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— Abstract

Background : The aim of this report is to show that treadmill running exercise under well-controlled conditions is to
improve of regeneration in rat gastrocnemius muscles after sciatic nerve crushing injury.

Material & Method : Male Sprague-Dawley rats (1 month old) were submitted to bouts of exercise on a treadmill up
a 10 degrees decline and speed is 24m/min for 60 min per day and gastrocnemius muscles were analysed at different
exercise periods (5, 10, 15, and 20 days) by immunohistochemistry in comparison with injured non-exercised muscles.
Rats were sacrificed at 9th (5 days exercise), 16th (10 days exercise), 23rd (15 days exercise), 30th day (20 days
exercise) after sciatic nerve crushing injury. The regenerative processes were analysed by detection of routine
immunoreactivity for the two intermediate filaments, desmin and vimentin. Desmin and vimentin are specific
components of the cytoskeleton of striated muscle fibers and of mononuclear cells of mesenchymal origin including
myoblasts, respectively.

Results : Desmin was revealed in processes of degeneration and regeneration and vimentin was revealed in regeneration
process. Non-exercised rats had more desmin- and vimentin-positive myofibers than that of treadmill exercised rats at
9th, 16th, 23rd, and 30th day after sciatic nerve crushing injury. At 30th day, non-exercised rats had several desmin-
and vimentin-positive myofibers, but exercised rats had numerous normal myofibers.

Conclusion : It is concluded that treadmill running exercise is able to improve regeneration processes in gastrocnemius
muscles after sciatic nerve crushing injury.
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Fig. 1. Cross sectional muscle fibers of normal gastrocnemius
muscle were immunoreacted for desmin. Muscle fibers
showed their normal polygonal appearances. Immunoreaction
of desmin was weak. Sarcolemma of myofibers were intact.
Original magnification. x 250.

Fig. 2. Cross sectional muscle fibers of normal gastrocnemius
muscle were immunoreacted for vimentin. Cross sectional
muscle fibers showed their polygonal appearances.
Immunoreaction of vimentin was absent. Some connective
tissue cells and blood vessels were revealed by vimentin.
Original magnification. x 250.
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Fig. 3. Desmin-positive muscle fibers of 9 days after sciatic
nerve crushing injury. (A) Muscle fibers of control rat
skeletal muscle. Strong stained atrophic muscle fibers with
central nuclei (arrows) were appeared. (B) Muscle fibers of
5 days treadmill exercised skeletal muscle. Atrophic muscle
fibers with central nuclei (arrows) were fewer and larger
than control rat muscle fibers. Original magnification. x
250.

NI

Fig. 4. Vimentin-positive muscle fibers of 9 days after
sciatic nerve crushing injury. (A) Muscle fibers of control
rat skeletal muscle. Small atrophic myofibers of this section
were strong stained with vimentin (arrows). (B) Muscle
fibers of 5 days treadmill exercised rat. Several large
atrophic myofibers were prominent immunoreacted for
vimentin (arrows). Original magnification. x 250.
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Fig. 5. Desmin-positive muscle fibers of 16 days after sciatic
nerve crushing injury. (A) Muscle fibers of control rat
skeletal muscle. Many strong immunoreactive myofibers were
observed (arrows). (B) Muscle fibers of 10 days treadmill
exercised rat. Several myofibers were strong immunoreacted
for desmin (arrows). Original magnification. x 250.

3) 1642
PAEF F 16DR10U LB Bhzite] 24
Frol M= Aol

,11,



‘21‘:]'(Fig. 6A, 6B). e 2HfES B2 T
vimentin®l] ZstAl A o] AFEAIL(Fig. 6A), A
o e 2E ZHF-E7] vimentindl 735HA A
H AL AFEF F AJTHFg oB).

Fig. 6. Vimentin-positive muscle fibers of 16 days after sciatic
nerve crushing injury. (A) Muscle fibers of control rat
skeletal muscle. There were many strong immunoreactive
myofibers (arrows). (B) Muscle fibers of 10 days treadmill
exercised rat. There were several small strong immunoreactive
myofibers (arrows). Original magnification. x 250.
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Fig. 7. Desmin-positive muscle fibers of 23 days after sciatic
nerve crushing injury. (A) Muscle fibers of control rat
skeletal muscle. Most small myofibers were immunoreactive
for desmin (arrows). (B) Muscle fibers of 15 days treadmill
exercised skeletal muscle. Large myofibers had the normal
immunoreactivity. Smaller myofibers with central nuclei are
more immunoreactive for desmin (black arrows). Myofibers
were weak immunoreactive for vimentin and had some
splitted fibers (white arrows). Original magnification. x 250.

Fig. 8. Vimentin-positive muscle fibers of 23 days after sciatic
nerve crushing injury. (A) Muscle fibers of control rat
skeletal muscle. Many vimentin-positive myofibers were
visible (arrows). (B) Muscle fibers of 15 days treadmill
exercised rat. Several strong immunoreactive large myofiber
(black arrow) and small myofiber were appeared (white
arrow). Original magnification. x 250.
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Fig. 9. Desmin-positive muscle fibers of 30 days after sciatic
nerve crushing injury. (A) Muscle fibers of control rat
skeletal muscle. Small strong desmin immunoreactive
myofibers were observed (arrows). (B) Muscle fibers of 20
days treadmill exercised rate. Almost myofibers were appeared
of normal shapes and were normal immunoreactive for
desmin. Original magnification. x 250.

B

Fig. 10. Vimentin-positive muscle fibers of 30 days after
sciatic nerve crushing injury. (A) Muscle fibers of control rat
skeletal muscle. Large vimentin immunoreactive muscle fibers
(arrows) were visible. (B) Muscle fibers of 20 days treadmill
exercised rat. Most myofibers show normal polygonal
appearance and were not immunoreacted with vimentin. A
small myofiber with central nuclei was observed (arrow).
Original magnification. x 250.

o

A9 HBAG GALYT 250 THAA) rlAE Tt

5) 304+

FAEE F 309207 &5) 9] txolre @
oz Gl 77k 2 dF dEENo A
Aol vlal AT 2AHF7F Bokrk(Figs 9A, 10A).
ARt 24FEC] AY 2ARE AEHL
AN THFigs 9B, 10B). thZ&w-oll 4= desminol] 733HA &

A 2 7go] 2k 24 frEo] AEEATHFig. 9A). A ¥
T 2AFE R AAFEHE BRI desminol] A
At e Fd WS HATHFE 9B). &A=
& ZAF-E5] vimentin YA W2 B9 (Fg. 10A),

ARTANE BE 5o 2450 1 At uele
=]

z ZFZ
ZEL DA &Aoo m o) 25 Zo] A o
b 2ol E Aol 7t RINE] FitE 7] wjiel] =
SHZ 30 AFEAS 2o AP W B3|
XA oo HHF Ao x&2] Q) Aalo] D Qst

*é%(myoflber)—J <3 4ol 1"%%01

22l A dojus WA AR

P A7) gAEEE 2ARES Yitgow &
TR A HH o] ZE2 21 2R8(phagocytosis)
AR A&H oz AADE o] Aol
A 34.7(-10] 22} = EH}—¥°H}"]1: 16?—__]51]]77]—
Aol AAAA. 53, £4 F oA
SHG7H S AR e AT AR
Z3a Zo] ol HAHUT. of
AAHARNAY S ADHEAE W=
T 2dA el WE g G S

Ay =R )8
s}
o
::1,
2
O

)
14
ot

X r-
flo ©

o
o
:?{é
[\e)
N
O

H

Y
Lt
BN o fo
U S
LA g

=59 AL EfofellAe] A HH S WHESA| N
£ SalMe 2HRE Eene 71A ] exlsta ¥
TR VWHJ} EAE o) 7tk o]d Z270]

5o AL 2N ET G55
Al Z—Hﬂt}. A ZEAA desmine 2
SAAE @7 Aol A HEEE Ao Ko}

o =W

,13,



A

£

o e skex] A23d 33, 2008

W Yol Yol Wy FT 2ANAE FHE
A 2R desmin YA AIWSS HolE 2
50l T 8 AR nol 2AHAT BES
R R EEPNEE P ERSEIEREERALS
N85 WS Geplen] 2 olgel He 2T A
A% 9] BHOzE AL WAl Yot IS
2 ¥+ Aun

HE A7) 2 RA ZA) 7] (myoblastic stage) 2 -
2 915 uet 2l 2

A Z(myoblast) S©] Z4] 3+

e
oo
w
>
>
N
3
e
<
A

0o A
ok
s
fo
2
x
o
%{r
o
(o]

N

RS = 1
ER L E s EEEUERE

b o] 4 244

_E
N

!

ol
o
N

d
=

a

=2

N
ox X
Sy X o o KX ol

= M om
ok
Ho
>
T
2
o,
o
o
s}
A
o

Iy il

_i‘_l
il
-
olN

A= QYA 270 2 Ao
2R A FEAY ] ZHE RNA wjEo]th ) o)
=5 &4 F 1697 izl 24
ASHAY JAE AL AJL 22 FE
of A&l WAel Louhar gglont vi

A

ey 2 2 rlo
o
fu

s}

fodpe oo o R 2 ot B X
!
5
=]

o ZHer WA WSS Wols AEE F AlE YRS o
23 9t 49E glo] AE FAl Ve A2 30T
gk

1579 A 525 7FA] #2843 desmin®] Y vimentin®] U
ERbA) e Thar 819 01} Goebel & 41213} ojelole)
G278 95E 2AoA desmino] YERHTIA B
Skt o]} o] YAl HE A frollA19] desming] &
AR= ojo] FEAI T o] AFlA= desminiE T} o}
Yz} vimentine g o] 1A hFigs. 3, 4).
@l 232 A 3 (mononuclear myoblast) 7} &8sk &
ZHmyotube)& FA 3t & 4 2] EdA=
% A2 (sarcoplasmic bud)o] wkx|] 91E7Eo] ve} thE
9t dAEo] ZRAEF 9152 xHS G
R 2RAZE ol 2@ A Ao
71 dZEL g2 &2
AEH o ol fAREEe] douA &=

o ¥o b rl
Jo X _ﬂ o oflf
B

o

ok 23 (myotube) o] A5 AR HEE= B
22 o]%3d ZAAHmyofilament) = 5§
1 f-(myofibril) 7} Bt 294F7F 571
Aol o] kAl A 3} FAFstohaL
fre Aol A A skaL =t
fol HJoh AfFEAEZE] 5
E]— 1-3,29)
28

N
;

ox o
uV

(=

S
K
N
<
10
r
>
5

b o
W~

o o= 1= A s A ST R
O:

oL 2o
= o

of iy

X

et PN
L

ox 2

o

Kapoukranidou <& )

38 79 2 oy
Z7F AbgERE RS E)ls)
39 FHFAA HAHE
A3k A3 3FHH 3EEH7] A
80% A=A B EEJATHAL B
AT EolA 5ol AAI7A
Fr(giant fiber)52 22 WG 742 <
AL BT

o] A& o)A vimentin ¥ WSS Hol= F4
2AFEC] YEhd Ao g njFo] Hol =&

F AR S-S AlARE F=Ah A7 &4
ol E izl vl Aol 27 o
Eo| ol #FHUT ZAHFES 7]

=
oJg] /e FHAES ZE AU} Vimentin &

1

° o
e

=2

2

4

Mo ot
AN

o

Y

il

2

32 A o
Rl 1o 7
ol
2
ol
X
Hel
!

]

o
=
g
4

oM
=L o
i
ki
]

o
o
N
-
0 o o L& oy
o

£ >
(@)
N
=2

2
ofs
o

bowitz>

AtH

K
ol

2 f
&

=
~
e
£

o
ox
oo 1o ook o &

ru e 32

s
r <]
i
o

Jo

7F

r
o e L
e o §2
2 o o

M Lo
&
e

=1

i J.?‘_J
oo &

4
o,

¢

o3

T
o
rr
rd
X,
o
i
rlo
[
4§
o,
s}
(-
i,
32,
£
<
5
=
=
rlo

AZ oj7l gk Sol A waEn] Y4 2 FIA
ol sl on R, o] A7l A%<
dojutar slvk= +

A Aol A

&
o
il

2
0

U/ o I O U

olN
i
S

et

oItk 217 44

o
013

rd
ox
Ho
il
flo

o oo lo
o
i
o

R b olf

)
o mlo
o

o
L)
2
(=

vimentin YA
vimentin 2.t} Y& Al2}A| =
30AA M= HE
2 31553 9
[e]
&

oL o] =4

ol
f

<.
M
=
=
[T
A >T“~
filo
U
o r
% 2

jaid

R Aol LK o] A7e] A 2TAAE
o AANA 28] WA AYS Adshed 48

o148 # e Ao= Yk

==

,14,



2 &

SZPAAF = desmine A7 A Q] 252 HA
2 AAYIY mFoA AHET vimentine A A 2 o]
Auk e 5 Q)T

oF @ AFE %A ZYo,
aYuE e F EdSY gy g5 7

1) Carlson BM : The regeneration of skeletal muscle : A review.
Am J Ana 137:119-150, 1973
2) Grounds MD: Towards understanding skeletal muscle
regeneration. Pathol Res Pract 187:1-22, 1991
3) Kakulas BA, Adams RD : Disease of muscle : Pathological
foundations of clinical myology, 4th ed, Philadelphia, Harper
& Row, 1985, 131-163
4) Grounds M, Partridge TA, Sloper JC : The contribution of
exogenous cells to regenerating skeletal muscle: an isoenzyme
study of muscle allografts in mice. J Pathol 132:325-341, 1980
5) Best TM, Hunter KD : Muscle injury and repair. Phys Med
Rehabil Clin N Am 11:251-266, 2000
6) Capetanaki Y, Milner DJ : Desmin cytoskeleton in muscle
integrity and function. Subcell Biochem 31:463-495, 1998
7) Goebel HH : Desmin-related neuromuscular disorders. Muscle
Nerve 18:1306-1320, 1995
8) Lazarides E : Intermediate filaments as mechanical integrators
of cellular space. Nature 283:249-256, 1930
9) Gallanti A, Prelle A, Moggio M, Ciscato P, Checcarelli N,
Sciacco M, Comini A, Scarlato G : Desmin and vimentin as
markers of regeneration in
Neuropathol(Berl) 85:88-92, 1992
10) Li H, Choudhary SK, Milner DJ, Munir MI, Kuisk IR,
Capetanaki Y : Inhibition of desmin expression blocks
myoblast fusion and interferes with the myogenic regulators
MyoD and myogenin. J Cell Biol 124:827-841, 1994
11) Bornemann A, Schmalbruch H : Desmin and vimentin in
regenerating muscles. Muscle Nerve 15:14-20, 1992
12) Larocque AA, Politoff AL, Peters A : The visualization of
myosatellite cells in normal and denervated muscle: a new
light microscopic staining technique. Anat Rec 196:373-385,
1980
13) Helliwel TR, Gunhan O, Edward RH : Lectin binding and
desmin expression during necrosis, regeneration, and
neurogenic atrophy of human skeletal muscle. J Pathol

muscle diseases. Acta

rlet

el HBNG PALYE $F0] 2344 plAE w3t

159:43-51, 1989

14) Sarnat HB : Myotubular myopathy : arrest of morphogenesis
of myofibres associated with persistence of fetal vimentin and
desmin. Four cases compared with fetal and neonatal muscle.
Can J Neurol Sci 17:109-123, 1990

15) Misra AK, Menon NK, Mishra SK : Abnormal distribution of
desmin and vimentin in myofibers in adult onset myotubular
myopathy. Muscle Nerve 15:1246-1252, 1992

16) Tews DS, Goebel HH, Schneider I, Gunkel A, Stennert E,

Neiss WF : Expression profile of stress proteins, intermediate

filaments, and adhesion molecules in experimentally

denervated and reinnervated rat facial muscle. Exp Neurol

146:125-134, 1997

Satin B, Gollnick PD Skeletal muscle adaptability:

significance for metabolism ad performance. Handbook of

Physiology. Am Physiol Soc, 1983, 555-631

Kadi F, Hagg G, Hakansson R, Holmner S, Butler-Browne

GS, Thornell LE: Structural changes in male trapezius muscle

work-related myalgia. Acta Nueropathol(Berl) 95:352-360,

1998

19) van Meeteren NL, Brakkee JH, Helders PJ, Gispen WH : The
effect of exercise training on functional recovery after sciatic
nerve crush in the rat. J Peripher Nerv Syst 3:277-82, 1998

20) White CM, Pritchard J, Turner-Strokes L : Exercise for
people with peripheral neuropathy. Cocharane Database Syst
Rev CD003904, 2004

21) Carter GT Rehabilitation management of peripheral
neuropathy. Semin Neurol 25:229-37, 2005

22) Grounds MD : The proliferation and fusion of myoblasts in
vivo. Adv Exp Med Bio 280:101-104, 1990

23) Hughes JT : Pathology of muscle, WB Saunders, Philadelphia,
1974, 57-60

24) Samat HB : Myotubular myopathy : arrest of morphogenesis
of myofibers associated with persistance of fetal and neonatal
muscle. Can J Neurol Sci 17:109-123, 1990

25) Lescaudron L, Li 7Z, Paulin D, Fontaine -Perus J

Desmin-lacZ transgene, a marker of regenerating skeletal

muscle. Neuromuscu Disord 3:419-422, 1993

Robertson TA, Papadimitriou JM, Grounds MD : Fusion of

myogenic cell to the newly sealed region of damaged

myofibers in skeletal muscle regeneration. Neuropathol Appl

Neurobiol 19:350-358, 1993

27) Maley MA, Davies MJ, Grounds MD : Extracellular matrix,
growth factors, genetics: their influence on cell proliferation
and myotube formation in primary cultures of adult mouse
skeletal muscle. Exp Cell Res 219:169-179, 1995

28) Bomemann A, Maier F, Kuschel R : Satellite cells as players
and targets in normal and diseased muscle. Neuropediatrics
30:167-175, 1999

29) Carlson BM : The functional morphology of regenerating and
transplanted mammalian muscle. J Physiol(Lond) 231:57-58,
1973

30) Kapoukranidou D, Gougoulias N, Hatzisotiriou A, Fardi D,
Albani M, Kalpisis [ : Assessment motorneuron death during
development following neonatal nerve crush and Mg(2+)
treatment. Med Sci Monit 11:BR373-379, 2005

31) Herbison GIJ, Jaweed MM, Scott CM, Ditunno JF Jr : Muscle

17

—

18

N

26

Z

,15,



A

£

2 o3

A2

st x| #1234 33, 2008

weight and protein content of rat skeletal muscle following
sciatic nerve crush. Arch Phys Med Rehabil 55:241-246, 1974
32) Dubowitz V : Pathology of experimentally re-innervated

skeletal muscle. J Neurol Neurosurg Psychiatry 30:99-110,
1967

,16,



