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Chronic exposure to the anabolic androgenic steroids (AAS) nandrolone decanoate (ND) in supra-physiological
doses is associatedwith learning andmemory impairments. Given thewell-knownbeneficial effects of voluntary
exercise on cognitive functions, we examined whether voluntary exercise would improve the cognitive deficits
induced by chronic administration of ND. We also investigated the effects of ND and voluntary exercise on hip-
pocampal BDNF levels. The rats were randomly distributed into 4 experimental groups: the vehicle-sedentary
group, the ND-sedentary group, the vehicle-exercise group, and the ND-exercise group. The vehicle-exercise
and the ND-exercise groups were allowed to freely exercise in a running wheel for 15 days. The vehicle-
sedentary and the ND-sedentary groups were kept sedentary for the same period. Vehicle or ND injections
were started 14 days prior to the voluntary exercise and continued throughout the 15 days of voluntary exercise.
After the 15-day period, the ratswere trained and tested on awatermaze spatial task using four trials per day for
5 consecutive days followed by a probe trial two days later. Exercise significantly improved performance during
both the training and retention of the water maze task, and enhanced hippocampal BDNF. ND impaired spatial
learning and memory, and this effect was not rescued by exercise. ND also potentiated the exercise-induced in-
crease in hippocampal BDNF levels. These results seem to indicate that voluntary exercise is unable to improve
the disruption of cognitive functions by chronic ND. Moreover, increased levels of BDNF may play a role in
ND-induced impairments in learning and memory. The harmful effects of ND and other AAS on learning and
memory should be taken into account when athletes decide to use AAS for performance or body image
improvement.

© 2012 Elsevier Inc. All rights reserved.

Introduction

Anabolic steroids, which are technically known as anabolic andro-
genic steroids (AAS) are a large class of synthetic androgens that
mimic the effects of the male sex hormones testosterone and dihydro-
testosterone. They increase protein synthesis within cells, which results
in the buildup of cellular tissue (anabolism), especially in muscles
(Bhasin et al., 1996; Bhasin et al., 2003; Forbes, 1985). Although AAS
were originally developed for therapeutic purposes (Basaria et al.,
2001), they are now commonly used for illegal self-administration at
supra-physiological doses to improve performance or body image
(Kanayama et al., 2008; Trenton and Currier, 2005). Studies have

shown that high doses of AAS can cause serious adverse effects, such
as skeletal muscle injuries including an increased rate of muscle
strains/ruptures, harmful changes in cholesterol levels, acne, high
blood pressure, liver damage (mainlywith oral steroids) and dangerous
changes in the structure of the left ventricle of the heart (van
Amsterdam et al., 2010).

Recent studies have suggested that the misuse of AAS in
supraphysiological doses also affects several CNS-related behaviors,
such as aggression, anxiety, depression and cognitive functions (Su
et al., 1993; Trenton and Currier, 2005). Long-term administration
of the AAS nandrolone decanoate (ND) leads to behavioral and neuro-
chemical changes in the central nervous system in rodents (Clark and
Henderson, 2003; Henderson et al., 2006; Kindlundh et al., 2004;
Kurling et al., 2005; Penatti et al., 2009; Rossbach et al., 2007;
Thiblin et al., 1999) which may underlie some of the behavioral
changes that are observed in human AAS abusers. Two recent studies
have shown that the chronic administration of ND to male rats im-
pairs social and spatial memories via central androgen receptors
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and dynorphinergic actions in the hippocampus (Kouvelas et al.,
2008; Magnusson et al., 2009).

Ample evidence from human and nonhuman animal studies has
shown that exercise can improve cognitive functions in a variety of
physiological and pathophysiological conditions (Anderson et al.,
2000; Ang and Gomez-Pinilla, 2007; Ang et al., 2006; Baruch et al.,
2004; Bekinschtein et al., 2011; Luo et al., 2007; Vaynman et al.,
2004). Recent studies in animal models have investigated the biological
mechanisms that underlie the beneficial effects of exercise. It is now
clear that several neurotropic factors and neurotransmitters participate
in exercise-induced cognitive benefits. Among various neurotropic fac-
tors, hippocampal BDNFplays a crucial role in learning andmemory. Ex-
ercise enhances the level of hippocampal BDNF in mice or rats, and this
effect is controlled by neuronal activity, neurotransmitters and interac-
tions with peripheral factors, such as estrogen, corticosterone and pos-
sibly IGF-1 (Cotman and Berchtold, 2002). Inhibition of hippocampal
BDNF has been shown to blunt the exercise-induced enhancement of
learning andmemory, which suggests a critical role for BDNF inmediat-
ing exercise effects on learning and memory (Vaynman et al., 2004).

Given the well-known beneficial effects of physical exercise on
learning and memory, voluntary exercise may ameliorate learning
and memory deficits induced by chronic ND. To address this issue,
the present study was designed to examine the influence of exercise
on the learning and memory impairing effects of chronic ND in rats.
We also investigated effects of chronic ND and exercise on hippocam-
pal levels of BDNF, a key molecule that links voluntary exercise with
improvements in cognitive function (Vaynman et al., 2004).

Materials and methods

Animals and experimental groups

Adult male Wistar rats (210±10 g) were individually housed in
cages (50×26×25 cm) and kept on a 12-h light/dark cycle (6 am lights
on—6 pm lights off) at 22–24 °C with food and water available ad
libitum. All experiments were conducted between 8:30 and 12:00 h.
The experimental protocol was approved by the research committee
of Semnan University of Medical Sciences (Semnan, Iran). All of the ex-
perimental procedureswere conducted in accordancewith theNational
Institutes of Health Guide for the Care and Use of Laboratory Animals. In
addition, care was taken to minimize the number of animals that were
used in each experiment.

Experimental groups

The rats were randomly distributed into 4 experimental groups,
and each group contained 8 rats: the vehicle-sedentary group (VEH/
SED), the ND-sedentary group (ND/SED), the vehicle-exercise group
(VEH/EXC), and the ND-exercise group (ND/EXC). The rats in both
of the sedentary groups were not submitted to any type of physical
activity. The ND-treated rats received a subcutaneous (s.c.) injection
of ND (Sigma-Aldrich Chemie GmbH, Steinheim, Germany) every

third day (15 mg/kg, which is a supra-physiological dose), and the
vehicle-treated groups received an s.c. injection of the vehicle (pro-
pylene glycol). The ND dosage and the treatment schedule were se-
lected based on previous reports (Kouvelas et al., 2008; Magnusson
et al., 2009). Vehicle or ND injections were started 14 days prior to
the voluntary exercise and continued throughout the 15 days of vol-
untary exercise (10 injections over 29 days) (Fig. 1). The rats were
weighed four times during the study.

Exercise paradigm

Each of the exercising rats was given access to a cage that was
equipped with a running wheel (the diameter=34.5 cm, and the
width=9.5 cm) that was freely rotated against a resistance of
100 g. Each wheel was equipped with a magnetic switch that was
connected to a separate counter (located outside the animal house)
that monitored the number of revolutions per hour. The number of
revolutions for each wheel was recorded every day at 6 am. The sed-
entary rats were confined to similar cages without access to a wheel.
After a 15-day period of exercise, the running wheels were removed
from the cages, and the rats were trained and tested on the water
maze task.

BDNF measurements

The BDNF protein levels were assessed using Rat BDNF ELISA kits
(Boster Biological Technology Co.,Wuhan, China) according to theman-
ufacturer's recommendations. The hippocampal extractswere prepared
in lysis buffer, and the homogenates were centrifuged to remove insol-
ublematerials (12,500×g for 20 min at 4 °C). The total protein concen-
tration was determined according to the Micro BCA procedure (Pierce,
Rockford, IL, USA). For the ELISA, 96 well flat-bottomed Immulon-2
plates were incubated overnight at 4 °C with carbonate coating buffer
containing an anti-BDNFmonoclonal antibody. The plates were blocked
for 1 hwith the block and the sample (B&S) buffer prior to incubation of
the samples and the BDNF standards with shaking for 2 h at room tem-
perature. A standard curve was established using serial dilutions of
known amounts of BDNF that ranged from 0 to 500 pg/ml (diluted in
B&S buffer). The plates were washed 3 times with TBS (20 mM Tris
HCl, 150 mM NaCl, 0.05% v/v Tween 20) prior to a 1 h incubation (at
room temperature) with a biotinylated anti-rat BDNF antibody. After
the antibody incubation, the plates were washed three times with TBS
and incubated for 1 h (at room temperature) with avidin–biotin–
peroxidase complex (ABC). After the incubation, an ABC working solu-
tion was added to each well, incubated at room temperature for
30 min, and washed 5 times with TBS. Then, TMB color developing
agent was added to each well and incubated for 30 min at room tem-
perature. After the samples turned blue, the reaction was stopped by
the addition of TMP stop solution, and the absorbance was measured
at 450 nm using an automated ELISA plate reader. The sensitivity of
the assay was b2 pg/ml.

Fig. 1. Timeline of treatment, voluntary exercise and behavioral testing (see Materials and methods for details).

159F. Tanehkar et al. / Hormones and Behavior 63 (2013) 158–165



Download English Version:

https://daneshyari.com/en/article/10300686

Download Persian Version:

https://daneshyari.com/article/10300686

Daneshyari.com

https://daneshyari.com/en/article/10300686
https://daneshyari.com/article/10300686
https://daneshyari.com

