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Abstract:  This study aims to evaluate the effects of the eccentric physical training’s time on daily plasma 

concentrations of testosterone among sedentary athletes. Sixty male athletes, with homogeneous age, size and 

weight were selected for the study during three months. They were subjects to a strength training of the extensor 

and flexor muscles of the knee. After they were divided in two groups of thirty subjects and then had physical 

training either in the morning between 6 and 7, or in the evening, between 16 and 17. The dosage of 

testosterone on each athlete was performed before and after submission to an eccentric physical program at the 

antecubital vein in a restful sitting. Our results have shown that eccentric physical training induces the increase 

of this steroid hormone in the two groups of athletes and the training in the evening promotes better its 

production. Our results also showed that the rate of this androgen drop significantly during the day in both 

groups of athletes trained in the morning or in the evening as well as their respective controls. However, the 

decline was even more pronounced for subjects trained in the morning. 
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I. Introduction 
 The strength training is very specific (Sale et al., 1992). Indeed, highlighting its effects can‘t be done 

effectively only by using during the evaluation tests, the same patterns and speed of movement as those 

implemented at the workout itself (Sale and Dougall, 1981). Thus, it was suggested that the adaptations to 

training may depend on the time of its completion (Souissi et al., 2002). The theoretical basis of the temporal 

specificity of training is based on the fact that the majority of physiological parameters and adaptations to acute 

exercise have a circadian rhythm (Hill et al., 1989). Indeed, the circadian rhythm of muscle’s strength is now 

clearly identified with an observed acrophase between 17 and 19 hours, a batyphase between 4 and 6 hours and 
a range of 3 to 21.2% depending on the population, the muscle group and also the experimental conditions 

(Callard et al., 2000; Gauthier et al., 2001). 

 The circadian rhythm of muscular strength oscillates in phase with the anaerobic performance during 

events such as sprints (Falgairette et al., 2003; Racinais et al., 2005), load/speed (Bernard et al., 1998.) or 

wingate (Souissi et al., 2003). Therefore, the gain of strength by following a muscle building are the result of a 

combination of multiple events, starting from control centers of the corticospinal areas and leading to the 

actuation bridges unions at the periphery. The endocrine system may also play a role in the strength gain. 

Among the hormones secreted by the endocrine glands, testosterone is often mentioned in studies of hormonal 

adaptations to strength training (Kraemer et al., 1990). 

 The testosterone is the main hormone secreted by the testicles. It plays an important role in growth, 

development and maturation of the male skeletal system. It also contributes to the growth of skeletal muscle and 
the development of strength (Ferrando et al., 1998). Infact, the development of the latter is often positively 

correlated with its serum’s concentration (Bhasin et al., 2001; Kvorning et al., 2006). Kraemer et al. (2005) 

noted that the concentrations of this hormone at rest reflect the anabolic status of muscle tissue. The objective of 

our study was to verify the effects of time strength training with eccentric types among the sedentary athletes on 

the daily changes of the plasma concentrations of testosterone. 

 

II.      Materials and Methods 
 Sixty male volunteers’ athletes have been carefully selected to participate in the study. Their average’s 

age, height and weight were respectively ordered as following:  21.82 ± 0.71 years, 1.74 ± 0.04 m and 71 ± 2.82 
kg. The participants were divided on two groups of thirty athletes. The first group has always been put to tests of 

strength along twelve weeks in the morning’s hours between 7 and 8. While, the second one was starting at the 

afternoon hours between 16 and 17. Throughout the period of training, athletes followed a strict hygiene and 

similar life. 

 The selected athletes for our study have a physical training respectively in concentric and eccentric 

during 4 and 8 weeks. They have a strength training of the extensor and the flexor muscles of the knee with 

three sessions per week. Two successive sessions were separated by at least 48 hours. Three units of the gym of 
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the Higher Institute of Sport and Physical Education of Sfax, Tunisia, namely 'Leg Extension', the 'Leg Curl' and 

'Squat' were used. The training program was preceded by determining the maximum repetition (RM-1) at each 

unit. The 1-RM was adjusted after every four weeks of training. During the first four weeks of training, light 
loads (60 and 70% 1-RM), and the mode of concentric contraction, were imposed to prepare participants for the 

eccentric drive. For last weeks, the training was based on eccentric contractions with heavy loads (100, 110 and 

120% of 1-RM).Thus the athletes curb without blocking the movement resulted by the training charge during 

the downswing phase at each unit. Every athlete has only one session’s test daily with a rest of 24 hours. 

 The dosage of testosterone among each athlete was always done before and after submission to 

physical programs at the antecubital vein in a restful sitting position. Each blood’s sample was collected in a 

tube (EDTA) and frozen in nitrogen liquid at -70°C before biochemical analysis. The Plasma concentrations of 

testosterone were determined in the laboratory of biochemistry at the University Hospital’s center of Habib 

Bourguiba, Sfax by ELISA (Enzyme Linked Immunosorbent-Assay) according to the method described by 

Singh et al. (2011). The normal range was calibrated and then 25μl serum samples were taken in the well plates. 

 100μl of enzyme conjugate was added in each well. After that, it was left for incubation at 37°C in 
incubator for 1 hour. Then, the wells were washed with 300μl distilled water for at least 3 times and blotted. 

Then, 100μl TMB solution was added as substrate in each well plate and was again left for the incubation for 15 

minutes for the color. Finally, 100μl stop solution was added in each well to stop the reaction. Reading was 

taken at 630nm through Merck ELISA reader in ng/ml value. 

 The Analysis of variance (ANOVA) of results was made following a randomly complete block design 

(Snedecor and Cochran, 1957) by the GLM procedure of the SAS statistical package (SAS Institute, 1989). 

Homogeneity of variance was verified by the standard Bartlett test (Anderson and McLean, 1974). 

 

III. Results 
 The mean values of serum testosterone concentrations measured in the morning, the noon or in the 

evening before and after physical training in eccentric among athletes are presented in figs 1 and 2. 

3,8

4

4,2

4,4

4,6

4,8

5

5,2

5,4

7 12 17

Blood samplig's hours

Before training

After training

T
e

s
to

s
té

ro
n

e
 

(n
g

/m
L

)

 
Figure 1: Daily evolution of plasma testosterone athletes before and after submission to physical eccentric 

training between 7 and 8 o'clock in the morning. Vertical bar show average ± SD for 30. 
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Figure 2:  Daily evolution of plasma testosterone among athletes before and after submission to physical 

eccentric training between 16 and 17 o'clock in the evening. Vertical bar show average ± SD for 30. 
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        The submission of athletes to an eccentric physical training in the morning or in the evening for three 

months increased plasma testosterone concentrations compared to respective controls (Figs 1 and 2) with P < 

.01. However, this increase appears to be significantly just in the group of athletes who have always training in 
the evening with P < .01. 

        The plasma testosterone concentrations decreased significantly during the day and this for the athletes 

trained either in the morning or in the evening as well as their respective controls (P < .001) (Figs 1 and 2). 

However, the fall of the levels of this hormone seems to be more pronounced among the athletes who have been 

subjected to physical training in the morning (P < .001). 

 

IV. Discussion 
 It is well established that strength training among men who practiced weightlifting or bodybuilding 

stimulate the growth of muscle mass and that it is often positively correlated with the serum concentration of 
chronic testosterone (Bhasin et al., 2001; Kvorning et al., 2006). This hormone, which could be of testicular or 

adrenal origin, involved in the stimulation of protein synthesis, often has a peak activity at night (Touitou and 

Haus, 2000). Thus, the measurement of plasma concentrations of testosterone can account for circadian 

variations of anabolic status of muscle areas (Bird and Tarpenning, 2004). 

  Our study showed that the submission of athletes to eccentric physical training during eight weeks 

either in the morning or in the evening significantly increased plasma concentrations of testosterone base. This 

is consistent with the observations of Kramer et al. (2005) who reported that the sustained muscle activity but 

limited in time is often accompanied by a rapid rise in testosterone, which is distinct from that of other 

androgens, which often leads to periodic changes of chronic and non-testosterone levels which reflect the basic 

anabolic status of muscle tissue. The increased production of the androgen hormone in response to eccentric 

exercise might be the consequence of the reduction in plasma volume with hemo-concentration and increased 
blood viscosity, on the one hand, and an increase in testicular perfusion in the other hand. Similarly, Cadoux-

Hudson et al. (1985), in their work using radioactive testosterone, have been able to demonstrate that moderate 

increases in plasma testosterone response to moderate exercise are the result of decreased hepatic clearance. 

 Our results also showed that the plasma levels of testosterone decline in athletes trained or not, during 

the day, but faster for those who were still subject to eccentric exercise in the morning, which is consistent with 

results by Sedliak et al. (2007). Indeed, the decline rate of the anabolic hormone whose peak production was 

still observed at night could be attributed to shrug blood levels of cortisol (Cook et al., 2013). 

 

V. Conclusion 
 Our study shows that the production of testosterone in athletes is largely influenced by the time of 

eccentric exercise. Indeed, it is the training evening that best promotes its production. 
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