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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.  
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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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Materials and methods. Limb buds of l 1-day-old mouse 
embryos  were cul tured  on organ culture12,1a, 15 wi thou t  
and wi th  the  addi t ion  of 1.74 mg glycosaminoglycans  
(GAG) per  ml  cul ture  medium.  Hya lurona te ,  chondroi t in  
sulfate,  heparin,  and SP 54 ( a  pentosanpolysulfoester ,  
mol .wt  2000 daltons,  3.8 SOJdisacchar ide)  were used. 
Af ter  a 6 days '  growth period, the  cultures were fixed in 
g lu ta ra ldehyde /pa ra fo rmaldehyde  and subsequent ly  in 
OsO~ + ru then ium red (RR), as has been described in 

detai l  earlier1% Contras t ing:  u ranyl  ace ta te / lead  citrate.  
Pic tures :  Zeiss EM 10. 
Results. The intercel lular  substance of the  car t i lage which 
develops in v i t ro  contains  2 s t ructures  which can be de- 
mons t ra ted  e lectronmicroscopical ly  : 
1. There are i r regular ly  running 120-180 ~ th ick  collagen 
f i laments.  A t  the  highest  magnif ica t ion  theYoShOw a con- 
t inuous  cross-str iat ion wi th  a l te rna t ing  50 A wide l ight  
and dark  bands. 
2. There  are RR-pos i t ive  granules, approx ima te  size 
500 ~,  rest ing e i ther  on the  f i laments  a t  va ry ing  distances 
or in the  spaces be tween  the  fi laments.  As repor ted  in de- 
ta i l  earlier 16, these are p robab ly  chondroi t in  sulphate  
conta ining PG. 
After  addi t ion  of SP  54, the  collagen f i laments  in the cul- 
tures a lmost  disappeared (figure, A). Especia l ly  in the 
v ic in i ty  of the  chondroblasts ,  there  are m a n y  s t ructures  
which are ve ry  similar  to collagen segments.  Thei r  length 
varies f rom 2800 A to 16 000 ~ and thei r  wid th  f rom 0.1 
ixm to 1.2 ~m. In  the  shortes t  segments  (2800 A), there  is 
cross-str iat ion wi th  a centra l  band pair  whose single 
bands are 75 X th ick  and 200 A apart .  A t  each side of this 
cent ra l  band pair, up to 12 electron-dense bands  arranged 
symmet r ica l ly  can be seen. The length  of the  shortest  seg- 
men t  corresponds to the  length  of tropocollagen.  The 
longer segments  are formed by  end- to-end aggregat ion of 
a var ious  number  (up to 6) of the  shortest  segment.  The 
short  segments  over lap  at  the  ends, so t h a t  the  result ing 
pieces become somewhat  shorter  t h a n  a mul t ip l ic i ty  of 
2800 A. Thus they  are 2800 ~,  5400 ~- and so on up to 
16,000 ~ long. The a m o u n t  and the  s t ruc ture  of the  
R u t h e n i u m  red granules appear  unchanged  (figure, B, C). 
Discussion. SP 54 itself cannot  be demons t ra ted  wi th  R1R 
under  our  exper imenta l  conditions.  Therefore,  one m a y  
conclude t h a t  SP  54 has no influence on a m o u n t  or struc- 
ture  of the  RR-pos i t ive ,  chondroi t in  sulphate  conta ining 
PG, and t h a t  the i r  biosynthesis  m a y  be unchanged.  This 
is suppor ted  by  the  fact  t h a t  the  u l t ras t ruc ture  of the  
chondroblas ts  is no t  al tered by  SP 54. 
The  typica l  collagen s t ructures  of this t issue can no longer  
be seen under  the  influence of SP 54. The  newly formed 
s t ructures  conta in  collagen, because they  are broken 
down by  eollagenase. Therefore,  collagen exists in another  
form of aggregation,  name ly  short  and th ick  segments  
wi th  a regular  cross-str iat ional  pa t t e rn  different  f rom 
normal  collagen. The a l tera t ion  in the  collagen s t ructure  
is produced by  a h ighly  sulphated  carbohydra te ,  ap- 
pa ren t ly  by  its high nega t ive  charge density.  Hepar in  and 
the  o ther  GAG did not  show ttlis effect, even  when used in 
higher  concentrat ions.  This special effect of SP 54 was 
also observed in exper iments  wi th  soluble collagen type  II .  
Af ter  prec ip i ta t ion  of soluble collagen type  I I  in the  pre- 
sence of SP 54, collagen segments  were formed which 
show a cross-str iat ional  pa t t e rn  similar  to t ha t  seen in the 
collagen segments  f rom SP 54 conta in ing cultures (un- 
published).  

A Part of a cartilage cell with a large glycogen-area (G). In the inter- 
cellular space (I) proteoglyean-granules and collagen segments (X). 
1:12,500. B Collagen structure made of 4 (1-4) overlapping units. 
1:65,000. C Collagen structure with 3 or 4 overlapping units (X). 

= overlapping zones. 1 : 62,000. 
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