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Spindle Induction and Differentiation in Murine Dystrophy  

T h e  e t i o l o g y  of  m o u s e  h e r e d i t a r y  d y s t r o p h y  r e m a i n s  
a n  e n i g m a .  A l t h o u g h  t h e  m u s c l e  w a s t i n g  is c o m m o n l y  
a t t r i b u t e d  to  a n  i n t r i n s i c  a b n o r m a l i t y  of  t h e  s k e l e t a l  
m u s c l e  cel l  1, o t h e r  c o n s t i t u e n t s  of  m u s c l e ,  e .g. ,  c o n n e c t i v e  
t i s s u e  a n d  v a s c u l a t u r e ,  h a v e  b e e n  i m p l i c a t e d 2 ,  3, a n d  a 
g r o w i n g  l i t e r a t u r e  a s c r i b e s  a p a t h o g e n i c  ro le  t o  t h e  
i n n e r v a t i o n  ~, 5. T h e  m u s c l e  s e n s o r y  a s p e c t s  of  t h e  d i s o r d e r  
h a v e  r e c e i v e d  l i t t l e  a t t e n t i o n 6 ,  7 d e s p i t e  t h e  r e l a t i v e l y  
e a r l y  o n s e t  of  a b n o r m a l  h i n d l e g  r e f l e x e s  a n d  f u n c t i o n .  
I n  t h e  p r e s e n t  s t u d y ,  p o p u l a t i o n s  of  n e u r o m u s c u l a r  
s p i n d l e s ,  a s  wel l  a s  m o r p h o l o g i c  a n d  h i s t o c h e m i c a i  
c h a r a c t e r i s t i c s  of  t h e  i n d i v i d u a l  r e c e p t o r s ,  w e r e  e v a l u a t e d  
in  a n  e f fo r t  to  d i sc lose  p e r i p h e r a l  s e n s o r y  f a c t o r s  a s s o c i a t e d  
w i t h  t h e  d i so rde r .  

Materials and methods. T h e s e  s t u d i e s  we re  c o n d u c t e d  
o n  B a r  H a r b o r  d y s t r o p h i c  m i c e  ( 1 2 9 / B 6 F  1 d y d y ) ,  t h e i r  
u n a f f e c t e d  l i t t e r m a t e s ,  a n d  n o r m a l  m i c e  ( 1 2 9 / B 6 F  1 D y -  
Dy) .  T h e  d y s t r o p h i c  a n d  c o n t r o l  m i c e  w e r e  a l l o w e d  f ree  

a c c e s s  to  w a t e r  a n d  O ld  G u i l f o r d s  Feed ,  t h e  l a t t e r  s u p -  
p l e m e n t e d  w i t h  o a t s  a n d  cod  l ive r  oil  t o  p r o l o n g  s u r v i v a l  
t i m e  of t h e  a f f e c t e d  a n i m a l s  8. C o u n t s  of  s p i n d l e s  a n d  t h e i r  
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Fig. 1-4. Medial gastrocnemius mnscies of dystrophic mice. 

Fig. 1. A transverse section at the spindle equatorial region, revealing 
2 large nuclear-bag and 2 small nuclear-chain intrafusal fibres within 
the axial tissue of the encapsulated receptor. (Trichrome stain of ~resh 
frozen section.} • 

Fig. 2. A silver stained, teased preparation illustrating the intact spi- 
ral and branched innervation of the striated juxta-equatorial region 
of large and small intrafusal fibres. • 600. 

Fig. 3. The myofibrillar ATPase reaction resulting in intense staining 
of the small intrafusal fibres, and light and moderate staining of the 2 
large intrafusal fibres. • 900. 

Fig. 4. Incubation for phosphorylase revealing 2 highly reactive and 
3 less reactive intrafusal fibres in the polar region of a spindle. The 
surrounding extrafusal musculature is atypically unreactive as a re- 
sult of the disorder. • 600. 
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inc luded  in t r a fusa l  f ibres  were m a d e  in pa ra f f in  embedded ,  
ser ial ly  sec t ioned  (10 ~m th ickness) ,  h e m a t o x y l i n  and  
eosin s t a ined  p r e p a r a t i o n s  of t he  left  soleus a n d  med ia l  
ga s t rocnemius  muscles  of 5 d y s t r o p h i c  and  4 con t ro l  
an ima l s  (all 4 m o n t h s  or older). The  cont ro l s  inc luded  2 
n o r m a l  an ima l s  and  2 unaf fec ted  l i t t e r m a t e s  of ove r t l y  
d y s t r o p h i c  mice. 

Results. The  d y s t r o p h i c  muscles  c o n t a i n e d  a v i r t u a l l y  
n o r m a l  c o m p l e m e n t  of sp indles  (Table).  The  l a t t e r  were 
s imi la r  to  those  of con t ro l  muscles  w i t h  respec t  to  
r ecep to r  d iamte r ,  capsule  th ickness ,  a n d  axia l  t i ssue  
c o n t e n t  (Figure 1). The  usual  m e a n  p o p u l a t i o n  of 4 
i n t r a fusa l  f ibres  pe r  r ecep to r  was obse rved  in spindles  of 
3 of t h e  5 d y s t r o p h i c  g a s t r o c n e m i n s  a n d  4 of t he  5 dys t ro -  
phic  soleus muscles.  I n  those  ins t ances  in  wh ich  t he re  
were fewer i n t r a fusa l  f ibres  pe r  sp indle  (mean  3.5 to  3.8), 
t he  def ic i t  was m o s t  ev i den t  in  t he  s u b a p o n e u r o t i c  
receptors .  The  l a t t e r  n o r m a l l y  exh i b i t  g r ea t e r  v a r i a b i l i t y  
in  a p p e a r a n c e  a n d  h a v e  a g rea t e r  suscep t ib i l i t y  to  
d i s to r t i on  b y  t h e  h is to logica l  procedure ,  pa r t i cu l a r l y  in  
t he  f ib ro t ic  d y s t r o p h i c  muscles.  A l t h o u g h  the  m e a n  
d i a m e t e r s  of nuc l ea r -bag  (10 ~m) a n d  nuc l ea r - cha in  
f ibres  (6.5 ~zm) of con t ro l  and  d y s t r o p h i c  muscles  were 
s imilar ,  t h e  r ange  of t h e  l a t t e r  was s l igh t ly  n a r r o w e r  

The  s i l ve r - impregna t ed  teased  9 spindles  of con t ro l  and  
dys t roph ic  muscles  exh ib i t ed  s imi la r  complex  sensory  
and  fu s imo to r  i n n e r v a t i o n s  (Figure 2). T e n d o n  organs  

Spindles per muscle 

Soleus Medial gastrocnemius 

Control Dystrophic Control Dystrophic 

11 12 12 10 
10 10 12 9 
12 11 10 12 
10 11 12 10 
-- 11 -- 13 

10.8 11.0 mean 11.5 10.8 

were also c o m p a r a b l y  i n n e r v a t e d  in con t ro l  and  dys t ro-  
ph ic  muscles.  

H i s tochemica l  r eac t ions  for succinic d e h y d r o g e n a s e  1~ 
phospho ry l a se  n,  a n d  myof ib r i l l a r  adenos ine  t r i p h o s p h a -  
tase  ~ revea led  a cha rac t e r i s t i c  p a t t e r n  of 3 in t r a fusa l  
f ib re - types  pe r  sp indle  ~3 in t he  o v e r w h e l m i n g  m a j o r i t y  of 
recep tors  of b o t h  con t ro l  a n d  dys t roph ic  mice (Figures 3 
and  4). W i t h  rare  except ion ,  th i s  p a t t e r n  was r e t a ined  in 
t he  spindles  of y o u n g  (2 week) a n d  older  ( >  8 weeks) 
dys t roph ic  animals .  

Discussion. The  presence  of n o r m a l  n u m b e r s  of spindles  
in  t he  muscles  of ch ron ica l ly  d y s t r o p h i c  mice, a n d  t he  
fac t  t h a t  mos t  of t h e  recep tors  are  well  d i f fe ren t ia ted ,  
sugges t  t h a t  induc t ion ,  d i f fe ren t ia t ion ,  and  m a i n t e n a n c e  
of these  recep tors  are r e l a t ive ly  unaf fec ted  b y  t he  p r i m a r y  
aspect(s)  of t he  disorder .  

Rdsumg. La  pr6sence d ' u n  n o m b r e  n o r m a l  de Iuseaux  
neuro lnuscu la i res  dans  les muscles  de souris d i s t roph iques  
ch ron iques  et  le fa i r  que  la p l u p a r t  des r~cepteurs  son t  
b ien  diff6renci6s sugg~rent  que  l ' i nduc t ion ,  la diff6ren- 
c lar ion  et  le m a i n t i e n  de ces r6cep tenrs  ne  sont  p ra t ique -  
meri t  pus a t t e i n t s  p a r  le d~rgglement .  
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U l t r a s t r u c t u r a l  E v i d e n c e  for  t h e  L o c a l i z a t i o n  of  an  I n d o l e a l k y l a m i n e  in  S u p r a - E p e n d y m a l  
N e r v e s  f r o m  C o m b i n e d  C y t o c h e m i s t r y  a n d  P h a r m a c o l o g y  1 

W h e n  the  cerebra l  ven t r i c les  of t he  r a t  are e x a m i n e d  
b y  e lec t ron  mic roscopy  var icoses  ne rve  f ibres  can  be  
obse rved  j u s t  a b o v e  t he  e p e n d y m a  2-7. R e c e n t  f ine 
s t r u c t u r a l  i nves t i ga t i ons  h a v e  cha rac t e r i zed  supra-  
e p e n d y m a i  ne rves  in  c e r t a i n  b r a i n  regions  as mono-  
amine rg ic  a n d  in cor re la t ion  a n  amine-spec i f ic  formal-  
d e h y d e - i n d u c e d  f luorescence could be  d e m o n s t r a t e d  above  
t he  e p e n d y m a  of these  regions 8, s. Moreover,  t he  colour  of 
t he  f luorescence an d  i ts  r eac t ion  to drugs  in t e r f e r ing  w i t h  
t he  synthes is ,  s torage  a n d / o r  m e t a b o l i s m  of m o n o a m i n e s  
lead to t he  conclus ion  t h a t  t he  a m i n e  is an  indolea lkyl -  
amine ,  m o s t  p r o b a b l y  5 - h y d r o x y t r y p t a m i n e  (5-HT). 

A more  sens i t ive  a n d  specific cy tochemica l  me thod ,  
based  on t he  c h r o m a f f i n  reac t ion ,  for t he  n l t r a s t r u c t u r a l  
loca l iza t ion  of b iogenic  m o n o a m i n e s  has  r ecen t ly  been  
deve loped  in  our  l a b o r a t o r y  1~ e n a b l i n g  t he  precise 
iden t i f i ca t ion  of endogenous  amines  in ce r t a in  b r a i n  
regions  n o t a b l y  t he  above  m e n t i o n e d  ne rves  on  t h e  
v e n t r i c u l a r  surface  11. I n  t he  p r e s en t  s t u d y  t he  in f luence  
on a m i n e  loca l iza t ion  of d rugs  a f fec t ing  t h e i r  syn thes i s  
or s torage  has  been  i n v e s t i g a t e d  b y  e lec t ron  microscopy.  

Male a lb ino  o u t b r e d  r a t s  of W i s t a r  or igin weighing  
180-200 g were used for all  expe r imen t s .  Cont ro l  an ima l s  
a n d  those  g iven  reserp ine  (Serpasi l  | 10 m g / k g  i.p. 18 h 
before  sacrifice), e-methyl-para-tyrosine m e t h y l e s t e r  
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