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High intensity strength training causes changes in steroid hormone concentra-
tions. This could be altered by the muscular contraction type: eccentric or concen-
tric. The aim of this study was to compare the effect of the completion of a short con-
centric (CON) and concentric/eccentric (CON/ECC) trial on the urinary steroid
profile, both with the same total work. 18 males performed the trials on an isokinet-
ic dynamometer (BIODEX III) exercising quadriceps muscles, right and left, on dif-
ferent days. Trial 1(CON): 4x10 Concentric knee extension + relax knee flexion,
speed 60º/second; rest 90 seconds between each series and 4 minutes between each leg
exercise. Trial 2(CON/ECC): 4x5 concentric knee extension + Eccentric knee flex-
ion under similar conditions. Urine samples were taken before the exercise and one
hour after finishing it. Androsterone, Etiocholanolone, DHEA, Androstenedione,
Testosterone, Epitestosterone, Dehydrotestosterone, Estrone, B-Estradiol, Tetrahy-
drocortisone, Tetrahydrocortisol, Cortisone and Cortisol (free, glucoconjugated and
sulfoconjugated) urinary values were determined using gas chromatography/mass
spectrometry techniques. No significant differences were noted in Total Work and
Average Peak Torque, although Maximum Peak Torque in the CON/ECC trial was
higher than in the CON trial. These results demonstrate no changes in the steroid
profile before and after trials, or when comparing CON to CON/ECC trials. The
data suggest that eccentric contractions do not cause hormonal changes different to
the ones produced by concentric contractions, when they are performed in strength
short trials with the same total workload.
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Endurance strength exercise has been
shown to produce important changes in
the synthesis, metabolism, and urinary
excretion of steroids (13, 18, 26). These
hormones have been used to evaluate the
stress of exercise, thus cortisone and cor-
tisol urinary metabolites are used to eval-
uate organic catabolic activity and testos-
terone and its metabolites to evaluate ana-
bolic activity (14, 22). However, these
hormonal changes also depend on intensi-
ty, workload, number of repetitions,
recovery time and contraction types (8,
21, 24, 29).  Thus, significant changes are
only produced when the load intensity
exceeds 70% of one repetition maximum
(1 RM) (23, 27).

The modifications produced in the hor-
monal metabolism as a result of strength
exercises with different contraction types
have been studied (8, 11, 15). The eccen-
tric contraction has been proved to be
more effective in increasing the protein
synthetic rate (19) and muscular strength
(12), and is able to reach a higher torque
peak than the concentric contraction (7).
However, it has been documented in sev-
eral papers that concentric contraction,
under the same absolute load, generates
higher metabolic stress, higher activation
of the sympathetic nervous system and
motor unity recruitment (4, 9). On the
other hand, the cortisol level was higher in
a concentric protocol than in an eccentric
one, under the same absolute load (11).
However, this higher metabolic stress
seems not to affect the normal androgen
hormonal response, since no significant
changes were observed in total testos-
terone levels (8). Accordingly, in another
study, where the same relative load for the
concentric and eccentric trials was used,
no significant differences were registered
(15).

Studies described above have tried to
compare the steroid hormone response by
using free weights and 1RM to quantify
the load. Nevertheless, the most reliable
method to evaluate muscle strength is an
isokinetic dynamometer, which standard-
izes the exercise performance and quanti-
fies the workload in each protocol, thus
avoiding any possible errors (20).

Therefore, the main purpose of this
research is to observe and to compare the
changes in steroid urinary excretion after
the completion of concentric and concen-
tric/eccentric short trials with the same
total workload, using an isokinetic
dynamometer.

Material and Methods

Subjects.– Eighteen university students,
who did not usually do strength training,
were recruited to participate in this study.
The mean (± SD) physical characteristics
of the subjects were:  age, 24.11 ± 2.61
years; height, 1.75 ± 0.06 m; weight, 72.05
± 8.33 kg; lean mass, 55.59 ± 4.59 kg;
BMC (body mineral content) 2.80 ± 0.41
kg; fat mass 12.91 ± 4.16 kg. Participants
underwent a medical examination to dis-
card the possibility of any pathology and
were screened for dietary habits and use
of anabolic steroids.  Taking steroids or
adherence to a reduced calorie or low fat
diet were exclusion criteria. Subjects were
informed about the procedure of the
study and they all provided consent by
filling in a form. The experiment was
developed in agreement with the policy
statement of the Declaration of Helsinki. 

Experimental design.– The day before
the trial, subjects were evaluated by DXA.
Lean mass, BMC and fat mass were ana-
lyzed. The study employed a counterbal-
anced design which compared the effect of
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the completion of a short concentric and
concentric/eccentric trial on the urinary
steroid profile. The subjects of the study
carried out two trials, with an interval of
five days between them. Each subject did
the trial at the same time of the day to
avoid the influence of circadian rhythms.
The temperature and humidity conditions
were 29±1.6 ºC and 35-40 %, respectively.

The concentric as well as the concen-
tric/eccentric trials were performed on an
isokinetic dynamometer (BIODEX Sys-
tem 3), at a speed of 60 degrees per second.
The concentric trial consisted of the exe-
cution of 4 sets of 10 repetitions for both,
left and right quadriceps. A maximal vol-
untary concentric contraction of the
quadriceps was performed during the
extension. Then, leg was relaxed and
returned to its original position due to
gravity action during the flexion. The
recovery time was 90 seconds between
each set and 4 minutes between each leg
exercise. The concentric/eccentric trial
consisted of the execution of 4 sets of 5
repetitions, on both quadriceps. A maxi-
mal voluntary concentric contraction of
the quadriceps was performed in each
extension and a maximal voluntary eccen-
tric contraction of the quadriceps was per-
formed in flexion, therefore, muscular
contractions performed by each quadri-
ceps were the same in both trials (amount-
ing to 40). The recovery times were simi-
lar to the ones set for the concentric trial.

Based on the isokinetic report, infor-
mation for each leg was collected on the
total workload performed (measured in
Joules), the maximum and the average
torque peak (measured in Newtons per
meter) in order to make sure that the total
workload in both trials was equal.

Urine analysis.– Urine samples were
collected before and one hour after the

completion of both trials. All urine sam-
ples were frozen at –20 ºC until analysis.
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.

The creatinine levels of all the samples
were determined in order to report the
steroid concentrations relative to this fun-
damental urine parameter. The method of
analysis is based on the work of Heine-
gard & Tiderstrom (10). These assays
were performed within 24 h of the urine
collection, using Sigma’s Creatinine 555-
A kit and a UNICAM 5625 spectropho-
tometer.

By using gas chromatography-mass
spectrometry technique (GC/ MS). The
following hormones and metabolites
–in their free, gluconjugated and sulfo-
conjugated fractions– were measured:
Androsterone, Etiocholanolone, DHEA,
Androstenedione, Testosterone, Epitesto-
sterone, Dehydrotestosterone, Estrone, β-
Estradiol, Tetrahydrocortisone, Tetrahy-
drocortisol, Cortisone and Cortisol.
Before their analysis, the urine samples
were prepared for their injection in the
chromatograph through hydrolysis,
extraction and derivation process, as
described (27). The resulting mixture was
transferred to a vial and was immediately
encapsulated in order to avoid a possible
reaction of these components to the
humidity, until the analysis of the solution
by gaseous chromatography took place,
by injecting 1 μL in the chromatograph.
To carry out this analysis, an Agilent gas
Chromatographer 6890N with mass
detector 5973 Network and injector 7683
series, with a Factor Four Capillary Col-
umn VF-1ms, 25 m x 0.25mm internal
diameter, was used. The analyses were
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carried out under the following condi-
tions: carrier gas He, flow rate 0.6
mL/min splitless injection system, solvent
delay 16,90 min, injector temperature of
250 oC. The programmed temperatured
was: 100 oC during 1.5 min; from 100 oC
to 280 oC, 10 oC/min; from 280 oC to 300
oC, 10 oC/min; 300 oC for 2 min.

Statistical analysis.– The statistical soft-
ware program SPSS 15.0 was used to ana-
lyze and process the data. Significant dif-
ferences of the hormonal changes that
took place before and after each trial were
determined by the application of a one-
way repeated measures general linear
model. On the other hand, one-factor
Anova was performed to compare the
hormone changes occurring in the con-
centric and the concentric/eccentric trials.
One-factor Anova was also used to com-
pare the total workload, the torque peak
average and the maximum torque reached
in each trial. A significant level of 95%
was required in all cases.

Results

There were no significant differences in
the creatinine urinary values between
samples before and after the trials in both
the concentric trial (from 1.06 ± 0.24 to
1.12 ± 0.32 mg/ml) and the concentric/
eccentric trial (from 1.11 ± 0.18 to 1.23 ±
0.21 mg/ml).

Table I shows the data referring to the
total workload and the maximum and the
average torque peaks for each leg in the
two trials. It can be observed that the
maximum torque peak, for the right and
left quadriceps, was significantly higher
(p<0.01) in the concentric/eccentric trial
than in the concentric one.

Finally, Table II shows steroid levels
measured after the completion of the con-

centric and concentric/eccentric trials. No
significant differences have been observed
in any of them. Moreover, data of the con-
centric trial have been compared with
those of the concentric/eccentric trial, but
no significant changes have been
observed. 

Discussion

The creatinine excretion remained con-
stant during the trial. Thus, it is known
that creatinine excretion rates are fairly
constant in absence of renal pathology,
therefore this parameter may be used to
determine the real urinary excretion of
steroid metabolites (2).

After analyzing the isokinetic report,
the maximum torque at 60º/s during the
concentric/eccentric trial is higher than
the one reached during the concentric
trial. The eccentric strength can be 20-
50% higher than the concentric strength
(3) and therefore, its torque peak would
be higher in the first one (7). However,
both protocols registered similar values
when the torque peak average was ana-
lyzed, which could show that the torque
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Table I. Comparison of isokinetic values (mean ±
SD) for each leg in the two trials.

Data Concentric Concentric/
Eccentric

Total Workload (J)
Right 6256.56±1152.1 6299.58±1172.9
Left 6374.92±112 6387.47±1103.8

Maximun Peak Torque (N•m)
Right 230.61±28.4 312.28±64.5**
Left 226.48±28.4 295.13±56.3**

Average Peak Torque (N•m)
Right 199.65±24.6 230.51±57.3
Left 193.18±25.3 211.42±55.1

**p < 0.01 vs. concentric trial. N=18.



peak reached can not be maintained
throughout the protocol due to the fatigue
(5, 28).

Focusing on the hormonal changes, the
urinary steroid profile has not changed
significantly following the completion of
both protocols, although maximum effort
was required. Related studies indicate that
the hormonal response appears with high
strength training loads (16, 23). Different
arguments may explain why the urinary
steroid profile remained unchanged. The
intensity of the workload, recovery peri-
ods and the technique are not as impor-
tant as the volume of work in order to
produce hormonal changes (6). In this
study, the volume of the workload of the
protocols were small. On the other hand,
the hormonal response will depend on the
size and the quantity of the activated mus-
cular mass (17, 25). In this study, the pro-
tocols act on only one muscular chain
(quadriceps). Finally, trained athletes
show a higher androgenic response during
the exercise in comparison to the
untrained ones (1). The subjects under

study were university students who did
not usually train, so it could have had
some influence on the results.

When comparing the concentric and
the concentric/eccentric trial, this data
have shown that the contraction type has
not been a deciding factor in order to alter
the urinary steroid profile (androgens and
corticosteroids) in strength short trials.
The androgen response in this research is
consistent with the results reflected in
other studies that suggest that the concen-
tric and eccentric contractions produce
similar total and free testosterone
responses to the same relative workload
(15) as well as the same absolute workload
(8). On the other hand, a research con-
cluded that the concentric contraction
produced higher stress and higher cortisol
levels than the eccentric one (11). In that
study, 4 sets of 12 repetitions at 80% of 1
RM were performed for four different
exercises: bench press, leg extension, mili-
tary press and leg curl; while in this study,
only one quadriceps exercise for each leg
was carried out.
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Table II. Urinary excretion of steroid hormones and their metabolites after the two trials.
Values are expressed as ng steroid/mg creatinine [Mean (SD)] n=18.

Steroid Concentric trial Concentric/Eccentric

Before After Before After

Androsterone 7163.65 (1865.8) 6602.70 (1639.72) 6710.55 (1324.8) 5904.28 (1734.74)
Etiocholanolone 5754.56 (1521.88) 4041.48 (1746.54) 3981.02 (1603.38) 2884.69 (1246.75)
DHEA 122.02 (125.73) 154.06 (205.81) 97.79 (117.13) 118.26 (143.18)
Androstenedione 75.40 (65.26) 74.55 (53.70) 40.03 (33.29) 21.26 (16.90)
Testosterone 259.12 (140.59) 224.35 (166.40) 225.41 (177.25) 214.74 (183.12)
Epitestosterone 213.43 (110.28) 190.09 (134.10) 175.68 (79.03) 163.08 (83.44)
Dehydrotestosterone 199.95 (103.30) 192.45 (130.72) 199.44 (78) 180.73 (165.05)
Estrone 24.17 (6.43) 26.09 (10.18) 22.07 (12.30) 20.03 (6.50)
β-estradiol 11.73 (1.81) 14.09 (10.61) 16.50 (13.38) 13.50 (5.39)
Tetrahydrocortisone 8754.51 (1387.80) 7469.83 (1206.98) 9382.07 (1632.82) 8356.40 (1968.59)
Tetrahydrocortisol 4107.28(1344.88) 4064.03 (1533.22) 4617.98 (1139.91) 4297.50 (1809.39)
Cortisone 413.39 (29.45) 344.15 (81.37) 478.61 (97.82) 410.25 (70.82)
Cortisol 480.21 (36.63) 409.00 (44.43) 700.63 (21.64) 430.80 (63.90)



For all these reasons, we conclude that
significant differences do not exist in the
urinary steroid profile after the comple-
tion of a short concentric and a concen-
tric/eccentric trial with the same total
workload. Factors such as the total work-
load and the number of muscular groups
involved could be more decisive than the
contraction type to produce hormonal
changes in short trials.  Moreover, one
could conclude that an eccentric short
training is a good method to increase the
maximum strength peak without incur-
ring high metabolic fatigue.

R. TIMON, G. OLCINA, P. TOMAS-
CARUS, D. MUÑOZ, F. TORIBIO, A. RAI-
MUNDO y M. MAYNAR. Perfil esteroideo
urinario tras la realización de una sesión de
ejercicio concéntrico y otra concéntrico/excén-
trico con similar carga de trabajo total. J Phy-
siol Biochem, 65 (2), 105-112, 2009.

El entrenamiento de fuerza de alta intensi-
dad provoca variaciones en la concentración de
esteroides. El tipo de contracción muscular,
excéntrica o concéntrica, podría ser un factor
que la alterase. El objetivo de este estudio fue
comparar el efecto de la realización de una
sesión corta de ejercicio concéntrico (CON) y
otra concéntrica/excéntrica (CON/EXC), con
la misma carga de trabajo total, sobre el perfil
esteroideo urinario. 18 hombres realizaron dos
sesiones de ejercicio de corta duración utilizan-
do una máquina isocinética (BIODEX III) en
días diferentes y trabajando los músculos cuá-
driceps de ambas piernas. La sesión de ejercicio
1 (CON) fue un 4 x 10 rep de extensión con-
céntrica de rodilla más relajación en el movi-
miento de flexión, a una velocidad de
60º/segundo y con una recuperación de 90 seg.
entre cada serie y 4 minutos entre cada una de
las piernas. La sesión de ejercicio 2 (CON/
EXC) fue un 4x 5 rep. de extensión concéntri-
ca de rodilla más flexión excéntrica de rodilla,
con las mismas condiciones de velocidad y
recuperación. Muestras de orina fueron se
tomaron antes del ejercicio y una hora después
de finalizarlo. Los niveles urinarios (fracción

libre, glucoconjugada y sulfoconjugada) de
Androsterona, Etiocolanolona, DHEA, An-
drostenodiona, Testosterona, Epitestosterona,
Dehidrotestosterona, Estrona, β-estradiol,
Tetrahidrocortisona, Tetrahidrocortisol, Cor-
tisona y Cortisol, se determinaron usando téc-
nicas de cromatografía de gases-espectrometría
de masas. No se encontraron diferencias signi-
ficativas en los valores de Trabajo Total y de
Pico Torque Medio, aunque los valores de Pico
Torque Máximo fueron más alto en el
CON/EXC ejercicio que en el CON. Tampo-
co se observó ningún cambio en el perfil este-
roideo urinario entre antes y después de las
sesiones de ejercicio, o comparando las sesio-
nes CON/EXC con la CON. Por tanto, los
datos sugieren que las contracciones excéntri-
cas no producen alteraciones hormonales dife-
rentes a las producidas por las contracciones
concéntricas, cuando se trata de sesiones de
ejercicio de fuerza de corta duración con simi-
lar carga de trabajo total. 

Palabras clave: Andrógenos, Corticosteroides,
Carga de trabajo, Concéntrico, Excéntrico, Cro-

matografía de gases-espectrometría de masas.
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