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Effects of Treadmill Exercise and Bright Light
on Expression of GABA, receptor and Cdk5 in Rat Hippocampus

Sung-Jin Kwon*

Juyak elementary school

It has been reported that continuous exercise and bright light exposure improved resistance to stress

and reduced depression and anxiety, which were attributed to enhancing neurotransmitter GABA

exocytosis and stimulating neurogenesis. In this study, the effects of treadmill exercise and bright light

exposure on the expression of GABA, receptor activity, calcineurin and calcineurin calcium signaling

pathway-depended NFATc4, neurogenesis-related protein Cdk5 and specific regulator factor of Cdk in

neurogenesis p35 in the hippocampus of rats were investigated by western blot assay. The expression of

GABA, receptor, Cdk5 and p35 significantly increased in the exercisetlight group compared to the

control group and the light group. The expression of KCC2 and NFATc4 significantly increased in the

exercisetlight group compared to all the other groups. And the expression of calcineurin significantly

increased in the exercisetlight group compared to the control group. The overall results showed that

exercise and bright light stimulated neurogenesis of the hippocampus in rats and had positive effects on

improving the brain neuronal function.
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Hho} 71&2] AZAZET} AH (synapse) = 3731,
Aol FH8 87 (enriched environment)olA =
AEE0] A8 F718le Ao g Uepdth(Felice et al.,
2012: Lim et al., 2015: van Praag et al., 1999)

GABA F84E muscimol $°] #&3= A type
7} baclofen &°| 2&3l= B type 7649 F 714
Z57} Atk GABA, 84 F2 pre-synapsed]
A8t Cl” channel (selectivity filter)d <2 &t
W conformational change® channele] €dt}, u}
2, 3K hyperpolarize) AF1EE, SHA|(inhibitory) %
a% gtH(Sved & Sved, 1990). GABAY F2 7|%

S AZAES &3l A o]7] wEo] GABAE AS
REAITNE AAA Fad dEE Gt metA
GABAergic system2 =3t A S0 2HEH HE BE
e 4F9 FE I 985 )

ZAl e (calcineurin)& 60KDa Z1%-9 <} 19KDa
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Zg AR o] Folxl o] FHY AdAbEa Z o]t
AEA Y Fe2lE Zge] 7l o) ZAwd Qi
dl&ie &t (Baksh & Burakoff, 2000). Z
AFde Ca** 3712 43181 calmodulin-binding
domaine 7FA 1 9.2 nuclear factor of activated
T cell(NFAT)E &3t T cells EA8IA71T, Q4F
gtelo] ' NFATE Alxdd] 243t et Alx
W Ca*'smrt F7kE ZAwde] 2430
NFATS "RIEAIA dloz o]FA7|H <ol
interleukin-24 th2 Y 3QIA ] AARE =91t}
HARIAF NFAT ©9d-E -2 Z2RE] 23}
AAHE FA8kE o] Hezl o] dAAA 5 TR}
golg9tt. =, NFAT familye NFAT1 (NFATp
I+ NFATc2), NFAT2 (NFATc ¥+ NFATcl),
NFAT3 (NFATc4), NFAT4 (NFATx E= NFATc3)
2 NFATHZ FA 5] itk NFAT familye 73
Ag71ez Wk #HsiH, 53] calcium
signaling@} t}2 signaling® A3 2H-g&dl] o8] Hut
S-S ZA3t}. £33 calcineurin/ NFAT signaling
o ofa AAGEAIA TAxAe| HoJgdtH(Crabtree
& Olson, 2002: Graef et al., 2003).
Cyclin-dependent kinase (Cdk)e ZdAAI
cyclin, QAbsta A 2 Akl a s AR o5t
245 gEE FE3U A oA ddE o] Axs
ghits] 2+-8-5h (Hellmich et al., 1992),
EQ AZET ofyg} AIZEE F A7A
T FolHor e Zor dEiA it
(Lew et al., 1994). Asletd EA3 A7|NEL
p34cdc2 A QlitstEael Ak, AA7A|
Cdk5e] &4& 2Hahe cycling e deiA A
gom AZAAE EolA o7 W= p3hu) peT7H 2
ot 9o EAstEn, HABA R B B o
e Ao defA Ut (Lee et al., 1996: Lew et al.,
1994 Tsai et al., 1994). p35+€ 53] 109~291 o}
0= AF 271320l Cdk59) &3t Fag 9 ¢
o} (Lew et al., 1994: Poon et al., 1997)
HAZAEZE SRy AS 7)ol AgHm,
49e] HoAE o o] MEE AZA 27 A
FEThn G AT, 1990t FHE A A FE oA
T M2 ABA 27 AE T AMdo]l S st

(Eriksson et al., 1998: Gould et al., 1999a;
Gould et al., 1999b). A A 2AAAHE7} A4
e 5 dFE o S EAE EYEY 252
gutol| A o] A XYY E SItele AeE dEA 3
ThH(van Praag et al., 1999; Kwon et al., 2014).
W2 Aol F4E o] AlEd] g Fa AUA &
ZZA7IH, 5o 2 Q& ava35a 2 o

HE& op7] A7 (Dean, 2012), HIEF D] BA &

[¢]
NFezZH AW 25l dig FHAA &E 7H
(Yuen & Jablonski, 2010). gk ohg} & &
AW e= SAatE 1 58 s A7

AAIM Zuirtet Dol B34 FAld Sl F
e BEe, AL SA L AE £3le] 24

%24 5o #o gt} (Lips, 2006). o] &
14 A72a7E 2E 53 Qo] Ay
HAzte] H o AAALEA AREY FH]

S T e Y, o

2 o A
w <o —4 12 ol o of

)
2

X o o oM
z Ho ofN 1o off
o6
4

- r

5T 7 He 217 Wl BAE s A
3t tH(Kwon et al., 2013: Kwon et al.,

2014a, 2014b).
upeba] o] st AFA FHE AEAE
A

>
to ym,
oy &

Ao 24 & ol 712 ABAEET] AH2E 9
M, AlY 2 7k B o &oletA fr=d Aol
= A7eME EEold Btk 22 A=0] H e djnt]
A GABA 8415 243} o o AAE &d
o] T3 QAR Cdkb, p35 FAzke] Bd Wsks £
Aotz stgid.

SHTCHAL

T A7 dgsee AF 5579 @ AT 160+10g
o] 71 Sprague-Dawley A1€2] 23 (KOATECH,
Korea) & AH3ITH Ad 582 49 A o
APA S Ag 71 AXA s, AR AFSA
o] ~(28cmx42cmx20cm) o] W1 d2(22+2C),
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(60£10%)°] FA=H, 1241t 114 i‘y){ﬂ]r =i}
A7) B3 @0 Guiete] APEEAdA AL
SE%lon RE AY Aaje %@lé %ﬂ%%ﬂﬂ =
oS ITHGAR-110808-R0032) . HetE-Fe 3
9 HEZFZA 9sld BAR(n=5), *EH
(n=5), ¥AE(n=5), 282 LF5+LHE(n=5H)

=]
3;;}_ 2y »1515% —’Ft A

Edcy 2su

TEe FLE & FJde 2¥sEd EfsH
(PARK TECH, Korea)ellX AtaiiF 7o) 4 4H S
FA87] Sl ASAR F3HE o] gato] & 5
% tHTakatsu et al., 2010: Tuan et al., 2008).
oHet YL AAE 0°CllM 27 SRR
2m/min $E=2 53} st} 2 vk 58S S5m/min
£ 2 783 8m/min £EA 2087 % 93
A F 3087 2El7] 5% 459l 59, 457 A
St 473t AEAA 9 919 22 EYsY S5
9 AAtzE 33 Hol A AAME A L 217 W3t
= A= 71 2F e EREHKIm et

al., 2003: Kwon et al., 2013).
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BaHE ZA S lysis buffer(50 mM Tris-Cl pH
8.0, 150 mM Nacl, 1% NP-40, 0.5% Sodium
deoxycholate, 0.1% SDS, 0.02% Sodium azide,
proteinase inhibitor cocktail, Sigma)® 723} 3t
ATk AIRE 4TolA 12,000rpm ez 3583 YA &
gl ¢ H, AL FET. FEE dudES
BCA Kkit(Poerce, Rockford, IL, USA)E ©]&3}]
ettt @ A =2 SDS-polyacrylamine
gelolAl #719%3 ¥ TRANSFER(Bio-Rad, CA,
USA)E ©]8319] nitrocellurose membrane (Schleicher
& Shuell GmbH, Dassel, Germany)®ll ©] A At
Blot& 5% SM(skim milk) TBSTZ &0l A 2413
blocking ¥ 12 @A (GABAy, R1 Antibody,
1:1000, Santa Cruz, USA; KCC2 Antibody,
1:1000, Millipore, USA: Calcineurin, 1:1000,
Becton Dickinson, USA; NFATc4 Antibody,
1:1000, Santa Cruz, USA; Cdkb Antibody,
1:1000, Santa Cruz, USA: p35/25 Antibody,
1:1000, Cell Signaling, USA)E 3% SM TBST¢}
3|4 slo] 4CoA a5 (overnight) B9 ¥H&AI A
A & 22k JAE oA 247 B vHEAIZT
Enhanced chemiluminescence(ECL)9 LAS-4000
(Fujifilm, Japan)< °]&sto] LAsqith ie] 2
715 59 2AoR vusty] 918 a-tubulingd 4l

RHEAal U 24

=449 AZE SPSS Win 17.0 Z2I3$ o] 43}
AL ik TleEAts £42 3 SHE 4

Ao #Hit(mean) El EF9 2 (standard error
mean; S.E.M.)E A&t & AFolM e I 1t

| W2 F W] AolE dolry] fste] dYFAE
£ (one-way ANOVA) S A&t} B3k Scheffe's

2
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testE o] &3l AIZAAL AXNSY, &oFE

052 AAsta.

rlo

sHOlIM GABAA R1 EHE FQ| 3}

GABA, &4 @4 o Eged
4 - Zo] ¥ g A Aujgt JFg2 v
3171 93l Western blot #4HE o] &3t Fig.
1A).

GABAA TEA S e 24 A3 SAY
1 00+.05, +57w 1.31+.04, 25 1. .

+9x 1 46+ 072 Jehon, ek 7k 2fol &

Lo}ﬂ g 2 == (Fig. 1B)$ 2t

i
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Fig. 1. Photographs(A) and analysis(B) of GABAa RI
protein level in the hippocampus
*pC.05, **pC.01 vs. CG, #p<.05, ##p{.01 vs. LG, CG:
control group, EG: exercise group, LG: light group,
ELG: exercise+light group

(Fig. 1B)l Uehd uhet 2o] 7t A 2 544
Jd& A5 23 GABA, 784 DA 2o fof
& Aoz} lglem (p(.01, £=12.26), A5 #4 2

sHOMOIM KCC2 EHlE FOf M3}

GABA, 784 gAste Cl-8 +AAeR
FEAZA KA S @gst= Ed=
UHE o) wZof| 9af] 9] gfjuto Al KCC2
W Wb ojgA dojusA] Yol
Western blot #AHS o] 39 tKFig. 2A).

KCC2ehid W o] 24 A3} SA-{T 1.00+.04,
SEAT 1.61+.04, ”]élﬂ' 1.43+.08, &5 +¥dd
1.93+.072 vepyton ek 7k 2to] & Hlwalr| ¢gt
g == (Fig. 2B)¢F 2t

o &

A

6 EG LG ELG
- -

2.0
:

C2 expression

Relative KGC i

Fig. 2. Photographs(A) and analysis(B) of KCC2 protein
level in the hippocampus
*p(.05, ***p(.001 vs. CG, ##p<.01 vs. EG, LG, CG:
control group, EG: exercise group, LG: light group,
ELG: exercise+light group

(Fig. 2B)<ll Wehd vis} o] 2 Het 71 7
N3 AET A3 KCC2 T4 o] f9gk z}o]
7F Aem (p(.001, f=35.84), AH+ A% 2
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sHOMIM Calcineurin SHHE 39| B3}

GABA, 84 4}l <8 Ca* o] AX W #9
HH ofe] 7hA] Aladso] @4gtE e O FelME
golatel 42 487 Calcineurin® #d ¥3ls &
ol 7] $J3l] Western blot < o831tk Fig. 3A).

Calcineurin @2 w3l =3 Az EANA
1 00+.04, 53 1.14+.05, 23 1.10+.05, &

+H T 1.28%.04=2 VEp o, Fek 7k Ato] & 4]
JLO]'7] A g == (Fig. 3B 2t}
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Fig. 3. Photographs(A) and analysis(B) of calcineurin
protein level in the hippocampus
*p.05 vs. CG, CG: control group, EG: exercise group,
LG: light group, ELG: exercise+light group

(Fig. 3Byl Wehd upel o] 2t ek 3+ 5AA £
= 7&%5& A3} Calcineurin @& o] §-o] 3
ol 7} 190w (p( 05, £=5.837), A% A% 23},

Y, Sed, 2E A woR UM He
BYI, E+RAEAAT SAH R fold 3717}

SHOMIM NFATc4 A FO| s}

Z%(calcium) A119-& NFAT (nuclear factor of
activated T cells) T &3} A5 2h-go o) HRk
o5 2dstu AE B3 2 e fAs=, Ed
=g R e 9 =Ed o ¥ ajutoA
NFATc4et 2 o] g #3sl7t o 97| dojup=A] Yot
B7] 93l Western blot A2 o] &atATKFig. 4A).

NFATc4 ©9d dde 24 Zi A<
1.00+.06, +53d9 1.70£.01, 25 1 34+ 07, &
THEAT 2,22+ 072 YEpsten, ek 1t 2to] & H|
wal7] 93 T =ZE (Fig. 4B)s}F 2ot

g

=1
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Falative MFATcd expression

Fig. 4. Photographs(A) and analysis(B) of NFATc4 protein
level in the hippocampus

*p.05, **p.01, ***pC.001 vs. CG, #p<.05 vs. LG,

##p<.01 vs. EG, ###p{.001 vs. LG, CG: control group,

EG: exercise group, LG: light group, ELG:

exercise+light group

(Fig. 4B)ol vepd nie} o] 2+ Atk 7+ 5A4
NS AZE A7 NFATc4 T4 o g9t
o7} Al (p(.001, f=43.34), A% 7% A7
A vlg dHd, SR, &
o) S/ Bl W] vlg) SE Tl A,
1t} =5 gl g %
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Cdk5E 7R AEER et AXED F 217
AEAME Eolad wdsla Cdkh BHS 2Ade
p35 T g7t 57 B Wo| Fdf o3 <
afutoll A ofEA dofuh=A] dobE 7] 918 Western
blot #AH& o] &3tAtKFig. bA).

Cdk5/p35 ©uWAd wdol =3 ZHI FEAAG
1.00+.01/1.00+.09, +%534< 1.49+.06/1.43+.06,
WA 1.16+.05/1.18+.05, +F5+9 AT 1.59+.05
/1.64+.092.2 Yeston ek 7+ Ajol& Hlwa}|
A3 a2 == (Fig. 5B)¢ Zt}.

A CG EG LG ELG
Cdk5

B ;
2.0- , T _
£ B . . [DCcds
B .o T m o
151 kS :
£10
051
0.0 .
K] G LG ELG

Fig. 5. Photographs(A) and analysis(B) of cdk5/p35 protein
level in the hippocampus

*pC.05, **p{.01 vs. CG, #p<.05 vs. LG, CG: control

group, EG: exercise group, LG: light group, ELG:

exercise+light group

(Fig. bByell Uehd upe} o] 7 ok 7 BAA &
g d%z‘a A3} Cdk5et p35 T A L& o8l
o]z AR e (p(.01, f=12.23:f=13.49), A%
A% A3, BAAG vg +5HY, 5
A BARCRE folgt T71E Bl Wit vlE &
FAGY 25+ fould S71E

24 3 GaAS e
Ao #o = A
o2 44 gve 71E A+ Qﬁr (Brambilla et
al., 2003: Harvey et al., 2002: Shiah &
Yatham, 1998)¢l <Ja] Edl=d 57} 3 do| ¥
9] GABAergic #igtol] B2 o] Jlvke 7H& A17]
st o 9] gjntellA] GABAy EA1S 4o <J) Al
W Ca®fo] f=E® ¥ Ly Fa3 <zl
Cdk59F p35 @A T we} W75 A=
TAAR B} Sl Aol ddetn & AFE AA
stoich. Aokl 2 A=l e deld FE
mRNA FFoA o AZA 2 Aol B 9=
ot M3 A+E(Ishida et al., 2005: Rojas et al.,
2008: Shaw et al, 2010)3} v 2 2 Aol A
T e 2o 5 HX|7F A9 sntell Al GABAL
FE&A ] Ao el ¥ TEHA ] Fag Cdkbe}
p35Thd W S FIMAT ol & FHE] He o
T A32M microarray analysiselA acutedt +%
2dHY chronicd FERdol|A 1.58 o] GABA,
FEA7E S7he BAZA L 2o AT 2ot dA S
S B2 ok (Molteni et al., 2002). &8 %3
ol W] WRthelA GABA, 8419 WHalo] vt
Etﬂo] Ohﬂﬂ oz H tﬂ-o u]oﬂ _/] :l’ z[:

>

<)
NS>

¢

fre d4 58 il
Wl 2 4 WA 7L asted], ol WA A
Hofst= GABA £H] AZAMEY il 93t o g
AR E - Crowley et al., 2002). T&o] AP#3

2 gEle dF 49 ZFd(cholinergic)

GABAergic 217 A X0l o3t 215 sjnte] AE} 252
B3t A7), A7) S5 o2 ke B4 WA

To &g v e S MAA A A 7T
o] 583 W3lE ofy] & 4 9tk (Lawson & Bland,
1993). °]ga APAFEL ]9 AFE A

T Ut
KCC2= AEZe] (I o] 7]&7]d] Hofals did=,
GABA, 849 242 5=t K-Cl cotransporter

ol KCC2& AE Y Cl-0] &S A gho g wjEAzl e
2R AZ Y o] B2 Y3y, o)gd KOC2
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=

WAoo Ay & oA (postsynaptic inhibition) 2
3L

Al =4 (excitotoxicity) &2 212+ A7 Y EYA
B & JAg=d 523 9&S 3 (Tsai et al.,
2011: Yu et al., 2005). %3t 2174 7t 243t
1A EFoR Qe KCC29 #ae Taks op)d)
7]1% @}H(Kin et al., 2014; Vinay & Jean-Xavier,

e g

o ool L

2008). o3 A7 dte] Btz EdER o3t ¥
2 B0l GABAy, 85 @Aseta, o= <9
KCC2 28 < 772 =9 OHDMW k=
=29 23S ol 7129 WA 2SI A S A5

Aol TR NN 1 *g*gol dAs) St

o nj;*l_,
a
r
rlo
rO
[l
ot
L
J%
L
E
\
a
O
r
™,
i
T To

[ O D)
3
Y,
Lo
>
N
N
>
M
&l
ol

7 I Goto et
, 1986, Matsui et al., 1987). &% Eg=2 &
%ﬂr 2o AFd 98] Ca®’/ calomodulin 183

NFATS} 22 Asdgr]| o] ofs) @43} = oy
A tiAte} mlEZE o} A3l T4 &L gttt
(Akimoto et al., 2005). o] EHEY 5% 2
Aol nEZE o} 7] 5FA ¢ B Hfsta e}
o W& &% A 58S diste 7Y 71RAR1 A
Hhotitul olujg}l T8 Aw8o 7449 e A7A 9
£ 55 v52 59 I5Y ¢ dvtu 1 2+ 9
o oEo e We Wl o) Ho| afjulolA
Ca?"/calomodulin®&#2l Ca MKH whald o] 24
| A7Add 2 A BE 37 itk (Kwon et al.,

A Ao BAFR fonsiA F
= 7% ‘i‘i’:“u a7 3l

Z7] |5t ‘ﬁ”‘éﬂf’i, A

Q9] WA= o o] =& 137} AR A

=0 ol gk ek ¥l w=37h 21

ol whe} Al FAPEe| o8t 3 Lﬁ\—% EOW, H &

& Al AR o] Brbsettta delA gt ol 3 el
o] 54 FAedA M2 AAAEF et 47
HerEo] B e B4sta 1980 2EHA] A
459 tH(Kaplan, 1981 Kaplan & Hinds, 1977).
a8y 1990dt) Fuk A2 A7 Ee] AuEm
A BAEEY] HANE 22 AAAEZIL BT
Aol Ee] drs At (Eriksson et al., 1998).
CdkhHE tF-52] Cdkoe 22l AAAEL o8 24
A7 p35%k p67ell Sl &g stE o] A7 A FEAA 2
o, HAZGAE ey ol Bofste A2 A A
ATH(Lew et al., 1994; Tsai et al., 1994). Evl&
A% Cdkb AL &e)7| &5 22 2= o3 =
of gfutol| A AR AA ] F7HAI71 3 4178 A
X B F AAE7IY A 2eder A4
Wt ofu el 33 = Yol ABAE FA 2 A
&3 o] #IE T (Lew et al., 1994). o] £ A
T FEH Lo B9 A ofsf Cdkb7t #olsta
At A& vela gl
1*‘4 Aol A EH =Y 253 e W GABAL
T 24d) & AE W Ca®to] FUHH 2
gt A S =771 A A S A Y NFATc4 Thid
= GASNA o BEFHA A Fa3 AR Cdkbet
p35 T Lo wet H7)5s ST = S A
E37t b Aol AzHET

34 &

2 A3 5589 Sprague Dawleydl 74 & F

2 o g 4537t EYrd S5 uhe Hoj w23}

o WAIEHE B vl GABAy, FEA9
e =

1

Cdks T vlAle &< doht 4 et 22
48e A9t

afutell Al GABAs R1, CDk5/p35 T4 2a &
& frejg Aok glon £+ e SANE
o glgetel vle) feuld S7HE Bim, KCC2,
NFATcd &9 Edo e 2E Hdo vla) £+

QR fon|gt S/ B Th T3 Calcineurin
child whg o o% tulvhol| A 7 S718F e H
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