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A B S T R A C T

The aim of this study was to determine the effect of anabolic androgenic steroids (AAS) use on oxidative stress
responses to a single session of resistance exercise in strength-trained men. Twenty-three strength trained men,
with 11 self-reporting regular AAS use and 12 self-reporting never taking AAS (NAAS) volunteered to participate
in this study. Blood draws were obtained pre and post resistance exercise in order to evaluate changes in oxi-
dative stress biomarkers levels (i.e., 8-hydroxy-2-deoxyguanosine [8-OHdG], malondialdehyde [MDA], and ni-
tric oxide [NO]), antioxidant defense systems (i.e., glutathione peroxidase [GPx] and catalase [CAT]), and
glucose (GLU) levels. The AAS users had higher level of 8-OHdG (77.3 ± 17 vs. 57.7 ± 18.2 ng/mg), MDA
(85.6 ± 17.8 vs. 52.3 ± 15.1 ng/mL), and GPx (9.1 ± 2.3 vs. 7.1 ± 1.3 mu/mL) compared to NAAS at pre
exercise (p < 0.05). Both the experimental groups showed increases in 8-OHdG (p = 0.001), MDA (p = 0.001),
GPx (p = 0.001), NO (p = 0.04), CAT (p = 0.02) and GLU (p = 0.001) concentrations after resistance exercise,
and the AAS group indicated significant differences in 8-OHdG (p = 0.02) and MDA (p = 0.05) concentrations
compared with NAAS users at post exercise. In conclusion, use of AAS is associated with alterations in immune
function resulting in oxidative stress, and cell damage; however, high-intensity resistance exercise could increase
greater oxidative stress biomarkers in strength-trained men.

1. Introduction

Anabolic androgenic steroids (AAS) are one of the most commonly
used drugs among athletes, frequently in combination with resistance
training to improve physical performance, lean body mass, muscle size,
strength, protein metabolism, bone metabolism, and collagen synthesis
[1–4]. Although amounts of some AAS may be useful in some patho-
logical conditions, they are often abused by competing athletes desiring
to build muscle mass and enhance physical performance, and by non-
athletes aiming to improve their personal appearance [5].

The AAS abuse may be a serious problem in the United States,
United Kingdom as well as other parts of the world [5–7], and during
the past 2 decades the number of AAS users increased more than 2000%
in the world [5,6,8]. It seems that AAS abuse have some adverse effects
on organs and it is associated with detrimental side-effects on the he-
patic [9–12], endocrine, and cardiovascular systems [11,12]. For ex-
ample, previous studies have reported that AAS induced pathological
left ventricular hypertrophy [13] with disproportional extracellular
collagen accumulation and/or interstitial fibrosis [14]. For the immune
function, researchers reported that use of AAS reduced immune cell

number and function [15,16]. On the other hand, AAS have been shown
to adversely influence lymphocyte differentiation and proliferation,
antibody production, Natural Killer Cytotoxic activity and the produc-
tion of certain cytokines, thereby altering the immune reaction
[11–16].

Although previous authors reported side effects of AAS use on
physiological variables, the influence of this drug on oxidative stress
responses is unclear. Oxidative stress is a condition in which the deli-
cate balance between free radicals production and their subsequent
amelioration via the antioxidant defense system becomes skewed in
favor of free radical expression [17–19]. Since longitudinal adminis-
tration of AAS provides dysfunction of mitochondrial respiratory chain
complexes (major source of ROS) and mono-oxygenase systems [20], it
would be possible that these alterations were accompanied by an in-
creased ROS generation resulting in oxidative stress and cell damage.

With review in literature, some studies have investigated the effects
of AAS on oxidative stress responses in liver [21], brain [22], and
cardiac [5] in rats and all of them reported negative effects of AAS. For
instant, Camiletti-Moiron et al. [22] examined the effects of high-in-
tensity exercise and AAS use on brain redox status in Wistar rats and
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found impairments in brain redox status after stranazolol administra-
tion.

Since previous studies have used rats to identify the effects of AAS
on oxidative stress biomarkers, no information is available on the ef-
fects of AAS use on changes in oxidative stress biomarkers and anti-
oxidant defense systems after resistance exercise (RE) in human.
Therefore, the purpose of this investigation was to determine the in-
fluence of longitudinal use of AAS on changes in oxidative stress bio-
markers and antioxidant defense systems after high-intensity RE in
men. We hypothesized that the oxidative stress responses to RE is
higher in strength-trained men who used AAS.

2. Methods

2.1. Participants

Twenty-three strength-trained men were recruited through local
gyms, and personal contacts (Table 1). For inclusion in the study,
participants had to have a minimum of 2 yr of resistance training ex-
perience with four to five training sessions per week and age between
18 and 25 yr. Exclusion criterions for the study was the presence of
known respiratory, cardiovascular, or musculoskeletal disease. A spe-
cific inclusion criterion for the AAS-using group (AAS: n = 11) was a
documented self-reported history of AAS use for at least 1 yr (Table 2).
An inclusion criterion for the non-AAS (NAAS) group (n = 12) was self-
reported history of never taking AAS. The participants in the AAS group
had similar dose and type of steroids through the 1 yr ago and all of
them were during the methenolone enanthat use. Before taking part in
the study, the participants were notified about the potential risks in-
volved and gave their written consent. This study was approved by the
university’s human research ethics committee.

2.2. Study design

A cross-sectional design was used for this study. The participants
recruited to the laboratory four times. Initially, participants completed
self-report questionnaires related to general health, training status, and
history of AAS use. During this session, height (Seca 222, Terre Haute,
IN) and weight (Tanita, BC-418MA, Tokyo, Japan) for each athlete was
measured and then the participants performed one repetition of max-
imum (1RM) test for the bench press and lat-pull down exercise. On day
two, 1RM of arm curl and back squat were assessed. On day three, 1RM
of knee extension and knee flexion were measured. On day four, the

participants performed a single session of high-intensity RE. Pre and
post RE blood samples were obtained to analyze changes in oxidative
stress biomarkers and antioxidant defense systems. All tests and RE
sessions were conducted on the same time of day (i.e., morning,
9:00–12:00 A.M.), under similar weather and laboratory conditions.
The subjects were advised to avoid any vigorous activities on the day
before the test and during the study.

2.3. Muscle strength assessment

For prescription of RE, the 1RM of each exercise (i.e., bench press,
lat-pull down, arm curl, back squat, knee extension and knee flexion)
was determined. One RM testing was performed using procedures de-
scribed in detail elsewhere [23]. Spotters were present to provide
verbal encouragement and ensure safety.

2.4. Resistance exercise program

A trained researcher supervised exercise session carefully so that
exercise prescriptions were correctly administered during session (i.e.,
rest and or velocity of movement). Before the exercise session, the
participants performed a general warm-up consisting of 10 min run-
ning, 5 min dynamic stretching, and 5 min of ballistic movements to
increase blood circulation and temperature of the involved muscle
groups. Also, a specific warm-up of 1 set of 5 repetitions at 50–60% of
1RM was performed before an exercise. The participants performed
high-intensity RE including 5 sets with 80% of 1RM to failure for the
bench press, lat-pull down, arm curl, back squat, knee extension and
knee flexion, respectively. The rest period between exercises and sets
were 60 and 30 s, respectively.

2.5. Blood sampling and analysis

At before (pre exercise) and after (at least 1 min post exercise) RE,
venous blood samples (5 mL) were collected from a forearm vein. Then,
the blood was collected into EDTA-containing tubes and centrifuged
immediately at 1370 × g for 10 min at 4 °C, and the plasma was col-
lected. The blood was allowed to clot at room temperature for 30-min
and centrifuged at 1500 × g for 10 min. The serum layer was removed
and frozen at −20° C in multiple aliquots for further analyses.

2.6. Markers of oxidative stress

Oxidative DNA damage, 8-OHdG excretion, was measured by using
the enzyme-linked immunosorbent assay (ELISA). The assay was car-
ried out in duplicate using the manufacturer’s instructions (New 8-
OHdG Check, ELISA, Japan Institute for the Control of Aging; Catalog
No: KO G-200S/E). Plasma MDA was measured by using a spectro-
photometric assay for MDA. The assay was carried out in duplicate;
intraassay coefficients of variances were 3.4%, and detection limit was
0.0088 μM, using themanufacturer’s instructions (Bioxytech®MDA-
586TM, Spectrophotometric Assay for MDA. Catalog Number 21044;
OXIS Research, Portland, OR, USA). NO was measured using ELISA kit
(Nitrate/Nitrite Colorimetric Assay Kit, Cayman Chemical, and Ann
Arbor, Catalog: 780001 USA) and manufacturer’s instructions.

2.7. Markers of defense system

GPx were analysed by using a Glutathione Peroxidase Assay Kit
(catalog no. 703102; Cayman Chemical Co., Ann Arbor, Michigan, USA)
according to the manufacturer’s instruction. The CAT assay kit was
obtained from Cayman Chemical (catalog no. 707002, Cayman
Chemical Co., Ann Arbor, Michigan, USA) and the assays were con-
ducted according to their instructions. The kit consists of assay buffer,
sample buffer, formaldehyde standard, catalase, potassium hydroxide,
methanol, hydrogen peroxide, purpald, and potassium periodate. After

Table 1
Participant characteristics.

Variable Group

AAS (n = 11) NAAS (n = 12)

Age (yr) 19.4 ± 2.3 20.8 ± 3.6
Height (cm) 179.5 ± 6.7 181.5 ± 5.5
Weight (kg) 88.1 ± 8.3 87.1 ± 9.4
BMI (kg/m2) 27.3 ± 2.6 25.9 ± 3.6
Strength-training experience (yr) 3.2 ± 2.1 3.2 ± 2.1

AAS: Anabolic-androgenic steroids, NAAS: Non AAS.

Table 2
Anabolic-androgenic steroids used by participants.

Drug Number of Times Reported

Testosterone cypionate (Depo testosterone) 3
Nandrolone phenpropionate (Durabolin) 1
Methandrostenolone (Dianabol) 2
Oxandrolone (Anavar) 1
Methenolone enanthate (Depo premabalon) 3
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reaction of the enzyme with methanol in the presence of H2O2, for-
maldehyde is produced, and is measured by a spectrophotometric
method with 4-amino-3-hydrazino-5-mercapto-1,2,4-triazole as the
chromogen. Purpald forms a bicyclic heterocycle with aldehydes, and
this complex changes from colorless to purple upon oxidation.

Serum GLU level was measured with Shimadzu UV/Vis 1208 spec-
trophotometer using commercially available kits (Eastbiopharm Co.,
Ltd, China).

2.8. Statistical analyses

Descriptive statistics (mean ± standard deviation [SD]) for each of
the variables were calculated. The distribution of each variable was
examined using the Shapiro-Wilk test. To determine the effect of RE on
oxidative stress changes a 2 (time) × 2 (group) ANOVA was applied.
When a significant F value was achieved, Bonfferoniʼs post-hoc proce-
dures were performed to identify the pairwise differences between the
means. Effect sizes (ESs) were calculated using Cohenʼs d. Threshold
values for assessing magnitudes of ES were 0.2, 0.6, 1.2 and 2.0 for
small, moderate, large and very large, respectively [24]. The level of
significance was set at p≤ 0.05.

3. Results

There was a significant difference between groups at baseline in
oxidative stress biomarkers (i.e., 8-OHdG, p = 0.005 and MDA,
p = 0.004) and antioxidant defense system (GPx, p = 0.007). The RE
induced a significant change in oxidative stress biomarker levels for the
AAS and NAAS groups (p < 0.05). The AAS group also indicated sig-
nificant differences compare to NAAS group in 8-OHdG (p = 0.02) and
MDA (p = 0.05) at post exercise. Both the experimental groups showed
significant elevations in antioxidant defense systems after high-in-
tensity RE (p < 0.05). However, no significant group by time inter-
action effects were observed in the GPx (p = 0.09), NO (p = 0.41), and
CAT (p = 0.89). GLU level significantly increased after resistance ex-
ercise compared to the pre-exercise level for both the groups
(p = 0.001). However, no significant group by time interaction effect
was observed for the elevation of GLU level (p = 0.7) (Table 3).

Regarding percentage of change between the two groups after RE,
the AAS group indicated more changes than NAAS group in NO (16.6%
vs. 10.4%) and GPx (24.1% vs. 18.3%), while the NAAS group showed
greater changes compared to AAS group in 8-OHdG (48.3% vs. 20.1),
MDA (21.1% vs. 18.8%), CAT (9.8% vs. 8.7%) and CLU (18.7 vs.
15.1%).

4. Discussion

It has been reported that AAS have adverse physiological effects;
however, a large number of athletes and non-athletes used AAS to en-
hance their physical performance and quality of life. In fact, AAS users
are engaged in typical strength exercise to improve their muscle mass
by hypertrophy [4]. Yet, when administered chronically (i.e., 1 year),
AAS could be associated with adverse effects resulting in oxidative
stress.

In relation to changes in oxidative stress biomarkers, 8-OHdG was
evaluated as a biomarker of oxidative DNA damage [20,21]. In this
study, 8-OHdG excretion significantly increased after RE for both the
AAS and NAAS groups, which is in line with the study of Radak et al.
[25] who reported significant increases in the 8-OHdG level after 200
eccentric contractions with knee extensors. In contrast to our findings,
Bloomer et al. [26] did not find significant changes in plasma con-
centrations of 8-OHdG after squat exercise with 70% of 1RM. Our re-
sults are in agreement with previous studies which showed a session of
RE could increase 8-OHdG level [19,25–29]. In contrast, other studies
indicated that no increase in DNA damage was occurred after sub-
maximal or maximal exercise [7,30]. The reason for these apparent

discrepancies is unclear, but it could be in relation to duration and
intensity of exercise, fitness level, athletic ability and environmental
conditions that all have an impact on the occurrence or severity of
oxidative stress and damage. Although the exact mechanism for ROS
production, oxidative stress and DNA damage following RE is not clear,
previous investigators reported that a relatively anoxic state occurred
after every RE set in the exercising muscle following rapid blood re-
perfusion and it was similar to an ischemia-reperfusion state [28,29].
Another possible mechanisms responsible for the RE-induced ROS for-
mation could be xanthine–xanthine oxidase pathway, respiratory burst
of neutrophils, catecholamine autooxidation, local muscle ischemia-
hypoxia, conversion of the weak superoxide to the strong hydroxyl
radical by lactic acid, and alteration of calcium homeostasis [19,25,27].

In addition to DNA damage, lipid peroxidation (damage in cellular
compartments) occur during RE. Thus, measurement of MDA levels in
the plasma or serum provides a convenient in vivo index of lipid per-
oxidation and represents a non-invasive biomarker of oxidative stress
[31]. In this study MDA significantly increased after RE for both the
AAS and NAAS groups which is in accordance with the finding of Ramel
et al. [31] who reported a significant increase in plasma MDA con-
centration after a circuit type RE. Enhancements of MDA after sub-
maximal, high-intensity, exhaustive maximal, cycling stage, and half-
marathon have been supported in previous studies [7,31,32].

However, our findings are inconsistent with those of previous stu-
dies [25,31] which did not observe significant changes in MDA after RE.
The possible reasons for this discrepancy could be due to type of RE
protocols and exercise intensity. The increases in MDA concentrations
after RE may be due to muscle damage and increases in creatine kinase
(CK) activity [27]. Because of cellular membranes have poly-
unsaturated fatty acids, the exercise-induced muscle damage increased
concentration of polyunsaturated fatty acids in the blood, and it could

Table 3
Oxidative stress and antioxidant changes before and after resistance exercise.

AAS (n = 11) NAAS (n = 12) P value

8-OHdG (ng/mg)
Before 77.3 ± 17 57.7 ± 18.2 T = 0.001
After 92.9 ± 20.1 85.6 ± 17.8 G = 0.005
% of change 20.1 48.3 T × G= 0.02
ES 0.91b 1.5c

MDA (ng/mL)
Before 85.6 ± 17.8 52.3 ± 15.1 T = 0.001
After 101.7 ± 22.4 63.2 ± 19.9 G = 0.004
% of change 18.8 21.1 T × G= 0.05
ES 0.90b 0.72b

NO (μm)
Before 4.8 ± 1.1 4.8 ± 2.2 T = 0.04
After 5.6 ± 1.4 5.3 ± 1.4 G = 0.83
% of change 16.6 10.4 T × G= 0.41
ES 0.72b 0.22a

GPx (mu/mL)
Before 9.1 ± 2.3 7.1 ± 1.3 T = 0.001
After 11.3 ± 3.2 8.4 ± 1.6 G = 0.007
% of change 24.1 18.3 T × G= 0.09
ES 0.95b 1b

CAT (mu/mL)
Before 8 ± 1.6 8.1 ± 1.2 T = 0.02
After 8.7 ± 0.9 8.9 ± 1.9 G = 0.81
% of change 8.7 9.8 T × G= 0.89
ES 0.43a 0.66b

GLU (mg/dL)
Before 100.6 ± 14.1 93.7 ± 7.2 T = 0.001
After 115.8 ± 14.5 111.3 ± 8 G= 0.06
% of change 15.1 18.7 T × G= 0.7
ES 1b 2.4d

AAS: Anabolic-androgenic steroids, NAAS: Non AAS, T: Time, G: Group, ES: Effect size.
a,b,c,dDenote small, moderate, large and very large ESs, respectively.
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be one of the important mechanisms to increase lipid peroxidation (i.e.,
MDA) after exercise in the blood; however, we did not directly measure
the muscle damage indicators (i.e., CK and or LDH), thus it could be a
speculation [3,27].

In the present study, significant change was seen in NO levels after
the RE for both the AAS and NAAS groups. In accordance with our
findings, previous studies have reported that NO increased in venous
plasma after prolonged running, cycling [20,33,34] and incremental
cycling exercise to VO2max [10]. In contrast, some authors did not re-
port any changes in NO metabolism following an incremental treadmill
test to exhaustion [14]. The contradictory results may be caused by
some variables including sample characteristics type and intensity of
exercise. Vascular formation of NO is directly facilitated by increased
shear stress [27,35,36]. During physical exercise (i.e., RE), cardiac
output increased and blood redistributed to the exercising muscles
[37–39]. The exercise-induced increase of blood flow produced shear
stress, thereby providing a possible coupling between exercise and
endogenous NO formation resulting in elevation of NO [28].

An important finding of the present study was greater level of oxi-
dative stress biomarker for the AAS users at pre-exercise. Moreover,
these differences continued at post-exercise and the AAS bodybuilders
indicated more changes than NAAS in oxidative stress. We found that
prolonged AAS (i.e., 1 year) treatment could induced an oxidative stress
situation by enhanced lipid peroxidation and DNA damage.
Interestingly, greater NO elevations after RE caused ROS production
and this response was greater for the AAS users resulting in elevation of
MDA and 8-OHdG levels. Thus, it is tempting to speculate with the
possibility that the observed changes in prooxidant/antioxidant status
could be causally related with the adverse effects of AAS. Mitochondria
might be an important cellular target for oxidative damage since the
mitochondrial membrane is rich in polyunsaturated fatty acids; al-
teration in the lipid environment of respiratory chain complexes may
cause a decrease in their activity leading, in turn, to a perturbation of
energetic metabolism. On the other word, lipid peroxidation-derived
aldehydes are generally stable and can diffuse within the cell [5,16];
hence they could attack targets far from the site of the original free
radical-initiated event expanding oxidative damage to a wide range of
molecules (i.e., DNA). Thus, lipid peroxidation (i.e., MDA), DNA da-
mage (i.e., 8-OHdG) and NO elevations might constitute an initial event
of a multi-step process leading finally to injury in some organs. Further
works are necessary to establish the relationship between changes in
oxidative stress and AAS use in different organs of human subjects.

The CAT and GPx are the primary defense against ROS generated
during exercise, and these enzymes activity are known to increase in
response to exercise in both the animal and human studies [16,21]. In
this study, GPx activity was higher for the AAS users at pre-exercise and
these elevations maintained at post-exercise. However, both the AAS
and NAAS groups showed increases in the GPx concentrations at post-
RE. Although there were no significant differences between groups in
the CAT activity at pre-exercise, both the groups indicated significant
increases in the CAT concentration at post-RE. Our findings are in ac-
cordance with previous studies that have reported incremental effects
of exercise on GPx and CAT concentrations [9,21]. In contrast, a few
studies did not find any changes in the GPx activity with acute maximal
exercise [4,39]. Hudson et al. [38] reported that RE intensity plays a
critical role to exercise-induced oxidative stress and it seems that fol-
lowing high-intensity RE greater changes in oxidative stress could be
made.

Our concern was to characterize the potentially adverse effects of
prolonged use of AAS on redox status. It appears that continuous and
prolonged use of AAS provide a local and sustained oxidative stress
state could lead to increased expression of antioxidant enzymes through
free radical-mediated induction of redox sensitive signal cascades. It
seems that greater GPx activity at pre-exercise for the AAS group could
be in relation to overproduction of ROS and exceeding antioxidant
defenses systems. After RE, exercise-induced oxidative stress promotes

defense system by elevation of CAT and GPx for both the AAS and NAAS
groups. In view of such findings, we can conclude that the proliferation
in the antioxidant activity is linked as an auto-defense system against
oxidative damage. Therefore greater oxidative damage is in accordance
with higher antioxidant activity produced as an auto-defense me-
chanism [16,38,40].

The results of this study indicated that GLU levels significantly in-
creased after the RE compared to baseline level for both the AAS and
NAAS groups. The increases in the GLU level could be due to en-
hancement of catecholamines [29,41]. Similarly, the higher values of
GLU levels were found after exercise compare to pre-exercise. Blood
GLU levels are maintained by the liver through glycogenolysis and
glyconeogenesis during exercise [29]. This increase may be explained
by hormonal factors which may be effective on GLU usage during ex-
ercise.

5. Conclusions

In summary, our results indicated that a session of high-intensity RE
on strength-trained men had meaningful effects on antioxidant capa-
city, DNA damage and oxidative stress. Likewise, the AAS users showed
greater responses than NAAS users. At pre-RE, the level of oxidant and
antioxidant levels were greater for the AAS group. The present study
has reported a range of negative redox status consequence of AAS use in
conjunction with resistance training. The alteration of oxidative stress
status and antioxidant enzyme activities with AAS use likely increase
the injury risks in some organs in athletes.
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