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On the  H e t e r o g e n e i t y  of  Ske l e ta l  M u s c l e  Fibers:  

In  recen t  years,  i t  has  b e e n  possible to  d e m o n s t r a t e  
2 major  types  of muscle  f ibers  in mos t  an imal  species 
t h rough  enzyme h is tochemica l  react ions  :-3 and  the i r  
selective s ta in ing  by  l ipid and  basophi l ic  dyes  unde r  
appropr ia te  condi t ions  of t issue processing a-6. The so- 
called red muscle  fibers ( type I) are known  to  be r ich 
in mi tochondr i a  and react  s t rongly  to  succinic dehydro-  
genase: .  The whi te  muscle  fibers ( type If)  are less reac- 
t ive  to  ox ida t ive  enzymes,  larger in size, and con ta in  
more  glycogen~a as well as glycolyt ic  enzymes~, s. 

In  view of t he  fact  t h a t  be tween  these  2 ex t r eme  and 
somewha t  opposi te  t ypes  of muscle fibers there  exis t  
all possible i n t e rmed ia t e  grada t ions  (Figure 1), the  
ques t ion  arises whe the r  one ca tegory  of i n t e rmed ia t e  
muscle  fibers exis ts  as such, as has been  suggested by  
some workers  2,3,9, or if the i r  occurrence s imply  reflects  
var ia t ions  in the i r  degree of funct ional  and metabol ic  
act iv i ty .  In  an a t t e m p t  to  individual ize  an in t e rmed ia te  
muscle  fiber in morphologica l  terms,  expe r imen t s  were 
unde r t aken  to  eva lua te  by  s emiquan t i t a t i ve  means  the  
enzymat i c  ac t iv i ty  of the  whole spec t rum of muscle  
fibers encounte red  in d i f ferent  muscle specimens,  wi th  
regard  to  the  size of t he  f ibers and  the  re la t ive  propor-  
t ion of mi tochondr ia .  

Mater ia l  and  methods. The muscle sPecimens or ig ina ted  
f rom a series of 20 female Wis t a r  ra t s  weighing 100-130 g. 
The animals  were killed by  esanguina t ion  and various 
muscles  t rom the  h ind  l imbs were dissected and rap id ly  
frozen in l iquid air. Cryos ta t  frozen sect ions were s ta ined  
for the  demons t r a t i on  of succinic dehydrogenase  (SDH) 10. 
Af ter  several  trials, the  quadr iceps  on the  one h a n d  and  
the  soleus on the  o ther  were  selected as being the  mos t  
appropr i a t e  muscles  in t h a t  t hey  p rov ided  the  full range  
of evalua t ion  cri teria:  while the  former  muscle is h ighly  
heterogenous,  t y p e  I muscle  fibers p r e d o m i n a t e  in t he  
la t ter .  Final  readings  were made  on 2 or more  t angen t i a l  
sect ions in 3 de l imi ted  areas in order  to  ensure an 
adequa te  d i s t r ibu t ion  of ( type I) and (type II) muscle  
fibers. 

The  I n t e r m e d i a t e  F ibers  

The sect ions  were pro jec ted  on a ground glass t rans -  
p a r en t  screen w i t h  an opt ical  sys tem provid ing  a to ta l  
magni f ica t ion  of 645 X, using a l ight  source of 500 W. 
The in t ens i ty  of t he  react ion in each individual  f iber  was 
measured  wi th  a pho tovo l t  520-M p h o t o m e t e r  and  the  
surface of the  same fibers was de t e rmined  wi th  a Keuf-  
fel & Esser  p lan imeter .  Read ings  of t he  in tens i ty  of 
l ight  were m a d e  a f te r  calculat ing the  correct ion index  in 
uns ta ined  prepara t ions .  The values  are expressed on a 
scale p ropor t iona l  to  the  log of the  opt ical  densi ty .  All 
m e a s u r e m e n t s  were made  on 12 fibers in 10 d i f ferent  
serial sections,  for calculat ions of the  s t anda rd  error. 

The  re la t ive p ropor t ion  of mi tochondr i a  in individual  
muscle f ibers was  s tudied  in l ight  microscopy in sect ions 
s ta ined for S D H  a t  1000 X magnif icat ion.  The glycogen 
con ten t  in the  respect ive  fibers was measured  by  densi-  
mer ry  in f resh frozen sect ions s ta ined wi th  P A S  af ter  
l ipid ex t rac t ion  wi th  pyridine.  

Results .  The s ta in ing  p a t t e r n s  of the  muscle fibers in 
the  quadr iceps  are shown in Figure 2. The numerica l  
values on the  abscissa correspond to  the  log of the  opt ical  
dens i ty  of fo rmazan  precipi ta tes .  They  run be tween  5 
and  70, w i th  a s t a n d a r d  error of -t- 1, and the  equiva len t  
n u mb er  of f ibers for each reading is indica ted  on the  
ordinate .  I t  can  be seen t h a t  t he  d i s t r ibu t ion  f requency  
del ineates  2 separa te  peaks,  pe rmi t t i ng  d i f ferent ia t ion  
be tween  the  2 groups  of fibers. The first  peak  corres- 
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Fig. 1. SDH ac t iv i ty  in the normal  quadr iceps  of the rat .  Note the 
differences in the staining reaction and the size of type I and type II 
muscle fibers. The ? refers to an intermediate category of fiber. 

3O 

 Q'5'o'i0' '0'z b0 
1~g o~ op~ic~l d~ns:ty 

I~!~??iit::::N::!iiil lype 
iFig. 2. H i s tog ram of SDH reac t iv i ty  in  the quadriceps.  The height  
of the columns represents  the number  of fibers wi thin  the same 
range of reactivity to SDH, as determined by photometric measure- 
ments. 2 groups are discernible, one corresponding to type I and 
intermediate fibers (int), and the second to type II. 
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ponds  to  the  m a x i m u m  react ing  fibers ( type I), w i th  
sharp  progression and regression of ne ighbour ing  values;  
b u t  wi th  the  second peak, the  t r ans i t ion  is less abrup t ,  
because of a wider  range of the  cor responding  type  I I  
whi te  fibers. I t  should be noted,  however ,  t h a t  an inter-  
med ia te  ca tegory  of fibers is ha rd ly  discernible  in the  
quadriceps.  On the  o ther  hand,  if  the  readings  of the  
opt ical  dens i ty  of the  soleus muscle fibers are appl ied 
to the  same scale, it  can be seen t h a t  the  d i s t r ibu t ion  
of f requency  falls into a much  nar rower  range;  2 separa te  
peaks  are out l ined wi th  the  presence of i n t e rmed ia t e  
reac t ing  muscle  fibers (Figure 3). In  fact,  typ ica l  t y p e  I I  
muscle fibers are not  demons t r ab l e  in t he  soleus w i th  
this  pos i t ion of reference. 

D a t a  pe r t a in ing  to the  d i s t r ibu t ion  of f requency  in 
re la t ion to the  size of fibers are given in Figure  4. Three  
separa te  groups wi th in  a range of 3-2 3 cm 2 are d is t inguish-  
able, wi th  the  respect ive  values  lying be tween  3 and 9, 
9 and 13, 13 and 25. This d i s t r ibu t ion  pa t t e rn ,  however ,  
is demons t r ab l e  only in those  muscles t h a t  comprise  a 
re la t ively  high p ropor t ion  of t y p e  I fibers. Figure  5 shows 
the  in tens i ty  of the  reac t ion  to  succinic dehydrogenase  
in re la t ion to the  size of the  fibers, each do t  represen t ing  
1 fiber. There  is a close re la t ionship  be tween  the  in t ens i ty  
of the  s ta in ing react ion and the  size of the  muscle  fibers. 

A survey  of the  mi tochondr ia l  popu la t ion  in each 
individual  f iber enables us to  observe t h a t  the  occur- 

rence of larger mi tochondr ia ,  whe the r  subsa rco lemmal  
or in termyofibr i l lar ,  was charac ter i s t ic  of t he  small-  and  
the  medium-s ize  fibers, a l though  in lesser a m o u n t  in t he  
la t ter .  In  those  fibers t h a t  exh ib i ted  a weak s ta in ing  
react ion to succinic dehydrogenase ,  ve ry  few large mi to-  
chondr ia  could be evidenced.  These fibers were a lmos t  
exclusively equ ipped  wi th  small  pa i red  mi tochondr i a  
near  the  Z band.  

Figure  6 i l lus t ra tes  the  in tens i ty  of the  s ta in ing reac- 
t ion  to  P A S  in re la t ion to the  size of muscle  fibers. Here,  
3 groups  can be individual ized,  wi th  a grea ter  f requency  
for the  i n t e rmed ia t e  values. I t  is seen tha t ,  in t he  f i rs t  
group, the  s ta in ing  reac t ion  t ends  to increase in re la t ion  
to the  size of the  fibers, whereas  the  reverse is t rue  as 
far as the  th i rd  group of f ibers is concerned.  However ,  
th is  does no t  app ly  to  those  regions formed a lmos t  
exclusively by  whi te  muscle  fibers. 

Discussion. P h o t o m e t r i c  readings  afford a more  accu- 
ra te  and objec t ive  eva lua t ion  of the  SDH ac t iv i ty  when  
appra isa l  is made  on t issue sections.  This  mode  of 
eva lua t ion  is par t i cu la r ly  useful when  re la ted  to  plani-  
met r ic  measuremen t s ,  which  were absen t  in prev ious  
s tudies  dealing wi th  t he  i den t i t y  of muscle  fibers 9. The 
in t e rmed ia te  group of muscle  fibers is more  a p p a r e n t  in 
the  soleus, which however ,  does no t  comprise  the  ent i re  
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Fig. 3. Histogram of SDH reactivity in the soleus. In this particular 
muscle, the reactivity pattern of the fibers to SDH corresponds to 
type I and internlediate fibers (int). None of the type II fibers are 
demonstrable. 
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Fig. 5. SDH reactivity in relation to the size of the muscle fibers. 
Each fiber is indicated by a dot that coordinates the size and the 
density. Note the close relationship between these 2 parameters. 
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Fig. 4. Histogram of the size of fibers in quadriceps. Each column 
represents the nmnber of nmscle fibers of the same size, as deter- 
mined by planinletrie measurements. 3 groups are distinguishable: 
type I, intermediate (int), and type II fibers. 
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Fig. 6. Intensity of the PAS-staining reaction in relation to ' the 
size of fibers. Each dot represents 1 fiber. Note that the staining 
reaction is higher for the fibers that are intermediate in size (central 
area). 
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s p e c t r u m  of t he  d i f fe ren t  t y p e  of fibers. The  s ignif icance 
of these  obse rva t i ons  is s t r e n g t h e n e d  b y  t he  fac t  t h a t  
t he  2 categor ies  of f ibers  ( type  I and  i n t e rmed ia t e )  are 
d e m o n s t r a b l e  as m u c h  b y  p l a n i m e t r i c  m e a n s  as b y  t h e  
op t ica l  dens i ty  of t he  t e t r a z o l i u m - s t a i n i n g  reac t ion .  

P h o t o m e t r i c  d e t e r m i n a t i o n s  are more  cr i t ical  w h e n  
dea l ing  w i t h  t he  P A S  reac t ion  because  of t he  smal le r  
scale be tween  t h e  2 ex t r emes  of t he  readings .  However ,  
i t  is a p p a r e n t  t h a t  t he  i n t e r m e d i a t e  size f ibers  c o n t a i n  
more  glycogen t h a n  t he  o t h e r  2 categories .  The  func t iona l  
s ignif icance of t h e  i n t e r m e d i a t e  f ibers  is u n k n o w n .  I t  is 
be l ieved f rom embryogenes i s  s tud ies  of t he  ch icken  muscle  
t h a t  t h e y  are p recursors  of whi t e -musc le  f ibers  ~1. B u t  
even  if t he i r  exac t  role r e m a i n s  u n d e t e r m i n e d ,  t h e  
ex is tence  of a t h i r d  ca t ego ry  of f ibers  in  wel l -d i f fe ren t ia ted  
muscle  has  s ign i f ican t  morpholog ic  bear ings .  Such f ibers  
are d i s t inc t ive  in t h e i r  size, t h e i r  weake r  r eac t ion  to  
succinic d e h y d r o g e n a s e  a n d  a smal le r  p r o p o r t i o n  of t h e  
large t y p e  of m i t o c h o n d r i a ,  a n d  the i r  r e la t ive ly  h igh  
glycogen c o n t e n t  12. 

Rdsumd. Les mesures  d , in t ens i t6  de la r6ac t ion  h la 
succ ino-d6shydrog6nase  et  de la surface  des f ibres des 
muscles  quad r i ceps  et  sol6aire chez le r a t  nous  o n t  
pe rmis  d ' i n d i v i d u a l i s e r  u n  g roupe  de f ibres in t e rm6dia i re s  
qu i  se s i tue  e n t r e  les f ibres  rouges ( type I) e t  b l anches  
(type II). Les f ibres  in t e rm6dia i re s  o n t  une  ac t iv i t6  enzy :  
m a t i q u e  et  u n e  p o p u l a t i o n  m i t o c h o n d r i a l e  d is t inc tes ,  
une  ta i l le  m o y e n n e  et  une  t e n e u r  61ev6e en glycog6ne. 
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Einbau von 3H-Uridin in Follikelepithelzellen degenerierender Oozyten beim Zebrafisch, 
Brachydanio rerio (Ham. Buch.) 

I n  Ovar i en  v ie ler  T i e r a r t e n  t r e t e n  regelm~ssig dege- 
ne r i e rende  Eizel len auf  1-3. A n  der  R e s o r p t i o n  dieser  
Oozy ten  is t  das  Fo l l ike lep i the l  a k t i v  bete i l ig t ,  wobe i  es 
d u r c h  E i n f a l t u n g  zu m e h r s c h i c h t i g e n  Zel le is ten k o m m t ,  
die in die D o t t e r m a s s e n  h i n e i n r a g e n  1, oder  zur  E i n w a n -  
d e r u n g  von  Fol l ike lepi the lze l len  4. Le tz te res  is t  auch  bei  
Brachydanio rerio der  Fall .  Schon  bei  B e g i n n  der  Dege- 
n e r a t i o n  s ind im Z y t o p l a s m a  dieser  Zel len his to logisch 
V a k u o l e n  1 u n d  Koh lenhydra t e in sch l i i s s e  5 u n d  e lektro-  
n e n m i k r o s k o p i s c h  a b n o r m e  L a m e l l e n s t r u k t u r e n  4 nach-  
weisbar ,  was  au f  e inen  g r u n d l e g e n d e n  F u n k t i o n s w a n d e l  
h i n d e u t e t .  A m  Beispiel  der  R N S - S y n t h e s e  wurde  au to -  
r ad iog raph i sch  u n t e r s u c h t ,  inwiewei t  m i t  de r  ver~inder ten 
F u n k t i o n  der  Fol l ike lep i the lze l len  eine Stoffwechsel-  
u m s t e l l u n g  e inhergeh t .  

Ausgewachsenen  weib l i chen  Zeb ra f i s chen  wurde  i.p. 
3H-Ur id in  (0,025 ml  w~issrige Trace r l6sung  -- 12,5 ~C pro  
Versuchs t ie r )  ve r ab re i ch t .  N a c h  I n k u b a t i o n s z e i t e n  v o n  
1-12 h w u r d e n  die Tiere ge t6 t e t  und  yon  den  Ovar i en  
n a c h  h i s to log ischer  A u f b e r e i t u n g  A u t o r a d i o g r a m m e  her-  
geste l l t  ( K o d a k - S t r i p p i n g f i l m  A R  10). Die Expos i t ions -  
zei t  b e t r u g  28 Tage.  

N a c h  ku rzen  I n k u b a t i o n s z e i t e n  (1-4 h) wa ren  in den  
A u t o r a d i o g r a m m e n  degener i e render  Eizel len vorwiegend  
die Zel lkerne des Fol l ike lep i the ls  mark ie r t ,  w~ihrend n a c h  
lgngerer  I n k u b a t i o n  z u n e h m e n d  auch  ausse rha lb  der  
Ke rne  S i lbe rk6rne r  lagen.  Die M a r k i e r u n g  war  in al len 
FAllen u m  ein Viel faches  h 6 h e r  als in  n o r m a l  sich en t -  
w icke lnden  Fol l ikeln.  F igu r  1 zeigt  das  A u t o r a d i o g r a m m  
einer  fas t  ausgewachsenen  Eizel le  ( S t a d i u m  I V  6) zu 
B e g i n n  der  Degenera t ion .  Die in t ens ive  Schw~irzung f iber  
d e m  Fol l ike lep i the l  s t e h t  in  s t a r k e m  K o n t r a s t  zur  gerin-  
gen M a r k i e r u n g  bei  n o r m a l  sich e n t w i c k e l n d e n  Eizellen.  
I n  de r  Zona  r a d i a t a  s ind mehre r e  A u s s p a r u n g e n  deu t l i ch  
mark ie r t ,  in  d e n e n  im h i s to log i schen  Bild  nactI feulgen- 
F ~ r b u n g  Kerne  e i n w a n d e r n d e r  Zel len n a c h w e i s b a r  sind. 
F igu r  2 zeigt  das  A u t o r a d i o g r a m m  einer  Eizelle in  e inem 
f o r t g e s c h r i t t e n e n  D e g e n e r a t i o n s s t a d i u m .  I m  Bere ich  der  
e i n g e w a n d e r t e n  Zellen, de ren  Grenzen  im h is to log ischen  
Bild  n i c h t  s i c h t b a r  sind,  de ren  Kerne  abe r  Feulgen-  

pos i t iv  e rscheinen,  f inder  sich eine s t a rke  Mark ie rung ,  
in der  D o t t e r s c h o l l e n b r u c h s t i i c k e  ausgespa r t  sind. N a c h  
zweis t t indiger  R N a s e - B e h a n d l u n g  bei  37~ (0 ,5%ige 
RNase-L6sung ,  40 K u n i t z - E i n h e i t e n / m g )  war  in  den  
A u t o r a d i o g r a m m e n  n u r  noch  10 -12% der  u r spr i ing l i chen  
R a d i o a k t i v i t ~ t  nachwe i sba r .  

Die hohe  R N a s e - e m p f i n d l i c h e  3 H - U r i d i n - E i n b a u r a t e  
is t  A u s d r u c k  e iner  ges te iger ten  R N S - S y n t h e s e  in den  
Fol l ike lep i the lze l len  degener i e render  Oozyten .  Es  erfolgt  
also n e b e n  h is to logisch  u n d  e l ek t ronenmik roskop i sch  

Fig. 1. Autoradiogramm einer degenerierenden Eizelle (Stadium Iy  e) 
nach zw61fstfindiger Inkubation nfit 8H-Uridin. Das stark markierte 
Follikelepithel ist teilweise durch die Pr~iparation yon der Zona 
radiata gel6st. Dadurch wird die Markierung fiber einwandernden 
Zellen auff~lliger. • 560. 
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