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The purpose of this study was to investigate the repetitive effects of contraction-induced injury on
muscular mass, function, structure, and protein expressions. We employed our originally developed
device with lengthening contractions (LCs) mode used in rat gastrocnemius muscle. The results showed
that both medial and lateral gastrocnemius muscle were significantly smaller than those in control. The
muscle content of myostatin was significantly higher in LCs than in control. In addition, FOXO1 and
FOXO03 showed significantly enhanced expression in LCs than in control. These results suggest that
repeated bouts of LCs in our model induced decreases in muscular mass and strength. We also observed
the activation of protein degradation signaling pathways and myostatin while inactivation of protein
synthesis. We conclude that the LCs-induced atrophy and torque deficit are associated with activation of
the protein degradation process not apotosis process.

AT R AERA
(AL 1)
[EEEESE [ HEE 2 & &t
2009 4% 2,200,000 660,000 2,860,000
2010 4% 900,000 270,000 1,170,000
wE 3,100,000 930,000 4,030,000
WFE B BRI
B DR - AIE « fRHE - AR—YFE

F—U— N R, =% MY o 7, AR R, A

1. BFZEBRMAE SO 5 ThY ., B2EBIOEELBAINST-
B W, FOJRRE L IBE OBEMIIEE ChH S, fF
WEENARE T A R — Y S5 TS T 5815 (2, EHIEEOESWVABEBE TR, AR



DOFHEALDBZE I TWA, LarL, WEEN
E%@%<i#ﬁm% AUESNDHT=H, M
e DT LU TOREBIISLNT LLALNT
X720, Fox ORFE LV —13, ZhETIZ

Z v MEERERS A %5 & LTzin vivoiEiE T T
NEVERR L, ZORIE, FHNIEILE RS L
TW5, LrL, ZOEFMI, BTN
2-30 LR EBIMTH Y . o EEICE

LCiE=zy bue— it ORIICBWTHR
RENBEDOENRNENIRMTH T,
2. WD B

EN IS ®HMi1)7/F1#?/hJ/
aiVE S %%mwtifﬁ%ﬂﬁﬁ
IVDVERR L | 2) F DIEEREC 7‘65’//\7
B R OSEIE T RSO GEEHiRR
Doy 1HERE) . ZRRetT 52 & & LT,

3. WD L
1)  ZEBRIZIE Wistar &
11 . AH 280—300), =¥t LY v
ARSI, BERERS ~ DRk B2 BE < & —R
E— 4 — % FW T2 5EEE JE O A A bt &
L7z, EFR=Xtr bU v 7% 5 Al X4
'!Z/}\%_"l’!Z//a/J:L BEE - [E5 A UL
TOEY 537z, BRMIZIE, a) RSGFOR
BIEAVIAE 2 1 R ds %12 2 FESEhE 325 (525k
MR 2 HE), b) [FISAE 0 RBEILHEZ 2
His &2 4 B9 2 (FEBRIITATIE 1 ),
D25 TH T,

2) ERLIZET VAR L, EEREO X
RUE - BIBTFRBEOEIZ OV TR L
7o BARMIIZIE @) BRIKENHTIC X B Myosin
Heavy Chain 7 A Y 7 4 —2X43#1, b) TdT-
mediated dUTP-biotin nick-end Iabeling
(TUNEL) JEIZE DT R h— 255471, ¢©)
western blotting 52 &k 5 % /37 E%%fﬁi@
ZAIZ DWW TR L 72,

4. WFFERE
1) §&fF a) TiE, AE2 KT (5B T
KOG E & O AR b hot-, —
Ji. b)) Tl AEZR KT KO E
BEOFBRBAZEE L (M1EO02) , L
s, AR—=VHG L OB SR &
o TCWEREDET VENETHZ LT,
HENBENBEET VEER CTE T, KET
NEWD Z EC, RIS AR
- hEEME - BHEAL - TOBEEREOINE A =
R BNZDWTHTZ A 2155 LRI, W
Eh@ﬁ@%ﬁ@%%k@@%%@?éﬁf
DT — X BT THLOLEEZILND,

27w MEHWEZ(h =20,

(%)
110
100

L 79

pre day 2 day4 day 6
*p<0.05 **P<0.01

X1 HEEABENBEECOIZL D2MIMET

1 (7 Ocontrol (n=7)

BECC (n=7)
0.8 -
0.6 -
i
o
{204 -
02 | F'
0 -

BESAE BESN EFAH  RES 0 TELAR
*P<0.05

M2 EENEENATHC LD iR EEORD

2) 1) CHL LT= st - i MR T 251 & 2
TET N AT LT-, a) FhfrHEfLak %
AT L 7= 5 %ﬁ$?47WﬂﬁML’*
o N LTV, S 512, ABF5E
WZETIUIZ Té%%ﬁi?Tb /XT
372, ZUNTEGRICE o THlERZS
nHZ ERRBE Tz, FEIZFOXO0L, 3,
myostatin (TGF/smad-R) DREIUITETH Y |
B E RO RS BE#ET 2D EE X T
W5,

ARETNVTBELIERBRIE. AR — VB
WZBWTHET 2HBENEED A 1 =X A
DOFRBN T 72 A2 15 2. o RBENRE
DFIE D T & 0118 Z 3 25 E T o Hpk
TR ERRTDHLEDENZD, FFIC
lwwmn@§/nﬁgiﬂﬁ% LT
W2 Z LiE, BT OFEME O DR A
%%ﬁ% %%5?57 PEERELTE
D, ABERIBHIDMLETH D EE T
5o

5. EIpFEIEHE
(FFFEAREE I TR, I EENFITE 1T IR
HERERR ) (B 10 140)

O H0aEE, SO R, REEE, EEHE
G, KEEFANAL—FR—LBFICBT
5V X N R OFIE A BT B AR
HARERR AR — Y g &HE 17.
2009, 522-530.



Min SK, Nakazato K, Okada T, Ochi E,
Hiranuma K. The cartilage intermediate
layer protein gene is associated with lumbar
disk degeneration in collegiate judokas.
Internati- onal Journal of Sports Medicine.

AHiA 30. 2009, 691-694

polyphenols have pr preventlve effects against
lengthening  contraction-induced  muscle
injuries. Molecular Nutrition & Food
Research. ##tfi 54. 2009, 364-372

Ochi E, Hirose T, Hiranuma K, Min SK
and FOXOs in prolonged  muscular
impairment induced by eccentric
contractions in rat medial gastrocnemius
muscle. Journal of Applied Physiology. %t
#iA 108. 2010, 306-313

S -, BOESEHE, CFHER. WEEN
E%%ik;o@ﬁwﬂ%fﬁ N
BT G0 BIE - KENFL AR
i) 53.2010,212-213

TR, B S, BEWENLE, BAA AL,
HEE S, CPEER RPLF o U —

BT HNLA N T RBEN O A
KNZDWT. HARRBR AR — Y [EFREE
A wefr 18 2010, 314-319

Ochi E, Ishii N, Nakazato K. The time
course of activation of Akt-mTOR-p70S6K
signaling pathway in rat gastrocnemius
muscle after repeated bouts of eccentric
exercise Journal of Sports Science and
Medicine. #&&iA 9. 2010, 170-175

KEGYT-, BRI, ARAHE, FRETE

.FEE_{%i VHER KL —
T‘~M£$ IR DT F L ARER DIIE
LIRS D AFE B ARERIR A RN —Y &
356, AHEA 18. 2010, 456-461

T = A

IR, S, BOE SO, i
X, BARFE fﬁ FHER RFEARFI U
N BRI T D IER PN AL DS AR
K. HARBEKRARN—YVEFSE A
(FIRIH).

Ochi E, Nakazato K,
hypertrophy caused by repeated bouts of
eccentric exercise and changes in cytokine
production in the rat medial gastrocnemius
muscle.  Journal of  Strength  and

Ishii_N. Muscular

(222

)

Conditioning Research. Z#HiA (in press)

##%) (8
R, LS, B S, AR
X, PIRFZHE, FHER KRPEAARNIV
 UBRRICRT AIEMRIE AR DR A
%5 64 [A] Eiztxﬁxjjlziéjté 2009 4=
9 H HER

7672)/
R

)T% BLH*$7 v Mb%‘ﬂ”ﬁ’
RE 64 [0 HARKHESRS
2009$9ﬂ TR I

Ochi E, Hirose T, Hiranuma K, Tsutaki A,
Seokki M, Ishii N, Nakazato K. Differential
expressions of protein  synthesis and
degradation signal pathways after fast/slow
velocity eccentric contractions in rat
hindlimb. 2010 Northeast Asia Conference
on Kinesiology 2010 %% 5 A Seoul,
Korea

Hirose T, Ochi E, Tsutaki A, Seokki M,
éﬁdwrﬁy(»)»s;fatm expression on apopt05|s
during hindlimb suspension. Physiology
2010 2010 47 H Manchester, UK.

Ochi E, Hirose T, Hiranuma K, Tsutaki
A, Seokki M, Ishii N, Nakazato K. Effects of
lengthening contraction velocity on protein
synthesis/degradation signal pathways in rat
medial gastrocnemius muscle. Physiology

2010 2010 4 7 A Manchester, UK.

FEONHT, B O, BRI, BdoA A,
_______________ %% f\ LD ERE N T
v N PRIERE 5 12 7‘5 PGC-1 % > /37
BB KITTEE 5 65 1 AARKT)
Ry 2010$9H THER

B S, ST, SRR, ARE
07, W ELE . (R RG> £ 9 EE O
BEWDVEREARAN tenomodulin FERIZ 52
L85 8 65 Bl HARIKIEFS RS

=

201049 A  TEEIR

IR, RLREFAE, UL, FER
AR, B S, K7 7 o A&FICBT
HERE~— I —BLOBEEE~—D
—IZBA3 258, 5 21 [5] H AREGIR A AR —
VR SRS AR 2010 4F 11 A JRIIR



(& Dfth)
R—b—Y
D http://mgu-cfla.cc-town.net/modules/staff/sta
ffsingle.php?id=44

@ http://gyoseki.meijigakuin.ac.jp/mguhp/KgA
pp?kyoinld=ymdmgdgyggy

6. HWFZEkARE

(1) WFFEfRFEE
B P4l (OCHI EISUKE)
BIEFBE RS « BEHEF v ¥ — - BHiL#
fifi
Wroeg25 + 90468778

QM5
L

(3) HHEMIEE
FE E— (NAKAZATO KOICHI)
HARKRE K « REGRKBERMIER - 2
2

Fges4&5 - 00307993

FHIEE S (ISHI NAOKATA)
WK « REPBEA SULIFZERE - #d%
Wrgesds5 : 20151326




