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 Background: Anabolic steroids are used in several treatments. Muscular hypertrophy 
is a major result found in many articles. However, these publications do not study 
different muscle types. Objective: The aim of this study was to investigate the effect of 
the administration of testosterone propionate (TP) associated with resistance training 
(RT) in Soleus (SL) and Extensor digitorum longus (EDL) morphology of Wistar rats. 
Results: Among the groups that received anabolic steroid administration and resistance 
training, the TA group demonstrated the greatest gains in muscular hypertrophy of both 
muscles SL (38,3%) and EDL (41,8%) (p<0.05). Soleus independent analysis revealed 
that SE, SA, and T groups presented 21,1%, 15,1% and 22,8% increase, respectively, in 
comparison to SC (p<0.01). As regards, for EDL muscle, the SE, SA, and T groups 
presented 28,3%, 13,6%, and 21,1% increase, also respectively (p<0.01). Stereology 
demonstrated that T and TA, from EDL muscle showed a difference of 1.2% (p <0.000) 
and 0.9% (p <0.001) of myocytes area fraction then SL muscle. Conclusion: We 
conclude that the administration of testosterone propionate associated with resistance 
training provides greater muscle hypertrophy compared with each intervention alone. 
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INTRODUCTION 

 
 Many studies have been published demonstrating muscle hypertrophy in young adults, middle aged and 
elderly men and women (Charrete et al., 1991; Schoenfeld., 2010). Resistance training (RT) increases protein 
synthesis, muscle hypertrophy and strength, and also can improve daily living activities. This is not a new fact 
that RT induces morphological changes via hormone adjustments, androgen receptor expression and diverse 
cellular mechanisms (Deschenes et al., 1994; Kraemer and Ratamess, 2005; Schoenfeld., 2010). However, most 
of data available is published about muscles as Quadriceps Femoris. Very little is published about this 
intervention effect on specific skeletal muscle type together with anabolic steroids. Oxidative and glycolytic 
predominant muscles can respond differently to RT.  
 Hormonal therapy has also gained ground in the scope of changes related to adult treatment and advancing 
chronological age (Borst & Mulligan, 2007).Many clinical trials showed the effect of hormonal treatment on 
skeletal muscle and strength (Sinha-Hikim et al., 2002). Sinha-Hikim et al. (2006) showed that the 
administration of testosterone increased cross-sectional area in both type I and II muscle fibers.  
 Another fact that may affect differently the muscular response is the type of anabolic drug used. Many are 
the drugs used in diverse medical treatments and this fact may diverge the results (Hartgens and Kuipers, 2004; 
D'Antona et al., 2006; Angel et al., 2012).   
 Therefore, this study aims to examine the effect of the administration of anabolic steroid associated with 
resistance training in oxidative and glycolytic skeletal muscle morphology. 
 
Methods: 
 The study was approved (protocol 015/2006) and performed at the Laboratory of Morphoquantitative 
Studies and Immunohistochemistry of the São Judas Tadeu University. 
 During experiment, the animals were housed in boxes of polypropylene (three each) and kept under 
controlled environmental conditions of temperature (22 º C) and lighting (12-hour cycle of light and 12 hours 
dark). For all groups were provided: reference commercial diet (2.0g protein/body weight) for rats and water ad 
libitum. 
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 We used 28 male Wistar rats (Rattus Norvegicus) with 13 months old (526.0 ± 105.3 g), which were 
divided into 5 groups: Group SC – 13 months old sedentary and control of procedures (n = 5), Group SE – 
sedentary and aged control (n = 6), Group SA - sedentary animals that received testosterone propionate (n = 6), 
Group T - animals that performed resistance training  (n = 5) and TA group - animals that performed resistance 
training and received testosterone propionate (n = 6). 
 
2.1. Resistance training protocol: 
 The Resistance training protocol (RTP) respected the animal circadian rhythm, so it was performed at dark 
period. The animal house light-dark circle was inverted, and training was performed at 2 p.m..  
 The equipment used was a vertical ladder made of wood with metal steps. The height of the equipment 
(ladder) is 110 cm with an angle of 80 ° (Duncan et al. 1998). On top of the gear box, contains a plastic coated 
paper for settlement of the animals between.  
 The training program was based on the principle of overload, and it was established and adapted from the 
proposal by Heyward (1998). Weekly, all animals were weighted and their loads adjusted. A Gehaka BG 110 
semi-analytical balance line was used. The animals performed an adaptation protocol of five days prior to 
training. The procedure was repeated for six successive occasions with intervals of 45 seconds. The SC, SE and 
SA groups, performed one climb, five times a week, however, without any overload throughout the training 
protocol (16 weeks), in order to induce a physical stress, however, minor than the trained group. The animals in 
groups T and TA performed six climbs with 45 seconds of rest between sets, five days a week. The load was 
attached to the animal proximal area of the tail by a musket tape (Figure 1). Training started with 75% of the 
animal body weight. From the 4th week of training and every two weeks, the loads were increased to 80%, 90%, 
100%, 110% and 120% of the animal body weight, respecting the principle of overload. 
 

 
 
Fig. 1: Demonstration of the load placed to animal's tail and training equipment. 
 
2.2. Testosterone Propionate administration: 
 We used a dose of 3 mg / kg bodyweight of Testosterone propionate, three times per week (PERINON ®, 
veterinary laboratory Perini in 100 ml vial containing 1g of testosterone propionate and peanut oil qs 100 ml). 
This prescribed dosage is proportionally to an adult weighing 70 kg (200 mg of testosterone propionate every 
three weeks). Groups SA and TA received intramuscular application of testosterone propionate during 16 
weeks.  
 
2.3.  Collection and Preparation of materials for analysis: 
 We anesthetized the animals with an intraperitoneal injection of thiopental (40mg/kg body weight, Sigma 
®, USA). After euthanize, an incision was made at the animal right hind paws, to expose the Soleus (SL) and 
Extensor Digitorum Longus (EDL) muscles. Muscle samples were removed and randomly cut. Muscle 
fragments were fixed in 10% buffered formaldehyde and dehydrated in increasing sequence of alcohols, 
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diaphanized in xylol, embedded in paraffin, sectioned in slices of 7 µm thick and stained with hematoxylin and 
eosin (HE) for light microscopy analysis. Each slice was also done randomly in order to analyze the entire 
muscle. 
 
2.4.  Morphometric and Stereological Study: 
2.4.1. Morphometry: 
 After HE preparation, each histological slide was taken to light microscopy. We analyzed cross sections of 
slides containing SL and EDL muscles. Each slide contained four sections in which five fields were analyzed in 
each cut. The selection of fields was randomized, so all the contents were analyzed. A total of 20 fields on each 
slide were visualized, one slide for each animal of the study (approximately 13,000 cross section areas were 
circumvented and included). Measurements were made on an image analysis program (version 4.8 AxioVision) 
attached to a light microscope (Zeiss) with the 100-fold increase. The study was performed using the following 
steps: a field of tissue under the microscope was focused and the image was transmitted to the computer screen. 
The cells were circumvented, and the program automatically provided the value of the area analyzed (Figure 2). 
 

 
  
Fig. 2: Illustrative image of Soleus muscle cross section areas. Morphometric analysis from the image program 

AxioVision. Magnification of 100x.100μm bar.Hematoxylin and eaosin. 
 
2.4.2. Stereology:  
 To determine the estimated area fraction (AA[myo]), the slides corresponding to each muscle of each group 
were photographed (15 photos per plate) under the light microscope with final magnification of 50x. Further, we 
estimated the numerical density of myocytes (Nv[myo]). For this technique, 20 photographs were taken of each 
animal in each group using a 100x magnification. Then, we estimated the number of cells in each field 
corresponding to the area of 161,447.4 µm². A stereological analysis was performed using the Image J program. 
The program placed the image on a points system, and all points that felt on the myocytes were counted. 
 
2.5. Statistical analysis: 
 For statistical analysis of the different groups of rats, we used mean and standard deviation, t-test for paired 
samples and one-way ANOVA (post hoc Tukey) for data comparison (p ≤0.05) (SPSS version 12.0).  
 
Results: 
3.1. Morphometry: 
 Table 1 presents the results of the morphometric study of SL and ELD. Statistical analysis of cross sectional 
area revealed a significant difference between all groups in comparison to SC group (p<0,01) for SL and EDL 
muscles.  
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Table 1: Mean and standard deviation of the cross-sectional area through the pairwise comparison between the groups represented among 

the Soleus (SL) and Extensor digitorum longus (EDL). 
Groups Muscle Area (μm²) 

(mean±st) 
P value 

SC SL 2129.1±1008.8 0.000 
 EDL 1671.0±1039.2*  

SE SL 2588.0± 881.9 0.000 
 EDL 2144.0± 871.7*  

SA SL 2450.6± 771.8 0.000 
 EDL 1707.2± 637.1*  

T SL 2608.4± 793.5 0.000 
 

TA 
 

EDL 
SL 

EDL 

1979.2± 856.2* 
2944.9±910.9 

2299.7±1001.4* 

 
0.000 

* All groups showed statistical difference between the soleus (Sl) and Extensor digitorum longus (EDL) (p <0.000). 
Soleus F(ANOVA) = 130.9 
Extensor Digitorum Longus F(ANOVA) = 116.8 
 
3.1.1. Soleus: 
 The SE, SA, T and TA groups presented 21.1%, 15.1%, 22.8%, and 38.3% increase, respectively.   
 
3.1.2. Extensor Digitorum Longus: 
 As regards, for EDL muscle, the SE, SA, T and TA groups presented 28.3%, 13.6%, 21.1% and 41.8% 
increase, also respectively.  
 
3.2. Stereology: 
3.2.1- Myocytes Area fraction (AA[myo]): 
3.2.1.1 – Soleus muscle: 
 SE group showed an increase of 0.1% in the AA [myo] while the SA groups, T and TA reduced their 
myocytes area fraction about 0.1%, 0.3% and 0.4%, respectively. Despite the changes, there was no statistical 
difference between groups.  
 
3.2.1.2 - EDL muscle: 
 There was a trend of similar change, and again no statistical difference was achieved. The groups T and TA, 
showed a small but significant difference of 1.2% (p <0.000) and 0.9% (p <0.001) of AA [myo] in comparison 
to SL muscle. 
 
3.2.2- Myocytes Numerical Density (Nv[myo]): 
3.2.2.1 – Soleus muscle: 
 In the analysis of myocytes numerical density, (Nv [myo]) the SL muscle showed the most significant 
changes between their groups (Graph 1). The groups T and TA had 6.8%, 8.7% and 9.8% less Nv [myo], 
respectively, compared to the SC group (p <0.01).  
 
3.2.2.2 - EDL muscle: 
 Statistical difference was achieved between groups SA and TA (p<0.01). Group TA showed 5.7% fewer 
cells per field than SC (p <0.01). All groups showed Nv [myo] higher per field, compared to the muscle SL. 
However, only groups SE, T and TA, demonstrated statistical differences between the two muscles. It is easily 
visualized the differences in the distribution below (Graph 2), where both SL and EDL muscles, shown patterns 
of similar change due to administration of anabolic steroid and/or resistance training. Only the TA group differs 
from the standard, SL and EDL muscles, by which SL muscle group TA continues to show a decrease in Nv 
[myo] per field, whereas in the EDL muscle, the Nv [myo] increased. 
 
Discussion: 
 Therapeutic dosages of androgenic anabolic steroids (AAS) may not be sufficient to alter muscle 
hypertrophy, and thus above supra-physiological doses of AAS shall have a better effect than therapeutic doses 
to increase muscle hypertrophy (Katznelson et al., 2006). The results of this study demonstrate that skeletal 
muscle structural response varies depending on the intervention and muscle type. The morphometric study 
showed that muscular hypertrophy occurred in both muscles. This fact was demonstrated by the significant 
increase in the cross sectional area of all groups compared to SC.  
 Knowing the existence of a potential anabolic steroid stimulus, Kovacheva et al., (2010) cited not be 
surprising that androgen supplementation increases muscle mass in older individuals. The mechanisms that may 
be responsible for muscle hypertrophy are the inactivation of JNK enzyme (enzymes activated by stress) with 
activation of p38 MAPK (enzyme capable of stimulating muscle growth) by activation of Notch signaling 
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(Brown et al., 2009). Notch signaling is essential for activation, proliferation and progression of myogenic 
satellite cells necessary for the processes of muscle regeneration and repair. However, few studies measure the 
effect of anabolic steroid use in different types of muscle fibers or skeletal muscle types. Kovacheva et al. 
(2010) showed that Gastrocnemius muscle cross sectional area increased in both fast and slow muscle fibers. 
The authors also measured other components responsible for muscle hypertrophy, such as Myostatin levels 
(hormone controlling muscle growth) and growth suppressive enzyme JNK. The most interesting result of this 
study was that the use of testosterone alone was able to suppress Myostatin levels and JNK by stimulating the 
muscle gains. Corroborating the findings, Kawada, Okuno and Ishii (2006) also found significant reductions in 
the content of myostatin in Gastrocnemius and Soleus muscles. Despite this result, it seems that the hypertrophic 
response to anabolic steroid use alone is dose-dependent. The anabolic steroid dosage used in this study was 
proposed to have a supraphysiological impact, and it appeared to be sufficient to increase the cross sectional 
area in both Soleus and EDL. Moreover, muscle gain using the synthetic androgen was not superior to Group 
SE. Again, this result was unexpected. 
 

 
 
Graph 1: Distribution of numerical density of myocytes (Nv [myo]) between groups: Sedentary (SC), 

Sedentary Aged (SE), with Anabolic Sedentary (SA), Trained (T) and Trained with Anabolic (TA), 
soleus between (SL) and Extensor digitorum longus (EDL). Soleus muscle (SL) * = p <0.01 vs SE, 
T, TA; † p <0.01 vs SA SE; Ωp <0.01 vs SA T, TA. Extensor digitorum longus muscle (EDL) * = p 
<0.01 vs TA. ≠ Significant difference (p <0.01) compared to the Extensor digitorum longus muscle.  

 
 Resistance training has been considered to be the most effective intervention for reducing the rates of 
muscle loss and maintains or increase muscle strength in elderly (Lynch et al., 2007). Thus, our anima animals 
were not considered to be old, it lived more than 50% of its life expectancy. With training, the cumulative effect 
induced by subsequent sessions shall produce an anabolic process, eventually leading to changes in cross 
sectional areas, making this intervention very effective. The animals of this study showed 22.8% and 21.1% 
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increase of its cross sectional area, respectively, in Soleus and EDL muscles. Since the number of cells per field 
decreased, and its cross sectional area increased it is shown, therefore, that the muscle presented muscle 
hypertrophy. Interestingly, resistance training is as effective as the use of testosterone to increase expression of 
mRNA for growth factors that stimulated the aggregation of new proteins (Snijders et al., 2009). Olsen et al. 
(2006) demonstrated that the increase in the size of the Vastus laterallis and Trapezius was concomitant with the 
increasing content of satellite cells imposed by resistance exercise.  
 A bigger gain in lean mass can be achieved using resistance training and administration of testosterone 
(Bhasin, Woodhouse and Storer, 2001). In this study, the groups which trained and received anabolic steroid 
(TA group), showed the largest cross sectional areas increase between all groups. The soleus and EDL increased 
by 38.3% and 41.8% its cross sectional areas, respectively. The hypertrophy achieved by measuring the cross 
sectional areas might be explained by the reduced amount of cells measured in myocytes numerical density. 
Isidori et al. (2005) and Peterson et al. (2010) demonstrated that increasing lean mass makes possible to increase 
or maintain the body weight of older individuals, although reducing body fat gain. Lambert et al. (2002) agree 
that a combination of resistance training and anabolic steroid administration lead to greater gain in muscle mass. 
Accordingly, Bhasin et al. (1996) and Bhasin et al. (2000) demonstrated that the combination of RT and 
anabolic steroid use are more effective in increasing muscle mass and strength than hormonal treatment or 
training rough strains. On the other hand, knowing that testosterone acts via interaction with its respective 
receptor (Androgen Receptor [AR]), resistance training is capable of increases the expression of AR mRNA 
(Willoughby and Taylor, 2004). 
 During life, there is a constant process of muscle degeneration and regeneration (Li, Lee and Thompson, 
2011). This process can affect differently some muscle types, such as Soleus and EDL (Carter et al., 2010; 
Deschenes et al., 2010; Leiter, Peeler and Anderson, 2011). In our study, thus SE group were not that old, 
however, Nv [myo] significantly reduced. One possible explanation for this fact might be the increased area of 
the remaining muscle fibers in order to compensate the space left by atrophied muscle fibers. On the other hand, 
EDL muscle showed a similar increase in cross sectional area but did not change AA[myo] or Nv[myo]. 
Prochniewicz et al. (2007) suggested that the EDL muscle does not suffer so much during the aging process. It 
is possible that changes in muscle structure of some type of muscles may depend on other factors such as 
quantity, proliferation and differentiation of satellite cells or changes in the content of Dystrophin (Rice et al., 
2006; Verdijk et al., 2007). The EDL muscle shows an increasing quantity of dystrophin during lifetime, but 
otherwise, in Soleus muscle the content of this protein is decreased during the advance of age (Rice et al., 2006). 
Due to this, the Soleus becomes more sensitive to sarcopenic process as time passes. Tauchi et al. (1971) 
visualized structural changes in the muscles of Wistar rats during advancing age and noticed that the type II 
muscle fibers diminished in size but not in number, whereas type I fibers diminished in number but not in size. 
This study corroborates our findings, which show a decrease in the average number of myocytes from SE group 
in Soleus muscle while no reduction was visualized in SE from EDL muscle. Nevertheless, the size of the cross-
sectional area not decreased in both groups. Still, according to some authors, the EDL muscle of rats muscle 
reaches its highest values (cross sectional area) around 12 months of age (24 months is the average lifespan of 
rats), however, in some cases it may take longer to start showing the effects of the aging process (Desaki, Oki 
and Matsuda, 1996; Desaki, Oki, Ezaki, 2002; Desaki and Ezaki, 2002).  
 
Conclusion: 
 During this study, we concluded that after half of it life expectancy, Soleus and EDL muscles from Wistar 
rats present the same degree of muscular hypertrophy. And, yet, the Testosterone propionate administration 
associated with resistance training provided greater muscle hypertrophy compared with each intervention alone. 
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