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Nandrolone decanoate reduces the positive effects of resistance training on cognition,

anxious behavior, and hippocampal morphology in rats

Decanoato de nandrolona reduz os efeitos positivos do treinamento resistido na cognicao,
comportamento ansioso, e morfologia hipocampal de ratos

El decanoato de nandrolona reduce los efectos positivos del entrenamiento de resistencia sobre la

cognicion, el comportamiento ansioso y la morfologia del hipocampo en ratas
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Abstract

AAs became popular among competitive athletes and the general population for recreational and performance purposes.
The indiscriminate use of AAs occurs in supraphysiological doses and negatively affects cognition. Moreover,
nandrolone decanoate (DECA) abuse may reduce the beneficial effects of resistance training (RT) on health. Objective:
We aimed to investigate if DECA administration in supraphysiological doses interferes with the positive effects of RT
on anxious behavior, memory, and morphology of neurons in the hippocampus of rats. Materials and Methods: Rats
were randomly assigned into four groups (N= 12): Control (C); DECA (D); Trained (T) Trained+DECA (TD). EAA
DECA was administered in daily supraphysiological doses of 15mg/kg during the 8 weeks of the RT protocol. All
groups performed a maximum load test before and after the RT protocol; anxious behavior and memory tests were
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performed, and thereafter, rats were euthanized for morphologic analyses of the hippocampus. DECA produced an
anxiogenic effect, worsened cognition and reduced the thickness of the grainy layer of the DG in the hippocampus.
Moreover, DECA reduced the positive effects of RT on cognition and DG neurons. This is the first study showing that
suprapharmacological doses of DECA reduce the positive effects of RT on memory and the thickness of the granular
layer of the DG.

Keywords: Memory; Exercise; Testosterone; Hypertrofhy; Behavior.

Resumo

Os EAA tornaram-se populares entre atletas competitivos e a populacdo em geral para fins recreativos e de desempenho.
O uso indiscriminado de EAAs ocorrem em doses suprafisiolégicas e afetam negativamente a cogni¢do. Além disso, o
abuso de decanoato de nandrolona (DECA) pode reduzir os efeitos benéficos do treino de resisténcia (TR) na salde.
Objetivo: Pretendiamos investigar se a administracdo de DECA em doses suprafisioldgicas interfere com os efeitos
positivos da TR no comportamento, memoria e morfologia dos neurénios no hipocampo dos ratos. Materiais e Métodos:
Os ratos foram distribuidos aleatoriamente em quatro grupos (N= 12): Controle (C); DECA (D); Treinado (T)
Treinado+DECA (TD). A EAA DECA foi administrada em doses suprafisiolégicas diarias de 15mg/kg durante as 8
semanas do protocolo TR. Todos os grupos realizaram um teste de carga maxima antes e depois do protocolo TR; 0
comportamento ansioso e os testes de memoria foram realizados, e depois, os ratos foram eutanasiados para analises
morfolégicas do hipocampo. O DECA produziu um efeito ansiogénico, agravou a cognicdo e reduziu a espessura da
camada granulado da DG no hipocampo. Além disso, a DECA reduziu os efeitos positivos do TR na cogni¢do e nos
neurdnios da GD. Este é o primeiro estudo que mostra que as doses suprafarmacologicas do DECA reduzem os efeitos
positivos do TR na memodria e a espessura da camada granular da GD.

Palavras-chave: Memoria; Exercicio fisico; Testosterona; Hipertrofia; Comportamento.

Resumen

Los AAs se han vuelto populares entre los atletas competitivos y la poblacion en general con fines recreativos y de
rendimiento. El uso indiscriminado de AAs se produce en dosis suprafisioldgicas y afecta negativamente a la cognicion.
Ademaés, el abuso de decanoato de nandrolona (DECA) puede reducir los efectos beneficiosos del entrenamiento de
resistencia (RT) en la salud. Objetivo: Se quiso investigar si la administracién de DECA en dosis suprafisioldgicas
interfiere con los efectos positivos de la RT sobre el comportamiento, la memoria y la morfologia de las neuronas en el
hipocampo de las ratas. Materiales y métodos: Las ratas se distribuyeron aleatoriamente en cuatro grupos (N = 12):
Control (C); DECA (D); Trenado (T) Trenado+DECA (TD). DECA AE se administré en dosis suprafisioldgicas diarias
de 15 mg/kg durante las 8 semanas del protocolo TR. Todos los grupos realizaron una prueba de carga maxima antes y
después del protocolo TR; se realizaron pruebas de comportamiento ansioso y memoria, y luego las ratas fueron
sacrificadas para el analisis morfologico del hipocampo. DECA produjo un efecto aniogénico, empeoré la cognicién y
redujo el grosor de la capa granulada de DG en el hipocampo. Ademas, DECA redujo los efectos positivos de TR en la
cognicién y las neuronas gd. Este es el primer estudio que muestra que las dosis suprafarmacolégicas de DECA reducen
los efectos positivos de TR sobre la memoria y el grosor de la capa granular de GD.

Palabras clave: Memoria; Ejercicio fisico; Testosterona; Hipertrofia; Conducta.

1. Introduction

Anabolic-androgenic steroids (AAs) are synthetic and natural derivatives of the male hormone testosterone, which exert
androgenic and anabolic effects (Bhasin, 2000; Kanayama & Pope, 2018). AAs became popular among competitive athletes and
the general population for recreational and aesthetic purposes, such as physical performance, increasing muscle mass and
decreasing body fat (Bhasin et al., 1996; Nieschlag & Nieschlag, 2019). The indiscriminate use of AAs occurs in
supraphysiological doses, usually with doses 10 to 100 times higher than in hormone replacement therapies (Costine et al., 2010;
Parkinson & Evans, 2006; Pope JR et al., 1993), leading to a number of both physical and psychological adverse effect (Kutscher
etal., 2002; Su et al., 1993).

Recent studies in humans who received supraphysiological doses of AAs have reported several psychological adverse
effects, including mania, hypomania, irritability, paranoia, extreme mood swings, irritability, cognitive impairment, body
dysmorphic disorder, anxiety, and depression (Pagonis et al., 2006; Pope et al., 1997, 2000; Pope JR et al., 1993; Su et al., 1993).
Moreover, several studies in animal models have demonstrated substantial harmful effects caused by the use of AAs in
supraphysiological doses to the central nervous system (CNS) (Joksimovic et al., 2017; Novaes Gomes et al., 2014; Selakovic

etal., 2017; Tanehkar et al., 2013). Administration of supraphysiological doses of AAs in animals caused an increase in anxious
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and depressive behavior, cognitive impairment, and morphological and functional alterations in several brain areas, including
the amygdala, prefrontal cortex, and hippocampus (Joksimovic et al., 2017; Mariotti et al., 2014; Novaes Gomes et al., 2014;
Selakovic et al., 2017). In opposition to the harmful health effects caused by AAs abuses, several studies have shown the ability
of physical exercise to counteract physical and mental pathophysiological processes (Cassilhas et al., 2016; De Sousa et al.,
2020, 2021; Egan & Zierath, 2013). Strong evidence has shown that exercise increases anti-apoptotic markers (Joukar et al.,
2017; Novaes Gomes et al., 2014) in the brain, induces neuronal proliferation (Novaes Gomes et al., 2014), increases brain-
derived neurotrophic factor (BDNF) levels (Tanehkar et al., 2013), improves cerebral blood flow (Mariotti et al., 2014) and
antioxidant defense in the hippocampus (Camiletti-Moiro6n et al., 2015). Notably, recent animal studies have found that aerobic
exercise reduces several symptoms induced by the supraphysiological doses of AAs administration, such as anxiety and
depressive behavior (Joksimovic et al., 2017; Selakovic et al., 2017).

However, resistance training is the main modality practiced by recreational AAs users (Camiletti-Moirdn et al., 2015;
Novaes Gomes et al., 2014; Pope et al., 2014), and it is unclear if this exercise modality protects the brain from the administration
of supraphysiologic doses of AAs. Thus, we aimed to investigate the possible protective effects of resistance training (RT) on
cognition, anxious behavior, and hippocampus morphology of rats submitted to a chronic administration of supraphysiological

doses of nandrolone decanoate (DECA).

2. Methodology
Animals and experimental conditions

Experimental protocols were performed in accordance with the Guide for the Care and Use of Laboratory Animals
published by the US National Institutes of Health (NIH Publication, 1996). The experimental protocols were approved by Ethics
Committee on Animal Use/Federal University of Jequitinhonha and Mucuri Valleys, Diamantina, MG, Brazil (protocol number
N. 015/2016). Male Wistar rats were housed in polypropylene cages (4 rats/cage) in a controlled environment (22 + 2 °C; 50%
humidity; 12:12 light: dark cycle —lights turn on 6 p.m. and turn off 6 a.m.), with free access to filtered water and commercial
rat chow (Nuvilab Nutrients LTDA, Colombo, PR, Brazil).

Experimental design

Sixty-day-old male Wistar rats (n=48) weighing ~250g were used. The animals were randomly assigned into four groups
(n=12): Control group —untrained rats treated with vehicle (C); Training group — trained rats treated with vehicle (T); Decanoate
group - untrained rats treated with DECA (D); Training + Decanoate group- trained rats treated with DECA (TD). The resistance
training (RT) protocol was performed using a latter vertical apparatus according to a previous study (Cassilhas et al., 2013;
Cassilhas, Lee, Fernandes, et al., 2012; Cassilhas, Lee, Venancio, et al., 2012). Briefly, the resistance training protocol consisted
of a familiarization period followed by eight weeks of training (5 times a week) with administration of DECA or vehicle. Rats
received Decanoate (deca-durabolin® - DECA - 15mg/kg/day) or vehicle (saline — 0.9%) subcutaneously, 5 times a week (total
of forty applications) (Hartgens & Kuipers, 2004). After the intervention period, the animals were submitted to behavioral tests

(open field and object recognition) for 72 hours (Figurel).
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Figure 1 - Experimental design.
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Resistance training program

The animals from the RT groups were submitted to the familiarization phase at the vertical ladder apparatus. The
familiarization with the apparatus was conducted over three days and consisted of three attempts of climbing. First, the animal
was kept in the chamber at the top of the ladder for 60 seconds. On the first attempt, the animal was placed on the proximal
portion of the ladder (35 cm from the door of the chamber). On the second attempt, the animal was positioned on the middle of
the ladder (55 cm from the door of the chamber). On the third attempt, the animal was placed at the bottom of the ladder (110
cm from the door of the chamber). All animals learned to climb, and three days after familiarization, the trained groups (T and
TD) were submitted to the RT for eight weeks (5 times a week — Monday to Friday). The RT consisted of eight series of climbing
the ladder with progressive overload, fixed on the animal's tail. Each series averaged 8 to 12 climbing movements (repetitions).
In the first two series, the overload was 50% of the animal's maximum load test (MLT); then, the load increased according to the
series progression (third and fourth series: 75% MLT; fifth and sixth series: 90% MLT; seventh and octave 100% MLT). In the
interval of each series, the animal rested in the chamber at the top of the ladder for 60s. (Cassilhas et al., 2013; Cassilhas, Lee,
Fernandes, et al., 2012; Cassilhas et al., 2012).

Maximum load test

The maximum load test (MLT) was performed on the first day of training each week. In total, rats performed eight
MLT, which defined the workload for the next exercise sessions of the week. In the first week, after the familiarization period,
the animals were placed on the vertical ladder apparatus with a load corresponding to 75% of MLT (fixed on the animal’s tail).
With each successful climb attempt, 30g of weight was added to the animal’s tail. In the following weeks, the animal started the
test with the maximum load reached in the previous week, and again 30g were added until the animal's exhaustion; then, the

previous load was considered as the maximum load for the starting of the next week (Novaes Gomes et al., 2014).

Open field test
The open field test (Figure2a) was performed forty-eight hours after the last DECA administration and RT session.
Each animal was placed in the center of the arena and evaluated during a 5-minute session. The rats were filmed, and later, the

following parameters were manually evaluated: a) time spent in the center of the arena; b) time spent on the periphery of the
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arena. The arena was completely cleaned with 70% ethanol between tests to eliminate olfactory signs, according to the works
(Bourin et al., 2007; de Sousa et al., 2019; Kumar et al., 2013).

New object recognition test (NOR)

The object recognition test (NOR) was performed in three stages. In the first stage, familiarization, the Open Field test
was used, where the rats were placed in the center of the box and released to explore the environment for 5 minutes (Figure 2a).
In the second step, two equal objects (objects A and B) were placed in the test box (training) with the same exploration time
(Figure 2b). The third step (test) occurred 24 hours later and was conducted in the same way as training, but with a new object
in place of a training object (object C) (Figure 2¢). To measure the learning of the animal, the percentage of time was performed
exploring each object during the training and testing sessions to see if the animal actually learned the task. The analysis is
performed by the formula (Time of exploration of the family object x 100 / sum of the exploration time of the two objects); then,
the percentage of exploration of the familiar object is obtained. To measure the percentage of exploration time in the new object,
the formula is used exchanging the familiar object for the new one (Time of exploration of the new object x 100 / sum of the

time of exploration of the two objects) (Figueiredo et al., 2013).

Figure 2 — New Obiject recognition test. (NOR).
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Histology

We used an atlas of rat brain coordinates to locate the area of interest; (Interaural 5.86 mm Bregma -3.14 mm to
Interaural 4.70 mm Bregma -4.30 mm) (Paxinos & Watson, 2007). The brains were sliced at 30 pm thick into a cryotomes
microtome at -20°C in coronal section and transferred to a 24 well’s plate in sucrose solution 30% in PBS at 4°C (with an interval
of 4 sections per well). The selected sections were mounted on gelatinized slides hydrated in Milli-Q water and stained with
toluidine blue. For the evaluation and photographic documentation, we used 4 sections of hippocampus from each animal. Four
images from right hippocampal areas (CA-1, CA-2, CA3- and DG) at 40x magnification was obtained using a Nikon Eclipse
200 microscope (Tokyo, Japan) (Figure 3). The thickness of layers containing neuronal perikaryal was measured with ImageJ
software (ImageJ 1.53, Wayne Rasband, National Institutes of Health, USA). The measurements were manually performed using

the straight-line tool.
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Figure3 — Histology of the hippocampus of rats, CA1, CA2, CA3 and DG.
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Statistical analysis
GraphPad Prism 8.0 software was used for all analyses and graphs. The Shapiro-Wilk's test was used to verify the data
normality. Data are presented as mean + standard deviation. Differences among groups were analyzed using one or two-way

ANOVA for repeated measurements followed by Tukey's post hoc test. The significance level was established at 5%.

3. Results
Maximum load

Figure 4a presents the data of the maximum load tests over the RT intervention; no differences in the MLT were observed
among groups in the first week of RT (p>0.05). From the 4" to 8" week, MLT was significantly higher in the trained groups
compared with the untrained groups (p>0.05) and, notably, it was still higher in the TD group compared with the T group
(p>0.05). Figure 4b shows the MLT results from all groups in the last week (8" week). D group presented the lowest MLT score,
while the TD group had the highest one, and the MLT score was higher in the T group compared to both C and D groups (C:
446,9+19,5, D: 297,4+29,1, T: 974,9482,2, TD: 1069,4+114,6 g; p < 0.05).
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Figure 4 - Workload in weeks and pre and post workload after intervention.
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indicates difference in relation to the control group (C) p<0.05; # indicates difference in in relation to the deca group (D) p<0.05; and $ indicates
difference between the trained groups p<0.05. Source: Authors.

Anxious behavior

Figure 5 shows data from the open field test. The D group presented the highest levels of anxious behavior (represented
by the lowest time in the center of the open field and the highest time in the periphery of the open field) among groups. Notably,
the T and TD groups had lower levels of anxious behavior (represented by the higher time in the center of the open field and the
lower time in the periphery of the open field) than the D group (D vs C: 15.65+6.91 vs 29.07+6.68 sec, p= 0.0491, D vs T:
15.65.65+6.91 vs 32.29+16.51 sec, p =0.0096, FIG 5a; D vs C: 284.3+6.91 vs 270.9+6.68 sec p=0.0096, D vs T: 284.316.91 vs
267.7+16.51 sec p=0.0096; FIG 5b).

Figure5 — Open field test.
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Effects of resistance training on the anxious behavior of Wistar rats obtained by the open field test. One Way Anova followed by Tukey's
test. * Indicate statistical difference between groups. P<0.05. Source: Authors.
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New object recognition test (NOR)

Figure 6 shows cognition data from NOR test. In the exploration of both objects A and B during NOR training, all
groups showed similar results for both objects A and B (C: object A- 50.71+£12.61 %, object B- 49.29+12.61 %, p>0.05; D group:
object A - 49.25+7.23 %, object B-50.75+7.23 %, p>0.05; T group: object A- 49.43+18.08 %, object B- 50.57+18.08 %, p>0.05;
TD group: object A - 52.72+12.07 %, object B - 47.28+12.07 sec, p>0.05; Figure 6A). In the NOR test (Figure 6B), the D group
did not learn the task and explored more the familiar object (A) than the new one (C) (D group: familiar object A - 60.55+11.73
vS new object C - 39.44+11.73 %, p=0.0047; C group: familiar object A - 36.31£8.52 % vs new object C - 63.6918.52,
p<0.0001). On the other hand, the T group learned the task and explored the new object (C) more than the familiar object (A) (T
group: new object C - 80.17+10.36 vs familiar object A - 19.83+£10.36%, p<0.0001); however, the TD group did not learn the
task, showing no preference for either object A or C (TD group: familiar object A - 57.87+18.02 vs new object C - 42.13+18.02 %,
p<0.0832).

Figure 6 — NOR training and testing.
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Effects of resistance training on memory of Wistar rats obtained by the new object recognition test. t test was used for intra-group comparison.
* Indicate statistical difference intra-groups. P<0.05. Source: Authors.

Hippocampus morphology

Figure 7 shows the results of the morphology in the right hippocampus, evaluated by the thickness (um) of the pyramidal
layer of the CA-1, CA-2 and CA-3 areas and the granular layer of the DG after the intervention period. The thickness of CA-1,
CA-2 and CA-3 did not differ between the groups p>0.05 (Figure 7a-c). The D group presented the lowest thickness of grainy
layer of the DG area. The RT increased the thickness of the grainy layer of the DG (T vs. C group, p<0.05) and DECA
administration did not change this positive effect of RT (TD vs. T group, p>0.05); however, when compared with C group,

DECA administration abolished the increase in the thickness of the grainy layer of the DG induced by RT (T vs. C, p<0.05; TD
vs. C, P>0.05) (Figure 7d).
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Figure7 — Histology CA1, CA2, CA3 and DG.
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Effects of resistance training in morphology in the right hippocampus in CA-1(a), CA-2(b), CA-3(c) and DG(d). Two Way Anova followed
by Tukey's test. * Indicate statistical difference between groups. P<0.05. Source: Authors.

4. Discussion

In the present study, we investigated if chronic administration of DECA would reduce the protective effects of RT on
anxiety, cognition, and morphology of the hippocampus in rats. We found that chronic supraphysiological doses of DECA
reduced the positive effects of RT on cognition and the granular cell layer of the hippocampus DG area.

The deleterious effects AAs abuse are related to the dosage (often 10 to 100 times higher than the therapeutic dosage),
which is usually administrated into several repeated courses, or "cycles"”, over weeks to months (Hartgens & Kuipers, 2004).
This abuse also involves the simultaneous use of different classes and categories of AAS to increase the anabolic response and
decrease the side effects (Costine et al., 2010; Kanayama et al., 2009; Kanayama & Pope, 2018; Kutscher et al., 2002; Parkinson
& Evans, 2006). However, this simultaneous use of different AAs at supraphysiological doses may induce several side effects
(Bhasin et al., 2021; Kanayama & Pope, 2018).

The positive effects of physical training on health depend on the exercise modality (e.g., running, resistance training, or
swimming), exercise intensity, and duration (Bompa & Haff, 2012; Fleck & Kraemer, 2017; Seo et al., 2014).

The increase in muscle strength is a consequence of the increase in motor unit recruitment and muscle hypertrophy
(Egan & Zierath, 2013; Greising et al., 2012). The increase in muscle strength is an important adaptation for improving the
quality of daily life as it allows a person to perform daily activities with less effort (Egan & Zierath, 2013; Fleck & Kraemer,

2017; McCall et al., 1996). Here we observed that animals that underwent RT had an increase in muscle strength (Figure 4).
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The main clinical recommendation for the use of AAs is related to cachexia treatment (body weight and muscle mass
losses) caused by diseases such as cancer, human immunodeficiency syndrome (AIDS), chronic obstructive pulmonary disease
(COPD), diabetes mellitus, and aging (Tsametis & Isidori, 2018). The results obtained in the open field test (figure 5) indicate
that chronic exposure to DECA produces an anxiogenic effect (decrease in time spent in the central zone and increase in time
spent in the periphery zone), which is in line with other studies. SELAKOVIC et al., (2017) found that suprapharmacological
doses of DECA (20 mg/kg weekly for 6 weeks) increased anxious behavior in Wistar rats. In another study, they also observed
that the combined use of two different AAs (DECA and testosterone enanthate) for 6 weeks had anxiogenic effects in rats
(Joksimovic et al., 2019).

Some studies have proposed that the anxiogenic effects caused by chronic abuse of AAs may be related to an increase
in the expression of corticotrophin-releasing hormone (CRH) and GABAergic inhibition in the amygdala (Costine et al., 2010;
Oberlander & Henderson, 2012). Other studies have found that DECA abuse changes the expression of serotonin receptors (5-
HT) in several regions of the brain, including the amygdala, prefrontal cortex, hypothalamus, hippocampus, and other
interconnected mood-related areas (Ambar & Chiavegatto, 2009).

Selakovic et al., (2017) found that swimming training effectively neutralized the anxiogenic effects chronic abuse of
DECA in male Wistar rats. Similar results were found by Joksimovic et al., (2019). However, the main modality practiced by
recreational users of AAS is RT and, to date, no studies have investigated if AAS abuse impairs the positive effects of RT on
cognition, anxious behavior, and hippocampal morphology of rats. Here we firstly found that AAS suppresses the beneficial
effects RT on cognition and hippocampus of rats. In the NOR test, we observed that the C and T groups learned the test, exploring
more time the new object. On the hand, the D and TD groups did not learn the test, revealing that the cognitive impairment
induced by DECA did not reduce if DECA is administrated simultaneously with RT. Thus, we believe that deleterious effect of
DECA on the hippocampus are not protected by RT.

It is well known that RT improves brain health (Camarda et al., 2012; Cassilhas et al., 2007, 2013, 2020; Cassilhas,
Lee, Fernandes, et al., 2012; Cassilhas, Lee, Venancio, et al., 2012; Chen et al., 2017; De Sousa et al., 2020; Devanne & Allart,
2019; Gomez-Pinilla & Hillman, 2013; Hayek et al., 2019; Lefaucheur, 2019; Lista & Sorrentino, 2010) and the mechanisms
involved with these beneficial effects are unclear. We have published a series of studies describing the effects of RT on cognition
and neuroplasticity (Cassilhas et al., 2007, 2013, 2020; Cassilhas, Lee, Fernandes, et al., 2012; Cassilhas, Lee, Venancio, et al.,
2012; De Sousa, 2018). Since RT is the most practiced exercise by AAs abusers (Hartgens & Kuipers, 2004), it’s is imperative
to investigate if the positive effects of RT on brain may be reduced by AAs abuse. Here, we found that, while RT increased the
thickness of the grainy layer of the DG and DECA administration reduced it. These results suggest that the RT induces
neurogenesis while DECA abuse induces atrophy in hippocampus. We also revealed that RT increased the number of Ki-67-
positivecells (a cell proliferation marker) in DG of hippocampus. Nevertheless, this RT effects were abolished by DECA (Novaes
Gomes et al., 2014). In another study, animals submitted to 8 weeks of swimming training worse the anti-apoptotic markers and
increased levels of pro-apoptotic factors in the hippocampus of rats administered with DECA (Joukar et al., 2017). In addition,
running did not avoid the negative effects of DECA administration on spatial learning and memory of rats (Tanehkar et al.,
2013).

The anti-anxiolytic effect caused by RT in animals exposed to AAS may occur due to its favorable regulations in the
hippocampus. Thus, granular neurons of the DG establish projections for the tonsil region that determine the triggering intensity
of the fear emotion, thereby controlling the state of anxiety. Although this possible neurobiological mechanism brought in our
study needs to be further elucidated, we cannot rule out that the use of DECA leads to ultrastructural and biochemical changes
in hippocampus neurons and TF protects against these effects, which opens the possibility for future studies to investigate with

other techniques this possibility raised.
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Whereas AAs abuses are most often done in different cycles and with combinations of different classes of anabolic
agents, in which they can cause even more damage to users' health, further future studies should be conducted with different
combinations of anabolic substances, and interspersed by periods of suppression of use, associated with physical exercise, in
order to simulate different forms of abuse of AAs. Thus, it will allow the analysis of what these harmful effects would be, in
order to alert the general population against the deleterious consequences of unnecessary and uncontrolled administration of
AAs.

5. Conclusion

Taken together, this is the first study showing that supra pharmacological doses of DECA reduce the positive effects of
RT on memory and the thickness of the granular layer of the DG. Future studies with other dosages of DECA, other types of

exercise and mainly studying metabolic pathways are necessary for deepening knowledge about physical exercise and AAS.
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