising therapeutic 
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approach (15-17).
Stress is another physiological condition that involves 

circulatory changes. Although virtually all organs are af-
fected by exposure to stressors, the neuroendocrine, 
cardiovascular, immune, and gastrointestinal systems are 
the first to experience functional changes (18). Similarly 
to that observed in exercise training, the stress-induced 
vascular changes are dependent on both endothelial 
integrity and hyperactivity of the endothelial nitric oxide-
system (15,17,19).

Despite the reports of vascular reactivity changes re-
lated to stress, exercise and abuse of steroids isolated, the 
circulatory adaptation to these perturbations in combination 
requires further investigation. Thus, given the frequent 
use of AAS by sport athletes and the general population 
as well as the potential health risks of stressful stimuli, the 
objective of the present study was to evaluate the effect 
of exercise training, stress and AAS administration alone 
or in combination on vascular function, focusing on the 
endothelial and smooth muscle cells. 

Material and Methods

Animals
Experiments were performed on male Wistar rats with 6 

weeks of age and 250-270 g body weight at the beginning 
of the experiments. Lights in the animal room were set on a 
12:12-h cycle with temperature maintained at 22 ± 1°C. The 
animals were housed 3 per cage and were given regular 
laboratory chow and water ad libitum. 

The experimental procedures were in accordance with 
the principles and guidelines of the National Council for 
Control of Animal Experimentation and were approved 
by the Ethics Committee of the Instituto de Biociências, 
UNESP, Botucatu (protocol #67/03-CEEA).

Body and organ weights
The weights of the body, adrenals, left ventricle, prostate, 

testes, and seminal vesicles were measured in sedentary 
and trained rats treated or not with nandrolone. The animals 
were weighed weekly throughout the experimental period. 
Since the weight of the adrenals correlates with stress level, 
it was employed to assess the efficacy of stress induction. 
Moreover, since the weights of the prostate, testes and 
seminal vesicle correlate with sex hormone levels, they 
were employed to assess the efficacy of treatment with the 
exogenous anabolic androgenic steroid nandrolone. Finally, 
cardiac hypertrophy was assessed by left ventricle weight 
normalized for body weight (LV weight/BW).

Measurement of blood pressure
Systolic blood pressure was determined in conscious 

rats using tail-cuff plethysmography (Narco Bio-Systems, 
USA) immediately before starting treatment and weekly 
until the death of the animal. The rats were prewarmed for 

10 to 15 min and placed into a restrainer for blood pressure 
measurement. Three consecutive recordings (~1 min apart) 
were performed, and the mean of these three measure-
ments was recorded.

 
Adaptation period

To avoid a considerable loss of rats and to reduce the 
animals’ stress, the rats from the training groups were 
submitted to a gradual but brief adaptation period. During 
the first pre-training week these animals (6 weeks old) were 
placed exposed to increasing volumes of heated water and 
periods of exposure (28 ± 1°C; 15-60 min/day, 5 weekly 
sessions) within a tank (35 x 17 x 50 cm) in order to adapt 
to the water. Subsequently, the rats were submitted to a 
second pre-training week consisting of forced swimming 
sessions in water at 28 ± 1°C for 60 min, carrying a load 
strapped to their chests. The workload was gradually in-
creased (1-5% of body weight) until the rats could swim for 
60 min wearing a chest load weighing 5% of body weight. 
Thereafter, the workload was constant.

Exercise training program
Exercise training consisted of a forced swimming ses-

sion once a day for a period of 8 weeks (5 days/week). 
Rats were submitted individually to a forced swimming 
session in warmed water at 28 ± 1°C for 60 min, carry-
ing a load weighing 5% of body weight strapped to their 
chests. The sessions were performed between 1:00 and 
2:00 pm. During the exercise session, the sedentary rats 
were kept in their home cages. This swimming protocol 
has been characterized previously as being of low to 
moderate intensity and of long duration (20). Forty-eight 
hours after the last exercise session, the animals were 
sacrificed by decapitation.

 
Treatment with nandrolone decanoate

Eight-week-old rats were randomized into 4 groups (7-10 
rats/group): sedentary vehicle-treated (vehicle = corn oil: 
0.2 mL body weight, twice per week, intramuscularly, for 8 
weeks), trained vehicle-treated, sedentary nandrolone-treat-
ed (nandrolone decanoate, Deca Durabolin®, Organon do 
Brasil, Brazil, 5 mg/kg body weight twice a week, intramus-
cularly, for 8 weeks) (12), and trained nandrolone-treated. 
This dose is comparable to the dose that has been reported 
to be frequently used by heavy AAS abusers (21).

Stress induction
Forty-eight hours after the last exercise session, a 

group of trained rats, treated or not with nandrolone, was 
submitted to a single stress session (Train/St and Train/
Nand/St, respectively). Additionally, a group of 16-week-
old sedentary rats treated or not with nandrolone was also 
submitted to a single stress session (Sed/St and Sed/
Nand/St, respectively). The stressor agent consisted of 
immobilization for 2 h in a 5 x 27-cm metal tube, individu-
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ally adapted to provide a tight restriction of movements, 
but allowing the animal to breathe normally. This acute 
stress exposure took place between 10:00 am and 2:00 
pm. During the stress session, the non-stressed rats were 
kept in their home cage. Immediately after stress exposure 
the rats were sacrificed by decapitation. 

Vascular reactivity protocol 
Immediately after animal sacrifice, the descending 

thoracic aorta was excised and trimmed free of adhering 
fat and connective tissue. Two transverse rings of the same 
artery, each about 4 mm in length, were cut and mounted 
at the optimal length for isometric tension recording in or-
gan chambers (17). One ring served as control, while the 
endothelium was mechanically removed from the other by 
gently rubbing the luminal surface. Briefly, preparations 
were mounted in organ baths containing 7 mL Krebs-
Henseleit solution of the following composition: 113.0 mM 
NaCl, 4.7 mM KCl, 2.5 mM CaCl2, 1.2 mM KH2PO4, 1.1 
mM MgSO4, 25.0 mM NaHCO3, 11.0 mM glucose, and 0.11 
mM ascorbic acid. The bathing fluid, kept at 36.0 ± 0.5oC, 
was saturated with a gas mixture of 95% O2 and 5% CO2. 
The preparations were allowed to equilibrate for at least 
1 h under a resting tension of 1.5 g, which is optimal for 
inducing maximum contraction. Tension was recorded with 
a physiograph (Ugo Basile, Italy). 

Cumulative concentration-effect curves were constructed 
from the response of the tissue to noradrenaline. At the end 
of the curves, single doses of 1.0 µM acetylcholine or 0.1 
mM sodium nitroprusside were used to test the integrity 
of endothelial and smooth muscle layers, respectively. 
Endothelium and smooth muscle were considered to be 
intact if the acetylcholine and sodium nitroprusside-induced 
relaxation of the precontracted aorta was greater than 60 
and 99%, respectively.

Data analysis and statistics
The concentration of vasoactive agents producing a 

response that was 50% of the maximum (EC50) was cal-
culated in each experiment. Maximal responses (grams of 
tension) and blood pressure (mmHg), reported as means ± 
SEM, and EC50 values, reported as median with 95% con-
fidence intervals, were compared by multifactorial ANOVA 
(SIGMASTAT 2.0). Nandrolone treatment, exercise training 
and stress were the factors in the analysis. A P value less 
than 0.05 was considered to be statistically significant. The 
Tukey multiple comparisons test was used to test differ-
ences between means. 

Drugs and solutions
The following drugs were used: acetylcholine bromide, 

noradrenaline bitartrate, sodium nitroprusside (all obtained 
from Sigma, USA) and nandrolone decanoate. All drugs, 
except nandrolone, were dissolved in Krebs-Henseleit 
solution. Nandrolone was dissolved in corn oil.

Results

Effects of exercise training associated or not with 
nandrolone treatment on body and organ weights 
and blood pressure

The evolution of body weight was similar for all experi-
mental groups [final body weight (g): Sed = 458.3 ± 24.5, 
Train = 426.6 ± 30.1, Sed/Nand = 439.4 ± 27.7 and Train/
Nand = 446.3 ± 25.5, P > 0.05, N = 7-10]. The evolution of 
blood pressure did not differ between sedentary and trained 
rats, but was significantly increased by nandrolone treat-
ment in both groups (ΔPA mmHg: Sed 9.7 ± 3.1; Train 7.6 
± 4.6; Sed/Nand 25.4 ± 8.5*; Train/Nand 24.6 ± 6.0*; *P < 
0.05 related to the respective group without nandrolone; 
Figure 1). 

Among the different procedures, only exercise training 
induced cardiac hypertrophy (Table 1). The administra-
tion of nandrolone induced a further increase in prostate 
weight and seminal vesicles and a decrease in testicular 
weight, both in sedentary and trained rats (Table 1). Finally, 
stress exposure induced a decrease in adrenal weight in 
all groups (Table 1). 

Vascular responsiveness to noradrenaline 
The exposure to stress and to exercise training reduced 

the maximal responses to noradrenaline (NA) of the intact 
aorta compared to non-stressed sedentary rats. Moreover, 
the combination of these procedures did not potentiate 
aortal hyporeactivity to the vasoconstriction agent (Figure 
2A and B; Tables 2 and 3).

Treatment with nandrolone did not alter the reactivity to 

Figure 1. Effect of nandrolone on systolic blood pressure of 
sedentary (Sed) and trained (Train) rats. Physical training = 60-
min swimming session 5 days per week for 8 weeks, with a 5% 
body weight load attached to the chest of rats treated or not with 
nandrolone decanoate (Nand, Deca Durabolin®, 5 mg/kg body 
weight twice per week for 8 weeks, im). Data are reported as 
means ± SEM for 7-10 animals per group. *P < 0.05 relative to 
Sed; +P < 0.05 relative to Train (ANOVA and Tukey test). 
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Figure 2. Concentration-
effect curves for nora-
drenaline obtained with 
two rings, one with (solid 
lines) and the other without 
(dotted lines) endothelium, 
of the same thoracic aorta 
from 16-week-old seden-
tary (Sed, A and B) and 
trained rats (Train, C and 
D). Physical training = 60-
min swimming session 5 
days per week for 8 weeks, 
with a 5% body weight 
load attached to the chest 
of rats submitted or not to 
acute stress (St, immobili-
zation for 2 h) and treated 
or not with nandrolone 
decanoate (Nand, Deca 
Durabolin®, 5 mg/kg body 
weight twice per week for 
8 weeks, im). Data are re-
ported as means ± SEM for 
7-10 animals per group. *P 
< 0.05 relative to Sed/St; 
#P < 0.05 relative to Sed/
Nand/St; +P < 0.05 relative 
to Train/Nand/St (ANOVA 
and Tukey test).

Table 1. Effects of physical training, acute stress and nandrolone administration on tissue weight of rats.

Tissue weight

Left ventricle/body weight Testis (g) Prostate (g) Seminal vesicle (g) Adrenals (g x 100)

Sedentary
Control 1.92 ± 0.75 3.51 ± 0.09 0.52 ± 0.01 0.54 ± 0.02 8.04 ± 0.53
Stress 1.90 ± 0.42 3.30 ± 0.11 0.49 ± 0.04 0.52 ± 0.03 5.84 ± 0.42+

Nandrolone 1.95 ± 0.6 2.95 ± 0.02+ 0.69 ± 0.02+ 0.78 ± 0.02+ 7.70 ± 0.24
Nandrolone/stress 1.91 ± 0.31 2.81 ± 0.10+ 0.73 ± 0.04+ 0.76 ± 0.03+ 5.89 ± 0.28+

Physical training
Control 2.25 ± 0.10* 3.46 ± 0.09 0.52 ± 0.01 0.51 ± 0.04 7.91 ± 0.50
Stress 2.31 ± 0.55* 3.27 ± 0.07 0.47 ± 0.01 0.58 ± 0.02 6.18 ± 0.20+

Nandrolone 2.35 ± 0.71* 2.75 ± 0.12+ 0.71 ± 0.04+ 0.81 ± 0.03+ 7.59 ± 0.17
Nandrolone/stress 2.46 ± 0.10* 2.61 ± 0.15+ 0.72 ± 0.05+ 0.84 ± 0.02+ 5.70 ± 0.40+

Data are reported as means ± SEM for 7-10 animals/group. Acute stress = immobilization for 2 h; physical training = 60-min 
swimming session for 5 days per week for 8 weeks, with a 5% body weight load attached to the chest; nandrolone treat-
ment = Deca Durabolin®, 5 mg/kg body weight twice per week for 8 weeks, im. *P < 0.05 relative to the sedentary control 
group; +P < 0.05 relative to the respective control group (ANOVA and Tukey test). 
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NA of the intact aorta from non-stressed sedentary rats, but 
abolished the aortal hyporeactivity induced by exercise train-
ing (Figure 2A and C, Table 2). In contrast, the hyporeactivity 
to NA induced by stress in both sedentary and trained rats 
was not altered by nandrolone treatment (Figure 2B and D, 
Table 2). None of the experimental procedures provoked 
any change in sensitivity to NA of the intact aorta. 

Removal of the endothelium caused leftward shifts of the 
curve and elevated maximum responses to NA that were 
similar in aortas from the different experimental groups. 
Moreover, none of the experimental procedures provoked 
any change in the reactivity to NA of the denuded aorta 
(Figure 2, Tables 2 and 3).

Discussion

Effectiveness of the experimental protocols
In the present study, exercise training produced a nega-

tive effect on body weight gain, confirming findings in the 
literature showing that physical exercise counteracts over-
weight since it reduces the energetic balance by increasing 
energy expenditure (12,22). 

The literature also shows that anabolic steroids induce 
testicular atrophy (23) and increase the weights of the 
prostate and seminal vesicles (24,25). Supporting these 
findings, in the present study nandrolone treatment induced 
gains in seminal vesicle and prostate weight as well as a 
decrease in testicular weight, confirming the effectiveness 
of the treatment protocol used.

Various investigators have used the fresh weight of the 
adrenal gland, an organ that responds to stress, as indica-
tive of stressogenic conditions. The weight of the adrenal 
gland may be reduced or may remain unchanged after 
exposure to acute stress, but is often increased by chronic 
stress (26-28). In the present study, the mean fresh weight 
of the adrenal glands was significantly reduced, showing 
that acute stress was effective in the experimental protocols 
proposed. In contrast, physical exercise did not alter the 
adrenal weight, suggesting that the training protocol used 
did not represent a stressogenic condition. 

Independently of nandrolone treatment, the training 
protocol produced left ventricular hypertrophy. It is known 
that physical exercise is a stimulus for the development of 
left ventricular hypertrophy, which occurs to maintain not only 
the relative constancy of ventricular wall stress but also the 
adequacy of the stroke volume, so that the resulting struc-
tural changes depend on the nature, duration and intensity 
of exercise (29). Hypertrophy may represent a physiological 
and beneficial cardiac adaptation, usually associated with 
enhanced heart function (21). Thus, the data show the ef-
fectiveness of the physical exercise protocol used.

Impact of different risk factors in combination on the 
cardiovascular response 

The effects of physical exercise on the blood pressure 

of normotensive animals and humans have been reported 
to be minimal (20,30). In agreement with these data, the 

Table 2. Maximum responses to noradrenaline obtained with two 
aorta rings, one with and the other without endothelium, of the 
same thoracic aorta from sedentary and trained rats, submitted 
or not to stress and treated or not with nandrolone.

Maximal responses (g)

With endothelium Without endothelium

Sedentary
Control 3.84 ± 0.15 4.75 ± 0.18+

Stress 2.73 ± 0.17* 4.31 ± 0.13+

Nandrolone 3.62 ± 0.13 4.57 ± 0.26+

Nandrolone/stress 3.17 ± 0.10* 4.35 ± 0.14+

Physical training
Control 3.00 ± 0.18* 4.49 ± 0.19+

Stress 3.11 ± 0.14* 4.31 ± 0.13+

Nandrolone 3.80 ± 0.09 4.25 ± 0.01+

Nandrolone/stress 2.50 ± 0.13* 4.57 ± 0.19+

Data are reported as means ± SEM for 7-10 animals/group. 
Acute stress = immobilization for 2 h; physical training = 60-min 
swimming session 5 days per week for 8 weeks, with a 5% body 
weight load attached to the chest; nandrolone treatment = Deca 
Durabolin®, 5 mg/kg body weight twice per week for 8 weeks, im. 
*P < 0.05 relative to the sedentary control group; +P < 0.05 rela-
tive to aorta with endothelium (ANOVA and Tukey test). 

Table 3. EC50 values for noradrenaline obtained with two rings, 
one with and the other without endothelium, of the same thoracic 
aorta from sedentary and trained rats, submitted or not to stress 
and treated or not with nandrolone.

EC50 (x 10-7 M)

With endothelium Without endothelium

Sedentary
Control 4.43 (1.79-6.59) 0.16* (0.01-2.56)
Stress 1.38 (0.56-3.67) 0.17* (0.04-0.85)
Nandrolone 3.10 (2.09-4.62) 0.06* (0.02-0.15)
Nandrolone/stress 3.26 (1.14-9.31) 0.12* (0.03-0.50)

Physical training
Control 2.33 (0.72-7.56) 0.04* (0.01-0.12)
Stress 2.86 (1.42-5.78) 0.08* (0.01-2.06)
Nandrolone 1.61 (0.58-4.46) 0.06* (0.02-0.13)
Nandrolone/stress 1.99 (0.82-4.85) 0.02* (0.01-0.06)

Data are reported as median, with the 95% confidence interval in 
parentheses, for 7-10 animals/group. Acute stress = immobiliza-
tion for 2 h; physical training = 60-min swimming session 5 days 
per week for 8 weeks, with a 5% body weight load attached to the 
chest; nandrolone treatment = Deca Durabolin®, 5 mg/kg body 
weight twice per week for 8 weeks, im. *P < 0.05 relative to aorta 
with endothelium (ANOVA and Tukey test). 
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training protocol employed here did not change the blood 
pressure of trained rats in a significant manner compared 
to the sedentary group. However, a significant increase in 
systolic blood pressure was observed in both sedentary and 
trained rats treated with nandrolone, confirming literature 
findings (31,32). 

In the present study, physical exercise also produced 
an adaptive vascular response characterized by aortic 
hyporeactivity to noradrenaline, which is dependent on the 
integrity of endothelial cells. This view is supported by the 
observation that removal of the endothelium abolished the 
decreased response of the aorta to noradrenaline that had 
been induced by the training protocol. A similar hyperactivity 
of endothelial cells was previously reported in conditions 
that, like physical exercise (33,34), involve prolonged activa-
tion of adrenoceptors such as stress, barodenervation, and 
pheochromocytoma (15,19,35). In fact, the acute exposure 
to stress reduced the aortic reactivity to noradrenaline of 
sedentary rats that was abolished by endothelium removal. 
These findings support published reports showing a de-
creased reactivity to vasopressor agents dependent on 
the integrity of endothelial cells under stress conditions, 
and confirm earlier findings from our laboratory (15,19,36). 
Although stress and physical exercise alone induced aortic 
hyporeactivity to noradrenaline, the association of the two 
conditions did not result in a synergistic effect. 

The literature has shown up-regulation in the expres-
sion of endothelial nitric oxide synthase (NOS) mRNA in 
the thoracic aortas of rats submitted to 4 to 10 weeks of 
training (37). These results are consistent with other studies 
that have reported elevated NOS mRNA levels in aortas 
of exercise-trained dogs, and in coronary resistance ves-
sels of exercise-trained pigs (38,39). The expression of 
inducible NOS and endothelial NOS mRNA was increased 
in endothelial cells by chronic treadmill training, whereas 
chronic exercise blunted phenylephrine-induced vascular 
responses, probably by increasing nitric oxide release via 
inducible NOS in the rat thoracic aorta (40). In this context, 
the training protocol used here may also cause a greater 
release of nitric oxide, which might reduce or antagonize 
the vasoconstrictor effect of noradrenaline. This could par-
tially explain the hyporeactivity to noradrenaline observed 
in the thoracic aorta isolated from trained rats compared 
to the sedentary group. Similarly to exercise, previous 
data from our laboratory have shown that hyperactivity of 
the endothelial nitric oxide pathway is responsible for the 

vascular adaptive response to acute stress (15,16,19). 
However, the mechanisms involved in the vascular adaptive 
responses to physical training and stress have not been 
completely clarified.

With regard to AAS, treatment with nandrolone did not 
change the aortic reactivity to noradrenaline of sedentary 
rats. Nevertheless, this treatment prevented the vascular 
adaptive response induced by physical exercise. In contrast, 
nandrolone treatment did not change the stress-induced 
vascular adaptive response in either sedentary or trained 
rats. In other words, the vascular adaptive response to 
exercise, but not to stress, was shown to be vulnerable to 
the deleterious effects of this anabolic steroid. These data 
suggest different mechanisms for the increased endothe-
lial modulation of vascular responses in physical training 
and stress. Considering that, in addition to nitric oxide, a 
major endothelium-relaxing factor, endothelial cells may 
also produce vasorelaxing factors such as prostacyclin 
and hyperpolarizing factor, one could hypothesize that the 
vascular adaptive responses to stress and physical exercise 
involve distinct vasorelaxing factors. However, we cannot 
exclude the possibility that the vascular adaptive responses 
to stress and physical exercise involve the same vasorelax-
ing factor, probably the nitric oxide that would be produced 
by an alternative pathway not sensitive to nandrolone in a 
stress condition.

The present study provides evidence that AAS-nandrolo-
ne prevents the development of vascular adaptations pro-
moted by exercise training without affecting the development 
of vascular adaptations promoted by stress. If increasing 
endothelial function is considered to be a beneficial adapta-
tion to both physical exercise and stress, it is concluded that 
nandrolone administration worsens rat endothelial function 
during exercise training. In contrast, nandrolone does not 
represent a risk factor for the vascular adaptive response 
to stress. The understanding that some adverse conditions 
in association may represent additional risk factors for a 
biological system, while others do not, allows us to evaluate 
which factors in combination would represent the greatest 
risk for the biological systems and as a consequence could 
help medical advices to patients.
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