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Motor Endplates in Auto logous  Muscle Transplants  x 

For  a long t i m e  i t  h a s  been  t a k e n  for g r a n t e d  t h a t  
s t r i a t ed  muscle  does n o t  to l e ra te  free t r a n s p l a n t a t i o n  
even  w i t h i n  t he  same  organism.  Severa l  au t ho r s  h a v e  
r epo r t ed  a nea r ly  t o t a l  degene r a t i on  of t h e  muscle  due to 
t he  in i t i a l  i s chemia  d u r i n g  t h e  f i rs t  days  a f t e r  t r a n s p l a n t a -  
t ion.  STUDITSKY 2 and  his  group in Russ ia  were t h e  f i rs t  
to succeed in t r a n s p l a n t i n g  whole  muscles  or f r a g m e n t s  of 
muscles  in  t he  ear ly  fifties. He  d e n e r v a t e d  t h e  gas t ro-  
cnemius  muscle  of r a t s  1 m o n t h  pr io r  to  t r a n s p l a n t a t i o n .  
T h e n  t h e  muscle  was a u t o g r a f t e d  to  the  si te  of t he  r emov-  
ed c o n t r a l a t e r a l  gas t rocnemius  muscle  a n d  t he  t ib i a l  ne rve  
was b r o u g h t  in to  c o n t a c t  w i t h  the  graft .  W i t h i n  3 m o n t h s  
the  muscle  rega ined  n o r m a l  we igh t  a n d  con t rac t i l i t y .  
STUDITSKY sugges ted  t h a t  d e n e r v a t i o n  makes  the  muscle  
less sens i t ive  t o w a r d s  ischemia,  wh ich  is i n e v i t a b l e  d u r i n g  
t he  f i rs t  days  fol lowing free t r a n s p l a n t a t i o n .  

Based  on  s imi la r  a s sumpt ions ,  successful t r a n s p l a n t a -  
t ion  e x p e r i m e n t s  in  dogs were m a d e  b y  THOMPSON a'4 in  
L o n d o n  a b o u t  1970. The  p r o n a t o r  te res  muscle  was t r ans -  
p l a n t e d  to  the  surface of t he  sa r to r ius  and  gracil is  muscle.  
T h u s  ne rve  f ibres  and  b lood  vessels could i n v a d e  t he  
gra f t  f rom t h e  u n d e r l y i n g  muscles.  T he  bes t  resul t s  were 
ach ieved  w h e n  t he  muscle  h a d  been  d e n e r v a t e d  2-3 
weeks before  t r a n s p l a n t a t i o n .  THOMPSON also succeeded 
in a u t o g r a f t i n g  a smal l  musc le  of t he  d o r s u m  pedis  in to  
t h e  face in h u m a n  pa t i en t s .  Re l a t i ve ly  l i t t l e  a t t e n t i o n ,  
however ,  h a d  been  ded i ca t ed  to  t h e  fa te  and  loca l iza t ion  
of t he  m o t o r  endpla tes .  THOMPSON only  descr ibes  smal l  
mu l t i p l e  m o t o r  end ings  on  t he  f ibres  of t he  t r a n s p l a n t e d  
muscles  in  dogs, whereas  in  h u m a n  t r a n s p l a n t s  he  suggests  
r e i n n e r v a t i o n  of t he  or ig inal  endp la tes .  

Materials and methods. I n  15 y o u n g  male  r a t s  (aver-  
age we igh t  100 to 150 g) t he  ex t enso r  d i g i t o r u m  longus  
musc le  (EDL)  was t r a n s p l a n t e d  i week  a f te r  d e n e r v a t i o n  
a n d  f ixed l ong i t ud i na l l y  on t he  surface  of t h e  ches t  
(Figure 1). I n  th i s  w ay  b lood  vessels and  n e r v e  f ibres  
could i n v a d e  t h e  gra f t  f rom 2 to 3 in t e rcos ta l  spaces. 
The  an ima l s  were sacr i f iced a f te r  va r ious  in t e rva l s  r ang ing  
f rom 1 to  11 weeks. I n  5 con t ro l  an ima l s  the  E D L  was 
d e n e r v a t e d  b u t  lef t  in situ.  P r io r  to  t he  morpholog ica l  

e x a m i n a t i o n  e lec t rophys io logica l  s t i m u l a t i o n  e x p e r i m e n t s  
were m a d e  in all animals .  Af te r  excis ion of t he  grafts ,  
t h e y  were freed f rom scar  a n d  c o n n e c t i v e  t i ssue  and  
the i r  we igh t  was  de t e rmined .  The  muscles  were f ixed in 
6 % p a r a f o r m a l d e h y d e  a n d  smal l  f ibre  b u n d l e s  were s t a ined  
in to to  for chol ines te rase  a f te r  KOELLE and  FRIEDENWALD 5. 
Single muscle  f ibres  were isola ted b y  t eas ing  u n d e r  t he  
s tereomicroscope.  I n  addi t ion ,  frozen sect ions  were m a d e  
f rom eve ry  spec imen  and  s t a ined  b y  t he  same  me thod .  

Results and discussion. I n  all an imals ,  t i le g ra f t  could  be  
ident i f ied  as a smal l  muscle  bel ly  on  t he  surface of t h e  
chest .  The  we igh t  of the  graf ts  t u r n e d  ou t  to  be  of r a t h e r  
ques t i onab le  va lue  because  of t he  f o r m a t i o n  of r easonab le  
a m o u n t s  of scar  t issue. Therefore  we c a n n o t  give q u a n t i -  
t a t i v e  d a t a  on  t he  a m o u n t  of s u r v i v i n g  muscle  t issue.  

One week a f te r  t r a n s p l a n t a t i o n ,  especial ly  in  deep 
f ibre layers,  t he  muscles  undergo  i schemic  d e s t r u c t i o n  s, 
whereas  t he  m o t o r  endp la t e s  exh ib i t  t h e  we l l -known 
fea tures  of degene ra t i on  caused  b y  t he  p reced ing  dener-  
r a t i o n .  I n  n o r m a l  endp la t e s  (Figure 2a), t he  axon  t e rmi -  
nals  lie on the  folded p o s t s y n a p t i c  m e m b r a n e .  The  folds 
are bes t  seen in pal isade- l ike  m a n n e r  on b o t h  sides of t he  
a x o n  b ranches .  In  d e n e r v a t e d  endp la tes ,  t he  synap t i c  
folds are well  preserved,  whereas  the  w i t h d r a w a l  of t he  
n e r v e  f ibres  causes  c e r t a i n  s h r i n k a g e  a n d  f r a g m e n t a t i o n  
of t he  endp la t e  subuni t s .  F igure  2 b  shows a d e n e r v a t e d  
e n d p l a t e  7 d a y s  a f t e r  t r a n s p l a n t a t i o n .  I n  our  mater ia l ,  
f r a g m e n t a t i o n  was a r a t h e r  c o m m o n  charac te r i s t i c  of 
d e g e n e r a t i n g  endpla tes .  I n  order  to  work  ou t  t he  mor-  
pho logy  of t he  d e n e r v a t e d  endpla tes ,  t h e  i n c u b a t i o n  
per iods  h a d  been  p ro longed  f rom 20 ra in  for n o r m a l  
end ings  to  4 h for d e n e r v a t e d  endpla tes .  A l r eady  2 weeks 
a f te r  t r a n s p l a n t a t i o n ,  r e p a r a t i v e  processes are observed  in 
t he  muscle  fibres.  D u r i n g  th i s  phase  of r egene ra t i on  and  
f o r m a t i o n  of new muscle  fibres,  t h e  endp la t e s  are st i l l  
sub jec t  to  progress ive  degenera t ion .  I t  seems t h a t  th i s  
process  of degene ra t i on  is even  acce le ra ted  in t h e  t r ans -  
p l a n t s  in  compar i son  to con t ro l  muscles  wh ich  were dener-  
v a t e d  b u t  lef t  in  situ.  This  is p r o b a b l y  due  to t he  i schemic  
a l t e r a t i o n  of t h e  t r a n s p l a n t e d  muscles.  

A t  th i s  stage,  no  nerves  could be  de tec ted  b y  macro-  
scopic inspec t ion  of t he  exposed graft .  All  a t t e m p t s  of 
ind i rec t  s t i m u l a t i o n  f rom the  s u r r o u n d i n g  t i ssue  were of 
no success. Therefore  con t r ac t i ons  of t he  g ra f ted  muscles  
could be  el ic i ted on ly  b y  d i rec t  s t imu la t i on .  The  spon-  
t aneous  fasc icu la t ion  of t h e  muscles  a t  t h i s  s tage was a n  
a d d i t i o n a l  c r i t e r ion  t h a t  t he  muscle  f ibres  h a d  no t  ye t  
rece ived  m o t o r  i n n e r v a t i o n .  

I n  s tages  of 2-10 weeks a f te r  t r a n s p l a n t a t i o n ,  new 
ne rves  could be  obse rved  emerg ing  f rom t h e  in te rcos ta l  
muscles  a n d  p e n e t r a t i n g  t he  graft ,  usua l ly  t o g e t h e r  w i t h  
b lood vessels. E lec t r i ca l  s t i m u l a t i o n  of these  ne rves  
resu l ted  in  v is ib le  con t r ac t i ons  of t he  t r a n s p l a n a t e d  
muscles.  No s p o n t a n e o u s  fasc icu la t ion  was observed.  The  
h i s tochemica l  e x a m i n a t i o n  of muscIe  graf t s  a t  t h i s  s tage  
revea led  new chol ines te rase -pos i t ive  end ings  in a d d i t i o n  
to t he  old degene ra t ed  endpla tes .  

Fig. 1. Position of the transplanted EDL muscle on the chest. 
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Small  chol ines terase-posi t ive  sites of round  shape are 
ar ranged ill rows or groups and  are the  early representa-  
t ives of the  new endings.  La t e r  on the  endings  become 
more  compact .  But ,  even 11 weeks af ter  t r ansp lan ta t ion ,  
t hey  still  differ in shape  f rom normal  endpla tes .  In  
longi tudinal  sect ions of the  muscles,  two or more  zones 
of endpla tes  could be d is t inguished:  the  band  of degene- 
ra ted  ones and at  least  one addi t iona l  and less d i s t inc t  
region wi th  t he  new, i nne rva t ed  endings.  

In  spi te  of grea t  difficulties due to large amoun t s  of 
connect ive  tissue, it  was possible, in some cases, to iso- 
la te  f r agment s  of muscle fibres showing i old, degenera ted ,  
non - inne rva t ed  endp la te  (Figure 2 c), and  at  some dis tance  
f rom it, a new inne rva ted  moto r  ending  (Figure 2d). The 
d is tance  of t he  2 endings  obviously  depends  on the  site 
a t  which  the  new nerve  enters  t he  muscle. If  the  nerve  
reaches the  muscle near  its tendon,  the  endings  are s i tua ted  
excentr ica l ly  on the  muscle  fibres. 

The fo rma t ion  of new ectopic endpla tes  indicates  t h a t  
in a t  least  a h igh  percentage  of fibres, t he  ingrowing 
axons did no t  reach the  original endings  to  re innerva te  
them.  P ro b ab l y  the  large t ime- lag  be tween  dene rva t ion  
and  the  fo rma t ion  of new neuromuscula r  con tac t s  in free 
muscle t r an s p l an t a t i o n  w i t h o u t  imp lan ta t ion  of a nerve  
is one of the  reasons for the  de novo fo rmat ion  of mo to r  
endings.  An addi t iona l  factor  migh t  be the  severe damage  
of the  muscle. 

Zusammen[assung. Ungef~ihr 7 Wochen  nach  Trans-  
p l an t a t i on  zeigte sich eine Re inne rva t i on  der  Muskeln 
durch  kollaterale Sprossung aus den da run te r l i egenden  
In te rkos ta lne rven .  Die T ransp l an t a t e  reagier ten  auf 
indi rekte  St imulat ion.  H i s tochemisch  waren  neugebi lde te  
motor i sche  E n d p l a t t e n  nachweisbar .  In  einigen F~tllen 
konn te  an Isolat ionspr/~paraten an ein- nnd  derse lben 
Muskelfaser  zus/~tzlich zur alten, degener ie r ten  eine 
neugebi lde te  motor i sche  E n d p l a t t e  beobach t e t  werden.  
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F ig .  2. Photomicrographs of motor endplates in EDL muscles. 
a) Normal endplate in control muscle, b) Denervated endplate 
7 days after transplantation, c) Denervated endplate 70 days 
after transplantation, d) New endplate 70 days after transplantation. 
Modified Koelle-technique, Magnification: X 500 (a-c); X800 (d). 

Effects of Incubation Temperature on the Kinetics of Cultured Lymphocytes  from the 
O p o s s u m ,  Didelphis virginiana 

The com m on  opossum (Didelphis virginiana) possesses 
a body  t e m p e r a t u r e  which  is cons iderably  lower t h a n  t h a t  
of the  ma jo r i t y  of marsupia ls  and  eu ther ian  m a m m a l s  1-3. 
In  a m b i e n t  t e m p e r a t u r e s  of 14-26~ the  rec ta l  t emp e r -  
a tu res  of opossums  ranged  f rom 32 34.5~ 1. In  in vivo 
exper imen t s  5, tile mean  dura t ions  of the  G 2 and S phases  
for cells f rom opossum s tomachs  were longer t h a n  those  
of eu ther ian  mammalsS-7.  I t  was suggested t h a t  th is  was 
caused by  the  lower body  t e m p e r a t u r e  of opossums as the  
resul t  of a Q10 p h e n o m e n o n  4. Day-old  ra t s  lacking the rmo-  
regula tory  mechan i sms  d e m o n s t r a t e d  increases in G 2 
and S phase  dura t ions  a t  t e m p e r a t u r e s  subs tan t i a l ly  
below normal  for those  animals  s. In  contras t ,  a shor t  S 
phase  for chicken in tes t ina l  epi thel ia  has been  re la ted  to  
the  higher  body  t e m p e r a t u r e  (40.5~ of th is  species ~. 
A n u m b e r  of inves t iga tors  have  d e m o n s t r a t e d  t h a t  
incuba t ion  of in v i t ro  cell sys tems  a t  t e m p e r a t u r e s  above 
or below the  o p t i m u m  range (generally 37-39~ resul ted 

in pro longed dura t ions  of indiv idual  phases  and/or  the  
to ta l  cell cycle 9-1~. This  s t u d y  was unde r t aken  to 
de te rmine  if incuba t ion  of opossum l y m p h o c y t e s  a t  34 ~ 

1 G. B. WISLOCKI, Q. Rev. Biol. 8, 385 (1933). 
2 A. C. HIGGINBOTHAM and W. E. KOON, Am. J. Physiol. 181, 69 

(1955). 
3 j .  j .  Mcl~fANUS, J. Mammal. 50, 550 (1969). 
i j .  D. THRASHER, Expl Cell Res. 57, 441 (1969). 
5 I. L. CAMERON and R. C. GREIJLICn, J. Cell Biol. 78, 31 (1963). 

I. L. CAMERON, J. Cell Biol. 20, 185 (1964). 
J. D. THRASHER, in Methods in Cell Physiology (Ed. C. M. PRES- 
COTT; Academic Press, New York 1966), vol. 2, p. 323. 

8 G. LEBEDEVA and A. ZAVARZIN, Nature, Lond. 272l, 110 (1967). 
9 j .  ]~. SISKEN, L. MORASCA and S. KIBBY, Expl Cell Res. 39, 103 

(1965). 
10 p. H. Rao and J. ENG~LBZRG, Science 148, 1092 (1965). 
11 j .  E. SISKEN, Expl Cell Res. 40, 436 (1965). 
lz I. WATANABE and S. OKADA, J. Cell Biol. 32, 309 (1967). 


