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s ion of a nuc leus  of a t h i r d  cell b y  amitos is .  T h e  t imes  of 
t o t a l  p e r f o r m a n c e  of the  mi tos is  were 30 a n d  60 m i n ;  t he  
d iv i s ion  of t h e  nuc leus  b y  ami tos i s  t akes  a b o u t  2 h,  b u t ,  
a t  l eas t  d u r i n g  t h e  t i m e  of ou r  obs e r va t i on ,  i t  was  n o t  
fol lowed b y  d iv i s ion  of t he  cy top l a sm.  

Discussion and conclusions. T he  r e p r o d u c t i o n  of i r ra -  
d i a t e d  cells c an  be  s t ud i ed  b y  i n t e g r a t i n g  t he  o b s e r v a t i o n s  
t h a t  we o b t a i n e d  on  f ixed s t a i n e d  cu l tu re s  a n d  on  l iv ing  
cu l tu res  obse rved  b y  p h a s e  c o n t r a s t  w i t h  t i m e  c i n e m a t o -  
g raphy .  The  r e l a t i on  b e t w e e n  t h e  n u m b e r  of cells t h a t  
beg in  mi tos i s  a n d  t h e  n u m b e r  t h a t  h a v e  nucle i  d iv id ing  
b y  ami tos i s  (Table) ,  e s t ab l i s hed  b y  o b s e r v a t i o n s  o n  f ixed  
s t a i ned  cul tures ,  was  rev ised  acco rd ing  to  t h e  va lue  of t he  
d a t a  p r o v i d e d  b y  c i n e m a t o g r a p h y .  T h e  m e c h a n i s m  b y  
w h i c h  t h e  nucle i  d iv ide  b y  ami tos i s  r equ i red ,  in  some 
cases,  more  t h a n  twice  t h e  t i m e  necessa ry  for  a cell  
d iv id ing  b y  mitos is .  The re fo re  t he  r e p o r t e d  p e r c e n t a g e s  
can  h a v e  on ly  a n  i n d i c a t i v e  func t ion ,  because  t h e y  would  
be  mod i f i ed  as  a f u n c t i o n  of t h e  t i m e  of evo lu t i on  of e ach  
process.  

A n o t h e r  cons ide ra t i on  is t h a t  a n o t a b l e  p e r c e n t a g e  of 
cells w h i c h  e n t e r  mi tos i s  deve lop  in i r r egu la r  mitosis .  The  
d i s loca t ion  of t h e  c h r o m o s o m e s  is so a typ ica f  t h a t  i t  is no t  
easy  to  s ay  (and  c i n e m a t o g r a p h y  h a s  n o t  p r o v e d  benef i -  
cial  to  us  in  t h i s  respect )  if these  i r r egu la r  mi toses  r e m a i n  
abor t ive ,  or if t h e y  evo lve  in cells w i t h  mic ronuc le i  b y  
f o r m a t i o n  of these  f rom dis loca ted  c h r o m o s o m e s  w h i c h  do 
not r e t u r n  aga in  i n to  t h e  c o m m o n  mass .  

I t  h a s  been  r e p o r t e d  ~ t h a t  g i a n t  ceils c an  b e g i n  mi tos i s  
bu t ,  owing to  t he  d a m a g e d  chromosomes ,  a typ i ca l  ana -  
phases  m a y  be der ived ,  showing  n u m e r o u s  c h r o m o s o m a l  
br idges .  T h e  a u t h o r s  do  n o t  say  w h a t  t h e  e v o l u t i o n  of 
s u c h  cells a t t e m p t i n g  mi tos i s  m a y  be, a n d  if, as a r e su l t  
of t he  c h r o m o s o m a l  br idges,  cells m a y  be  p r e s en t  in  ir-  
r a d i a t e d  cul tures ,  w i t h  t h e  d a u g h t e r  nuclei  jo ined  to-  
ge ther .  W e  do n o t  t h i n k  t h a t  t h e  ceils showing  t h e  nucle i  

d iv id ing  b y  ami tos is ,  p r e s e n t  in  ou r  p r e p a r a t i o n s ,  are  
p o s t m i t o t i c  f igures  of th i s  t y p e  because  of t h r e e  cons idera -  
t i o n s :  (1) t h e  p e r c e n t a g e  of mi tos i s  is i nve r se ly  p r o p o r -  
t i o n a l  to  t he  dose used,  a l t h o u g h  i r r a d i a t i o n  causes  a n  
increase  of t h e  t i m e  of e v o l u t i o n  of mi tos is4-6;  (2) v e r y  
of ten  we obse rved  a d i r ec t  d iv i s ion  of t h e  nuc leus  w i t h o u t  
a n y  s h a p e  t h a t  ref lec ts  a n  a t t e m p t  a t  mi tos i s ;  (3) a t  e v e r y  
dose level  used,  we h a v e  o b s e r v e d  t h a t  nucle i  are  jo ined  
t o g e t h e r  or d e t a c h e d  b y  one  b r idge  only ,  a n d  we h a v e  
n e v e r  o b s e r v e d  images  t h a t  cou ld  be  t h e  r e su l t  of nu -  
merous  c h r o m o s o m a l  br idges  L 

Riassunlo. Col ture  p r i m a r i e  di rene  di  s c i m m i a  sono 
i r r ad i a t e  con 300, 600, 1000, 1500 e 3000 R.  L a  r i p rodu -  
z ione delle cellule i r r a d i a t e  ~ s t u d i a t a  con  osservaz ion i  su 
co l tu re  f issate  e co lo ra te  e con  c i n e m a t o g r a f i a  a c o n t r a s t o  
di fase. I n  u n  cer to  n u m e r o  di cellule i r r a d i a t e  i nuc le i  si 
d iv idono  d i r e t t a m e n t e  pe r  ami to s i ;  t a le  n u m e r o  a u m e n t a  
con  l ' a u m e n t a r e  del la  dose  di  i r rad iaz ione .  L a  c i n e m a t o -  
g r a t i s  a c o n t r a s t o  di  fase ci p e r m e t t e  di seguire  i t e m p i  di  
evo luz ione  del la  r ip roduz ione  cellulare.  
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Probable Induction of Chondrogenesis  by the 
Spinal Cord Tissue  in the Ammocoetes  

The  p r e s e n t  s t u d y  was  u n d e r t a k e n  p r i m a r i l y  to  i nqu i r e  
if a b l a t i o n  of t h e  sp ina l  co rd  in t he  ba se  of t he  ta i l  in  t he  
a m m o c o e t e  l a rvae  of t he  l a m p r e y  would  h a v e  a n y  adve r se  
effect  on  r e g e n e r a t i o n  of t he  ta i l  w h e n  t he  l a t t e r  is a m p u -  
t a t e d  a t  t h e  same  t ime.  W h i l e  t h e  resu l t s  gave  a n e g a t i v e  
r ep ly  to t h i s  i nqu i ry ,  c e r t a i n  d e v e l o p m e n t s  were n o t e d  in  
some cases wh ich  ind ica t e  t he  c a p a c i t y  of t he  sp ina l  cord  
t i ssue  to  induce  ca r t i l age  f o r m a t i o n  in these  an imals .  
These  o b s e r v a t i o n s  a re  r e p o r t e d  below'. 

T h e  m a t e r i a l  cons i s ted  of 15 a m m o c o e t e s  of Petromyzon 
marinus a n d  Entosphenus tamottenii, 72-105 m m  in 
l eng th .  I n  each  case, a f t e r  a n a e s t h e t i z i n g  t h e  a n i m a l  in  
1 :4000  MS222 so lu t ion ,  a n  incis ion was  m a d e  t h r o u g h  t he  
t a i l  musc les  a longs ide  t h e  ba se  of t h e  dorsa l  f in on  t he  
r i g h t  side n e a r  t h e  cloaca. T he  incis ion exposed  t h e  sp ina l  
cord, a smal l  piece of w h i c h  was cu t  ou t  a n d  r emoved .  
T h e  c a u d a l  p a r t  of t h e  sp ina l  cord  was  t h u s  s e p a r a t e d  
f rom the  s ame  o r g a n  in t h e  r e s t  of t h e  body .  T h e  d i s t a l  
p o r t i o n  of the  ta i l  was a m p u t a t e d  i m m e d i a t e l y  a f t e r  t h i s  
opera t ion .  All t he  a n i m a l s  s u r v i v e d ;  t h e y  were ki l led 
a t  va r ious  i n t e r v a l s  a n d  t h e i r  ta i l s  sec t ioned  for micro-  
scopic  s tudy .  

A l t h o u g h  a t t e m p t s  h a d  b e e n  m a d e  to  r e m o v e  t he  
seve red  s e g m e n t  of t h e  sp ina l  cord  comple t e ly  f rom t h e  
o p e r a t e d  region,  t he  sec t ions  showed  t h a t  i t  was  n o t  
successful  in  t h r e e  cases, in  w h i c h  seve ra l  sma l l  f r a g m e n t s  
of t h e  sp ina l  cord  t i ssue  were  le f t  b e h i n d  in t h e  a r ea  n e a r  
t h e  base  of t h e  dorsa l  fin. One  of t he  t h r ee  a n i m a l s  was  
ki l led a n d  i ts  t a i l  sec t ioned  26 days  a f t e r  t h e  opera t ion .  I n  
t h i s  case m a n y  m e s e n c h y m a l  cells, t o g e t h e r  w i t h  n u m e r -  
ous  leucocytes ,  were  f o u n d  d i sposed  a r o u n d  these  f rag-  
m e n t s  of t h e  n e u r a l  t issue.  

The  o t h e r  two a n i m a l s  were ki l led a n d  t h e i r  ta i ls  sec- 
t i o n e d  90 days  a f t e r  t he  ope ra t i on .  I n  b o t h  of t h e m  defi-  
n i t e  ca r t i l ag inous  s t r u c t u r e s  were  found  to  h a v e  deve loped  
a r o u n d  t he  sp ina l  cord  f r a g m e n t s  lef t  b e h i n d  in t he  a rea  
nea r  t he  base  of t he  dorsa l  fin. These  s t r u c t u r e s  were  
t u b u l a r  w i t h  t h e  sp ina l  cord  f r a g m e n t  occupy ing  t h e  
l u m e n  in  e a c h  case.  I n  one  of t h e  two a n i m a l s  t h e r e  were  
two  such  tubes ,  more  t h a n  250 / ,  in  length ,  s i t u a t e d  pa ra l -  
lel to  t h e  long axis  of t he  tail .  These  ca r t i l ages  h a d  de-  
ve loped  in e n t i r e l y  a b n o r m a l  pos i t ions .  T h e  o p e r a t i o n  h a d  
caused  qu i t e  e x t e n s i v e  d a m a g e  t o  t h e  musc les  in  t h i s  re-  
g ion a n d  m u c h  ded i f f e r en t i a t i on  of t h i s  t i s sue  h a d  oc- 
cu r r ed  in t h i s  area.  I t  is p r o b a b l e  t h a t  t he  cells for t he  
a b n o r m a l  car t i lages  m a y  h a v e  b e e n  de r ived  f rom t h e  de- 
d i f f e r en t i a t i ng  musc les  in  t h e  o p e r a t e d  region.  T h a t  chon-  
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drogenesis  of somi t ic  cells does occur  has  been  r epor t ed  
in var ious  ve r t eb ra t e s  1-.. Moreover ,  t he  connec t ive  t issue 
of the  ta i l  in t he  l amprey  la rvae  conta ins  m a n y  undif-  
fe ren t ia ted  cells which  are ut i l ized for the  l inear g rowth  
of the  f in-rays t h r o u g h o u t  t he  l a rva l  life 4. The  cells for 
the  a b n o r m a l  car t i lages  m a y  also h a v e  come f rom this  
source. 

I t  is s ignif icant  t h a t  these  car t i lages developed only in 
those cases in which  f ragments  of the  spinal  cord were lef t  
behind in the  opera ted  area. This  fact, toge ther  wi th  t he  
close morphologica l  associat ion of these  s t ruc tures  wi th  
the  pieces of the  spinal  cord, indicates  t h a t  the  l a t t e r  
p layed  an ac t ive  role in the  fo rmat ion  of t he  former.  I t  
seems t h a t  t he  f ragments  of t he  neura l  t issue became  the  
centres a round which  the  undi f fe ren t ia ted  cells p resent  in 
t he  a rea  accumula t ed  and la te r  d i f ferent ia ted  into car t i -  
lage. The  spinal  cord has been  found to induce chondro-  
genesis in al l  the  ma jo r  classes of ve r t eb ra t e s  t-s.  The  
present  observat ions ,  a l though  m a d e  on numer ica l ly  v e r y  

few cases, suggest  t h a t  th is  m a y  also be t rue  for  t he  
cyclostomes.  

Zusammen/assung. Ein ige  F~tlle werden  ber ichte t ,  die 
v e r m u t e n  lassen, dass das Rf i ckenmark  in den A m m o -  
coetes larven der  N e u n a u g e n  die FRhigkei t  besi tzt ,  Knor -  
pelbi ldung hervorzurufen .  
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Beitrag  zur  H o m o t r a n s p l a n t a t t o n  d e r  
Menschenhaut  

W i r  konn ten  zeigen, dass e-Aminocapronsl iure  (~-ACS) 
die E r h a l t u n g  der  H o m o t r a n s p l a n t a t e  der  R a t t e n  ver-  
1Angert und  dass die K o m b i n a t i o n  des e-ACS mi t  e inem 
His t amin l ibe ra to r  in e inem grossen Prozen t sa tz  der Fgl le  
zu dauernder  E r h a l t u n g  des Transp lan ta t e s  ffihrt  ~. Als 
unsere Mi t te i lung  in Sa tz  ging, publ iz ie r ten  BERTELLI 
und FRONTINO ~ eine Arbe i t  in der  sie zeigten, dass e-ACS 
zu e iner  Ver l~ngerung der  E r h a l t u n g  des H o m o t r a n s -  
p lan ta tes  fiihrt .  BERTELLI und FRONTINO arbe i te ten  nu r  
m i t  e-ACS, ohne einen His tamin l ibe ra to r .  Es  ist  bekann t ,  
dass e-ACS die Fibr inolyse  h e m m t ,  aber  sie wi rk t  auch  
ant inekrot isch .  

Es  interessier te  uns, die W i r k u n g  des e-ACS auf  H o m o -  
t r ansp lan ta t e  der H a u t  des Menschen zu untersuchen.  

I n  dieser vor l~uf igen Mi t te ih ing  ber ich ten  wir  fiber 5 
FAlle mi t  schweren Verbrennungen,  in denen wir  e-ACS 
prinzipiel l  in gleicher Weise  wie in fr t iheren E x p e r i m e n t e n  
gabon. D o n a t o r  und Akzep to r  e rh ie l ten  ~-ACS zwei Tage  
vo r  der  Operat ion,  und dann  t~glich bis die Abs tossung 
erfolgte.  

Die  P rgpa ra t e  E p s a m o n  3 und  Capramol  s wurden  in Do- 
sen yon  2,5 g i.v. inj iziert .  Die beiden P rgpa ra t e  en t -  
ha l t en  reine e-ACS; es bes teh t  kein  Untersch ied  zwischen 
ihnen.  

Zahl Falle Alter Go- % der Intensit/its- 0berlebens- 
sehlecht erfassten grad zeit in 

KSrper- Tagen 
oberfi~che 

1. n.J. 5 9 20% III ° 5ST/IIt46T 
2. S,M. 51 Q 21% III° 50T 
3. N.M. 8,5 6' 36% III ° 62T/II39T/ 
4. M.J. 4 9 30% III ° 4aT 
5. L,L. 6 ~ 9% III° SOT 

Man muss  be tonen,  dass ein prinzipiel ler  Unte rsch ied  
zwischen den Bed ingungen  der  T ransp l an t a t i onen  in un- 
seren T ie rversuchen  und den kl inischen Bed ingungen  be- 
s t eh t :  in der  Kl in ik  k o m m t  das  H o m o t r a n s p l a n t a t  auf  
mehr  odor weniger  infizierte Granula t ionen ,  die auf eine 
ant ib io t i sche  Therapie  res is tent  sind. 

N a c h  den Angaben  der  L i t e r a t u r  4 und auf Grund  un-  
serer E r f a h r u n g  ble ibt  ein H o m o t r a n s p l a n t a t  ungef~ihr 
4 Tage  bis 4 \ ¥ o c h e n  erhal ten .  Die durchschni t t l i che  
Daue r  der  H o m o t r a n s p l a n t a t e  der Pa t ien ten ,  die wir  mi t  
e-ACS behandel ten ,  be t rug  7 Wochen .  Die Fglle Nr.  1 
nnd 3 sind interessant ,  weil  die H o m o t r a n s p l a n t a t i o n  
m i t  Erfolg  wiederhol t  wurde,  und sich lunge hielt ,  obwohl  
wegen der  en t s t andenen  Ant ik6rper  eine frfihere Ab-  
s tossung zu e rwar ten  war.  

De r  Al lgemeinzus tand  unserer  P a t i e n t e n  war  auffal lend 
gu t  und  die Granula t ionen ,  die gfinstig ffir die P las t ik  
waren,  zeigten sich schon fri ih nach  der  Abstossung des 
H o m o t r a n s p l a n t a t e s  an. 

W i t  denken,  dass diese Un te r suchungen  e rmut igend  
sind und  die E x p e r i m e n t e  wei te r  ver fo lg t  werden  sollten. 

Summary. I t  has been shown t h a t  homologous  skin 
graf ts  m a d e  wi th  s imul taneous  appl ica t ion  of e-amino-  
caproic  acid surv ive  longer  t han  in non- t rea ted  pat ients .  
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