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was used. F luorescence  was exc i ted  b y  t h e  green  l ine 
(546 rim) of a 200 W H g  l a m p  a n d  t he  ba r r i e r  f i l ter  passed  
w a v e l e n g t h s  longer  t h a n  580 nm .  E x p o s u r e  t i m e  for  t he  
n e g a t i v e  (100 A S A  film) was  120 see. 
C h r o m o c e n t e r s  in  i n t e r p h a s e  nucle i  glowed br i l l i an t ly .  
I n  t he  m e t a p h a s e  M-chromosomes ,  t h e  D - b a n d s  showed  
w i t h  m a r k e d  c o n t r a s t  (figure) a n d  were s imi la r  to  t he  

r e spec t ive  Q-bands  ~-1~ The  m o s t  i n t ense  b a n d  was  on  t he  
long a rm,  close to  t h e  cen t romere ,  a n d  2 m a j o r  a n d  one 
m i n o r  b a n d s  were  on  t he  oppos i te  side of t h e  cen t romere ,  
on  t he  a r m  h a v i n g  t h e  s e c o n d a r y  cons t r i c t ion .  Th i s  ob-  
se rva t ion ,  c o m b i n e d  w i t h  t h a t  on  h u m a n  chromosomes ,  
lends  s u p p o r t  to  t h e  n o t i o n  t h a t  D - b a n d s  are s imi la r  to  
Q-bands  in all  cases. 
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Summary. The  e n z y m a t i c  p a t t e r n s  p r e s e n t  in  t h e  op t ic  r e c t u m  of 4 species be long ing  to  d i f fe ren t  r ep t i l i an  orders  seem 
re l a t ed  to  t he  degree of s t r u c t u r a l  a n d  func t iona l  o rgan i za t i on  r eached  b y  t he  ne rvous  cent re ,  as in  o t h e r  v e r t e b r a t e s .  
I n  p a r t i c u l a r  t h e  A C h E  loca l iza t ion  in rept i les  is r e p r e s e n t a t i v e  of a e v o l u t i o n a r y  sequence  in t he  d i s t r i b u t i o n  of t h i s  
e n z y m e  in t he  op t ic  t e c t u m  a long  t he  t e t r a p o d e  series. 

The  opt ic  t e c t u m  of n o n - m a m m a l i a n  v e r t e b r a t e s  is usu-  
a l ly  a wel l -deve loped  b r a i n  region wh ich  in  severa l  classes 
reaches  h i g h  levels  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 rganiza-  
t i on  1-3. Fo l lowing  u p  a series of r e sea rch  on  h i s t o e n z y m o -  
logical  c h a r a c t e r i z a t i o n  of n e r v o u s  cen t res  in lower  v e r t e -  
b r a t e s  ~-8, we h a v e  s tud ied  t h e  h i s t ochemica l  loca l iza t ion  
of 5 e n z y m a t i c  ac t iv i t i e s  in  t he  op t ic  t e c t u m  of 4 species 
r e p r e s e n t a t i v e  of t h e  m a i n  r ep t i l i an  orders .  To our  
knowledge  t h e  h i s t ochemica l  s tud ies  on  r ep t i l i an  opt ic  
r e c t u m  h a v e  up  t i l l  now  on ly  used t u r t l e  species 9,10 
Materials and methods. W e  h a v e  s tud ied  in t he  opt ic  
t e c t u m  of l izards  (Lace r t a  mural is ) ,  snakes  (Na t r ix  na t r ix ) ,  
t u r t l e s  ( P s e u d e m y s  scr ipta)  a n d  a l l iga tors  (Ca iman  
sclerops) t h e  fol lowing e n z y m a t i c  ac t iv i t i e s :  ace ty lcho-  
l ines te rase  (ACHE), b u t y r y l e h o l i n e s t e r a s e  (BuChE) ,  mo-  
n o a m i n e  ox idase  (MAO), l a c t a t e  d e h y d r o g e n a s e  (LDH) 
a n d  succ ina te  d e h y d r o g e n a s e  (SDH).  
F o r  A C h E  a n d  B u C h E  d e m o n s t r a t i o n ,  t h e  b r a i n s  were 
f ixed for 3-4  h ill 10% formol  sal ine a t  4~ r insed  for 
20 mil l  in  0.1 M a c e t a t e  buf fe r  (pH 6), f rozen a n d  cu t  in  
t he  c r y o s t a t  in t r a n s v e r s e  or sag i t t a l  p lanes .  The  sect ions,  
30 lzm in th ickness ,  were i n c u b a t e d  for 90 m i n  a t  22-24 ~ 
in t he  m e d i a  of Gereb tzof f  11 or  K a r n o v s k y  a n d  Roo t s  12 
c o n t a i n i n g  a l t e r n a t i v e l y  ace ty l t h iocho l ine  or b u t y r y l -  
t h iocho l ine  iodide as subs t r a t e .  In  o rder  to  t e s t  t he  a c t u a l  
n a t u r e  of t he  e n z y m a t i c  a c t i v i t y  revealed ,  t he  fol lowing 
i n h i b i t o r s  were r o u t i n e l y  used  in  a p r e - i n c u b a t i o n  b a t h  
(45 m i n  in a c e t a t e  buf fe r  c o n t a i n i n g  t he  inh ib i to r )  a n d  in 
t he  f ina l  m e d i u m :  t h e  se lect ive  A C h E  i n h i b i t o r  B W  
284C51 5 • 10 -5 M, t he  se lect ive  pseudocho l ines t e ra se  in-  
h i b i t o r  i so -OMPA 3 •  .5 M a n d  t he  i n h i b i t o r  of all 
cho l ines te rases  eser ine 3 • 10 -5 M 13-1e. For  MAO, L D H  
a n d  S D H  d e m o n s t r a t i o n ,  t he  un i f xed  b ra ins  were im-  
m e d i a t e l y  f rozen a n d  cu t  in  t he  c r y o s t a t  a t  20 a m  th i ck -  
ness. The  sect ions,  a d h e r e n t  to  coversl ips ,  were br ie f ly  
dr ied  in t he  a i r  a n d  i n c u b a t e d  for  45 m i n  a t  35 ~ in t h e  
m e d i a  of G lenne r  et  al. 17 for MAO or t he  s t a n d a r d  med ia  
for L D H  a n d  S D H  17. As con t ro l  of MAO reac t ion ,  some 
sec t ions  were t r e a t e d  in t he  p r e - i n c u b a t i o n  b a t h  (20 min  a t  
35~ and  in t h e  f ina l  m e d i u m  w i t h  t he  MAO i n h i b i t o r  
n i a l a m i d e  a t  5 • 10 -5 or 1 • 10-~ M c o n c e n t r a t i o n .  
Results. A C h E  a c t i v i t y  is usua l ly  w e a k  in deeper  t e c t a l  
layers,  a n d  weak  to  m o d e r a t e  in  t he  s t r a t u m  gr i seum 
cen t ra l e  whi le  i t  is a lways  p r e s e n t  in  t he  s t r a t u m  f ib rosum 
a n d  gr i seum superf ic iale  of H u b e r  a n d  CrosbylS, showing  
no t i ceab le  di f ferences  in  d i s t r i b u t i o n  p a t t e r n s  a m o n g  t he  

d i f fe ren t  r ep t i l i an  species examined .  I n  N a t r i x  (figure 1) 
t he  h i s t ochemica l  r eac t ion  is w e a k  a n d  u n i f o r m l y  sp read  
all  ove r  t he  layer .  I n  L a c e r t a  (figure 2) a n d  P s e u d e m y s  a 
s imi la r  d i s t r i b u t i o n  p a t t e r n  ex is t s :  t h e  midd le  b a n d  of 
t he  s t r a t u m  f ib rosum and  g r i seum superf iciale ,  l a rge ly  
co r r e spond ing  to  t he  s t r a t u m  fus i forme r e t i n u m  of 
Leghissa~,  shows a v e r y  s t rong  r eac t i on  whi le  t h e  2 ad ja -  
c en t  p lex i fo rm layers  e x h i b i t  m u c h  lower A C h E  ac t iv i ty .  
I n  C a i m a n  (figure 3), t h e  s t r a t u m  f ib rosum a n d  g r i seum 
superf ic ia le  shows a c lear  l a m i n a r  p a t t e r n  w i t h  2 b a n d s  
of s t rong  A C h E  a c t i v i t y  severed  b y  a wider  b a n d  w i t h  
m o d e r a t e  reac t ion .  I n  t h e  s t r a t u m  op t i cum,  t he  h i s to -  
chemica l  r eac t ion  is m o d e r a t e  or n e g a t i v e ;  in  L a c e r t a  a n d  
P s e u d e m y s  t he  s t r a t u m  o p t i c u m  is over la id  b y  a t h i n  
s t r a t u m  zonale  1 showing  m o d e r a t e  reac t ion .  B u C h E  ac- 
t i v i t y  is n o t  apprec i ab le  in  t he  opt ic  t e c t u m  of P s e u d e m y s  
a n d  C a i m a n ;  a v e r y  weak  r eac t ion  for B u C h E  is p r e s e n t  
in  N a t r i x  a n d  a more  in t ense  one in L a c e r t a  (figure 4), 
b o t h  local ized a t  level  of f ibrous  t e c t a l  layers.  T h e  h i s to -  
chemica l  con t ro l s  h a v e  conf i rmed  t he  r e s p e c t i v e  localiza-  
t i on  of A C h E  and  B u C h E :  t h e  r eac t ion  recorded  w i t h  
m e d i a  c o n t a i n i n g  ace ty l th iocho l ine  is n o t  sens i t ive  to  
i so -OMPA while  is i n h i b i t e d  b y  B W  284C51; t h e  c o n t r a r y  
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is t r u e  for  m e d i a  c o n t a i n i n g  b u t y r y l t h i o c h o l i n e ;  b o t h  the  
2 t ypes  of r eac t ion  are i n h i b i t e d  b y  eserine.  F i n a l l y  t h e  
2 m e t h o d s  of Gerebtzoff ,  a n d  K a r n o v s k y  and  Roots ,  h a v e  
g iven  largely  e q u i v a l e n t  resul ts .  
MAO a c t i v i t y  in  t h e  opt ic  t e c t u m  e x h i b i t s  c o m p a r a b l e  
f ea tu res  in t h e  4 r ep t i l i an  species examined .  The  enzy-  
m a t i c  a c t i v i t y  is m a i n l y  localized in f ibrous  layers  of t h e  
t e c t u m :  t he  h i s t ochemica l  r eac t ion  is m o d e r a t e  to  s t rong  
in t he  s t r a t u m  f ib rosum pe r iven t r i cu l a re ,  t he  s t r a t u m  
a l b u m  cen t r a l e  and  t h e  s t r a t u m  o p t i c u m  (figures 5 an d  6), 
w i t h  some dif ferences  in  t h e  r eac t i on  i n t e n s i t y  a m o n g  t h e  
d i f fe ren t  species. In  t he  sec t ions  t r e a t e d  w i t h  n ia lamide ,  
n o  d i s t i nc t  r eac t ion  is observab le .  
The  fea tu res  of L D H  a n d  S D H  loca l iza t ion  are  s imi lar  in  
t he  opt ic  r e c t u m  of t he  d i f fe ren t  r ep t i l i an  species (figures 
7 a n d  8). These  enzymes  a p p e a r  more  c o n c e n t r a t e d  in 
cel lular  t h a n  in p lex i fo rm and  f ibrous  layers  a n d  usua l ly  
1 of t h e  2 enzymes  shows a d i s t r i b u t i o n  p a t t e r n  s imi la r  to  
t h a t  of ACHE. I n  P s e u d e m y s  a n d  L a c e r t a  t he  h i s to -  

chemica l  r eac t i on  for L D H  a n d  S D H  shows a l m o s t  
e q u i v a l e n t  i n t ens i ty ,  whi le  in C a i m a n  L D H  a c t i v i t y  
seems to be  h igher ,  an d  t h e  c o n t r a r y  occurs  in Na t r ix .  
In  en zy me- r i ch  layers,  t h e  h i s t ochemiea l  r eac t ion  for  
L D H  a n d  SDH,  like t h e  r eac t i on  for ACHE, is equa l ly  
in t ense  in n e u r o n a l  cell bodies  a n d  in t h e  s u r r o u n d i n g  
neurop i l  w i t h  t h e  excep t ion  of t h e  n eu ro n s  of t h e  mesen-  
cephal ic  t r i g e m i n a l  root .  These  large, g lobe- shaped  ne rve  
ceils e x h i b i t  s t rong  r eac t ion  for S D H  a n d  p a r t i c u l a r l y  for 
L D H  (figures 9-12) a n d  t h e  n e u r o n a l  cell bodies  are 
c lear ly  ou t l ined  on  t h e  b a c k g r o u n d  of t h e  s u r r o u n d i n g  
neu rop ih  
Discussion.  The  p r e s en t  o b s e r v a t i o n s  add  to t h e  ava i l ab le  
d a t a  on  e n z y m a t i c  p a t t e r n s  p r e s e n t  in r ep t i l i an  opt ic  
r ec tum,  a n d  conf i rm a n d  e x t e n d  t h e  o b s e r v a t i o n s  pre-  
v ious ly  car r ied  o u t  on  tu r t l e s  9,10. Our  resu l t s  r e v e a l  some 
v a r i a b i l i t y  in A C h E  d i s t r i b u t i o n  a m o n g  t h e  d i f fe ren t  
r ep t i l i an  orders,  even  if t h e  e n z y m a t i c  a c t i v i t y  is a lways  
p r o m i n e n t  in  t h e  s t r a t u m  gr i seum a n d  f i b ro sum super-  

Figs. 1-3. Histochemical localization of AChE in the, optic tectuin of Natrix (figure 1, Gerebtzoff method), Lacerta (figure 2, Gerebtzoff 
method) and Caiman (figure 3, Karnovsky and Roots method). • 30. Fig. 4. Histochemical localization of BuChE in the optic tectum of 
Lacerta (Gerebtzoff method). • 30. Figs. 5 and 6. MAO activity in the optic tectum of Pseudemys (figure 5) and Lacerta (figure 6). • 28. 
Fig. 7. LDH activity in the optic tectum of Laeerta. • 30. Fig. 8. SDH activity in the optic teetum of Natrix. x45. Figs. 9-12. Dehydro- 
genase localization in the neurons of the mesencephalie trigeminal root. Fig. 9. SDH in Laeerta. Fig. 10. SDH in Caiman. Fig. 11. LDH in 
Lacerta. Fig. 12. LDH in Pseudemys. • 90. 
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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  
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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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