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Abstract

Throughout the world, obesity has become an increasing health concern due to its being a risk factor of
lifestyle disease. Physical exercise is strongly recommended for obese people because it helps to improve
lipid metabolism and in turn prevent lifestyle disease. In general, however, it is thought that obese people
tend to have a negative impression regarding the performance of physical exercise. It is thus suggested
that physical exercise might be detrimental to the mental condition of obese people, in spite of its efficacy
in improving physical health. It is well known that mental condition is integrated by brain activity in
several regions of the brain.  Therefore, it is possible that brain activity related to mental condition in
obese people differs from that in the non-obese. In this study, we examined the effects of spontaneous
wheel running on the activation of several brain regions related to mental condition in obese (fa/fa) and
lean (wild type) Zucker rats.

The Male Zucker rats were housed individually in plastic cages with or without an attached running
wheel and were randomly assigned to either physically active or sedentary conditions.  Physically active
rats were allowed voluntary access to their wheels for 2 weeks.  We assessed the expression of c-Fos, the
protein encoded by the immediate early gene c-fos, which is well known as a transcription factor and
functional marker of neuronal activity. This assessment was performed using immunohistochemistry in
various brain regions related to mental conditions, such as the prefrontal cortex, paraventricular nucleus of
the hypothalamus, central nucleus of the amygdala, and dorsal raphe nucleus.

Two weeks of spontaneous wheel running did not increase the expression number of c-Fos in all brain
regions compared to sedentary conditions in both obese and lean rats. The number of c-Fos
immunoreactive cells in specific brain regions was significantly higher in obese rats than that in lean rats.
The results of the present study showed that spontaneous wheel running did not enhance c-Fos expression
in several brain regions related to mental conditions in both lean and obese rats.  The results of the present
study, taken together with numerous studies that have shown that spontaneous wheel running, unlike
forced exercise, has excellent effects on the maintenance of brain functions, suggest that it is necessary for
obese people to have the ability to engage in spontaneous physical activity in their daily lives.

1. [ ZL®IZ

AR AR BB 2T U & LTERA RO Y A0 77 7 X —L b2 b, 2 15D
FEAEERETH D, FHCEEREICBIT DA X AR v 7 vy Re—LAOJERT, IRz xtd
LY IRIRIEC PRIEDOMENL Z B E LT D, FBEICBWTE, MCKREE & e~ o
BNEIE L 2N ERFEFFIERH K> TOREN TV DN, — 5 THER 72 & DA DHIE D RIE
FENRARANTIEHEHEWEHETHL LW bH Y | BEEIZERPEIZB T H I L LT 5~ &
fRERE CTH D L E 2D,



2/13

A DI R /e b o & LT, —MRAEENRE & B RERET NS, FHlo, BED
PREEN, HE A v ) — DRI XD EEREIEM OB OB 72 6T s OING & 2 HAE
RELLFHFRET O N7 E ORI R AT L2 &b, IEmAEETEE L TAHERES
NTNW5D, BT, FFERZREEED I/ EI2 XL - T, IERAREO - DIEE 2 0L &b
ANOEIFHML TN T ERTRHREND, IEFmOMHE, ZIUItE S AETEEER O T & v o 78l
BALT UL, ZO—EOWRIUZERIIA L7520, L LaRns, —IICIEWE 1 EE)
R UBEERSOAR R AR 2D EB 2 b, EEEET 52 & 514§75>*$$$E’J THRNVA RN LR L7
L ARBMEIIAE TE R, FEERIZ, LB IFIC T 2 B RIEZ W2 B TIREIC BT, IR
Tt OLFRREE & —E MM OEENC X522 iid L7omb R, IEE 1T A EAFICRBO TRLR
B 7 EOLBERABICEET 2 A a T IR E LV b A BEICE S, BEK &0 BRI LELREE
’BQ?L%SX::TiMEEb\: L. IDIT, FEEEE T BOR B OEENZ K o TLELREED BAFICAE LT

IZxt L, JEE TIEENL S DA :17753/7W[ﬁ LWz EREE SN TW5D (Nieman et al. 2000,
Stewart et al, 2003) ,

RERA N L A7 EDOLBREDLEAIX, NDO SRR AT ML - THIf ST b,

AR & S S BN | - AN 2 D ER R IR 2 & W 9 O ThIUT., MR G o E BN O i dh s S X IR
W LR D EPRBIND, T, EREWZ HWTFRIC L - T, BT T VEW) & iEE
DOENY) TIXEENRF OMFIEEN N 72 5 Z L NEFES NAED TE T 5, Richard 6%, V7' 5%
PRBE ORI X 4 MR O€ T V#iy) Ch 5 Zucker fatty 7> MZ hLw FX /V%%
1T, AN VARG EBENERWNEUR TEO 2L Fa he B iiaLE s (CRH) #ifkiC
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Z L EHAE L CE 72 (Yanagita et al. 2005, [X11), Z#uH OFEFIE, AT » MFEBNIE S A
b U AROS Z T HDHEREME S . 2O Z EBRKR TLEBICADEEN ST 5 STV D AEE
PEDRREL TND, LLRR D, ZORROLTIEHE OEEN T 5 08 REEZ R8T 5



10/13

ZEEFELWEEILND, FUT, b —EHOFRRIZ L s THWONE MLy RIVET
7 v MEENZEHTHERERHY . £D 2 & PEBFFORE A ARSI ES 5 2 LR
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WIZ L AR LTS (Timofeeva et al. 2001; 2002) . ARFFED 7~ MZEWT  [EEEZDIREEDS fa/fa
IZBWTIEALNTHEDOTH D LHEHI SN D, PYN #RIEBIORSZ N E D falfa 7 v FTho
TH, HIEIZIT > 7256 TlE PYN OMRGEE) L ~Ld lean EEDLARWZ &b, HIE
IR LV AKIERIEFIZ AV RIEBEX VT 4 —ThHEEX LD,

HFEEE) TILA b U ARUSICBE T 2 HRIEBE) O JTTHES I 7 v MB W TH A bR &
W) ARIFGEDOFE R DR 28 5 D ER N WL OndH D EEZ NS, £79. lean &b faffa D
1 HOBARETENBFIRNZ ETHD (K4), EBRIZ, EBHOH KO ROIEDO—>ThH
HEZZONAHEREDEAIX, lean TIEALNSHOD faffa TiEALILTW W (X 3), T4
HOZEMND, T > MIE - TARERICK T 2 HEIRIIIREZ -0 TIEEO LD TIEA
Moo= mRBIENE Z bND, LLenb, 1HHZD OETEIT lean 1T ETIER2WIZLTH,
faffa IZB W T LT OHIN3 2@ mIxA 65728, faffa 28V Tk 14 HELL Lo | 5ES)
EThEDHZ izl oT, 2R Embf<5#%bh@wowfhmﬁi\maﬁ@ﬁ%@@
TlE, SREEB AT o 72D K 5 70 A N U A RSIZ B U 72 MG Eh O TTHER A e &y 9
ZEmbEZDLE, T v MBI D EB OGN 2 EHEI T A FEER A L TS EER D
b, IHIC, BFEDHNEL TVWDHEEXLNERL G, BT » b AFEREN I 1<
WEWHRT k I ABEENTLEI LD, ZOMEZRIT D Z & PIERICRTT 2R 7
ﬁ@ﬁﬁ@%4L%WTiEET%5E*Z5

JEEZ >~ hOBIEEENEZ W LIORSNTWD KT, BT » M EEETTH 2k
Kﬁbf\*ﬁ%47&ﬁm%m¢®ﬁ_owfwém_kﬁéaﬁﬁi_Mifi<b#of
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WR o Tz, AT, Schilder HIZ& - T, Ak, RENSEINT 5 L FHROMEKSY X7 E, bR
= U A T T A 2 o 72 Ko TRA A2 2L S ERTEOEINIEST 228, IWE 7 v MZ
BOWTIHAESEMLU CHRIRNA T T4 2 703 2 S TREOHE NI BT, 235 6 T & 72
W EREE SN, T EE OREENEE AT —RTH D &V ) RIBH 72 S 1u7-(Schider et al.
2011), AERAHARC B RS ORFMEIZ K> THEENZE Z L2 < 220 W 9 LELAME) < O ThIuE,
DER 72 AL Z B D Mt RISt LT R D & DA 5 3D o 7 F MREZED T T
5280 b L ITHHEHRERNIC B W TR B OIS EE=2 ) 74 D8R 6 5
T ENRREND, L LR b, T v MMIEEREO X & RISk O 2 O X 9 72 FE A
TERIZOWTIE, FrxDFEID 5 HRY TIEINETIZE T2 Lo T, Ll b,
Masuki 52 &> TZOREOEINCEN D0 LilZen &3 2 55 IEH ICBLIRROHE 2 70
STV D, Masuki & 1%, TEERIERRICEE R ZE 2 RT3V 7 Ly v Via ZHREOBIE %
FANRIRDWREC, U —F 0 7 ho—= P RITOEER, TT B2 L —=
7 BAtRIE D BMI ML EAMUOBEC @2 /R L TR Y, S5 TT BT H B HIRIGE 21T

FEIGMENZ EEWLMNT LT, £2, BFERIZENT, VAV REA T DO TATHLIL
% KB EIGE) L~ L O BRI U2 S o MslAs, Via%®/ik%E /v 7 7 Lz~ v
ZNZBNTIEA LN, ViaZAEIE, KMEZEIREBIO LR L-UR U T, ERE 20635
ZEICXY, FNCE BREICEEREE R L TWAH I EEREBL TS (Masuki et al.
2009; 2010), Z DX 9 RAFFERRREN LV EEL T Z LIk Y, BT v b o HIEEH &4
MEFLHEEZRLNLICL TN Z ET, BT v MZBIT 2 BREHOFHEN S BICHEE -
TW ZEThreEZLND,

AWFZENZIBNT, BT v MZRBIT D B EET A b LA ZESE L 72 ik 2 i S8 5
HLOTIHRNT EARSHL, EENIX U THEERZ X 0 WIS E N EE 21T 2 546, H O
R GEEN ALY #de Z ENEETH D Z & BRI T 58 R & o Tz, AR DOFERNG | JEHE)
DIUFERE, A 2 XL~V R RIFTRBIZOWTHIT2 B A2 155 2 E B MfFE S, LoREEL
EIE LT EENS ORESLIZ NS T2 3BT — 2 2Rk 2 b D L ro e b B X LIND, FDTD,
FE TOERDH D720 TER < DOMRREREMR &9 FEEREICHERT 2 2 LIRS
. BEEDEM 3 TAEZBALRIAFEE, A M LAY D, KL E, DO
BILLTWDHZ e alERD L, KEILHSTMIRRETCH-T T2 D, o, KIEH O
IO E WS T2 RIH R TIX, EEZ T 5T X—Tar b AxIill 5T, Aif
FEOFERILEENFIE AR T2 B 72D Z LR PRI, EEEEEROHEKRICL TE5 T 5
REMENE Z BN D,

5. £&9

AT T, T ~ M2 2 B3 ERNEL, A F U R ZBE L 72 fMaEk C & 2 RiigaaIE<
TR TR, Rk OMZ R KX O RS DA RIS BN 2 T0HE S 2 EH AR & 7202 &
HONZ o7, ZTHUHORERIX, ATHFRICEB W ORI AU TW S 58 ESE) & (3EH 2 Ri23 5
HLOTHY, BT >~ MZBIT D AFEB)I A N U R U 7= M GEIR O RE8) 2 Lt S 5
IZEDLDOTIERNWEWN) ZLERLTWS, 2O Lk, BT v MNEEI 21T Z Lok
LEREEOERMEERERD DL DL/ oT- LB X IEWE TR LEENC B S FEMmAYIZEY i 2
EOBEBEMEZFILOD LR oTz, L LRN G, AFEORRITAREE) OB O B 7
NOFHR AR Z 72720 DL DO TH Y | N AT L O EE /2B T 2 M =W e i &
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RTRIEE, BETRBR SICOVCTHRERHARESRS < BSNTND, 2070, T
T o FOEBIFO L0 L 5 ABALBEE 2 72 L0 BRI A h = X AOBRFHPLETH Y |
B BHFRORENAEN S,

e
KIS 2 AT BI 720 . MFHEA S X/ Ao BB & 0 % KA 2 150 & L7,
= C BRI LI B L T E T

5| TR
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