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Abstract—We investigated the response of testosterone (T), Intensive endurance training can induce benefafigcts

growth hormone (GH), cortisol (C), steroid hormoniding

globulin (SHBG), insulin-like growth factor (IGF-1)psulin-like

growth factor binding protein-3 (IGFBP-3), and sommabolic-

catabolic indexes, i.e.: T/C, T/SHBG, and IGF-1/IGFBRe

maximal exercise in endurance-trained athletes (TRENd

untrained subjects (CG). The baseline concentratfd®F-1 was

higher in athletes (TREN) when compared to the C®.@5). The

GH concentration and GH/IGF-1 ratio increased adtegrcise in
all subjects compared to respective values at Tést.resting IGF-
1/IGFBP-3 ratio was significantly higher in athletése maximal

exercise test induced an increase in post-exef¢®EGB ratio in

athletes compared to CG (p<0.05). These resultscatalithat
elevation of baseline serum IGF-1/IGFBP-3 and T/SHf@Bo

after exercise might suggest that free fractiontheée hormones
may act as a potent stimulant of muscle hypertrophyrained

endurance athletes.

on aerobic performance and prevent muscle losggdtbeen
found that an acute increase in serum concentraion
cortisol (C) accelerates the mobilization of fredtyf acids
for energy during exercise. This mechanism is belleto

be responsible for controlling the balance between
carbohydrate and fat metabolism during and afterase
[10], [11].

Recent investigations suggest that the equilibrium
between anabolic and catabolic process dependsnhobn
greater stimulation of endocrine factors, but alsn
paracrine mechanisms. Insulin-like growth factoflGF-1)
has been shown to be the most important growthorfact
involved in muscle hypertrophy [12]-[14]. Moreover,
important factors that regulate IGF-1 and testoster(T)
affinity for target cells are high-affinity bindingroteins

Keywords—anabolic hormones, endurance training, exercis¢15]-[17]. Insulin like binding protein-3 (IGFBP-3and

growth factors

|. INTRODUCTION

HE skeletal muscle undergoes morphological angxercise-induced binding proteins

functional changes in response to physical trainis

steroid hormone binding globulin (SHBG) are conside
important factors modulating the interaction of Kkland T
with theirs receptors [18]-[19]. It was hypothesizéhat
proteolysis  might
contribute to anabolic effects of exercise by iasirg the

previously described, the muscle is able to adapt kzoncentrations of free-fraction hormones [20].

increasing the size and amount of contractile jmete
leading to an increase in the size of muscle fiband
resultant force production [1]-[3]. Muscle hypeghy in
athletes depends on several determinants inclutjimg of
exercise, intensity and duration of training. Cresstional
studies confirmed the hypothesis that divergentlesie
muscle adaptations do occur in athletes perfornpiagely
dynamic or static sports, and combined dynamic static
sports (cycling and rowing). In fact, training remins of
athletes may result in different muscle adaptation

To test this hypothesis we have investigated serum
concentrations of growth hormone, insulin growtbtée-1,
insulin growth factor binding protein-3, testosteso steroid
hormone binding globulin, and cortisol in response
graded maximal exercise in chronically enduraneénéd
athletes and untrained male subjects.

[I. MATERIAL AND METHODS
Forty-nine professional endurance trained athletes
(TREN) volunteered to participate in the experimé&iéven

response to both mechanical load and endocrineermysthealthy but untrained men, students of the Physical

reaction [1], [4].
GH),

Circulating levels of both arddic (T,
and catabolic hormones

Education Faculty age-matched to the study subjeetsed

increase with exercisgs the control group (CG). All athletes had beaiming for

intensity [5]-[7]. Testosterone is known to promotedbout 8.2 + 2.4 years and underwent medical evahsat

hypertrophy while increased corticosteroids acedéer
protein degradation. As a result, insulin and glovectors
levels become increased to regulate muscle prejgithesis

(81, [9]-
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the same point of the pre-season training procébe
experiment was approved by the Ethics Committe¢hef
Academy of Physical Education in Katowice and comi®
to the standards set by the Declaration of Helsinki

All subjects performed incremental maximal intepsit
treadmill exercise (over the anaerobic threshold, Adhich
had been recognized to stimulate a higher increabiod
concentrations of anabolic hormones than did lotensity
exercise (below AT) [25]. Pulmonary ventilation (WVE
oxygen uptake (V@) and carbon dioxide output (GOwere
measured continuously from minute 6 prior to exsardiest
and throughout each stage of the exercise loadyus$ia
Oxycon Apparatus (Jaeger, Germany).
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Vol:6, NoSeaoh? testosterone (T) and cortisol (C) were also
determined in duplicate with an immunoradiometrssay

TABLE |
ANTHROPOMETRICAND PHYSIOLOGIC CHARACTERISTICSOF THE
CONTROL GROUP (NT) AND ATHLETES (TREN) (mean + SD)

Variable CG n=11 TREN n=49 kit (TESTO-CT-2, Cisbio), while SHBG was measured b
Age (years) 204+1.0 21.7+05 immunoradiometric assay kit (SPECTRIA SHGB IRMA,
Body height (cm) 180 +1.8 181 +0.8 ORIONdiagnostica)
Bod k 73.7+23 71.9+1.1 ' )
g,\)ﬁ ??(ersnz() 9 207 iB.5 218 ;02 Blood. Iactatg concentration (LA) was megsured
FAT (%) 13.3+0.8 10.4 + 0.4 enzymatically using commercial kits (Boehringer,ifiaim,
FM (kg) 9.8+0.6 7.4 +0.3% Germany).
#SW('EZ)) ig:giié f;'g ii %)'2 Data are presented as means and standard dewation
Training status (years) 0 8.2+24 SD). The data from two groups of subjects wereyereal by
PVOzmaX (ml/kg/ml\r}\)/ 521643 J—; 11-28 Gs}é%’i 0118’::** two-way ANOVA test with the use of Statistica 9.0
OWiD\OF;W%J;ES(( ay o1z 10.6e1 8 (StatSoft) software. When significant differencasH ratio

were found, post-hoc Tukey's test was used. Siist
significance of intra-group differences (TREN an@)Gvas
analyzed using Bonferroni test for independent aldeis.
Between groups, correlation coefficients were deieed
After 3 days of standardized normocaloricwith Pearson’s rank order test. Statistical sigaifice was
(37kcal/lkg/day) diet with 50-60% carbohydrate, IR« set at p<0.05
protein, and 20-30% fat, bioelectric impedance ysisl
under resting conditions was used to measure pebogly . RESULTS
fat and total body water. The values (mean + SDhgé, Table | shows the difference in the body compositio
height, and body mass and body mass index of tiariables and the results of the graded exercisie There
participants are presented in Table 1. Venous bismdples Were significant differences in fat mass (p<0.0G)d
were collected at rest (pre-exercise) for the assent of Mmaximal oxygen uptake (V) (p<0.001) of the TREN
baseline serum insulin-like growth factor (IGF-Ijsulin- group compared to CG. The mean values of the mawrimu
like growth factor binding protein-3 (IGFBP-3), gqvth Power output and lactate concentrations (LA) deteeahin
hormone (GH), testosterone (T), cortisol (C), atercdd TREN and CG are presented in Table 1. Resting IGF-1
hormone binding globulin (SHGB) concentrations. Th&oncentration was higher in TREN athletes comp&oedG
sampling was repeated immediately after cessatibn @<0.05).
exercise and after 15 minutes of recovery. Addilyn 0.1 Graded exercise tests had a significant effect emnns
mL of blood was taken from the finger tip at thelef each IGF-1 concentration at maximal intensity of exegcis
work load for the assessment of hematocrit andcblactate  (P<0.05). Furthermore, at maximal exercise, higheues
concentration. Serum somatomedin IGF-1, GH and IBFB of serum IGF-1, IGFBP-3, and IGF-1/IGFBP-3 ratioreve
3 were determined in duplicate using an immunoradivic  found in athletes compared to CG (Table II).
assay (IRMA) kit (RIACT, Cisbio).

BMI- body mass index; FAT- percent of body fat; FéM-mass; LBM-lean
body mass; TBW-total body water: W@ax-maximal oxygen uptake; LA-
lactate concentration Statistical significan&ep<0.05 ** p<0.01, ***
Mp<0.001 TREN vs. CG

TABLE Il
TESTOSTERONKT), CORTISOL(C), TESTOSTERONECORTISOLRATIO (T/C), STEROID HORMONEBINDING GLOBULIN (SHGB),GROWTHHORMONE (GH),
INSULIN-LIKE GROWTH FACTOR-1 (IGF-1), INSULIN-LIKE GROWTH FACTOR BINDING PROTEIN-3 (IGFBP-3),GH/IGF-1,AND IGF-1/IGFBP-3IN CONTROL
SuBJECTS(CG) AND ATHLETES(TREN), (MEAN + SD) (RESTING VALUES, VALUES REACHED AT MAXIMAL EXERCISEINTENSITY - EX, AND 15MINUTES
AFTEREXERCISE- POST-EX)

Variable CGn=11 TREN n=49

rest Ex. post -Ex. rest Ex post-Ex
T (nmoL/L) 20.4 23.6 22 19 23.9 22.1
C (nmolJL) 506 574 704" 561 686" 778%*
T/IC 0.04 0.04 0.03 0.04 0.04 0.03
SHBG (nmolJL) 38.4 49.4 63 43 42 39.9#
T/SHGB 61.6 59 55 51.3# 73.2% 66
GH (ulu/mL) 0.8 51.5 49.7 3.7 61.1" 55.4"
IGF-1(ng/mL) 234 271 275 338# 3624 351
GH/IGF-1 0.02 0.2 0.2" 0.02 0.2" 0.2"
IGFBP-3 (ng/mL) 2484 2447 2649 2515 32287 3129
IGF-1/IGFBP-3 0.1 0.1 0.1 0.2# 0.2# 0.1

Statistical significance: p<0.05, **p<0.01 Ex and post-Ex vs. rest.
# p<0.05 TREN vs. CG
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These results indicate that incremental physicalr#sies, No:6, 2012

caused a significant increase in circulating GH eadisol
concentrations in all study participants. Enduraexercise
had little effect on testosterone, SHBG, and T/@ora
except for a significant increase in anabolic steraafter
exercise compared to resting values, and highedB@Sin
male athletes compared to untrained subjects (Tigble
Analysis of variance revealed a significant effeuft

IV. DISCUSSION

Data concerning the effects of endurance trainimg o
anabolic-catabolic imbalance are still sparse [3],]-[24].
Most studies report beneficial effects of this tyfexercise

on physical performance and metabolism in endurance

athletes compared with control subjects [8], [2B6].
However, no change
degradation was found in master athletes [21],,[278].

endurance training and exercise on serum SHGB leviekspite well-matched age groups, endocrine resgonse

p<0.05 (F=3.6) (Fig. 1), but no significant difface was
seen in T/C ratio (p>0.05) (Fig. 2). ANOVA also ealed a
significant effect of training on IGF-1/IGFBP-3 i@mp<0.05
(F=2.9) (Fig.3).

F=3.6, p=0.03
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Fig. 1 Effect of training and exercise on serum SHBG
concentration in all subjects (mean + SD)
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Fig. 2 Effect of training and exercise on T/C ratiall subjects
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Fig. 3 Effect of training and exercise on IGF-1/BH=3 ratio in all
subjects (mean + SD)

following endurance training were different in malletes
and untrained subjects, which may have both meitabod
hypertrophic implications. Our subjects also den@ntsd
differences in their body composition parametetsarty
indicating the significant effect of endurance rirag on
their metabolism.

We found that athletes had significantly highertines
concentrations of circulating IGF-1 than age-matche
controls. Moreover, IGF-1 was significantly eleatafter
incremental exercise in athletes compared to th#rebo
The significance of our study lies in the fact thise ratio
between IGF-1/IGFBP-3 was higher in trained comgdoe
untrained subjects. Since no difference in growdhnfone
and testosterone level has been detected betwééiesat
and control subjects, all aforementioned resultplynthat
serum IGF-1 elevation during endurance training may
induce anabolic effects in the muscle [29]-[31].cAaling
to previous data, we speculated that during acuté a
repeated exercise, the proteolysis of IGFBP-3 might
increase the bioavailability of free IGF-1 [8], [3233]. It
should be pointed out that the elevation of reséind post-
exercise concentrations of IGF-1 observed in oudystvas
associated with a markedly increased IGF-1 to IGBBP
ratio in athletes.

The equilibrium between anabolic and catabolic psses
depends on testosterone and cortisol blood corat@nis
[10], [18], [34]. Therefore as the so called anabohtabolic
index, ie., the T/C ratio, has been analyzed [Egveral
studies have demonstrated that free testosteraheuad to
the albumin and SHBG, has greater biological agtiji7],
[22]. An increase in free anabolic-androgenic stero
concentrations in the blood may stimulate muscle
hypertrophy, both in training-related and pathotadi
conditions [17], [18], [22, [36]. Our study revedléower
resting serum T/SHGB ratio in athletes compared to
untrained subjects. However, post-exercise T/SHBRIE
were higher in TREN compared to CG group, suggestin
that testosterone was involved in anabolic procegs®ur
experienced athletes.

V.CONCLUSION

Our results indicate that resting and post-exersesg@im
IGF-1 concentrations were higher in trained comgpaie
untrained subjects. We conclude that the greatdf- IG
1/IGFBP-3 and T/SHGB elevation after exercise might
suggest that free fractions of these hormones nchyas
potent stimulants of muscle hypertrophy in trained
endurance athletes.

in muscle mass and/or muscle
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