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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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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  

1 B. H. WAKSMAN and R. D. ADAMS, J. exp. Med. 102, 213 (1955). 
K. 13. ASTR6M, H. bE F. WEBSTER and B. G. ARr~ASON, in prepara- 
tion. 

s B. H. WAKSMA~ and R. D. ADAMS, Am. J. Path. 41,135 (1962). - 
K. E. ASTR6M, Acta path. microbiol, seand. 59, 39/1963). 

4 B. H. WAKSMAS, Ann. N.Y. Acad. Sci. 124, 299 (1965). 
Slight modification of technique described in: H. DE F. WEBSTER 
and G. H. COLLIr~S, J. Neuropath. Exp. Neurol. 23, 109 (1964). 
The modification was suggested by Dr. W~BSTER. 



590 Speeialia EXPERIENTIA 24/6 

Lymphocyte (arrows) is situated within mem- 
brane-lined cavity of endothelial cell (E) in 
venule of sciatic nerve in rat with experimental 
allergic neuritis. Lymphocyte is surrounded 
by a mostly well-defined membrane; its nuc- 
leus (N) has been cut tangentially and the 
cytoplasm contains mitochondria, many ribo- 
somes but scant endoplasmic reticulum. Below 
basement membrane (BM) is another cell 
which presumably already has migrated 
through the vascular wall. VL = vascular 
lumen, x 7,600. 

cells are occasional ly  seen in per ivascu la r  or in ters t i t ia l  
areas  b u t  never  wi th in  t he  endothe l ia l  cells or in t he  
v a s c u h r  lumen.  (6) Cells of t he  t y p e  u n d e r  cons idera t ion  
h a v e  no t  been  seen be tween  endothe l ia l  cells in the  course 
of th is  s tudy .  (7) Serial sec t ioning has  shown t h a t  t he  
cells m a y  be conf ined  in t o to  w i th in  endothe l ia l  cells. 

E v e n  in ins tances  w i th  v igorous  i n f l ammat ion  only  a 
l imi ted  p ropor t ion  of l y m p h o c y t e s  are seen wi th in  t he  
vascular  wall itself, sugges t ing  t h a t  t he  t r ans i t  t ime  is 
short .  

I n  acu te  i n f l ammat ion  of t he  classic t y p e  po lymorpho-  
nuc lear  leucocytes  as well as t rue  monocy te s  migra te  
t h r o u g h  the  in tercel lu lar  j unc t ions  8. I t  has  been  no ted  
t h a t  in i n f l a m m a t o r y  responses  l y m p h o c y t e s  behave  
d i f fe ren t ly  f rom the  p o l y m o r p h o n u c l e a r  leucocytes  and  
the  m o n o c y t e s  b u t  the i r  m o d e  of p e n e t r a t i o n  has  pre-  
viously  been  u n k n o w n  s . The  obse rva t ions  r epo r t ed  here  
show t h a t  in the  allergic i n f l a m m a t i o n  of E A N  cells of 
l y m p h o c y t i c  origin reach  t h e  in te rs t i t i a l  spaces  b y  migra-  
t ion d i rec t ly  t h rough  the  cy top l a sm of endothel ia l  cells of 
venules  and  in a m a n n e r  exac t ly  comparab le  to t h a t  seen 
w h e n  l y m p h o c y t e s  pass  f rom blood to  l y m p h  in the  pos t -  
capi l lary venules  of t he  l y m p h - n o d e s  dur ing  the i r  no rma l  
c i rculat ion 7. L y m p h o c y t e s  p r o b a b l y  pass  t h rough  the  
endothe l ia l  layer  in an  ana logous  m a n n e r  in t he  inf lam- 
m a t o r y  lesions in t h e  cen t ra l  ne rvous  sy s t em of r abb i t s  
which  have  been  inocula ted  wi th  herpes  s implex virus  s 
and  dur ing  tubercu l ine  reac t ions  in guinea-pigs  9. 

Thus,  several  s tudies  on migra t ion  of l y m p h o c y t e s  f rom 
venules  t owards  per ivascular  areas indica te  t h a t  these  
cells in no rma l  as well as in pa thologica l  condi t ions  can  
leave t h e  c i rcula t ion  by  pass ing t h r o u g h  r a the r  t h a n  be-  
tween  the  endothe l ia l  cells. I t  is conceivable  t h a t  th is  
mode  of mig ra t ion  cons t i tu tes  a charac te r i s t ic  biological 
a t t r i b u t e  of t h e  c i rcu la t ing  lymphocy te .  

In  E A E  the  s i tua t ion  m a y  be d i f fe rent  since i t  has  been  
s t a t ed  or impl ied t h a t  monocy t i c  cells in th is  disease 
t r ave r se  t he  wall  of t h e  venules  in t he  cent ra l  ne rvous  
sy s t em by  pass ing be tween  the  endothe l ia l  cells 1°. More 
s tudies  are requi red  to  se t t le  t he  ques t ion  of cell migra t ion  
conclus ively  in th is  condi t ion .  

Our s tudies  to  da te  have  shown  t h a t  the  ' i n t r aendo-  
thel ial '  l y m p h o c y t e s  are encased  by  wel l -def ined mem-  
branes ,  t h a t  t hey  are  s i t ua t ed  in cavi t ies  wh ich  in t u r n  
are su r rounded  b y  membranes ,  and  t h a t  t h e  2 m e m b r a n e s  
are s epa ra t ed  by  a cleft. Consequent ly ,  the  mig ra t ing  
l y m p h o c y t e  can t e n t a t i v e l y  be cons idered  as s i t ua t ed  out -  
side t he  endothe l ia l  ceil cy top la sm.  

The migra t ion  of l y m p h o c y t e s  t h r o u g h  the  endothe l ia l  
cells can  be looked upon  as a form of emper ipoles is  11. An 
e lec t ron  microscopic  s t u d y  of emperipoles is  of l y m p h o  
cyt ic  t u m o r  cells wi th in  mac rophages  has  shown  t h a t  here  
also the  l y m p h o c y t i c  cells are s epa ra t ed  f rom the  cy to-  
p l a sm of t he  hos t  cell by  a wel l -def ined m e m b r a n e  12,13. 

Zusammen/assung. Bei der  exper imen te l l en  al lergischen 
Neur i t i s  ver lassen die L y m p h o z y t e n  das  z i rkul ierende 
Blur  der  Venoten  der  pe r iphe ren  Nerven ,  i n d e m  sip eher  
du rch  die als zwischen den  Endo the lze l l en  aus t re ten .  Der  
D u r c h t r i t t  du rch  das  Z y t o p l a s m a  der  Endo the lze l l en  is t  
ein Beispiel  von Emper ipoles is .  
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