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Results and discussion. A t  l a t e  p rophase - I ,  t h e  homolo-  
gous c h r o m o s o m e s  are  a l r eady  d i s t a n t  para l le l  pa i red  
(Figure  1). The  c h r o m o s o m e s  a p p e a r  as long single t h r e a d s  
of s l ight ly  i r regu la r  cross sect ion.  The  ends  are di f feren-  
t i a t e d  f rom the  r e s t  of t h e  c h r o m o s o m a l  b o d y  b y  v i r t u e  of 
t h e i r  t h i c k e r  r o u n d i s h  fo rm and  d a r k  aspect .  The  d i s t ances  
be tween  homologues  are  a b o u t  0.5 txm a n d  are  m i n i m a l  
a t  t he  c h r o m o s o m a l  ends  w h i c h  of ten  b e n d  t o w a r d  each  
o the r ;  t he re  is occas ional  c o n t a c t  b e t w e e n  ch r omosomes  
b y  m e a n s  of l a te ra l  ex t rus ions .  These  ch r om os om es  l a t e r  
become  ful ly s e p a r a t e d  before  t h e y  r each  t he  equa to r i a l  
p l ane  of t he  spindle.  I n  po la r  v iew (Figure 2), t he  m e t a -  
phase - I  ch romoso m es  a p p e a r  as doub le  r o d - s h a p e d  
bodies  w i t h  d a r k e r  r o u n d i s h  ex t r em i t i e s  a n d  a t h i n n e r  
pa le r  med ia l  zone. Some c h r o m o s o m e s  are s l igh t ly  b e n t  in  
the  med ia l  zone, so t h a t  t h e y  ex ib i t  a V- shaped  out l ine .  
There  is a n  op t ica l  vo id  b e t w e e n  homologues  so t h a t  t h e y  
are d i s t a n t l y  pa i red .  I n  l a te ra l  v iew (Figure 3), t he  
ch romosomes  a t  m e t a p h a s e - I  are c lear ly  s epa ra t ed  in to  
two homologous  groups,  one 'be low' ,  t h e  o t h e r  ' above '  t he  
e q u a t o r  of t he  spindle .  The  ave rage  d i s t ance  b e t w e e n  two  
homologues  is a b o u t  2-2.5 ~m. Again  some ch r omosomes  
a p p e a r  V- shaped  a n d  the re  is no  i n d i c a t i o n  of a n y  
s t r u c t u r e  b e t w e e n  homologues  in all  t h e  25 m e t a p h a s e - I  
p la tes  examined .  I n  l a te ra l  view, m e t a p h a s e - I  ch romo-  
somes (Figures  4 a n d  5) obse rved  b y  E M  a p p e a r  as 2 
r o u n d i s h  masses  connec t ed  b y  a t h i n n e r  m e d i a l  zone. 
I n  some cases, ex t rus ions  of c h r o m o s o m a l  bodies  seem to  
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occur  f rom the  d i s ta l  p a r t  of homologues  (Figure  5). 
Oocyte  nuclei  of T. holothuriae a t  m e t a p h a s e - I  are  charac-  
t e r i s t i c  for t h e  presence,  b e t w e e n  a n d  only  be tween  t he  
homologues ,  of a zone (Figures 4 a n d  5) a b o u t  0.6 ~m 
wide, well  d i f f e ren t i a t ed  f rom the  o t h e r  nuc lea r  com- 
p o n e n t  because  i t  appea r s  to  be  homogeneous ly  packed  b y  
convo lu t ed  a n d  r a n d o m l y  a r r a n g e d  f ibr i ls ;  i t  shows a 
lower a f f in i ty  for s t a in  a n d  i t  does n o t  undergo  losses of 
m a t e r i a l  d u r i n g  the  f i xa t ion  of t he  mater ia l .  

W i t h  th i s  research  we h a v e  conf i rmed  once more  t he  
d i s t a n t  para l le l  pa i r ing  of homologues  a t  m e t a p h a s e - I  
in the  genus  Tisbe (COLOMBERA and  LAZZARETTO- 
COLOMBERA6; LAZZARETTo-CoLOMBERA 11) a n d  in o the r  
copepods  (MATSCHECK 2 ; HEBERER 3, 4 ; AR- I~usHDI  5). 

])ARLINGTON lZ and  BAUER 13 held  the  v iew t h a t  associa- 
t i on  of meiot ic  homologues  in Dip te ra ,  usua l ly  d i s t a n t l y  
paired,  is due to  t he  forces of somat i c  pa i r ing .  Unfor -  
t u n a t e l y  th i s  hypo thes i s  is no t  e x p l a n a t o r y  since t he  
p h e n o m e n o n  of somat i c  pa i r ing  appea r s  sti l l  to  be  a n  
open  q u e s t i o n  (CoLOMBERA 14). COOPER 15 suggests  t h a t  t he  
m e m b e r s  of a b i v a l e n t  are ho ld  t o g e t h e r  a t  m e t a p h a s e - I  
b y  res idua l  ch romosomes  ex t rus ions  or sp indle  e lements ,  
despi te  t he  op t ica l  vo id  p re sen t  be tween  homologues .  

I n  our  opinion,  t he  pecul ia r  u l t r a s t r u c t u r e  i n d i v i d u a t e d  
b e t w e e n  t he  2 p a r t n e r s  of a m e t a p h a s e - I  b i v a l e n t s  in  
oocyte  of Tisbe holothuriae, so far  ignored  for o t h e r  
species, is s t rong ly  suspec t  of ac t ing  as ' s y n a p t i c '  b o d y  
b e t w e e n  homologues ,  as far  as Copepods  are concerned.  

Riassunto. A b b i a m o  e s a m i n a t o  l ' a p p a i a m e n t o  a dis- 
t a n z a  dei 12 c romosomi  omologhi  he l l s  t a r d a  profase  e 
me ta fa se  ovoc i t a r i a  in  Tisbe holothuriae e v i d e n z i a n d o  u n a  
u l t r a s t r u t t u r a  non  p r i m a  desc r i t t a  in l e t t e r a t u r a .  
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Induct ion of Skeletal  Mal format ions  in Organ Cultures of Mouse  L imb Buds  

The  d e t e r m i n a t i o n  of t he  effects  of t e r a togen ic  sub-  
s tances  is comp l i ca t ed  b y  t he  ex is tence  of t h r ee  c o m p a r t -  
m e n t s  in  t he  m o t h e r  a n i m a l :  a) t he  m o t he r ,  b) t h e  pla-  
cen ta ,  a n d  c) t he  embryo .  T h e y  possess d i f f e ren t  d i s t r ibu -  
t i on  .spaces, d i f fe ren t  p h a r m a c o - k i n e t i c  condi t ions ,  a n d  
are s e p a r a t e d  b y  m e m b r a n e  barr iers .  For  th i s  reason,  
t i ssue  cul tures ,  a n d  in p a r t i c u l a r  o rgan  cu l tu res  w i t h  a 
h igh  degree of d i f fe ren t ia t ion ,  can  be e x t r e m e l y  useful  for 
d e t e r m i n i n g  t e ra togen ic  effects  a n d  modes  of ac t ion  as 
well  as dosage-effect  r e la t ionsh ips .  I n  v i t ro  t echn iques  
Mso maize i t  poss ible  to  work  w i t h  h u m a n  ma te r i a l  1. 
U n t i l  now, however ,  on ly  ADELOTTE a n d  KOCHHAR2; 
KOCHHAR a'* a n d  NEUBERT et  al. s succeeded in p roduc ing  in 
v i t ro  m a l f o r m a t i o n s  c o m p a r a b l e  to  t yp i ca l  ske le ta l  
ma l fo rma t ions .  

I n  our  inves t iga t ions ,  us ing  th i s  t echn ique ,  we were able,  
a f t e r  t r e a t m e n t  w i t h  a c t i n o m y c i n - D ,  to  p roduce  in v i t r o  
ske le ta l  m a l f o r m a t i o n  wh ich  could be descr ibed as 
phocomel i a s  or dysmel ias .  This  s u b s t a n c e  does p roduce  
m a l f o r m a t i o n s  w h e n  a d m i n i s t e r e d  to  t e s t  an ima l s  ear ly  in  
p r e g n a n c y  ~-10. Af te r  t he  b e g i n n i n g  of p l a c e n t a  func t ion-  
ing, however ,  i t  c a n n o t  pass  t h e  p l a c e n t a l  ba r r i e r  11. 

Material and methods. On day  11, t he  u p p e r  l i m b  buds  
of N M R I - m i c e  e m b r y o s  were r e m o v e d  and  p u t  in to  a 
modi f ied  Trowel l -cu l tu re  12. The  l imb  b u d s  were d iv ided  
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into 4 groups:  Group 1 served as control.  Group 2 was 
t rea ted  wi th  0.01 txg ac t inomyc in -D/ml  cul ture med ium 
on day 1 in vi t ro.  Group 3 and 4 was t rea ted  the  same as 
group 2 except  t h a t  t hey  received the  ac t inomycin-D 
on days 1 + 2  (group 3) resp. 1 . 2 + 3  (Group 4). The l imb 
buds were harves ted  on cu l t iva t ion  day 6, s ta ined wi th  
methylene  blue, and cleared wi th  Xylene.  

Results. In  v i t ro  and wi thou t  t r e a t m e n t  (group 1), the  
cart i laginous anlagen of the  scapula and the  humerus  
developed on day 2, the  radius and the  ulna anlagen on 
day  3, and the  hand skeleton on day 4. Of course, this  
car t i lage skeleton in v i t ro  did not  grow undis turbed.  By  
surface anchoring 5 compression and bending did occur. 
S ince /however ,  the  basic forms, re la t ive  size and localiza- 
t ion of the  cart i lage remained  intact ,  ident i f icat ion of 
individual  components  was easy. 

T r e a t m e n t  wi th  ac t inomycin-D wi th in  the  first 24 h 
(group 2) a l ready lead to a change in the  car t i lage-skeleton 
observable  after  6 days in culture, The anlagen of the  
scapula and of the  larger par t  of the  humerus  were missing 
in all cases. Only a small  distal  section of the  humerus  near  
the  elbow was often still present.  Bo th  lower a rm bones 
were of ten shortened.  The hand skeleton was, however,  
always enlarged. This  was due to an increased growth  of 
the  metacarpa l ia  which, in 75% of cases, were twice as 
long as the  metacarpa l ia  of the  control  group. After  
t r e a t m e n t  on days 1 and 2 (group 3) and even on days 1,2 
and 3 (group 4), condi t ions were the  same. 

Discussion. F r o m  these results, we conclude tha t  actino- 
mycin-D preven ts  the  format ion  of scapula and humerus  
cart i lage wi th in  the  first 24 h. The deve lopment  of 
cart i lage depends on the  synthesis  of special collagens 
and proteoglycans  l~-~s. W i t h  the  methods  we used 
(methyleneblue-clearing),  we determine  main ly  these 
proteoglycans,  which must ,  however,  be stabil ized by  the  
collagen in the  intercel lular  space ~6. Act inomycin-D 
inhibi ts  the  synthesis  of DNA-dependen t  RNA~7, is. 
Therefore we must  assume tha t  R N A  necessary for 
cart i lage different ia t ion of scapula and humerus  is formed 
dur ing the  first  day  in vi t ro.  The  condit ions in the  area of 
the  cart i lage of the  lower arm seem to be less critical.  
Al though  this car t i lage is vis ible dur ing day 3 in un t rea ted  
cultures, i t  still  formed even af ter  a 3-day t r e a t m e n t  by  a 
recover  mechanism. 

I t  must  be assumed that ,  apar t  f rom different ia t ion of 
cells a l ready present  in the  p rox imal  area of the  l imb in 
the  distal  hand area, prol i fera t ion takes  place in v i t ro  
also 19. I t  is however  theore t ica l ly  also possible t h a t  all 
cells necessary for the  format ion  of the  hand skeleton 
are a l ready present.  Since, however,  the  metacarpa l ia  af ter  
t r e a t m e n t  wi th  ac t inomycin-D are approx ima te ly  doubled 
in length,  prol i fera t ion despite ae t inomycin-D mus t  be 
postulated,  given a cons tant  cell intercel lular  space ra t ion  
in the  cartilages. H a n d  cart i lage was present  however  in 
our exper iments  on day 4. The prol i fera t ion t ime  after  a 
3-day t r e a t m e n t  would therefore  be a bi t  too short.  
Another  possible explana t ion  would be a difference in 
sens i t iv i ty  to ac t inomycin-D be tween  different  cell 
types  20-23. This  difference is a t  least  par t ia l ly  due to the  
va ry ing  l i fe t ime of RNA.  I t  can be assumed t h a t  such 
differences do exist  be tween di f ferent ia t ing cells in the  
p rox imal  area and prol i fera t ing ceils in the distal  area. 
The  phenomenon  of increased growth of the  metacarpa l ia  
could also be explained by  this  behaviour .  Whi le  actino- 
mycin  represses different iat ion,  prol i fera t ion continues 
for a longer period. Here,  however,  the  funct ion of the  
apical r idge must  be considered. This  epithelial  layer is 
supposed to s t imula te  the prol i fera t ion a t  the  t ip  of the  
l imb bud 19. Nothing,  however,  is known about  the  effect 
of ac t inomycin-D on this process. 

Zusammen/assung. In  einer Organkul tu r  yon t?;xtre- 
mi t~ tenknospen  (MEuse-Embryonen Tag 11) gelingt  es 
berei ts  nach Gaben yon 0,01 ~g/ml Ac t inomycin-D in den 
ersten 24 h die Bi ldung der Knorpelanlagen yon Scapula  
und Humerus  zu unterdri icken,  also Dysmel ien  oder 
Phokomel ien  in vi t ro  zu erzeugen. Dieses Modell scheint  
zur in v i t ro -Tes tung  yon te ra togenen  Substanzen ge- 
eignet  zu sein. 
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A-D) Mouse upper limb buds (day 11) after 6 days in vitro. Stained 
with Methylene-blue and cleared in Xylene, untreated. 

E-H) As A), but treated on day 1 (E), days 1 and 2 (F) or days 1-3 
(G) in vitro with actinomyein-D. Scapula and the proximal part of the 
humerus is missing. The Metacarpalia are lengthened (except H). 
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