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Utilization of Ascorbic Acid During Post-Embryonic Development of Chick Skeletal Muscle 
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Summary. Ascorbic acid is ut i l ized dur ing  the  pos t - embryon ic  d i f ferent ia t ion  of skeletal  muscle fibres in chick. While  
the  fibres lose the i r  he te rogene i ty  w i t h  regard to  ascorbic acid, t h e y  cont inue  to exh ib i t  differences in the i r  metabol ic  
ra tes  in t e rms  of t he  succinate  dehydrogenase  ac t iv i ty  t h r o u g h o u t  life. 

The impor tance  of ascorbic acid (AA) in t he  ma in te -  
nance  of c a r b o h y d r a t e  me tabo l i sm in the  living dells, and 
also as an ac t iva to r  of a n u m b e r  of enzyme  sys tems,  has  
been known  for a long t ime  2, 3. In  the  skeletal  muscle 
fibres, which  exh ib i t  he te rogene i ty  w i th  regard to  the  
c a r b o h y d r a t e  vis-a-vis l ipid metabol i sm,  and  the  cor- 
responding  va r i a t i ons  in the  enzymic  concen t ra t ions  
etc. 4, AA has  b3en employed  as a p a r a m e t e r  for dis t in-  

Fig. 1. T.S. of N[. pe2toralis at 1 day post-hatching. Note the uniform 
deposition of silver precipitate in the fibres. • 310. 

Fig. 2. T.S. of M. supraeoraeoideus at 3 days post-hatching. The 
'red' fibres (R) show heavy AA concentrations compared to the 
'white' fibres (W). • 200. 

guishing the  metabol ica l ly  more  act ive ' red '  fibres f rom 
the  'whi te '  t ype  of muscle fibres, which  have  a re la t ively  
lower ra te  of metabol ic  ac t iv i ty  5. Since the  skeletal  
muscle fibres pass t h r o u g h  a per iod of pos t - embryon ic  
d i f ferent ia t ion  s f rom a co mmo n  s tock of morphologica l ly  
and  physiological ly s imilar  f ibres 7 before a t t a in ing  
he terogenei ty ,  it  is logical to  expec t  changes  in the  AA 
levels in the  muscle fibres dur ing th is  per iod of different ia-  
t ion.  The p resen t  inves t iga t ion  was u n d e r t a k e n  to  s t u d y  
his tochemical ly ,  the  var ia t ions  in the  AA concen t ra t ions  
of the  muscle fibres dur ing  the  pos t - embryon ic  develop-  
m e n t  of a n u m b e r  of skeletal  muscles in the  chick. Sue- 
c inate  dehydrogenase  (SDH) ac t iv i ty  of t he  muscle  
fibres was used as an index  of metabol ic  ra tes  of t he  
respect ive  fibre types.  

Materials and methods. 1-day-old chicks of W h i t e  
Leghorn  va r i e ty  were procured  f rom the  G o v e r n m e n t  
Pou l t ry  F a r m  a t  Chandigarh  (India).  These were main-  
t a ined  under  sui table  l abora to ry  condi t ions  and  were 
sacrificed at  1, 3, 5, 7, 9, 30 days  and  the  adul t  s tages of 
life. 6 muscles - namely ,  the  M. pectoralis ,  M. supra-  
coracoideus,  M. biceps and  the  M. gas t rocnemius  (pars 
externus ,  medius  and  internus) were dissected out  and  
were sub jec ted  to alcoholic-acidic AgNO 3 for AA local- 
ization, by  the  m e t h o d  of BARNETT and BOURNE s , wi th  
s l ight  modif icat ion.  Paraf f in  sect ions (12 ~zm) were 
m o u n t e d  af ter  clearing in xylene.  The h is tochemica l  
localization of S D H  was made  b y  the  m e t h o d  of GEORGE 
and TALESARA 9, using neo- te t razo l ium chloride as the  
e lectron acceptor .  F resh  frozen h a n d - c u t  sect ions were 
used. 

Observations. On the  1st day  of the i r  pos t - embryon ic  
deve lopment ,  all the  fibres compriz ing  the  muscles  under  
inves t iga t ion  have  a un i formly  high AA co n t en t  (Figure 1). 
At  t he  3 days  stage, there  is a general  increase in t he  
AA con ten t s  of the  muscle and  the  two types  of muscle 
fibres can be d is t inguished on the  basis of difference in 
the  in t ens i ty  of the  AgNO 3 react ion.  The ' red '  f ibres show 
a h e a v y  concen t ra t ion  o f  black granules  in the  middle,  
whereas  the  'whi te '  f ibres appear  b rownish  wi th  a smal l  
a m o u n t  of sca t te red  granula t ion  (Figure 2). AA is also 
p re sen t  in appreciable  quant i t i es  in the  interf ibr i l lar  
spaces and the  in terfascicular  connec t ive  tissues. Dur ing  
the  5-7 days  period,  AA levels appear  to  decline and  the  
g ranu la t ion  in the  fibres becomes less dis t inct .  The 
he te rogene i ty  of muscle fibres on the  basis of the  AgNO a 

Fig. 3. T.S. of M. biceps at 30 days post-hatching. The fibres have 
lost heterogeneity with regard to their AA levels. • 300. 
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react ion is lost af ter  30th day  of pos t - embryon ic  life 
(Figure 3). The decline in the  AA concen t ra t ions  of the  
muscle fibres cont inues  up to  the  adul t  s tage of life when  
we observe negligible amoun t s  of reduced AgNO 3 wi th  
a diffused d i s t r ibu t ion  in the  muscle fibres. The sarcolem- 
mal  react ion,  however ,  is still d i s t inc t ly  observed.  

The h is tochemica l  profile ob ta ined  wi th  the  localiza- 
t ion of S D H  ac t iv i ty  in the  muscle fibres dur ing  the  ear ly  
s tages of deve lopment ,  appears  ident ical  to  the  one ob- 
t a ined  wi th  the  AgNO~ react ion.  F r o m  a c o m m o n  s tock 
of fibres a t  the  1st d a y  pos t -ha tch ing ,  d i s t inc t  f ibre types  
are d i f fe ren t ia ted  a t  the  3-5 days  per iod (Figure 4). The 
' red '  f ibres have  a h igh ra te  of S D H  ac t iv i ty  compared  
to the  'whi te '  f ibres which exhibi t  a low metabol ic  rate.  
This d i f ferent ia t ion  of muscle fibres on the  basis of SDH 
ac t iv i ty  is ma in t a ined  t h r o u g h o u t  life. 

Discussion. The p resen t  inves t iga t ion  has revealed t h a t  
tile skeletal  muscle fibres have  higher  AA concen t ra t ions  
dur ing  the  ear ly  s tages  of the i r  pos t - embryon ic  differ- 
ent ia t ion,  and also confirms the  view t h a t  the  younger  
t issues have  higher  AA levels t h a n  the  older ones10,11 
The d i f ferent ia t ion  of f ibre t ypes  f r o m  a basic s tock of 
morphologica l ly  and physiological ly similar fibres no t  
only  verifies the  f indings of earlier workers  0, 7 b u t  also 
is in con fo rmi ty  wi th  our s tudies  on the  glycogen and 
lipid levels of the  d i f fe ren t ia t ing  fibres 12. Tile decline in 
the  AA levels of the  muscle fibres a f te r  5-7 days  pos t -  
ha tching ,  poin ts  towards  t he  impor t ance  of AA in the  
process of pos t - embryon ic  dif ferent ia t ion.  There  is t hus  
a clear indicat ion t h a t  AA is uti l ized dur ing  the  pos t -  
embryonic  d i f ferent ia t ion  of skeletal  muscle fibres, and  
when  th is  has been  achieved,  t he  muscle fibres lose the i r  
he te rogene i ty  w i th  regard to  th is  metabol i te .  The muscle 
fibres, however ,  con t inue  to exh ib i t  he te rogene i ty  in 
t e rms  of the  difference in the i r  SDH act iv i ty ,  which  has  
been widely  accepted  as a physiological  p a r a m e t e r  for 
d is t inguishing the  muscle fibre types  13,~. As such, the  
p resen t  observa t ions  call for fu r the r  work  before AA 
levels can be accepted  as a p a r a m e t e r  for s tudy ing  
he te rogene i ty  in the  adu l t  skeletal  muscle  fibres. The 
con t inued  presence  of heavier  concen t ra t ions  of AA in 
the  s a r c o l e m m a l  and the  ext raf ibr i l lar  regions m a y  be 
due to  the  p ro l ine -hydroxypro l ine  convers ion  which  is 
so ve ry  essent ial  for t he  process  of collagen synthes is  15. 

Fig. 4. T.S. of 1~. biceps (free hand section) at 5 days post-hatching 
showing the localization of the enzyme SDH. Heavy deposition of 
formazan in the 'red' fibres distinguishes them from the 'white' 
fibres. The heterogeneity is maintained throughout life in most of 
the muscles. • 450. 
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Summary. Mice (female Swiss albino) inoculated when  newborn  wi th  Visna virus had  tumors  in 77% of cases when 
examined  8-12 m o n t h s  later. The tumors  were main ly  of t he  m a m m a r y  carc inoma type.  The t u m o r  incidence in non-  
infected control  animals  was only  200/0 . In  contras t ,  no increased incidence of t u mo r s  was  observed among  Visna  virus-  
inocula ted  inbred mice (t3ALB/c, CBA and DBA) wi th  low incidence of s p o n t a n e o u s  m a m m a r y  carcinoma.  

Like tile oncorna  viruses, Visna virus conta ins  an RNA-  
d e p e n d e n t  D N A  polymerase  ~, a. I t  has  also been assumed 
t t la t  Visna virus  m i g h t  possess oncogenic propert ies .  
T rans fo rma t ion  of mouse  ceils by  Visna  virus has been 
repor ted  ~ and  inocula t ion of Visna virus t r ans fo rmed  cells 
in to  syngeneic  suckling mice or i r rad ia ted  young  mice 
was associa ted wi th  fo rmat ion  of tumors .  H u m a n  cells 
of ma l ignan t  a s t r o c y t o m a  infected wi th  Visna  virus 
p roduced  low l i ters  of infect ive virus  and unde rwen t  
morphologica l  t r ans fo rma t ion  a. The t r ans fo rmed  cells 
con ta ined  Visna virus ant igen.  

However ,  t u m o r  induc t ion  caused by  the  inoculat ion 
of cell-free Visna  virus suspensions  into animals  has  no t  
been repor ted  so far. The p resen t  s t u d y  describes t he  
d e v e l o p m e n t  of t umor s  in mice inocula ted  as newborn  
w i t h  Visna virus. 

Material and methods. Swiss albino mice (our own 
l abora to ry  strain) were inocula ted  i.p. or s.c. when  new- 

born  wi th  0.1 ml  of a Visna  virus suspension (log IDa0 
be tween  6 and  6.5). The virus was p roduced  and  t i t r a t ed  
in cul tures of p lexus  choroideus  cells of sheep. In  to ta l  
39 Swiss albino females and 27 males were inocula ted  wi th  
Visna virus, while 25 females and  19 males were in jec ted  
wi th  saline buffer.  In  addi t ion  groups of newborn  B A L B /  
c, CBA and Dt3A were inoculated.  All t oge the r  22 inocu- 
la ted mice of each of these  s t ra ins  were s tudied.  16 to  18 
of each s t ra in  were females. Af ter  t he  weanl ing  period 

This study was supported by grant No. B75-16X-4511-01 of the 
Swedish Medical Research Council. 

2 F. H. LIN and H. THORMAR, J. Virol. 6, 702 (1970). 
3 L N. STONE, K. SCOLNICH and S. A. AAROHSON, Nature, Lond. 

229, 257 (1971). 
t K. K. TAKEMOTO and L. B. STONE, J. Virol. 7, 770 (1971). 

I;. H. MACINTYRE, C. J. WINTERSGILL and H. THORMAR, Nature 
New Biol. 237, 111 (1972). 


