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regress ive per iods  should  be found  in all  phases  of CA R 
a n d  no t  on ly  d u r i n g  t h e  4ttl  to  7 th  day.  There fore  2 
osc i l la tory  processes  m a y  be  a s sumed  d u r i n g  t he  CAR;  
1st t he  s p o n t a n e o u s  b a c k g r o u n d  a c t i v i t y  in  t he  CNS *, 
and  2nd a n  au to regress ive  pe r iod ic i ty  d u r i n g  t he  4 t h  to 
7 th  day  of C AR  (consol ida t ion  phase) ,  wh ich  is p e r h a p s  
based  on  nega t ive  f eedback  m e c h a n i s m s  (over lying of 
a c t i v a t i n g  a n d  re l ax ing  processes  wh ich  t e n d  to  an  
equi l ibr ium) .  I t  was p o i n t e d  ou t  7 t h a t  a s y s t e m  w i t h  
nega t ive  f eedback  p re sen t s  per iodic i t ies  wh ich  are 
d a m p e d  ha rmonic .  There fore  i t  is possible  t h a t  t he  level  
of unspecif ic  a c t i v i t y  is r educed  d u r i n g  t he  4 th  to  7 th  
day  of C AR  to a n  o p t i m u m  of learning,  wh ich  m e a n s  an  
e n h a n c e m e n t  of l ea rn ing  in t he  cons i lda t ion  phase.  

Zusammenl~assung. Es  w u r d e n  Reak t ionsze i t en ,  die 
w~Lhrend e iner  i n s t r u m e n t e l l e n  K o n d i t i o n i e r u n g  bei  
R a t t e n  a u t o m a t i s c h  gemessen  wurden ,  h in s i ch t l i ch  ih re r  

Au tokor r e l a t i ons -  u n d  S p e k t r a l d i c h t e f u n k t i o n  un te r -  
sucht .  Die au to reg ress iven  Oszi l la t ionen  der  Reak t ions -  
ze i ten  v o m  4.-7.  Tag  des Tra in ings  bas ie ren  auf  e inem 
n ich t -z i rku l / i ren  MARCOV-Prozess. 
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Does Axonal Sprouting Occur in Dystrophic Mouse Muscles? 

Muscles of d y s t r o p h i c  mice  are k n o w n  to  c o n t a i n  some 
f ibres  wh ich  are ' f u n c t i o n a l l y  d e n e r v a t e d ' .  No ac t ion  
p o t e n t i a l  appea r s  in such  f ibres  w h e n  t h e  m o t o r  ne rve  is 
g iven  s u p r a m a x i m a l  s t i m u l a t i o n  1-5. However ,  t he  func-  
t i ona l ly  d e n e r v a t e d  f ibres  of t he  d y s t r o p h i c  soleus muscle  
change  t h e i r  p rope r t i e s  w h e n  t h e  muscle  is d e n e r v a t e d  5. 
A l t h o u g h  i t  is possible  t h a t  such  muscle  f ibres  are en t i r e ly  
w i t h o u t  m o t o r  i n n e r v a t i o n ,  t h e y  could be suppl ied  b y  
sp rou t s  f rom r e m a i n i n g  m o t o r  neurons .  I n  t h e  l a t t e r  case 
t he re  should  be a n  increase  in  t he  size of i n d i v i d u a l  
m o t o r  uni ts .  F u r t h e r m o r e ,  if f u n c t i o n a l  d e n e r v a t i o n  an d  
axona l  sp rou t ing  are g r adua l  processes  of ne rve  de te r io ra -  
t i on  a n d  recovery  d u r i n g  w h i c h  t he  release of ace ty l -  
chol ine  (ACh) is incomple te ,  t he re  should  exis t  t r a n s i t i o n a l  
per iods  w h e n  end-p la t e  p o t e n t i a l s  (EPP)  can  be de t ec t ed  
a m o n g  t he  d y s t r o p h i c  muscle  f ibres  upon  s u p r a m a x i m a l  
s t i m u l a t i o n  of t h e  i n n e r v a t i n g  nerve.  

Materials and methods. Soleus ne rve -musc le  p r epa ra -  
t ions  5 f rom male  mice  of the  B a r  H a r b o r  129 R e - J / d y  
s t r a in  were used. B o t h  t he  d y s t r o p h i c  mice, a n d  t h e i r  

n o r m a l  l i t t e r -ma t e s  were 3 -4  m o n t h s  old a t  t h e  t i m e  of 
sacrifice. 

F ib res  in  d y s t r o p h i c  muscles  were i mp a l ed  w i t h  
microe lec t rodes  a n d  checked  for i n n e r v a t i o n  b y  s t imu-  
l a t i ng  t h e  m o t o r  ne rve  w i t h  a vo l t age  pulse  of 0.2 msec.,  
de l ive red  a t  twice  t h e  s t r e n g t h  necessa ry  for a m a x i m a l  
muscle  twi tch .  I f  no  s ign of an  ac t ion  p o t e n t i a l  was  
observed,  t h e  f ibre  was cons idered  to  be  ' f unc t i ona l l y  
d e n e r v a t e d '  (see F igures  a a n d  b). 

S t a in ing  of muscles  for ace ty lcho l ines te rase  was used 
to co mp a re  t h e  n u m b e r  of m o t o r  end-p la t e s  in  t h e  n o r m a l  
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a) Intracellular recording of action potential from innervated dystrophic soleus fibre, b) Suprathreshold indirect stimulation failed to evoke an 
action potentiM from a functionally denervated soleus fibre. The movement artifact indicates that the recording mieroelectrode was displaced 
slightly during muscle contraction. Calibrations : 20 my and 4 msec. c) Acetylcholinesterase staining of dystrophic soleus muscle to show the 
presence of more than 1 motor end-plate on a muscle fibre. Calibration mark, 25 ~m. MF1, MF2, muscle fibres; EPj, EP2, EP3, end-plates. 
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Comparison of motor end-plate numbers, motor axons numbers, and average motor unit size between the normal and dystrophic soleus 
muscles of the mouse 

Number of motor end-plates Number of myelinated axons Estimated number of motor axons Average motor unit size 

Normal 237 ~ 33 (9) 72 -b 5 (6) 25 ~ 2 (6) 9 

Dystrophic 210 =~ 44 (6) 58 -4- 2 (8) 20 4- 1 (8) 10 

t-test (one-tailed) N.S. 0.01 0.01 

Mean vaIues are given with standard deviations. The numbers of muscles or nerves used are quoted in brackets. N.S., not significant. 

and the  dys t roph ic  soleus muscles.  The h is tochemica l  
t echn ique  followed t h a t  of GINSBORG and  MAClKAY a. The 
number s  of nerve  axons  supply ing  the  normal  and the  
dys t roph ic  soleus muscle were de t e rmined  and compared ,  
using a modi f ica t ion  of PtANVIER'S gold chloride m e t h o d  v. 
These axons compr ised  mye l ina ted  somat ic  af ferent  and 
efferent  fibresS, 9 of which  36% were e s t ima ted  to be 
motor  4,1% 

Results and discussion. Some funct ional ly  dene rva t ed  
fibres which  were impaled  at  several  d i f ferent  places 
along the i r  length  showed localized end-p la te  potent ia ls  or 
abor t ive  spikes when  the  nerve  was s t imula ted .  The ampli-  
tudes  of these po ten t ia l s  decreased wi th  increasing 
d is tance  from the  end-p la te  region_ Abnormat  neuro- 
muscular  t ransmiss ion  is indica ted  for such fibres. 

The end-pla tes  in t he  dys t roph ic  soleus muscles  were 
somet imes  re la t ively  irregular in size and  shape,  wi th  
a sh runken  and granula ted  appearance .  Ind iv idua l  
muscle fibers wi th  two end-pla tes  were occasionally 
seen (Figure c). 

The m e a n  n u m b e r  of mo to r  end-p la tes  for the  normal  
soleus muscle was sl ightly grea ter  t h a n  t h a t  for tile dys- 
t rophic  soleus, a l though the  difference was not  s ta t is t ica l ly  
s ignif icant  (Table). Since the  number s  of muscle fibres 
repor ted  for normal  and  dys t roph ic  mouse soleus muscles 
are abou t  800 and  400 respect ively  ~, it  seems l ikely t h a t  
no t  all end-pla tes  were s ta ined  and  counted  in the  
p resen t  s tudy.  Thus, t he  figures represen t  compara t ive ,  
r a the r  t h a n  absolute  values. 

The nerve supply ing  the  normal  soleus muscle had  
s ignif icant ly  more  axons t h a n  the  nerve  to the  dys t roph ic  
muscle  (Table). An es t imate  of the  average size of the  mo- 
tor  units,  made  by  tak ing  the  rat io of o b s e r v e d  moto r  
end-pla tes  to  mo to r  axons,  gave a s l ight ly greater  motor  
uni t  size for the  dys t roph ic  muscle.  

I t  is possible t h a t  in t he  dys t roph ic  mouse,  the  mo to r  
nerve fibres which do no t  d isappear  dur ing dys t rophy ,  
sprou t  in the  t e rmina l  regions to  provide  nea rby  dener-  
va t ed  fibres wi th  t rophica l ly  effective, bu t  funct ional ly  
incomplete ,  innervat ion .  This would expla in  the  previous  
f inding t h a t  surgical denerva t ion  leads to change in 
m e m b r a n e  res is tance in f ibres t h r o u g h o u t  t he  muscle,  
while  funct ional  denerva t ion  does not  s, The p h e n o m e n o n  
of axonal  sprou t ing  has been repor ted  in par t ia l ly  dener-  
va t ed  muscle ~ and in humans  wi th  cer ta in  neuromus-  
cular diseases ~3, t4. 

Abou t  62% of the  mo to r  axons were es t imated  to have  
degenera ted  in the  nerve  supply ing  the  ' fas t '  t ibial is  
an ter ior  muscle of the  dys t roph ic  mouse3, 4, compared  
wi th  only  20% for the  's low' soleus muscle.  This result  
indicates  t h a t  the  mo toneu rons  inne rva t ing  a ' fas t '  
muscle  degenera te  fas ter  t h a n  those  inne rva t ing  a 's low' 
one dur ing the  course of dys t rophy .  This conclusion is 
cons is ten t  w i th  fact  t h a t  t he  ' red '  muscles are less 
suscept ible  to  d y s t r o p h y  t h a n  the  'whi te '  ones ~5. 

Zusammenfassung. Nachweis ,  dass im M, soleus 
dys t rophe r  Miiuse die Zahl motor i scher  E n d p l a t t e n  
normal  ist, dass j edoch eine ve rminde r t e  Zahl motor i scher  
Axone  vo rhanden  ist. Einige Muskelfasern zeigen anstel le  
yon  Akt ionspo ten t i a l en  lokale Endp la t t enpo ten t i a l e .  Es  
wird  angenommen ,  dass nach  Ver lus t  der  urspr t ingl ichen 
Innerva t ion ,  dys t roph i sche  Muskelfasern yon  kollateralen 
Zweigen vo rhandene r  Motonenronen  innerv ie r t  werden.  
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Kreisende kortikale Potentialfelder beim epileptischen Anfall 

Die bioelektr ische T/it igkeit  be im epi lept ischen Anfall  Wel len zugrunde  l iegenden Poten t ia l fe lder  mi t  Ge- 
ze ichnet  sich durch  eine wei tgehende  Homogeni t / i t  des schwindigke i ten  im cm/sec bis dm/sec  Bereich fiber die 
e lekt r ischen Musters  tiber gr6sseren Hi rn r indena rea l en  Hi rn r inde  verschieben.  Die Ursache  dieses Ph~Lnomens 
aus. Analysen  der  Phasenbez i ehungen  dieser T~itig- ist  noch  n ich t  geklS.rt. Zwei M6glichkeiten k o m m e n  in 
kei t  t-4 h a b e n  jedoch ergeben,  dass  sich die den  L E G -  B e t r a c h t :  E inerse i t s  eine sukzessive Anregung  yon  n u t  


