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Mechanisms of skeletal muscle fatigue

following eccentric contractions

Keita KANZAKI

Faculty of Food Culture, Kurashiki Sakuyo University

Abstract: It is well-known that eccentric
contractions (Ecc), in which muscles are
stretched while contracting, result in immediate
and prolonged force depressions. However,
the mechanisms underlying this type of fatigue
were not fully understood. The present study
tested the hypothesis that long-lasting muscle
fatigue following Ecc would be attributable to the
functional deficit in sarcoplasmic reticulum (SR)
and myofibril through the protein degradation
by the calpain pathway. To this end, rat extensor
digitorum longus and tibialis anterior muscles were
exposed to 200-repeated contractions and used
for measures of force output and for biochemical
analyses, respectively.

The experiment 1 showed that the SR Ca*'
release and uptake rate, the myofbrillar ATPase
activity and the relative content of myosin heavy
chain were decreased 4-6 days after Ecc, but not
immediately after Ecc. These alterations were
specific for Ecc and not observed for isometric
contractions. These results imply that functional
impairment in the SR and myofibril may

contribute, at least partly, to Ecc-induced muscle

fatigue which can take a number of days to recover.

In the experiment 2, several (3-6) days after Ecc,
decreases in the SR Ca’’ release and uptake rate
were observed to be accompanied by reductions
in the protein contents of SR Ca’' release channel
and Ca”'-ATPase, suggesting that disturbances
in Ca’" uptake and release would result from the
degradation of corresponding molecules.

Skeletal muscle expresses mainly three distinct
calpain isoforms, i.e., p-calpain, m-calpain and
calpain-3. The experiment 3 revealed that all three
isoforms were autolyzed following Ecc. Calpain-3
was autolyzed earlier than p-calpain, while
p-calpain was autolyzed earlier than m-calpain.

In the experiment 4, specific inhibition of
p-calpain and m-calpain with the infusion of
MDL-28170 was found to attenuate a loss of force
production and reductions in SR and myofibrillar
function 3 days after Ecc. These findings in the
present study suggest that long-lasting force
depressions following Ecc may stem from calpain-
mediated degradation of proteins involved in

excitation-contraction coupling.
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e, HERVEIGHE (eccentric contraction: Ecc) T,
ST 2 & ORI EREH 2 29 5 Z L HIH
T 5% (Lavender and Nosaka, 2006). Z DJF[H D1
OlE, B - IUEEEORORTIZH S L E 2
51T\ % (Warren et al., 2001).

i B AL HE & i /N B AR (sarcoplasmic reticulum:
SR) (&, BAE - WU EBICB W TEELREZH %
RIZLTHY, i ES) 2 ERE 2 3 #%
BEh, BREEHIBEOBEREC R ([Ca” ) O
B % A LC, 5 JEAAME o WUHE - stz % HiAE 9 %
HREZ A L CWwad. SEBITHZETIE, EcehtZ b
DN/ PN EEEIZRIZ TR EPRF SN TE
7% (Ingalls et al., 1998a, b), I 7 ¥ > HE §8 (myosin
heavy chain: MHC) & BH 12 A7 & 3 % #) J5#7 A
ATPase (myofibrillar ATPase: myo-ATPase) O i 4
WEALT B 0, B 5\ IXSROFEFE 2N #%
THROEOEIIET S 20022 TIEH 525
X o Twiawv, 72, T OERDS, HE
AEAERSREMERL T2 5 ¥ /37 ORI H 5
DE)HBREIZIE R 5 T,

HNISA i, [Ca o EFAZ X o TIEHAL &
WD 5 Sy 5 REEE TH 5 (Goll et al,, 2003).
Eccf# 1213, RHRFOHIEC 1" LA 3 2 2
ENRDHINTE Y (Lynch et al,, 1997), Eccfz D
W5 2Ny ORI, NS DG T L
# 2 5T\ 5 (Belcastro et al., 1998; Zhang et al.,
2008). L2 L7255, Ecef2lZH V34 ¥ st
SNz pdhn, EHEEEINL ETUE, €
DBIF A EcelZ & o THET SRR JFLAE D F g
DAL EIEFRT 5 0B DO WTIIAHTS
5.
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B BE G5 2 MR/ NG B O & BRE, 3) L
IS v B XU RGBS /MR, R
HMEATPase 3 K N1 WS A U IZ KT 212503
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IZDOWTaR 7z,

NVE {HRMUNHE 5 /BB D REEE,
RS HATPasei®@EH LU H
JVINA DiEMEICRIZ T RE
—ERMIE & D Hear— (EER1)

FER1ITIL, Eccfz DRI IZ BT, SROHERE
myo-ATPaselifi 5 & O V7814 2 {EVEDFEES
MWL EE T2 22 HME L 72, Th
5 DOZEALDEccR ICHF RN LB R TH L0089 »
RETT A 72012, SR & OB b 1T o 7.

Wistar,Z lEVE 5 v b %, 25 R (isometric
contraction: Iso) #f & EccHE O2#E 2575 L 72, Iso
BT & R M0 HE %, Beclf 12 1ZEcex K W
(stimulation group: Stim#f) |Z200[81 & 4 L 7z, SOAF
Bl (RestBf) x> ba— & LTHWE. &8,
EccldffRZEE % H\C, F 725 RVENGH 13 iR
HifBE 2 90° I [E % L 72 REEC, B Mtz ER
TS5 LIS X o T A FHRE L7z, TUE#T
B, 20, 4HH%B I U6HKRIC, EfaMme
A E 2L L, oricft L7z

Eccfi T, Resthif & IEAStimfE 2BV T, &
KEERMEPE S, SR Ca® it - Y SAABEAE S
& O'myo-ATPaseifi 1425, WU T4H H DL IC

EARRMEER L. SRS ORERIE, SROBE
HeR°myo-ATPaselfi 4 DML T 2%, EccfZ 2 EHIZH
2o THELLHEHFOHEEDIDOTH S Z & &R
W9 %. F 72, Ecclf T, Restdf|Z It Stim#E
I2BWT, MHCO ¥ X7 &hs, IGE#T6H
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T % 7R L, myo-ATPaselG NI T DK D1
DOH, MHCOEMHANZH 5 2 LA RS,
S 512, BeefETIE, RestffEIZHAStimAEIZ BT,
WA NS A UUEEDS, SROBERE S myo-ATPaself
PEDSMET L2 IIC i 2R L7z, CO/RRND
X, SNHDIETICA NS, VG5 L Tnw5b T
ENHER I NS, T, KREBRTIE, SROBEHE,
myo-ATPaseli B L OHE 7 V51 VG D ZEb
W, Isoff CIXEIR ENT, BecEICEHIR I N
ZACDEcclZHR LB R TH L Z L P60 L
o7z,

VE BRI DB/ NBAEDOHEEES
JUVECNNIEBICRIETRHE
(RER2)
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¥R DB D LD ENERFTT LS
ExHRE L7 EBRIEFEBEO FEEZHWTT,
Wistar 2 HEVE 5 >~ b O B (Bcc#) 12200[0] D Ece
REM L7z O Rest®) 13> ba— kL
THW7z, Eee# T, 3H&B X T6H 212,
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SR Ca’ fit Hi B BE O T 26 & SR Ca” it F v 4
)L (Ca® release channel: CRC) @ % > /%7 & DA
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7 IEOMBIBIRATFED N7z TS DRERED S,
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ATICAE L 72,
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HAREecHt 2B WT, BUGHEP-7 V31 D
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MiAE TOH R DEcclEOMATIHEZ 5 Z L SIS 1L
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FERL, 2B XL UO3DOERD B 1L, BecfZIZiEMEAL
L7278 4 »H%, CRC, SR Ca’-ATPaseds X Of
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Wistar% M 7% 5 v b & FH 2 #) #% 5+ (calpain
inhibition: CI) # & = > b @ — )l (control: CON)
TE OB 403 L 72, CH 12 1210.0 mg/kg body
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EccZ £afir L7z, RO (Restf) (22 > b —v
ELTHW . IUER T3H RICEIRM & mrk
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EcclEDAR 71 V73 A Vil PlL, CONFRIZA LT
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FETIL, S PIEEDIER L NVICHERES U
TW/2Z & &RIET S, CONFETIL, RestfElZlb
~NEcclf 2BV T, ARERMENHMET, SR Ca’lik
- B0D A AFERE B X U'myo-ATPasel 14 23Kl
R L7272%, CIECIEEREAON P72 C
NSOFERIE, p-H NS4 v BLXUTm-H 54 »
DWETNA—FF72E WA, SRR #E D
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al., 2008). S 2VE KT Z B 57, W,
BB T 2 S B LDINICEIE S 5. ZAuIx L
T, MEICHHAZESTL5 1 TOHETLDH D,
C DOFE D 5598 57 | 2 FEAE PRI R 858 RPEIDUE 12 R
T, Beex L SOEBBRITRI DL TV LAY
5N T 5 (Lavender and Nosaka, 2006). 4%
WFZECTl, Ecclli#2H L THE L AR D X /1 =
ALFEHSPIZT L7202, 40DFEEEIT- 72,
FORER, BGOY v RO R T
WoXA RS, B - G B 2 e 1 & R
12§ 8 Ny BART A Z LD, EecthIZEMIN
IS HE LB ERDIDTH b 2 L HIRE S
N7z, RKWFgeTHWz v 814 VRERNL, B
FEERZOAHNDL I EDOTELRETHY, h
b PAKES L LIZTE 2. BT T
X, K2y o024 &0RME Z v MJERN
XD L, g P ONREMERTH LIV
ISAY T OIEEENT 5 2 &G S hTw
% (Nikawa et al., 2002). SZIZZD L) HET IV
IZBWTH, EcclliH L TH U A 57 A3 ]
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