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P Lol Z5
Hdl(sero) S ZFEH #23 ‘2YEZ (tonin) ol e
oulol A A ZEW (serotonin) ]2 ©]E°] BAH
(Watts & Davis, 2011; Watts et al., 2009). A=
EYL tryptophan hydroxylase ¢ aromatic amino
acid decarboxylase ¢ F @AY IS 243l E
HEZIC 2 RE FA = AAHdEEZD|th(Dankoski
& Wightman, 2013).

AzEde 324, 2, 344 95, 719, &
7, vexd, A Y5 2EH 2~ ve3) 3y
o] gtk Hus 3 Ytk (Zhou et al., 2001). ATt
Svennignsson et al.(2006)2 AZEUS &
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5 0,000 lux®|
A #0471 4%‘{%01111 ARG

de w2y zd, =9yl 53 g ¥

93 AAAE et Ak 1= 2l 7sH 7
e 2Aste A 7T T2 o5 AAAY 2 ©
3 o] FojAT}, 2 B0 AREY ANAA 9 7]%50] <
A 5ol YePdtH(Neumeister et al., 2004).
o) ot e AZEY 23S d3lsly] A3 &
dzY A F4 AFH(Cusin & Dougherty,
2013)°] AHEH 7 E sl olejgt Beld A=y e F

285 st A7 AR R &5 didlo] wiE
29l tjeto 2 AAE7)= @th(Finley & Lee, 2008:
Schramm et al., 2001). ¥oF 23} o] Hl-o-&

= 59} A9 goa duEE $22 At L5

IL S At AAEY AREHRE Fo] Hridthe
A E o nEHoltt, ay 5T ddlo] HA A
e TN 71- ] FelR1A] WA WA X
3t JH(Dunn & Dishman, 1991: Lee et al.,
2013).

AA Z‘i%‘%"]ﬂrﬂ HAE A= (Weiss et al.,
g3t Av 259 EH(He et
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al., 2012; Renoir et al., 2011)¢l o|2717}A] Z4§
A AFEa ik, QA 5% 2L AAA 250] F
AAH HZEY 22 AAAGEA u)7t wiskd
o} 2L o UA] tiAtel BAE ]S et ol gl g
At 7129 ®g®E 9&E mH(Burchett &
Hicks, 2006; Karlsson & Holmes, 2006). +%<
ot Aol AAe thE T Rk of g} Hell & g
Fe] ddE FEoted HE Hijdl AL WA 2o
Jdks FFetn ANEEF AAAZES AYite] itk

(Kwon et al., 2013). T EallA, &5 9| 33}
A EAAL HSNA o 17 AT Wl He

A o]x;}

2012; Laaksi, 2012). T3t H]E} =
AI717] SlalME SR QI Al & Hadh Add A
o]t} (Yuen & Jablonski, 2010).

F e TS ELH %017} o] As}eta #M3LE of
7INA o e AN F o B Z AEHA Tl
(Sanassi, 2014) ?%} <% AE(0ldham &
Ciraulo, 2014) 9 Auj=le] A5 2 FHAH
o tigk ZA W (McCurry et al., 2011; Mishima,
2012)02 A7t A&Ea ot 23t YW w9
ARAGED A Gk Fol ¥ gt 2448 9 o A
glo #ojsto] 1, 24, dF, FH Tl 9= vE
Aolth, &g upgdgo] Ao e wZo] & 9F
ofo] 2ol Al Yol aHE HAst= AL risie 4 ¢
Aoltt,

uha] 2 A
ZEU g wW3Es IEA Ql(raphe obscurus
nucleu) % M+ &

=
w)
lo
o
¢

5 T4 29 dEs ke FH
(Huber, 1982)cll4 &3t} 53} Yol ¥ 5
&3] ot &5 2 I =Rl E g ke
37{3 Agstr] 213l ﬁ\‘sﬂﬂi’i‘ﬂr. e AgAFEL
$E7 4o ©E AX|d 3t AFEo|n E T A
= 5 UE 53 AP E w FrHE9 At ole
2l el 2Hlsksd

SHTCHA

2 A7y HIFES AL HFE AT
o] 47 Sprague-Dawley A2 2 (KOATECH
Korea) 36vFe]& A&t JTEfe 749 12

FZ0) 9sto] EARE(n=9), +5H{H1n=9), LF

@4(n=9), 271 ¥E+HHn=9) 2= TR

e A48 A 43 s Add 84 4871
e AR skl vkl @ 7f el AbsA o] 2(28cn
x42emx20em) ol ¥ F2(22427T), F+5(60£10%)
S A8l 12417 24 o B s wdiAgE F
493 dgoz G A TEAdAM AEH o
RE AP dAe Y FudslY S9s vt

S 997 3 Ak 28EE S EY = (PARK
TECH, Korea) oA AFAaAH ] G E X8
7] A&l HSAQ FolE o] &3t %%E}E% 319

(Takatsu et al., 2010; Tuan et al., 2008). <
—‘?—o} Q=L AAE (%A 27] 5 %}J% 2m/min

T2 B3} et 2 oS 5EHE Sm/min &,
:LFJJ_ 8m/min &=A 2087t 3HF 434 % 30

B gE)7] 252 4FYd 54, 4 7&%"\10}3’1‘4 4
Fre] ARAA G f19 2 EF i £k 9 AAE
= 3F HoA AAAE A B A7 W] Js v
A& 717 5 e FRESH(Kim et al., 2003;
Kwon et al., 2013).
Ol HHI =&

= A5 99 9F FH = (Philips, Poland)
= 10,000 Lux7tA ¥ & de 93 297172 o
&4 el 91% 2Hste ATHIFEHF ot ¥
A5 BEHORE °“?l’ © 2 10,000 Lux® #d
=322 (Gagné et al., 2007), AFgHg ol whet o
T FREE AP FER l‘f* B 80cne] Azlol 71 AR
sttt ofF 943 B9 =F A AFAA 7|k
e A7 A sYs ST FdS
WA e T AAE AT



H (immunoblot) &
Az & HPFES A T8 240 &
1%5E Has 7] 8l Zoletil 50®(10mg/kg) &
524 W FAE Fotd AT s 4 E
a e JEle 0.IM A AaT
(phosphate buffer saline, PBS)E F¢35o] &
AAsIL 4To] B#Z 4%9 NBP(neutralize
buffered paraformaldehyde) 1174 9< #5733
F 14 F HE A& S 28 @7 4TAA
A8A7F F a5 AAeAT 1A E H 23 20%
sucrose SHA BHFEIE AAAZ T AA AL}
< o]&3led O.C.T.(Optimal Cutting
Temperature)3&E (compound) 2 WEAIZ %+
-80C WE 1o 24& BRI} -80TCo Rod =
:57]( Freezing microtome)2] 2ty-&
0C ¥&na &AM 1A T YF
= O] '3}04 30im FA AW} A
o] A %}%%oﬂ =27t 20 C % F Lo B
d T 48A7 & Zoletll
50®(10mg/kg) = &7 ‘44 T*}% Eoto] niH A7
wF3te] ¥ 2F 9] 24 (midbrain)E WojWo] A
Axo] FYEAA -80TC WEaed HAS AT

[sopentane=

0oy XSS (Immunohistochemistry)

J

A g A (free-floating) & ©]
2319t} Triton X-1002.2 1087 Al&g & %3
Well ZA3t= WAA peroxidased HIEAE A17]7]
AsiA 0.1M PBSell #4tsk24:(H02) & 0.3% % 3
Agto] 1087 vheA AT, a8)avbA 1.5% Blocking
Solution®l 30#3F ¥FSAIZA Y. I v A AAGEA
59 2AES AEe] dd TPH 1A @A(1:50,
mouse monoclonal primary antibody, Sigma,
USA)E 4C WA aLelA o}F St i-eAZT. 14 &
A& Ao Ao whgol Bt tha, 22k A& (1:200,
secondary biotinylated IgG, Vector, USA)< 14|
b st AAA BREAIZ T AlF g F avidine-b

iotin-peroxidase complex(ABC kit, Vector, USA)

ST e Wol FH W9 ArEY B v 4 195

oA 1AIZE B ARAdA WREAZT AR ERE
3,3-diaminobenzidine tetrahydrochlo ride(DAB)
£ (0.1M PBS°l| 0.03%= 3Asle] o3} (filter) st

AHEA 0.003% HHatslra(H:00) 8 H7Hsk9 T
-‘.J B2 oA 3R BT L AH T 24E

Agtelo g2 FEH &efo|to glojA] oA at%
(overnight) &t HAZRAIAT. AZ2AIZl * o
(ethanol)® T=% 70%, 80%, 90%, 95%, 100%
2 WAF SR =7 gA7]a A el (xylene) &
2 53}l A4S AX 124 (mounting) £H 02 AH

sttol=E & Tyl

T o

+
h=4

<
=2

HASH (Immunoblot: Western blot)
WEad 2a" 225 PICE93T lysis buffer
(1:100) 2 =o]x 284 2~3H Z53923 (sonica-
tion) 3ttt 4TColA 12,000rpme 2 3587 94
2] (centrifugation)dt & FH NS HZF tubed
&7 dES FEFsint. dFE 9 E S o] &3
8% SDS-polyacrylamine gelolx A7 Z3slt}.
1 % 5% SM(skim milk) TBSTZ 7oA 243t
blockingdtdth. blocking & 12} A4S 3% SM
TBST9 1:5002.2 A ate] 4T WAdA 3%
H(overnight) &<t WA oo = 22 A
(goat anti-mouse, Thermo Scientific, USA)E
2.5% SM(skim milk) TBST9} 1:10,0002.2 84
sto] AF2o Al 2417t F<t HEEAIA T, ECL(enhanced
chemiluminescence) £ LAS-4000(Fujifilm,
Japan)< °]&3dto] ARIES st Wizl A&
Y 2d o vwdty] 913 a-tubuling Bl gelst

AR

o] g wHe-& Y A ZAY AAL R ¥ 27 7}
Boo A 55 Fedn|gor e 24 8
429 FYHESFE Image-Pro Plus 6.1Z20
(Media Cybernetics, USA)S o]&3lo] ZZHH
(section)F B o= FA6ITE H o 7 5-919] 9]
9} B3 Paxinos®t Watson(1986)2] wal4 (atlas)
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=39 A5+ SPSS Win 17.0 T2 $ o] &3}
EAAE stk 7&e5AE BAS B9 239
7 Akl Hit(mean) ¥ EF LA (standard error
mean: S.E.M.)E &3t # AellM = Ja 2t

A

B 180
o 140
£y
".-;,-'_Ewn
I
E E 100
s
T £ A0
a2
£sS
28 &
22 a0
[ Ty
=
|

]
g 1. sESMsiolMel TPH 2aMze| SHold AEI(A) ¥ &4

J=i=(B)
3p<.001, vs. CG; °p<0.001, vs. EG & LG, CG: A Y,
EG:+53d, LA, ELG:5+HU AT

e T4 B AREY LA Afo]E Yol Y]

] AHEA (one-way ANOVA)S AA5H
T3} Scheffe's method & o] &3t AFT-AG S A
1, TS 052 AA T

2 s
0| SZM0M TPH SAMESO| s}

Ef =l 53 Yo =Zo] ¥ 3543 (raphe
obscurus nuclew)old AZEY A9 TPH
(Tryptophan Hydroxylase)] @& o3t gk
n X =2 gRlatr] s WA sehy S Fastgitt
RE JddA TPH ¥4 AlZe HdA s ke 2 )
7} o el ol R #EHATH (Y 1A).

slEMad el TPH 44 AEFe Ezﬂ
42.75+2.91/mt, +FF T 109.2546.44/mr, 4
111.88+4. 60/ TE5+ E&é‘;} 133.88+6. 25/Hmf_‘

o3 5

]IN

rsl rSl

2 Jeiton], ezl Aol s vlwaly] A3 2 ze
(2" 1B)% %D}.

(2% 1B)ell viehd mpst o] 2t et 5A14 &
99 AP w TPH %4 AE5e] §213 2o}
A (p(.001), AFF A% A3}, SAF ol H]a]
ohe ZE e W frold S7He B3la 2E+ 5T
EFHDI R vl feld Fhe B

EHlE 0| sl

Z3 oA TPH w44
o EHol| o3 }}% nA A glshy] fef MY
H ( < st (@

TPH @4 3o 24 23 BA-D 1.00+.04,
SEAG 1,13+, 01, 1A% 1.09+.01, ¢5+24¢
1.15£.07% Yepyton, Jezt 2fol & vl wstr] g
aYgzE (aY 2B)SF 2}
(a9 2B)el| Uehd uke} o] 7t Jezt BAA &
RS AZe AT TPH A wd o] $o 8 zjo] 7}
o (p(.01), A A% Ax, BAR v& o
BE oA o3t T7tE BAAT 5 +EAT



Efc=d
A
L& B X k.7
b G D e i
CcG EG LG ELG
B
15
5 a
E a 3
a
o — T
53
£a
ze
o v
SE
Iz
ag
=05
2
ki
[
14
0 r
cG EG LG ELG
7 2. SollMel TPH THHE sFo| Hak AFRI(A) T 24
Je24=(B)
*p<.01, vs. CG, CG:EAAY, EG:+ 54, LG:EAS
ELG: &5+ 3
of VI Wd M) 71 gL Boly 5
AR R frolsA= Tt

o] Ao Sprague-Dawley A4 2l
Ao R 437 EYey $23} ghe dlof)
AREY o nA] e TS Folhuzx " z243)

2=
'T’
L

Y3t vgdsEe Bl 1 AUE Gelsgon ¥
QA7 Qe ARE olv] £AR HY A7ARG v
watel AT

TPH(Tryptophan Hydroxylase)= X o] &38|
A AREY A9 £ 24 Gholu, AZEY A
o EolAL A AREY BA A Tdut ZAjs=
Aoz A3 th(Blomstrand, 2001; Struder &
Weicker, 2001). &, TPHS] 42 AlZzE2] At

AT zA

HdEFE 2HE Qo £ TPHE Azgdel
FAwe oilgl 7157 e 24 Ao gelA 9l

do] 8% Ho] NREY o] n

HGartside et al., 1992).
AN WEHE AZEY AZAFE drt 2
=] 5 Ao 744 HA )t (Malagie et al., 1995). Al
2EUL g%, AH vz E, A 27 ey of
A (Azmitia, 2001), A&(Figgitt, & McClellan,
2000), P (Watts et al., 2012), H&H] &4 2L
(Papazoglou et al., 2012), Ad%, &%, Z2A
(Duke et al., 2013) &< 43, 7|97}
(Horisawa et al., 2013), <9 gz
(Dubovsky, 1994)0] & #osl= Aoz A 3
A AZEdo] AlAe] Ae)d sl @ oé?%ké

X o

ox o

o

l

A% £E3} Yo g AzEUe] BY RS B
A9 2 Q7 A% Mo} £53} e A4 geld
39 ¥ 25| Do) FAA JGE v)F R0l A
Zeny,

Hof|A AZEY] Fd glo] 5] e & &
HAAH Baek et al., 2012: Langfort et al.,
2000: Lim et al., 2001: MacGillivray et al.,
2012). &2 o2l o T ARED ¥E x}%s}
2 (Kirby et al., 1995), BXdL A 2EU -4
9] ZHAAEA Hef o FH oA AZED &S

A3t} (Graeff, 1997). olejgt A+ 275
O 5+ AZELS WEo] fo
7bek B AT ZAzket dAgtt, Ursin(2002)S &
A AMZEY & FHI A7) @A A zto]7}
edttn B asigliet, ole AREdo] fA4kad
7} dlof Z*}F’Wr Ae Fo| e Aoz 8T 5

2o
=2
= =
T

flo
Ho

ﬁo&
BogEog
off £ 12 off mt N

l"—lO

o B 2 gala xﬂA]—s} 2013)
U 73 diF o7 1~23F A T A el 9l
Aty Btk urlans1k & Ibay, 2012). &3t

WA gk FHA A AZEDA 417 HE
AL F7kele AT 23 (Gonzalez & Aston-
Jones, 2008) 2 Hol Ha} A 2EY A|AHL ]S
Ak #do] d5S & F 3

2 gl X TPHE ‘?ﬂ%%% ATFelM = Sl
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Effects of Treadmill Exercise and Bright Light
on Serotonin Expression in Rat Brain

Sung-Jin Kwon, Kwang-Seop Song, & Sun-Ok Kwon

Gyeongsang National Univ. Education research institute

The main purpose of this study was to investigate the effects of treadmill exercise and bright light exposure
on serotonin expression in rat brain. Male Sprague-Dawley (SD) rats were randomly assigned into four groups (n=9
in each group), specifically, control group (CG), exercise group (EG), light group (LG), and exerciset+light group
(ELG). Rats in EG were subjected to treadmill exercise (5 days/week, 30 min/day), LG rats exposed (5 days/week,
30 min/day, 10,000 Lux), ELG rats subjected to treadmill exercise in combination with exposure, and CG rats
remained sedentary over a four-week period. We observed a significant increase in serotonin expression in the
raphe obscurus nucleu and the midbrain of rats in EG, LG, and ELG, compared to CG. Interestingly, serotonin
expression was significantly increased in ELG, compared to EG and LG in the raphe obscurus nucleu via
immunohistochemistry. In the western blot, it showed a increased pattern in ELG, compared to EG and LG. The
overall results showed that treadmill exercise and/or bright light had positive effects on serotonin expression in
the brain. Therefore, we suggest that moderate exercise or exposure to bright light during a growth child may be
beneficial in brain action.
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