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Metabolism of anabolic androgenic steroids is important for its physiological effects. The aim was to
investigate the effects of finasteride (a Sa-reductase inhibitor - 5aR) on cardiac and mutagenic effects
promoted by ND. Male Wistar rats were separated into three groups: CONT, received the vehicles
of ND and finasteride (Peanut oil+Saline); DECA group, received ND (20 mg.kg.week™!, i.m.), and
DECAF received ND and finasteride (100 pg.kg™', i.p.), for four weeks. After, hypertrophy, cytokines
and Angiotensin Converting Enzyme (ACE) activity was determined in heart. Bone marrow was used
for micronucleus evaluation. Treatment with ND promotes increase in cardiac hypertrophy, ACE activity
and disbalance among pro- and anti-inflammatory cytokines, and combination with finasteride worsened
those effects. Association with finasteride ameliorates the toxic effects of ND on bone marrow cells, as
was observed by a normalization of the number of micronucleate polychromatic erythrocytes and the
mitotic index. Our data demonstrates that deleterious effects promoted by ND are depend, at least in
part, of its metabolization. Also, inhibition of SaR by finasteride present variated effects dependent on
organ studied. It can promote increase on cardiac damage and a reduction on mutagenic effects of ND,
which demonstrated that dehydronandrolone has diverse role on ND effects..
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INTRODUCTION

Anabolic androgenic steroids (AASs) are synthetic
drug analogs of the endogenous hormone testosterone.
They are used around the world to treat hypogonadism
and cachexia (Kicman, 2008); however, the misuse of
AASs by young people and adults for aesthetic purposes
has increased worldwide (Lippi, Franchini, Banfi, 2011),
causing many health problems for people of both sexes
(Onakomaiya, Henderson, 2016).

Among the AASs used, nandrolone decanoate (ND)
stands out as the most commonly used AAS worldwide
(Frati et al., 2015). ND is considered an AAS with great
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anabolic capacity and low androgenic effects (Vies,
1985), as implicated by its high affinity for androgenic
receptors, and it may even be superior to testosterone itself
(Bergink et al., 1985).

Misuse of AASs is characterized by intake of high
doses without a medical prescription, which promotes
many health complications, especially for the cardiac
system (Germanakis et al., 2013; Montisci et al.,
2012; Vasilaki et al., 2016). Literature reports have
demonstrated the development of cardiac hypertrophy
characterized by the addition of sarcomeres, which
promotes an increase in the cell volume (Fernandes, Soci,
Oliveira, 2011), in addition to arrhythmia and sudden
death (Franquni et al., 2013; Riezzo et al., 2014). These
negative effects are not limited to the cardiac system,
and other negative effects are observed, such as an
imbalance of inflammatory cytokines (Franquni et al.,
2013; Riezzo et al., 2011), negative effects on the kidney

Page 1/9


mailto:tadeu.andrade@uvv.br
https://orcid.org/0000-0001-6387-7895

E. F. Mata, A. M. Nascimento, E. M. Lima, I. C. Kalil, D. C. Endringer, D. Lenz, N. S. Bissoli, G. A. Brasil, T. U. Andrade

(Tsitsimpikou et al., 2016) and development of genetic
damage in many tissues (do Carmo et al., 2012).

Additionally, AAS use can promote an imbalance
in body physiology, changing key systems for the
maintenance of health, such as the renin angiotensin
system (RAS) (Andrade et al., 2011; Marques-Neto ef al.,
2014), an important system that promotes cardiac
homeostasis and is involved in pathophysiological
conditions (Cowan, Young, 2009). The system is based on
enzymes (renin and angiotensin-converting enzyme, ACE)
and the synthesis of vasoactive peptides (ANG II, ANG
1.7, ANG 1.9, etc.), which promotes many effects in the
body, including increased oxidative stress (Fazeli et al.,
2012) via the augmentation of reactive oxidative species
(ROS) synthesis by NADPH oxidase. The main route is
through AT1 receptor activation by ANG Il (Fazeli et al.,
2012).

It is well established in the literature that oxidative
stress can promote DNA damage (Tonini ef al., 2013),
and it has also been demonstrated that RAS activation
can promote DNA damage (Fazeli et al., 2012; Garrido,
Griendling, 2009). Fazeli et al. (2012) showed an
increase in DNA damage by AT-1 via NADPH oxidase
(isoform Nox 4), thus corroborating the results of
Ghorbanihaghjo ef al. (2008), who demonstrated that
there was a decrease in 8-hydroxy-20-deoxyguanosine
(8-OHdG) and DNA damage markers after treatment with
losartan or enalapril, which are two RAS blockers.

Oxidative stress is not the only factor that promotes
DNA damage; excess DNA replication can also promote it
(Kotsantis et al., 2016). It is well known that the effects of
ND on the body can be attributed to the modulation of DNA
transcription and protein synthesis (Kuhn, 2002). Once in
circulation, steroid hormones can cross cell membranes
and interact with cytoplasmic receptors. The hormone-
receptor complex is then transferred to the nucleus, where
it interacts with the nuclear response element and thus
promotes gene transcription (Burris et al., 2013).

This process can promote genomic damage,
as demonstrated by studies conducted on AAS (do
Carmo et al., 2012; Pozzi et al., 2013). do Carmo et al.
(2012) observed that ND in high (5.0 mg/kg) or low doses
(1.0 mg/kg) promotes genotoxic effects in different cells
of mice, as demonstrated by micronucleus and comet
assays. Additionally, Pozzi et al. (2013) observed that ND
at doses of 5 and 15 mg/kg can promote genetic damage in
multiple rat organs and that the damage is dose-dependent.
The results demonstrated the potential of ND to promote
genetic damage in users. However, neither study was
conducted to evaluate the genetic or anabolic effects of
ND metabolites.
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It is well known that testosterone, the male hormone,
is biotransformed by two main routes in the body. The
first is by the Sa-reductase enzyme (5aR), and the
product formed is dihydrotestosterone (DHT), which has
higher affinity for androgenic receptors and is therefore
considered more potent than testosterone (T6th and Zakar,
1982). This enzyme is present in tissues that require an
androgenic effect, such as the prostate and other sexual
tissues (Span et al., 1999).

The same enzymatic pathway is preferred
by ND; however, the product of 5aR action, called
dehydronandrolone (DHN), has a lower affinity than does
ND for androgenic receptors, resulting in decreased effects
of ND (Bergink et al., 1985; Téth, Zakar, 1982). The main
SoR inhibitor used in clinical practice is finasteride, which
is used for benign prostatic hyperplasia (Goldenberg et al.,
2009).

Changes in the biotransformation of ND and
testosterone can influence the effects of both hormones;
however, no investigation into the effect of ND in
combination with 5aR inhibition on the cardiovascular
system or into its mutagenic capacity has been reported.
Thus, the aim of the present study was to evaluate the
effects of a combination of finasteride, an inhibitor of the
Sa-reductase enzyme, and ND on the cardiac system and
to evaluate the genetic effects of that combination.

MATERIAL AND METHODS
Experimental animals

All experiments with animals were performed in
agreement with the International Ethical Principles for
Animal Use and were approved by the Ethics Committee
of Animal Welfare at the University Vila Velha (UVV),
Espirito Santo, Brazil (CEUA-UVYV; protocol no.
68/2009). Male Wistar rats aged 2-3 months and weighing
200-300 g were housed in individual cages with controlled
humidity, temperature and dark-light cycle. The animals
were fed a standard chow diet and had access to food and
water ad libitum.

The animals were separated into three groups (n="7
per group): a) a control group (CONT) that received the
vehicles for both drugs (ND and finasteride): peanut oil,
intramuscular (i.m.) and saline 0.9%, intraperitoneal
(i.p.); b) an ND-treated group (DECA) that received ND
(20 mg/kg/week, i.m.) (Franquni et al., 2013) and
finasteride vehicle (saline 0.9%, i.p.); and ¢) a combined
finasteride and ND group (DECAF) that received both
ND (20 mg/kg/week, i.m.) and finasteride (100 pg/kg, i.p.;
adapted from Rubio-gayosso et al. (2013).
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All treatments were maintained for four weeks;
nandrolone decanoate was administered twice a week,
and finasteride was administered every 12 h. Nandrolone
decanoate (Deca Durabolin®) was purchased from
Organon Inc. (Sao Paulo, SP, Brazil), and finasteride was
purchased from Sigma Chemical Co. (St. Louis, MO,
USA).

Determination of cardiac hypertrophy and
histological analysis

At the end of the treatment, the animals were
euthanized by decapitation, the blood was collected and
centrifuged at 3000 rpm (4 °C, 15 minutes), and the serum
was separated and kept at -80 °C until use.

The hearts were excised, cleaned and weighed. After
the ventricles were fixed in formalin buffer for 24 h the
heart was embedded in paraffin, and a 5-pm-thick slice
was stained with hematoxylin/eosin. The slides were
evaluated under an optical microscope. For morphometric
analyses, ten fields were photographed, and the images
were evaluated. The number of myocyte nuclei per high-
powered field and the areas and perimeters of the myocyte
nuclei were evaluated at 400X magnification. Image
analysis software (Moticam Plus®; Motic Inc., Canada)
was used, and for each sample, ten high-powered fields
were evaluated.

Measurements of the cardiac cytokines and ACE
activity

Part of the ventricles were kept at -80 °C to evaluate
cytokine (TNF-a and IL-10) levels and angiotensin
converting enzyme (ACE) activity. For this, 50 mg of
the ventricles were homogenized with phosphate buffer
(pH: 8.3), and the protein content was determined by
the Bradford method (Bradford, 1976), which was used
for cytokine normalization; the result was expressed in
picograms per milligram of protein (Meador et al., 2008).
All the manufacturer’s instructions were followed, and the
reading was obtained with an ELISA reader (TP-Reader,
Thermoplate).

To analyze ACE activity, a method previously
described (Franquni et al., 2013) was followed.
Briefly, the ventricle samples were homogenized and
incubated with ACE substrate (Hippuryl-Gly-Gly),
and the dipeptide formed (Gly-Gly) and was quantified
by a reaction with 2,4,6-trinitrobenzenesulfonic acid
(TNBS) and read with an ELISA reader (TP-Reader,
Thermoplate) at 415 nm. The results are presented as the
% of ACE activity.
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Micronucleus assay

For the micronucleus assay, new experimental
groups were formed. The animals were separated into four
experimental groups (n=6 per group): a positive control
(PC) group, which received cyclophosphamide (40 mg/kg,
1.p.); a negative control (NC) group, which received the
vehicles for ND and finasteride (peanut oil and saline,
respectively); a DECA group, whichreceived ND (20 mg/kg;
i.m.) and saline (i.p.); and a DECAF group, which received
ND and finasteride (20 mg/kg; i.m., 100 pg/kg). All
treatments were performed for 3 days. ND was applied
24 h and 72 h before the beginning of the protocol, and
finasteride was given every 12 hours. This treatment
timing has been well established in the literature (Schmid,
1975), and the timing of maturation of bone marrow cells,
which was analyzed in the experiment, is well understood.

After the treatments, the animals were euthanized,
and their femurs were removed. The assay was performed
as previously described (Schmid, 1975). To summarize, a
suspension of bone marrow was made using 4 mL of fetal
bovine serum. The supernatant was used to make slides
that were fixed with methanol and stained with Leishman
stain. For each slide, a total of 1000 cells were counted.
For the first 200 cells, both mature/normochromatic
erythrocytes (NCEs) and immature/polychromatic
erythrocytes (PCEs) were counted. After the first 200 cells,
only polychromatic cells were counted. The criteria used
to identify the micronuclei were size, shape and color.
Overall, 2000 PCEs were counted per animal. The number
of micronucleate polychromatic erythrocytes (MNPCE)
and the mitotic index (PCE/NCE) were used to verify the
cytotoxicity of the compound.

Statistical analysis

The results are expressed as the mean + standard
error of the mean (S.E.M.). The data were analyzed using
a one-way ANOVA with a post hoc Tukey test. For the
micronucleus assay, the results are expressed as the mean
+ standard deviation (S.D.). Statistical significance was
defined as p<0.05. The software GB-Stat® was used
for statistical analysis, and Slide Write was used for the
graphical representations.

RESULTS
Histological and morphometric analyses

The combination of DECA with finasteride
treatment increased cardiac hypertrophy in the DECAF
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group compared with the CONT and DECA groups.  Cardiac cytokine analysis (TNF-a and IL-10) and
Figure 1 shows the cardiac morphometry results for the ~ ACE activity

experimental groups, which revealed a reduction in the

number of nuclei per high-powered field in animals that Inhibition of the Sa-reductase (5aR) pathway
received ND that was approximately 37.29% lower than by finasteride promoted an increase in inflammatory
CONT group and 47.19% lower than the reduction after imbalance in the DECAF group compared to that in
treatment with the combination of ND and finasteride = the CONT group (Figure 2, panels A-C). The treatment
(DECAF; Figure 1D). This reduction was followed by ~ with ND caused an increase in the TNF-a level (DECA:
an increase in the myocyte nucleus area (DECA 12.8%; 24.8%; DECAF: 40.7% compared to CONT) and
DECAF 22.67%; Figure 1E) and the perimeter (DECA  promoted a decrease in the IL-10 content (DECA: 14.4%;
9.1%; DECAF 15.03%; Figure 1F) compared with those = DECAF: 26.9% compared to CONT), thus increasing the
in the CONT animals. proinflammatory/anti-inflammatory cytokine ratio, which
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FIGURE 1 - Results of the morphometric analysis of the left ventricle of animals treated with ND and finasteride. Representative
samples of the histologic analysis (Panels A-C); the arrows indicate the representative nucleus in the histologic samples. Panel D:
Analysis of the number of cardiac myocyte nuclei after treatment with the combination of ND and finasteride compared to that
of the control group. Panel E: Area of myocyte nuclei after treatment compared to that of the control group. Panel F: Perimeter
analysis of the myocyte nuclei after treatment. *p< 0.05 compared to the control group. # p<0.05 compared to the DECA group.
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FIGURE 2 - Effects of treatment with ND in combination with finasteride on serum cytokines. Panel A: TNF-a levels were increased
after cotreatment with finasteride and ND. Panel B: IL-10 levels were decreased after treatment. Panel C: Imbalance of the TNF-o/
IL-10 ratio after treatment. *p<0.05 and **p<0.01 compared to the CONT group. #p<0.05 compared to the DECA group.
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FIGURE 3 - ACE activity (%) after treatment with ND with or
without finasteride. CONT — animals received vehicles (peanut
oil and saline). DECA — animals received ND (20 mg/kg/week);
DECAF — animals received ND in combination with finasteride
(100 pg/kg). *p<0.05 compared to the CONT group.

confirmed the imbalance of these cytokines in the treated
animals. The addition of finasteride promoted a greater
inflammatory response than that in the DECA group.

ACE activity was also measured in the left ventricle
samples. ND treatment promoted an increase in ACE
activity compared with that of the CONT group (CONT:
27.0+£6%; DECA: 53+£5%; DEAF: 46+6%); however,
the addition of finasteride did not increase the activity
compared to that in the DECA group (*p<0.05 compared
to CONT,; Figure 3).

Micronucleus assay analysis

Table I shows the results of the evaluation of the
cytotoxic and genotoxic effects in the DECA group
with finasteride treatment. There was an increase in
the number of MNPCE (p<0.01 compared to the NC
group) and a reduction in the mitotic index (p<0.01
compared to the NC group) in the group treated with ND
alone, which was consistent with the change promoted
by cyclophosphamide. Additionally, when ND was

combined with finasteride, a decrease in MNPCE and
a reestablishment of the mitotic index were observed
(p<0.01 compared to the NC group).

DISCUSSION

The main finding of the present study was the
worsening of cardiac effects after application of a
combination of ND and finasteride, an inhibitor of
S5aR. In the DECAF group, cardiac hypertrophy and
the imbalance between pro- and anti-inflammatory
cytokines were intensified. Additionally, ACE activity was
increased. Interestingly, the genotoxic effects promoted
by nandrolone decanoate were attenuated when it was
combined with finasteride.

It is well known that ND can promote concentric
cardiac hypertrophy associated with cardiac remodeling
(Andrade et al., 2011; Brasil et al., 2015; Franquni et al.,
2013) and that cardiovascular effects are combined with
an imbalance among pro- and anti-inflammatory cytokine
concentrations (Franquni et al., 2013). However, this is
the first time that the worsening of these parameters has
been demonstrated after enzymatic inhibition, suggesting
that ND, not its metabolite DHN, is the most important
molecule involved in these results.

Under physiological conditions, 5aR promotes
amplifies testosterone signaling as a result of increases in
androgen receptor affinity (Bergink et al., 1985). Rubio-
gayosso et al. (2013) demonstrated that inhibition of 5aR
enzymes by finasteride promotes a decrease in infarcted
areas, resulting in cardiac protection after ischemia and
reperfusion. These results demonstrate the deleterious
effects of DHT on cardiac tissue.

Additionally, previous reports have demonstrated
that androgens present different affinities for androgenic
receptors (Kumar et al., 1999; Toth, Zakar, 1982). In
comparison, nandrolone has greater affinity for androgenic
receptors than do testosterone and DHN; however, DHT
present the greatest receptor affinity among all these

TABLE | - Number of normochromatic erythrocytes (NCE), micronucleated polychromatic erythrocytes (MNPCE) or not (PCE),
and the mitotic index each group (relation PCE/NCE) in bone marrow of Wistar rats treated with DN. Result of the analysis of

two thousand cells

Group NCE PCE MNPCE Mitotic Index
NC 90.4+11.26 111.6£13.52 2.4+1.14 1.26+0.30
PC 146.6+4.39" 55.4+5.22" 54.6:4.77" 0.38+0.04"
DECA 160.67+4.16" 46.33+9.71" 22.0+7.55° 0.29+0.06"
DECAF 88.2+10.80 111.6+10.64 3.9+1.14 1.294+0.28

Data are presented as mean + Standard deviation; * Significantly different from negative control (p <0.01).
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molecules (Kumar et al., 1999; Toth, Zakar, 1982).
Based on these results, we can infer that, in cardiac
tissue, inhibition of 5aR promotes an increase in ND
bioavailability and a decrease in DHT, which can explain
the finding that the greatest hypertrophy occurred in the
DECAF group. The hypertrophy observed in the heart is
not limited to that tissue (Brasil et al., 2015).

The capability of AASs to promote muscle growth
and improve athletic performance is the main reason
for their misuse worldwide, which occurs for aesthetic
purposes only without any medical assistance (Abrahin,
de Sousa, Santos, 2014). As demonstrated previously, the
deleterious cardiac effects are not limited to hypertrophy,
which can be defined as an increase in cardiomyocyte
volume upon the addition of sarcomeres (Fernandes,
Soci, Oliveira, 2011), but also include promotion of
the development of hypertension, arrhythmias, cardiac
fibrosis and sudden death, as demonstrated in clinical and
experimental approaches (Darke, Torok, Duflou, 2014;
Franquni ef al., 2013; Montisci ef al., 2012; Paolo et al.,
2007).

Studies have demonstrated that the deleterious
effects promoted by ND can be attributed, at least in part,
to RAS activation (Marques-neto et al., 2014). Marques-
neto et al., 2014 showed that treatment with ND can reduce
exercise-mediated cardioprotection against ischemia-
reperfusion; however, when AT1 receptors are blocked,
this effect is prevented.

Additionally, Andrade et al. (2011) demonstrated
that inhibition of ACE by enalapril reversed the cardiac
effects promoted by ND, indicating that the enzyme plays
a key role in the effects of AAS. Our results demonstrated
an increase in ACE activity in the DECA and DECAF
groups, indicating that activation of that enzyme occurs
even when metabolism is induced by 5aR enzymes.
Therefore, we can infer that ACE activity is involved
in cardiac hypertrophy, as previously demonstrated
(Dalpiaz et al., 2015), and that AAS metabolism has no
effect on ACE activation. On the other hand, the combined
treatment of ND and finasteride worsened the imbalance
of cytokines, increasing inflammation. Other previous
studies have demonstrated the negative effects of AASs on
inflammatory cytokines (Franquni e al., 2013; Lima et al.,
2015) and have revealed that the relationship can be
related to the activation of androgenic receptors (ARs).
For example, Huang et al. (2014) demonstrated that when
the AR gene is silenced in monocytes/macrophages and
other cells, there is a reduction in TNF-a gene expression.
Additionally, they concluded that AR exerts a positive
effect on TNF-a release. Thus, we can infer that inhibiting
the conversion of ND to DHN with finasteride promotes
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the greatest activation of ARs. The fact that ND has a
greater AR affinity than testosterone can explain the
increase in TNF-o observed after finasteride treatment.

Finally, treatment with finasteride promoted a
decrease in the micronuclei and cytotoxicity promoted
by ND. Some authors have demonstrated that RAS
is involved in DNA damage (Fazeli et al., 2012;
Ghorbanihaghjo et al., 2008; Ozcagli et al., 2018). We can
infer that this is the possible mechanism involved in ND-
induced DNA damage, as ACE activity was increased in
the DECA group. However, no difference in ACE activity
was observed in the DECAF group that also received
finasteride, demonstrating that finasteride may confer
some protective effect in bone marrow.

Some authors have demonstrated antioxidant
effects promoted by finasteride (Kolasa-Wolosiuk et al.,
2017; Mladenovi¢ et al., 2015; Nambiar, Singh, 2013;
Yun, Lee, Keum, 2013). Mladenovi¢ ef al. (2015)
demonstrated that pretreatment with finasteride prevents
the negative effects of thioacetamide by increasing SOD1
and catalase activity. Yun, Lee and Keum (2013) showed
that treatment of prostatic cancer cells with finasteride
promoted increased NF-E2-related factor-2 (Nrf2) protein
expression. This factor is associated with increases in
the synthesis of antioxidant enzymes such as SOD,
catalase and glutathione peroxidase (Kansanen ef al.,
2013). Together, these results demonstrate that finasteride
promotes antioxidant responses, which can explain our
results in bone marrow cells.

In conclusion, we demonstrated that ND metabolism
promoted different results in cardiac and bone marrow
tissues. An increase in deleterious effects was observed
in cardiac tissues, while a protective effect was found in
bone marrow tissues. The discrepant results can be linked
to the different mechanisms involved in each type of tissue.
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