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Abstract: Toassess the change in plasma level of 22 and 20 kDa GH 1soforms following acute aerobic exercise
and chronic aerobic training, 30 male athletes in two pubertal and pre-pubertal groups were studied. Acute
aerobic exercise consisted of 30 min running at 65% Vo,,.,. on the treadmill. Plasma was sampled 30 min before
and immediately after the aerobic exercise and assayed for total concentrations. These measurements were
repeated at the end of six weeks of aerobic tramning (30 mm running on the treadmill, three times weekly, at
70-80% Vo,,..). In both groups, acute aerobic exercise was followed by increased 22 kDa and decreased 20 kDa
concentration. These changes were larger in the pre-pubertal group. Chronic aerobic training was associated
with decreased 22 kDa and mncreased 20 kDa response to acute aerobic exercise in both groups. There was no
significant change in the rest levels of 22 and 20 kDa concentration i either groups following chronic aerobic

training.
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INTRODUCTION

Human Growth Hormone (hGH), also called
somatotropin, a pleiotropic polypeptide, exerts multiple
effects on the metabolic and anabolic processes of the
human body (Nindl et al., 2003). The heterogeneity of
circulating GH has been recognized (Baumarnn, 1999).
The hGH-N gene expresses the mam pituitary molecular
welght variant in the GH family, known as 22 kDa form.
This protein is 191 amino acids in length (monomeric
22 kDa represents nearly 43% of all plasma GH). The next
most abundant form 1is the 20 kDa molecule (monomeric
20 kDa represents about 8% of all plasma GH) formed by
deletion of amino acids 32-46 during an alternative mRNA
splicing (Nindl, 2007). The evidence favors the concept
that the short peptide potentiates the physiological
effects of insulin while the larger peptide has anti-insulin
properties (Lewis ef al., 2000).

Aerobic exercise of approximately 15 min duration
has been shown to stunulate GH release which depends
on some factors such as gender, age, type of exercise,
body composition and exercise intensity (Wideman et al.,
2000; De Palo et al, 2008). A single bout of endurance

exercise m the form of contimious cycle ergometry at
approximately 80% Vo,,,, for 20 min led to an increase in
all molecular isoforms of GH such as 22 and 20 kDa at the
end of acute exercise in pubertal males (Wallace ef al.,
2001). However, there 1s limited data on the response of
22 and 20 kDa in pre-pubertal boys. On the other hand,
findings on the GH responses to chronic aerobic traming
when compared to acute aerobic exercise have brought
conflicting results. Some studies showed that sustained
aerobic training limits acute exercise-induced GH release
(Stokes et al., 2000). A response down regulation was
evident within the first 3 weeks of traimng in young
pubertal men (Weltman ef al., 1997). In contrast, although
16 weeks of aerobic training yielded a significant training
effect (i.e., increased Vo, peak) no change in GH response
to acute exercise occurred (Kanaley ef al., 1999). Given
their different physiological properties, it would be
necessary to investigate the possible differential response
of GH dominant molecular isoforms to endurance exercise.

Therefore, the present study was designed to
determine if chronic aerobic traimng evokes changes in
the response of prevalent GH isoforms (22 and 20 kDa) to
a single bout of aerobic exercise. The second aim was to
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compare these changes  between  pubertal and
pre-pubertal men. Tt was hypothesized that the acute
response of GH isoforms to aerobic exercise will change

following chronic aerobic training in both groups.
MATERIALS AND METHODS

Subjects: Fifteen pubertal male soccer players (1742 year,
6715 kg, 178+4 e¢m) and 15 pre-pubertal male soccer
players (1242 year, 58+3 kg, 170+5 cm) were recruited. The
subjects were asked to read and sign an informed consent
form before participation. This study was approved by a
research institutional review board. The procedures
followed were in accordance with the Helsinki Declaration
of 1975. The main exclusion criteria were the presence of
major medical problems including  orthopedic,
cardiovascular and  endocrinological  conditions,
smoking and drug abuse. All subjects were screened for
nutritional habits by aerobic registered dietician 2 weeks
before mitial testing to assure normal dietary intakes and
food behavior and to eliminate confounding influences of
aberrant diets. All subjects had habitually consumed
adecuate energy including 55% carbohydrate, 25%

protein and 15% fat.

Protocol: Three days before participating in the study, all
subjects performed Bruce test on a treadmill (T echnogym
Co., Gambettola, Ttaly) to determine Vo,,... A single bout
of acute aerobic exercise with 3 min duration (including
5 min warm up followed by 25 min running on the treadmill
at 65% Vo,,.) was admimstered tlree days before the
initiation of chronic aerobic training. Chronic aerobic
training lasted 6 weeks, three sessions per week and
30 mmn per session. Hach session consisted of 5 min warm
up followed by 25 min running on the treadmill at 70-80%
VO, Exercise intensity was mcreased by 5% every
2 weeks. As the second bout, acute aerobic exercise was
repeated 3 days after the completion of chronic aerobic
training. All the sessions were carried out at about
10:00 am. Each subject had a light brealfast (2-3 slices of
toasted bread with honey and a cup of tea, milk or juice)
about 2 h before the exercise.

Blood samples were collected 30 min before
(rest level) and immediately after the end of acute aerobic
exercise. A sample of 3 mI. venous blood was obtained by
sterile syringe from the left antecubital veim at the sitting
position in EDTA containing
anticoagulant. Blood was centrifuged at room temperature
for 15 min at 800 x g. Suitable aliquots of the plasma

test tube as an

specimens were immediately stored at -20°C in a freezer.

When plasma samples were defrosted before the analysis,
each sample was recentrifuged (10 min, 2000 x g).

Biochemical analysis: Plasma levels of 22 and 20 kDa
concentrations were determined by specific enzyme-linked
immunosorbent assay kits (ELISA). In the 20 kDa ELISA,
0.1 mL assay buffer (150 mmol 1.7" phosphate-buffered
saline containing 1% B3A, 1 mol L.™' NaCl and 10 mg 1.~
heterophilic blocking reagent) and 0.025 mL of standards
(Mitsui Pharamaceuticals, Inc., Tokyo, Japan) or plasma
samples were added to monoclonal anti -20 kDa antibody-
precoated microtiter plates (anti-hGH-antibody DOS,
Mitsui Parmaceuticals, Inc., Tokyo, Japan). Tt was
incubated for 2 h at the room temperature. After thorough
washing (0.01 mol L™ Tris-HC1, pH 8.0, containing 0.05%
Tween-20), 0.1 mL (0.5 mgL.™") peroxidase-labeled anti
-20 kDa monoclonal antibody (POD-D14, Mitswm
pharmaceuticals, Inc.) was added and incubated for 2 h at
the room temperature. After a further washing step, 0.1 mT.
substrate solution (100 mmol 17" citrate buffer containing
65 mg L™ 3/3, 5/3' -tetramethylbenzidine and 4 mmol L™
H,0,, pH 3.8) was added and the plates were incubated for
30 min at the room temperature. The absorbance were read
at 450 nm (reference length was 620 nm) after stopping the
enzyme reaction with 0.1 mL H,S30,. The detection limit
was 5 pg mL ™" and the cross reactions with 22 kDa, hPRL
and human placental lactogen were less than 0.1%. In
22 kDa ELISA, microtiter plates were precoated with the
anti-hGH  antibody  (anti-hGH  antibody  Mitswm
Pharmaceuticals, Inc., Tokyo, Japan). Other procedures
were the same as described above. The detection limit was
50 pg mL.~" and the cross-reactions with 20 kDa, hPRI. and
human placental lactogen were less than 0.1%. The
coefficient of variation of both assays was less than 5%.

Statistical analysis: Paired t-tests were used to compare
the Pre-training and Post-training rest levels and to
analyze the changes of plasma GH isoforms concentration
within each bout of acute aerobic exercise (exercise-
induced change score). A separate 2x2 analysis of
variance with one between-subject factor (group: pubertal
and pre-pubertal) and one within-subject factor (time:
Pre-traiming and Post-traimng) was used to analyze the
exercise-induced change scores of each dependent
variable. Sigmficant level was comsidered as p<0.05.
Statistical analysis was performed manually.

RESULTS

Paired t-test showed no significant difference
between rest levels of pre-training and post-training
sessions in either group (Table 1).
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Table 1: Pre-training-Post-training difference of 22 and 20 kDa rest levels in pubertal and pre-pubertal groups

Group
Pre-pubertal Pubertal
Variables Pre-training Post-training p-value Pre-training, Post-training p-value
22kDa 3.72 (0.11) 3.74 (0.11) 0.11 1.99 (0.12) 2.01 (0.13) 0.07
20kDa 0.69 (0.04) 0.70 (0.042) 0.81 0.41 (0.03) 0.41 (0.04) 0.18
Values are expresed as Mean (SD); SD: Standard Deviation; Significant levels at p<0.05 are inbold
Table 2: Pretraining and Post-training change scores of 22 and 20 kDa in pubertal and pre-pubertal groups
Group
Pre-pubertal Pubertal
Variables Pre-training p-value Post-training p-value Pre-training p-value Post-training p-value
22kDa +12.12(0.13) <0.01 +10.06 (0.24) <0.01 +9.47 (0.59) <0.01 +7.27 (0.58) <0.01
20kDa -0.27 (0.03) <0.01 -0.39 (0.02) <0.01 -0.18 (0.02) <0.01 -0.28 (0.03) <0.01
SD: Standard Deviation; Significant levels at p<0.05 are in bold
Table 3: Group by time analysis of variance for change scores of 22 and Time
20 kDa Pre-training , Post-training
Variables Source Type Il sum of squares  F-value  p-value 0.00
22kDa  Group 111.120 33034 <0.01 - 005
Time 68.240 1595.00  <0.01 Ty 0104
Group=Time 0.070 1.68 0.21 ﬂ
20kDa  Group 0.140 18032 <0.01 & -0.15
Time 0.190 420.36 <0.01 8 -0.204
Group »Time 0.002 3.81 0.06 E 0.25-
Significant levels at p<0.05 are in bold %
é, -0.304
- -0.354
1470 Pubertal )
12 & Pre-pubertal -0.4H o Pubertal
T% -0.45 @ Pre-pubertal
104
K _ :
8- Fig. 2: The response of plasma 20 kDa concentration to
g o chronic aerobic training during a single bout of
; aerobic exercise in both pubertal and pre-pubertal
é 4 groups
S
o significantly lower than pre-pubertal group and for
Pre-training Post-training ' Post-training significantly lower than Pre-training session

Time

Fig. 1: The response of plasma 22 kDa concentration to
chronic aerobic training during a single bout of
aerobic exercise in both pubertal and pre-pubertal
groups

For all sessions, a single bout of aerobic exercise
increased 22 kDa and decreased 20 kDa concentrations
significantly (Table 2).

For 22 kDa, there was no significant interaction
between group and time (Fp,,, = 1.68, p=0.21). Main
effect for both group (F,,,, = 330.34, p<0.01) and time
(Fl, = 1595, p=0.01) factors was significant (Table 3).
Increment in 22 kDa during one session for pubertal was

(Fig. 1).

For 20 kDa, no significant interaction was observed
between group and time (F,,;, = 3.81, p = 0.06), but there
were significant main effect for both group (F,,,, = 180.32,
p<0.01) and time (F,, = 42036, p<0.0l) factors.
Decrement in 20 kDa during one session for pre-pubertal
was significantly more than pubertal group and for
Post-traimng significantly more than pre tramning session
(Fig. 2).

DISCUSSION
The results showed that a single bout of aerobic

exercise significantly increased plasma 22 kDa
concentration and decreased plasma 20 kDa concentration
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in pubertal and pre-pubertal groups. The changes in
plasma 22 and 20 kDa concentration were larger mn
pre-pubertal group. Also, there was no change in the rest
level of plasma 22 and 20 kDa concentration followimng
chronic aercbic training in both groups. Chronic aerobic
training decreased the 22 kDa and increased the 20 kDa
response to a single bout of aerobic exercise.

A smgle bout of aerobic exercise mncreased plasma
22 kDa concentration immediately after exercise, which is
in accordance with the result obtamed by Wallace et al.
(2001). Those studies which show increase in GH during
a single bout of aerobic exercise (Wideman et al., 2000,
Pritzlaff et al., 1999; De Palo et al., 2008) may support
the above finding probably because 22 kDa is the
most prevalent (43-73%) GH isoform (Nindl, 2007,
Wallace et al., 2001). Aerobic exercise at 65% Vo, may
lead to a moderate elevation in blood lactate and
hydrogen ion (H") accumulation. These elevations have
been showed to be significantly correlated with plasma
GH resporse during 20 min of aerobic exercise
(Gordon et al., 1994). So, it has been suggested that any
stimulus for GH release associated with lactate elevation
would be more likely to act through H" accumulation
(Stokes et al., 2005), which in tun H" accumulation
activates the neural afferent signal from metabolic
receptors and might participate i catecholamine release
(Kjaer, 1989; Weltman e al., 1996). A decrease in pH in
contracting muscles due to accelerated lactate production
and associated metabolic changes may stimulate the
sympathetic out flow by neural afferent signals from
muscle metabolic receptors causing rapid release of
catecholamine (Kjaer, 1989). Catecholamme released
following afferent signals from muscle metabolic receptors
might, in turn, play a role in the regulation of GH and its
most prevalent 1soform (22 kDa) release (Weltman et af.,
1996). In human exercising, a sigmificant positive
correlation between plasma nor-adrenaline and serum
GH concentrations has been identified (Chwalbinska-
Moneta et al., 2005, Weltman et al., 2000). ITn animal
studies, catecholamine has been shown to directly
stimulate GH release from rat gland at the in vitro level
(Giustina and Veldhuis, 1998). It has also been proposed
that aerobic exercise induces GH responses through
activation of the central cholinergic system, resulting
in a reduction in hypothalamic somatostatin release
(Maas ef al., 2000). In addition, GH release may be
stimulated directly by motor centers involved in exercise
(Ju, 1999).

In the present study, plasma 20 kDa concentration
decreased immediately after a single bout of aerobic
exercise which conflicted with that of Wallace et al
(2001). They demonstrated that 20 kDa concentration
increased with a single bout of aerobic exercise during

recovering period in contrast to present study in which
20 kDa concentration was assessed immediately after
exercise. Considering decreased insulin concentration
duning aerobic exercise (Hymer ef al., 2005) the change in
20 kDa concentration may represent its insulin-like
action (Smal et al., 1987).

The changes in plasma 22 and 20 kDa concentrations
following a single bout of aerobic exercise were larger in
pre-pubertal than pubertal group. Since, the rest levels of
(GH in pre-pubertal boys are higher (Ishikawa ef al., 1999)
their GH response to aerobic exercise may be different
from those of pubertal men. The exact mechanisms
responsible for these differences and the interaction of
factors involved, needs to be clarified by further studies.

There was no change in the rest levels of plasma
22 and 20 kDa concentration following chronmic
aercbic training in both groups. This is in agreement
with the results of other studies showing that traming
has no effect on the rest level of GH concentration
(Zaccaria et al, 1999). Any interpretation about the
resting level of GH concentration must be made
cautiously because of pulsatile nature of its secretion
(Stokes, 2003).

Finally, the decreased 22 kDa and increased 20 kDa
response to a single bout of aerobic exercise after chronic
aerobic traimng 1s consistent with Veldhws and Yoshida
(2000). Tt seems that mechanisms regulating the response
of both GH isoforms to a smgle bout of aerobic exercise
have been suppressed after chronic aerobic training. This
may be due to a combination of reduced GH secretion and
enhanced GH clearance (Weltman et al., 1997). The
half-life of endogenous GH 1s shorter in exercising than
resting individuals (Thompson ef al., 1993). On the other
hand, aerobic training can increase both the number and
sensitivity of [, adrenergic receptors and decrease
catecholamine release (Chwalbimnska-Moneta et af., 2005,
Mazzeo, 2000). This in tum excites somatostatin secretion
which leads to the inhibition of GH release (Giustina and
Veldhuis, 1998, Vries et al., 2002).

Further mvestigations are needed to compare the
effects of aerobic and resistive training on GH isoforms,
the effects of tramng on GH soforms other than 22 and
20 kDa and the changes of GH isoforms during recovery
period after exercise. Also, more parameters like changes
in glucagon, insulin levels may be included in future
studies to explore the possible mechanisms behind the
changes obsereved for GH isoforms during pre and post
aerobic exercise.

In conclusion, it was demonstrated that the changes
of plasma level of GH isoforms induced by a single bout
of aerobic exercise decreased after a peiod of aerobic
traiming, with a similar pattern in both pubertal and
pre-pubertal male athletes.
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