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Effect of Aerobic Exercise on Factors Relative to the Brain Nerve Growth in Girls
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Exercise can favorably influence brain plasticity by facilitating neurogeneration, neuroadaptivity, and
neuroprotection. Aerobic exercise has been reported to change brain nerve growth factors (growth
hormone, insulin like factor-1, estrogen and serotonin). The purpose of this study was to demonstrate
the effects of aerobic exercise for 12 weeks on brain nerve growth factors in girls. Fourteen female
participants in elementary school grades 1 through 3 were randomly allocated to the exercise group
(EG, n=6) and control group (CG, n=8). The EG participated in 60 minutes of modified ballet exercise
as aerobic training three days a week for 12 weeks. Based on comparison between groups by two-way
ANOVA with repeated measures, aerobic exercise program participants experienced decreased weight
(p<0.01), BMI (p<0.01), fat mass (p<0.001), fat percent (p<0.001) and increased LBM (lean body mass)
percent (p<0.001). In addition, we detected that aerobic exercise decreased the level of serotonin
(p<0.05) and increased the level of GH (p<0.05) and IGF-1 (p<0.05). These findings suggest that aero-
bic exercise programs can be an efficient intervention to change body composition, alleviate central
fatigue, improve brain function, and induce brain cell proliferation in girls.
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Table 1. Physical characteristics of subjects

EG (n=6) CG (n=8) t
Age (age) 6.50+0.55 6.63+0.74 0.735
Height (cm) 12795669  127.08+5.88 0.799
Weight (kg) 26.82+4.30 2651+1.88 0.860
BMI (kg/m?) 1630175 16.44+1.08 0.859

Values are means=SD.
EG: exercise group, CG: control group
BMI: body mass index

0x
ook
Jo
a
=
ic3

Y
BN
ox,

= _11}1. b
o2
flo 0
[

N

o> I

b AE, A AAE, AR
10 (Biospace. Co. Korea)& ©]-8-3}4
& 9lskd A A 12217 53 A
AstRq e, 4AE AHH 4 - 58
AAIS 29 A FEEL AEEA &
Z oot T RO Hekg A E )7
stk AALES AL FS AT
T35S 1, BMI (body mass index)©
F ()2 ol T3l
s o GH (growth hormone), IGF-1 (insulin
like facter-1), estrogen, serotonin®]t}. 418 3] 72 20:00
FH 1227 o] 3 F45 AR FEAHE FAGES
At o 24 091049 Atk S 25
St s st obFol G2 AAlelA F 10 miE A 4FH
9 (cubital vein)oll A A F3tH o™, o] &11-3-A(ethyl dia-
mine tetra acetate: EDTA)Z A3t A3 AEA FHE AL
stglon, EAEAL 53 22 PHosE EAHAT
GH= DPC-Immulite 2000 USA)& AH&-3t9oH, 4%
e v AATES o] &k, A %S GH control A
FA L) o] &5ttt 2 Pel= 1A (solid phase) .=

O:

o

[}

Q.
~<
—

-

o

Bl

il's3

o —
b, ol
B ok

Jiﬂ! —IIN’
-1N o

].

9 Ho o O
_?L

of
ok
L

o My S
N
of

E ob ol
)

2 Ho Ml to 3@

N
—

e e

& ot @

A

o,

].

l

hutd _11)4. lo
0_4_4
ol

o,
ol
é 2

i
Hr
o
tjo é

20
of\
=

o

. > o
o
do,

ok

2,
Siid
[N 7
O
g
rlo

A 71 98 H & (beads)d] AAET2ES AT U
A A (1251-Anti GH)E WHEAIA AAY AF522S %}El
+ sandwich¥ g o|t}. estrogen, IGF-1, serotonin &%
1,470 wizard y-counter(Japan)E AM&3sIH oW, S92
1] 73 A uk-S-(immunoradionmetric assay: IRMA)S ©]-8-3}9]
th AARE AL 200 rppmoll A 3417 BHSAIA FRSE EF
o] £ F&& T3] AHT ¥ Edo]y F&& AP A

A WA HS 7 -CounterZ AS34 L, o] W TN
AS FOE 3 %Jj.—i% S A€ 74]% HoZ BFFA

oA AA Y dFzEE =5 AU

IGF- 1——Tosh1ba YBA-200 FRNEO Japan)Z A}-§-3}4o.H,
S AR W 9S54 (Radio-immunoassay: RIA)©]
1, AR o2 IGF-I-D-RIA-CTZ 3}9lth. S4de]= RIAY
71 A2l Aol tsl FA3} AT AR v
she AARFES ol&sklth AARE
214 3 45te] FHe 1 miY &

AP -2 sample?} control S
3111, 1% sampleZ} con-



950 BBUSLIX| 2010, Vol. 20. No. 6

trol& 5 ml & F3314 410] A2 A 24417 (overnight) W
SAA free form¥} bound form& 7 -CounterZ £7+ A =3}

o ZF graphdlA #EE FetHTh
estrogen 412 ADVIOA Centaur (US.A)E A3l L

™, CLIA #AAPH S ZADVIA Centaur estrogen kit (Bayer,
USA)E AH&-3ted 2435t

serotonine ¥4 W serotoning HPLC (High performance
liquid chromatography)™H &2 ZHAFAI Q] Sodium acetate
(Sigma, America), Citric acid (Sigma, America), Octyl sulfate
(Sigma, America), Methanol TED Perch-ronic acid (Hayashi,
Japen)E AH&3t% 2™, High-Performance Ligid Chroma-
tography (Neuroblastoma Analyzer, Bio-Rad, USA)E &3l
ERET LY

Ho Ho
ot o
[E
Hu
[
— I

o2

o on
o)
o

fr 2

g
+
4ot

- >
Ho rr
offt
[&l
fil
[u]

o
o
N

ofe
(o2
o
e
rN
i1
>,

B 17924 A8

ik
N
jus)
o
il

i,
S
o 7

& m = N
R

7191 X trainer (Polar Co.)

o g
w Md [y 2o
K0y
ox!
tjo
&5
_1\(
Bl
=51
iz & > g do
£ Ho 1T x4

Y
=

n

>
= =
o B

_4ﬂ'r’
J

ooy oy
ot |1 K

4 on

EVP': Eﬂ‘j/]"ﬂ 94' =i, opE g, vt
T Aol e ot FE BA
TS 95407 AN E ?ii}*]ﬁg
719) o] &3} Fote] w2 v|E 2Hs Gl e
4% Sod123E A3 (45-54%
65% HRmax)i 40% F<F AA
EEEJBHOH ol gt

41:

19

>
)
dn
r—{o

>4
ol
f

N
=~

X,
o>
i)
4 1
Ei\
ol

A E odo all B &L oot ot 4y oz 2
S
o)

5
ofN -
2
i
-z
_O|L
lo,
rio,

o2 1ese] AT %%oti AAsda, 31257
< AR 259 a3 %0]7] A %— T ERE

x2Az)

38 AEE SPSS Ver. 1508 ©
Ud BERM EZBAED)S 4
3 gzre 444 S4n 7 23
Independent ttest AH 2 EQ15t )
Paired-Samples t-te

AN A-F o] Ma AL ® oI5
ov, T2 Ao B P A7) 7&4 $578 9

HAzE Afolof] gt = A3} A2 2-way ANOVA repeated
sttt A4 FoFEL a=0.05% o3t

measuresS o] &

2
=

Ac

A7y 27 =209 A thadAte] gutky
AATAT HAE YABE AR P
Independent t-testE ©]-8-3tod AAIS A3} &
o3 Aol7k UehbA ol F 15 0] 59U

2F 9% 5 U 54 2 A xﬂ;u
29} 2ot A A7) 3o A AgEIdE AT (p<0.01),
BMI (p<0.01), A A% F(p<0.001), A =] Ho]'ez_r(p<0.001), A A
E(p<0.001)A A F2ol8HA et 5T e &% 4%
HAEFS vlw st A3 A7 (p<0.001), A A4 (p<0.01), A A

d|mt
ox
=)

£ do o w

nlﬁ

)0 oF
=

9]

O_u
rr
—3
o

o
o

HE(p<0.001)o1 A o3 Ato] & Holv F7}s3i o, BMI
(p<0 001), A A 2(p<0.01), A A5 (p<0.01) 213 i}ol
2 Holy 7+43% Ao Vet g2 U9 12F A3
H g vlad A3 A3 (p<0.01), BMI (p<0.01), 2 2§ %
p<0.001), A A5 (p<0.001)el A Fr2] 3k o] & Kol Z7}
3 Aoz Yelgon], AAWEp<0.001)S o3k 2] 5 B
Fad AR veyh

HAE A #E 19 ke Table 33 2t o
A7) 749 4% A& a3 GH (p<0.05), IGF-1 (p<0.05), sero-
tonin (p<0.05)°l1 A F2JstAl Uetgth &5« Wel &5 &

—

Table 2. Changes of body shape, body composition after 12-weeks aerobic exercise

. EG (n=6) CG (n=8)
Variable Pre Post Pre Post f F
height (cm) 127.95+6.69 130.18+6.94 102177 127.08+5.88 12843533 35907 3432
weight (kg) 26.82+4.3 26.65+4.23 1.081 26.51+1.88 27.76+2.55 -3.960°  13.120"
BMI (kg/m’) 16.3+1.75 15.53+1.58 10086 16.44+1.08 16.84+1.13 1544 14237
fat mass (kg) 6.12+2.04 462,01 7.208" 5.89+0.89 6.38+1.24 1831 31198
%fat (%) 2244551 16.62+5.8 7.532" 22.2643.09 22.88+3.51 0763 31.285""
LBM (kg) 20.7+2.99 22.05+3.31 -5.343" 20.63+1.83 21.39+2.01 35537 3160
LBM (%) 77.58+5.46 83.1+6.42 -8.062" 77.76+3.17 77.1+3.53 810 30750

Values are means*SD.

EG: exercise group, CG: control group, BMI: body mass index, LBM: lean body mass

*.

: significant different within group, **: p<0.01, ***: p<0.001

#: significant groupxtime interaction effects, ##: p<0.01, ###: p<0.001
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Table 3. Changes of factors relative to the brain nerve growth after 12-weeks aerobic exercise

Item EG (n=6) ; CG (n=8) ; r
pre post pre post
GH (ng/ml) 6.81+5.04 10.93+4.8 -2.701* 6.67+4.29 6.09+3.89 0.661 8.009"
IGF-1 (ng/ml) 193.68+106.28 199.25+107.92 -2.648* 178.65+52.87 173.84+49.34 1.723 7.782°
estrogen (pg/ml) 55.5+5.96 61.23£7.57 -2.344 49.71+4.94 52.63£6.38 -2.319 1222
serotonin (ng/ml) 01.08+33.94 43.6£20.64 2.553 56.19£19.77 59.69+22.69 -595 5416

Values are meanstSD.

EG: exercise group, CG: control group, GH: growth hormone
*: significant different within group, *: p<0.05, **: p<0.01

#: significant groupxtime interaction effects, #: p<0.05
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