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Degenerative atrophy of central terminals of primary sensory neurons induced by blockade of 
axoplasmic transport in peripheral nerves* 
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Summary. Per ineura l  colchicine- or v i n b l a s t i n e - t r e a t m e n t  resul ts  ill d i sappearance  of non- lysosomal  acid phospha t a se  
act iv i ty ,  charac te r iz ing  ax0n  te rmina l s  in t he  Ro lando  subs tance  of t he  no rma l  spinal  cord. U l t r a s t ruc tu ra l  a l te ra t ions  
are ident ica l  w i th  those  seen in t he  course of degenera t ive  a t rophy .  

Prev ious  inves t iga t ions  in th is  l abo ra to ry  revealed t h a t  
t r ansec t ion  of a per iphera l  ne rve  induces  a degenera t ion-  
like process  in the  cent ra l  t e rmina l s  of p r i m a r y  sensory  
neurons  (degenera t ive  a t rophy) .  The ques t ion  whe t h e r  
th is  p h e n o m e n o n  is b r o u g h t  abou t  b y  t r a u m a t i z a t i o n  of 
t he  per iphera l  axon  or r a the r  b y  cessat ion of axoplasmic  
t r anspor t ,  has  been  s tud ied  b y  topica l  admin i s t r a t i on  of 
drugs  k n o w n  to  in ter fere  w i th  axonal  t r a n s p o r t  mecha-  
nisms.  
Material and methods. Inves t iga t ions  were pe r fo rmed  on 
21 albino ra t s  of b o t h  sexes, 200 g average b o d y  weight .  
In  N e m b u t a l  anesthes ia ,  the  left  sciatic nerve  was  exposed  
and  a smal l  (4 m m  ~) Gelaspon (VEB Jenapha rm)  f ibrin 
sponge,  soaked e i ther  in colchicine (0.05%), v inb las t ine  
(Gedeon R ich te r  Ltd ,  Budapes t )  (0.1%) or saline, was 
appl ied  a round  the  nerve  t runc .  The cuffs were r emo v ed  

af ter  30 min  and  the  skill was sutured.  1-24 days  la ter  
t he  animals  were sub jec ted  to  perfus ion f ixa t ion  by  
K a r n o v s k y ' s  fo rma ldehyde-g lu ta ra ldehyd~  solution.  
25 ~m frozen cross sect ion of t he  lumbosacra l  cord 
were ' s t a ined '  for acid phospha tase ,  using a s l ight ly  
modif ied  Gomori  incubation, solut ion as descr ibed ear- 
lier 1. Small  t issue blocks f rom the  1Rolando subs tance  
were pos t - f ixed  in col l idine-buffered osmic acid, dehy-  
d ra t ed  in g raded  alcohols and  e m b e d d e d  in D u r c u p a n  
(Fluka). U l t r a t h i n  sect ions were ob ta ined  on a Re iche r t  
U l t r a tome ,  s ta ined  wi th  u rany l  ace ta t e  and  lead c i t ra te  
and  s tudied  unde r  a Tesla 513 t3 e lec t ron microscope.  
Results. In  b o t h  the  colchicine- and v inb la s t ine - t r ea t ed  
groups,  A P  2 ac t iv i ty  of t he  left Ro lando  subs tance  in 
spinal  segments  L4-S 1 decreased gradua l ly  f rom the  3rd 
pos tope ra t ive  d a y  on, resul t ing  in cessat ion of the  enzyme  

Fig. 1. Effect of local colchicine cuff around the sciatic nerve, upon 
the acid phosphatase activity of the rat spinal cord. Segment L 6. 
Note the intense enzyme activity of the right (control) Rolando 
substance and the virtually abolished reaction on the left side (ar- 
row). Reaction in the motoneurons (MN) is practically unchanged. 
16th day after a 30 rain local colchicine treatment. 

Fig. 2. Effect of a local vinblastine cuff around the sciatic nerve, 
upon the acid phosphatase activity of the rat spinal cord. Segment 
L 5. Enzyme activity of the left Rolando substance (arrow) is virtually 
abolished. 10th day after a 30 min local vinblastine treatment. 

Fig. 3. Degenerative atrophy of a primary sensory nerve terminal in 
the Rolando substance, 10 days after a 30 rain application of a local 
vinblastine cuff around the ipsilateral sciatic nerve. Note the large, 
homogeneous osmiophilic degenerative body (arrow) within the 
terminal axoplasm (A). D: dendrites. 

Fig. 4. Degenerative atrophy in the Rolando substance, 10 days 
after a 30 min local vinblastine cuff around the ipsilateral sciatic 
nerve. Note the spirally wound labyrinth formed by the terminal 
axoplasm, suggesting futile regenerative efforts, sv: synaptie ves- 
icles in the terminal; arrows point at dense-core vesicles. D: dendrite. 



15. 5. 1977 Specialia 657 

a c t i v i t y  on  t he  10 th  day.  No e n z y m e  r e a c t i v a t i o n  could 
be  seen t h r o u g h o u t  t h e  per iod  inves t iga t ed .  A t  t he  same  
t ime,  b o t h  t h e  e lec t ron  dense  s inusoid  t e r m i n a l s  in  t he  
Ro lando  subs tance ,  exe r t i ng  A P  a c t i v i t y  u n d e r  n o r m a l  
condi t ions ,  and  o t h e r  p r i m a r y  axon  t e r m i n a l s  in th i s  area,  
e x h i b i t e d  signs of u l t r a s t r u c t u r a l  deso rgan iza t ion  es- 
sen t i a l ly  iden t i ca l  w i t h  those  occur r ing  in t h e  course of 
deg ene ra t i ve  a t r o p h y  t h a t  ensues  a f t e r  surgical  t r ansec -  
t ion  or  t r a u m a t i z a t i o n  of t he  respec t ive  pe r iphe ra l  sp ina l  
ne rve  (figures 1-4). No a l t e r a t i ons  could be seen in t he  
con t ro l  ( sa l ine- t rea ted)  group.  
Discussion. I t  has  been  shown  t h a t  local  colchicine a n d  
v i n b l a s t i n e  t r e a t m e n t  induces  b lockade  of axop lasmic  
t r a n s p o r t  m e c h a n i s m s  in pe r iphe ra l  ne rves  3-s. I n  pio- 
neer ing  s tud ies  pe r fo rmed  b y  in jec t ing  smal l  a m o u n t s  of 
these  drugs,  n e r v e  t r u n c s  m a y  h a v e  suffered micro-  
in jur ies  resu l t ing  in W a l l e r i a n  d e g e n e r a t i o n  of pe r iphe ra l  
axons  ~. The  use of pe r ineu ra l  cuffs, however ,  exc ludes  t he  
poss ib i l i ty  of a m e c h a n i c a l  i n j u r y ;  therefore ,  t he  effects 
of colchicine and  v i n b l a s t i n e  obse rved  b y  us should  be  
ascr ibed  to a r re s t ed  axop lasmic  t r a n s p o r t .  
B o t h  colchicine and  t he  V inca  alcaloids are k n o w n  to 
induce  a m e t a p h a s e  mi to t i c  a r r e s t  1~ ]By v i r t u e  of t he  
ana logy  b e t w e e n  mi to t i c  sp indle  f i l amen t s  and  neuro -  
tubu l i ,  t h e  t h e o r y  was fo rwarded  t h a t  f a s t  axop lasmic  
t r a n s p o r t  is r e l a t ed  to m e c h a n o c h e m i c a l  a c t i v i t y  of neuro -  
tubu l i .  Our  obse rva t i ons  i nd ica t e  t h a t ,  in  add i t i on  to 
a r r e s t ing  axop lasmic  t r a n s p o r t ,  m i to t i c  m e t a p h a s e  inh ib-  
i tors  induce  h i s t o c h e m i c a l  a n d  u l t r a s t r u c t u r a l  a l t e r a t -  
ions in t he  cen t r a l  t e r m i n a l s  of p r i m a r y  sensory  neu rons  
iden t ica l  w i t h  degene ra t i ve  a t r o p h y  caused  b y  t r ansec -  
t ion,  c rush  or  l iga tu re  of pe r iphe ra l  axons  11. Such  
' t r ansce l lu l a r '  or ' t r ansgang l ion i c '  a l t e r a t i ons  w e r e  spo- 
rad ica l ly  r epo r t ed  since 1880 (St i6non,  cit. Schar f  12, 
G r a n t  1~, etc.l~); however ,  on ly  r ecen t  s tud ies  in  th i s  
l a b o r a t o r y  revea led  the  fine s t r u c t u r a l  a n d  h i s tochemica l  
aspec ts  of th i s  process  15. D e g e n e r a t i v e  a t r o p h y ,  obv ious ly  
necess i t a t ing  a new f o r m u l a t i o n  of t he  doc t r ine  of 
' n e u r o n a l  t r oph i ca l  en t i t y ' ,  is cha rac t e r i zed  b y  t he  dis- 

a p p e a r a n c e  of A P  a c t i v i t y  f rom the  cen t r a l  t e r m i n a l s  of 
sensory  neu rons  in the  Ro lando  subs tance ,  and  b y  a 
series of u l t r a s t r u c t u r a l  a l t e r a t i ons  r e sembl ing  or iden t ica l  
wi th ,  those  of a s econda ry  W a l l e r i a n  degenera t ion .  
The  p r e sen t  i nves t iga t ions  s u p p o r t  t he  idea t h a t  t he  ve ry  
reason  of degene ra t i ve  a t r o p h y  is t he  b lockade  of micro-  
t u b u l e - d e p e n d e n t  fas t  t r a n s p o r t  m e c h a n i s m s  in t he  pe-  
r i phe ra l  axon.  I t  can  be  a s sumed  t h a t  axop lasmic  a r res t  
elicits a s ignal  for t he  pe r ika ryon ,  i n i t i a t i ng  a ' s t a t e  of 
emergency '  t h r o u g h o u t  t he  d o m a i n  of t he  p r i m a r y  
sensory  neuron .  D e g e n e r a t i v e  a t r o p h y  of t h e  cen t r a l  
t e r m i n a l  appea r s  to  be  one of t he  s y m p t o m s  of th i s  
emergency.  

* Supported by research grant No. 4-01-0303-01-1 from the 
Hungarian Ministry of Health. 
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Effect of the pentosanpolysu l fa te  SP 54 on the co l lagen of e m b r y o n i c  l imb buds  cultured in vitro 
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Summary.  Afte r  a d d i t i o n  of S P  54 to  l imb  buds  f rom l 1-day-old mouse  e m b r y o s  in t issue cul ture ,  col lagen w i t h  an  
a l t e red  s t r u c t u r e  is p roduced .  

P ro t eog lycans  (PG) a n d  g lycosaminog lycans  (GAG) are 
b o u n d  to col lagen b y  sal t - l ike  b indings .  These  subs t ances  
inf luence  t he  aggrega t ion  of col lagen to f i l amen t s  and  
fibri ls  in v i t ro ,  t he  s t ronges t  effects be ing  p roduced  b y  
h igh ly  s u l p h a t e d  P G  a n d  G A G  respec t ive ly  1-s. T h e y  also 
seem to p l ay  an  i m p o r t a n t  p a r t  in the  d e v e l o p m e n t  of 
some p roper t i e s  of t he  f ibri ls  in  vivo,  such  as th ickness ,  
l ength ,  c ross - s t r i a t ion  p a t t e r n ,  and  pack i ng  d e n s i t y  9-~1. 
However ,  r a t h e r  c o n t r a d i c t o r y  resu l t s  on  t h e  inf luence  of 
G A G  on col lagen h a v e  been  o b t a i n e d  f rom ill v i t ro  ex- 
pe r imen t s .  These  are p r o b a b l y  due  to  t h e  d i f fe ren t  p rop-  
er t ies  of t he  va r ious  col lagen and  G A G  p r e p a r a t i o n s  used. 
Fo r  s t u d y i n g  t h e  inf luence  of G A G  on col lagen fibri l  for- 
m a t i o n  w i t h  n a t u r a l  p roco l lagen  and  n a t u r a l  col lagen 
respect ively ,  l imb  b u d  cu l tu res  f rom l 1-day-old mouse  
e m b r y o s  are especial ly  su i t ab le  as t h e y  p roduce  large 
a m o u n t s  of t y p e  I I  col lagen 12-14. W e  the re fore  s tud ied  in 
th i s  s y s t e m  the  inf luence  of G A G  w i t h  d i f fe ren t  degrees  
of su l f a t a t i on  on  fibri l logenesis.  
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