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Abstract 

Despite worldwide use of anabolic steroids in last decades, there are still contradictory 

informations about their acute influence on myocardium. The aim of this study was to examine 

the acute effects of nandrolone decanoate (ND) on cardiodynamics and coronary flow in isolated 

rat heart. The hearts of male Wistar albino rats (n=48, 12 per group, age 8 weeks, body mass 

180–200 g) were excised and perfused according to Langendorff technique at gradually increased 

coronary perfusion pressures (40–120 cmH2O). After control sets of experiments, the hearts were 

perfused with ND in dose of 1 µM, 10 µM and 100 µM, successively. Using sensor placed in the 

left ventricle, we registered: maximum and minimum rate of pressure development in the left 

ventricle (dp/dt max and dp/dt min), systolic and diastolic left ventricular pressure (SLVP and 

DLVP) and heart rate (HR). Coronary flow (CF) was measured flowmetrically.                                      

The results clearly show the depression in cardiac function caused by higher doses of ND.                                    

The highest concentration of ND (100µM) induced most deleterious impact on the myocardial 

function and perfusion of the heart (coronary circulation), which could be of clinical significance. 
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Introduction 

Anabolic androgenic steroids (AAS) are synthetic compounds, made up of testosterone 

and its derivatives. When these AAS act via androgen receptor, they produce nearly similar 

anabolic and androgenic effects. Despite some therapeutic use of AASs, there is also wide abuse 

among athletes especially bodybuilders in order to improve their performances and to increase 

muscle growth and lean body mass, taking into account the significant anabolic effects of these 

drugs (Bird et al. 2015). 

AAS have attracted the attention of health researchers because some athletes have been 

using them without prescription and at supraphysiological doses, with the purpose of increasing 

muscle mass or to improve physical performance (Momaya et al. 2015; Nieschlag and Vorona 

2015; Piacentino et al. 2015). The prolonged misuse and abuse of AASs can determine several 

adverse effects, some of which may be even fatal especially on the cardiovascular system because 

they may increase the risk of sudden cardiac death (SCD), myocardial infarction, altered serum 

lipoproteins, and cardiac hypertrophy (Frati et al. 2015). The mechanisms responsible for the 

negative effect of AS on cardiovascular health are poorly understood, especially in humans 

(Angell et al 2012). 

The anabolic androgenic steroid 19- nortestosterone, also called nandrolone, was first 

synthesised by Birch in 1950 (Le Bizec et al. 1999). Studies have demonstrated that treatment 

with nandrolone decanoate increases lean body mass and body weight in wasting or cachexia 

associated with HIV infection (Batterham and Garsia 2001; Gold et al. 1996; Sattler et al. 1999; 

Strawford et al. 1999) chronic obstructive pulmonary disease (Creutzberg et al. 2003; Schols et 

al. 1995), renal failure (Johansen et al. 1999), and long-term use of glucocorticosteroids 

(Crawford et al. 2003).  The use of nandrolone by athletes became popular in the late 1950s. 
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Athletes use nandrolone in an oral or injectable form to increase muscle strength and improve 

performance. As a result of the potential performance enhancing benefits and potential health 

risks associated with anabolic steroid use, the International Olympic Committee (IOC) prohibited 

the use of nandrolone in sport in 1976 (Bowers 2002; Kohler and Lambert 2002; Ryan 1981). 

Today, little is known about impact of ND on cardiovascular system, especially about its 

direct effects on heart. Previous studies reported that these substances (AAS) exert primarily 

anabolic and growth-promoting effects in cardiac tissue (Chaves et al. 2013; Do Carmo et al. 

2011; Egginton 1987; Isaacs et al. 2013; Racca et al. 2012; Riezzo et al. 2014).  Brasil et al 

described that ND induces cardiac and renal remodeling in female rats but without modification 

in physiological parameters (Brasil et al. 2015), and also results of other study showed that 

chronically administered ND is able to disrupt the cellular redox balance, leading to an oxidative 

stress state in heart (Frankenfeld et al. 2014). On the other hand, the use of AAS is frequently 

associated with exercise and chronic administration and a lot of studies, in animal models, have 

attempted to find the relationship between chronic AAS administration with exercise and 

cardiovascular function (Georgieva and Boyadjiev 2004; Phillis et al. 2007; Pozzi et al. 2013).  

In that sense, the aim of this study was to examine the acute effects of nandrolone 

decanoate (ND) on cardiodynamics and coronary flow in isolated rat heart. 

 

Materials and methods 

Experimental animals 

Male Wistar rats were obtained from Military Medical Academy, Belgrade, Serbia. Rats 

had free access to water and food pellets and were kept on 12 h/12 h light/dark cycle. In the 

experimental work were respected the provisions prescribed acts (EU Directive for the Protection 
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of Vertebrate Animals used for Experimental and other Scientific Purposes 86/609/EEC) and the 

principles of ethics. The experimental protocol was approved by the Faculty of Medical Sciences 

Ethics Committee for the welfare of experimental animals, University of Kragujevac, 

Kragujevac, Serbia. 

 

Isolated rat heart preparation 

After short ketamine/xylazine narcosis, emergency thoracotomy was performed, and 

hearts of male Wistar albino rats (n=48, 4 groups, 12 per group, age 8 weeks, body mass 180-

200g) were attached to Langendorff apparatus via aortic cannula. The hearts were retrogradely 

perfused according to the Langendorff technique at gradually increased with perfusion pressure 

(40 cmH₂O – 120 cmH₂O). The hearts were perfused with Krebs-Henseleit solution, which were 

composed of: NaCl 118 mM, KCl 4.7 mM, CaCl₂ x 2H₂O 2.5 mM,  MgSO₄ x 7 H₂O 1.7 mM, 

NaHCO₃ 25 mM, KH₂PO₄ 1.2 mM, glucose 5.5 mM, equilibrated with 95% O₂/5% CO₂ and 

warmed to 37℃ (pH 7.4). 

Immediately after the establishment of automatic operation, a latex balloon was inserted 

into the left chamber, through the incision of the left atrium and destroyed mitral valve. The 

balloon (large enough that pressure was not generated over the LV volume used in experiment) 

was filled with bubble-free saline and connected to a pressure sensor (transducer BS4 73-0184, 

Experimentria Ltd, Hungary) for continuous recording of the parameters of myocardial function.  

 

Physiological assay and experimental protocol 

After heart perfusion commenced, a 30 min period was allowed for stabilization of the 

heart. After an equilibration period (70 cmH₂O), CPP was lowered to 60 cmH₂O and then 
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gradually increased to 80 cmH₂O, 100 cmH₂O, and 120 cmH₂O, and finally lower to 40 cmH₂O. 

After setting up the control experimental protocol (Krebs-Henseleit physiological solution 

[control group]), the hearts of the first group were perfused with 1 µM, the second group with 10 

µM and the third group with 100 µM of ND. 

The test period started immediately after the control experiments to avoid time-dependent 

adverse effects. The flow was considered to be stable at each value of perfusion pressure, when 

three repeated values of coronary flow (CF) were the same. CF was measured flowmetrically. 

Using sensor placed in the left ventricle, we registered the following parameters of myocardial 

function which were continuously recorded in the control and experimental groups:  

a) maximum rate of left ventricular pressure development (dp/dt max); 

b) minimum rate of left ventricular pressure development (dp/dt min); 

c) systolic left ventricular pressure (SLVP); 

d) diastolic left ventricular pressure (DLVP); 

e) heart rate (HR) and 

f) coronary flow (CF). 

 

Drugs 

Nandrolone decanoate (DEKA
®

, 300mg/10ml) was purchased from Genox Laboratory, 

made in EU. 

 

 

Statistical analysis  

Statistical analysis of experimental data included the following basic descriptive statistics: 

the mean value (x̄) standard deviation (SD) and standard error mean (SEM). For testing the 
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normality of distribution parameters, the Kolmogorov-Smirnov test was used. To test the 

statistical significance of the results and to confirm the hypothesis, the following statistical tests 

were used: Student’s t-test (parametric test), for dependent and independent variables. A database 

analysis of the results was performed using software package SPSS 20th (SPSS Inc. Chicago, IL, 

USA). P < 0.05 was considered statistically significant.  

 

Results 

dp/dt max 

While concentrations of 100 µM did not significantly affect dp/dt max over the entire CPP range 

(Fig. 1C), concentration of 1 µM and 10 µM induced a significantly decreases in this parameter 

at CPP 100 cmH₂O and 120 cmH₂O (Figs. 1A and 1B).  

 

dp/dt min 

dp/dt min was the most significantly decreased by: 10 µM at CPP 80 cmH₂O, 100 cmH₂O and 

120 cmH₂O (Fig. 2B), and dp/dt min was decreased by 1 µM ND at CPP 80 cmH₂O and by 100 

µM ND at CPP 120 cmH₂O (Figs. 2A and 2C). 

 

SLVP 

Compared with control conditions, 1µM ND decreased SLVP at CPP 80 cmH₂O (Fig. 

3A). Concentration of 10 µM ND decreased SLVP at CPP 100 cmH2O and 120 cmH₂O (Fig. 

3B), but the higher dose of ND (100 µM) induced more significant decrease of this parameter at 

CPP 120 cmH₂O and 80 cmH₂O (Fig. 3C).  
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DLVP 

Administration of ND in each tested concentration (1 µM, 10 µM, 100 µM) did not 

significantly affect this parameter over the entire CPP range (Figs. 4A, 4B, 4C). 

 

Heart rate (HR) 

Compared with control conditions, only 1 µM ND did not induce significant changes in 

HR (Fig. 5A). Both higher concentrations of ND (10 µM and 100 µM) induced significant 

decrease of HR at all CPP, except 40 cmH₂O, but changes induced by 100 µM ND were more 

significant (Figs. 5B, 5C).   

 

Coronary flow (CF) 

While 1 µM ND did not affect CF over the entire CPP range (Fig. 6A), ND in 

concentration of 10 µM induced significant decrease at CPP 60 cmH₂O, 100 cmH₂O and 120 

cmH₂O (Fig. 6B). Concentration of 100 µM ND induced more significant decrease at CF at CPP 

value 80 cmH₂O and especially at CPP 100 cmH₂O and 120 cmH₂O (Fig. 6C). 

 

Discussion  

The present study aimed to examine the effects of acute administration (1 µM, 10 µM, 

100 µM) of ND (DEKA
®

) on cardiodynamic parameters and coronary autoregulation in isolated 

rat hearts. The main hypothesis of the present investigation was that lower doses of ND may have 

lower impact on isolated rat hearts than higher doses of ND. In this experiment, an artificial 

blood substitute (Krebs-Henseleit solution) was used to closely mimic the physiological state so 
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we could exclude the influence of ND on platelets and examine its direct effect on myocardium 

(Zivkovic et al. 2012; 2013). 

Cardiac contractility was estimated by maximum and minimum rate of LV pressure 

development (dp/dt max and dp/dt min) who are indirect indicators of inotropic and lusitropic 

properties of the heart. In general, our result indicated that acutely administered ND caused 

decrease of both contractility forces of the myocardium at the highest CPP (Figs 3A-C).  

There are lack of data reffering to a direct and acute effect of AAS on the cardiac muscle, 

especially ND, as one of the most commonly abused. Prevous data suggested that a single dose of 

ND (20 mg/kg) can cause any effect on cardiac muscle and concluded that ND exhibits 

cardiotrophic action especially towards the generation of NADPH which is involved in ROS 

hiperproduction (Tylicki et al. 2007). Nevertheless, results of our previous research clearly 

showed that acute administration of ND (in dose of 1-100 µM) is not sufficient for significant 

modification of ROS synthesis in the rat heart (Jevdjevic et al. 2015). Based on these data, it 

seems that molecular basis of ND action on the cardiomyocites does not include oxidative 

damages, but some other mechanisms. Du toit and coworkers (2005) by using same experimental 

model have shown that acute supraphysiological dose of nandrolone (0.375 mg/kg) may enhance 

myocardial cAMP and TNF-α concentrations and thus increase susceptibility for 

ischaemia/reperfusion injury. In addition, studies on cell cultures accentuated that single 

application of AAS in the same doses like in our study induce apoptotic cell death in adult rat 

ventricular myocytes (Zaugg et al. 2001). 

  

On the other hand acute effects of testosterone could be opposite. Golden reported about 

acute actions of testosterone on contractile function of isolated rat ventricular myocytes. His 

study provide the first evidence that short-term androgen exposure acts directly to stimulate 
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contractility of isolated rat ventricular myocytes probably through enhanced calcium entrance and 

removal  (Golden et al. 2005).  

The other important parameters used for assessment of LV function are SLVP and DVLP. 

In the present study, the reduction of SLVP is more pronounced at higher CPP values and the 

concentration of 100 µM induced more significant decrease at this parameter (Figs. 3A-C). This 

result is in agreement with other studies investigating this topic (De Carmo et al. 2011; Egginton 

1987; Exner et al. 1973). Unlikely, systolic function, single administration of ND in each tested 

concentrations did not caused any changes in diastolic function of the LV over the entire CPP 

range (Figs. 4A-C).  

Our results regarding influence of ND on chronotropic properties of the heart are in 

accordance with previous one. Namely, the lowest dose of ND is not sufficient to change HR 

while the higher concentrations (10 µM and 100 µM) decreased it (at CPP 60 cmH₂O to 120 

cmH₂O) (Figs. 5A-C). This data may suggest that acute effect of nandrolone does not disturb 

chronotropic properties of the heart and does not show pro-arrhythmic abilities, which correlates 

with similar experimental data (Phillis et al. 2007). On contrary, in vivo investigations noted that 

ND did not alter cardiac function or the spread of electrical activity through the heart (Phillis et 

al. 2000). It is important to emphasize that difficulties in interpreting experimental data on 

animals (mice and rats) lies in the diversity of experiments (different properties of substances, 

duration of treatment with AAS, dosages used, type, scope and exercise duration).  

 

The results of all cardiac parameters in the present study can be elucidated in the light of 

the effects of ND on CF. Similar to other investigated parameters the lower concentration of ND 

did not affect CF while medium and especially the highest dose induced significant decrease of 

CF proportionally to CPP (Figs. 6A-C). This finding is in correlation with other results regarding 
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cardiac function and shows that impaired contractility and systolic and diastolic function 

correlate with diminished perfusion of the heart, particulary with the highest dose of this AAS.  

The results of the present study provide important insights into the acute and direct effects 

of ND on coronary circulation and myocardial function. Our finding pointed out that highest 

concentration of ND induced most deleterious impact on the myocardial function and perfusion 

of the heart (coronary circulation), which could referring to the different states of anabolic 

steroids overdosage. Nevertheless, further researches with chronic administration of ND are 

needed for clearer explanation of this phenomenon. 
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FIGURE LEGENDS 

 

Fig. 1.  Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on +dP/dtmax in isolated rat 

heart. The values are represented as mean ±SE; *P˂0.05, **P˂0.01 

 

Fig. 2. Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on -dP/dtmin in isolated rat 

heart. The values are represented as mean ±SE; *P˂0.05, **P˂0.01 

 

Fig. 3. Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on SLVP in isolated rat 

heart. The values are represented as mean ±SE; *P˂0.05, **P˂0.01 

 

Fig. 4. Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on DLVP in isolated rat 

heart. The values are represented as mean ±SE; *P˂0.05, **P˂0.01 

 

Fig. 5. Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on HR in isolated rat heart. 

The values are represented as mean ±SE; *P˂0.05, **P˂0.01 

 

Fig. 6. Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on CF in isolated rat heart. 

The values are represented as mean ±SE; *P˂0.05, **P˂0.01 
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Fig. 1.  Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on dp/dt max in isolated rat heart. The 
values are represented as mean ±SE; *P˂0.05, **P˂0.01  

215x279mm (300 x 300 DPI)  

 
 

Page 19 of 24

https://mc06.manuscriptcentral.com/cjpp-pubs

Canadian Journal of Physiology and Pharmacology



Draft

  

 

 

Fig. 2. Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on dp/dt min in isolated rat heart. The 
values are represented as mean ±SE; *P˂0.05, **P˂0.01  
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Fig. 3. Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on SLVP in isolated rat heart. The values 
are represented as mean ±SE; *P˂0.05, **P˂0.01  
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Fig. 4. Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on DLVP in isolated rat heart. The values 
are represented as mean ±SE; *P˂0.05, **P˂0.01  
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Fig. 5. Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on HR in isolated rat heart. The values 
are represented as mean ±SE; *P˂0.05, **P˂0.01  
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Fig. 6. Acute effects of 1 µM (A), 10 µM (B) and 100 µM (C) of ND on CF in isolated rat heart. The values are 
represented as mean ±SE; *P˂0.05, **P˂0.01  
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