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The Effect of Exercise Following Muscle Injuries on Healing Process
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Abstract

Muscle injury is one of the most frequent traumas in sports. There are various types of muscle injury. Following injury,
Muscle fibers have the ability to regenerate, but the healing process is very slow and often results in incomplete functional
recovery. The healing process comprises several phases, including degeneration and inflammation, regeneration, and
fibrosis. Some injured muscles are repaired by muscle tissues themselves (regeneration), however, others are repaired by
connective tissues (fibrosis), which make discontinuity of muscle. Fibrotic tissues cause incomplete recovery of muscle
strength and sometimes induce repeating injury. Thus, enhancement of muscle regeneration and prevention of muscle
fibrosis should be preferable for healing.

Among many curing methods, we focus on exercise therapy. Once muscle is injured, it takes at least 4 weeks to repair
histrogically, but effect of exercise on healing process is unclear. Thus, whether we should work out or take a rest after
muscle injury is controversial. Up to today, few reports show that exercise improves healing process, but its detailed
mechanism is still obscure. Therefore, this study aims to reveal the effect of exercise on muscle injury. We forced mice
to swim (60 minutes swimming for 3 days in 4 days) after 7 days of muscle injury caused by eccentric stimulation. We
showed that the cross sectional area of the regenerating myofibers in exercise muscle was larger than that in non-exercise
muscle and the level of fibrosis in the exercise muscle was lower than that in non-exercise muscle. Taken together,

exercise improves muscle healthy healing.

Key words: 5145, A, FAd. AL, EB)HA

1.8 =

FHEEPLABEALIZRE S N D FHIEGIZ AR — v BlY;
THEIY ) BWRIMEDEHIMED 1 OTH Do —
FE. BRI OEGSEL L L, ToEERBIEIZR
HTHY, POBEREOBHENEVEFTDONL TV A,
TATHE L B L T, WEEILIE IS DAY IZ &
W2 EPHBEN T2,

B LB, 2. ZrE HED 3 o0
R 2 IR AR L 22 DI AT 4 50 EEED
ARG DY A IR (fibrosis) 2342 U5 2 & 3%
SENTW 5o FifEBRICHEE S N2 I &

DIETEEND T ERFLE L VL, EEMERIC L B
HEND T L RBHELE VD . OB R L
LCA U aRkiE. BI5 LmmilEr Xz 572
DITHFIET H25, T OO BRI, HifiEoD
FAREZHIRT 2 2 &R, BEOE O
BERHOWENAREABE, FEESEZ ) RTVE
EDHOEN TV, 207280, G HROERICHE
T HWFEE. WAISHRAE LRI R . FAEERIRETE
L E V) B THIEAHEA TV A,

WIRBLY C T RE 2 RGO WREE & LT,
FIIEE AL D 5o FUGRHEA (FF 2 2) Hh

W IR PN S e R R T

Graduate School of Life and Environmental Sciences, University of Tsukuba

BB RRE R
Faculty of Health and Sport Sciences, University of Tsukuba



150 FEAR - PRI - EE GG - REC )

S X ARG I R ERI A A 2179 & FE
HVRAE S, BRHEEATE 2 SIS &) S TIRgE DS
HFHETHL00 Y, 2O 2 7 = XL IZHS
PIZTe o TR\, F72, WEENRICEILER A A
AERAFE I T TRHEIIW S IRk > T,
ZITARERTIZ, Tt M) v ZIURIC L 55
B (WEENEERETIV) % v CRRRES
THEZ BB A OKIK) 255 L 728 oG
BRI RIETHEIZOWTHRE 2175 72,

2. B &

FERIZ 7 HED ICR 2~ 7 ADHEE HW/z, 18
BEoO R EE N ADOMEE BT T 572012,
Control # (Con #) & iEGREE N AT ITD %
W Injury #F (Inj #F) . 3B EE A 2179 Injury
+ Exercise #f (Inj+ Ex #f) O 3 WA E L7z (£
n = 8), Inj#f & Inj+Ex #EIZ I, BAHIMO (EME:
150 Hz. 7EUL © 10 mA. FUBCRER 1 BER) 12X D
iR &g SE72 5 pRICESBO (B :

figl-a figl-b

figl-d

200 Hz, it © 10 mA, JUERIZL 100 [\]) 12X h) =
FLr M)y 2 IUEY &4, =Xty MY v 7
2 X RS (REERL) 2 FRSE 7, BAHEIC
X, BRAIEEEE (HALELERAST) &7 4
V=% (HFRGELEHRASH) 2HW, =%t
YNy 7 IR TR IS L ) BEi OB X %
JY hu—)V L7, Inj+Ex B, 86 1 AME» S
GOEB) (1 EEH) 12X 2 RESI N A2 B 2w,
21 HRRIWZ 3 DOWEDY 7)) 7%k L, i 24T -
7o FEMTIE. HLER YD R {5 O EHT & RT real time-
PCR % 1T o 720 MR X, % >~ 70 6 Biik
WHZER L, WRZHERf <y Y M) 2
O— Ageflc L) gem L, et s v CERER
2L FAT O FAHEI AR 2 . SHELTEIRE O W %
B Z 7% 5725 RT real time-PCR &, ML OFRIE &
L T Collagen503, #iAEALIEAER T & L T TGF-BI @
UL ATz,

P 2L FOh R T 7

3000
2500
2000
1500
1000

500

£
&
=
.
£

* #

Con

Fig. 1 HE Jeta % & LR o 5 it ik
PRS- B AR O bars = 200 pm

%
Inj

Inj+Ex

I+ ERERE S % i p < 0.05 (ConTHEEDAHEE), # :p <005 (InjHELOFES)



AN R OB I AANE BRI TS 151

3. & R
HAEOFHIE LT, Y% HE 4+t L 725 % i
ML AR O s A AR & W72 L 7245 2R, Inj B
(2 HA Inj+Ex BF 0 i i AR 138 B S8 L T w
72 (Fig. 1)o f\V CRAFLOREE LT U &2~ v
VM ya— At LR R L. ST
T GREEMMRIE) 2058 L7o#E R, Inj #EICHA
Inj+Ex B OMHEALEAE 134 Z 12 LTz (Fig
2)0 Fo. MHMALMBOE BRI S TH 5
collagen503 D 5EH & % RT real time PCR Tii-X7- &
Z 5. Inj+Ex #E2S Inj B AERICHEBI5H A L
TW5DZ EDRER SN (Fig. 3). S5 ICHMILE
FET LA ML L THLNT WD TGF-pI
[ZB9 L T ® RT real time PCR CTHH & % M7 4 5.
Inj+Ex B COFEHEH Inj FEIZIL~HEITHA LT
Wb ZEDERR SNz (Fig. 4)0

4. £ =B

EEDHAICRIZTEEICOVWTERT L L.
A O AT RE A Inj #E 12 HE~ Inj+Ex BECHEIN L C
W Z Eh s, EEIN ADSABEN R OR A & R
L7z &R ENTz, F7BB DS LIZ T T
WEIZERT L L, YR OMITIC X ) M LEfE )
Inj+Ex #E T Inj FEICHAREBEIZHA LTz &,
% 72 RT real time PCR D ## R 12 X ) collagen5a3 O
FEHDT Inj BEIC N Inj+Ex BECHEZIZHA LTz
ZEns, EEADAEL 2 IR 5 & AURIE
SNz F7o, MM LA RET 2 2 LTS Tw
% TGF-p1 DFEBIH, Inj #E 12 H Inj+Ex #E CTHE
TholeZ bh b, HEGEORPES N AL,
TGF-B1 Ol % 41 L T O#AEAL 2 308 L TV 5 7]
BEMEDSRIZ S 72,

RIFZEICE D, =¥ v M)y ZIGHEIC X 558
%7 Hizn b O RWLES /A GRES) 2574 & e
L, SHALZIHEIT 5 2 & CiHRBREELET S
T EDITREE NIz, Stk TR R O ol 2 R B B

fig2-d
S
e -
g 20
& 15 -
E 10 -
oS
¥
&

A AL T

N III
0
Con

Fig.2 ¥ vV ¥ M 70— A getailiff & ik Lt
FEMER G E A @ bars = 200 um

*
‘ll *#
Inj

Inj+Ex

SFIYME + IR % p <005 (ConBEEDHEE), # :p <005 (InjlHLOfFEE)



152 F EAR - S

Collagenba3

5 5 - s
N 4
& * #
S 3
[yp)
2 2
Q

0 - T T

Con Inj Inj+Ex

Fig. 3 Collagen5a3 ® mRNA OF5EH &=
SEIGAE + RS % 1 p < 0.05 (ConFEE DA
), # 1p <005 (InjBEEDEE™)

GH R, EEIDEA 2 R LA L 2 T 5 FE L
WA HZZLZOWTH S PICTLEUENH 5,

X ®

1) Faria FE et al. (2008): The onset and duration of
mobilization affect the regeneration in the rat
muscle. Histol Histopathol 23: 565-571

2) Hwang JH et al. (2006): Therapeutic effect of

passive mobilization exercise on improvement of

- {EH

TGF81/TBP (A.U.)

n - REC fii
TGF-61
1.5 1
1 A #
0.5 -
0 - T T
Con Inj Inj+Ex

Fig. 4 TGF-f1 ® mRNA DZHE

SEIME + ERERR S #ip < 0.05 (Inj BEE O EE)

muscle regeneration and prevention of fibrosis after
laceration injury of rat. Arch Phys Med Rehabil 87:
20-26

Lehto M et al. (1985): Collagen and fibronectin in a
healing skeletal muscle injury. An
immunobhistological study of the effects of physical
activity on the repair of injured gastrocnemius
muscle in the rat. ] Bone Joint Surg Br 67: 820-828



