
 
American Journal of Sports Science 
2019; 7(3): 88-93 
http://www.sciencepublishinggroup.com/j/ajss 
doi: 10.11648/j.ajss.20190703.12 
ISSN: 2330-8559 (Print); ISSN: 2330-8540 (Online)  

 

Anabolic Steroids Effects on Bone Regeneration 

José Carlos Pansieri, Alessandra Esteves, Wagner Costa Rossi Junior
*
 

Institute of Biomedical Sciences, Department of Anatomy, Federal University of Alfenas, Alfenas, Brazil 

Email address: 
 

*Corresponding author 

To cite this article: 
José Carlos Pansieri, Alessandra Esteves, Wagner Costa Rossi Junior. Anabolic Steroids Effects on Bone Regeneration. American Journal of 

Sports Science. Vol. 7, No. 2, 2019, pp. 88-93. doi: 10.11648/j.ajss.20190703.12 

Received: June 9, 2019; Accepted: July 16, 2019; Published: July 30, 2019 

 

Abstract: In recent decades, the importance given to body appearance has grown dramatically, as has the consumption of so-
called "body image drugs," which include androgenic anabolic steroids (AAS), synthetic substances derived from testosterone. 
Although the therapeutic use of anabolic steroids are beneficial and necessary to body when there is reduction or depletion of 
these substances, the excessive use is related to negative interference in fracture healing process. Thus, the objective of study 
was to verify if there is influence of AAS in process of bone repair. For this, twenty Wistar rats were used, in which a fracture 
with bone loss was performed on left fibular diaphysis. Subsequently, they were divided into four groups and the animals were 
treated for one (1) month, with physiological solution (0.02 ml), Durateston® (83.3 mg / kg [0.02 ml]) and Deca Durabolin® 
(16.6 mg / kg [0.02 ml]), applied once a week. The results showed that there was a significant loss in bone healing on groups 
treated with AAS, since there was no regeneration in fractured fibula, besides increasing resorption process at the ends of 
fracture stumps. For this reason it is possible to conclude that the misuse of AAS interferes negatively in metabolism of bone 
tissue reinforcing the danger of indiscriminate use for health, warning that, addition other biological tissues, the bone may be 
affected by abuse of these substances. 
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1. Introduction 

The bone fracture healing is one of the most interesting 
repair processes that occurs in nature, not only by formation 
of a scar, but total reconstitution of injured tissues, which can 
resume their original form. Although regeneration of bone 
tissue is a well-defined process, complications inherent in 
treatment of fractures and bone defects are still observed, 
since some factors are not fully elucidated or conclusive [1-
3]. One of these factors, for which there is still no complete 
knowledge in formation and maintenance of bone tissue is 
androgenic anabolic steroids (AAS).  

From 1976, at Montreal Olympics, control of AAS began, 
where six athletes were punished for use of these substances 
[4]. This control occurred for ethical reasons and because of 
harmful effects on health. Since then, these substances have 
been banned by International Olympic Committee [5]. 
Although not detectable until 1975, since 1950s the AAS are 
administered to increase strength and improve physical 
endurance [6]. 

In synthesis of AASs, known modifications occur in 
testosterone molecule as 17-position alkylation and/or 
modification of ring structure. These modifications are made 
to produce derivatives with more anabolic and less 
androgenic characteristics than original molecule. The 
esterification of hydroxyl group with carboxylic acids also 
increases the activity of steroids, as it causes an increase in 
action by obtaining lipophilic properties and, therefore, 
retention in adipose tissue. AAS perform their functions 
through binding to the androgen receptor [7]. There are two 
mechanisms of testosterone action, direct and indirect 
mechanism. The direct mechanism is mediated by interaction 
of hormone with the androgen receptor, which is found in 
cytoplasm. After interaction and translocation to specific 
regions of nucleus, signaling to protein synthesis occurs. The 
indirect mechanism does not depend on testosterone-
androgen receptor interaction, but on interaction with other 
trophic factors, and also on the interaction of AAS with the 
glucocorticoid receptor, which acts to inhibit protein 
degradation [8]. 

AAS have more recently been considered for antiaging 
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therapy in males because testosterone would act to improve 
the physical and emotional disposition of patients, 
demonstrating a regenerative effect. In case of polytrauma 
and burns, this same reasoning is used, since the AAS 
accelerates the time of onset of scar [9]. 

The androgens action mechanism in male cortical and 
trabecular bone was investigated using rodent models. The 
most important effect was inducement periosteal bone 
formation and cortical bone expansion, which have important 
bone strengthening benefits. Pre- and post-pubertal deletion 
of androgen receptors impairs cortical and trabecular bone 
mass in male mice; however, the effect of inducible deletion 
in adult or elderly mice continues to be investigated and the 
target genes for effect of androgens on periosteal bone 
formation are still unknown [10]. 

Hedström [11] suggest that a low dose of nandrolone 
decanoate, in combination with a low dose of alfacalcidol 
and calcium, have a positive effect on body composition, 
bone mineral density and clinical function of elderly women 
after hip fracture. However, for Farooki [12], the available 
evidence for anabolic steroids action after surgical treatment 
of hip fracture in older people is insufficient to draw 
conclusions about its effects, mainly in terms of functional 
outcome and adverse events, using alone or in combination 
with nutritional supplements. 

In recent decades, the importance given to body 
appearance has grown dramatically. The emergence of new 
techniques of care and improvements of body and the so-
called "body image drugs", which include AAS, has also 
increased in recent years [13]. So, the objective of this study 
was to analyze the repair of surgically created bone defects in 
rats fibulae and to verify the interference and possible effects 
of anabolic steroids in repair process, in order to support their 
use as a resource treatment of fractures. 

2. Material and Methods 

Twenty male Wistar rats (Rattus norvegicus) from 
Bioterium of Federal University of Alfenas, UNIFAL-MG, 
were housed in boxes containing two animals each, treated 
with commercial feed and water ad libitum and kept in a 
cycle of 12 light-dark hours. The research was submitted and 
approved by Ethics Committee on use of Animals in Federal 
University of Alfenas, with protocol number 662/2015. 

The animals were divided into four (4) experimental 
groups (n = 5): group I - animals treated with sterile 
physiological solution; group II - animals treated with the 
anabolic Deca Durabolin® 50mg (Schering-Plough, São 
Paulo, São Paulo, Brazil); group III - animals treated with 
anabolic steroid Durateston® (Schering-Plough, São Paulo, 
São Paulo, Brazil); group IV - animals treated with the two 
anabolic agents, Deca Durabolin® and Durateston®. The 
treatment consisted in application of two anabolic steroids, 
the first, nandrolone decanoate marketed under the name 
Deca Durabolin® and the second an association of 
testosterone propionate, testosterone fenpropionate, 
testosterone isocaproate and testosterone decanoate marketed 

under the name of Durateston ®. The animals were treated 
for one (1) month, the doses of 0.02 ml physiological 
solution being that of Durateston® 83.3 mg / kg (0.02 ml) 
and the doses of Deca Durabolin® 16.6 mg / kg (0.02 ml) 
applied once a week [14-18]. 

For surgical removal of fibular fragments, the animals 
were anesthetized through intraperitoneal injection with a 
mixture of ketamine hydrochloride (Ketalex®-50mg/ml) 
(Rhabi, Hortolândia, São Paulo, Brazil) and xylazine 
hydrochloride (Sedalex®-2g/100 ml) (Rhabi, Hortolândia, 
São Paulo, Brazil) at a dose of 0.20 ml/100g and 0.10ml/kg, 
respectively. Then, at surgery site, trichotomy and asepsis 
were performed. An incision was made on lateral side in left 
leg of animal. The subcutaneous tissues were removed for 
visualization of fascial plane. The muscle fascia was incised 
and the muscles were carefully keep away for exposure of 
fibula. In the middle third of diaphysis, a bone fragment of 
1.5 to 2 millimeters was removed (figure 1), measured with 
the aid of a millimeter endodontic ruler. Immediately after 
surgery, the animals received a dose of dipyrone (50 mg/kg); 
intraperitoneally. The tissues were repositioned and sutured. 

The study represents a completely randomized design 
(CRD), therefore, the statistical analysis was performed 
through an analysis of variance (One-Way ANOVA) 
followed by Tukey averages comparison test, values of 
p<0.05 were considered as indicative of significance. 

 
Figure 1. Fibulae with bone defect. 

3. Results 

The results obtained in this study show that the use of 
anabolic steroids Deca Durabolin® and Durateston® was 
harmful in process of bone regeneration. The radiographic 
analysis showed that the animals of group I, that is, those that 
were not treated with anabolic steroids had the process of 
bone regeneration fully effective. The same could not be 
observed for any of other three groups evaluated. Figure 2 
shows the radiographic appearance forty days after surgery. 
The analysis was made through the existence or not of 
radiopacity between the stumps or fragments of fracture. 
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Figure 2. Radiographic appearance of fractured fibulas 40 days after 

surgery. A- Group I; B – Group IV; C - Group II; D – Group III. *Square, 

triangle and circle were used to separate the groups. 

 
Figure 3. Animals that presented regeneration or not, after 40 days of 

creation of a bone defect in fibulae. 

It can be visualized by figure 2 that in group 1 there is 
union (radiopacity) between the ends of fracture, indicating 
radiographic bone regeneration. In other groups analyzed, it 
was not possible to observe a radiopaque area between the 
fracture ends. Contrarywise, a process of resorption may be 

perceived, especially in distal stump, since the ends of 
fracture are far away. It is also observed that the group as 
received the two anabolic agents (B-Group IV) presented a 
higher degree of resorption in relation to other two groups 
that received only one of two steroids evaluated. 

Figure 3 shows the numerical values related to 
regeneration process radiographically analyzed. It is quite 
clear that the steroids and doses used in this experiment have 
disadvantaged the process of bone regeneration. 

The histological analysis corroborates with the 
radiographic results, that is, the animals treated with anabolic 
steroids of this experiment did not present regeneration or 
any signal that showed than process was occurring. In inner 
of bone defects, only fibrous connective tissue and 
surrounding muscle cells entering the defect were visualized. 
There was distancing between the fracture stumps, indicating 
reabsorption of extremities and favoring the entrance of 
adjacent muscles in bone defect center, which naturally 
contributed to non attendence bone regeneration of region. 
Figure 4 (letter A and B) exemplifies an animal from group 
III, which received an anabolic steroid, as well as the other 
two groups that were also treated with this substance. Note 
that in area of bone defect, what predominates are muscle 
cells that invaded the region. Figure 4 (letters C) shows the 
histological appearance of group I animal, where it is clearly 
perceived the formation of new bone tissue in surgically 
created defect.  

 
Figure 4. A and B-Histological appearance of fibulae in unregenerate animal (group III). A- proximal region of bone defect; PE- proximal end; MT- muscle 

tissue (arrows show muscle tissue invading the bone defect); B- distal region of bone defect; DE- distal end; MT- muscle tissue. C- Fibulae histological aspect 

in animal of group I. PE- Proximal end; BDR- bone defect regenerated; DE- Distal end. Staining used: HE. 20x magnification. 

4. Discussion 

Experimental studies in rat fibulae have shown that, 
fractures with bone loss present spontaneous regeneration in 
defects of non-critical size, i.e., less than or equal to 2.5 mm. 
[19]. However, defects of great extent or critical size (greater 
than 2.5 mm) do not allow spontaneous reconstitution, being 
necessary to implantation of membranes or other barrier 
materials or even fragments of periosteum inducing the 
regeneration process. It is also important to point out that the 
place where defect is produced is extremely relevant. The 
bone marrow in rats fibulae is found especially in proximal 
and middle thirds, while in the distal region it is almost non-
existent. For this reason, in this experiment, bone defects 
were performed in media region of fibulae diaphysis, 
containing bone marrow, so that the regeneration process 

could occur within normality patterns [20]. 
In the year 1889, the investigator Brown-Séquard injected 

into himself an extract prepared from testicles of dogs and 
india pigs. He reported that he felt a boost in vitality [21]. 
Several decades later, in 1930, testosterone was isolated and 
characterized, and its name was used for first time in 
Germany. Testis interstitial cells promote the synthesis of 
testosterone, which plays an important role in 
spermatogenesis, development of secondary sexual 
characteristics, release of gonadotrophins and stimulation of 
protein synthesis [22]. In 1950s, testosterone was used orally 
and injected as treatment in some types of anemia, in 
diseases with muscle loss and in post-surgical patients, in 
order to reduce secondary muscle atrophy [23]. 

The main androgen secreted in men is testosterone. Its 
secretion occurs from cholesterol molecule and the central 
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stimulus of hypothalamic-pituitary axis. The hypothalamus 
secretes Gonadotropin-Releasing Hormone, which in turn 
stimulates the pituitary to secrete luteinizing hormone, which 
acts on testis interstitial cells. After its secretion, the 
testosterone can act directly in target cells or undergo 
metabolization, originating inactive compounds and active, 
ones as dihydrotestosterona. The reaction that gives rise to 
dihydrotestosterone is catalyzed by enzyme 5α-reductase. 
And the reaction which gives rise to estradiol, is catalyzed by 
enzymatic complex aromatase (CYP19). Testosterone may 
act directly on cells, binding to androgen receptor, or via 
dihydrotestosterone, which binds most avidly to this receptor 
[24]. 

In this experiment two anabolic steroids were used. 
Durateston®, which has four esters with different durations 
of action, which are hydrolyzed in bloodstream, resulting in 
natural hormone testosterone. A single dose of Durateston 
increases total plasma testosterone 24 to 48 hours after 
dosing, and levels return to normal within men within 21 
days. The other steroid used was Deca-Durabolin®, which 
has nandrolone decanoate ester that provides action duration 
of about three weeks after administration; in bloodstream it is 
hydrolyzed into nandrolone. Compared with testosterone, 
nandrolone shows increased anabolic activity and reduced 
androgenic activity [25]. 

In this experiment, no regeneration of defects surgically 
created in rats fibula was observed. These results contrast 
with Sant'Anna [19], which establishes that defects up to 2.5 
mm. has spontaneous regeneration. In this case, it is possible 
that steroids used interfered negatively, impeding it from 
regeneration occurring, favoring the process of osteoclastic 
reabsorption. In this sense, the results of this study contradict 
too Hedström [11], who state that low doses of anabolic 
steroids contribute positively to bone mineral density, 
although all animals in this study received supraphysiological 
doses in a short period of time, which was probably the factor 
that prevented the process of bone regeneration. 

Laurent [10] report beneficial effects of testosterone in 
older hypogonadal men, especially trabecular bone, provided 
that they are therapeutically used, i.e., with low doses, 
sufficient for replacement. The data from this study make it 
clear that indiscriminate use, with excessive doses, can 
hinder and impede the repair and regeneration of lesions or 
bone fractures. In this sense, it would be very interesting that 
each health professional responsible for surgical 
interventions involving bone tissue (orthopedic surgeons, 
dental surgeons etc.) have knowledge whether or not the 
patient uses these substances and how much and how long 
these drugs have been used, so that no undesired event occurs 
during the patient recovery process. 

According to Ribeiro [26] androgenic anabolic steroids 
also promote placebo, psychological, euphoric, anti-
catabolic, decrease fatigue and improve protein synthesis. In 
addition, Silva [27] reported increased muscle mass, 
increased hemoglobin and hematocrit concentration, nitrogen 
retention, increased calcium deposition in bones and 
increased fat burning, which causes athletes to use such drugs 

in order to improve performance. However, the results of this 
study show that supraphysiological doses interfere with bone 
metabolism, perhaps due to increased osteoclastic function 
and reduction of osteoblastic function. 

Anabolic steroids, when used in supraphysiological doses, 
have effects on thyroid gland function. Among these effects, 
the most pronounced in humans is decrease in TBG 
(thyroxine binding Globulin). As this protein is responsible 
for maintenance of T3 and T4 serum concentrations for the 
cellular use and consequent biological response, its reduction 
decreases the total serum concentration of these hormones. 
However, this decrease will depend on susceptibility to 
aromatization of anabolic steroid used. A number of other 
alterations have also been reported in humans, and most 
studies have shown the appearance of a condition that may be 
confused with subclinical hypothyroidism, with elevated 
serum TSH (thyroid stimulating hormone) and normal free 
T4 [28-32]. Our data corroborate and are supported by these 
results, since the metabolism of bone tissue is directly 
influenced by thyroid hormones. Thus, as there is reduction 
of TBG when using supraphysiological doses of anabolic 
steroids, it is expected that there will be a reduction in rate of 
bone remodeling and loss of this tissue, results observed and 
proven in this experiment. 

Although the experiment does not show the action 
mechanism of steroids in bone tissue, it is evident that the 
indiscriminate use, in excessive doses, interferes negatively 
in consolidation of fractures with bone loss and, naturally, 
when using these drugs, should be carried out safely, since 
whole organism can be affected, positively or not. Thus, new 
studies should be performed, seeking to prove the real 
participation of anabolic steroids in bone formation and 
regeneration, so that the use is made in a totally safe and with 
appropriate therapeutic indications. The results obtained 
reinforce the danger of indiscriminate use for health, 
demonstrating that, addition to other biological tissues 
already reported in literature, the bone may be affected by 
use of these substances. 

5. Conclusion 

The results obtained in this study, which analyzed the 
effects of supraphysiological doses of anabolic steroids 
nandrolone decanoate and the association of testosterone 
propionate, testosterone fenpropionate, testosterone 
isocaproate and testosterone decanoate allow to conclude that 
there is a negative influence on the bone regeneration process 
in rats fibular fractures with bone loss, since the regeneration 
process did not occur in treated animal, besides increasing 
resorption process at the ends of fracture stumps. Thus, as 
use of anabolic steroids has increased and is increasing today, 
new studies and different biological tissues must be 
performed to show that, when used improperly, they are 
extremely dangerous and harmful substances that should be 
administered only in cases where the cost-benefit ratio is 
quite considerable. 
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