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Abstract Conventional resistance exercise is performed
using sequential concentric (CON) and eccentric (ECC)
contractions, utilizing the same muscle load. Thus, rel-
ative to maximal CON and ECC resistance, the ECC
contraction is loaded to a lesser degree. We have recently
shown that at the same absolute load, CON contractions
are associated with greater growth hormone (GH) but
similar total testosterone (TT) and free testosterone (FT)
responses compared with ECC contractions and attrib-
uted the larger GH response to greater relative CON
loading. In the present study, we have examined the
same endocrine parameters to six different upper and
lower body exercises using relative loading rather than
absolute loading, hypothesizing that GH responses
would be similar for CON and ECC actions, but TT and
FT responses would be greater after ECC contractions.
Seven young men with recreational weight training
experience completed an ECC and CON muscle con-
traction trial on two different occasions in a counter-
balanced fashion. The exercises consisted of four sets of
10 repetitions of lat pull-down, leg press, bench press, leg
extension, military press, and leg curl exercises at 65% of
an ECC or CON 1–RM with 90 s between sets and
exercises. CON and ECC actions were performed at the

same speed. ECC 1-RMs were considered to be 120% of
the CON 1-RM for the same exercise. Blood samples
were collected before, immediately after, and 15 min
after the exercise. GH significantly increased across both
trials but was not different between the two trials. Total
testosterone was not significantly altered in response to
either trial; however, free testosterone concentrations
increased in response to both ECC and CON trials.
Data suggest that CON and ECC muscle contractions
produce similar GH, T, and free testosterone responses
with the same relative loading.

Keywords Growth hormone Æ Testosterone Æ Free
testosterone Æ Muscle contraction

Introduction

Factors affecting different metabolic and endocrine re-
sponses to resistance exercise protocols include degree of
muscle loading, repetition of contractions, rest period
between sets, and form of muscle contraction (Dudley
et al. 1991; Durand et al 2003; Kraemer et al 1990,
1991). Eccentric muscle contractions (ECC) have been
shown to be effective in increasing protein synthetic rate
(Lowe et al. 1995; Wong and Booth 1990) and muscle
strength (Colliander and Tesch 1990; Hortobagyi et al.
2000). Moreover, there is evidence from studies involv-
ing isokinetic contractions that maximal ECC muscle
training leads to greater neural adaptations and hyper-
trophy than maximal concentric (CON) muscle training
(Higbie et al. 1996; Hortobagyi et al. 1996). Determining
hormonal and metabolic responses to CON and ECC
muscle actions is important in order to develop appro-
priate resistance exercise protocols and equipment that
optimizes muscle adaptation for both athletic popula-
tions and patients recovering from injury.

Several anabolic hormones, including growth hor-
mone (GH) and testosterone, are known to affect pro-
tein synthetic rate. A study by Kraemer et al. (2001)
reported GH responses to CON isokinetic contractions
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greater than ECC isokinetic contractions, but not CON/
ECC isokinetic contractions. Isokinetic contractions
have been employed in most studies examining the ef-
fects of CON and ECC contractions; however, normal
resistance training is typically performed with dynamic,
sequential CON and ECC contractions using a constant
external load for multiple exercises. At the same abso-
lute load, CON contractions produce greater sympa-
thetic activation (Carrasco et al. 1999), blood lactic acid
levels (Carrasco et al. 1999; Overend et al. 2000), and
motor unit recruitment (Enoka 1996) than ECC con-
tractions. Thus, ECC contractions have greater loading
capacity than CON contractions and during conven-
tional resistance exercise ECC contractions are under-
loaded (Hortobagyi et al. 1996).

Using the same absolute load, we recently demon-
strated that submaximal ECC contractions produce less
GH response but similar total testosterone (TT) and free
testosterone (FT) responses than CON contractions and
speculated the greater CON GH response was due to
greater relative CON loading (Durand et al. 2003). We
conducted the present study to examine the responses of
the same endocrine parameters to separate muscle ac-
tions (CON and ECC) of six different upper and lower
body exercises accounting for greater ECC strength
using similar relative loading. We hypothesized that by
using a greater relative loading protocol for ECC con-
tractions there would be greater GH, TT, and FT
responses than with our previous protocol, resulting
in comparable CON and ECC GH levels, but greater
TT and FT concentrations in response to ECC muscle
actions.

Methods

Research design

A counterbalanced design was used to compare hor-
monal responses to different CON and ECC muscle
actions using relative loading. Subjects completed two
preliminary trials on separate days to collect descriptive
data. Then one-half of the subjects completed a CON
trial followed by the ECC trial on a separate day. The
other half of the subjects completed the ECC trial first
followed by the CON trial. The average time between
trials was 13±2.7 days. Serum levels of GH, TT, FT,
and plasma levels of lactate sampled before, immediately
after, and 15 min after exercise were the main outcome
measures of the study (Fig. 1).

Study approval was granted by the Institutional Re-
view Board of Southeastern Louisiana University. Seven
adult males were recruited from the Southeastern Lou-
isiana University student population, gave written con-
sent for study participation, and completed the study.
The mean (± SE) physical characteristics of age,
height, weight, and body fat (calculated by skinfold
assessment) were 25.71±2.17 years, 181.79±2.21 cm,
98.50±18.90 kg, and 18.35±2.61%, respectively.

A medical history and lifestyle questionnaire was
used to screen the subjects before participation. Criteria
for inclusion were 20–36 years of age and a minimum of
2 years recreational weight training experience. Criteria
for exclusion were (1) history of cardiovascular, pitui-
tary, renal, hepatic, or metabolic disease; (2) taking
medications that could alter test results (e.g., anabolic
steroids, sympathoadrenal drugs); (3) smoking; (4)
adherence to a reduced calorie or low-fat diet or keto-
genic diet that could affect hormonal levels; (5) use of
over-the-counter ergogenic aids within the past month;
and (6) participation in competitive bodybuilding or
weight lifting in the previous year.

Preliminary trials (sessions 1 and 2)

Subjects completed two preliminary trials to determine
anthropometric data, familiarize subjects with the lifting
equipment and protocols, determine the CON 1-RM for
each exercise, and establish reliability for the 1-RM
determinations. After height and weight were recorded,
body composition was determined using a four-site
(abdomen, suprailiac, triceps, and thigh) skinfold
equation (Jackson and Pollock 1978). A CON 1-RM for
each exercise was then determined using a modified
protocol (Durand et al. 2003) from Kraemer et al.
(1991). The ECC 1-RM for each exercise was calculated
as 120% of the respective CON 1-RM, based upon
previous data that suggest that ECC 1-RM is 20–50%
greater than the CON 1-RM (Bamman et al. 2001).
Through pilot data we found that 65% of 20% > CON
1-RM for ECC contractions and 65% of CON 1-RM for
CON contractions best equalized perceptions of stress
and ensured completion of protocol for the respective
muscle actions. The CON and ECC 1-RMs for each
exercise are shown in Table 1.

CON and ECC trials

Subjects arrived at 0745 hours and a resting blood
sample was collected at 0800 hours. Using weight stack
machines, subjects then completed four sets of 10 rep-
etitions at 65% of a CON or ECC 1-RM for lat pull-
down (LTP), leg press (LP), bench press (BP), leg
extension (LE), military press (MP), and leg curl (LC)
exercises. Second and third blood samples were taken
immediately after exercise and 15 min following exer-
cise. The blood sample time points were based on
several of our previous studies in which the hormonal
responses to resistance exercise were observed (Durand
et al. 2003; Kraemer et al. 1992, 1995). Total exercise
time was approximately 45 min. Ninety seconds of rest
was included between each set and exercise based on
previous studies that have used similar rest period
lengths and produced increases in GH and TT (Durand
et al. 2003; Kraemer et al. 1992, 1995). For the CON
trial, subjects lifted the weight and technicians lowered
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the weight stack with steel bar extensions or a pulley;
for the ECC trial, technicians lifted the weight stack
with steel bar extensions or a pulley, and subjects
lowered the weight. Each repetition was performed to
the taped rhythm of a timed voice so that the weight
was consistently lifted or lowered in 2 s, for the CON
and ECC trials, respectively.

Blood analyses

Blood samples were analyzed for lactate, hemoglobin,
hematocrit, GH, T, and FT. An enzymatic colorimetric
assay was used to determine lactate (Trinity Biotech, St
Louis, MO, USA) and hemoglobin (Pointe Scientific,
Canton, MI, USA). Hematocrit was determined by the
microhematocrit method. Plasma volume shifts were
determined from hematocrit and hemoglobin (Dill and
Costill 1974). GH was determined using a sensitive
chemiluminescent enzymatic immunoassay (Immulite,
Diagnostic Products Corp, Los Angeles, CA, USA).
TT and FT were determined by radioimmunoassay
(Diagnostic Systems Laboratories, Webster, TX, USA).
GH, TT, and FT were determined in one assay. Intra-
assay coefficients of variation were all less than 5.0%.

Statistics

Hormones and lactate were analyzed using separate
2·3 (trial · time) ANOVAs with repeated measures on
the second factor; n=7 for all analyses except FT,

n=6, due to insufficient serum for one subject. The
trial factor represented CON and ECC trials and the
time factor represented pre, post, and 15 min recovery
times. A Scheffe test was conducted where appropriate.
ANOVA analyses of GH, TT, FT, and lactate were
followed by calculation of eta-squared, an indicator of
effect size that provides the amount of variance ex-
plained by specific factors in the ANOVA. For exam-
ple, an eta-squared of 0.17 for the time factor would
mean that 17% of the variance was attributable to the
timing of the blood sample. We also conducted a post
hoc power analysis to determine the statistical proba-
bility of detecting differences of the observed sizes as
significant given the design characteristics and number
of subjects in the study.

Results

Muscle loads, lactate, and plasma volume shifts

Loads for the CON trial and the ECC trial are shown
in Table 1. There was a time effect, trial effect, and
time · trial interaction for lactate. Lactate rose 578%
in the CON trial and 324% in the ECC trial (Fig. 2).
Eta-squared and observed power for trial, time, and
interaction, respectively, were 0.29/0.54, 0.08/1.0, and
0.28/0.74. From pre- to post-exercise, plasma volume
shifts for the respective CON and ECC trials were
�5.131 (±2.35%) and �1.1 (±2.09%); from post to
15 min post, they were 2.80 (±4.02%) and 0.63
(±1.95%). Post hoc analysis indicated that lactate was

Pre-experimental trials 
2 trials of 1-RM for 
LTP, LP, BP, LE, MP, 
LC 

7 days rest 

Experimental 
trials-subject  
arrives 

-15 

LTP LP BP LE MP LC       R0   R15

4 s x 10 reps for each ex.

Pre Post 15Post

= blood sample; = 1.5 min rest between each set;   Pre,  immediately before; 

Post,  immediately after; 15Post, 15 mn after exercise; LTP, latissimus pull; LP, leg press; i

BP, bench press; LE, leg extension; MP, military press;  LC, leg curl

Fig. 1 Procedures for pre-
experimental trials,
experimental trials, and blood
sampling protocol

Table 1 1-RM and 65% 1-RM for lat pull, leg press, bench press, leg extension, military press, and leg curl concentric and eccentric
muscle actions

Exercise Lat pull (kg) Leg press (kg) Bench press (kg) Leg extension (kg) Military press (kg) Leg curl (kg)

CON 1-RM 92.53 (6.78) 180.19 (15.28) 125.65 (21.59) 69.48 (6.17) 64.29 (11.28) 34.42 (4.07)
ECC 1-RM 111.04 (8.13) 216.23 (18.30) 150.78 (25.91) 83.38 (7.41) 77.15 (13.54) 41.30 (4.89)
65% CON 1-RM 60.15 (4.40) 117.43 (9.93) 81.67 (14.04) 45.16 (4.01) 41.79 (7.33) 22.37 (2.65)
65% ECC 1-RM 72.17 (5.29) 140.05 (20.19) 98.01 (16.84) 54.19 (4.81) 50.15 (8.80) 26.85 (3.18)

Values are expressed as mean (± SEM)1-RM one-repetition maximum, CON concentric, ECC eccentric

553



significantly higher immediately after and 15 min after
exercise (P<0.05) compared to pre-exercise concen-
trations, and that the CON trial elicited greater lactate
levels than the ECC trial post and 15 min post-exercise.

Growth hormone

There was a significant time effect but not a trial effect or
a time · trial interaction for GH (GH responses shown
in Fig. 3). By post-exercise, GH increased 567% in the
concentric trial and 824% in the ECC trial. Eta-squared
and observed power for trial, time, and interaction,
respectively, were 0.02/0.07, 0.44/0.96, and 0.02/0.08.
Post hoc analysis indicated that GH was significantly
higher immediately after and 15 min after exercise
(P<0.05) compared to pre-exercise concentrations.

Total and free testosterones

TT did not reveal a time effect, trial effect, or time · trial
interaction (Fig. 4). FT showed a time effect but no trial
effect or time · trial interaction. Compared to pre-
exercise, FT was significantly higher post-exercise for
both trials (Fig. 5). For TT, eta-squared and observed
power for trial, time, and interaction were 0.01/0.06,
0.13/0.35, and 0.11/0.29, respectively. For FT, eta-
squared and observed power for trial, time, and inter-
action were 0.001/0.05, 0.27/0.60, and 0.07/0.16,
respectively.

Discussion

It has been reported that training using maximal isoki-
netic ECC contractions are associated with greater
neural adaptations and greater muscle hypertrophy than

Fig. 2 Lactate concentrations (mean ± SE) for the concentric
(CON, solid bar) and eccentric (ECC, hatched bar) trials.
*Significantly different from pre values. **Significantly different
between CON and ECC trials

Fig. 3 Growth hormone concentrations (mean ± SE) for the
concentric (CON, solid bar) and eccentric (ECC, hatched bar)
trials. *Significantly different from pre values

Fig. 4 Total testosterone concentrations (mean ± SE) for the
concentric (CON, solid bar) and eccentric (ECC, hatched bar) trials

Fig. 5 Free testosterone concentrations (mean ± SE) for the
concentric (CON, solid bar) and eccentric (ECC, hatched bar)
trials. *Significantly different from pre values
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CON muscle actions (Hortobagyi et al. 1996). More-
over, isokinetic ECC training has been shown to increase
strength to a greater degree than CON training (Higbie
et al. 1996). Some of these changes may be due to effects
of ECC contractions on the local IGF-I in the working
muscle (Bamman et al. 2001). Although it has not been
established whether acute increases in GH lead to local
skeletal muscle hypertrophy, a number of investigators
have hypothesized that a transient elevation of GH can
produce an interaction with muscle cell receptors, aiding
recovery and stimulation of hypertrophy (Kraemer et al.
1991). Previous research has suggested that GH re-
sponses to resistance exercise are affected by the type of
muscle action that is employed (Durand et al. 2003;
Kraemer et al. 2001). For example, Kraemer et al. (2001)
have shown that isokinetic CON contractions induce
greater GH responses than ECC contractions. Few
studies have investigated GH and testosterone responses
to different muscle actions, and no studies have inves-
tigated responses to relatively loaded CON and ECC
dynamic contractions. Since different muscle actions
using the same muscle loading produce different meta-
bolic and hormonal responses (Mayer et al. 1999; Wid-
eman et al. 2002) and since previous data suggest that
these differences may be from underloading of ECC
muscle actions (Durand et al. 2003), we investigated
anabolic hormone responses to CON and ECC con-
tractions using muscle loads relative to the respective
CON and ECC 1-RMs in dynamic resistance exercise.

We demonstrated that a resistance exercise regimen
of CON or ECC muscle actions performed on weight
stack machines at a percentage of the respective CON or
ECC 1-RM produces similar GH, total testosterone, and
free testosterone responses. The findings support a
portion of our hypothesis that different GH responses to
CON and ECC muscle actions previously reported were
due to greater loading potential of ECC muscle actions,
but did not support that greater testosterone levels
would be produced in response to relatively loaded ECC
contractions. Relative muscle loading elicited similar TT
and FT responses to CON and ECC muscle actions.
This is the first study to investigate GH, TT, and FT
responses to CON and ECC full range of motion con-
tractions against a constant load, equal to a percentage
of the respective CON and ECC 1-RMs.

GH data suggest that ECC contractions are capable
of producing similar increases to that of CON muscle
actions when the contractions are loaded with respect to
an ECC 1-RM. Only a few studies have examined the
separate effects of CON and ECC muscle actions on
GH. Kraemer et al. (2001) found that GH responses to
an isokinetic CON trial were significantly higher in un-
trained subjects than GH responses to an ECC isokinetic
trial. We recently found similar separate effects using
multiple exercises with full range of motion contractions
using a constant (as opposed to variable) external load
(Durand et al. 2003). Lactate responses were much
higher in the CON than the ECC trial of the previous
study that was likely due to the underloading of the ECC

contractions. The greater metabolic stress produced by
the CON contractions in that study may have contrib-
uted to greater GH response since elevated H+ ions
(Gordon et al. 1994), lactate levels (Lowe et al. 1995;
Luger et al. 1992), O2 demand, and availability
(VanHelder et al. 1987) are thought to affect GH levels.
In the present study, although the lactate concentrations
were significantly higher in the CON than the ECC tri-
als, the difference in lactate was not nearly as great as in
the previous study (Durand et al. 2003). Specifically,
lactate in the CON trial increased 729% in the previous
study and 571% in the present study, whereas lactate in
the ECC trial increased 88% in the previous study and
325% in the present study. Thus, smaller differences in
CON and ECC lactate responses in the present study
could explain similar GH responses to CON and ECC
muscle actions.

Although not measured in the present study, pro-
prioceptive feedback may have played a role in con-
tributing to GH responses to CON and ECC trials.
Repeated cycling trials with 1 h recovery in between
produced similar lactate responses, but attenuated GH
response in the second trial, leading the authors to
conclude that proprioceptive feedback was a greater
contributor to GH secretion than lactate (Stokes et al.
2002). Gosselink et al. (2000) documented GH responses
through proprioceptive feedback through muscle spin-
dles and Golgi tendon organs. Thus, proprioceptive
feedback of a greater magnitude to relative loading
versus absolute loading of ECC contractions may have
contributed to the similar GH responses in the present
study.

ECC strength has been estimated to be 20–50%
greater than CON strength (Bamman et al. 2001). The
ECC 1-RM in the present study was estimated to be
120% of the CON 1-RM and thus it is possible that
120% of a CON 1-RM was an underestimation of the
ECC 1-RM for some exercises. However, the actual
determination of an ECC 1-RM is difficult and the
validity of available methodology is controversial. We
chose to use 65% of the 120% CON 1-RM for ECC
loads after collecting pilot data with different loading
regimens; this loading scheme best equalized CON and
ECC perceptions of stress and ensured completion of the
4-set, 10-repetition, 6-exercise, 90 s rest period protocol.
Underestimation of the ECC 1-RM would explain a
greater lactate response in the CON trial.

Although the number of subjects was not large in the
present study, the repeated measures statistic with mul-
tiple time points and trials gave our statistical tests
greater power. Additionally, the age and training back-
ground for the subjects was similar, providing a
homogenous sample. Finally, observations of individual
subject data indicate that endocrine responses were
similar between trials and these trends suggest that more
data would produce the same results.

Although mechanisms for the effect of testosterone on
muscle hypertrophy are not completely understood, it is
known that testosterone increases protein synthetic rate
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as well as satellite cell number and myonuclear number
(Sinha-Hikim et al. 2003). TT has been shown to increase
in response to some resistance exercise protocols. For
example, increases in TT were reported in response to
four sets of 10 repetitions at 88% 1-RM of BP, LPT,
squats, and 80% 1-RM for overhead press, but not after
two sets or six sets (at 68% 1-RM from BP, LPT, squats,
and overhead press) of the same exercises (Smilios et al.
2003). It has been shown that load (resistance and repe-
titions), rest period length, and total work determine the
magnitude of TT response to resistance exercise in men
(Kraemer et al. 1990). Additionally, higher resistance-
trained athletes tend to produce greater TT response
than lesser trained subjects (Ahtiainen et al. 2004).
However, few data exist comparing TT responses to
CON and ECC muscle actions. Kraemer et al. (2001)
found increases in TT and FT in response to separate
CON and ECC isokinetic trials. We reported small but
similar increases for TT in a previous study to CON and
ECC trials using full ROM exercises at a constant load
(Durand et al. 2003). In the present study, we did not find
an increase in TT in response to CON and ECC con-
tractions using a relative load. The lack of an increase
may be due to the lower resistance training state of the
subjects in this study. A small but significant increase in
FT occurred in response to both resistance exercise trials,
which is similar to a previous report for isokinetic con-
tractions (Kraemer et al. 2001). Thus, assuming there
was no change in sex hormone binding globulin, both
forms of muscle action contributed to an increase in the
availability of the biologically active form of testoster-
one, potentially affecting muscle growth.

In conclusion, GH significantly increased in response
to both CON and ECC muscle actions, but was not
different between the two contraction types. Total tes-
tosterone was not significantly altered in response to
either trial; however, free testosterone concentrations
increased in response to ECC and CON trials, but were
not different from each other. Future studies should
determine fatigue characteristics of CON and ECC
contractions at different workloads to capitalize on the
use of eccentric movement for muscle adaptation.
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