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ficiale. I f  we c o m p a r e  A C h E  loca l iza t ion  in t he  opt ic  
t e c t u m  of rept i les  w i t h  t h a t  of a m p h i b i a n s  and  
b i rds  7,~~ a c lear  evo lu t ive  sequence  is observab le .  
I n  all cases, t h e  e n z y m a t i c  a c t i v i t y  is p reva i l i ng ly  local- 
ized in t he  s t r a t u m  f ib rosum and  g r i seum superf iciale ,  
b u t  i ts  d i s t r i b u t i o n  p a t t e r n  shows progress ive  l a m i n a t i o n  
in  c o n n e c t i o n  w i t h  t he  c o n c u r r e n t  d e v e l o p m e n t  and  dif- 
f e r e n t i a t i o n  of t h e  same s t r a t u m ,  which  reaches  a max i -  
m u m  in t h e  b i rds  ~,~a. Th i s  process  of l a m i n a t i o n  is 
e m p h a s i z e d  b y  t he  A C h E  d i s t r i b u t i o n  p a t t e r n  in t h e  
series f rogs- l izards  a n d  tu r t l e s -a l l iga to r -b i rds ,  whi le  t he  
snakes  seem to  possess a d i s t r i b u t i o n  p a t t e r n  n o t  c lear ly  
r e l a t ed  to  t h e  s t r u c t u r a l  o r g a n i z a t i o n  of t h e  s t r a t u m  
f ib rosum and  g r i seum superf iciale .  I n  th i s  connec t ion ,  
however ,  one m u s t  r e m e m b e r  t h a t  t he  opt ic  t e c t u m  of 
snakes ,  a n d  in  p a r t i c u l a r  the  s t r a t u m  f i b r o s u m  and  
g r i seum superf iciale ,  shows r e d u c t i o n  in d i f f e r en t i a t i on  
a n d  s t r u c t u r a l  o rgan i za t i on  in c o m p a r i s o n  w i t h  t h e  o t h e r  
rept i les  2,1a,~4. Since t he  s t r a t u m  f i b r o s u m  a n d  gr i seum 
superf ic ia le  cons t i t u t e s  t he  m a i n  r ecep t ive  layer  for sen- 
s i t ive  discharge,  m a i n l y  t he  r e t i na l  one, t he  fea tu res  of 
A C h E  d i s t r i b u t i o n  s t rong ly  sugges t  a precise co r re l a t ion  
b e t w e e n  t he  e n z y m a t i c  a c t i v i t y  a n d  t he  m e c h a n i s m s  of 
r ecep t ion  a n d  m o d u l a t i o n  of sens i t ive  i n p u t  to  t h e  r e c tum.  
T h e  u n e v e n  B u C h E  d i s t r i b u t i o n  in r ep t i l i an  opt ic  t e c t u m  
conf i rms  t he  e x t r e m e  spec ies -dependence  of t h i s  enzy-  
m a t i c  ac t iv i ty ,  as p rev ious ly  po i n t ed  o u t  in  b i rds  a n d  
m a m m a l s  ~. 
T h e  p re f e r en t i a l  MAO loca l iza t ion  a t  level  of f ib rous  
layers  of t he  t e c t u m  seems to be  a c o m m o n  f e a t u r e  in 
v e r t e b r a t e  op t ic  t e c t u m ;  a s imi la r  k i n d  of MAO d i s t r ibu -  
t i on  exis ts  in  te leos ts  e6, a m p h i b i a n s  7 a n d  birds10, ~1. I n  
add i t ion ,  t he  d i s t r i b u t i o n  p a t t e r n  obse rved  in r ep t i l i an  
op t i c  t e e t u m  is in good a g r e e m e n t  w i th  t he  loca l iza t ion  
of  s e ro ton ine  a n d  c a t e c h o l a m i n e - c o n t a i n i n g  ne rve  ter -  
mina ls ,  as revea led  b y  the  m e t h o d  of f o r m a l d e h y d e -  
i nduced  f luorescence 27-30. 

The  d o r s a l  t e c t a l  a reas  and  in p a r t i c u l a r  t h e  s t r a t u m  
f i b r o s u m  a n d  g r i seum superf ic ia le  are  p r o v i d e d  w i t h  h i g h  
a c t i v i t y  of ox ida t i ve  enzymes  as p r ev ious ly  po in t ed  o u t  
for S D H  in o t h e r  r ep t i l i an  species 9, 30. I n  r ep t i l i an  opt ic  
t e c t u m ,  a c o n n e c t i o n  seems to  ex i s t  b e t w e e n  these  enzy-  
mes  a n d  A C h E  d i s t r i b u t i o n ;  in  fac t  t he  areas  p r o v i d e d  
w i t h  h i g h  A C h E  a c t i v i t y  show s u b s t a n t i a l  a c t i v i t y  of 
L D H  a n d / o r  SDH.  Th i s  k ind  of r e l a t i onsh ip  is usua l ly  
p r e s e n t  in  m a n y  n e r v o u s  regions  of o t h e r  v e r t e b r a t e s  ~5. 
I n  conclusion,  t he  opt ic  t e c t u m  in rept i les ,  as in o t h e r  
v e r t e b r a t e s  6, 7, 9, s0, ~9-2~, exh ib i t s  a close r e l a t ionsh ip  be-  
t w e e n  t he  level  of s t r u c t u r a l  a n d  f u n c t i o n a l  o rgan iza t ion ,  
a n d  t he  d i s t r i b u t i o n  p a t t e r n s  of some enzymes  c o n n e c t e d  
w i t h  ene rgy  m e t a b o l i s m  a n d  o t h e r  enzymes  c o n n e c t e d  
w i t h  t he  speciIic neu ra l  func t ion .  
The  resu l t s  of t h e  p r e s e n t  work,  t o g e t h e r  w i t h  o t h e r  
s tud ies  on  e n z y m e  d i s t r i b u t i o n  in t h e  v e r t e b r a t e  n e r v o u s  
sys tem,  p rov ide  f u r t h e r  s u p p o r t  for t h e  research- l ine  of 
t h e  chemica l  m a p p i n g  of t he  b ra in ,  as s t a t e d  b y  Fr i ede  ~. 
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Summary. Nuclea r  size in m y o t u b e s  in cu l t u r ed  h u m a n  d y s t r o p h i c  muscle  ha s  been  found  to be  s ign i f i can t ly  g rea t e r  
t h a n  in n o r m a l  muscle.  These  f indings  are discussed in r e l a t i on  to  t he  pa thogenes i s  of m u s c u l a r  d y s t r o p h y .  

S ign i f i can t  e n l a r g e m e n t  of t he  muscle  nuc leus  ha s  been  
o b s e r v e d  in b iops ies  f rom ch i ld ren  w i t h  D u c h e n n e  mus -  
cu la r  d y s t r o p h y  (DMD) a a n d  in some male  fe tuses  a t  
r i sk  for D M D  4. Th i s  f ind ing  was i n t e r p r e t e d  in t e r m s  of 
modi f i ed  nuc leo -cy top la smic  re la t ionsh ips .  The  p r e s e n t  
s t u d y  was  u n d e r t a k e n  to  d e t e r m i n e  if s imi la r  changes  in 
t h e  muscle  f ibre  nuc leus  occur  d u r i n g  t he  ear ly  s tages  of 
d y s t r o p h i c  musc le  d e v e l o p m e n t  in  v i t ro .  
Materials and methods. Myogenic  cell l ines were p r e p a r e d  
f rom f resh  musc le  biopsies  of 6 n o r m a l  a n d  2 d y s t r o p h i c  
ch i ld ren .  The  samples  were processed  as soon as possible  
a f t e r  b iopsy  a n d  were f i rs t  w a s h e d  in p h o s p h a t e  buf fe red  
sa l ine  so lu t ion  c o n t a i n i n g  100 u n i t s / m l  Penici l l in,  200 mg /  
m l  S t r e p t o m y c i n  and  2.5 ~g/ml  A m p h o t e r i c i n  B (Mg a n d  
Ca ion free). The  e x p l a n t s  were  c lo t t ed  us ing  a 1 : 1 mix -  
t u r e  of f i l tered ch ick  e m b r y o  e x t r a c t  a n d  cock p l a s m a  for  
a few minu te s .  Once c lo t t i ng  h a d  t a k e n  place,  t he  e x p l a n t s  
were  over la id  w i t h  H a m s  F-10 c o n t a i n i n g  10% fe ta l  calf  

s e r u m  (FCS) a n d  t h e  same c o n c e n t r a t i o n  of an t ib io t i cs .  
E x p l a n t s  w i t h  well  deve loped  m y o t u b e s  were used for  
s e c o n d a r y  cul tures .  These  were se t  up  fol lowing t r y p -  
s in i sa t ion  (0.25% t r y p s i n  in Dulbecco  - p H  7.4). The  
d i f f e r en t i a t i on  of m y o b l a s t s  was  e x a m i n e d  a f t e r  15 a n d  
25 days  cu l tu re  in  10% FCS on covers l ips  s u b s e q u e n t l y  
s t a ined  w i t h  h a e m a t o x y l i n  and  eosin. 
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Nuclear size in myotubes from normal and dystrophic muscle cul- 
tured in vitro 

Identification Nuclear size (in ~zm 2) 
15 days 25 days 

Controls S.D. 21.8 • 3.1 19.9 • 2.6 
N.J .  22.4 • 2.9 23.0 • 2.9 
C.R. 23.8 • 3.0 20.3 • 2.9 
W.D.  21.9 ! 2.6 20.8 • 2.7 
W.C. 21.2 • 2.3 22.5 • 3.0 
A.M. 20.9 • 1.9 20.5 • 2.2 

Dystrophic A.G. 25.7 4- 3.2 23.3 • 2.9 
A.W. 24.1 • 3.0 24.3 • 2.8 

The results are expressed as mean area • SD. 

b 
Myotubes from a normal d and dystrophic B muscle after 15 days 
in subculture. Haematoxylin and eosin. • 450. 

All  sl ides were p h o t o g r a p h e d  so t h a t  t h e  nuc l ea r  area,  in  
a r a n d o m  se lec t ion  of t 5 m y o t u b e s  f rom eac  h p r e p a r a t i o n  5, 
could  be  m e a s u r e d  b y  p l a n i m e t r y  (final m a g n i f i c a t i o n  X 
1000). All  m e a s u r e m e n t s  were m a d e  ' b l i nd '  w i t h o u t  knowl-  
edge as to  t h e  source  of t h e  ma te r i a l .  No m e a s u r e m e n t s  
were m a d e  of m o n o c u l e a t e d  m y o b l a s t s  s ince these  are es- 
sen t i a l ly  i nd i s t i ngu i shab le  f rom f ibroblas t s .  S t u d e n t ' s  
t - t e s t  was  used  for t h e  s t a t i s t i ca l  e v a l u a t i o n  of t h e  resul ts .  
Results .  T h e  resu l t s  are s u m m a r i z e d  in  t h e  tab le .  A t  15 
days  t h e  m e a n  nuc lea r  size in  t h e  d y s t r o p h i c  m y o t u b e s  
(24.9 4- 1.1 btm ~) is s ign i f i can t ly  g rea t e r  (p < 0.02) t h a n  
t h a t  of t h e  n o r m a l  m y o t u b e s  (22.0 -t- 1.0 btm~). A t  25 days  
t h e  d i f ference  b e t w e e n  d y s t r o p h i c  (23.8 • 0.7 ~m 2) a n d  
n o r m a l  (21 • 1.2 lzm 2) muscle  nucle i  is also s t a t i s t i ca l ly  
s ign i f i can t  (p < 0.05) (figure). 
Discussion.  Skele ta l  musc le  f rom p a t i e n t s  w i t h  m u s c u l a r  
d y s t r o p h y  exh ib i t s  s t r i k ing  h is to logica l  changes .  On t h e  
c o n t r a r y  d y s t r o p h i c  muscle  in  t i ssue  cu l tu re  exh ib i t s  
l i t t l e  if a n y  morpho log ica l  di f ference f rom normal*-9 .  The  
e x a c t  role of t h e  nuc leus  in muscle  f ibre  f u n c t i o n  is n o t  
y e t  ful ly  unde r s tood .  T h e  gene t ic  n a t u r e  of D MD  sug-  
gests  some nuc lea r  i n v o l v e m e n t ,  b u t  Peterson10 r e p o r t e d  
t h a t  t h e  n u c l e u s ,  a t  l eas t  in  mouse  d y s t r o p h y ,  m a y  n o t  
p l a y  a n  i m p o r t a n t  role in  pa thogenes i s .  U s i n g  a t e c h n i q u e  
of c h i m a e r a  fo rma t ion ,  he  found  t h a t  a l t h o u g h  some 
f ibres  h a d  on ly  d y s t r o p h i c  nucle i  t h e r e  was  l i t t l e  or no  
d e g e n e r a t i o n  of t h e  f ibres  whereas  musc le  c o n t a i n i n g  no  
d y s t r o p h i c  nuclei  s o m e t i m e s  showed  pa tho log ica l  changes .  
I t  has  been  r epo r t ed  5 t h a t  t h e  n u m b e r  of nucle i  in  dys t ro -  
ph ic  m y o b l a s t s  is n o t  s ign i f i can t ly  d i f f e ren t  f rom n o r m a l  
muscle .  Our  resu l t s  i nd i ca t e  t h a t  t h e  nuc l ea r  size in  dys -  
t r o p h i c  m y o t u b e s  is s ign i f i can t ly  g rea t e r  t h a n  in n o r m a l  
t i ssue  cu l tu red  u n d e r  iden t i ca l  condi t ions .  Th i s  morpho log -  
ical  d i f ference b e t w e e n  n o r m a l  a n d  d iseased  musc le  would  
n o t  ~oe d e t e c t a b l e  b y  q u a l i t a t i v e  t e c h n i q u e s  as used b y  
B i shop  a t  al. ~. T h e  obse rved  e n l a r g e m e n t  seems to  ref lect  
t h e  same  u n d e r l y i n g  p a t h o g e n i c  process  as is obse rved  in 
musc le  biopsies  f rom p a t i e n t s  w i t h  D M D  an d  in some 
fe tuses  a t  r i sk  for D MD  an d  i t  p r o b a b l y  ref lects  modi f ica-  
t ions  in nuc l eo -ey top l a smic  in t e rac t ions .  I n  a n y  case, ou r  
r e su l t s  sugges t  t h a t  t h e  obse rved  e n l a r g e m e n t  of musc le  
nucle i  f ound  in d y s t r o p h i c  musc le  in  v i t ro  is p r e s e n t  even  
in t h e  ea r ly  s tages  of muscle  f ibre  d i f fe ren t ia t ion .  
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