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f o r m a t i o n  needs  f u r t h e r  s t u d y  t o g e t h e r  w i th  a n  inves t iga -  
t i o n  of t h e  et iological  f ac to r s  invo lved .  I t  is k n o w n  t h a t  
c ry s t a l  f o r m a t i o n  occurs  as a f e a t u r e  of v i r a l - i nduced  
d a m a g e  in cells in fec ted  w i t h  A d e n o v i r u s  t y p e  5 s. Al- 
t h o u g h  un l ike ly  as  a n  e t io logical  f ac to r  because  of t he  
w ide - sp read  occur rence  of R e i n k e ' s  c rys t a l s  in  h u m a n  
t e s t i cu l a r  i n t e r s t i t i a l  cells, v i ruses  r e m a i n  to  be  exc luded  
as poss ible  agen t s  9. 

Mod i f ika t i on  des  Ze l lkerns tof fwechse l s  zu d iesen  B i ldun -  
Ken f f ihren  k 6 n n t e .  
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Zusammen /as sung .  Es  wird  gezeigt ,  dass  in  den  Leydig ' -  
s chen  Zwischenze l len  die R e i n k ' s c h e n  Kr i s t a l l e  a u c h  im 
Zel lkern  v o r k o m m e n  u n d  d a r a u f  h ingewiesen ,  dass  eine 

s C. MORGAN, G. C. GODMAN, P. M. BREITENFELD and H. M. RosE, 
J. exp. Med. 112, 378 {1960). 

9 This study is supported by a grant from the N.H. & M.R.C. 

Morphology of Muscle Spindles in the Rat 

Some morpho log ica l  f ea tu re s  of musc le  sp ind les  in  t h e  
r a t  h a v e  been  descr ibed  (BARKER a n d  HUNT, BRIDGMAN, 
LANDON, MERILLEES, ZELENA a n d  I-JNIK l-S) b u t  no  de t a i l ed  
desc r ip t i on  ex is t s  w h i c h  is c o m p a r a b l e  w i t h  t hose  ava i l -  
able  for t h e  ca t  (BARKER, BOYDS'7), r a b b i t  (BARKERS), 
a n d  o p p o s s u m  (JONESg, I°). I n  pa r t i cu l a r ,  no  i n f o r m a t i o n  
is ava i l ab l e  o n  t h e  m o t o r  i n n e r v a t i o n  of r a t  musc l e  
spindles .  

I n  t he  p r e s e n t  i n v e s t i g a t i o n  we s t ud i ed  t he  a n a t o m y  of 
musc le  sp indles  in  t h e  p l a n t a r  l u m b r i c a l  muscles  to  t h e  
second,  th i rd ,  f o u r t h  a n d  f i f th  digi ts .  R a t s  of W i s t a r  
or ig in  were used.  Muscles  f rom n o r m a l  an i m a l s  were  
t r e a t e d  as follows: one  g roup  was  e m b e d d e d  in pa ra f f in  
a n d  sp ind les  were  r e c o n s t r u c t e d  f rom serial  t r a n s v e r s e  
sec t ions  s t a i ned  w i t h  h e m a t o x y l i n  a n d  eos in ;  a second  
g roup  was  s t a i ned  w i t h  gold ch lor ide  (CoLEn),  t h e  t eased  
spec imens  be ing  used for sp ind le  c o u n t s  a n d  for m e a s u r i n g  
t o t a l  sp ind le  l e n g t h ;  a t h i r d  g r o u p  was  s t a i ned  b y  a s i lver  
t e c h n i q u e  (WINKELMANN a n d  SCHMIT 1~) a n d  t he  i n n e r v a -  
t i on  of t ea sed  sp ind les  was  e x a m i n e d ;  a f o u r t h  g roup  of 
musc les  w i t h  a t t a c h e d  n e r v e s  was  s t a i ned  w i t h  o s m i u m  
t e t r o x i d e  a n d  used  for  t h e  m e a s u r e m e n t  of m y e l i n a t e d  
n e r v e  f ibre  d i a m e t e r s  in  cross sec t ions  of t h e  n e r v e  t r u n k  
to  each  muscle .  The  l a t t e r  2 p rocedure s  (silver s t a ins  a n d  
OsO4 s ta ins)  were also ca r r ied  o u t  o n  a n i m a l s  in  w h i c h  
1 h i n d  l i m b  h a d  b e e n  e i t h e r  de - a f f e r en t ed  or  de -e f fe ren ted  
b y  se lec t ive  sp ina l  roo t  sec t ion  for  a pe r iod  of 35 days .  

M y e l i n a t e d  n e r v e  f ibre  d i a m e t e r s  to  t he  l u m b r i c a l  
musc les  r a n g e d  f rom 1-10  p in  n o r m a l  a n d  de -e f fe ren ted  
n e r v e s  a n d  f r o m  1 -7 /~  in de - a f f e r en t ed  nerves .  T h e  t o t a l  
n u m b e r  of m o t o r  n e r v e  f ibres  to  a n y  musc le  r a n g e d  f rom 
5-9,  a n d  t h e  sensory  n e r v e  f ibres  f rom 18-23. F r o m  3-8  
musc le  spindles]muscle,  were f o u n d  in  musc les  h a v i n g  a 
we t  w e i g h t  of 4-6 .5  mg.  No  t a n d e m  musc le  sp ind les  were  
found .  

R e c o n s t r u c t i o n s  of sp ind les  f rom serial  cross sec t ions  
showed  t h a t  b o t h  n u c l e a r  c h a i n  (NC) a n d  nuc l ea r  b a g  
(NB) musc le  f ibres  were  p resen t .  T h e  m e a n  n u m b e r  of 
i n t r a f u s a l  musc le  f ibres  in  14 spec imens  was  3.5, m o s t  
sp ind les  c o n t a i n i n g  2 NC a n d  2 N B  fibres.  T he  m e a n  
d i ame te r ,  m e a s u r e d  a t  one  pole  of t h e  capsule ,  of t h e  NC 
f ibres  was  7.7 ± 1.0 ~u (?4 ~ 26), a n d  t h e  N B  f ibres  
10.0 q- 1.6 /z (n ~ 24), t he se  m e a s u r e m e n t s  a re  uncor -  
r ec t ed  for  sh r inkage .  T h e  m e a n  l e n g t h  of N B  musc le  
f ibres  m e a s u r e d  f r o m  t h e  s a m e  p a r a f f i n - e m b e d d e d  
m a t e r i a l  was  1.5 m m  (q- 0.5) a n d  t h a t  of t h e  NC f ibres  
was  1.2 m m  (q- 0.6). Since t h e  capsu le  l e n g t h  in all cases 
was  less t h a n  1.0 ram,  a n d  m o s t  of t he  musc le  f ibres  were  
s y m m e t r i c a l l y  p l aced  w i t h  r e g a r d  t o  t h e  capsule ,  t h e n  

t h e  usua l  s i t u a t i o n  was t h a t  b o t h  N B  a n d  NC f ibres  
e x t e n d e d  b e y o n d  each  pole  of t h e  capsule .  T h e  e q u a t o r i a l  
n u c l e a t e d  reg ion  of N B  f ibres  h a d  a m e a n  l e n g t h  of 490/~, 
or  a b o u t  1/3 t h e  l e n g t h  of t h e  N B  fibre.  T h i s  t o t a l  nuc le-  
a t ed  l e n g t h  inc ludes  b o t h  t h e  ' n u c l e a r  b a g '  p roper ,  w h i c h  
c o n t a i n e d  2 or  3 nucle i  in  a n y  cross sect ion,  a n d  i ts  f l ank-  
ing  m y o t u b e  reg ions ;  t h e  nuc l ea r  b a g  a c c o u n t e d  for  a b o u t  
ha l f  t h e  t o t a l  figure.  T h e  e q u a t o r i a l  n u c l e a t e d  reg ion  in  
NC f ibres  h a d  a m e a n  l e n g t h  of 310 /,, or  a b o u t  114 t h e  
l e n g t h  of t h e  NC fibre.  T h e  nucle i  t h e m s e l v e s  d i f fe red  in  
N B  a n d  NC fibres,  t h o s e  in  t h e  NC f ibres  gene ra l ly  be ing  
longer  a n d  n a r r o w e r  t h a n  in t h e  N B  fibres.  A t  t h e  e q u a t o r  
of t h e  f ibres  NC nucle i  were  a b o u t  3 / ,  wide  a n d  8/~ long  
whi le  t h e  N B  nucle i  m e a s u r e d  4 - 6 / ~  in  b o t h  t h e  t r a n s -  
verse  a n d  l o n g i t u d i n a l  d i rec t ions .  No  i n t r a f u s a l  musc le  
f ibre  was  seen to  b r a n c h .  

T h e  sensory  i n n e r v a t i o n  of t h e  sp ind les  was inves t i -  
g a t e d  in  s i l ve r - s t a ined  spec imens  of n o r m a l  a n d  de-  
e f f e ren ted  muscles .  50% "of t h e  sp ind les  s tud ied  c o n t a i n e d  
one  p r i m a r y  e n d i n g  alone.  Th i s  occupied  t h e  c e n t r a l  
130-240 /z of t h e  i n t r a f u s a l  musc le  b u n d l e  a n d  usua l ly  
t o o k  t h e  fo rm of t i g h t l y  w o u n d  spi ra ls  o n  b o t h  N B  a n d  
NC musc le  f ibres.  T h e  r e m a i n i n g  50% of t h e  p r e p a r a t i o n s  
c o n t a i n e d  i p r i m a r y  senso ry  e n d i n g  a n d  1 or  2 s e c o n d a r y  
endings .  T h e  s e c o n d a r y  end ings  were  seen as f ine s p r a y s  
of n e r v e  t e r m i n a l s  m a i n l y  on  t h e  j u x t a - e q u a t o r i a l  reg ions  
of NC f ibres  a n d  occupied  f r o m  100-260 /~  of t h e  musc le  
f ibre.  

T h e  m o t o r  i n n e r v a t i o n  of t h e  sp ind les  was  s t ud i ed  in 
n o r m a l  a n d  de -a f f e r en t ed  p r e p a r a t i o n s  s t a i n e d  w i t h  si lver.  
T h e  m o s t  s t r i k ing  f ea tu r e  was  t h a t  each  sp ind le  rece ived  
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2 m o t o r  a x o n s ;  one  of t he se  f ibres  would  i n n e r v a t e  N B  
musc le  fibres,  whi le  t h e  o t h e r  wou ld  i n n e r v a t e  NC musc le  
f ibres  alone.  W e  o b t a i n e d  no  ev idence  for o v e r l a p p i n g  
i n n e r v a t i o n  of N B  a n d  NC musc le  fibres.  Two t y p e s  of 
m o t o r  n e r v e  t e r m i n a l  cou ld  be  seen, one  r e s e m b l e d  t h e  
' p l a t e  e n d i n g '  of c a t  musc le  spindles ,  t h e  o t h e r  was  a f ine 
s ingle  f i l amen t .  T h e  m o r p h o l o g y  of t h e  ending ,  as  seen in 
s i l ve r - s t a ined  spec imens ,  was  n o t  specific to  e i t h e r  N B  or  
NC f ibres  a l t h o u g h  ' p l a t e '  end ings  were  m o r e  c o m m o n  
on  N B  fibres.  Six cases of ske t e to - fus imo to r  i n n e r v a t i o n  
were  seen  in  w h i c h  t h e  m o t o r  n e r v e  d iv ided ,  s en t  one  
b r a n c h  to  ske le ta l  musc le  end -p l a t e s  a n d  t h e  o t h e r  b r a n c h  
to  N B  i n t r a f u s a l  musc le  fibres.  

T h e  musc le  sp ind le  in  t he  lumbr ica l s  of t h e  r a t  would  
a p p e a r  to  be  a n  e l e m e n t a r y  t y p e  of o r g a n :  i t  c o n t a i n s  
a b o u t  2 nuc l ea r  bag  a n d  2 nuc lea r  c h a i n  musc le  f ibres  
w h i c h  do  n o t  b r a n c h ,  a n d  t h e  2 t y p e s  of musc le  f ibre  
rece ive  s e p a r a t e  m o t o r  i n n e r v a t i o n .  T h e  sensory  i n n e r v a -  
t i on  is also uncompl i ca t ed ,  50% of t h e  sp indles  possess ing  
p r i m a r y  i n n e r v a t i o n  alone.  S k e l e t o f u s i m o t o r  i n n e r v a t i o n  
was  f o u n d  in some cases, b u t  i t  is n o t  poss ible  to  say, on  
t h e  p r e s e n t  evidence,  h o w  c o m m o n  th i s  c o n d i t i o n  m i g h t  
be. However ,  i t  is poss ib le  to  e s t ima te ,  f rom t h e  n u m b e r s  
of m o t o r  n e r v e  f ibres  a n d  t h e  n u m b e r s  of sp ind les  in  each  
muscle ,  t h a t  some fo rm of ~- a n d  7 - m o t o r - n e r v e  s h a r i n g  
is l ikely in t he se  muscles .  

Zusammen]assung. Die Morpholog ie  u n d  I n n e r v a t i o n  
de r  Muske l sp inde ln  de r  L u m b r i c a l m u s k u l a t u r  im H i n t e r -  
fuss de r  R a t t e  wi rd  besch r i eben .  E i n e  t y p i s c h e  Muskel-  
sp inde l  enthi i3t  zwei , n u c l e a r  bag,> F a s e r n  u n d  zwei 
, n u c l e a r  chain,> Fase rn .  J e d e  Sp inde l  enhAlt  2 m o t o r i s c h e  
Nerven ,  e iner  i n n e r v i e r t  die , n u c l e a r  bag,> Fasern ,  de r  
a n d e r e  die <,nuclear c h a i n ,  Fase rn .  50% de r  S p i n d e l n  
h a b e n  n u r  pr imAre sensor i sche  I n n e r v a t i o n e n ,  die i ib r igen  
50% h a b e n  eine prim~tre sensor i sche  E n d u n g  u n d  1 oder  2 
s e k u n d g r e  E n d u n g e n .  
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Migration of Lymphocytes Through the Endothelium of Venules in Experimental Allergic Neuritis 

I n t r a d e r m a l  i nocu l a t i on  of p e r i p h e r a l  n e r v e  t i ssue  
m i x e d  w i t h  F r e u n d ' s  a d j u v a n t s  in  va r ious  m a m m a l s  c a n  
p r o d u c e  a neur i t i s  w h i c h  is caused  b y  i m m u n o l o g i c  
m e c h a n i s m s  a n d  cal led,  therefore ,  e x p e r i m e n t a l  al lergic 
neur i t i s  or  E A N  1. I n  wel l -deve loped  cases les ions wh ich  
cons is t  of p e r i v e n u l a r  co l lec t ions  of m o n o n u c l e a r  cells a n d  
assoc ia ted  foci of d e m y e l i n a t i o n  are  s c a t t e r e d  t h r o u g h o u t  
t h e  p e r i p h e r a l  nerves .  

I n  t h i s  l a b o r a t o r y  we h a v e  been  for  some t i m e  engaged  
in a l ight ,  phase ,  a n d  e l ec t ron  microscopic  s t u d y  of t he  
genesis  of t h e  i n f l a m m a t o r y  process  of E A N  in r a t s  L 

T h e  l i gh t  a n d  p h a s e  microscopic  s tud ies  show t h a t ,  
b e g i n n i n g  8 or  more  d a y s  a f t e r  i m m u n i z a t i o n ,  m o n o -  
nuc l ea r  cells m a y  a p p e a r  w i t h i n  t h e  l u m e n  of venu les  in  
t h e  p e r i p h e r a l  nerves ,  in  p e r i v e n u l a r  a reas  a n d  b e t w e e n  
n e r v e  f ibers  p r io r  to  a n y  recognizab le  a l t e r a t i o n  of mye l in  
shea ths .  S imi la r  o b s e r v a t i o n s  h a v e  b e e n  m a d e  in s tud ies  
of ea r ly  les ions  in  e x p e r i m e n t a l  al lergic encepha lomye l i t i s  
or  E A E  a, a disease ana logous  to  E A N  b u t  in  w h i c h  cen t r a l  
n e r v o u s  t i ssue  is used  as  a n t i g e n  a n d  in w h i c h  t h e  lesions 
a re  con f ined  m a i n l y  t o  t h e  c e n t r a l  n e r v o u s  sys t em.  I t  h a s  
b e e n  conc luded  t h a t  in  b o t h  diseases  h e m a t o g e n e o u s  cells, 
p r e s u m a b l y  sensi t ized,  a re  a t t r a c t e d  to  s i tes  c o n t a i n i n g  
an t igen ,  i.e. m y e l i n a t e d  fibers,  i n  t h e  p e r i p h e r a l  a n d  
c e n t r a l  n e r v o u s  s y s t e m  respec t ive ly .  H e r e  t h e y  subse-  
q u e n t l y  in  a h i t h e r t o  u n k n o w n  w a y  will  cause  d e s t r u c t i o n  
of myel in .  T h e  m o n o n u c l e a r  cells seem to  be  l y m p h o c y t e s  
in  t h e  process  of r eac t ion  i.e. ' t r a n s f o r m i n g  l y m p h o c y t e s '  4. 
I t  is n o t  k n o w n  w h y  t he  l y m p h o c y t e s  in t he  f i rs t  p h a s e  
of t h e  disease  b e c o m e  a r r e s t ed  d u r i n g  t h e i r  c i rcu la t ion ,  
no r  w h y  t h e y  a d h e r e  to  a n d  m i g r a t e  t h r o u g h  t h e  va scu l a r  
wal l  a n d  i n s i n u a t e  t h e m s e l v e s  b e t w e e n  f ibers  in  t he  
p e r i p h e r a l  n e r v o u s  sys tem.  

D u r i n g  our  e lec t ron  microscopic  s tud ies  of v e n u l a r  
lesions in E A N ,  we h a v e  n o t e d  cells in  cav i t i es  w i t h i n  t h e  
e n d o t h e l i u m  (Figure) .  W e  h a v e  conc luded  t h a t  these  cells 

are  sens i t i zed  l y m p h o c y t e s ,  w h i c h  a t  t h e  t i m e  of sacrifice,  
were in  t h e  process  of m o v i n g  f rom t h e  v e n u l a r  l u m e n  
t o w a r d s  t h e  p e r i v a s c u l a r  area .  W e  f u r t h e r  conc lude  t h a t  
t h e  n o r m a l  r o u t e  of  m i g r a t i o n  of  such  cells in  E A N  is 
t h r o u g h  r a t h e r  t h a n  b e t w e e n  t h e  endo the l i a l  cells. T h e s e  
conclus ions  are  b a s e d  u p o n  t he  fol lowing o b s e r v a t i o n s :  
(1) few if a n y  cells are  to  be  found  in  t he  l u m e n  or  in  t h e  
p e r i v a s c u l a r  a reas  of venu le s  in  p e r i p h e r a l  n e r v e s  of 
n o r m a l  a n i m a l s  or in a n i m a l s  ki l led d u r i n g  t he  f i rs t  few 
d a y s  a f t e r  inocu la t ion ,  p r o v i d i n g  t h e  v a s c u l a r  bed  h a s  
been  per fused  acco rd ing  to t he  t e c h n i q u e  c u r r e n t l y  in  use 
in  th i s  l a b o r a t o r y  5. (2) I n  an ima l s  ki l led 8 d a y s  or  more  
a f t e r  i nocu l a t i on  v e n u l a r  lesions are  n o t e d  f r equen t ly .  I n  
some spec imens  cells col lect  w i t h i n  b u t  n o t  ou t s i de  a 
s e g m e n t  of a vessel ;  t h e  l y m p h o c y t e s  are  t h e n  a t t a c h e d  
to  t h e  i n n e r  side of t h e  e n d o t h e l i u m .  I n  o t h e r  a n i m a l s  cells 
a re  seen  b o t h  w i t h i n  a n d  w i t h o u t  a va scu l a r  s egmen t .  
Les ions  of t he  fo rmer  t y p e  p r e d o m i n a t e  in  a n i m a l s  k i l led  
earl ier ,  les ions of t h e  l a t t e r  t y p e  in t hose  ki l led la te r .  
(3) B y  cytologic  c r i t e r i a  t h e  ' i n t r a e n d o t h e l i a l '  cells a re  of 
t h e  s a m e  t y p e  as  t h e  i n t r a v a s c u l a r  l y m p h o c y t e s  w h i c h  
c l ing to  t h e  e n d o t h e l i a l  surfaces .  (4) ' I n t r a e n d o t h e l i a l "  
cells h a v e  b e e n  seen  o n l y  in  s i tes  whe re  t h e r e  a re  i n t r a  
a n d  p e r i v a s c u l a r  cells in  t h e  s ame  or  in  a n  a d j a c e n t  
v e n u l a r  s egmen t .  (5) D e g e n e r a t e d  or  d e a d  l y m p h o c y t i c  
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