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SUMMARY
Background. Anabolic androgenic steroids (AAS) are a group of natural compounds derived 
from testosterone. It promotes a rapid increase in muscle mass as well as an individual’s 
strength, thus overloading the locomotor system. Injuries, such as tearing of ligaments and 
tendons and damaged cartilage, are described among users of these steroids. Methods. To 
study the effects of nandrolone decanoate (ND) on tendons, male adult Wistar rats were 
distributed in G1 - control group; G2 - sedentary animals treated with ND; G3 - trained 
animals; G4 - trained animals treated with DN. After 8 weeks of treatment, the animals were 
submitted to euthanasia and the tendon was removed for further analyzes. Results. Non-col-
lagenous protein quantification showed a significant decrease in G3 and G4. Zymography 
indicated an increase in the latent and intermediate isoforms (72 kDa and 68 kDa respective-
ly) of MMP-2 in the same groups, along with a tissue disorganization and a high cellularity 
revealed through hematoxylin-eosin stains. Polarization microscopy and birefringence anal-
ysis revealed that all experimental groups presented a significant disorganization of collagen 
fibers when compared to control. Conclusion. In this way we believe the chronic use of AAS 
leads to tissue disorganization, thus increasing the chance of tendon rupture.
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BACKGROUND
The use of anabolic-androgenic steroids (AAS) has grown 
into a worldwide substance abuse problem over the last 
several decades. Today, the great majority of AAS users are 
not competitive athletes, but typically young to middle-
aged men who use these drugs primarily for aesthetic 
purposes (1).
The doses administered can be 10 to 100 times higher than 
the therapeutic recommendations, giving rise to hyperan-
drogenism. Even though these amounts promote increased 
strength and greater muscle development, a hormonal disor-
der is developed with a variety of harmful consequences (2).

The side effects of AAS use in both sexes include the 
increase in strength, libido, acne eruptions, risk of cysts 
and liver cancer, contribution to the onset of cardiovascular 
disease, influence over central nervous system functions and 
the possibility of chronic kidney disease emergence (3,4,5,6).
Studies demonstrated that AAS can exhibit adverse effects 
also on the musculoskeletal system, increasing the risk of 
tendon rupture since the increase in muscle mass and 
strength is not followed by the tendinous tissue. It leads 
to morphological and biomechanical properties alterations 
that predispose the tissue to microtraumas and ultimately, 
rupture. It has also been shown that the administration of 
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AAS, or its combination with training, reduces the expres-
sion of key genes involved in the adaptation of the tendon 
with collagens I and III (7,8).
A tendon is a unique form of connective tissue that connects 
the muscle to the bone. This tissue has specific properties 
that allow it to transmit the force of muscle contraction to 
the skeleton in order to maintain posture or produce move-
ment (9). The literature shows that the Achilles tendon is 
the most affected and it is known that the degradation of 
collagen precedes tendinous rupture in the patients (10). 
Physical exercise also modifies the structure, mechanical 
properties, proliferation of fibroblasts, and the synthe-
sis of collagen in human tendons. Previous studies by De 
Mello Malheiro and colleagues (2009)(11) have shown that 
Achilles tendons of trained and adapted rats presented an 
increase in their thickness, had higher cellularity and a 
greater fraction of the volume of epitenon blood vessels.
AAS should be studied regarding not only its benefits 
but also analyzing their risks and consequences caused by 
abusive and unmonitored use. The objective of this study 
is to assess the effects of nandrolone deacanoate over 
the components of tendinous tissue, and through them, 
promote alternatives to minimize or treat the lesions result-
ing from the steroids overuse.

MATERIALS AND METHODS
Animal care was in accordance with the European Conven-
tion for the Protection of Vertebrate Animals used for 
Experimental and Other Scientific Purposes and is consis-
tent with the ethical principles of animal experimentation 
adopted by the Brazilian College of Animal Experimen-
tation (COBEA). The present study was approved by the 
Committee on Ethics in Animal Use (CEUA) of UNIFAL-
MG (Protocol Nº. 588/2014). The research was conduct-
ed ethically according to international standards and as 
required by the journal (12).

Experimental groups
In this study, 20 male Wistar rats were used, with five 
animals per group per analysis, with a mean age of 60 days 
and weight ranging from 300 to 350 g. The rats were housed 
two per cage in a 12-h light–dark cycle at 23°C, with free 
access to commercial food and water. The animals were 
distributed in the following groups:
G1 – control group (sedentary animals).
G2 – sedentary animals treated with nandrolone decanoate 
(Deca Durabolin 25 mg) – 1mg.100g-1.
G3 – trained animals.

G4 – trained animals treated with nandrolone decanoate 
(Deca Durabolin 25 mg) – 1mg.100g-1.

Treatment
The anabolic steroid nandrolone decanoate (Deca Dura-
bolin 25 mg) was administered by a single intramuscular 
injection into the hind limb of the animals once a week for 
8 weeks (13).
The training sessions (swimming with progressive loading) 
happened at the same time and was started with progres-
sive frequency and increasing overload up to 5% of the 
weight of the animals, increasing the effort of the mice 
during swimming (13).
First week: three weekly sessions, of 10 minutes each, on 
alternate days, without load.
Second week: four weekly sessions of 20 minutes each, with 
a load of 2.5% of the animal’s body weight. From the third 
week: five weekly sessions of 40 minutes each, with a load 
of 5% of the animal’s body weight.
To obtain training overloads, lead weights equivalent to 
5% of the body mass, placed immediately before swim-
ming by means of an elastic strap attached to the thorax, 
was used, so as not to impair the dynamics of the move-
ment. During swimming, the animals were monitored so 
they do not float or lean on the edge of the tank and stop 
moving. The weight of the animals was checked weekly 
for the correction of the load value (13). After the treat-
ment, the animals undergo euthanasia with deepening of 
anesthesia (Isoflurane), for the removal of the Achilles 
tendon.

BIOCHEMICAL ANALYSIS

Extraction procedures
The calcaneal tendon was removed and treated with 
25 volumes of 4 M guanidine hydrochloride (GuHCl) 
containing 20 mM EDTA and 1 mM PMSF in 50 mM sodi-
um acetate buffer pH 5.8 for 24h at 4°C with stirring (14). 
Afterward, the material was centrifuged (13,000×g, 25min, 
4°C), and the supernatant was used for non- collagenous 
protein dosage.

Quantification of proteins
Samples of the extracts of each experimental group were 
used. Non-collagenous proteins were quantified accord-
ing to the Bradford method (15) using bovine serum albu-
min as standard. The absorbance was measured at 595 
nm.
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Zymography
Metalloproteinase analyses were performed according 
to the methods of zymograpphy according to Marquetti 
and colleagues (2006) (16). The samples were incubated in 
extraction buffer (50mM Tris–HCl pH 7.4, 0.2 M NaCl, 
0.1% Triton X-100, 10mM CaCl2, and protease inhibitor 
100 μL/10 mL) at 4 °C for 24h. In total, 20μg of protein 
were loaded in each well. Polyacrylamide gels prepared 
with 2 mg/mL of gelatin. Then, the gels were incubated in 
incubation buffer (50 mM Tris–HCl pH 8.4, 5 mM CaCl2, 
and 1 μM ZnCl2) overnight at 37 °C. The gels were stained 
with Coomassie Brilliant Blue R-250 and bleached (30% 
methanol and 10% acetic acid in water). Finally, the gels 
were placed in shrinking solution (30% methanol and 3% 
glycerol).

Morphological and birefringence 
analysis and measurements
The tendons were fixed using a 4% formaldehyde solu-
tion in Millonig’s buffer (0.13 M sodium phosphate, 0.1 
M NaOH– pH 7.4) for 24h at 4º C and washed in water, 
ethanol dehydrated, diaphanized with xylene and paraf-
fin-embedded. Longitudinal serial sections of 7μm were 
stained with hematoxylin–eosin (HE) and analyzed under 
an Olympus BX 60 light microscope. Birefringence prop-
erties were studied using an Olympus BX51-P BX2 polariz-
ing microscope and an image analyzer (Image-Pro Plus 6.3, 
Media Cybernetics, Inc.—Silver Spring, MD, USA). Since 
birefringence appears visually as brilliance, this phenome-
non was measured with the image analyzer and expressed 
as gray average (GA) values in pixels, after its calibration 
(8 bits=1 pixel). The major tendon axis was positioned 
at 45° to the crossed analyzer and polarizer during the 
measurements. Considering that collagen bundles exhib-
it two kinds of birefringences: intrinsic birefringence (Bi) 
and form or textural birefringence (Bf), total birefringence 
(sum of Bi and Bf) was used in this study. The measure-
ments the tendons in each experimental group were made 
after immersing the sections in water (17).

Statistical analyses
All results were expressed as the mean ± standard devia-
tion. For biochemical analysis, data from different exper-
imental groups were analyzed by analysis of variance 
(oneway ANOVA) followed by the Tukey test. The level 
of significance was p <0.05. The Mann– Whitney test was 

used only for analysis of the birefringence measurements. 
The analysis was carried out in GraphPad Prism® (Graph-
Pad Software, La Jolla, CA, USA). 

RESULTS
After 8 weeks of exercise and combined treatment with 
AAS, the animals were euthanized and the tendons were 
submitted to morphological and biochemical analysis, 
generating the results now described.
The sections containing the tendons were stained using 
Hematoxylin-eosin (Figure 1). G1 (Figure 1-A) presents 
ordinary tendon morphology, including peritendinous 
sheath. Epitenon thickness (black bar) was evident in all 
experimental groups, especially in G2 (Figure 1-B). Also, it 
was possible to observe a higher cellularity and tissue disor-
ganization in G2, G3, and G4 (Figure 1-B, C, D, E, and F).
In the polarization microscopy, the organization degree of 
the collagen fibers is observable as an increase in the bright-
ness of the section. The images (Figure 2) reveal that the 
control group (G1) presented greater brightness than all 
the others. When we observe the G2 group, we note that 
the nandrolone decanoate alone was enough to change the 
organization degree in the tendon tissue. Also, the exercise 
caused similar effects without the influence of other vari-
ables (G3). Birefringence analysis (Table I) confirms that 
all treatment groups were statistically inferior to control, 
G1. From the values, it is also possible to observe that 
G2 and G3 did not present difference from each other. 
On the other hand, the combination of exercise and AAS 
(G4) caused the greatest disorganization observed in all the 
experiments.
A zymography of the processed tendon was performed 
to detect gelatinases. Three isoforms of MMP-2 could be 
observed: latent, 72 kDa; intermediate, 68 kDa and active, 
62 kDa. Furthermore, no other gelatinases were evident in 
the gels (Figure 3).
Band densitometry was used to quantify the band’s bright-
ness, the values were submitted to ANOVA. It revealed that 
for latent and intermediate isoforms of MMP-2, G4 was 
higher than the other groups. The intermediate MMP-2 in 
G3 was also higher than the control group.
Quantification of non-collagenous proteins (NCP) demon-
strated a significant decrease in groups G3 and G4 when 
compared to the control, G1 (Figure 4).

DISCUSSION
The aim of this study was to understand the effects of the 
chronic use of nandrolone decanoate, an anabolic agent, 
and exercise on extracellular matrix components of the 
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Figure 1. Longitudinal sections of tendons of the different experimental groups. A: G1, B and C: G2, D and E: G3, F: G4. 
Notice in B the thickness of the epitenon. In D, E and F, observe tissue disorganization and higher cellularity when compared 
to G1.

Figure 2. 
Longitudinal 
sections of tendons 
of the different 
experimental 
groups observed 
in polarization 
microscopy. For 
birefringence 
analysis the largest 
tendon axis was 
positioned at 45 ° to 
the polarizers. Note 
the presence of 
higher brightness in 
G1 when compared 
to the other groups, 
indicating the high 
organization of the 
collagen fibers in the 
whole tissue. Bar: 
40 μm.
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Table I. Birrefringence Analysis

Groups TR (Average shades of 
gray)

Comparisons Mann-Whitney Test (p)

G1 211,53 * 0,0001

G2 146,07 G2 x G3 0,1413

G3 149,66 G3 x G4 * 0,0001

G4 130,04 G2 x G4 * 0,0001
The long axis of the tendon was positioned at 45 ° to the crossed polarizers. The number of measurements (100) was performed randomly on 12 tendon 
cuts in each group. TR: Transection region.

Figure 4. Concentration of non-collagenous 
proteins (mg/g wet tissue) in the different groups. 
Observe that G3 and G4 had significant lower 
amount of non-collagenous proteins than G1;  
p< 0.05. (# different from G1).

Figure 3. Zymography and band densitometry results for gelatinases of rat tendon extract, from the different experimental 
groups. Observe the presence of latent (72 kDa), intermediate (68 kDa) and active (62 kDa) isoforms in all groups analyzed. It 
should be noted that the G1 group presents faint bands in comparison to the other groups. The G4 group shows the latent 
and intermediate isoforms bands that are more marked when compared to the other groups. Other MMPs were not detected. 
(# different from G1; * different from G4). 
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tendons. The information obtained should help future 
studies to promote alternatives to minimize or treat the 
lesions resulting from the steroids overuse.
As stated in the results section, the exercise alone was 
enough to change some tendon characteristics, including 
tissue organization, protein content and metalloproteinase 
profile. Other researchers have already found similar results 
including different types of exercises (11,16,18).
Other researchers obtained similar founds regarding the 
epitenon (11,16). Exercises can augment tendon metabo-
lism, with an increase in blood flow (19) and vascularization 
(7,11). Together, these factors can naturally cause swelling 
in the area, due to a rise in water content and extracellu-
lar matrix components. Despite this increase, there was no 
evidence of inflammatory infiltrate in the samples, which 
may account for the lack of MMP-9. 
Depending on the type of exercise which the animals are 
submitted, different metalloproteinase profiles can emerge. 
Researchers found only MMP-2 evidence after exercising 
animals, with (11) or without (20) inflammatory infiltrate, while 
Marqueti and colleagues (2006) (16) also found only MMP-2 
evidence in gel, even with the presence of marked inflamma-
tory infiltrate. However, Koskinen and colleagues (2004) (18) 
found high MMP-9 values after exercise in humans.
The use of nandrolone decanoate without exercise association 
(G2) resulted in collagen fiber disorganization similar to the 
one found in G3. On the other hand, only G3 presented a 
significative reduction of NCP which was not observed in G2. 
The combination of exercise and AAS use (G4), produced 
more significant changes in the tissue, regarding collagen 
organization, and MMP concentration. Interestingly, the 
change in the epitenon thickness was not as marked as when 
the animals received only the AAS. Marqueti and colleagues 
(2014) (7) reported that the AAS use diminished the tendon 
adaptations to exercises, including reduction of vasculogen-
esis. The association of muscle hypertrophy and prevention 
of tendon adaptation to workload can be a source of tendon 
injury in either athletes or non-athletes users. The excessive 
amount of MMPs found are especially important consider-
ing that degradation of collagen precedes tendinous rupture 
in the patients (10).

This study showed that there was a large decrease in the 
non-collagenous proteins in G3 and G4. This loss of proteins 
causes damages to the tendon because they are the compo-
nents that give it structure, and such reduction may lead to 
an increase in the chance of rupture.
Collagen degradation is initiated extracellularly by MMPs, 
mostly MMP-2 and MMP-9. Under normal conditions, 
MMPs are present in low concentrations. After tissue 
damage, proteolysis is required, to remove the damaged 
matrix and aid in the synthesis of new tissue, an increase in 
MMPs indicates that the matrix is undergoing tissue degra-
dation and repair (16,21).
When inflammatory processes occur, the collagen fibers 
disorganize, the inflammatory cells are directed to the loca-
tion of the lesion and there is the activation of enzymes, 
like MMPs, that degrade the GAGs and proteins. Tendon 
biomechanics are compromised due to disorganization 
of collagen fibers, and tendons are more susceptible to 
ruptures during healing (22).
These reports indicate that the combination of nandrolone 
decanoate and exercise induces noxious changes in tendons 
and there is a greater predisposition to rupture. These 
changes in tendons occur mainly due to the disorganiza-
tion of the collagen fibers. Even the AAS being used with-
out association with exercise increases the stiffness of the 
tendon, decreases the elasticity and the amount of energy it 
can absorb (7).
In summary, our results showed that the Achilles tendon 
suffers a high degree of tissue disorganization with the 
combination of exercise and the AAS nandrolone deca-
noate, with a high level of collagen bundles disorganiza-
tion, a decrease in levels of non-collagenous proteins, and 
an increase in MMP-2, indicating a remodeling event taking 
place. This data leads us to believe that chronic use of the 
AAS associated with exercise can promote significant injury 
in the tissue that may promote tendon rupture.
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