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Abstract

Purpose: To evaluate the influence of nandrolone decanoate on fracture healing and bone 
quality in normal rats.
Methods: Male rats were assigned to four groups (n=28/group): Control group consisting of 
animals without any intervention, Nandrolone decanoate (DN) group consisting of animals 
that received intramuscular injection of nandrolone decanoate, Fracture group consisting 
of animals with a fracture at the mid-diaphysis of the femur, and Fracture and nandrolone 
decanoate group consisting of animals with a femur fracture and treatment with nandrolone 
decanoate. Fractures were created at the mid-diaphysis of the right femur by a blunt trauma 
and internally fixed using an intramedullary steel wire. The DN was injected intramuscularly 
twice per week (10 mg/kg of body mass). The femurs were measured and evaluated by 
densitometry and mechanical resistance after animal euthanasia. The newly formed bone 
and collagen type I levels were quantified in the callus.
Results: The treated animals had longer femurs after 28 days. The quality of the intact bone 
was not significantly different between groups. The bone callus did show a larger mass in the 
treated rats. 
Conclusion: The administration of nandrolone decanoate did not affect the quality of the 
intact bone, but might have enhanced the bone callus formation. 
Key words: Anabolic Agents. Femoral Fractures. Bony Callus. Rats.
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bone quality and muscular tropism3,4. Thus, 
we conducted an animal study to explore the 
possible positive effects of the decanoate 
of nandrolone on fracture healing and bone 
quality.

■■ Methods

	 The experimental procedure was 
approved by the Committee on Ethics and 
Animal Experimentation of the School of 
Medicine, Universidade de São Paulo (protocol 
115/2014). The procedures were performed 
based on the guidelines of Brazilian Law No. 
11.79422.
	 The rats were provided by the University 
Campus vivarium. One hundred twelve young 
adult (280-300 g of body mass) male Wistar rats 
were randomly assigned to the following four 
experimental groups (n=28/group): the Control 
(CON) group consisting of animals without 
any intervention, the nandrolone decanoate 
(DECA) group consisting of animals treated 
with intramuscular injection of nandrolone 
decanoate; the Fracture (FRAT) group consisting 
of animals with a fracture at the mid-diaphysis 
of the right femur, and the Fracture and 
nandrolone decanoate (FRAT + DECA) group 
consisting of animals with a fracture at the mid-
diaphysis of the femur treated with nandrolone 
decanoate. Each group was divided into two 
subgroups according to the follow-up periods 
of 14 or 28 days. The animals were housed in 
cages with transparent walls in a calm isolated 
environment with controlled temperature 
(22±2°C). The air relative humidity was 55±10% 
and the room had 12 h dark-light cycles. There 
was no restriction to access of chow and water.

Fracture production

	 The anesthesia was administered using 
equal volumes of xylazine 2% and ketamine 

■■ Introduction

	 The androgenic anabolic steroids (AAS) 
are a group of testosterone derived substances 
classically indicated for hypogonadism and 
protein deficiency1. The compounds are 
also used as adjuvant therapy in chronic 
diseases, multiple injuries, extensive burns, 
and following radiotherapy treatments2. 
Nandrolone decanoate is an AAS used in the 
musculoskeletal system to improve bone mass, 
resistance to fracture, and muscular tropism3-9. 
There are several clinical and laboratory 
investigations that support its therapeutic 
benefits for conditions of aging bone and 
muscular diseases such as osteoporosis and 
sarcopenia10.
	 In modern society bone fractures 
affects young people (sports, work and traffic 
accidents) and older people (fall and fragile 
bones). In the United States of America it 
was estimated that in 2009 there were 7.9 
million fractures, and these injuries have an 
important impact on society and the health 
system11. Additionally, 10% of the fractures 
may have improper healing or fail to heal12. 
Complications affecting older patients can be 
devastating and may lead to death. As a result, 
many studies have been conducted to combat 
the fracture epidemic and its complications. 
There are many local orthopedic approaches 
that enhance fracture healing including 
electric electromagnetic stimulation13,14, low 
intensity ultrasound15, vibration therapy16, and 
the injection of growth factors17. The systemic 
agents used include the administration of 
parathyroid hormone18, bisphosphonates19, 
strontium ranelate20, and raloxifene21. 
However, there are several publications that 
report conflicting results. There are currently 
a limited number of studies assessing the role 
of nandrolone decanoate on fracture healing 
despite its well-recognized positive effect on 
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10% injected intramuscularly at the dose of 0.1 
mg /100 g of body mass. The right thigh of each 
animal was placed on two metal blocks located 
under a second class lever with a blunt blade 
attached at its center (guillotine). The lever arm 
was lowered manually with the blade aimed at 
the mid part of the thigh and force was applied 
until there was no resistance. The fracture was 
confirmed by the abnormal mobility at the 
center of the femur under manipulation.
	 The animals were placed on the 
operating table and kept on a warm mattress. 
The pelvic limb was shaved and antisepsis 
was performed with povidone-iodine. The 
procedure was performed under routine 
surgical isolation. The skin above the fracture 
site was incised from the center of the lateral 
aspect of the thigh and a 1.0 cm long straight 
skin incision was made. The septum muscularis 
between the vastus lateralis and the biceps was 
identified and used to deepen the incision until 
reaching the bone (conventional approach to 
the diaphysis of the femur). The fracture was 
minimally exposed and inspected. When the 
fracture presented more than four fragments 
the rat was euthanized and properly discarded. 
The adequate fractures were stabilized with a 
1.0 mm steel Kirschner wire (K-wire) that was 
first introduced into the medullary canal of the 
proximal fragment until protruding through 
the skin at the lateral aspect of the pelvis. The 
fracture was then reduced, and the wire was 
reversed through the medullary canal of the 
distal bone fragment until the tip reached the 
condylar region of the knee. The excess length 
of the K-wire protruding through the pelvic 
region was cut off and the wire tip was buried 
under the abductor muscles. The incision was 
closed in layers with 4-0 absorbable separated 
stitches. A lateral digital X-ray image view was 
obtained of the entire pelvic limb to assess 
the adequacy of fracture reduction and K-wire 
positioning. Each rat was allowed to recover 

in a protected environment and housed in 
an individual cage for one week. The animals 
were then housed two or three animals per 
cage. The animals received 80 mL of dipyrone 
diluted 1:5 in saline, which was injected 
subcutaneously every 12 hours for the first 
three days postoperatively.

Nandrolone decanoate 

	 The nandrolone decanoate (Deca-
Durabolin 50 mg, Schering-Plough 1.0 mL, São 
Paulo) was injected intramuscularly twice per 
week (10 mg/kg of body mass)23 for either two 
or four weeks for the DECA and FRAT+DECA 
subgroups. The fracture control and non-
fractured groups received the same volume of 
vehicle.
	 The rats were euthanized with an 
excessive dose of xylazine and ketamine22. A 
lateral X-ray of the hind limb was obtained to 
evaluate bone healing (Figure 1).

Figure 1 - Lateral X-ray of the pelvic limb of a 
control rat, 28 days after fracture. It is possible to 
note the adequate alignment of the fragments, the 
intramedullary fixation with the Kirschner wire, and 
the external bone callus formed (arrow).



Nandrolone decanoate appears to increase bone callus formation 
 in young adult rats after a complete femoral fracture 

Guimarães APFGM et al.

Acta Cir Bras. 2017;32(11):924-934

927 

	  The right femur was removed and 
cleaned of soft tissue prior to measurement 
and weighing. The bones were examined 
with the DEXA technique (Lunar DPX-IQ, GE 
Healthcare, United Kingdom). The region of 
interest (ROI) encompassed the whole fracture 
callus and the distal metaphysis for groups 
without fracture. The bone mineral density 
(BMD) and bone mineral content (BMC) were 
obtained for both areas with software for small 
specimens (Lunar®; software version 4.7e).
	 The fractured specimens with the bone 
callus were routinely processed for histological 
analysis and 48 coronal semi-serial sections 5 
µm thick were obtained. From each specimen, 
after collecting eight sections, the following 10 
sections were discarded and this procedure 
was repeated for the whole callus. The sections 
were stained with H&E and picrosirius red. 
The analysis of the central area of the callus 
was examined under 1.25x at AxioImager Z2 
microscope (Zeiss, Germany) and the newly 
formed bone was quantified with Axionvision® 
software (Zeiss, Germany) (Figure 2). 

Figure 2 - Photomicrograph of histological section 
for identification of neoformed bone. The green 
region corresponds to other tissues of no interest 
that were erased so that only the neoformed 
bone was left for histomorphometric analysis. 
Hematoxylin and eosin, original magnification 
x1.25.

	 The picrosirius red stained sections 
of the callus were examined under polarized 
light, which permits identification of collagen 
type I as red-orange color (Figure 3). The same 
software was used to quantify the collagen.

Figure 3 - Photomicrograph using polarized light 
from the bone callus area with type I collagen fibers 
selected in light green color (Picrosirus red, original 
magnification x50).

	 The bones not reserved for the 
histological studies were evaluated in a two-
point bending mechanical test using a universal 
test machine (EMIC® DL10.000, PR, Brazil) with 
a load cell of 50 kgf. The distal condylar region 
of the femur was embedded in a spherical block 
of methyl methacrylate to facilitate horizontal 
positioning of the bone. A vertical force was 
applied at the intertrochanteric region of the 
femur at a speed of 0.5 mm/min until breaking 
the bone callus (Figure 4). The Tesc software 
(EMIC®, PR, Brazil) was used to calculate the 
maximum force and stiffness.
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Figure 4 - Illustration of the mechanical test at two points on a femur from an animal on day 28 after the 
fracture. The callus is prominent in the central region of the bone. The condylar end of the femur was set in a 
spherical block of acrylic resin, which was attached to a table vise. The force was applied at the proximal end 
of the femur (A) until fracture occurred (B).

Statistical analysis

	 The SPSS 20.0 software package was 
used for statistical analysis. The Shapiro-Wilk 
test was used to determine normal distribution. 
The parameter comparisons were tested with 
linear models, and the Bonferroni test was 
used with the significance level set at 5%. The 
graphs were generated using GraphPad Prism5® 
(GraphPad Software, Inc, USA).

■■ Results

	  We used 112 rats in this study. However, 

there were 20 animals discarded (36%) due 
to comminuted fractures (27%) or external 
migration of the K-wire (9%). Therefore, 28 
animals remained in Con and DECA, 17 in CON 
+ FRAT and 19 in DECA + FRAT.  
	 The body mass of the animals increased 
in all groups from day 0 to day 28. However, 
at day 7 both of the nandrolone decanoate 
groups rats showed a difference between the 
non-steroid groups (p=0.001). However, this 
difference did not maintain at 14, 21 and 28 
days (p=0.683) (Figure 5). The length of the 
non-fractured femurs was longer in animals 
that received steroid (p<0.001). 

Figure 5 - Graph of body mass for the different groups.



Nandrolone decanoate appears to increase bone callus formation 
 in young adult rats after a complete femoral fracture 

Guimarães APFGM et al.

Acta Cir Bras. 2017;32(11):924-934

929 

	 The bone mineral density at the distal 
metaphysis was higher at 28 days (p<0.001) 
than at day 14 in the control and steroid-treated 
animals. There was no difference for BMD at 
28 days between the nandrolone decanoate 
treated and non-treated groups (p=0.261). The 
bone mineral content (BMC) was higher at 28 
days than at 14 days (p<0.001). However, the 
inter-group comparison between the two 14 
day groups revealed no difference (p=0.611). 
There was also no difference between the 
two 28 day groups (p=0.307). The callus area 
was measured by DXA and the results did not 
show any difference between CON+FRAt-14 
and DECA+FRAT-14 (p=0.990) or between the 
groups CON+FRAT-28 and DECA+FRAT-28.
	 The mechanical tests did not show 
any significant difference between the non-
fractured femurs with or without nandrolone 
decanoate administration for the maximum 
force (p=0.323) or stiffness (p=0.211) (Figure 
6). 

Figure 6 - Maximum force of the intact femurs in the 
Control and Nandrolone decanoate groups after 14 
and 28 days.

	 Our data indicate there were no 
differences in maximum force between the 
fractured bones at 14 days and 28 days (p=0.542) 
(Figure 7). The stiffness was significantly higher 
for the 28-day groups than the 14-day groups 
(p=0.0380).

Figure 7 - Maximum force of fractured femurs in 
the Control and Nandrolone decanoate groups 
after 14 and 28 days.

Histological results

	 The volume of newly formed bone in 
the callus was significantly higher at 28 days 
for the nandrolone decanoate treated animals 
(p<0.001, Figure 8). 
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Figure 8 - Mean of the volume of formed bone in the callus of different groups treated with and without 
nandrolone decanoate at 14 and 28 days. Animals with fracture and nandrolone decanoate had significantly 
higher callus bone volume at 28 days (p=0.001).

	 Furthermore, the hematoxylin-eosin 
slides evidenced an improved bone callus 
quality in the nandrolone deacanoate treated 
rats (Figure 9B). At 28 days post-fracture these 
bone callus were mainly formed by thick and 

dense trabeculae bone. On the other hand, 
the control rats exhibited bone callus mainly 
formed by cartilaginous tissue, with sparse and 
thin trabecular bone (Figure 9A). 

Figure 9 - Histologic section of the bone callus 28 days after fracture. A - The control bone callus shows immature 
neoformed bone (*) and a large amount of cartilaginous tissue (#). B - Animal from the nandrolone decanoate 
group with a fracture showing a substantial amount of new bone and more mature trabeculae (arrows), 
evidencing a better and larger bone callus formation. (Hematoxylin and eosin, x1.25). Microphotographs 
under polarized light also illustrate the region of the bone callus 28 days after the fracture and confirm the HE 
findings. D - The bone callus of animals treated with nandrolone decanoate shows higher deposition of type 
I collagen in red-orange color than in control animals (C) (Picrosirus red, x50).
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Figure 10 - Mean area of type I collagen in the 
various groups at 14 and 28 days. There was no 
significant difference in collagen content.

■■ Discussion

	 Human life expectancy has increased, 
and the aging population has dramatically 
changed disease epidemiology. Within 
the locomotor system there are concerns 
regarding impaired bone quality and the 
different types of osteoporosis that facilitate 
fractures and muscular deterioration. The 
syndrome of fragility is characterized by 
sarcopenia (muscular mass decrease) and 
functional impairment that compromises the 
quality of life of older people. This condition 
leads to old age fracture syndrome that results 
from health deterioration and falls24. These 
injuries can favor complications such as skin 
breakage, pneumonia, urinary tract infection, 
and malnutrition that can lead to death.
	 The use of drugs to improve bone 
quality either by stimulating its formation 
or by decreasing its resorption is invaluable 
in minimizing the effects of skeletal decay. 
The most used and studied antiresorptive 
drugs are bisphosphonates (alendronate, 
pamidronate, risedronate, zoledronate, etc.) 

and estrogen. There are also anabolic drugs 
such as parathormone, strontium ranelate, 
antisclerostin, and anabolizing steroids. 
Current data supports the continuation of such 
therapies even in the event of fractures25. 
	 Attempts to change the abnormal 
occurrence of fracture mostly in at-risk patients 
focus on local interventions, and the systemic 
drugs have been overlooked. However, the 
interest in such drugs has increased due to 
promising results for bone healing26. Several 
preclinical studies have demonstrated 
the positive impact of both anti-catabolic 
and anabolic drugs on fracture healing in 
osteoporotic bone models25. Despite the long 
existence and use of nandrolone decanoate 
to treat both intact bone and muscular 
deteriorations, no studies have specifically 
investigated bone callus formation. The study 
by Demling27 reported that anabolic steroids 
are capable of releasing beta growth factors 
that stimulate bone formation. Interestingly, 
such drugs were not described by Vanucci 
and Brandi25 in a recent literature update on 
anti-fracture drugs. There are currently no 
preclinical or clinical trials examining the effects 
of nandrolone decanoate on fracture healing4. 
This study was designed to test the effects of 
nandrolone decanoate on fracture healing. 
We first studied the effects of nandrolone on 
normal intact and normally fractured bone. 
However, we recognize that more helpful 
studies should focus on osteoporotic bone 
fracture. The closed and minimal exposition 
of this fracture model with stabilization is an 
adequate experimental method because it 
allows healing by callus formation (secondary 
healing) without interference of fracture 
misalignment that might make it difficult to 
interpret the results28,29. The parameters of bone 
and callus quality that we used are currently 
employed in experimental practice30-32. We 
chose the post-fracture periods of 14 and 28 
days because these time intervals represent 
important landmarks for the femoral fracture 
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healing in the rat when there is conversion of 
the soft callus into hard callus33. 
	 The overall results of our study did not 
show any significant contribution of nandrolone 
decanoate on callus improvement or on the 
intact bone quality in this experimental model. 
Therefore, our initial hypothesis of a positive 
drug effect could not be confirmed. There 
are several publications with controversial 
opinions on the favorable effects of nandrolone 
decanoate on fracture healing. However, all of 
the studies involve osteoporotic conditions34,35. 
The present study showed more significant 
results for increased femoral growth in the 28 
day treated animals. This result is consistent 
with the expected effects of an increased 
metabolism caused by the nandrolone and 
suggests that our rats were still growing and 
immature. The results could be different with 
fully mature animals. Another positive outcome 
was the increased bone callus mass observed 
in the 28 day treated animals. However, as an 
isolated result it is difficult to interpret this 
finding as it is expected that a more developed 
and mature callus might be stronger and denser 
and contain more collagen type I. However, 
these results were not obtained.
	 There are several methodological 
limitations in this investigation, and they should 
be avoided in future studies. One concern is 
the dosage of nandrolone decanoate. The dose 
used was based on the study by Saito et al.23s. 
Several other authors used higher dosages 
because they were interested in studying the 
side effects of overdosing36,37. We used young 
adult rats in this study and it is possible fully 
mature animals could show a better response.
	 Future research studies should test 
the nandrolone decanoate in osteoporotic 
fractures. It is difficult to obtain an osteoporotic 
condition in male rats so a fracture could be 
provoked in a model of regional osteoporosis 
could be used by causing sciatic nerve injury 
to affect one pelvic limb. Additionally, a longer 
administration period for the nandrolone 

decanoate could be valuable. Other methods 
could also be used to investigate bone 
formation using molecular biology and micro-
CT studies of the bone structure.

■■ Conclusion

	 The administration of nandrolone 
decanoate did not affect the quality of the 
intact bone but might have enhanced the bone 
callus formation. 
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