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CHROMOSOME DAMAGE, APOPTOSIS, AND NECROSIS IN EXFOLIATED CELLS OF
ORAL MUCOSA FROM ANDROGENIC ANABOLIC STEROIDS USERS

Jeanderson Pereira Souza, Eneida de Moraes Marcílio Cerqueira,
José Roberto Cardoso Meireles

Toxicological Genetics Laboratory, Department of Biological Sciences, Feira de Santana State
University, Feira de Santana, Bahia, Brazil

The aim of this study was to evaluate the potential of the androgenic anabolic steroids (AAS)
for inducing chromosome damage, apoptosis, and necrosis, using the micronucleus test on
exfoliated cells from the oral mucosa of AAS users. The sample consisted of 55 male indi-
viduals, practitioners of physical exercise divided into two groups: 25 individuals who were
users of AAS and 30 individuals in the control group. Cytological analysis included, in addi-
tion to micronuclei, counting of broken eggs and degenerative nuclear changes indicative
of apoptosis (karyorrhexis, condensed chromatin, and pyknosis) and necrosis (karyolysis in
addition to these changes). The statistical analysis did not show differences in occurrences
of micronuclei, karyolysis, and broken eggs between the groups. The occurrence of apoptosis
was significantly higher in cells from control subjects. The results obtained showed that inhi-
bition of apoptosis was induced by AAS, suggesting that this may be one of the mechanisms
contributing toward the association that has been described between use of AAS and the
carcinogenic process.

Cancer is considered to be a genetic dis-
ease, given that it results from changes to genes
involved in controlling the cell cycle (proto-
oncogenes and tumor suppressors) and/or
genes associated with DNA repair mechanisms
or with apoptosis (Birchall et al., 1995; Nikitakis
et al., 2003).

The increasing human exposure to agents
capable of inducing changes to genetic mate-
rial (mutagenic agents) is a consequence of
industrial development and the adoption of
certain habits within modern society. One
recent example of this is the use of androgenic
anabolic steroids (AAS). The image of bodies
inflated with muscles as the model for the ideal
body and for masculinity, which is frequently
carried in the mass communication media, has
led to greater valuation of the body and has
contributed toward increasing the number of
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enthusiasts for AAS use (Courtine, 1995; Tentori
and Graziane, 2007).

AAS are a group of synthetic compounds
that originate from testosterone and its ester-
ified or alkalinized derivatives. Although they
promote the desired effect among their users,
that is, increasing users’ muscle mass, vari-
ous side effects have been attributed to them.
Several studies have reported positive asso-
ciations between AAS intake and behavioral
changes (Steensland et al., 2005), dependency
on other drugs (Célérier et al., 2006), and var-
ious diseases, including occurrences of liver,
prostate, and testicular cancer (Liljeqvist et al.,
2008; Maravelias et al., 2005; Silva et al.,
2002).

Thus, AAS use constitutes an important
public health problem, which is now worsened
by its accelerated dissemination among young
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68 J. P. SOUZA ET AL.

adults practicing physical activity, whereas AAS
use was previously limited to professional
sportsmen (Irving et al., 2002).

The association between AAS use and can-
cer that has been described in the litera-
ture may be related to genotoxic potential, as
already shown in several studies (Martelli et al.,
2003; Mattioli et al., 2004; Seraj et al., 1996;
Nantermet et al., 2004).

Evaluation of occurrences of genetic dam-
age, with a view to biomonitoring of popu-
lations, is the first step toward cancer pre-
vention, and the methodologies used for this
purpose should not only produce trustworthy
results but also have low cost. In this context,
the micronucleus test on exfoliated cells has
been indicated in several studies as an effec-
tive biomarker for cancer risk (Bloching et al.,
2000; Pereira et al., 2008; Sailaja et al., 2006),
especially when used in accordance with the
protocols of Tolbert et al. (1992) and Thomas
et al. (2009), which detect both chromosomal
damage and apoptosis and necrosis.

Thus, given the efficacy of this test, the
possible genotoxic action of AAS, and the
growing use of these products, the aim of
the present study was to evaluate (1) the
genotoxicity and cytotoxicity of three types of
injectable AAS (nandrolone decanoate, testos-
terone propionate, and testosterone cypionate)
and (2) the efficacy of the micronucleus test on
exfoliated cells as a biomonitoring tool among
AAS users.

METHODS

Ethical Issues
This investigation was conducted in confor-

mity with Resolution 196/96 and only began
after the project had been approved by the
Research Ethics Committee of Feira de Santana
State University (Protocol 100/2011). All the
volunteers who were invited to participate
in the study received explanations about the
investigation and were completely free not to
participate in the study or to withdraw from it
at a time of their choosing. All participants were
given assurances regarding data confidentiality.

After receiving proper explanations, the partic-
ipants agreed to their inclusion in the study by
means of signing a free and informed consent
statement.

Sample
The sample was formed by 55 male individ-

uals distributed into two age-matched groups:
25 individuals (G1) who were users of nan-
drolone decanoate, testosterone propionate,
and testosterone cypionate (taken separately or
simultaneously) and 30 individuals in the con-
trol group (G2), who were selected at gymnastic
and weight training gyms in Feira de Santana,
BA, Brazil.

In accordance with the model of Pavão
et al. (2007), a questionnaire was applied to all
the individuals, asking for personal and lifestyle
data, practice of physical exercise, medical his-
tories (use of medications and exposure to
genotoxic agents), and the protocol for their
cycle of AAS use.

Material Collection and Processing
Cells from the cheek mucosa were col-

lected by means of gentle scraping using an
endocervical brush. The cells were transferred
as a smear to a sterile microscope slide con-
taining one drop of physiological solution (0.9%
NaCl), and the slides were then dried at
room temperature. After drying, the mate-
rial was fixed in methanol/acetic acid solution
(3:1), and 24 h later it was stained using the
Schiff reaction and counterstained with 1%
fast green in absolute ethanol for 20 seconds.
Reagents utilized were obtained from Merck
KGaA (Darmstadt, Germany).

Cytological Analysis
The cytological analysis was conducted

under an optical microscope (Zeiss, Axioskop
40, Oberkochen, Germany), as a blind test
in relation to the questionnaire data. Two
thousand cells per individual were analyzed
under 200× magnification. The differentiated
protocol of the micronucleus test was used, as
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suggested by Tolbert et al. (1992) and Thomas
et al. (2009). In this, not only the micronuclei
but also cells presenting broken eggs and alter-
ations indicative of apoptosis (karyorrhexis,
condensed chromatin, and pyknosis) and
necrosis (karyolysis, in addition to these alter-
ations) were counted.

According to these protocols:

1. Cells were included as normal only if they
presented an intact nucleus with regular dis-
tribution of chromatin, and also intact cyto-
plasm, with the exception of cells presenting
folds or overlapping with the adjacent cells.

2. Micronuclei were considered to be struc-
tures with a rounded or oval format that,
in relation to the main nucleus, presented
chromatin and similar or lighter staining,
observed in the same plane as but distinctly
separated from the main nucleus, with a size
not exceeding one-third of the size of the
nucleus.

3. Cells presenting condensed chromatin were
those that had a striated nuclear pattern
in which the aggregated chromatin stained
more intensely than the remainder of the
nucleus and was totally condensed.

4. Cells were considered to present
karyorrhexis if a nuclear pattern of fragmen-
tation leading to destruction of the nucleus
was observed.

5. Pyknotic cells were characterized as having
a small shrunken nucleus with a diameter
of one-third to two-thirds of the size of the
nucleus of a normal cell.

6. Cells were considered to present karyolysis
if they did not have DNA in their nucleus,
and consequently the nucleus remained
unstained with the Feulgen staining.

7. “Broken eggs” were considered to be struc-
tures presenting chromatin distribution sim-
ilar to that of the nucleus but smaller than
this and connected to it by a fine positive
Feulgen filament.

Statistical Analysis
Preceding the statistical treatment, the data

obtained through applying the questionnaires

and the cytogenetic analysis were used to cre-
ate a database in Excel. The evaluation on the
differences between the groups, relative to the
parameters considered, was performed using
the following statistical tests:

1. To analyze the association tables, the chi-
squared test was used.

2. To analyze the quantitative variables (age),
Student’s t test was used.

3. The cytological endpoints were evaluated
using a conditional test for comparing
proportions in situations of rare events
(Bragança-Pereira, 1991) that forms an alter-
native to the chi-squared (χ2) significance
test, along the lines of Fisher’s exact test
(Kalbfleisch, 1979), which was suitable for
evaluating cytogenetic events when a large
cell sample was necessary for detecting
occurrences of a certain chromosomal aber-
ration. In all the analyses, the significance
level used was 5%.

RESULTS

Sample Characteristics
The mean age of the individuals who

formed the sample was 24.04 ± 5.36 yr (X ±
SD) in G1 and 24.38 ± 5.57 yr (X ± SD) in G2,
without any statistical difference between the
groups (p > .50).

In relation to smoking and the habit of
consuming alcoholic drinks, in both groups,
two individuals said that they were smokers
and all of them said that they consumed alco-
holic drinks. The habit of consuming alcoholic
drinks regularly (daily, weekly, or monthly) was
reported by 15 participants in G1 and 14 in G2.
In G1, 12 individuals reported only consum-
ing beer, 1 only consumed wine, 11 associated
beer with other types of alcoholic drink, and
1 did not state the type of alcoholic drink con-
sumed. In G2, 17 individuals only consumed
beer, 2 only consumed wine, 9 associated beer
with other types of alcoholic drink, and 2 did
not state the type of alcoholic drink consumed.
Table 1 summarizes the characteristics of the
sample studied.
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70 J. P. SOUZA ET AL.

TABLE 1. Characteristics of the Study Population

Characteristics Group G1 Group G2

Smoking habits
Nonsmokers 23 28
Smokers 2 2

Drinking habits
Consumption

Yes 25 30
No 0 0

Frequency
Regular 15 14
Irregular 10 16

Duration in years
Up to 10 24 30
>10 1 0

All the volunteers in both groups reported
that they practiced physical exercise. In G1,
2 individuals stated that they had been prac-
ticing physical exercise for up to 1 year, 22 for
more than 1 year, and 1 did not state the
length of time. In G2, 11 individuals had been
doing physical exercise for up to 1 year and
19 had been doing exercises for more than
1 year. In G1, 22 participants were practicing
physical exercise regularly, and in G2, 27 were
practicing physical exercise regularly. In G1,
six individuals were using a combination of
aerobic and anaerobic activities, while in G2,
seven participants were doing this. The physi-
cal exercise practices are presented in Table 2.

Weekly frequency of AAS use was reported
by 12% of individuals, and monthly use by
48%, and occasional use by 36%, while 4%

TABLE 2. Physical Exercise Practices

Characteristics Group G1 Group G2

Physical exercise practices
Yes 25 30
No 0 0
Frequency

Regular 22 27
Irregular 3 3

Type
Aerobic 19 23
Aerobic + anaerobic 6 7

Length of time
Up to 1 year 2 11
More than 1 year 22 19
Not obtained 1 0

TABLE 3. Characteristics of Anabolic Steroid Use

Characteristics Group G1

Frequency
Weekly 3
Monthly 12
Occasional 9
Not stated 1

Length of time
Up to 1 year 16
More than 1 year 8
Not stated 1

did not state the frequency of use. In rela-
tion to length of AAS use, 64% had been using
them for up to 1 year, 32% for more than
1 year, and 4% did not give this information
(Table 3). All the individuals in G1 were using
AAS intramuscularly, among whom 20% were
only using testosterone propionate, 12% were
only using nandrolone decanoate, 16% were
only using testosterone cypionate, 8% were
using a combination of testosterone propionate
and nandrolone decanoate, 8% were using
a combination of testosterone cypionate and
nandrolone decanoate, and 36% were using a
combination of testosterone propionate, testos-
terone cypionate, and nandrolone decanoate.

Cytological Evaluation
In total, 110,000 cells were analyzed:

50,000 cells in group of users (G1) and
60,000 cells in the control group (G2). Figure 1
presents photomicrographs of a normal cell (A)
and cells presenting the analyzed endpoints (B,
C, D, E, F, and G). Tables 4 and 5 show, respec-
tively, the occurrence of analyzed endpoints in
androgenic anabolic steroids users and in no
users.

The statistical analysis comparing the fre-
quencies of micronuclei, karyolysis, and bro-
ken eggs did not reveal any significant differ-
ences between the groups (p > .975, p >

.75, and p > .25, respectively). Occurrences
of apoptosis, inferred from the sum of occur-
rences of karyorrhexis, condensed chromatin,
and pyknosis, were significantly more frequent
in the cells of individuals in G2 (p < .005)
(Table 6).
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GENOTOXICITY OF ANDROGENIC ANABOLIC STEROIDS 71

FIGURE 1. Photomicrograph of a preparation of exfoliated cells from the oral mucosa, stained using the Feulgen/fast green method,
presenting normal nuclear morphology (A), micronucleus (B), broken eggs (C), pyknosis (D), karyorrhexis (E), condensed chromatin (F),
and karyolysis (G).

TABLE 4. Occurrences of Micronuclei and Cytological Alterations in the Oral Mucosa of Androgenic Anabolic Steroid Users (G1)

Subject Micronuclei Condensed chromatin Karyorrhexis Karyolysis Broken eggs Pyknosis

1 1 21 95 10 0 17
2 2 19 117 15 0 7
3 1 11 86 8 0 9
4 1 33 116 12 0 3
5 0 51 103 26 0 33
6 0 24 127 21 0 12
7 0 16 280 2 0 7
8 6 18 63 11 0 20
9 5 31 122 8 0 15

10 5 27 107 23 0 9
11 0 14 105 75 0 5
12 0 27 210 70 0 19
13 2 16 163 19 1 14
14 0 48 97 14 0 5
15 2 10 69 11 0 12
16 1 23 109 19 0 10
17 0 31 115 8 0 7
18 0 22 201 21 0 6
19 0 3 92 11 0 11
20 1 21 85 13 1 16
21 0 22 155 3 0 22
22 1 23 124 19 0 12
23 0 48 66 3 0 32
24 0 0 43 4 0 1
25 0 23 103 0 0 2

The analysis on occurrences of micronuclei
in individuals in G1 as a function of the manner
of AAS use revealed that the frequency of these
structures in the cells of the participants who
were making simultaneous use of two or three
AAS was significantly greater than that observed
among individuals who were only using one
type of AAS (p < .005). However, comparison

of micronucleus occurrences between individ-
uals who made simultaneous use of AAS and
the individuals in G2 did not show any sig-
nificant difference (p > .1). In relation to the
frequencies of apoptosis and broken eggs, no
statistical difference was observed as a function
of the method of use. However, occurrences
of karyolysis were significantly greater among
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72 J. P. SOUZA ET AL.

TABLE 5. Occurrences of Micronuclei and Cytological Alterations in the Oral Mucosa Among the Individuals Who Were Not Users of
Androgenic Anabolic Steroids

Subject Micronuclei Condensed chromatin Karyorrhexis Karyolysis Broken eggs Pyknosis

1 0 28 122 16 0 7
2 0 29 84 11 0 6
3 3 30 123 20 0 11
4 3 21 82 9 0 5
5 1 49 137 10 0 17
6 1 20 115 20 0 11
7 2 19 80 39 0 1
8 5 20 140 16 1 11
9 0 8 63 25 0 0

10 0 6 113 16 0 1
11 0 28 140 24 0 13
12 4 33 200 43 2 19
13 0 22 174 30 0 26
14 4 36 176 15 0 8
15 0 48 196 16 0 42
16 0 48 190 14 0 9
17 1 11 140 23 0 11
18 2 27 174 29 1 33
19 0 45 155 10 0 15
20 0 34 202 37 1 23
21 0 15 152 0 0 4
22 0 31 110 2 0 27
23 0 24 51 0 1 6
24 1 22 63 5 1 3
25 1 27 132 17 0 12
26 1 19 112 7 0 6
27 1 5 81 1 0 1
28 1 26 129 16 0 12
29 0 2 53 2 1 0
30 1 25 127 16 0 11

TABLE 6. Occurrences of Nuclear Alterations in Cells From Oral Mucosa of Users and Nonusers of Androgenic Anabolic Steroids

G1 G2 Statistical parameters
Cytogen etic
marker Obs. Exp. Obs. Exp. χ2 p (df = 1)

Micronucleus 28 27.272727 32 32.727273 0.0356 p > .975
Apoptosis∗ 3840 3984.0909 4925 4780.9091 9.554003 p < .005
Karyolysis 426 415.909091 489 499.090909 0.44885246 p > .75
Broken eggs 2 4.54545455 8 5.45454545 2.6133333 p > .25

Note. Ob.s = observed; Exp. = expected. ∗Sum of condensed chromatin, karyorrhexis, and pyknosis.

the users who used combinations of AAS than
among those who exclusively used one type
(p < .005) (Table 7).

DISCUSSION

Physical appearance is frequently debated,
given that the search for a body that is consid-
ered perfect has become increasingly intense

(Silva Júnior et al., 2008). Since sports practices
started to be incorporated into humans’ day-
to-day lives, society has lived with the search
for substances to improve the physical capacity
of the body (Silva Júnior et al., 2008).

According to Silva Júnior et al. (2008),
among both professional and amateur athletes,
many use AAS and this is often done with-
out medical prescriptions, thus putting human
health at risk. Santos and Santos (2002) stated
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GENOTOXICITY OF ANDROGENIC ANABOLIC STEROIDS 73

TABLE 7. Occurrences of Nuclear Alterations in Cells From Oral Mucosa of Users of Combinations of Androgenic Anabolic Steroids

Combination No combination Statistical parameters
Cytogenetic
marker OBS. EXP. OBS. EXP. χ2 p (df = 1)

Micronucleus 22 14.560000 6 13.440000 7.9203 p < .005
Apoptosis∗ 2017 1996.8000 1823 1843.2000 0.425723 p > .75
Karyolysis 254 221.520000 172 204.480000 9.921512 p < .005
Broken eggs 1 1.04 1 0.96 0.003205 p > .975

Note. Ob.s = observed; Exp. = expected. ∗Sum of condensed chromatin, karyorrhexis, and pyknosis.

that this trivialization of AAS consumption is
due to ease of access to these substances, which
can be traded illegally in pharmacies and gyms.

AAS use among athletes was first recorded
at the beginning of the 1950s and it became
popular in various social groups over the next
few years, especially after the 1964 Olympic
Games (Yesalis and Bahkre, 2000). Although
some athletes continued to make use of AAS
to increase their performance in sports com-
petition, use of these hormones went beyond
official sports competitions to become frequent
in gyms whose users sought to increase their
muscle mass, strength, and supposed attrac-
tiveness through the anabolic and androgenic
properties of these steroids (Dohle et al.,
2003).

Cohen et al. (2007), analyzing 1955 male
adult nonmedical anabolic steroid users in the
United States, concluded that typical AAS users
are males aged close to 30 yr who are not
professional athletes, whose aim is to increase
their musculature. Those results were corrobo-
rated in the present study, given that during the
sample selection and data-gathering stage, only
male individuals identified themselves as AAS
users.

The mean age of the participants in this
study can be considered to be young: 24.04
± 5.36 yr in G1 and 24.38 ± 5.57 yr in G2.
In a study that aimed to evaluate the genotoxic
potential of AAS, Pavão et al. (2007) also
observed frequent use of these products among
young adults (mean age: 22.7 ± 3.61 yr). AAS
use among young adults was also confirmed by
Silva Júnior et al. (2008), in a study that aimed
to outline the profile of these users. These
authors observed that the greatest occurrence

was among individuals of mean age 22.90 ±
5.735 yr and emphasized that age group was
an important factor for determining the fre-
quency of physical exercise. According these
authors, the older the age group was, the less
the physical exercise practice and AAS use
were.

Only two participants in G1 reported that
they were smokers, and although all the par-
ticipants said that they consumed alcoholic
drinks, their consumption can be considered to
be moderate. These results are therefore con-
cordant with the user profile reported by the
Cohen et al. (2007).

In this study, the profiles obtained for
the two groups were similar, while differ-
ing particularly regarding use or nonuse of
AAS. Thus, there were no statistical differences
between G1 and G2 in relation to smoking
habits, alcoholic drink consumption, and phys-
ical exercise practices. Because of this similarity
between the groups, the observed differences
in the frequencies of nuclear alterations in the
cytogenetic analysis were possibly related to
AAS use.

Pavão et al. (2007) used the comet test
(which is capable of detecting primary lesions in
DNA) to assess the genotoxic potential of AAS.
These authors collected samples of peripheral
blood from 63 volunteers, who were grouped
into noncompetitive bodybuilders who were
using anabolic steroids (23 participants); body-
builders who were not using steroids (20 par-
ticipants); and a control group (20 participants).
They observed that there was no statistically sig-
nificant difference in the levels of DNA damage
in leukocytes in the peripheral blood between
the groups evaluated.
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In the present study, although that type
of cytogenetic test was not used and the bio-
logical material analyzed was not blood cells,
the results corroborate those of Pavão et al.
(2007). In the present study, application of the
micronucleus test, in conformity with the pro-
tocol proposed by Tolbert et al. (1992) and
Thomas et al. (2009), on cells exfoliated from
the oral mucosa, did not show any statisti-
cal difference in the frequency of micronuclei
between the two groups. This suggests that the
AAS analyzed did not have any clastogenic
and/or aneugenic effect.

On the other hand, Torres-Bugarín et al.
(2007) used the micronucleus test on exfoliated
cells from the oral mucosa and suggested
that AAS have a genotoxic effect. Their study
was conducted on 11 bodybuilders who were
divided into AAS users (5 participants who were
using AAS with weekly frequency) and nonusers
(6 participants). Occurrences of micronuclei
were evaluated every week for 4 wk. The fre-
quency of micronuclei was significantly greater
among the users.

However, although the participants’ ways of
using AAS were not reported by Torres-Bugarín
et al. (2007), it is likely that the genotoxic
potential identified was due to combined use of
different brands. In the present study, the anal-
ysis on the frequency of micronuclei in relation
to combined use of the three brands or use
of just one of them revealed that users who
combined AAS presented greater frequency
of micronuclei. This suggests that there was
synergistic action between the brands evalu-
ated, in relation to promoting genetic damage.
According to McArdle et al. (2003), combining
several substances to form the administration
cycles of AAS boosts the side effects, which may
significantly exceed any benefits from treat-
ment with these drugs.

By inferring occurrences of apoptosis
through summing karyorrhexis, condensed
chromatin, and pyknosis, as suggested by
Tolbert et al. (1992), differences between the
users (G1) and nonusers (G2) were revealed.
Among the individuals in G2, the frequency
of apoptosis was significantly greater, thus
suggesting that AAS interferes with apoptosis

inhibition pathways. Apoptosis is a genetically
programmed mechanism for cell death that
is important for eliminating altered cells that
could be harmful to the organism (Tentori and
Graziani, 2007) and for controlling the home-
ostasis of tissues that are renewed (Courtine,
1995).

Tentori and Graziani (2007) emphasized
that androgenic hormones might inhibit the
cellular response to the apoptosis mechanism,
as well as acting on other inhibition path-
ways that remain unclear. According to Niu
et al. (2001), in a study conducted on cells
from the prostate, androgenic hormones may
inhibit apoptosis and direct the process of
cell proliferation and differentiation through
relating gene expression. According to Carson
and Rittmaster (2003), this process occurs
due to intranuclear binding between AAS and
androgenic receptors.

The differentiation and proliferation of
prostate cells and control over androgen recep-
tor expression are processes that are considered
to be key to the formation of prostate cancer.
These processes are fully regulated by andro-
gen levels (Maitland, 2003), that is, hormones
that are involved in a biological mechanism for
regulating cell growth (Gao et al., 2001).

Thus, the results from this study regarding
occurrences of apoptosis suggest that the pos-
itive association between AAS exposure and
cancer that has been reported in several studies
(Silva et al., 2002; Maitland, 2003; Friedenreich
and Thune, 2001; Shirai et al., 2000) results from
the apoptosis-inhibiting action of this hormone
and not from clastogenic or aneugenic effects
that would translate into greater occurrence of
micronuclei. Cells for which the apoptosis path-
ways are inhibited may proliferate and, over the
course of the cell generations, may accumulate
genetic damage that could contribute toward
malignant transformation.

This mechanism was emphasized by
Schulte-Hernann et al. (2000), who highlighted
programmed cell death as a fundamental
mechanism for maintaining equilibrium among
the quantities of cells in the tissues, with
elimination of cells that are present in excess
or that have DNA damage.
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In the present study, the two groups
(G1 and G2) did not differ significantly regard-
ing the frequencies of karyolysis and broken
eggs. According to Tolbert et al. (1992) and
Holland et al. (2008), these alterations are
related, respectively, to cytotoxic events and
to gene amplification. These data indicate that
cytotoxicity detected through occurrences of
karyolysis was absent, in relation to AAS use.

However, combination of different varieties
of AAS may boost or generate a cytotoxic
effect, in comparison with use of only one
brand of AAS, thus suggesting that a synergis-
tic effect exists. Simultaneous use of synthetic
testosterone derivatives boosts their side effects
(Mcardle et al., 2003).

CONCLUSIONS

In conclusion, when used separately, the
AAS did not present clastogenic and/or aneu-
genic effects. It is possible that when used in
combinations the effect of the AAS is boosted
such that it may be genotoxic and/or cyto-
toxic. The results obtained show that apoptosis
is induced through using AAS, which suggests
that this may be one of the mechanisms con-
tributing toward the association that has been
described between use of these substances and
the carcinogenic process.
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