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mucosa  did no t  undergo  a deciduous  react ion and the  
embryo  failed to develop t rophob las t i c  g iant  cells in lead- 
t r ea t ed  mice. Never theless ,  as long as our knowledge of 
the  compl ica ted  in te r re la t ions  be tween  mo the r  and  em- 
b ryo  remains  f r agmen ta ry ,  it  is diff icul t  to decide wh e t h e r  
the  ho rm ona l  changes  ref lect  only  the  non - imp lan t a t i on  
of a insuff ic ient ly  deve loped  embryo  or are t he  cause of 
non- implan ta t ion .  Indeed ,  the  embryo,  a l though devel-  
oped to a no rma l  b l a s tocys t  a t  the  t ime  of imp lan t a t i on  a, 
is s o m e w h a t  smal ler  af ter  lead t r e a t m e n t  and  its early 

divis ions had  been  r e t a rded  4. More s tudies  on the  ac- 
t i va t ion  of the  emb ry o  and  on the  possible  reversal  of the  
damage  to i m p l a n t a t i o n  b y  h o rmo n a l  t r e a t m e n t  will be 
needed  to decide th is  quest ion.  Never theless ,  we p resen t ly  
favour  the  pr inc ipal  role of the  m o t h e r  in the  early effects 
of lead on pregnancy ,  because those  few lead- t rea ted  
mothe r s  capable  of implan t ing  embryos  have  a normal  
l i t ter  size, and  because the  ho rmona l  changes  descr ibed 
arise a l ready  on day  5 when  the  ac t iva t ion  of the  embryos  
is jus t  beginning.  
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Summary. Act inomycine  D al ters  p ro found ly  the  d i s t r ibu t ion  of the  nucleolar  cons t i tuen t s  in the  quail  oocyte  a t  pro- 
phase  I of meiosis. As a consequence  of ilucleolar segregation,  t he  normal ly  exis t ing relat ions be tween  the  nucleolus 
fibril lar cen ters  and  the  mic rochromosomes  are  rup tured .  The relat ions be tween  the  fibrillar cen te r  and the  dense 
fibrills which  su r round  i t  r ema in  in tac t ,  suggest ing t h a t  t h e y  cons t i tu te  t oge the r  a funct ional  unit .  

The quail  oocyte  dur ing  p rophase  I of meiosis is a ve ry  
sui table  mater ia l  for s t udy ing  the  nucleolar  organizers  
and the  stages of nucleolar  synthes is ,  Act ive r ibosomal  
R N A  synthes is  t akes  place dur ing  late  p a c h y t e n e  and 
the  onset  of d ip lo tene  2. U l t r a s t r uc tu r a l  s tudy  of the  
oocyte  nucleus a t  these  s tages  d e m o n s t r a t e s  t h a t  the  
euchromat ic  por t ion  of t he  mic rochromosomes  conta in ing  
the  r ibosomal  c is t rons  p e n e t r a t e s  in to  t he  fibrillar cen te r  
of t he  nucleolus a. This  c o n s t a n t  re la t ion suggests  t h a t  

t he  fibril lar cen te r  m a y  be the  site of the  nucleolar  
organizer,  as Goessens 4, 5 has  pos tu la ted .  

1 With the technical assistance of Mrs A. Calisti. 
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3 C. Mirre and A. Stahl, J. Ultrastruct. Res. 56, 186 (1976). 
4 G. Goessens, Etude ultrastrueturale des nuel6oles au cours dn 

cycle cellulaire. Th~se de Doctorat en Sciences, Universit6 de 
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5 G. Goessens, Exp. Cell Res. 100, 88 (1976). 

Fig. 1. Quail oocyte nucleolus at diplotene following 1 h treatment 
with actinomycin D (25 Dg/ml). Connections between microchromo- 
some and fibrillar center remain intact. 

Fig. 2. After treatment of the quail ooeyte with actinomycin D 
(25 p~g/ml) for 2 h, segregation of fibrillar and granular constituents 
of the nucleolus is observed. Connection between the fibrillar center 
and microchromosomes is no longer visible. 
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M a n y  agen t s  are capab le  of p r o f o u n d l y  a l t e r ing  t h e  
d i s t r i b u t i o n  of t he  nuc leo la r  cons t i t uen t s ,  such  as act i -  
n o m y c i n  D wh ich  i nh ib i t s  t h e  t r a n s c r i p t i o n  of D N A  b y  
b ind ing  to t he  D N A  helix,  as a resu l t  of h igh ly  specific 
in t e rac t ion .  The  d rug  b locks  t he  syn thes i s  of 45S R N A  6, 
w i t h o u t  in t e r fe r ing  w i t h  t he  f u r t h e r  process ing  of 45S 
R N A  t r a n s c r i b e d  pr io r  to  t he  b lock  7. The  morpho log ica l  
r e su l t  of t he  ac t ion  of a c t i n o m y c i n  D is s e p a r a t i o n  a n d  
r e d i s t r i b u t i o n  of nuc leo la r  componen t s ,  descr ibed as 
' nuc leo la r  segrega t ion  '8. Th i s  s t u d y  was u n d e r t a k e n  to  
ver i fy  w h e t h e r  t he  connec t ions  b e t w e e n  t he  nuc leo la r  
c h r o m o s o m e  a n d  t he  f ibr i l la r  cen te r  pers i s ted  fol lowing 
s t r u c t u r a l  a l t e r a t i o n  of t he  nucleolus  b y  a c t i n o m y c i n  D. 
Mater ia l  and methods. F r a g m e n t s  of quai l  ovaries ,  ob-  
t a i n e d  6-12 h a f t e r  h a t c h i n g ,  were i n c u b a t e d  for 1, 2 
and  3 h in Eag le ' s  so lu t ion  c o n t a i n i n g  a c t i n o m y c i n  D 
(25 vg/ml).  Con t ro l  f r a g m e n t s  were i n c u b a t e d  in the  
same  m e d i u m  w i t h o u t  a c t i n o m y c i n  D. O v a r i a n  spec imens  
were f ixed in 3% g l u t a r a l d e h y d e  in 0.2 M p h o s p h a t e  
buffer  for 15 m i n  and  pos t - f ixed  in osmic acid for 20 min.  
Fol lowing d e h y d r a t i o n  in a g raded  series of acetones,  t h e  
f r a g m e n t s  were e m b e d d e d  in Epon .  U l t r a t h i n  sec t ions  
were cu t  on a d i a m o n d  knife  and  t h e n  c o n t r a s t e d  w i t h  
u r a n y l  ace t a t e  and  lead c i t ra te .  P r e p a r a t i o n s  were 
e x a m i n e d  in a S iemens  E l m i s k o p  101 e lec t ron  microscope 
a t  80 kV. 
Observations and  discussion. Afte r  t r e a t m e n t  for 1 h w i t h  
a c t i n o m y c i n  D on ly  t he  b e g i n n i n g  of segrega t ion  can  be  
n o t e d :  A conf luence  of t he  f ibr i l lar  c o m p o n e n t s  of t h e  
nuc l eo lonema  which  m i g r a t e  t o w a r d  t he  f ibr i l lar  cen te r  

is observed .  These  c o m p o n e n t s  are  t h u s  seen a d d e d  to 
t h e  dense  f ibr i l lar  c o m p o n e n t  wh ich  n o r m a l l y  s u r r o u n d s  
t h e  f ibr i l lar  cen ter .  The  connec t ions  b e t w een  the  f ibr i l la r  
cen te r  an d  t h e  c h r o m o s o m e  r e m a i n  i n t a c t  a t  th i s  s tage.  
Indeed ,  a mic roch romosome ,  w h i c h  en t e r s  in c o n t a c t  
w i t h  t h e  f ibr i l la r  center ,  can  be  seen emerg ing  f rom a 
c h r o m o c e n t e r  (figure 1). D eo x y r i b o n u c l eo p ro t e i n  f ibres  
e m a n a t i n g  f rom t h e  e u c h r o m a t i c  p o r t i o n  of t h e  micro-  
c h r o m o s o m e  p e n e t r a t e  i n t o  t h e  f ibr i l lar  center .  
Af ter  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 for  2 h,  segrega t ion  
is far  a d v a n c e d  in m o s t  nucleol i  (figure 2). The  g r a n u l a r  
c o n s t i t u e n t  fo rms  a large  mass.  The  f ibr i l lar  cen te r  
r ema i n s  s u r r o u n d e d  b y  a dense  f ibr i l lar  c o m p o n e n t  whose  
e x t e r n a l  b o r d e r  p re sen t s  an  i r regula r  contour .  I n  c e r t a i n  
zones, th i s  dense  f ibr i l lar  c o m p o n e n t  is in  c o n t i n u i t y  
w i t h  f ibr i l lar  s t r an d s  wh ich  st i l l  p r e s en t  a r e t i cu la r  
a p p e a r a n c e  (figure 2). Such  a n  aspec t  man i f e s t l y  corre-  
sponds  to  t h e  f ibr i l lar  c o n s t i t u e n t  of t h e  nuc l eo lonema  
whose g ranu les  h a v e  separa ted .  A t  th i s  s tage,  no connec-  
t ion  b e t w e e n  t h e  f ibr i l lar  cen te r  an d  t h e  mic roch romosomes  
can  be  observed .  
Fo l lowing  a c t i n o m y c i n  D for 3 h, r e a r r a n g e m e n t  of t he  
nuc leo la r  c o n s t i t u e n t s  is comple t e  (figure 3). A v e r y  large 
f ibr i l lar  cen te r  can  be  observed .  I t  m u s t  be  n o t e d  t h a t  i t  
r ema i n s  s u r r o u n d e d  b y  a dense  f ibr i l lar  componen t .  The  

6 R.P.  Perry, Exp. Cell Res. 29, 400 (1963). 
7 R.P.  Perry, Nat. Cancer Inst. Monogr. 23, 527 (1966). 
8 W. Bernhard, C. Frayssinet, C. Lafarge and E. Le Breton, 

C. r. Acad. Sci. 276, 1785 (1965). 

Fig. 3. Following 3 h actinomyein D (25 ~tg/ml) treatment of the quail 
ooeyte nueleolus at diplotene, segregation of nueleolar constituents 
is complete. The fibrillar center is hypertrophied. 

Fig. 4. In the quail oocyte after 3 h actinomycin D (25 [zg/ml) several 
fibrillar centers and segregated granular masses are visible. No 
relation between fibrillar center and chromosomal fibres can be 
detected. 
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fibri l lar  cen te r  does no t  p re sen t  any  connec t ion  wi th  a 
ch romosomal  s t ruc ture .  The rup tu r e  of t he  normal ly  
exis t ing re la t ions  w i th  the  nucleolar  ch romosome  is 
pa r t i cu la r ly  ev iden t  when  the  f ibri l lar  centers  are s i tua ted  
a t  the  pe r iphe ry  of t he  rea r ranged  nucleolar  mass  (figure 
4). Indeed ,  in the  normal  s ta te ,  pene t r a t i on  of a micro- 
ch romosome  into t he  fibri l lar  cen te r  is a lways observed  
in th is  case a. 

H y p e r t r o p h y  of the  fibril lar cen te r  af ter  t r e a t m e n t  w i th  
ac t inomyc in  D recalls t h a t  descr ibed by  Bassleer  e t  al. ~ 
using daunomyc in .  In  t he  case where  t he  fibril lar cen te r  
resu l t ing  f rom nucleolar  r e a r r a n g e m e n t  is bo th  single and  
voluminous ,  a process  of fusion of 2 centers  canno t  be 
excluded.  Such fusion is obvious ly  no t  involved when  2 
or 3 large fibril lar cen ters  can  be observed.  

The r e a r r a n g e m e n t  of nucleolar  s t ruc tu re  results  f rom 
d i sp lacemen t  of its cons t i tuen t s  w i th  respec t  to one 
another .  Such d i sp lacement  could poss ib ly  explain t he  
d i sappearance  of the  connect ions  be tween  the  fibri l lar  
center  and  the  ch romosomal  fibres. R u p t u r e  of these  
re la t ions  is u n d o u b t e d l y  faci l i ta ted b y  a l te ra t ions  of the  
deoxyr ibonuc leopro te in  f ibres under  t he  action, of the  drug. 
I t  is r emarkab le  to no te  t h a t  reorganiza t ion  of the  nu-  
cleolus leaves i n t ac t  t he  relat ions b e t w een  the  i ibri l lar  
center  and  the  dense  fibrils which  normal ly  su r round  it. 
This  observa t ion  suggests  t h a t  the  fibri l lar  center  and  
its dense fibril lar c rown m a y  cons t i tu t e  a funct ional  unit .  

9 R. Bassleer, G. Goessens, A. Lepoint, C. Desaive and C. Kinet- 
Denoel, Beitr. Path. 150, 261 (1973). 
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Summary. In  vi tro,  L-sorbose induces  in dog e ry th rocy te s  haemolys is  which  is d e p e n d e n t  upon t ime of incubat ion ,  
t empera tu re ,  p H  and the  concen t ra t ion  of sorbose. The in v i t ro  suscept ib i l i ty  to sorbose- induced haemolysis  is dif- 
f e ren t  in var ious  species. 

In  t he  compan ion  p a p e r  z, we r epo r t ed  on the  susceptibi l i -  
t y  to  haemolys is  which  was observed  af ter  sorbose ad- 
min i s t r a t ion  in dogs b u t  no t  in ra ts .  I n  th i s  s t u d y  we have  
inves t iga ted  in v i t ro  w h e t h e r  L-sorbose  acts  d i rec t ly  on 
e ry th rocy tes ,  and  if the re  are species differences in t he  
suscep t ib i l i ty  of e ry th rocy t e s  to sorbose. 
Materials and methods. Swiss Beagle dogs, r abb i t s  and  
cats  and  ou tb red  s tocks  of Fi i -a lbino S P F  ra ts  and  mice 
were  ob ta ined  f rom the  I n s t i t u t e  of Biological and  Medi- 
cal Research  (Fii l l insdorf BL).  Fu r the r ,  b lood f rom a 
s t a n d a r d b r e d  horse  and  f rom a Swiss S immen ta l  cow was 
ob t a ined  f rom the  School of Ve te r ina ry  Medicine, Uni-  
ve r s i t y  of Berne,  and  h u m a n  blood was made  avai lable 
f rom one of t he  inves t iga tors .  
Blood samples  were col lected in hepar in ized  tubes  and  the  
red blood cells washed  2-3 t imes  wi th  physiological  NaC1 
solution.  The red b lood cells were i ncuba ted  in H a n k s  
ba lanced  sal t  solut ion (wi thout  pheno l  red, s u p p l e m e n t e d  
wi th  60 [~g/ml penicil l in and  100 [zg/ml s t rep tomycin)  in 

cell cul ture  dishes (Falcon, 5.5 cm, final  vo lume 5 ml) in 
a H20- sa tu r a t ed  5% COs-air a tmosphere .  In  some ex- 
pe r imen t s  the  b ica rbona te -buf fe r  in the  H a n k s  solut ion 
was replaced by  25 mM Hepes-buffer ,  p H  7.4. L(- )sorbose  
or D ( + ) g l u c o s e  was added  as indica ted  in the  text .  Af te r  
incubat ion ,  the  m e d i u m  toge the r  wi th  t he  cells were cen-  
t r i fuged and  the  haemoglob in  (Hb) concen t ra t ion  was de- 
t e rmined  in the  s u p e r n a t a n t  as descr ibed 2. The H b  re- 
lease in to  the  med i u m was expressed as pe rcen t  of the  
H b  c o n t e n t  of t he  e ry th rocy te s  added  to t he  medium.  
Results. The incuba t ion  of dog e ry th rocy t e s  (containing 
10-14 mg  Hb) a t  34~ in presence of L(-)sorbose  (5.6- 

I The authors are greatly indebted to Prof. A. Studer, Prof. K. F. 
Gey and Dr H. Hummler for critical reading of the manuscript. 
The technical assistance of Mrs E. Stiickli and Mrs C. Villien and 
of Mr P. Back and Mr V. Loeehleiter is gratefully acknowledged. 

2 P. Keller and A. Kistler, Experientia 33, 1380 (1977). 
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Fig. 1. Effect of pH on the haemolytie effect of sorbose in dog erythro- 
eytes. Dog erythrocytes (containing 10.7 mg Hb) were incubated with 
or without sorbose (17 mM) in Hanks solution of different pH (range 
5.0-9.0). Incubation was performed at 34~ for 23 h and the pH de- 
termined in the medium. Results are expressed as percent of Hb re- 
lease into the medium. Means of 4 determinations 4- SD, 

Fig. 2. Dependence of the haemolytic effect on sorbose concentration 
in dog erythrocytes (containing 13.6 mg Hb). 48-h-incubation in 
Hanks solution at 34~ in the absence and presence of sorbose or 
glucose. The glucose concentrations were not corrected for the 
glucose content of 5 mM in the Hanks solution. Results are ex- 
pressed as percent Hb release into the medium ~ SD. 


