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ABSTRACT 

 

Performing high-intensity physical exercise constitutes an important stressor 
which produces important alterations in hormonal metabolism. The aim of this 
study was to assess the acute effect of a competitive handball match on the 
urinary excretion of steroid hormones in young female players. To that end, the 
urinary profiles of the free and glucuroconjugated steroid hormone fractions in a 
group of 19 players (18.47 ± 2.26 years old), belonging to several teams in the 
Regional Junior-Senior Extremaduran League, were determined  both before 
and after the same match. In order to determine and quantify the steroids, a gas 
chromatography-mass spectrometry technique (GC/MS) was used. On the one 
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hand, the results obtained after the match showed a significant increase in 
cortisone, tetrahydrocortisol and total glucocorticoids concentrations. On the 
other hand, when the ratio of the total amount of anabolic hormones to the total 
amount of catabolic hormones was analysed, an important decrease was also 
observed. We can therefore conclude that both acute physical exertion and 
physcological and emotional stress induced by the competitive handball match, 
were objectively reflected in an immediate alteration of the urinary steroid 
profile, a decrease in their anabolic state and an increase in their catabolic 
state. 

 

KEY WORDS: Androgens, Glucocorticoids, Stress, Women, Handball 

 

RESUMEN 

 

La realización de ejercicio físico de alta intensidad es un importante 
agente estresante y va a provocar importantes variaciones del metabolismo 
hormonal. El siguiente estudio trató de evaluar el estrés agudo que un partido 
de competición de balonmano tuvo sobre la excreción urinaria de hormonas 
esteroideas de jóvenes jugadoras de balonmano. Para ello, se determinó el 
perfil urinario de la fracción libre y glucuroconjugada de las  hormonas 
esteroideas en un grupo de 19 jugadoras  (18,47 ± 2,26 años de edad), de 
diferentes equipos de la Liga Regional Juvenil-Senior de Extremadura, antes de 
un partido y después del mismo. Para la determinación y cuantificación de los 
esteroides se utilizó la técnica de cromatografía de gases acoplada a un 
espectrómetro de masas (GC/MS). En los resultados obtenidos tras el partido 
se observó un incremento significativo de las concentraciones  de cortisona, 
tetrahidrocortisol y de los glucocorticoides  totales. Por otro lado, al analizar el 
cociente entre el total de hormonas anabólicas y el total de hormonas 
catabólicas, también se detectó un descenso importante de dicho cociente. Por 
tanto, se puede concluir que el esfuerzo físico agudo y el estrés psicológico y 
emocional que supuso un partido de balonmano de competición, quedó 
reflejado objetivamente a través de una alteración inmediata del perfil 
esteroideo urinario, disminuyendo el estatus anabólico y aumentando el estatus 
catabólico.  

 

PALABRAS CLAVE: Andrógenos, Glucocorticoides, Estrés, Mujer, Balonmano 

 

 

INTRODUCTION 

 

A vast number of scientific studies have demonstrated that physical exercise 
constitutes a form of stress, not only physiological and biochemical stress, but 
also physcological stress (Guezennec et al., 1995; Furuya et al. , 1998). 
Therefore, physical activity produces a change  in the regulation and activation 
of the hypothalamic-pituitary-testicular axis in men (Goldstein and Kopin, 2007;  
Timon et al. , 2007) and in the hypothalamic-pituitary-ovarian axis in women 
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(Warren and  Shantha, 2000; Van Eenoo et al. , 2001), which in turn alters 
hormone production. (Zhou et al. ,  2000; Bosco et al. , 2000; Hakkinen et al. , 
2000). This alteration of hormone production is especially relevant in the group 
of steroid hormones, since stress caused by physical exercise can alter the 
pituitary synthesis of gonadotropins (FSH and LH) and adrencorticotrophic 
hormone (ACTH), leading to an hormonal imbalance (Warren and Shantha 
2000; Traustadottir et al. , 2004).  

 

On the one hand, glucocorticoid levels increase acutely in response to any form 
of stress which poses a threat to corporal homeostasis. It is widely accepted 
that the secretion of glucorticoids is a classic endrocrine response to stress 
situations (Sapolsky et al. , 2000), and many authors consider tetrahydrocortisol 
and tetrahydrocortisone, the main urinary metabolites of cortisol and cortisone 
respectively, as indicators of cellular catabolism, the rate of 'wear and tear' 
caused by stress and the activation of the pituitary-adrenal axis (Nishikaze and 
Furuya, 1998; Kano et al., 2001; Timon et al., 2007). On the other hand, 
androgens (testosterone, DHEA and androstenedione) clearly promote 
anabolism , and these hormones are considered as indicators of 'repair and 
recovery' from  'wear and tear' caused by stress situations (Nishikaze, 1993; 
Nishikaze and Furuya, 2000; Kano et al. , 2001). Likewise, acute physical stress 
has been associated with decreases in urinary levels of androsterone and 
etiocholanolone, the main testosterone metabolites (Timon et al. , 2008).  

 

Handball is predominantly an aerobic sport which involves explosive-type 
movements which rely on anaerobic metabolism. At the same time, practising 
this sport also requires great agility and many conditional factors, such as 
explosive strength and speed of movement and quick reactions. All of these 
physical requirements, along with other specific factors in sports competitions, 
such as the attitude of the spectators, the intervention of the referees, the 
players' image in front of their friends and relatives, may create physical, 
psychological and emotional tension in the players, which has a decisive  
influence on physiological and biochemical parameters. 

 

Hence, the aim of this study is to assess the acute effect of a handball match on 
the urinary steroid hormone profile of young female handball players. 

 

MATERIAL AND METHODS 

 

Subjects 

 

The participants of this study were 19 female players (18.47 ± 2.26 Age yr; 1.64 
± 0.01 Height cm; 58.96 ± 2.75 Weight kg)  belonging to 3 of the 4 teams which 
played the semifinals of the 'Extremaduran Cup' female handball competition in 
the Junior-Senior category. Prior to the study, we collected information about the 
players' menstrual cycles and their general health, and we asked them if they 
were taking any medicines. Those players who did not meet the eligibility 
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requirements were excluded from the study. The requirements were: to have 
regular periods, to have played more than 30 minutes of the match, not to have 
any illnesses or diseases and not to have taken any hormonal medicines (oral, 
vaginal or dermal contraceptives) in the 6 months prior to the competition. 12 of 
the subjects  were in the follicular phase of their menstrual cycles and 7 of them 
were in the luteal phase. This information was obtained from a personal 
interview based on a direct and simple survey carried out by the members of 
the research group and designed by medical staff for this very purpose. The 
nature of the study was explained to them and they were informed of the 
procedures to be followed.They voluntarily agreed to be the subjects  after 
reading and  signing an informed consent form (in the case of minors it  was 
signed by their parents or legal tutors). Each participant was assigned a code in 
order to protect the anonymity and confidentiality of the research subjects. Once 
the study had been terminated, the samples were destroyed in order to 
guarantee that there would be no further use of them. 

 

The analysis of the urine samples 

 

Urine samples were taken from all the subjects before the warm-up prior to the 
match (initial sample) and 5 minutes after the match had finished (final sample). 
The handball matches were played between 5pm and 8pm. The samples were 
then taken to the laboratory where they were frozen at  – 20° C in order to 
prevent deterioration before treating and analysing them. Interpretation of the 
analytical data of the urine assays requires the sample density to be in the 
range of 1,005-1,025 g/ml, and the pH to be in the normal range of 4.7-7.8. All 
the study samples fulfilled these conditions. Likewise, the level of creatinine in 
all the samples was determined to assign values to steroid concentration  in 
relation to this fundamental urinary parameter, using the Haeckel technique 
(1981). This parameter is used to determine the degree of urinary 
concentration, eliminating the possible variations caused by the dilution of the 
sample (Maskarinec et al., 2005). 

 

The analysis of urinary androgens and estrogens was performed by gas 
chromatography-mass spectrometry in accordance with Galán et al. (2001) and 
the analysis of glucorticosteroids in accordance with Rivero et al. (2001). The 
devices used for  androgens were an HP-5890 Series II gas chromatograph 
equipped with a simple quadruple HP-5972 mass spectrometer (GC/MS 
system, SIM mode), and a Varian 3800 gas chromatograph coupled to a Saturn 
2000 mass–mass (ion-trap) spectrometer (GC/MS/MS system) for 
glucorticosteroids. The conditions for the analysis of androgens were: carrier 
gas He N-50, flow-rate 1 ml/min, split 40, temperature 280°C at the detector and 
280°C at the injector. The column was a HP-1 (Crosslinked Methyl Silicone 
Gum) (25m X 0.2 mm X 0.33 µm). The oven temperature program was: initial, 
120°C for 2 min; 1st ramp, 20°C/min–200°C; 0 min; 2nd ramp, 5°C/min–240°C, 
5 min; 3rd ramp, 30°C/min–300°C, 5min. The detector temperatures were: trap, 
200°C; manifold, 50°C; and transfer line 280°C. The detector emission current 
was 70, and the mass range was from 100 to 700. The conditions for the 
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analysis of glucorticosteroids were: carrier gas He N-50, flow-rate 1 ml/min, split 
40, temperature 280°C at the detector and 280°C at the injector. The column 
was a Tacer (TRB-1 stationary phase) (25m X 0.25mm X 0.33 µm). The oven 
temperature program was: initial, 120°C for 2 min; 1st ramp, 20°C/min– 240°C, 
7 min; 2nd ramp, 20°C/min–300°C, 5 min. The detector temperatures were: 
trap, 200°C; manifold, 50°C; and transfer line 280°C. The mass range was from 
150 to 650. 

 

The steroid hormones examined were: testosterone, androstenedione, DHEA, 
androsterone and etiocholanolone (the main metabolites of testosterone) 
cortisol, cortisone, tetrahydrocortisol and tetrahydrocortisone (the main 
metabolites of cortisol and cortisone respectively). Two ratios were also 
examined to assess the anabolic/catabolic state of the female players after the 
match: testosterone/cortisol and androgens total sum /glucocorticoids total sum. 

 

Table 1 shows the retention times and characteristics of each of the hormones 
studied. 

 
Table 1. Hormones with their retention times and characteristic ions. 

Hormone Retention time (min) Ions 

Testosterone 21.949  432,417  

Androstenodione 21.743  415,430  

DHEA 21.090  417,432,327  

Androsterone 20.398  419,434,329,239  

Etiocholanolone 20.543  434,419,329  

Cortisol 29.897  632,637  

Cortisone 28.401  630,616  

Tetrahydrocortisol 27.092  637  

Tetrahydrocortisone 26.419  635,530,442  

 

The quantative analysis of the samples was carried out using calibration curves  
of each hormone and the internal standard method. First,  standard solutions 
that had a concentration of 20mg/l were made up. The necessary quantity was 
taken from these standard solutions so that in 2 ml of synthetic urine there 
would be a desired steroid concentration of 10, 20, 40, 100, 200, 400 ng/ml. 
The procedure consisted in adding a known quantity of internal standard to the 
test  sample and calculating the analyte/internal standard area ratio. The 
resulting ratio was plotted on each of the calibration curves (Table 2).  
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Table 2. Calibration curves of the steroid hormones studied with their corresponding coefficient 

of determination. 

Hormone Equation R
2 

Testosterone y=1.2127x-0.0001 0.99 

Androstenodione y=0.8864x-0.0024  0.99 

DHEA y=0.8875x-0.0078  0.99 

Androsterone y= 0.0312x+0.0014  0.99 

Etiocholanolone y=1.9642x+0.0248  0.99 

Cortisol y=0.2648x-0.0647  0.99 

Cortisone y=0.1894x-0.0364  0.99 

Tetrahydrocortisol y=0.1716x-0.0245  0.99 

Tetrahydrocortisone y=0.0090x-0.0012  0.99 

 

In order to carry out the validation of the method, the limits of detection and 
limits of quantifications (Table 3) were established according to the following 
calculations. The limit of detection can be defined according to the “3s” criterion, 
which states that the limit of detection (LOD) is the analyte concentration which 
provides the net signal which equals 3 times the standard deviation of the target 
signal (Sb). 

 

LOD = (yc – yb) / b = (3sb) / b 

 

Where: Sb is the standard deviation of blank, b the calibration curve slope, yc  
the critical value of the brute signal and  yb the average of the target signals. 

 

On the other hand, the limits of quantification (LOQ) were obtained by the 
following formula:  

 

LOQ = (10sb) / b 

 
Table 3. Limit of detection and limit of quantification for each of the hormones studied. 

Hormone LOD (ng/ml) LOQ (ng/ml) 

Testosterone 0.40  1.33  

Androstenodione 0.54  1.81  

DHEA 0.54  1.81  

Androsterone 15.46  51.54  

Etiocholanolone 0.25  0.82  

Cortisol 1.82  6.07  

Cortisone 2.55  8.49  

Tetrahydrocortisol 2.81  9.37  

Tetrahydrocortisone 53.60  178.68  

 

Statistical analysis 

 

The SPSS 17.0 program for Windows was used for the statistical analysis of the 
variables. We analysed the normality of distribution of the variables using the 
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Shapiro-Wilk test and the homogeneity of variance with the Levene test. Once 
these requisites had been checked, we applied the generalized linear model for 
repeated measures to check the differences between the results obtained from 
before and after the handball match. A 95% significance level was required in all 
cases. The results are expressed as mean ± standard deviation. 

 

RESULTS 

 

Table 4 shows the urinary concentrations of androgenic hormones. No 
significant  differences between the results obtained from before and after the 
match were observed. 

 
Table 4. Urinary androgen concentrations  (ng steroid per mg creatinine). Results are 

expressed as mean  ±  standard deviation. 

Hormone Initial Final Significance 
level 

Testosterone 24.11 ± 8.57 25.5  ± 7.85 NS 

Androstendione 1.66 ± 0.52 1.48 ± 0.7 NS 

DHEA 24.99 ± 8.24 19.93 ± 11.63 NS 

Androsterone 1006.88 ± 681.04 994.41 ± 777.41 NS 

Etiocholanolone 975.41 ± 295.78 933.23 ± 574.02 NS 

Total Androgens 2085.31 ± 875.14 1982.33 ± 1038.13 NS 

NS  Differences not statistically significant. 

* Statistically significant (p<0,05). 

 

Table 5 shows the glucocorticoid values. There are very significant increases 
(p<0,01) in urinary cortisone, tetrahydrocortisol and total glucocorticoids 
concentrations. The changes in cortisol and tetrahydrocortisone concentrations 
were not significant. 

 
Table 5. Urinary glucocorticoids concentrations (ng of steroid/mg of creatinine). Results are 

expressed as mean ±  standard deviation. 

Hormone Initial Final Significance 
level 

Cortisol 62.59 ± 33.55 100.01 ± 48.15 NS 

Cortisone 51.27 ± 33.69 119.37 ± 60.98 ** 

Tetrahydrocortisol 953.58 ± 600.38 1841.93 ± 915.11 ** 

Tetrahydrocortisone 813.03 ± 1025.9 1457.41± 1176.28 NS 

Total glucocorticoids  1922.65 ± 737.88 3394.91 ± 1366.78 ** 

NS  Differences not statistically significant. 

* Statistically significant (p<0,05). 

 

Table 6 shows the variations in the anabolic/catabolic ratios after the match. 
There is a significant decrease (p<0, 05) in the total androgens/total 
glucocorticoids ratio. 
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Table 6. Variations in the anabolic/catabolic hormones ratio (steroid ng per creatinine mg). 

Results are expressed as mean ±  standard deviation. 

Hormone Initial Final 
Significance 

level 

Testosterone/Cortisol 0.44 ± 0.32 0.33 ± 0.25 NS 

Total Androgens/ 

Total Glucocorticoids 

1.07 ± 0.83 0.58 ± 0.42 * 

NS  Differences not statistically significant. 

* Statistically significant (p<0,05). 

 

DISCUSSION 

 

With respect to androgens, no significant differences in their urinary 
concentrations between before and after the match were observed, and for this 
very reason, not much research is done on androgenic response in women who 
do physical exercise. Bricout et al. (2003) conclude that doing regular physical 
exercise could play an important role in androgenic metabolism in women, 
nevertheless, there is no consensus with respect to androgenic changes 
caused by acute effort. On the one hand, increases in testosterone and 
plasmatic DHEA have been observed in women after doing intense exercise 
(Cumming and Rebar, 1985; Keizer et al., 1987). On the other hand, there are 
studies which do not find any significant changes in androgenic levels in woman 
after finishing a basketball match (Filaire and  Lac, 2000). Hence, some 
research studies say that androgenic response to effort in women depends on 
exercise type and intensity (Tsai et al. , 2001), in such a way that exercise which 
is predominantly aerobic, such as handball, will not lead to significant changes 
(Zhou et al. , 2000; Filaire and Lac, 2000).  It is important to state that the 
variations which occur in urinary androgen concentrations in women as a 
consequence of physical exercise are independent of the phase of the 
menstrual cycle in which they are, as it has been shown that these urinary 
levels do not present significant changes throughout the whole menstrual cycle 
(Burger, 2002;  Bricout et al. , 2003).   

 

With respect to glucocorticoids, a general increase in all of them was observed, 
above all in cortisone, tetrahydrocortisol and total glucocorticoids. Cortisol and 
cortisone are steroid hormones used to assess stress situations (Loucks and 
Horvath, 1984; Daly et al., 2005), as are their metabolites (tetrahydrocortisol 
and tetrahydrocortisone) (Nishikaze and Furuya, 1998; Timon et al., 2008). 
Therefore, this increase in glucocorticoids shows an increase in catabolic 
metabolism. As a result, it is widely accepted that the secretion of 
glucocorticoids is a classic endocrine response to fatigue and competiton 
(Sapolsky et al., 2000; Daly et al., 2005), and there are many studies which 
have been carried out on women which show increases in cortisol and cortisone 
after doing intense exercise, such as marathons (Hale et al., 1983), cycling 
(Bouget et al., 2006) and even handball (Filaire et al., 1996).  

 

Finally, in order to assess the sportswomen's fatigue level two different ratios 
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have been used. The androgen/glucocorticoid ratio may indicate the subject's 
anabolic/catabolic state. (Fischer et al., 1992). The testosterone/cortisol (T/C) 
ratio is one of the most common ratios used for fatigue assessment. 
Nevertheless, we must bear in mind that this ratio is used above all in studies 
on men (Madelenat et al., 1997; Shammin et al., 2001), since levels of 
plasmatic testosterone in women are lower than in men, and besides, a large 
amount of female androgens are produced in the suprarenal gland (DHEA and 
androstendione), so using this ratio in studies on women could lead to biased 
results. This fact is clear when we observe that the total androgens/total 
glucocorticoids ratio was sensitive to fatigue induced by the handball match, 
and in this case, a significant decrease did occur. 

 

CONCLUSIONS 

 

To sum up, acute physical exercise and, possibly, physcological and emotional 
effort, induced by the match, was reflected objectively in an immediate 
alteration in the steroid profile. An increase in the levels of glucocorticoids and a 
decrease in the total androgens/total glucocorticoids ratio occurred. These 
variations in the urinary steroid profile as a consequence of competiton should 
be taken into account by national anti-doping organisations and by sports 
federations which monitor sportspeople's urinary steroid profiles, in order to 
prevent errors being made in anti-doping analysis. 
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