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The purpose of this study is to examine the effect of treadmill running on age-related
changes of spinal motoneurons and to clarify those mechanisms. Forty-three
senescence-accelerated mice (SAM) were randomely divided three groups as follows,
the young group, the aged group and the exercised group. Twelve young group mice
were sacrificed at the age of 12 weeks. Sixteen aged group mice were sacrificed at the
age of 58 weeks. Fifteen remaining mice were subjected to treadmill running for 8
weeks from at the age of 50 weeks and were sacrificed at the age of 58 weeks; those
were referred to as the aged exercised group. After the sacrifice, spinal cords were
removed en bloc and served for histological examination, immunohistological
examination and western blotting.

The number of motoneurons in aged group was significantly smaller than those in
other two groups. There is no significantly difference was observed in the number of
p62 positive cells and the amount of p62 expression on western blotting among three
groups. The number of Beclinl positive cells in aged in aged group was significantly
smaller than those in other two groups. On western blotting examination, the amount
of Beclinl expression in aged exercised group was significantly larger than those in
other two groups.

In this study, number of motoneurons and activity of autophagy were decreased in
aged mice spinal cord. These findings suggest that accelerated activity of autophagy is



needed to maintain the intracellular metabolism for prevent neuronal cell death in
aged spinal cord. Physical exercise may accelerate activity of autophagy and resulting
in inhibition of neuronal cell death in aged spinal cord.

AR TERE
(BHEHAL - 1)
[ERS T R & i
2009 4FE 1, 400, 000 420, 000 1, 820, 000
2010 4FJE 800, 000 240, 000 1, 040, 000
2011 4F 600, 000 180, 000 780, 000
A

o Et 2, 800, 000 840, 000 3, 640, 000

BB - BTABF:

Pt o F - (i H - E#ER ) e T —va

F—U—R:UnEYF—

1. AFZEBRAE 4 FI D 5

2010 FED LR EOFH)FFm T LMt 86.39
. BYET79.64 1 TH Y HRAEORFET
HD, LinL., 2004 £ WHO L R —
N CIE. BHARANDORFEEMIZLMET 77.7 7%,
BYETT23HTHY, (OO EEZH L,
BRSO D LRI T 8.7, B
PEC 7.3 HFIZET D, Lo, 2010 FFD & s
ANAIE 2944 5N, milbRIL23.1% &, &
B LI EICEITLCRBY, 4%, £9%7
R I BT DA, RRE R A A
KTDZENTHEEIND, —F, AmENH
SNLTEEEABIED LY IC, SE8E AL
BF 7 O @ O FEHERE ~ DO B Y #1237
biTnwag, INe)TF—arbZFolhtk
STHY ., EHEFEOT-DOTFTHU Y
T—vay, FROEEREE, BER I, £
OVEVENEEHRINTWD, &I T, 1#E
s N ENE & WV O RBEEE S L S, &
5T, BAREEARZS T e, BEEL. B
e CEEBBOMBEN NG L & HICE X T,
TNen] TH W -BiENRREEL 720 |
TEN#E] < (Bl i2kd, £213%
DY AT PNEWIREE] Zna®T 7V R
O—ALEHFRL. 20X RIREEDTRL &5
BWicrnae— g bl —=U 7 HHERL
TW5, LOL2RRG, b haERtRE L
e CITIEEN LD B RBERE OMERF, BRI A
NTHDEDBRENZNR, FBHFEHN S
SEBMEICZ LW, £, BERIEICLIYE
DB L, EERCE O LB D T
DD DN T OBFEZRFERIZ R S Twn
VN, FL I E bR 0 EEhER OB
SEEIRIE ORI O T O T AR
JasEB ) A BRI ST I I E A E R E T

BHT, EFRILIZZ LV,

BIROREREZ RO, MO Z MR
HIENEETHD, MBNOBRREAUEL
MEEZ HEFF T 2 DICA— 7 7 V— LR
NDHMMPBORRERY AT AR K& ks 2 1]
7ZLTW5, MilaNTOA— 7 7 P—D%
ENX, ELSHEE LR ot X VNI HER
AR NG E DS NIC 72 F > CHIEZE E Z
THIZHRY RS Z & THY ., Tz, el
foRRBIC M~ 7o & &L, oI ERRED
BRI E 2L L, ETFICHE R RES
TRAF—L L THIET 22 L TH D, M
MHRALTEREEREZE#ZHO 2 Th
i35 2 &R0, WHEIKICR T 2 0EINEIC S
Wb TWNWD, ZOLITA— 77—
FHRNO S SERGmICEE L TWD
7o, A= h 77 V—DBENEL o2
EILL720 35 &, MIREREELIZHRY, A
TEOLDOREEICHL REREEL 525, HF,
R ZER N —F YV IR, TILY N ~—IR,
TV R R EOMREMREB, HDH N
IIIOME . FFRETRIE 235 1T D AP RSk Rk DA 1
WA — 77 V—PEET L ERHRES
N2 (Hara T et al. Nature 441(7095):
885-9, 2006. Ventruti et al. Curr Neurol
Neurosci Rep 7: 443-451, 2007. Erlich S et
al. Autophagy 2: 49-51, 2006.), & 512, i
FETIE, BIELORA D= AL A— T 7 U—
NRKRESEHELTWAZ ERHLNTR-
T & 72z(Martin I et al. Aging 2011 Sep 8),

2. Mo E®

ARFFED B L, bt~ 7 2 (SAMP1)
FHWTHERICE SO —F 77V —D
FALNEH - EERERROLMICED XK H 72



WEBEHZ D00, o, PRI AEY T
— g v GEEWRE) N4 — b7 7 V—%0
Pl B HE - EHBhgs R O LM Z BH T 5
MO NWTH FAEMFHIICHIET 5 Z & T
H5,

3. WrFED ik
FEREM) & L CHEE D Z Ut~ 7 R

(sensecence—Accelerated Mouse : LA SAM)
DRFEOT D SAMPL ~ 7 A& L7z, SAM
I, AKR/J SR IR & T 2R~ 7 AN D |
B AR L 0 IR STz, —HEO B E
AR~ T ATH D, SAMP ~ 7 A Li@EE~
AN L OHETHRHELS | SEHFEMITH
40%%EME L TV D, EIRICHE, LR
DOFEE, BEMEEFHRE, 2FEET7IeA R
JE, SEHRERE L v NOBEMKER L
AR RER AIRFIET 5, FFICARIAFZE T
R L7z SAMP1 ~ 7 A%, b7 I 12 A NIiE,
FEMER, OEICAREIN T, R, HEE
Vo T2 AL BEER RE D RIE & T DR %
RTZERMONTNWHEY T ATHDH, #ib
FERE S O NNER K A 72 S0k 7o HE N & FEAE &
LCHN. SN~ T ATHY, BERLZLW
Wb DT T LVE & L CEBERICfE
HEnTtwna,

F7-. SAMPL ~ 7 ZDOxHREEE LT,
Institute of Cancer Research (LLF : ICR)
~ AR LT, ICR <™ A%, BHE - 3
BIXRIFTHY , AWM - S
B - S - FFEMFITERER 72 SIS EA &
., —fRAFZER & LT < ORFZEE T L
TWHYTARATHD,

FATHFZE LV . BRI X D ARZEMEDS 50
L VBEINDZ BT, A
ZECIX b Z HETEERE & LT 12 B,
AL HBL L T D BEpE & L C 58 il
D SAMP1 = 7 Z DB BigE L, Z(kiTfE
) BEMBEHOBREEZBRFT 2 L &b,
PR BT H 5 50 @ L 0 EE I A%
1TV, EEIINADNERAICED L D s
5.2 200 F /et 57912, 50 s L v
Ly RIVEEN A% 8 kG L CIT -
TCIEENHEOEE 3 BEf) O LA RET LTz,

SAMP1 ~ U ADXFHEHEE LT, SAMPL v
2 D[RGS ICR <~ 2 ; 12 W, 58 @,
SAMP1 ~ 7 A L [R5 T CEBI T A Z{T o 72
IEENEE, FF 3 BERIEA L7,

. ANSEBRIIRE R B R R A B SR
BE0OKRESTTUTONIMETH S,

4. WFFERkE

58 WHfin~ 7 A < BB~ T R & b ISR
HT 21 — 2 HETOF% 1 KL D 1 K4
— VN & AT D EHR L7z, FHAIORE
HOSAM~ ™ AX ICR = 7 R |2, 58 J#iih
B - EEEE L BICTREMEOIR IR AE (p <

0.001) IR BNTZ, Flz, SAM~ T AT
% 58 MERHE GEIESENEE) 2N EEMEEIZ S,
HE (p < 0.001) IZIEEMEDIKR T 78D 5
Nic, ZOZ & X0 ZITEVIREIPEDK
TREEBICEZ 5T 22, EENAICLY
HENMEDIK T Z2MEH T 5L N TEHZ &
VILY SYIEEoY

K, BEREFOMKRE TIX, SAM v 7 A2
x| ICR ~ o A3 [EEES TA BEITERED K
=\, Fo, BT D EAREIEIMEN I H
V. EEINAEZIT O Z & CRE B INHNH&h R
NdD I EPREZ T,

SAM ~ 7 A/ ICR =~ ADEREDE T AH)
WREE TIE, SAM <~ 7 R |2k L ICR = 7 &
ITBEENKEN-o72, £72, SAM =7 A
12 Ak v ¢ 58 Wiln - EEEECH RIS
<, BUIC X DZEMRIFRD b,

SAM ~ 7 A/ ICR =~ ADEREDE 7 7 f)
WRERE TIE, SAM <=7 R |2 L ICR = 7 &
ITBEENKEN-o7-, £72, SAL =7 A
12 8#m LV & 58 Fiin - EMEFECTH RIS
<. BLIZ L DB ZEMNRRD S0, )
THZETHEII LWL & E I EME
MR RH D Z EnbhoTz,

SAM =™ 2 ICR <~ 7 ZADEBEDOHIISE
WEE TIE, SAM <~ 7 R |Zk#E L ICR = 7 &
ITBEENKEN-o7-, £72, SAH =7 A
12 HEr X v ¢ 58 Bifkn - FEEVE CTHEIC/NS
<, BT X DZEMIFRD bivT,

FREOME R CIX, BFHATA MRS E kit
THERE - BEEBREL D O AFICED LT
W72 (p<0.05), Lo L, FHnfE & ZlnEE R
NI A EZEIIA LN o T,

FRERTAEOPL p62 YLt R TIL, 3 BER
WCHBEITRD LN T,

Beclinl [oPEfMpnds L EEis CH L - &
WEBHE IV bARICHE AL L TV
(p<0.05), LU, Ahinkf & ZhmEEEERM I
AEEITRD LN T,

JK BN BT DATHEE & ZEnEE R, 2
£ BDNF Bthfilati % @ik L7 /5. 3 it
MICEREITRD -T2,

5. FreREiRLE
(BFgEfEeE . WFFE s K ONEEARF TR 1
IR

O (F3KR) Gt

IRV AR, ATLE, JEEERTY, HIE
Fil, FHHFEIL, KFnfE

kL R VEBIN A EICIRE~ 7 2 OFRBER]
A KT T EIZ oW T

H AR A LIRS (G R)

2010. 5. 27



6. WFFEHHAR

(D IFgeREE
>k Foff (YONE KAZUNORI)

JEE VRIS R - RS - i

WHIEHE &>

1 40182844

(2) WFFE55 184

ANE R
HE R Bk
F9e% &

HHOOFEIL

BEVR IRy R

WHIEHE &>

HBL SERk
BEVR R R
WHIEH &

e

BEVR IRy R
WHIEH &>

Fap SR

BEVR IRy R
WHIEH &

(SETUROU
- [EHE SRR
: 30178371
(YOSHIHIR
[ 20
: 10107906

(KOSET 1J
- [E AR
: 00315417

(HARUTOSH
[ 20
: 10325780

KOMIYA)
AR - Bl

0 YOSHIDA)
Pz

IRT)
BHTIER - W

I SAKAKIMA)
HEBdz

(FUMIYO MATSUDA)

[ -
: 70437953

&




