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U l l r a n l r i i r l i i r a l A l t e r a t i ons in Skeletal Muscle

I'ilxTs ill' \ \u \s a l ter Exercise. ••

M:is;to A K I J / A W A * and M:isa: iki HATAYA**

Di'l'itt'l mi- i l l <>l rvirr int i ry S i i rq r> \ ' , l- 'm'nlt\ of Agr icu l ture .
l'nivi-i:\!i\ i i / To/mi. / i n i i / n i ' - A i i . Tokyo II)

Abstract . r i i r a s in i a i i r . i l a l i e r a i i o n s in ske le ta l muscle f i l lers were electron micro-
scopically studied in rats I'crc.ed lo van uu ihc (read mil l u n t i l "all-oul". \Vhcn ilicy
ii'crc mild ;nnl l in i i i rd ID n.-l;ni»i:ly smal l ;n-i::is, llu: retonsiniciion of fi lamciils cnsucfl
w i t h i n Hi d:i \s w i i l m n i i n l i l i K i i i n n of colls. \\ 'hi:n llicy wore SOVI.TO and extensive, p l ingu-
cyics i n l i h i i i i r c l in l lu: lu i imis :iml I'lMnovcd dcgcnoralivo s:ncoplnsinic dcjhr is f r n m nm.srli:
fibers. A l i l i l i : I n t e r , myoli l ; iMS appeared and regeneration was accomplished in SO days
in m u i . l i l l u ' 3.inn' 111:111111:1 a.s in myogeiiesis.
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icl;ii f/|ji(jjj) t.

lus li.-nioris ( |c|i)ly), M. liiceps lemons

« .!« iftVi :/ 'I a - -r y ft.!,!: & U(!|',ii L A: t i o , ft iffiw

•:• K ; ^iist/ilL. il;:!> -I'm i/') ;<]!;* •C'lliifi'r^

an^ju h«o i/:-, 7 •' t- i-5iE:iiWj!;;iff3-a-A:. &&

W ^ L , (IS I.:.): o T >,:;/) : *- O n/i^-o/c ;t V), :J;!K::

jt M. recins fcmoris &IIH'>/:..

I'reseiil addicis: M.a l io ia io ry A n i m a l Scii:nce and Toxicology L/alui ra ioi ies, Sankyo Co., Ltd. , 1'nkuroi-
shi, Shutioku -117 and ••IJepariiueni of Vetei'iiiary Suigeiy , I 'aculty ol Agrk.ultuve, Univers i ty of Miya-
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Explanation of Figures

1'ig. 1. Immedia te ly a f t e r exercise. Damaged swol-
len stt ' iations are apparen t in smal l areas of
;i muscle fiber. Light micrograph. X 1.000.

t'ig. 2. Immediately a f t e r exercise. 1'arallel u l t r a -
thin section of fig. I. Sarc.oineres are widened.
Disappearance of /'.-line and f r a g m e n t a t i o n of
filaments are apparen t . Electron m i c r o g t a p h .

X-l.OOO.
Vig. 3. Immedia te ly a f i c r exercise. Severely dam-

i aged wide area. No s t r ia t ion is apparent . Light

micrograph. XI.000.
1 Fig. -I. I m m e d i a t e l y a f t e r exercise. 1'arallel u l t r a -

thin section of V'ig. 3. Myofibvils art: completely
torn in pieces. Mitochondria and sarcoplasmk:
rt ' i iuduivi are damaged. Swollen nucleus is
seen in the lower part of the f iber . Electron

; miciugraph. x-l.OOO.
,' t'ig. 5. Three days a f te r exercise. M i l d l y damaged

nuuf ih r i l s have recovered c o n t i n u i t y w i t h dense
amorphous substance having the same den.ii iy
as the '/.-line. Electron micrograph. x-I.Ooti.

tig. 6. One ilay alter exercise, A mononuclear
cell is pvusevti wiiliiii a severely damageil muscle
lil».-r along with ll\t ncwdtic surciiplasmic i le-
In is. Election microgvapli, X 10,00(1.

^ i f i - 7. One day after exercise. Only a smal l n u m -
ber o| damaged mitochondria are evident in a
widely damaged muscle fiber. Electron micro-

Hv.iph. X-l.200.

I'ig. 8. One daj
are pri'Senl \
fiber. IJyl.it

1-ig. 1). Tl.ree <U
ol)ser\etl ne.i
mkiogr;ij<li.

l'i(J. Hi. T.hiide '
fused laiiiou:
no roii[4i-sn;-
Siippoadl lo 0
X'l.lJOO,

Fig. 1 1 . TMv d
a muliiimcl'1:!
I t l ame i iS (.'ut

Fig. 13. < f > i : t i ;i:
al iujt ' i iu . i im
Light niicrog,

Fig. 1-1. '^ivcu d;
a t i n g mode
of t h e i i ^ l .
niicrogra|h.



Explanat ion of Figures

I ig . I . I m m e d i a t e l y a f t e r exercise. Damaged sivi t l -
I rn M r i a i i o n s are apparen t in b i n a l l areas of
a muscle fiber, l-igln mic rog iaph . Xl idOO.

i if;. «' , I m m e d i a t e l y a f t e r exercise. I ' a i a l k t l u l t r a -
t h i n sei.tinn nl Fig. I . Sarcomei'ei a ie widened,
ni.iappe.iraixc of 2- l ine and f r a g m e n t a t i o n of
f i l .u i i en t s an: apparen t . Electron un'c/ogiaph.
.<. I .(Kill.

f i g . ;1. I m m c d i . H e l v a f t e r exercise. Severely dam-
•ijjnl wide area. Nu s i r i a l i o n is a p p a r e n t , l . i g l i t
mil uif j i . ' iph. - I . I K K I ,

I iij. I . I n i i i i r i l i a U i l y a f t e r exercise, P a r a l l e l u l t r a -
i l i i u st-ti ion <'! I 'ig. :) . Myof i l u i l s an: f d n t j i l e i e l y
l i n n in pieci.'S. A l i i i / ( . l i < > i i < l r i a , I I H | .s.m n | ) lasui i i :
i c l i u i l n l i i an' i l . l ina i je i l . .Su'olln: nucleii.s is
si.'i'ii in t l i e luw'er par t of tin: i i l i e i . Electron
mil io j ; i ; i | jh . X-I.OUf).

l - ig . :> . Tlnee i l a j s , a l t e r exercise, M i h l l y .i-.iina^erl
i i u o n l n i U l i ; i > ( : recnvereil i M i i l i n u i i y u ' i i h i leiisi :
a 11 in i plmiis i i i l ) . -> i ; i i i i (j hav ing the s.nni' i l e n s i t y
.is 11 ic* /--line Kleclron in i r r i i j j i ' ap l i . X-1,110(1.

l-i|:. t"i. Hue i l ay a l i e r exercise. .\ i i i i i i i n i i i i c l e a r
nil !•> presi nl w i l l l i n a severely <l.'iin,'i^cil iniisrle
: , ' , , i i i l n i i n \ \ i t h the nccrolic sarc<i |<l, ' isinic de-
l i i i b . l - . l e i i ron ni i r rograpl i . xULdClO.

1 i£. 7. one i l a y a f t e r exercise. On ly a smal l n i n n -
|ji-r i , f ( I , i n i a f j c i l n i i t f u hon i l r i a are ev ident in a
it idrK d.iin;i|4< d iinisile I i l i c r . I'.U.-i t r i m inicrci-

Fig. B. One dav a l t e r exercise. M u i i u n i t c l e a r cells
aie present i i ' i ihin a scvcrel) damaged muscle
tihcr. Light micrograph. ;< 1,501).

Fig. 9. Three d a v s a f t e r i:xercisc. .Main' cells are
observed near damaged muscle f i l t e r s , l - i g l t i
micrograph. X8-IO,

Fig. I I I . Three d a y s a f t e r exercise. Al igned and
fused mononuclear cells w i t h fine f i l a m e n t s and
no rough-surfaced cndoplasmic r e i i cu lnm are
supposed to be myoblasls. Electron ndcrograj)h.

l - ig . I I . Three days a l t e r exeici.se. A portion of
a m n l l i n u c l c a r myoblaM con ta in ing m a n y /uie
f i l a m e n t s (arrow) t h a t assume a l o n g i t u d i n a l
pa ra l l e l o r i e n t a t i o n . A- and l -band and / - l i ne
arc not yet ev iden t . Elec t ron micrograph.
:-:;">,-ioo.

Fig. !_'. Five days after exercise. F i l a m e n t s arc-
aligned i n to r u d i m e n t a r y myofibrils . Dense
Mibstat icc on the f i l aments appears 10 be / - l ine .
Electron micrograph. XSO.UOu.
13. Seven days a l t e r exercise. Newly regener-

a t i n g n i u l t i n u c l e a t e d muscle l ibers (arrow).
Light micrograph. XS-ll).
l- l . Seven days a f t e r exercise. N e w l y regener-

a t i n g muscle liber. Nucleus is s t i l l a t the center
of the cel l , / - l ines arc s t i l l z ig-zag. Electron
micrograph. X-,-00.
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