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Table 2. Progesterone incubations 
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Amount of incubations n Stage Incubation time (h) Substrate 14C/3H (nmoles) Recovery in percent of dose 
Substrate Metabolites 

2 50 3-4 24 5.4 88.7 =h 5.7 0 
1 10 5 24 5.4 90.2 0 
1 5 5 72 5.4 89.1 0 
2 30 3-4 48 0.007 92.9 =h 1.9 0 
1 30 4 72 0.007 85.0 Traces 
2 10 O-SF* 120 0.007 27.7 i 0.3 60.2 • 0.2 

* O-5 F, oocytes with follicle cells. 

Material and methods. E m b r y o s  were F l - h y d r i d s  f rom a 
cross C B A - H T 6  X CB-20. T h e y  were o b t a i n e d  f rom ovi-  
duc t s  or f rom u t e r u s  a t  1-3.5 days  of p r egnancy ,  of mice 
wh ich  were o v u l a t e d  a n d  copu la t ed  no rma l ly .  T he  age 
w a s  d e t e r m i n e d  f rom t he  occur rence  of t he  vag i na l  plug, 
w h i c h  was t h e  d a y  0. T he  d e v e l o p m e n t a l  s tages  n were 
obse rved  u n d e r  d i ssec t ing  microscope  before  a n d  a f t e r  
i ncuba t ion .  Before  i n c u b a t i o n  e m b r y o s  were r insed  3 
t i m e s  w i t h  m e d i u m ;  30 i n c u b a t i o n s  were m a d e  in dispos-  
able  o rgan  cu l tu re  dishes,  A u e r b a c h  t y p e  (Fa lcon  3010) 
in  0.5 m l  of ea r ly  m e d i u m  s u p p l e m e n t e d  w i t h  11.5 rag/  
10 ml  N a - l a c t a t e  a n d  10 mg/10  ml  b o v i n e  s e rum a lbumin ,  
a t  37~ a n d  in 5% COs-air a t m o s p h e r e  s a t u r a t e d  w i t h  
w a t e r  vapou r .  The  m e d i u m  c o n t a i n e d  100 u n i t s / m l  of 
.penicillin a n d  50 [zg/ml of s t r e p t o m y c i n .  S u b s t r a t e s  used 
were i n t r o d u c e d  in 10 [zl v o l u m e  dissolved in p ropy l en -  
g lyco l -e thy la lcohol  (1:1).  S u b s t r a t e s :  14C-pregnenolone 
56.7 >< 108 cpm,  5.7 nmoles ,  l 'C -p roges te rone  63.2 X 103 
cpm, 5.4 nmoles ,  14C-dehydroepiandros te rone  35.2 • 108 
cpm,  3.5 nmoles ,  8H-proges te rone  530 • 103 cpm,  0.007 
nmoles .  The  i n c u b a t i o n  t i m e  va r i ed  f rom 14 to  120 h as 
d id  t he  n u m b e r  of e m b r y o s  pe r  i n c u b a t i o n  f rom 5 to  50. 
I n c u b a t i o n  was s t o pped  b y  ace tone .  
Cont ro l s  were  m a d e  b y  i n c u b a t i n g  f lushed  u te r ine  c o n t e n t  
(nega t ive  control )  a n d  o v a r i a n  follicles (posi t ive control)  
72-120 h. I n  4 p regneno lone  i ncuba t ions ,  i t  was  checked  
t h a t  t h e  r ad ioac t i ve  s u b s t r a t e  was  t a k e n  up  b y  t h e  
embryos .  
E x t r a c t i o n  was  done  b y  e t h e r  a n d  c h r o m a t o g r a p h y  b y  
a scend ing  t h i n - l a y e r  sys tems .  These  m e t h o d s  h a v e  been  
descr ibed  e lsewhere  18. So l ven t  s y s t e m  used in TLC was  
ace tone  : ch loroform,  15 : 85. R a d i o a c t i v i t y  on  t h i n - l a y e r  
c h r o m a t o g r a m s  was  de t ec t ed  a n d  m e a s u r e d  b y  a window-  

less gasflow s c a n n e r  (Ber thold ,  Fede ra l  Repub l i c  of Ger-  
many) .  Recover ies  p r e sen t ed  in t he  t a b l e s  were ca lcu la ted  
f rom the  s c a n n i n g  records.  
Results and discussion. The  resul t s  of t he  p regneno lone  
a n d  p roges t e rone  i n c u b a t i o n s  are s h o w n  in t h e  t ab les  
i n d i c a t i n g  no  m e t a b o l i s m  of these  s te ro ids  in t he  embryos .  
On ly  some a c c u m u l a t i o n  of r a d i o a c t i v i t y  in  2 po la r  frac- 
t ions  in  I p roges t e rone  i n c u b a t i o n  was de tec ted .  However ,  
oocytes  w i t h  follicle cells c o n v e r t e d  60.2~o of t h e  proges-  
t e rone  dose (0.007 nmoles)  to  me tabo l i t e s .  Resu l t s  in 
d e h y d r o e p i a n d r o s t e r o n e  i n c u b a t i o n s  (48 h, 20 e m b r y o s  a t  
s tages  3-4) r e m a i n e d  s imi la r ly  nega t ive .  
W e  sugges t  t h a t  unl ike  pig 5 and  r a b b i t  3 p r e i m p l a n t a t i o n  
mouse  b l a s t o c y s t  does no t  possess s imi la r  k ind  of e n z y m e  
ac t iv i t i es  for s te ro id  me tabo l i sm.  Th i s  m a y  be  due  to 
differences  in  b l a s t o c y s t  f o r m a t i o n  a n d  t r o p h o b l a s t  dif- 
f e ren t i a t ion  a t  t he  t i m e  of i m p l a n t a t i o n .  Our  resu l t s  agree 
w i t h  t h e  f ind ings  of Chew and  S h e r m a n  11, b u t  are con t r a -  
d i c to ry  to those  h i s tochemica l  o b s e r v a t i o n s  m a d e  b y  Dey 
and  D i c k m a n  s. W e  f ind i t  obscure  t h a t ,  a l t h o u g h  t h e y  
used d e h y d r o e p i a n d r o s t e r o n e  as t he  s u b s t r a t e  to  demon-  
s t r a t e  A53fl-HSD a c t i v i t y  h i s tochemica l ly ,  we were no t  
able  to  show b iochemica l ly  th i s  a c t i v i t y  b y  t h e  same 
subs t r a t e .  A r e c e n t  s t u d y  b y  S h e r m a n  a n d  A t i enz a  14 
shows t h a t  p roges te rone  f o r m a t i o n  a n d  p roges t in  and  
a n d r o g e n  m e t a b o l i s m  in mouse  is m e r e l y  r e s t r i c t ed  to 
g i an t  t r o p h o b l a s t  ceils a t  p o s t i m p l a n t a t i o n  stages.  

12 K. Theiler, The House Mouse Develoi~ment and Normal Stages 
from Fertilization to 4 Weeks of Age. Springer-Verlag, Berlin 
1972. 

13 A.I. Kahri, S. Pesonen and A. Saure, Steroidologia 1, 25 (1970). 
14 M.' I. Sherman and S. B. Atienza, Biol. Reprod. 76, 190 (1977). 

P l a s m a  h o r m o n e  l e v e l s  i n  n o r m a l  a n d  l e a d - t r e a t e d  p r e g n a n t  m i c e  1 

P. J a c q u e t ,  G. B. Gerber ,  A. L e o n a r d  a n d  J.  Maes 

Centre d'Etude Nucldaire, Department o/Radiobiology and Euratom, Boeretang 200, B-2dO0 Mol (Belgium), 12 Apri l  1977 

Summary. D i e t a r y  lead (0.5%) was g iven  to mice which,  a f t e r  m a t i n g ,  exh ib i t ed  a vag ina l  plug. Es t rad io l ,  p roges te rone  
a n d  p r o s t a g l a n d i n s  E a n d  F 2 ~ were d e t e r m i n e d  in t he  p l a s m a  b y  r a d i o i m m u n o  assay  a t  d i f fe ren t  t imes  the rea f t e r .  
The  increase  in es t rad io l  a n d  decrease  in p r o s t ag l and in s  p r io r  i m p l a n t a t i o n  are n o t  g rea t ly  a l t e red  b y  lead t r e a t m e n t ,  
whereas  t h e  s u b s e q u e n t  increase  in p roges te rone  a n d  l a t e r  in  es t rad io l  is abol ished.  I t  is conc luded  t h a t  t h e  lower 
n u m b e r  of p r egnanc i e s  seen in l e a d - t r e a t e d  m o t h e r s  is due  to  a m a t e r n a l  h o r m o n a l  i m b a l a n c e  caused  b y  lead. 

Large  a m o u n t s  of lead (0 .1-0 .5%) a d d e d  to  t h e  d ie t  of 
mice which ,  a f t e r  ma t i ng ,  h a d  d i sp layed  a vag i na l  plug,  
m a r k e d l y  r educe  t h e  n u m b e r  of mice  w h i c h  become  
p r e g n a n t  2. His to logica l  s tud ies  i nd i ca t e  t h a t  lead in te r -  
fers w i t h  t h e  i m p l a n t a t i o n  of t he  e m b r y o  a n d  causes  
regress ion  of t h e  co rpo ra  l u t ea  3. Lead  also seems to  exe r t  
a d i rec t  ac t ion  on  t h e  embryo ,  since i t  de lays  i t s  ea r ly  
d iv is ions  4. One poss ible  m e c h a n i s m  b y  wh ich  lead m a y  

1 Supported by contract 038-74-7 ENV B of the E.C. Environ- 
mental Research Program. Publication No. 1394 of the Euratom 
Biology Division. 

2 P. Jacquet, A. Leonard and G. B. Gerber, Experientia 31, 1312 
(1975). 

3 P. Jacquet, Archs Path. in press. 

4 P. Jacquet, A. Leonard and G. B. Gerber, Toxicology 6, 129 
(1976). 
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Prostaglandin content in the plasma of normal and lead-treated mice after successful mating 

E X P E R I E N T I A  33/10 

Day of pregnancy Prostaglandin E (ng/ml means 4- SE) Prostaglandin Fza (ng/ml means 4- SE) 
Control 0.5% lead Control 0.5% lead 

3 1190 4- 65 [4] 985 4- 181 [4] 402 4- 108 283 4- 21 
4 959 4- 16 [7] 989 4- 71 [6] 225 • 114 330 4- 52 
5 1113 4- 102 [7] 1182 4- 125 [63 305 4- 83 424 4- 43 
6 1000 4- 77 [7] 967 4- 127 [7] 320 4- 43 267 4- 45 

11 1513 4- 141 [6] 1450 4- 67 [4] 530 4- 54 428 4- 28 
16 1665 4- 374 [3] 1637 4- 243 [4] 347 4- 42 233 4- 57 

All values except from days 3, 11 and 16 are means from 2 experiments carried out at different times. The number of animals used is in- 
dicated in parenthesis. 

i n t e r v e n e  in i m p l a n t a t i o n  could  be  b y  c h a n g i n g  t h e  hor -  
m o n a l  ba l ance  d u r i n g  t he  cr i t ica l  period.  I n  t he  p r e sen t  
i nves t iga t ion ,  we have ,  therefore ,  s tud ied  b y  r a d i o i m m u -  
nological  t e c h n i q u e s  t he  p l a s m a  levels of es t radiol ,  pro-  
ges terone,  p r o s t a g l a n d i n  E a n d  p r o s t a g l a n d i n  F,~ in 
n o r m a l  a n d  l e a d - t r e a t e d  mice a t  d i f fe ren t  t imes  a f te r  t h e y  
h a d  d i sp layed  a vag i na l  p lug  fol lowing m a t i ng .  
Methods.  Mice of t h e  C57B1 s t r a i n  were m a t e d  and,  w h e n  
d i sp lay ing  a vag ina l  p lug  (defined as ' successful ly  ma ted ' ) ,  
were g iven  a d ie t  c o n t a i n i n g  0.5% of lead as lead ace ta te ,  
or were k e p t  as controls .  A t  d i f fe ren t  t imes  the rea f t e r ,  
t h e  mice  were b led  and  t he  h o r m o n e s  were d e t e r m i n e d  
us ing  r a d i o i m m u n o  assay  k i t s  suppl ied  b y  t h e  I R E  
(Fleurus ,  Belgium) (es t radiol  and  proges terone)  or b y  
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Fig. 1. Estradiol levels in normal and lead-treated mice at different 
times of pregnancy. The single values as well as the means and SE 
are shown. 
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Fig. 2. Progesterone levels in normal and lead-treated mice at 
different times of pregnancy. The single values as well as the means 
and SE are shown. 

Calbiochim.  (USA) (p ros t ag l and in  E a n d  F,~). P l a s m a  
f rom 1 mouse  (abou t  0.5 ml) was  suff ic ient  to  a s say  e i t he r  
es t rad io l  a n d  p roges t e rone  or t h e  2 p ros t ag l and ins .  The  
p rocedures  of e x t r a c t i o n  h a d  to  be  modif ied  f rom those  
su i tab le  for  t he  larger  p l a s m a  samples  of man ,  as descr ibed  
p rev ious ly  5. 
Results  and  discussion. P l a s m a  levels of es t rad io l  a n d  
p roges t e rone  a t  d i f fe ren t  t imes  a f t e r  successful  m a t i n g  
are p r e s e n t e d  for con t ro l  and  l e a d - t r e a t e d  mice in f igures 
1 a n d  2. On d a y  4 of p r e g n a n c y  (3 days  a f t e r  t he  vag ina l  
plug),  e s t rad io l  levels increase  in b o t h  l e a d - t r e a t e d  a n d  
con t ro l  an imals .  On d a y  5 a n d  5.5 t h e y  h a v e  r e t u r n e d  to 
n o r m a l  levels,  and  increase  aga in  on  d a y  6 in con t ro l s  b u t  
no t  in  l e a d - t r e a t e d  mice.  
P l a s m a  p roges t e rone  increases  s ign i f i can t ly  on  d a y  5.5 
and  6 of p r e g n a n c y  in con t ro l  mice  b u t  r ema ins  a t  low 
levels in  l e ad - t r e a t ed  ones. On inspec t ion ,  one recognizes  
t h a t  a t  t hese  t imes  t h e  p roges t e rone  va lues  a p p e a r  to  be  
d i s t r i b u t e d  a r o u n d  2 cen te r s  of g rav i ty ,  one nea r  t h e  
p roges te rone  va lues  of n o n - p r e g n a n t  mice and  t he  o t h e r  
a t  a m u c h  h ighe r  level. The  l a t t e r  g roup  comprises  a b o u t  
50% of t h e  mice, i.e. t h e  same  pe rcen t age  of mice w i t h  
vag ina l  p lugs  wh ich  will a c t u a l l y  become  p r e g n a n t ,  a n d  
one m a y  a s sume  t h a t  these  are  t h e  same  an ima l s  w i t h  t he  
h igh  p l a s m a  proges terone .  I n  l e ad - t r e a t ed  animals ,  on ly  
a b o u t  10% of t he  an ima l s  h a v e  h i g h  p roges te rone  levels, 
and  indeed  on ly  a b o u t  10% of these  mice, become  
p r e g n a n t  2. 
P r o s t a g l a n d i n s  E and  F2a  are s l ight ly  reduced  on  d a y  4 of 
p r e g n a n c y  (table),  a f ind ing  w h i c h  m a y  reflect  t h e  in-  
h i b i t i o n  of lu teolysis  p r io r  to  t h e  raise  of proges terone .  
L e a d - t r e a t e d  r a t s  display,  in  genera l  h ighe r  p r o s t a g l a n d i n  
va lues  on  d a y  4 a n d  5 a n d  t h i s  m a y  be  r e l a t ed  to  t h e  lower 
p roges t e rone  va lues  seen in these  animals .  I t  shou ld  be  
po in t ed  o u t  t h a t  a l t h o u g h  t he  dif ference b e t w e e n  lead- 
t r e a t e d  and  con t ro l  mice  is n o t  s t a t i s t i ca l ly  s ign i f ican t  for 
a n y  one day ,  t he  differences  w i t h  age of p regnancy ,  pa r t i -  
cu la r ly  in  t he  l e ad - t r e a t ed  group  are s ignif icant .  
F r o m  t h e  d a t a  p resen ted ,  one can  d i s t ingu i sh  2 phases  of 
h o r m o n a l  r eac t ion  d u r i n g  ear ly  p regnancy ,  an  increase  in 
es t rad io l  a n d  decrease  p r o s t a g l a n d i n s  p r e p a r a t o r y  to  im- 
p l a n t a t i o n ,  a n d  an  increase  in p roges t e rone  and  l a t e r  in  
es t rad io l  d u r i n g  i m p l a n t a t i o n .  A p p a r e n t l y  t he  f i rs t  phase  
i.e. t h e  p r e p a r a t i o n  of t he  u t e r u s  b y  es t rogen  secre t ion  a n d  
t he  i n h i b i t i o n  of lu teolysis  b y  t h e  depress ion  of p ros t a -  
g land ins  are  n o t  g r ea t l y  af fec ted  b y  lead t r e a t m e n t .  On 
the  o t h e r  h a n d ,  lead p r e v e n t s  t he  increase  in p roges t e rone  
and  es t rad io l  cha rac t e r i z ing  i m p l a n t a t i o n .  These  obser-  
v a t i o n s  co r re l a t e  well  w i t h  our  h is to logica l  s tudies  a: t h e  
u t e r u s  a p p e a r e d  to  deve lop  n o r m a l l y  u n t i l  d a y  5. T h e n  
t he  co rpo ra  l u t ea  showed  signs of invo lu t ion ,  t h e  u t e r ine  

5 G.B.  Gerber, P. Jacquet, A. Leonard and J. Maes, Proc. Soc. 
exp. Biol. Med., submitted for publication. 
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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.  

Effect of act inomycin D on the quail oocyte nucleolus during meiotic  prophase I 

A. M. Vagner -Capodano,  M. H. Pinna-Delgross i  and  A. Stahl  1 

Laboratoire d'Histologie et Embryologie I I, Facultd de Mddecine, 27, boulevard Jean-Moulin, F-73385 ~Iarseille Cddex d 
(France), 18 March 7977 

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. 
2 M. Hartung and A. Stahl, Experientia 32, 96 (1976). 
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 
Liege 1975. 

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. 


