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The  re su l t  of t he  c rys ta l  s t r u c t u r e  ana lys i s  is shown in  
t h e  Figure.  The  n i t rogen  a t o m  is ax ia l  to  t he  B-r ing,  a n d  
t h e  N - m e t h y l  g roup  is also, unusua l ly ,  ax ia l  to  t he  seven-  
m e m b e r e d  ring.  This  c o n f o r m a t i o n  is qu i te  d i f fe ren t  f rom 
t h a t  of a p o m o r p h i n e  a n d  is suff ic ient  e x p l a n a t i o n  for t h e  

Cr ~ N 

0,0-Dimethyl derivative of apomorphine homologue (3) : perspective 
drawing of the structure as observed in crystals of the base. 
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biological  i n a c t i v i t y  of 2 .  T h e  tors ion angles of in te res t ,  
31 a n d  32, are - -146 and  + 86 ~ respect ively .  In t e re s t ing ly ,  
for molecules  w i t h  t h e  same abso lu te  conf igura t ion  a t  t h e  
a s y m m e t r i c  centre ,  t h e  sense of t h e  t w i s t  b e t w een  t h e  two  
benzene  r ings  is oppos i te  in  a p o m o r p h i n e  an d  in t h i s  
homologue  2. 

Summary. ii, 12-Dihydroxy-7-methy l -4 ,  5, 6, 7, 7a, 8-he- 
x a h y d r o p h e n a n t h r o [ 1 0 ,  1-b, c l -azepine  (2), a homologue  
of a p o m o r p h i n e  (1), has  been  found  to be  devo id  of 
dopamine rg i c  effects. The  biological  dif ferences  be tween  
a p o m o r p h i n e  a n d  th i s  homologue  are exp la ined  in t e r m s  
of differences in  c o n f o r m a t i o n  of t h e  t w o  molecules.  
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T h e  P r o c e s s  of  Surv iva l  of D e n e r v a t e d  and Free ly  A u t o t r a n s p l a n t a t e d  Ske le ta l  M u s c l e  

Surv iva l  of free a u t o t r a n s p l a n t s  of en t i re  ske le ta l  
muscles  was  f i rs t  d e m o n s t r a t e d  b y  STUDITZKY 1'2, b u t  
t h e  i m p o r t a n c e  of p rev ious  d e n e r v a t i o n  was emphas i zed  
b y  THOMPSON 3. Successful  a u t o t r a n s p l a n t a t i o n s  h a v e  
l a t e r  been  r epo r t ed  b y  severa l  authors4-1~ I n  a series of 
i nves t iga t ions  on  d e n e r v a t e d  ca t  muscle  a u t o t r a n s -  
plantsT, n-13, we h a v e  ana lyzed  t h e  va r ious  phases  of 
ea r ly  surv iva l ,  r evascu la r i za t ion  a n d  r e i n n e r v a t i o n  of t h e  
graf t .  Those  s tudies  r e su l t ed  in t he  f ind ing  t h a t  t h e  
muscle  f ibres  unde rgo  d i f fe ren t ia l  changes  in t he  super-  
ficial a n d  deep regions  of t h e  g ra f t  w i t h i n  t he  f i rs t  week  

Fig.  1. S u r v e y  of muscle  g r a f t  8 d a y s  a f t e r  t r a n s p l a n t a t i o n .  3 zones 
a re  d i s t i ngu i shed  (outer ,  m idd l e  a n d  i n n e r  zone). The  b o u n d a r i e s  
b e t w e e n  the  d i f fe ren t  zones a re  no t  c lea r -cu t  a n d  the i r  re la t ive  
ex tens ion  var ies  in d i f fe ren t  p a r t s  of the  t r a n s p l a n t .  • 60. 

a f t e r  t h e  t r a n s p l a n t a t i o n L  I n  pa r t i cu la r ,  t h r ee  con- 
cen t r i c  zones could be  c lear ly  d i s t ingu i shed  where  dif- 
fe ren t ia l  h i s tochemica l  changes  were d e m o n s t r a t e d .  
However ,  t h e  n a t u r e  of these  changes  could n o t  be  
c lear ly  e s t ab l i shed  b y  l igh t  microscopy.  An  u l t ra -  
s t r u c t u r a l  s t u d y  was the re fore  u n d e r t a k e n  in order  to  
define more  precise ly  t h e  process  of su rv iva l  of the  graf t .  

Materials and methods,i The t r a n s p l a n t a t i o n s  were 
m a d e  in two  s tagesL Pr imar i ly ,  a d e n e r v a t i o n  of t h e  
m. pe roneus  longus  of a d u l t  ca t s  was  made.  Secondari ly ,  
3 weeks a f t e r  dene rva t ion ,  t h e  muscles  (d iamete r  8-9  mm,  
l eng th  4 cm) were t r a n s p l a n t e d .  B y  b l u n t  d issect ion a 
t u n n e l  was  c rea ted  u n d e r  t h e  fascia of one of t h e  in te r -  
cos ta l  muscles.  I n  t h i s  way  t h e  f ibres  of the  t r a n s p l a n t  r an  
a t  a p p r o x i m a t e l y  r i gh t  angles to  t h e  in te rcos ta l s .  B o t h  
ends  of t h e  graf t s  were t h e n  s u t u r ed  to t h e  in te rcos ta l  
fascia  u n d e r  s l ight  tens ion.  The  muscles  were r emo v ed  2, 
8 or 15 days  a f te r  t r a n s p l a n t a t i o n  an d  processed for 
e lec t ron  microscopyl  i.e. t r e a t e d  w i t h  2.5 % g l u t a r a l d ehyde  
for 16 h, cu t  in to  slices, pos t f ixed  in 1% o s m i u m  te t rox ide  
a n d  p las t ic  embedded .  For  s impl ic i ty ,  on ly  t h e  f indings  
a f t e r  8 days  of t r a n s p l a n t a t i o n  will  be  descr ibed here. 

Results and discussion. Three  zones could be  dis t in-  
gu ished  in t h e  g ra f t  (Figure 1): a n  ou te r  zone composed  
of a few layers  of muscle  f ibres  w i t h  s l igh t ly  reduced  
d iamete r ,  a midd le  zone compr iz ing  severa l  fascicles of 
v e r y  smal l  muscle  f ibres in t e r spe r sed  w i t h  n u m e r o u s  
o the r  ceils, a n d  a n  inne r  zone where  large pale  muscle  
f ibres  were obse rved  a t  si tes s u r r o u n d e d  a n d  p e n e t r a t e d  
b y  smal l  cells. 

Outer zone (Figure 2). The  surface  of t h e  muscle  f ibres 
d i sp layed  smal l  pap i l l a ry  p ro jec t ions  of t h e  b a s e m e n t  
m e m b r a n e  wh ich  c o n t a i n e d  cy top l a smic  evag ina t ions .  
The  con t rac t i l e  ma te r i a l  showed  a t e n d e n c y  to  become 
conf luen t  in to  large fields. This  was  a p p a r e n t l y  re la ted  to  
a n  a l t e red  d i s t r i b u t i o n  of s a r c o t u b u l a r  s y s t e m  elements .  
T r i ads  were  f r e q u e n t l y  seen t r a n s v e r s e l y  or iented.  
H o n e y c o m b  t u b u l a r  s t ruc tu re s  der ived  f rom the  T-  
sys tems  were also seen. A t  va r i ance  w i t h  t h e  control ,  
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m u s c l e  m i t o c h o n d r i a  we re  p r e d o m i n a n t l y  l o n g i t u d i n a l l y  
o r i e n t e d .  M y e l i n  b o d i e s  a n d  a u t o p h a g i c  v a c u o l e s  w e r e  
s e e n  w i t h  v a r i a b l e  I r e q u e n c e .  I n  c o n c l u s i o n ,  t h e  o u t e r  
z o n e  of t h e  t r a n s p l a n t  c o n s i s t e d  of  s u r v i v i n g  a t r o p h i c  
i i b r e s  w h i c h  d i s p l a y e d  p a t h o l o g i c a l  c h a n g e s  s i m i l a r  t o  
t h o s e  k n o w n  to  o c c u r  in  d e n e r v a t e d  m u s c l e  f i b re s  :4 -~ .  
T h e r e  w a s  no  e v i d e n c e  of n e c r o s i s  o r  m u s c l e  r e g e n e r a t i o n  
in  t h i s  zone .  

M i d d l e  zone ( F i g u r e s  3 a n d  4). T h e  cell  c o m p o s i t i o n  
of  t h i s  zone  w a s  m a r k e d l y  h e t e r o g e n o u s .  T h e  m a i n  
c o m p o n e n t  w a s  r e p r e s e n t e d  b y  e x t r e m e l y  a t r o p h i c  
m u s c l e  f ibres .  T h e y  we re  c o n t a i n e d  w i t h i n  a l oose ly  
f i t t i n g ,  p l e a t e d  b a s a l  l a m i n a  a n d  s h o w e d  o f t e n  c e n t r a l  
n u c l e i  w i t h  d i s p e r s e d  c h r o m a t i n  a n d  p r o m i n e n t  nuc leo l i .  
T h e  c o n t r a c t i l e  m a t e r i a l  w a s  r e d u c e d  a n d  s i g n s  of  m y o -  
f ib r i l l a r  d i s i n t e g r a t i o n  were  a p p a r e n t .  L a r g e  c y t o p l a s m i c  
a r e a s  we re  o c c u p i e d  b y  a u t o p h a g i c  v a c u o l e s  a n d  r e s i d u a l  
b o d i e s .  T h e  e f f ec t  of  i s c h e m i a  p r e s u m a b l y  s u m m a t e d  
w i t h  t h e  e f f ec t  of  d e n e r v a t i o n  in  t r i g g e r i n g  t h e  a c t i v a t i o n  
o f  t h e  l y s o s o m a l  s y s t e m  a n d  a t r o p h y .  T h e  t r a n s v e r s e  
t u b u l a r  s y s t e m  s h o w e d  foca l  d i l a t a t i o n s  a n d  h o n e y c o m b  
s t r u c t u r e s .  O n  t h e  c o n t r a r y ,  m i t o c h o n d r i a  we re  g e n e r a l l y  
wel l  p r e s e r v e d .  L a r g e  m o n o n u c l e a r  cel ls  we re  f r e q u e n t l y  
s e e n  i n s ide  t h e  s a r c o l e m m a l  t u b e s .  S o m e  of  t h e s e  cel ls  
c o u l d  be  i d e n t i f i e d  as  m a c r o p h a g e s .  H o w e v e r ,  m o r e  
o f t e n  t h e s e  cel ls  h a d  f e a t u r e s  of  u n d i f f e r e n t i a t e d  cells  
w i t h  a b u n d a n t  f ree  a n d  m e m b r a n e - b o u n d  r i b o s o m e s .  
M a n y  of t h e s e  cells  h a d  a c h a r a c t e r i s t i c a l l y  c l ea r  c y t o -  
p l a s m  w i t h  s p a r s e  f i l a m e n t s ,  o f t e n  of  a n  i n t e r m e d i a t e  
t y p e ,  a n d  g l y c o g e n  a c c u m u l a t i o n s .  F r e q u e n t l y  cei ls  
c o n t a i n i n g  Z - b o d i e s  a n d  c l e a r l y  r e c o g n i z a b l e  m y o f i l a -  
m e n t s  were  a lso  seen ,  o c c u r r i n g  e i t h e r  w i t h  a t r o p h i c  
m u s c l e  f i b re s  o r  w i t h  u n d i f f e r e n t i a t e d  cells  a n d  m a c r o -  
p h a g e s  in s ide  t h e  s a m e  b a s a l  l a m i n a .  I n  c o n c l u s i o n ,  t h e  
m i d d l e  z o n e  was  c h a r a c t e r i z e d  b o t h  b y  e x t r e m e  m u s c l e  
a t r o p h y ,  a n d  b y  f ib re  r e g e n e r a t i o n .  

I n n e r  zone ( F i g u r e  5). T h e  m u s c l e  f i b r e s  were  h e r e  al l  

c l e a r l y  n e c r o t i c .  M a c r o p h a g e s  o f t e n  a p p e a r e d  w i t h i n  
t h e s e  f ib res .  F u r t h e r ,  u n d i f f e r e n t i a t e d  m o n o n u c l e a r  ce l ls  
o r  c l e a r l y  r e c o g n i z a b l e  m y o b l a s t s  w e r e  seen ,  g e n e r a l l y  
a d h e r e n t  to  t h e  i n n e r  s u r f a c e  of  t h e  s a r c o l e m m a l  t u b e s .  
I n f i l t r a t i o n  b y  m a c r o p h a g e s  a n d  c o n c o m i t a n t  r e g e n e r a t i v e  
p r o c e s s e s  a p p e a r e d  t o  o c c u r  s t a r t i n g  a t  t h e  j u n c t i o n  o f  
t h e  m i d d l e  a n d  i n n e r  zone ,  w h e r e a s  in  t h e  m o r e  c e n t r a l  
a r e a s  no  v i a b l e  cel l  w a s  seen .  T h i s  d e m o l i t i o n - r e c o n s t i t u -  
t i o n  p r o c e s s  s e e m e d  to  o c c u r  as  a p r o g r e s s i v e  c o n c e n t r i c  
w a v e  p e n e t r a t i n g  d e e p e r  i n t o  t h e  g r a f t  as  s h o w n  in  o t h e r  
m o d e l s  of  m u s c l e  r e g e n e r a t i o n  17, is. I s c h e m i c  n e c r o s i s  in  
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Fig. 2. Outer zone: Fibres from the periphery of the graft, slightly 
atrophic and with a surface displaying small papillary projections. 
The saree-tubular system shows an altered organization with trans- 
versely running triads (arrows) and areas with autophagic vacuoles 
(v) are seen. x 9,000. 

Fig. 5. Inner zone : A necrotic muscle fibre (m) infiltrated by macro- 
phages (inp) whose long pseudopodia penetrate the disorganized 
myofibrillar material. Portions of undifferentiated cells lying close 
to the basement  membrane of the necrotic fibre are also seen. 
Extraeellular space (x). • 9,000. 
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Fig. 3. Middle zone: The cell composition is marked@ heterogenous. Both extremely atrophic fibres (a) and regenerating muscle cells (b) 
are seen, sometimes, as in this figure, even within the same basal lanfina (c.f. Figure 4). Autophagic vacuoles and residual bodies are seen 
in the atrophic fibre (arrows). • 9,000. 

Fig. 4. Higher magnification of the area indicated in Figure 3, showing a myoblast (b) containing abundant free and membrane-bound 
ribosomes, Z-bodies (Z) and thick and thin myofilaments organized in a regular hexagonal pattern (circle). The basal lamina (arrows). • 45,000. 

the  inner  zone m u s t  have  occurred shor t ly  af ter  t rans -  
p l an t a t ion  before the  muscle  fibres could undergo any  
adap t ive  process. This is cons i s t en t  wi th  the  early loss of 
h is tochemica l  s ta in ing for ox ida t ive  enzymes  observed at  
these  sites in con t ras t  w i th  the  posi t ive  react ion pers is t ing 
in the  more  per iphera l  zones. 

This s t u d y  shows t h a t  two d is t inc t  processes occur in 
au togra f t s  of dene rva t ed  in t ac t  muscle dur ing the  
early, crit ical phases  of the  t r an sp l an t a t i on :  Survival  of 
t r a n s p l a n t e d  fibres a t  the  pe r iphe ry  of the  graft ,  and 
regenera t ion  of new muscle  fibres following b reakdown 
of the  originally t r a n s p l a n t e d  fibres in the  cent ra l  areas. 
In  this  respect ,  t r a n s p l a n t a t i o n  of in tac t  muscle differs~ 
basical ly f rom the  t r a n s p l a n t a t i o n  of minced  muscle 
which  is exclusively d e p e n d e n t  on regenera t ive  proces- 
ses 1,3,4,19. I t  ~eems i m p o r t a n t  to  es tabl ish the  r e l a t i v e  
con t r ibu t ion  of the  two processes since the  factors  which  
m a y  affect  respect ive ly  the  surviva l  and  regenera t ion  of 
muscle fibres are no t  necessar i ly  the  same, or one factor  
could affect  the  two processes in di f ferent  ways.  Thus,  i t  
is p robab le  t h a t  previous  dene rva t ion  makes  i t  possible 
for the  muscle fibres to survive as s t ruc tura l  ent i t ies  by  
decreas ing the  size of the  fibres, making  metabol ic  
exchanges  easier t h rough  a more  favourable  surface-to-  
vo lume ratio,  and  possibly also b y  reducing the i r  energet ic  
requirements3% On the  o ther  hand ,  dene rva t ion  appears  
to  affect  muscle regenera t ion  m a i n l y  t h rough  an increase 
in the  n u m b e r  of satel l i te  cells and  thus  of the  popula-  
t ion  of myob las t s  pa r t i c ipa t ing  in the  regenera t ive  pro-  
cess 31-33. The choice of the  op t ima l  dene rva t ion  per iod in 
muscle  a u t o t r a n s p l a n t a t i o n  is clearly d e p e n d e n t  on a 
more  precise analysis  of these  d i f ferent  aspec ts  of the  
'p las t ic  s ta te '  ~ induced  in t he  muscle b y  denerva t ion .  

Summary. The s t u d y  shows t h a t  two  d is t inc t  processes 
occur in free au tograf t s  of d e n e r v a t e d  in tac t  muscle 

dur ing the  early crit ical phase  of the  t r an s p l an t a t i on :  
survival  of t r ansp l an t ed  fibres a t  the  pe r iphe ry  of the  
graft ,  and  regenera t ion of new muscle  fibres following 
b reakdown  of t he  originally t r ansp l an t ed  fibres in the  
cent ra l  areas. 
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