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Development of the Gonads of Mice after Intense 
Period of Oogenesis 

3 H - T h y m i d i n e  i n c o r p o r a t i o n  in t h e  ge rm cells of female  
mouse  e m b r y o s  h a s  b e e n  i n v e s t i g a t e d  b y  RUDXlN a n d  
GRIECH 1, LIMA DE FARIA a n d  BORUM 2, PETERS e t  al. s 
a n d  CRONE et  at. 4. LIMA DE FARIA a n d  BORUM ~ found  a 
l abe l l ing  of t h e  female  ge rm cells of t h e  m o u s e  a f t e r  a 
3 H - t h y m i d i n e  pulse  on  t h e  10 th  a n d  12th  d a y  of preg-  
n a n c y ,  c o r r e s p o n d i n g  to  t h e  per iod  of p r e m i t o t i c  D N A  
syn thes i s  in  t h e  oogonia .  Th i s  p r e m i t o t i c  D N A  syn thes i s  
should ,  however ,  s t i l l  c o n t i n u e  d u r i n g  t h e  fol lowing days,  
s ince  BORUM 5, in  a cy to logica l  s tudy ,  r e p o r t s  t h e  p resence  
of t h e  l a s t  oogonia l  d iv i s ions  t o g e t h e r  w i t h  l e p t o t e n e  a n d  
zygo tene  f igures  o n  t h e  14 th  a n d  15th  d a y  of t h e  fe ta l  life. 
O n  t h e  o t h e r  h a n d ,  BORUM 6, in  a s t u d y  a b o u t  t h e  or ig in  
of m a t u r e  o v a  in t h e  mouse ,  was  ab le  to  l abe l  8 3 - 1 0 0 %  
of t h e  oocy tes  b y  success ive  (every  12 h) i .p. i n j ec t i ons  of 
S H - t h y m i d i n e  in  t h e  m o t h e r  f rom t h e  13 th  to  t h e  16 th  d a y  
of g e s t a t i o n  (chief ly t h e  p r e m e i o t i c  D N A  s y n t h e s i s  per iod) .  
I n  c o n t r a s t  to  w h a t  h a s  b e e n  f o u n d  in t h e  o v a r y  of t h e  
ch i cken  7-9, t h e  t i m i n g  a n d  t h e  loca l iza t ion  of t h e  p remi -  
t o t i c  D N A  s y n t h e s i s  pe r iod  in t h e  m o u s e  does  n o t  seem 
c lea r ly  s e p a r a b l e  f rom t h e  p r e m e i o t i c  D N A  s y n t h e s i s  
per iod.  F o r  these  r easons  in o rde r  to  l abe l  all  t h e  female  
g e r m  cells d u r i n g  t h e i r  success ive  3 H - t h y m i d i n e  incor-  
p o r a t i n g  s tages ,  i t  wil l  be  neces sa ry  to  a p p l y  seve ra l  
3 H - t h y m i d i n e  in j ec t ions  d u r i n g  t h e  pe r iod  of i n t e n s i v e  
oogonia l  m u l t i p l i c a t i o n  (p remi to t i c  D N A  syn thes i s )  a n d  
d u r i n g  t h e  ensu ing  per iod  of p r eme io t i c  D N A  syn thes i s .  

W e  the re fo re  s t a r t e d  our  i.p. i n j ec t ions  a l r e ady  a f t e r  
10 d a y s  of ges ta t ion .  Since t h e  p reme io t i c  S p h a s e  in t h e  
ge rm cells of t h e  female  mouse  was  f o u n d  b y  CRONE et  al.* 
to  be  a p p r o x i m a t e l y  10.5 h,  we chose to  i n j ec t  t h e  m o t h e r s  
e v e r y  8 h w i t h  3H- thymid ine .  

I n  t h e  p r e s e n t  w o r k  3 v i rg in  i n b r e d  female  B A L B / c  + 
mice,  3 m o n t h s  old, h a v e  b e e n  m a t e d  w i t h  males  of t h e  
same  s t ra in .  F r o m  the  11 th  (15.00) to  t h e  16 th  (07.00) d a y  
of p r egnancy ,  these  mice  rece ived  15 successive (every  8 h) 
i.p. in jec t ions  of 100 /~Ci ~H- thymid ine .  T h e  t h y m i d i n e  
6-3H (S.C.K.-C.E.N.  Mol) w i t h  a specific a c t i v i t y  of 
12-14 C i / m M  was  d isso lved  in  a s ter i le  H a n k s  b a l a n c e d  
sa l t  so lu t ion  to  a c o n c e n t r a t i o n  of 200 / ,Ci/ml.  A t  b i r t h ,  

Incorporation of Tritiated Thymidine During the 

19-20 days  a f t e r  t h e  o b s e r v a t i o n  of t h e  v a g i n a l  plug,  
3 n e w - b o r n  female  mice  were  ki l led a n d  t h e i r  ovar ies  f ixed 
in  ace t ic -a lcohol  (1 : 3 vol).  A t  t h e  60 th  d a y  of age t h e  l a s t  
4 females  were  a l lowed to  m a t e  w i t h  d i f fe ren t  u n t r e a t e d  
males .  I n  sp i te  of t h e  fac t  t h a t  new males  were  used  e v e r y  
14 days ,  no  p r e g n a n c y  could  be  de tec ted .  F o u r  m o n t h s  
a f t e r  b i r t h ,  t he se  females  were  ki l led a n d  t h e i r  ova r i e s  
f ixed.  

T h e  v o l u m e  of these  ovar ies  h a s  b e e n  found  to  b e  m u c h  
lower  t h a n  n o r m a l  (Figure  1). I n  on ly  one  of t h e  ovar i e s  
was  a co rpus  l u t e u m  seen. Af t e r  f ixa t ion ,  t h e  ovar ies  were  
e m b e d d e d  in  pa ra f f i n  a n d  sec t ioned  a t  5 p th i ckness .  
A f t e r  d e p a r a f f i n a t i o n  a n d  r e h y d r a t i o n  t h e  ac id  so luble  
p recu r so r s  were  e x t r a c t e d  b y  t r e a t m e n t  of t h e  sec t ions  
w i t h  3 %  perch lo r i c  acid a t  4°C d u r i n g  20 rain.  T h e  sl ides 
were  coa t ed  w i t h  n u c l e a r  emul s ion  L4  (Ilford,  E n g l a n d )  
b y  t h e  d i p p i n g  m e t h o d .  A f t e r  14 d a y s  exposu re  in  t h e  
d a r k  a n d  p h o t o g r a p h i c  d e v e l o p m e n t ,  t h e  sec t ions  were  
co loured  w i t h  G r o a t ' s  i ron  h e m a t o x y l i n  a n d  eosin.  On  
t h e  a u t o r a d i o g r a p h s  of t h e  ovar ies  of t h e  n e w - b o r n  female  
mice  all  t h e  g e r m  cells a re  f o u n d  i n t e n s i v e l y  label led.  I n  
t h e  sec t ions  of t h e  ovar ies  f ixed 4 m o n t h s  a f t e r  b i r t h  n o  
oocy te  c a n  be  found .  

T h i s  i n v e s t i g a t i o n  is in  a g r e e m e n t  w i t h  t h e  o b s e r v e d  
ab s en ce  of p r e g n a n c y .  R u d i m e n t s  of follicles w i t h o u t  
oocy tes  h a v e  occas iona l ly  b e e n  seen  b u t  t y p i c a l  follicles 
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Fig. 1. Comparison of the volume and aspect of normal ovaries (left) 
of a 4-month-old control female mouse with the ovaries (right) of a 
female mouse of the same age but treated with successive thymidine- 
3H pulses during the period of oogenesis. × 15. 

Fig. 2. Section through the ovary of a treated 4-month-old female 
mouse with a view of the polyedric cells with their well-developed 
eosinophilic cytoplasm. × 1100 
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do  n o t  a p p e a r  t o  h a v e  deve loped .  T h e  l a rges t  p a r t  of t he se  
s ter i le  ova r i e s  is occup ied  b y  cords  of po lyedr ic  cells w i t h  
a wel l  deve loped  eos inophi l ic  c y t o p l a s m  a n d  a v o l u m i n o u s  
nuc leus  ( p r o b a b l y  i n t e r s t i t i a l  cells;  see F i g u r e  2). I n  t h e  
o v a r y  of n e w - b o r n  mice,  m o s t  of t h e  oocy tes  a re  in  t h e  
p a c h y t e n e  or  ea r ly  d ip to t ene  s tages  b u t  a few d a y s  l a t e r  
t h e y  h a v e  g r o w n  in t r a fo l l i cu la r  a n d  a re  in  t h e  l a t e  diplo-  
t e n e  (so-called ' r e s t ing '  or  d i c tyo t ene )  s tage ,  in  w h i c h  t h e  
oocy tes  r e m a i n  for  v a r y i n g  l eng th s  of t i m e  s 

I n  genera l  t h e  oocy tes  of d i f f e ren t  species ( ra t  l°,n, 
m o u s e  1~, c h i c k e n  1~ a n d  rhesus  m o n k e y  13) a re  r e l a t ive ly  
r e f r a c t o r y  t o  R 6 n t g e n  i r r a d i a t i o n  as  t h e y  pa s s  t h r o u g h  
l ep to tene ,  zygo tene  a n d  p a c h y t e n e  s tages .  The  rad io-  
s ens i t i v i t y  to  ioniz ing  r a d i a t i o n s  h o w e v e r  increases  as  t h e y  
pass  f rom ear ly  to  la te  d ip lo tene  or  a t  t h e  s tage  of ea r ly  
p r i m o r d i a l  oocy tes  ( ra t  ~1,x4, mouse  ~5-~7, rhesus  m o n k e y  ~ 
a n d  chicklS). 

These  o b s e r v a t i o n s  can  p r o b a b l y  exp la in  w h y  in t h e  
p r e s e n t  s t u d y  t h e  ovar ies  of t h e  n e w - b o r n  mice  sti l l  con-  
t a i n e d  n u m e r o u s  oocytes ,  wh i l s t  a t  p u b e r t y  t he  mice h a v e  
b e c o m e  steri le.  However ,  t h e  c o n t i n u o u s  i n t e r n a l  fl ir- 
r a d i a t i o n  f rom t h e  a H - t h y m i d i n e ,  i n c o r p o r a t e d  in  t he  
ge rm cell nuclei ,  m a y  also h a v e  a n  i n t e g r a t i n g  effect  
r e su l t i ng  in cell d e a t h  before  t he  oocy tes  m a t u r e .  T h e  
p r e s e n t  s t u d y  also s u p p o r t s  t h e  v iew e t h a t  m o s t  if n o t  
all  de f in i t ive  o v a  in  t h e  mouse  a re  fo rmed  before  b i r t h  
a n d  is in  f a v o u r  of NIJSSBAUMS thes i s  x9 of t he  ge rm- l ine  
c o n t i n u i t y .  

F ive  ma le  mice,  w h i c h  also rece ived  t h e  successive 
Z H - t h y m i d i n e  pulses  d u r i n g  t h e i r  i n t r a u t e r i n e  life, were  
ki l led w h e n  m a t u r e ,  t h e i r  t e s tes  were r e m o v e d  a n d  meio t ic  
p r e p a r a t i o n s  were  m a d e  b y  a n  a i r - d r y i n g  m e t h o d  z°. T h e  
v o l u m e  of t h e  t e s t e s  f rom 4 a n i m a l s  was  found  to  be  lower  
t h a n  no rma l .  F i f t y  ma le  ge rm cells a t  t h e  d iak ines i s - f i r s t  
m e t a p h a s e  s t age  were  e x a m i n a t e d  f rom each  a n i m a l  for  
t h e  p resence  of m u l t i v a l e n t  conf igura t ions .  No ch romo -  
some  r e a r r a n g e m e n t  a t  all  was  f o u n d  a n d  t h e  p o p u l a t i o n  
of t h e  t e s t e s  a p p e a r e d  to  be  no rma l .  

I t  m a y  be  conc luded  t h a t  t h e  decrease  in t h e  w e i g h t  of 
t h e  t e s t e s  is n o t  r e l a t ed  t o  a loss of fer t i l i ty ,  wh i l s t  f emale  
mice  a p p e a r  to  be  s ter i l ized b y  t h e  s a m e  t r e a t m e n t  2~,~. 

Rdsumd. Le d 6 v e l o p p e m e n t  des  g o n ad es  de  souris  apr~s  
u n e  fo r t e  i n c o r p o r a t i o n  de  t h y m i d i n e - a H ,  a d m i n i s t r 6 e  
p e n d a n t  la p6r iode  de  l 'oog6n~se, a 6t6 6tudi6.  Su i te  h ce 
t r a i t e m e n t  les souris  femelles  s o n t  d e v e n u e s  s t6r i les  5. 
l'gLge de  la  p u b e r t 6  e t  te v o l u m e  de leurs  ovaires ,  d6pour -  
vues  de  cellules germina les ,  a f o r t e m e n t  d iminu6 .  Les  
males  t r a i t 6 s  de  la m 6 m e  fa~on ne  s e m b l e n t  p a s  ~tre  
st6ril is~s malgr~ une  d i m i n u t i o n  du  v o l u m e  de  leurs  tes t i -  
cules. 

M. CALLEBAUT 

Departement Radiobiologie Studiecentrum your 
Kernenergie Mol (Belgium), 
12 March 1968. 

~a H. M. BEAUMONT, Int. J. Radiat. Biol. 3, 59 (1961). 
11 H. M. BEAUMONT, Int. J. Radiat. Biol. d, 581 (1962). 
12 G. C. HUGHES, J. Embryol. exp. Morph. 12, 2, 273 (1964). 
a3 T. G. BAKER and H. M. BEAUMONT, Nature 214, 981 (1967). 
14 H. M. BEAUMONT and A. M. MANDL, Proc. R. Soc. 155, 557 (1962). 
15 W. L. RUSSELL, L. B. RUSSEL, M. H. STEELE and E. L. Pmevs, 

129, 1288 (1959). 
is H. PETERS and E. LEVY, Radiat. Res. 18, 421 (1963). 
1~ L. J. COLE, J. G. HABERMEYER and H. N. STOLAN, Int. J. Radiat. 

Biol. Suppl. 361 (1960). 
is j .  M. ESSENBERG and A. ZIKMUND, Radiology 31, 94 (1938). 
19 M. NUSSBAUM, Arch. mikrosk. Anat. EntwMech. 18, 1 (1880). 
s0 A, L~ONARD and G. DEKNUOT, Radiat. Res. 32, 35 (1967). 
~1 The author is very grateful to Dr. L. LEDOOX and Dr. J. HUGON 

for their advice and to Dr. A. LtONARD for his contribution and 
investigations on the testes. 

~z This work was supported by a grant from the Funds de la Re- 
cherche scientifique fondamentale collective. 

Studies by the Newt Test on the Possible Importance of Conjugated Double-Bonds and Trans-Iso-  
merization for Carcinogenic Properties of Lipids 

T h e  n e w t  t e s t  1 is a s h o r t - t e r m  t e s t  for  sc reen ing  sub-  
s t ance s  su spec t ed  of h a v i n g  ca rc inogen ic  p roper t i e s .  A 
s a t i s f a c t o r y  speci f ic i ty  of t h e  t e s t  w h e n  app l i ed  to  l ipo- 
phi l ic  c o m p o u n d s  was  found  b y  one  of t h e  p r e s e n t  
au tho r s ,  a n d  a n u m b e r  of h e a t e d  a n d  oxid ized  fa t s  was  
t e s t e d  2-4. F u r t h e r  s tud ies  on  a b r o a d e r  s p e c t r u m  of n a t i v e  
a n d  a l t e r ed  fa t s  r evea l ed  a la rge  n u m b e r  of n e w t - p o s i t i v e  
subs t ances ,  b u t  i t  could  n o t  be  s e t t l ed  w h e t h e r  t h e  in t ro -  
d u c t i o n  of a h y d r o x y l - g r o u p  in a n  m-position to  a doub le -  
b o n d ,  con juga t i on ,  or  t r a n s - i s o m e r i z a t i o n  was  respons ib le  
for  t h e  i n d u c t i o n  of t h e  ca rc inogen- l ike  effects  in  un-  
s a t u r a t e d  fa t s  5. T h e  resu l t s  of a new series of t e s t s  are  
r e p o r t e d  in  t h e  p r e s e n t  paper .  

T h e  t e s t s  were  ca r r i ed  o u t  as desc r ibed  in t h e  p rev ious  
papers .  T h e  subs t ances ,  in  a r a c h i d  oil, were  i n j ec t ed  s.c. 
i n to  t he  newts ,  w h i c h  were  e x a m i n e d  h is to logica l ly  a f t e r  
15 days .  Pos i t i ve  r eac t i ons  cons is t  in  local  h y p e r p l a s i a  of 
t h e  epidermis ,  m o s t  o f t en  w i t h  i n f i l t r a t i ve  d o w n g r o w t h  
of t h e  ep i the l ium.  A r a c h i d  oil s e rved  as nega t ive ,  3- 
m e t h y l c h o l a n t h r e n e  or  d ibenz(a ,  h ) a n t h r a c e n e  as pos i t ive  
cont ro ls .  

Most  of t h e  t e s t e d  s u b s t a n c e s  were commerc i a l  p r e p a r a -  
t ions .  Crys ta l l ine  v i t a m i n  A - a c e t a t e  a n d  f l -carotene  were  

gif ts  f rom F. H o f f m a n n - L a  R o c h e  & Co. A.G.,  Basel .  T h e  
c o n j u g a t e d  e t h y l  l ino lea te  was  p r e p a r e d  f rom r ic inoleic  
ac id  b y  e la id in iza t ion ,  d e h y d r a t i o n  a n d  es te r i f i ca t ion .  I t  
showed  a n  op t i ca l  d e n s i t y  in cy c l o h ex an e  a t  233 n m  of 
94 ca l cu la t ed  for  1 g/l. Cer t a in  of t h e  s u b s t a n c e s  to  b e  
t e s t e d  were  on ly  spa r ing ly  soluble  in  a r a c h i d  oil. A 2 %  
ergos tero l  a n d  a 1% sorbic  acid so lu t ion  cou ld  be  p r e p a r e d  
b y  gen t l e  hea t ing ,  b u t  f l -carotene was  n o t  e v e n  c o m p l e t e l y  
so luble  in  0 .1% c o n c e n t r a t i o n .  F o r  t h a t  r e a s o n  t h e  h i g h e r  
c o n c e n t r a t i o n s  of t h e  3 s u b s t a n c e s  i n d i c a t e d  in  t h e  T a b l e  
do n o t  r e p r e s e n t  t r u e  so lu t ions .  T h e  re su l t s  a re  p r e s e n t e d  
in  t h e  Table .  

Discussion. T h e  n e g a t i v e  or  d u b i o u s  r e su l t s  for e t h y l  
e la ida te  i nd i ca t e  t h a t  t h e  p resence  of one  t r a n s - d o u b l e -  
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