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H i s t o c h e r n i c a l  D i f f eren t ia t i on  of  S k e l e t a l  M u s c l e  F i b r e s  in  the  B o v i n e  F o e t u s  

His tochemica l  studies on foetal  muscle  are rare. W i t h  
the  avai lab le  l i t e ra ture  i t  appears  t h a t  no work  has  been 
recorded on t h e  h i s tochemis t ry  of bov ine  foeta l  muscle,  
while  adu l t  muscle  fibres were  d iv ided  in to  3 types  by  
ox ida t ive  e n z y m e  reac t ion  i. 

Red  muscle  fibres are r ich in ox ida t ive  enzymes  and 
are  smal ler  in size, while the  whi te  fibres are r ich in 
phosphory lase  and are  larger  in size t-3. S ta in ing  for 
ox ida t ive  enzymes  has  revea led  t h e  presence of red, 
whi te  and  in t e rmed ia t e  f ibres in va r ious  ver tebra tes .  Of  
the  var ious  ox ida t ive  enzyme  act iv i t ies  on the  muscles 
of m a n y  ver tebra tes ,  the  difference in s ta inabi l i ty  among  
the  3 types  of fibres was no t  so clear ly  demons t r a t ed  as 
t h a t  in succinic dehydrogenaseL  Adu l t  muscle  f ibres 
could also be  d i f fe ren t ia ted  by  s ta in ing for myog lob in  4, 5. 
The  red fibres are  r ich in myoglob in  while  the  whi te  
fibres are poor  in myoglobin .  

The  present  work  is an  endeavour  to d i f ferent ia te  the  
skeletal  muscle  fibres in the  bovine  foetus by  the  succinic 
dehydrogenase  ac t iv i ty .  An  expe r imen t  is also designed 
to  ascer ta in  whe the r  a t e s t  for myoglob in  could be used 
for f ibre d i f ferent ia t ion  in the  foetus. 

Materials and methods. Bovine  foetuses col lected f rom 
the  aba t to i r  were used. Shor t ly  a f te r  the  cows were 
s laughtered  the  foetuses were ob ta ined  and  the i r  c rown 
r u m p  lengths  (CRL) recorded.  The  measu remen t s  were 
compared  wi th  tables  of WINTERS et  al. s to  get  an  approxi -  
m a t e  idea of the  ages. Muscle samples  were t aken  f rom 
M. gastrocnemius,  M. rectus femoris,  and M. longissimus 
dorsi. S imi la r  samples  were col lected f rom adu l t  cows 
for c o m p a r a t i v e  s tudy .  Frozen  sect ions were cu t  a t  
20-40 ttm and  t ransferred to  t he  incuba t ing  med ium.  
Fo r  demons t r a t i on  of succinic dehydrogenase  (SDH),  the  
m e t h o d  prescr ibed by  PEARSE 7 was adopted  using nitro-  
blue  te t razol ium,  and for myoglob in  the  t echn ique  used 
by  MORITA et  at.5 was t r ied.  D iame te r s  of app rox im a te ly  
100 muscle fibres were  measured  to  ob ta in  normal  values.  

Results. Sta in ing  for myog lob in  d id  no t  reveal  any  
d is t inc t  difference be tween  fibre types  before bir th,  bu t  
in t he  adu l t  muscle i t  was possible to  di f ferent ia te  be tween  
fibre types  (Figure 1). A posi t ive  S D H  ac t i v i t y  has been 
t aken  as t he  cr i te r ion  for demons t r a t i ng  metabol ic  dif- 
ferences be tween  fibres. 

15, 18, and 24 cm C R L  foetuses (85, 100 and 110 days  
of gestat ion).  Muscle samples  f rom these  age groups were  
mos t ly  in the  m y o t u b e  s tage of deve lopment .  2 d is t inc t  
groups of f ibres were  no ted  by  size difference.  The  
m a j o r i t y  of  t he  fibres were  smal l  and  t h e y  were ly ing 
a round  large fibres. The  S D H  ac t i v i t y  was faint .  A few 
granules  were found sca t te red  towards  the  cen t ra l  pa r t  
of the  fibres. 

30 and  34 cm C R L  foetuses (130 and 145 days  gestat ion) .  
The  S D H  a c t i v i t y  had  increased cons iderably  and  i t  had  
spread al l  a long t h e  fibre. No  d i f fe ren t ia t ion  was pos- 
sible be tween  fibre types.  

40, 50, 60 and 65 cm C R L  foetuses (155, 175, 200, and  
210 days  gestat ion).  A t  40 and  50 cm C R L  stages i t  was 
possible to  iden t i fy  l igh t  and  da rk  f ibres depending  upon 
t h e  s ta in ing  reac t ion  (Figure  2). I n  t he  60 cm C R L  foetus 
t he  d i f fe ren t ia t ion  was well  advanced  in al l  t he  3 muscles 
examined  (Figure 3). 

70 and 90 cm C R L  foetuses (215 and 260 days  gestat ion).  
A t  these  s tages  difference in s ta in ing in tens i ty  and fibre 
d iamete r s  m a d e  i t  possible to  dis t inguish the  3 fibre 
t ypes  (Table and  F igure  4). 

Discussion. The  present  results  show t h a t  the  S D H  
act iv i ty ,  which was appa ren t  a t  t he  15 cm C R L  foetus in 
t he  centre  of the  developing  muscle fibres, spread s teadi ly  

as the  age advanced ,  and there  was considerable  increase 
in ac t iv i ty  in the  course of foetal  deve lopment .  The  
S D H  m a y  be t aken  to  be  t he  expression of t r i ca rboxyl ic  
acid cycle a c t i v i t y  and  the  presence of  these  enzymes  
in the  ear ly  s tages  of d e v e l o p m e n t  expresses the  grea ter  
energy r equ i remen t s  of t he  muscle  cells 8. The  presence 
of per inuclear  e n z y m a t i c  ac t i v i t y  is re la ted to the  energy  
required for pro te in  synthesis ,  while  its spread t h roughou t  
t he  sarcoplasm as t he  f ibre ma tu res  is also re la ted  to  
muscle contrac t ion .  

The  deve lopmen t  of e n z y m e  a c t i v i t y  in the  bovine  
foetal  muscle can be d iv ided  in to  3 phases:  I n  phase I, 

Fig. 1. Section of longissimus dorsi muscle of cow stained for 
myoglobin. Note red (R), white (W) and intermediate (I) fibres. 
× 100. 

Fig. 2. 40 CRL foetus. Gastroenemius. Note 'light' and 'dark' 
fibres. SDH. x 160. 
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Fig. 3. 60 CRL foetus. Longissimus dorsi. Well differentiated red 
and white fibres are to be seen. SDH. × 40. 

EXPERIENTIA 27•2 

Fig. 4. 90 CRL foetus. Gastrocnemius muscle. Note red (R), white 
(W) and intermediate (I) fibres. SDH. × 160. 

Diameters of red, white and intermediate skeletal muscle fibres at various gestational ages and in adult cows 

Muscle CRL Gestation Fibre size range (ptm) 
(cm) ages (days) 

R W 

Mean value (btm) 

I R W I 

Gastrocnemius 

Rectus femoris 

50 175 3.7- 7.4 
60 200 7.4-11.1 
65 210 11.1-18.5 
70 215 7.4-14.8 
90 260 11.1-25.9 
Cow 33.3-51.8 
50 175 7.1-11.1 
60 200 11.1-14.8 
65 210 11.1-18.5 
70 215 7.4-14.8 
90 260 14.8-25.9 
Cow 18.5-37.0 

11.1- 18.5 .. 5.5 14.6 ..  
14.8- 18.5 ..  9.6 15.9 ..  
22.2- 37.0 15.2 28.5 
18.5- 22.2 i4.8-18.5 12.2 19.2 i2.7 
25.2- 37.0 11.1-25.9 18.1 33.7 21.8 
74.0-129.5 44.4-74.0 40.7 107.3 56.9 
11.1- 14.8 .. 7.8 13.7 .. 
11.1- 22.2 ..  12.6 17.8 ..  
14.8-- 18.5 12.6 17.0 
14.8- 22.2 ii.1-18.5 11.3 18.6 5 .3  
22.2- 44.4 14.8-25.9 18.5 32.0 21.5 
37.0- 55.5 18.5-33.3 30.3 48.4 24.8 

CRL, crown rump length; R, red; W, white; I, intermediate. 

a p p r o x i m a t e l y  155-175 days  of ges ta t ion,  t he re  was  some 
va r i a t ion  in t he  enzyme  c o n t e n t  of d i f fe ren t  fibres, b u t  
th is  was  no t  cons i s t en t  and  the re  was no c lear -cut  sub-  
d ivis ion in to  red  and  wh i t e  fibres.  In  pha~e II, approxi- 
mately 200-210 days  of ges ta t ion,  t he re  was  a c lear -cut  
subdiv is ion  in to  red  and  wh i t e  fibres. The  th i rd  phase  of 
d e v e l o p m e n t  was  no ted  by  the  appea rance  of in t e rme-  
d ia te  f ibres a t  215-260 days  of ges ta t ion .  A similar  
obse rva t ion  a lmos t  co r re spond ing  to  t he  above  f indings  
has  been  r epo r t ed  in t he  h u m a n  foeta l  muscle  9. 

BECKETT and  BOURNE 10 h a v e  de t ec t ed  l ight  and  d a r k  
f ibres  a t  12" to  131/( ' goa t  foe tus  in t ib ia l is  anter ior ,  
b iceps  a n d  gas t rocnemius ,  b u t  n o t  in r ec tus  femoris .  
T h e y  h a v e  also obse rved  t h a t  t h e r e  was  no  d i f ference  
in size be tween  l ight  and  d a r k  f ibres  in t h e  goa t  foe ta l  
muscles .  On t h e  o t h e r  hand ,  t he  3 bov ine  foeta l  muscles  
s tud ied  p r e s e n t l y  (viz., gas t rocnemius ,  r ec tus  femoris  a n d  
longiss imus dorsi) r eac ted  un i fo rmly  a t  var ious  ges ta-  
t iona l  ages, a n d  t h e  h i s tochemica l  d i f fe rences  b e t w e e n  
f ibre  t y p e s  could be well cor re la ted  w i t h  t h e  size of  
fibres.  

The p re sen t  resul ts  ind ica te  t h a t  the  bovine  muscula-  
tu re  begins  to  t ake  on an adu l t  appea rance  a l r eady  a t  
t he  end  of t he  ges ta t iona l  per iod,  even  t h o u g h  the  muscle  
f ibres were  m u c h  smal le r  t h a n  in t he  adul t .  A s imilar  
obse rva t i on  has  been  recorded  in t he  h u m a n  foeta l  
muscle  u.  

The muscle  f ibres were no t  d i f f e ren t i a t ed  in t he  lon- 
gissimus dorsi  muscle  of t he  pig a t  any  of t he  foetal  
s tages  z2, whereas  t he  longiss imus dorsi  muscle  of bovine  

foetuses  in t he  p re sen t  s t u d y  was clear ly d i f f e ren t i a t ed  
a t  200 days  of ges ta t ion.  The dif ference in m a t u r a t i o n  
of f ibre t ypes  m a y  be accoun ted  for by  the  ges ta t iona l  
l eng ths  of t he  an imal  species lz. 

Zusammen/assung. Die E n t w i c k l u n g  der  h i s tochemi-  
schen  Un te r sch i ede  in den  Muskel fasern  yon  R i n d e r f e t e n  
w u r d e n  mi t t e l s  de r  Succ inodehydrogenaseakt iv i t i~ t  un te r -  
sucht .  N a c h  155-175 Tr l ich t igke i t s tagen  w u rd en  helle 
und  dunk le  Fase ru  beobach te t ,  doch  sind die Un te r sch i ede  
ers t  n a c h  200 Tr~icht igkei ts tagen deut l ich.  Die in te rme-  
di~ren Fas e rn  t r e t e n  e r s tma l s  n a c h  215 Tr~cht igkei t s -  
t agen  auf. Die Muskeln M. gas t rocnemius ,  r ec tus  femoris  
u n d  longiss imus dorsi  zeigen eine gleichmi~ssige E n t w i c k -  
lungsfolge.  
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