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J.Exp.Med.,2003,201(3),165-170――Insulin-like growth factor-I(IGF-I)is a

 
polypeptide hormone and present in human urine.Insulin-like growth factor

 
binding protein-3(IGFBP-3)is the major form of binding protein in human

 
circulation and functions as a carrier for IGF-I.Our goal was to determine the

 
effects of volleyball exercise on the concentrations of urine protein,creatinine,
IGF-I,and IGFBP-3 in children and to find out whether these effects differ between

 
boys and girls.Volunteer children(13 females and 14 males),aged 10-13 years old

 
were included in this work.Weight and height of the subjects were measured,
and urine samples of their were collected before and after 2 hours of exercise.
Urinary protein,creatinine,IGF-I and IGFBP-3 levels were analysed.Urinary

 
protein,creatinine and IGF-I concentrations were increased after two hours of

 
exercise wheres urinary IGFBP-3 concentrations did not change.In addition,no

 
statistically significant difference in all parameters analysed was observed

 
between boys and girls of similar age and body mass index.――――insulin-like

 
growth factor-I(IGF-I);insulin-like growth factor binding protein-3(IGFBP-3);
protein;creatinine;exercise
Ⓒ2003 Tohoku University Medical Press

 

Insulin-like growth factor I(IGF-I)is a
 

70-amino-acid single chain polypeptide hormone
(7.65 kDa)with similar structural features to

 
insulin(Isaksson et al.1991).It is produced in

 
many tissues of the body primarily in the liver

(Daughaday and Rotwein 1989)and present in
 

human urine(Hizuka et al.1987).IGF-I plays
 

an important role in the growth hormone/
insulin-like growth factor(GH/IGF)pathway
(Well 1998;Rosen and Pollak 1999),which is

 

Tohoku J.Exp.Med.,2003,201,165-170

 

Received July 25,2003;revision accepted for publication September 25,2003.
Address for reprints:Dr.Gunfer Turgut,M.D.,Ph.D.Pamukkale Üniversitesi Tıp Fak.Fizyoloji A.
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important in the maintenance of skeletal muscle
 

mass and function in adults(Baum et al.1996).
This pathway influences and is influenced by

 
physical exercise(Jenkins 1999).Biochemical

 
actions of growth hormone are multiple,and

 
most of the growth and metabolic effects of this

 
hormone are mediated by a peptide hormone,i.
e.,IGF-I(Le Roith 1997).
IGF-I circulates bound to specific proteins

(Insulin-like growth factor binding proteins;
IGFBPs),which regulate its bioavailability and

 
bioactivity(De Palo et al.2001).The IGFBPs

 
form a family of six high affinity carriers
(IGFBP-1 through IGFBP-6)for IGFs that are

 
present in serum and in other extracellular

 
fluids(Clemmons 1993).IGFBPs modulate the

 
interaction of IGF-I with its receptor(Ocrant et

 
al.1990).
IGFBP-3 is a 264 amino acid glycoprotein

(29 kDa)synthesized in the liver and in other
 

tissues,with a 27 amino acid signal peptide and
 

18 cysteine residues(Ballard et al.1989).It is a
 

major carrier in human circulation for IGF-I
 

and-II,whose actions may be inhibited and/or
 

enhanced(Rajaram et al.1997).IGFBP-3 both
 

protects IGF-I from degradation and lowers the
 

free concentration of IGF-I(Collett-Solberg and
 

Cohen 1996).
In this study we aimed to investigate the

 
effects of exercise on the concentrations of urine

 
protein,creatinine,IGF-I,and IGFBP-3 in chil-
dren and to find out whether these effects are

 
different between boys and girls.

MATERIALS AND METHODS
 

Volunteer children who were in the school
 

volleyball team were included in this work,
consisting of 13 females and 14 males aged 10-
13 years old.Both children and their trainers

 
were acknowledged about the study,and writ-
ten informed consent was obtained from each

 
individual.We conformed to the Code of

 
Ethics of the World Medical Association
(Declaration of Helsinki)in this study.Weight

 
and height of the children were measured.

Urine samples of sportsmen were collected
 

before and after 2 hours of exercise.The exer-
cise was applied in two periods of 1 hour each

 
with 15 minutes rest.First urine samples were

 
obtained at 9:00 while second ones at 11:30

 
o’clock.The exercise consisted of heating,
running and standard volleyball exercise(e.g.,
serving,jumping).

Urine protein and creatinine concentrations
 

were analysed with commercial kits(Abbott,
Chicago,IL,USA)by an autoanalyzer(Aeroset,
Chicago,IL,USA)while urine IGF-I and

 
IGFBP-3 concentrations with ELISA kits(Diag-
nostic System Laboratories,Webster,TX,USA)
by using an autoanalyzer(Labotech,Rome,
Italy).
The results were evaluated with Wilcoxon

 
test for concentration differences before and

 
after exercise within the same group.The

 
differences in all parameters between boys and

 
girls were made with Mann Whitney’s U-test by

 
using a computerized SPSS 9.0 program(Statis-
tical Package for Social Sciences).Data are

 
expressed as mean±S.D.

RESULTS
 

Mean ages of 13 girls and 14 boys were
 

10.69±0.93 and 10.42±0.64(totally 10.55±0.80),
respectively.Mean weight and height of chil-
dren were measured to be 39.44±10.13 kg and

 
147.48±8.16 cm,respectively,and body mass

 
index(BMI)of them were calculated as 17.94±
3.24 kg/cm,being 17.50±2.23 for girls and 18.
35±4.00 for boys.No statistically significant

 
difference was found between age and BMI of

 
both gender.

Table 1 summarized the significant
 

increases in the concentrations of urine protein,
creatinine and IGF-I in both boys and girls after

 
execise,except for IGFBP-3 concentrations.
Table 2 shows the results for those of girls,and

 
Table 3 for boys.There was no sex difference

 
in the concentrations of urine protein,
creatinine,IGF-I,and IGFBP-3 before and after

 
exercises.
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DISCUSSION
 

We observed a significant increase in the
 

concentrations of urine protein and creatinine of
 

both boys and girls after exercises.It has been
 

reported that heavy exercise cause a glomer-
ular/tubular mix type proteinuria due to the

 
increase of glomerular filtration permeability

 
and proximal tubular reabsorbtion satiation of

 
filtrated proteins in healthy adults(Poortmans

 
and Vanderstraeten 1994).A temporary func-
tional disorder was observed in both glomerular

 
and tubular parts of nephron after exercise in

 
all ages of children(Poortmans et al.1996).
Post-exercise increases in proteinuria occur fol-

lowing the physiological stress of intense exer-
cise,most likely as a result of the exercise

 
induced blood acidity changes,which lead to a

 
change in the arrangement of the albumin

 
molecule(Montelpare et al.2002).Our results

 
seem to be correlated with the literature.
There was no significant difference in the

 
increases of urine protein and creatinine concen-
trations after two hours of volleyball exercise

 
between boys and girls who were at similar age

 
and had similar BMI in our study.
The physical exercise type is able to influ-

ence GH metabolism with the stimulation of
 

IGF synthesis and release of its binding proteins
(De Palo et al.2001).An increase in urine GH
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TABLE 1. Urinary protein, creatinine, IGF-I  and IGFBP-3 concentrations in children
 

before and after exercise (mean±S.D.)

Before exercise(n＝27) After exercise(n＝27)

Protein concentrations(mg/100 ml) 9.58±6.51  21.68±15.63

Creatinine concentrations(mg/100 ml) 93.15±49.77  187.60±102.70

IGF-I concentrations(ng/liter) 135.92±153.10  312.51±209.84

IGFBP-3 concentrations(ng/liter) 172.59±36.08  159.29±44.45

p＜0.01, p＜0.001.

TABLE 2. Urinary protein, creatinine, IGF-I and IGFBP-3 concentrations in girls before
 

and after exercise (mean±S.D.)

Before exercise(n＝13) After exercise(n＝13)

Protein concentrations(mg/100 ml) 9.71±6.17  26.48±18.95

Creatinine concentrations(mg/100 ml) 98.74±55.50  201.55±121.37

IGF-I concentrations(ng/liter) 140.00±168.86  270.69±202.73

IGFBP-3 concentrations(ng/liter) 161.38±34.21  169.38±36.70

p＜0.05, p＜0.01.

TABLE 3. Urinary protein, creatinine, IGF-I and IGFBP-3 concentrations in boys before
 

and after exercise (mean±S.D.)

Before exercise(n＝14) After exercise(n＝14)

Protein concentrations(mg/100 ml) 9.45±7.05  17.22±10.62

Creatinine concentrations(mg/100 ml) 87.96±45.28  174.64±84.38

IGF-I concentrations(ng/liter) 132.14±143.26  351.35±216.23

IGFBP-3 concentrations(ng/liter) 183.00±35.79  149.92±50.12

p＜0.05, p＜0.01, p＜0.001.
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excretion following exercise has been described
(Flanagan et al.1997;De Palo et al.1998).
Although the exact origin of urinary IGF-I is

 
unknown(De Palo et al.2002),it could be used

 
as a valid surrogate for serum IGF-1 in the

 
physiological assessment(Hall et al.1999).
The amount of IGF-I excreted into the urine

 
was easily accounted for by what is filtered,
inferring that serum IGF-I is the source of

 
urinary IGF-I(Guler et al.1989),but local pro-
duction cannot be ignored(Aron et al.1989;
Chin and Bondy 1992).Serum IGF-I response

 
to physical exercise has been a controversial

 
issue;some research groups have observed

 
increments,while others showed no variations
(Di Luigi et al.1997;Nguyen et al.1998;Wal-
lece et al.1999).We found a significant

 
increase in the concentrations of urine IGF-I

 
after exercise in our study.This increase,as

 
stated by De Palo et al.(2002),might be in

 
relation with post-exercise proteinuria.In

 
addition,De Palo et al.(2002)stated that further

 
investigation should confirm this observation

 
and we performed the study on a different type

 
and duration of an exercise and found the same

 
results like those of them.On the other hand

 
we found no difference in the urinary IGF-I

 
excretion rate after exercise between boys and

 
girls.

Serum IGF-I and IGFBP-3 concentrations
 

were found to be higher at the end of in-
cremental ergometer cycling to exhaustion in

 
one study(Nguyen et al.1998).In other studies,
serum IGFBP-3 increased immediately after a

 
short-term exercise on a cycle ergometer,both

 
at low and high intensity(Schwarz et al.1996;
Wallece et al.1999),whereas acute effects on

 
serum IGFBP-3 concentration were observed

 
neither immediately after a marathon run(Kois-
tinen et al.1996)nor after a long-distance

 
Nordic ski race(Nguyen et al.1998).In our

 
study,there was no statistically significant

 
difference in the concentration of urinary

 
IGFBP-3 before and after exercise.The dis-
crepancies between different studies are prob-

ably due to the factors that influence also the
 

IGF system response to exercise and or training
(i.e.,gender,age,training status,type,duration

 
and intensity of exercise,nutrition,hormonal

 
status,etc.).Our study,together with the dif-
ference in the type and time of the exercise,is

 
important for the confirmation of previous

 
researches(De Palo et al.2001,2002;Di Luigi

 
and Guidetti 2002)in terms of urinary IGFBP-3

 
measurement.

CONCLUSION
 

Our study confirm that urinary protein,
creatinine and IGF-I concentrations of children

 
aged 10 to 13 years old increased but urinary

 
IGFBP-3 concentrations did not change after

 
two hours of volleyball exercise.Moreover,no

 
statistically significant difference in all parame-
ters analysed was observed between boys and

 
girls who were at similar age and had similar

 
BMI.

References
 

Aron,D.C.,Rosenzweig,J.L.&Abbound,H.E.(1989)
Synthesis and binding of insulin-like growth

 
factor I by human glomerular mesangial cells.
J. Clin. Endocrinol. Metab.,68,585-591.

Ballard,J.,Baxter,R.,Binoux,M.,Clemmons,D.,
Drop,S.,Hall,K.,Hintz,R.,Rechler,M.,
Rutanen,E.& Schwander,J.(1989)On the

 
nomenclature of the IGF binding proteins.
Acta Endocrinologica,121,751-752.

Baum,H.B.,Biller, B.M., Finkelstein, J.S.,
Cannistrano,K.B., Oppenhei n, D.S.,
Schoenfeld,D.A.,Michel,T.H.,Wittink,H.&
Klibanski,A.(1996)Effects of physiologic

 
growth hormone therapy on bone density and

 
body composition in patients with adult-onset

 
growth hormone deficiency.Ann. Int. Med.,
125,883-890.

Chin,E.& Bondy,C.(1992)Insulin-like growth
 

factor system gene expression in the human
 

kidney. J. Clin. Endocrinol. Metab.,75,962-
968.

Clemmons,D.R.(1993)IGF binding proteins and
 

their functions.Mol. Reprod. Dev.,35,368-
375.

Collett-Solberg,P.F.&Cohen,P.(1996)The role of

 

G.Turgut et al.168



 
insulin-like growth factor binding proteins

 
and the IGFBP proteases in modulating IGF

 
action.Growth Disord.,25,591-609.

Daughaday,E.& Rotwein,P.(1989)Insulin like
 

growth factor I and II.Peptide,messenger
 

ribonucleic acid and gene structures,serum
 

and tissue concentrations. Endocrin. Rev.,
10,68-91.

De Palo,E.F.,Cappelin,E.&Gatti,R.(1998)Uri-
nary growth hormone excretion:results of a

 
study on athletes. J. Sports  Med. Phys. Fit-
ness,38,88-89.

De Palo,E.F.,Gatti,R.,Lancerin,F.,Cappellin,E.&
Spinella,P.(2001)Correlations of growth

 
hormone(GH)and insulin-like growth fac-
tor I(IGF-I):effects of exercise and abuse by

 
athletes. Clin. Chim. Acta,305,1-17.

De Palo,E.F.,Gatti,R.,Lancerin,F.,Cappellin,E.,
Solda,G.,De Palo,C.B.&Spinella,P.(2002)
Urinary insulin-like growth factor I in ath-
letes,before and after physical exercise,and in

 
sedentary subjects. Clin. Chim. Acta,322,
51-57.

Di Luigi,L.,Conti,F.G.,Casini,A.,Guidetti,L.,Zezze,
G.,Pigozzi,F.,Spera,G.,Fortinio,G.&
Romanelli,F.(1997)Growth hormone and

 
insulin-like growth factor I responses to mod-
erate submaximal acute physical exercise in

 
man:effects of octreotide,a somatostatin

 
analogue,administration. Int. J. Sports Med.,
18,257-263.

Di Luigi,L.& Guidetti,L.(2002)IGF-I,IGFBP-2,
and-3:do they have a role in detecting rhGH

 
abuse in trained men? Med. Sci. Sports

 
Exerc.,34,1270-1278.

Flanagan,D.E.,Taylor,M.C.,Parfitt,V.,Mardell,R.,
Wood,P.J.& Leatherdale,B.A.(1997)Uri-
nary growth hormone following exercise to

 
assess growth hormone production in adults.
Clin. Endocrinol. (Oxf.),46.,425-429.

Guler,H.P.,Zapf,J.,Schmid,C.& Froesch,E.R.
(1989)Insulin-like growth factor-I and II in

 
healthy man.Estimations of half-lives and

 
production rates. Acta  Endocrinol.
(Copenhagen),121,753-758.

Hall,C.M.,Gill,M.S.,Foster,P.,Pennells,L.,
Tillmann,V.,Jones,J.,Price,D.A.&Clayton,
P.E.(1999)Relationship between serum and

 
urinary insulin-like growth factor-I through

 
childhood and adolescence:their use in the

 
assessment of disordered growth. Clin. En-
docrinol.,50,611-618.

Hizuka,N.,Takano,K.,Tanaka,I.,Asakawa,K.,
Miyakawa,M.,Horikawa,R.&Shizume,K.
(1987)Demonstration of insulin-like growth

 
factor I in human urine. J. Clin. Endocrinol.
Metab.,64,1309-1312.

Isaksson,O.G.,Ohlsson,C.,Nilsson,A.,Isgaard,J.&
Lindahl,A.(1991)Regulation of cartilage

 
growth by growth hormone and insulin-like

 
growth factor I. Pediatr. Nephrol.,5,451-453.

Jenkins,P.J.(1999)Growth hormone and exercise.
Clin. Endocrinol. (Oxf),50,683-689.

Koistinen, H., Koistinen, R., Selenius, L.,
Ylikorkala,O.& Seppala,M.(1996)Effect

 
of marathon run on serum IGF-I and IGF-
binding protein 1 and 3 levels. J. Appl.
Physiol.,80,760-764.

Le Roith,D.(1997)Insulin-like growth factors.
New Eng. J. Med.,336,633-640

 
Montelpare,W.J.,Klentrou,P.& Thoden,J.(2002)

Continuous versus intermittent exercise
 

effects on urinary excretion of albumin and
 

total protein. J. Sci. Med. Sport,5,219-228.
Nguyen,U.N.,Mougin,F.,Simon-Rigaud,M.L.,

Rouillon,J.D.,Marguet,P.& Regnard,J.
(1998)Influence of exercise duration on

 
serum insulin-like growth factor and its bind-
ing proteins in athletes. Eur. J. Appl.
Physiol.,78,533-537.

Ocrant,I.,Fay,C.T.&Parmelee,J.T.(1990)Char-
acterization of insulin-like growth factor bind-
ing proteins produced in the rat central ner-
vous system. Endocrinology,127,1260-1267.

Poortmans,J.R.&Vanderstraeten,J.(1994)Kidney
 

function during exercise in healthy and dis-
eased humans. Sports Med.,18,419-437.

Poortmans,J.R.,Geudvert,C.,Schorokoff,K.&De
 

Plaen,P.(1996)Postexercise proteinuria in
 

childhood and adolescence. Int. J. Sports
 

Med.,17,448-451.
Rajaram,S.,Baylink,D.J.& Mohan,S.(1997)

Insulin-like growth factor-binding protein in
 

serum and other biological fluids:regulation
 

and functions. Endocr. Rev.,18,801-831.
Rosen,C.J.& Pollak,M.(1999)Circulating IGF-I:

new perspectives for a new century.Trends
 

Endocrinol. Metab.,10,136-141.
Schwarz,A.J.,Brasel,J.O.,Hintz,R.L.,Mohan,S.&

Cooper,D.M.(1996)Acute effects of brief
 

low-and high-intensity exercise on circulating
 

insulin-like growth factor(IGF)I,II,and IGF-
binding protein-3 and its proteolysis in young

 
healthy men. J. Clin. Endocrinol. Metab.,81,

169 Influence of Acute Exercise on Urinary IGF-I and IGFBP-3



 
3492-3497.

Wallece,J.D.,Cuneo,R.C.,Baxter,R.,Orskov,H.,
Keay,N.,Pentecost,C.,Dall,R.,Rosen,T.,
Jorgensen,J.O.,Cittadini,A.,Longobardi,S.,
Sacca,L.,Christiansen,J.S.,Bengtsson,B.A.&
Sonkson,P.H.(1999) Responses of the

 
growth hormone (GH) and insulin-like

 

growth factor axis to exercise,GH adminis-
tration,and GH withdrawal in trained adult

 
males:a potential test for GH abuse in sport.
J. Clin. Endocrinol. Metab.,84,3591-3601.

Well,S.(1998)Growth hormone and insulin-like
 

growth factor I as anabolic agents. Curr.
Opin. Clin. Nutr. Metab. Care,1,257-262.

G.Turgut et al.170


