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Summary

In order to clarify or otherwise elucidate problems related to white, red and intermediate fibers of
mammalian skeletal muscle, and to determine which fibers are more markedly influenced by denervation
and whether this denervation effect differs between proximal nerve cutting and distal cutting, histochemical
studies were carried out on the succinic dehydrogenase (SDH) activity of the three types of fibers of rat
leg muscles. And the following results were obtained.

1) In a histochemical study on SDH activity, it was confirmed that normal tibialis anterior and
gastrocnemius medialis muscles are composed of three types of fibers; white, red and intermediate fibers,
while normal soleus muscle is composed of two types of fibers; namely red and intermediate fibers.

2) One to two weeks following denervation, the SDH activity of the individual fibers contained in
tibialis anterior and soleus decreased with the lapse of time, although a difference between the extent of
the decrease of SDH activity of the three types of fibers was present. This decrease of SDH activity was
markedly observed at the periphery of all types of fibers. The change was more marked in the red fibers.
Three to four weeks following denervation, the SDH activity further decreased and the activity corre-
sponding to the surface membrane of both white and red fibers (subsarcolemmal activity) disappeared,
although there was a difference in the inhibition of the SDH activity between red and white fibers.

The outline of adjacent fibers became obscure and the number of diformazan particles decreased.

3) The diameter of the individual fibers decreased with the lapse of time following denervation.
One week after denervation, no difference between the rate of decrease of the diameter of white and red
fibers was observed. Three and four weeks after denervation, this change was marked in white fibers.

4) The shape and interfibrillar structure of the individual fibers changed with time after denervation.
The degree of the destruction differed depending on the type of fibers and was marked in white fibers.
This change was prominent three to four weeks after denervation.

5) Following denervation the wet and dry weights of muscle decreased. The rate of this decrease

was independent of the length of time after denervation and the type of muscle.

262



46 (4) KA -

fi——"Fp @it © Succinic dehydrogenase {fHifE~ o f# 263

6) The changes induced by denervation on the SDH activity, on the shape and internal structure of

the individual fibers, and of the wet and dry weights of the muscles were not influenced by the site of

nerve cutting.

On the basis of these results, several problems regarding the changes of SDH activity,

shape and

internal structure of the individual fibers induced by denervation, together with the difference of denerva-

tion effect on the white and red fibers, including the relation of metabolism to the maintenance of struc-

ture, and in relation to the site of nerve cutting to the denervation effect were discussed.
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Table 1 Proportion of Each Muscle Fiber Iype

X b tibialis anterior (%L o 3@4@&@%%‘%&}: nbich DNfiEi% Table 2 12/t L7z, tibialis anterior i,

Fibers Red fiber ~ White fiber  Intermediated fiber
Muscles B ) (%) (%)
Tibialis anterior {superﬁcial 8 84 8
deep 49 30 21

Gastrocnemius superficial 2 96 2
medialis deep 42 26 32
Soleus 24 76

I

Proportion was replebented by percent of total ﬁbelb in erch poruon Total number of
fiber used for calculation is 400 in the superficial or deep portion.

Table 2 Diameter of Individual Fibers in Normal Muscles

B Fibers | Red fiber ‘White fiber Intermediate fiber
Muscles B ~ (pm) (pm) (pem)
Tibialis anterior ‘ 42.2 (31-51) 60.3 (47— 83) 48.3 (39-65)
Gastrocnemius medialis 57.5(48-71) 79.5 (63-105) 68.9 (55-93)
Soleus ‘ 53.7 (34-68) 521 (38-70)

lhe diameter of three different fiber types was numbered on 500 fibers each dnd the average
was used.
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Fig. 1 Changes in diameter of muscle fibers in tibialis anterior. The values are expressed

as percent of diameter of normal muscle fibers.
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Fig. 2 Loss of dry weight of the denervated muscles. Changes are expressed as
percent of control dry weight = S. E. of the mean. Above: proximal
denervation; and below: distal denervation. Number in parenthesis is
number of rats used.
Dotted columns: tibialis anterior; white columns: soleus; shaded col-
umns : gastrocnemius.
Table 3 Water Content of Muscles after Distal or Proximal Denervation
) ) Distal Proximal
Muscles ,lll(in:]i Yl\;ieekrzaatlitct)ir Control denervation Control denervation
e L (%) (%) (%) (%)
4 1 1 TT.2£0.2% 76.1+2.6 ‘[ 76.4+0.4 76.7 £1.2
—— 5 2 | 76612 774226 | 77010 786:06
anterior 4 3 ‘ 78.1+0.3 78.9+0:3 774+0.7 78.7+2.1
6 4 i T58+0.3 787+1.1 ‘ 76.9+0.3 769+1.6
4 1 3 76.8 0.6 TTA£LZ | TB.7x:18 76.4+0.3
5 2 | 75.8+0.3 78.0=21 |  76.0+1.0 77318
Soleus )
4 3 76111 774+09 | 75.8+0.6 60x1.2
6 4 | 77.7+28  768%03 | 758x15 74907
4 1 ‘ 775+ 2.1 75.1+0.2 | Teax21 77.1+0.2
Gastro- 5 2 | 77306  771=x12 771+09  785+06
cnemius 4 3 | 761=08 TTRER, 769+12 T7.7+18
6 4 75.1+1.3 77416 | 759=09 759+2.1

The water content was

estimated

* Means+S.D. p<0.05.

by subtracting dry weight from wet weight.
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(Photo. 11) ok} LU, [AM#RHECix network K50
WL, o2 =it o izl bitsic T
¥ighv -tz (Photo. 11). % 7o & ORI BRfRE 2 W LIER
FTEIMm I Gk BREoFERmc oV,
BRSO WA B 3 it O K S e b OB 2
b (EHE) 2 ez b, %72 lysosomal enzymes OiE#k 1
I RSSO AR R ek, b 2 Z hucn
B ESHT BN, BRUEE 3~4 W5, HifRiEOIZEL
b & L Em kORI EIhc R b iy, Ch
IR X5 20 X 5 eFE e b O A OfSR T h
ERBhA.

Z DRl

Z (Photos. 1~12, Figs. 1-
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3 FHEICAHBEENOKRBIEDOTE

Lk X b, Bribitc X o SDH iEk o253k it
I T B » feoickt L, s oLz A s c L
LA CH D Z LML Sht. BgEo4qe LB
L, Kriiger und Giinther?® (%, 5+ %X i ® gastro-
cnemius 1C4 % h AL gold chloride Pz X b, ##
HePNIo “Netz” #4551 584 (“Fibrillenstruktur” %45
T A £ oha b el bERHE (“Felderstruktur” %45
T AR XS B, ERMEERTT 9 £ oo “Netz”
VRS LRSS B fowd “Fibrillenstruktur” #453%
BRHEO PSS L E S o “Felderstruktur” #4579 % fiife
KB LT BEVD. ChbOREEEZETD &, Rl
FEC X D AANHE D AR AE AT 3 2 TREHE 2RI S
b Lo L, fidio X 512, bhibhoFERicET 500
Z OBIEERD b 5t SO SDH {&kA E
BAECEC LB B L, T LAAMRMECEE R
phosphorylase OBRERIC X 524b% b L, €D
WRE F 5> CHDCGRT ALERH S .
4) K ErEiEns

bhbhORAHC BT, Rk & % SDH GO K
AN CLEREE M CH - 72 (Photos. 5~9) 23, —
TIRK &b O RS O LR A FRHEC L DEBH TH
» 1z (Fig. 1, 4 X 0¥ Photos. 5~10). & Z &%, SDH i
PO, 7 HRALADRE OIIHI2ME = - Tu 2 Sl
TCh, HVRHMEORE LA E SR DM S h B C
LR L, Liehi €, REEHERRC 3 2 Lot o2
RORREIRE O TR L Db REWZ ERRETH L0
Woin. Fofi LT omic 2T bk & FkgoBm T,
Bt X B tiffigkifio phosphorylase &Pk Z LA &
BICHRE LI E T R&ETHAH 5.
5) HHEUIRTEAL S BRMIE IR

T g2 ) RSO X U % < ORI R
P, ARG T S O R S K D kIe s Z &
B A T AL89. f7t Carlsen!®) (X, B it
24 eIy (tibialis anterior) P BN+ % cyelic
AMP OPLEE LD VBSOS RAT L, AL L D b Ths
BB OB A RS & SRR LT B, balo
X o, AIIRoOMPAN T, S o ks (Fig
1-A B X O B) 7 b WG, B XoWiogER (Ta
ble 3) OB L, HIHEEYINGROLIC X 5 233D 5 s
Mot SIS YR A IR T 5 #ifE DO R S O]
ChE DREMENTEL, T LB RO i
RO (L ELEE) fTbhicew EBbhs. Lichis
€, ZOHORAEDIDICIE E BICERMEE 1 EDN ORI
BT BN BIECHS .
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terior 33 X {% gastrocnemius medialis (3 SDH yEdED
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TH5HI LRSI

2) Tibialis anterior ¥ X" soleus I & ¥ h A%
ViAo SDH &ML, BRiffe 1~2 ik, BRECELS
BAFERFAYICIET Lie. ZOWFMOE TR, WIFhobig
HETL TR TELITE Lot 1o O ILR
TR C X DEHTH - o BRIEROBEIY (3~4 %) i
feh L, EEOMETIRE HICH#ET L, Wiihcs v o
FE D B B DFRAED R R — T3 5 0 D3GR b %k
L, BEEE 2 Wit oimssss AR 72 5 & [ di-
formazan RO L.

3) AFEMIEAEO R BRI X DREIF i L
foo BRAPRE 1 J8HE TIRR S IR U A WAL & AR
HETIZ & A E2EDN e o 1o, BRTIE 3~4 R Cir s 0%
L AR CEN Th » 1o

4)  REEGRHEDILRETS b ONC NS 1L, IR X
O RERFANC AL Uieas, WS B o R XAt o i
LRy, AVRMECIVERTho. Tz ok
VEERTRE 3~4 JTRIZEE Lo 1.

5) BRUMEIC X D, I X OWZERAERIAYCD L
7y, COPOEE R, BRIEEROMIE S X Ok o
B e - T2

6) HREEAE ORI X 5 SDH H#k %L, Ak
PRSI b 0N, B X O EE OB, A
REUMTAIC X D Rie s Z Lixism o e

PRt X5 UL E o st b & D&, FRENRTED
SDH (&, THfEds X ONEREE O 2L, ARl O EM
FRAEC RS DR R DB, U & RS HERE 7o & O ik
EIWTREAL & bRl R e & D8 e 2 X845 L.
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Explanation of Photographs

Cross-section of normal tibialis anterior muscle of the rat incubated
for SDH. There are three types of fibers. R, W and I indicate red,

white and intermediate fibers, respectively. X260.

Cross-section of normal gastrocnemius medialis muscle of the rat
incubated for SDH. Note the three types of fibers. X260.

Cross-section of normal soleus muscle of the rat incubated for SDH.
Note the two types of fibers (R and I). X260.

Detailed view of normal tibialis anterior muscle fibers from section
incubated for SDH. The reticular structure (network) within fiber
is seen. X1,250.

Tibialis anterior muscle denervated for 1 week, SDH. Compare
with Photo. 1. X260.

Tibialis anterior muscle denervated for 2 weeks, SDH. Compare
with Photos. 1 and 5. X260.

Tibialis anterior muscle denervated for 4 weeks, SDH. White fibers
are markedly decreased in size and in the concentration of enzymatic

activity. Arrows indicate white fibers. X 380.

Soleus muscle denervated for 2 weeks, SDH. The SDH activity
under the sarcolemma is markedly decreased. Compare with Photo.
3. X260.

Soleus muscle denervated for 4 weeks (Photo. 9-A), SDH. The
difference between the enzymatic activity of red and intermediate
fibers was no longer present. Compare with control (Photo. 9-B).
X 380.

Tibialis anterior muscle denervated for 4 weeks, SDH. Compare
diameter ahd shape of white fibers with those of red fibers. R and

W indicate red and white fibers, respectively. X520.

Detailed view of tibialis anterior fibers denervated for 1 week, SDH.

See text for the detailed explanation. Xx1,200.

Detailed view of tibialis anterior fibers denervated for 4 weeks, SDH.
The myofibrils (arrows) seen as negative images outlined by enzymatic
activity are smaller than those (arrows) of control. Photo. 12-A:
control, Photo. 12-B: denervation. X1,750.
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