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Abstract: This study analyzed the effects of the chronic use of these drugs on the neuronal density of mice cerebral cortex
and hippocampus. Materials and methods: 40 male Swiss mice were used, divided into 4 groups (n=10): GI-Control
(0,02ml/Kg/week of saline solution), GII- treated with anabolic steroid Durateston® (83,3mg/Kg/week) GIII- treated with
anabolic steroid Deca Durabolin® (16,6mg/Kg/week) e GIV- treated with the two anabolic steroids, concomitantly. The mice
were treated for sixty days (60) and practiced swimming three times a week. The brain fragments were processed following the
standardized sequence in conventional histological procedures and stained using cresyl violet. For the neuronal density
analysis, the simple random count methodology was used. Results: Data revealed a significant reduction in the neuronal
density of the groups treated with anabolic steroids, the limbic area had an estimated decrease of 16.44% in group III and
29.21% in group IV; the motor area the groups II, 111, and IV presented a reduction of 17.63%, 15.35%, and 12.23%, and in the
sensory area 15.22%, 16.41% and 21.59%, respectively; the groups II, III, and IV of the Cal area of the hippocampus showed
a neuronal loss of 23.5%, 27.8%, and 36.36%, while groups II, III and IV of the Ca2 area there was a reduction of 10.37%,
11.83%, and 16.34%. In conclusion, the chronic use of AAS can be harmful to the nervous system since the neuronal reduction
can bring structural and functional damages with possible consequences the whole organism.
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the upsurge of new techniques aiming body aesthetics, such
as diets, muscle training, and plastic surgeries. Men and
Women have been investing every time more resources and
time in products directed to beauty maintenance. Among
these products are the "body image" drugs, including the
AAS. [4, 5]

The AAS use is not only aesthetic. Indiscriminate use by
athletes striving for performance improvement is widely
reported, not only by professionals but also by amateurs,
especially bodybuilders [6, 7].

1. Introduction

Anabolic steroids (AS) are synthetic testosterone
derivatives that last longer than physiological androgens in
the body. Anabolic-androgenic steroid (AAS), agents are
doping substances which are commonly used in sports and its
abuse is associated with several medical and behavioral
adverse effects. [1, 2, 3]

In the last decades, the importance given to the body
attractiveness increased drastically. Such phenomenon led to
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Clinically, the androgenic-anabolic steroids are frequently
used to treat male infertility, kidney diseases, aplastic
anemia, AIDS acquired asthenia, osteoporosis, as a
coadjuvant in the treatment of some cancers, among others
[8].

Although one in every three AAS users develop some
physical disturbance, the psychological and central nervous
system effects of such drugs are yet not very well described.
Nevertheless, it is already known that the euphoric effects are
less lasting than those of most addictive substances [9, 10]

Research using male rodents have demonstrated that
testicle hormones play an essential role in the neuron circuit
organization and behavior during the adolescence.
Furthermore, other studies showed that chronic inadequate
use of some AAS (testosterone, nandrolone, stanozolol)
increased aggressive and sexual expression in rats, which
even persisted for several weeks after treatment interruption.
These data combined suggest that AAS use during
adolescence can lead to behavioral effects more pronounced
and lasting than in adults [11, 12]. Different researchers also
indicate that AAS use increases the chances of neuron death
in different brain regions in mice [13, 14, 15].

Due to the increase in the number of AAS users and by the
effects on mental and physical health [16, 17, 18], there is an
increasing need for studying these substances. The present
work aimed to bring more knowledge regarding the effect of
two widely used anabolic-androgenic steroids in six different
areas of the brain.

2. Material and Methods

The present research was approved by the Animal Ethics
Committee, from the Federal University of Alfenas
(UNIFAL-MG) approval number 496/2012. A total of 40
male Swiss mice were used, all of them 90 days old. Animals
were caged individually in 30x18x12cm plastic containers,
with free access to mice chaw and water and kept under a 12
hours light-dark cycle.

The research contained a total of four experimental
groups (n=10). GI-Animals treated with saline solution,
0.02ml/week (control group); GII- animals treated with
Durateston, 83.3 mg/kg/week; GIII- animals treated with
Deca Durabolin, 16.6 mg/kg/week; GIV- animals treated
with the association of both the steroids, Durateston 83.3 +
Deca Durabolin 16.6 mg/kg/week. The applied doses were
obtained through calculation considering the abusive AAS
use, corresponding to supraphysiological doses, varying
from 10 to 100 fold the therapeutical recommendations [19,
20].

Animals from all the groups were put to swim thrice a
week (Mondays, Wednesdays, and Fridays) during the
treatment period to mimic the exercise performed by athletes

and gym adepts [21]. The animals swam in a plastic
container measuring 43x34x26¢cm for five minutes. After this
time, mice were removed from the water, towel dried and put
back in the respective container.

After experiment time, the animals were euthanized
through anesthesia overdose, using Halothane, each
encephalon removed, washed in water and stored in glass jars
containing paraformaldehyde 4% in phosphate buffer pH7.0,
0.1M and kept immersed for a total of 24-hours.

Encephalon fragments were processed following
standardized histological procedure [13, 15]. To estimate the
neuron density, simple random sampling method was used
[22, 23, 24, 25].

Quantification values were analyzed using ANOVA
followed by Tukey test (p<0.05) using software GraphPad
Prism.

3. Results
3.1. Cortical Areas of the Brain

In Table 1 shows the values of neuronal loss in the limbic,
motor and sensitive brain cortex areas.

A significative reduction in neuron density can be
observed in the limbic area of GIII (16.44%) and GIV
(29.21%) compared to control. These same groups also
presented neuron density inferior to GII (7.67%).

Motor and sensitive areas analysis revealed that all
experimental groups presented neuron density inferior to the
control GI. The exact values are present in Table 1.

Table 1. Mean and standard deviation of neuron density and percentual loss
of neurons in the limbic, motor, and sensitive areas from the groups
analyzed.

Groups MeanSD neuronal loss (%)
Limbic area
GI 23.72+3.39 100%
GII 21.90+2.06 7.67%
GIII 19.87+1.69 16.44%
GIV 16.79+1.05 29.21%
Motor area
GI 16.67+2.68 100%
GII 13.73£1.96 17.63%
GIIT 14.11x1.5 15.35%
GIV 14.63£1.36 12.23%
Sensitive area
GI 22.79+3.04 100%
GII 19.3242.15 15.22%
GIII 19.05+1.94 16.41%
GIV 17.87£1.51 21.59%

The Figure 1 (A-D) shows images from slides from the
limbic area and the same data is represented in Figure 1E.
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Figure 1. Photomicrography of the limbic area from the different groups. A: GI, B: GII, C: GIIl e D: G 1V. Staining used: Cresil violet. 400x magnification.

(1E) Significative differences of the treated groups in the neuron density of limbic area; where GI x GIII, GI x GIV e GII x GIV= p<0,0001 and GII x GIV =
p<0,05.

In Figure 2 (A, B, C, D) and 3 (A, B, C, D) respectively can be observed a comparison of the morphology from the motor

and sensitive areas of the brain. Figures 2E and 3E illustrate the results of neuron density of the respective regions obtained
from the animals of the different groups.
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Figure 2. Photomicrography of the motor area from the different groups. A: GI, B: GII, C: GIIl e D: G IV. Staining used: Cresil violet. 400x magnification.
(2E) Significative differences of the treated groups in the neuron density of motor area; where GI x GII= p<0,0001; GI x GII = p<0,001 e GI x GIV = p<0,05.
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Figure 3. Photomicrography of the sensitive area from the different groups. A: GI, B: GII, C: GIll e D: G IV. Staining used: Cresil violet. 400x magnification.
(3E) Significative differences of the treated groups in the neuron density of sensitive area; p<0,0001.



125 Dauanda Kécia Silva et al.: Chronic Use of Anabolic Steroids and the Effects on the Neuronal
Density of the Cerebral Cortex and Hippocampus in Mice

3.2. Hippocampus

Table 2 contains the results from the means and standard
deviation of neuron density, along with neuron loss in
hippocampal areas Cal, Ca2, and Ca3 of the different groups.

Table 2. Mean and standard deviation of neuron density and percentual loss
of neurons in the hippocampal Cal, Ca2, and Ca3 areas from the groups
analyzed.

Groups Mean+SD Neuronal loss (%)
GI 27.29+5.44 100%
GII 24.46+1.98 10.37%
GIII 24.06+2.17 11.83%
GIV 22.83+1.35 16.34%
Ca3 area
GI 23.52+4.37 100%
GII 22.50+2.47 4.33%
GIII 22.79+3.41 3.1%
GIV 21.74+2.49 7.5%

Groups Mean+SD Neuronal loss (%)
Cal area

GI 5.83+1.32 100%

GIL 4.46+1.35 23.5%

GIII 4.21+0.58 27.8%

GIV 3.71+£0.71 36.36%
Ca2 area

The Figure 4 (A, B, C, D) it is observe a comparison
between the morphology of the different groups in the area
Cal. The Cal area of all treated groups presented lower
neuronal density than control, as it can be seen in Table 1 and
Figure 4E.
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Figure 4. Photomicrography of the Cal area from the different groups. A: GI, B: GII, C: GII e D: G 1IV. Staining used: Cresil violet. 400x magnification. (4E)
Significative differences of the treated groups in the neuron density of Cal area; where **=p<0,0001 e GI x GII: *=p<0,001.

In area Ca2, once again it can be observed that the groups GII, GIII, and GIV presented a significative loss in neuron
density, specially GIV, as it can be seen in Table 2. In Figure 5 (A, B, C, D) it can be observed a comparison between the
morphology of the different groups in the area Ca2, along with a morphology comparison Figure 5E.
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Figure 5. Photomicrography of the Ca2 area from the different groups. A: GI, B: GII, C: GII e D: G 1IV. Staining used: Cresil violet. 400x magnification. (5E)
Significative differences of the treated groups in the neuron density of Cal area; where GI x GIII (*=p<0,05) e GI x GIV (**=p<0,01).

Nonetheless, the hippocampal area Ca3 presented no difference regarding neuronal density, as it can be observed in Table 2

and Figure 6.
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Figure 6. Photomicrography of the Ca3 area from the different groups. A: GI, B: GII, C: GIll e D: G IV. Staining used: Cresil violet. 400x magnification. (6E)

No difference regarding of the treated groups in the neuron density of Ca3 area.

4. Discussion

The AAS possess, in general, a higher anabolic and lower
androgenic activity [26, 27]. The nandrolone also possesses
the 5a and 5b derivatives, but in comparison to testosterone,
its anabolic activity is very elevated and its androgenic
activity, acutely reduced [28, 29]. Durateston has testosterone
derivates as its active ingredient, and it is believed that its
anabolic activity in inferior to the Deca-Durabolin, which has
nandrolone decanoate as the active ingredient [28].
Considering that the cortical and hippocampal brain regions
contain high NMDA and androgenic receptors concentration,
and dihydrotestosterone (DHT) increases the binding rate of
glutamate to NMDA receptors [30, 31], it can be assumed
that most of the testosterone/DHT provided by Durateston
has been consumed helping the glutamate receptor binding,
not acting in the androgenic receptor, causing neuronal
toxicity. This could explain why Durateston caused a lower
neuronal loss than Deca-Durabolin. The same thought can be
applied to GIV, because once Durateston is used to another
finality, it left a high portion of the androgenic receptors free
to interact with nandrolone decanoate, causing possibly more
damage and leading to the death of the limbic cortex cells.

In a previous study, the effects of testosterone, nandrolone,
stanozolol, and gestrinone over NMDA induced excitotoxic
neuron death were compared. The study used primary cortex
brain cell culture and the data found suggest that high AAS
doses increase neuron vulnerability, facilitating cell death
[32]. The present work confirms the hypothesis since authors
agree that the steroids exhibit cytotoxic activity that results in
neuron death. These research confirms such results since it is
believe the steroids show cytotoxic activity, leading to cell
death.

A study performed in rats treated with stanozolol for four
weeks has shown that the drug can diminish the amounts of
dopamine and serotonin in the prefrontal cortex and also
reduce serotonin in the hippocampus [33]. The decrease in
such neurotransmitters in the prefrontal cortex is associated

with the rise of depression [34, 35, 36]. The reduction in the
amount of the neurotransmitters can be related to a problem
in the synthesis mechanism. The results of the present work,
the animals were treated for eight weeks, suggests that the
damage caused to the neurons can go beyond interferences in
neurotransmitters synthesis, but can also cause cell death,
when exposed to the AAS for extended periods.

Mice treated for 28 days with 15mg/kg of nandrolone
decanoate presented a significant reduction in the number of
transcripts htrla, htrlb, htr2a, and htr7 (serotonin receptor
genes) in the prefrontal cortex. Besides, the animals
presented a 36.6% reduction in the number of the transcript
htr1b in the hippocampus [29]. It can be suggested that the
decrease in these receptors can also be associated with the
reduction in the neuronal density of the animals treated with
nandrolone decanoate, as shown in the present work.

In face of the results obtained in the brain cortex, it can
mean the chronic treatment with the specified AAS doses of
this work contributed to the reduction of neuron number in
the limbic, motor and sensitive areas of the cortex, like the
results of previous researches [13, 37], were the anabolic
steroids demonstrated association with neuronal loss in the
same regions of the brain cortex.

Testosterone has a fundamental role in the growth and cell
differentiation. In neurons, the hormone acts inducing
alterations at the cell level that can lead to changes in
behavior, mood, and memory [38]. Testosterone can be both
neuroprotective or neurodegenerative. Neuroblastoma cells
treated with high concentrations of the hormone for short
time periods demonstrated a reduction in cell viability
through apoptosis activation. This can be triggered by
intracellular Ca2+ excess, caused by testosterone [39]. In the
same way, it can be assumed high AAS doses for long
periods of time can induce apoptosis in the healthy neurons.

The hippocampus is of great importance in learning and
memory. Besides, it contributes to the regulation of emotion
and aggressivity. Studies demonstrate a role of anabolic
steroids in serotonin modulation, resulting in a reduction of
SHT1B receptors density and alterations in the GABAergic
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hippocampal system [40, 41]. Since AAS can cause a
decrease in the receptors and change essential systems, it is
believed that high doses, chronically administered can lead to
cell death in Cal and not only receptors loss [42, 43].

Nandrolone decanoate can cause a reduction in the mRNA
expression of the NR2A and NR2B subunits of the N-
methyl-d-aspartate (NMDA) receptor in the hippocampus. It
can also affect the neurochemical profile of the receptor
creating critical behavioral implications [31]. Since the
nandrolone decanoate can cause a reduction in the receptors
mRNA expression, it is believed that it can also cause a
reduction in the number of cells in Ca2 via mRNA
interference in vital cell components, which could explain the
decline in neuron numbers in animals from group IIT and I'V.

Just like the results of the limbic area, the results in Ca2
showed that group II, treated with Durateston does not
demonstrate any reduction in neuron numbers when
compared to control. That can suggest that the responsibility
for the neuron reduction in the animals in group IV is the
association of the steroids, which probably potentialized the
effects of these substances [28, 29, 44].

Area Ca3 did not present neuron number reduction as
observed in the other observed hippocampal areas. Some
recent articles demonstrate exercise-induced neurogenesis
capacity in male rats [45, 46] these findings may suggest two
reasons why there was no significative neuronal density
reduction in Ca3: a- There was a probable neuronal loss that
was  counterbalanced by  the  exercise-stimulated
neurogenesis; b- The exercise acted preventing neuron loss.

A few studies demonstrated that NMDA in male rat
hippocampus regulates the signaling pathways responsible
for synaptic plasticity, which is very important for the
hippocampal functions [30]. AAs use causes a reduction in
NMDA receptors, reducing synaptic plasticity, but not
necessarily the number of neurons in CA3 as observed in the
results. It can suggest that there was no reduction in the
neuron number because no vital component of the cells was
compromised.

Beyond the AAS effects provoked in the central nervous
system, researches indicate a high number of deleterious
effects in other systems, like hepatotoxicity, cardiomyopathy,
gonadal dysfunction, and other effects, like depression [16,
33,47, 48].

5. Conclusion

Following the data presented in this study, it is possible to
suggest that: the use of AAS Durateston (testosterone
propionate, testosterone phenylpropionate, testosterone
isocaproate, testosterone decanoate) and Deca-Durabolin
(nandrolone decanoate) caused a reduction in the neuronal
density in the limbic, sensitive, and motor areas of male mice
brain cortex and Cal and Ca2 hippocampal regions.
Nevertheless, there was no significative difference in the Ca3
hippocampal area.

In general, both the steroids caused a relevant neuronal
loss. However, Deca-Durabolin caused an even more

pronounced reduction in some areas when compared to
Durateston. Regarding groups treated with both AAS, there
was a significative reduction in neuronal density in all
regions analyzed, except Ca3. Based on this, the authors
agree that the concomitant use of these anabolic steroids, so
common in gyms, can cause damages even more severe than
the individual use of the substances.
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