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S t u d i e s  o n  t h e  P r o c e s s  of  M o u s e  M e i o s i s  a n d  O v u l a t i o n  w i t h  D a u n o m y c i n  

D a u n o m y c i n  t, a f lourescent  glycosidic an t ib io t ic  of the  
an th racyc l ine  group, was  s tud ied  for its effect  on mouse  
o v u m  meiosis and ovulat ion.  I t  was selected because of 
its mi to t ic  effects in ra t  2 and  its s imi lar i ty  to Ac t inomy-  
cin D ~-5, in an effor t  to  ob ta in  addi t iona l  in fo rmat ion  on 
agents  po ten t ia l ly  capable  of a l ter ing the  m a m m a l i a n  
genet ic  pool. 

Mater ials  and me/hods. E x p e r i m e n t s  in vivo and in 
v i t ro  were conduc ted  using p r epube r t a l  or adul t  ranclom 
bred  Swiss /Webster  6 female mice. The in v i t ro  experi-  
m e n t s  were done using a modi f ica t ion  of the  m e t h o d  of 
EDWARDS7 wi th  ha rves t s  of f i rs t  m e t a p h a s e  cells a t  5 h 
and  second me taphase /po l a r  b o d y  I cells a t  15 h. Cytologic 
p repara t ions  were made  using a modi f ica t ion  of t he  
m e t h o d  of TARKOWSKI s and  examina t ion  of well-spread,  
in t ac t  ceils was made  wi th  b r igh t  l ight  and  phase  opt ics  
of a Zeiss pho tomic roscope  af ter  s ta in ing  wi th  to luidine  
blue and  res ta in ing  wi th  lacto-aceto-orecin.  Scoring of 
n u m b e r  and  s t ruc tu re  was  comple ted  on chromosomes  of 
b o t h  stages. The f inal  concen t ra t ions  of D a u n o m y c i n  
s tud ied  are t abu l a t ed  in Table  I. The n u m b e r  of ova  

Table I. In vitro effects of Daunomycin on female mouse meiosis 

Concentration No. Total No. No. Abnormal 
of Daunomycin of mice No. of non- abnormal (%) 
(~xg/ml of media) ova divided 

First metaphase 

0 8 86 5 0 0 
0.00001 8 87 9 0 0 
0.0001 8 76 5 0 0 
0.001 8 81 7 0 0 
0.01 8 86 5 64 74 
0.1 8 75 4 71 94 
1.0 8 83 8 75 90 

Second metaphase 
0 8 80 4 0 0 
0.00001 8 79 7 0 0 
0.0001 8 72 6 0 0 
0.001 8 86 7 0 0 
0.01 8 69 4 65 94 
0.1 8 81 5 76 93 
1.0 8 79 7 72 93 

Table II. In vitro meiotic cytologic effects observed at different inter- 
vals after intraperitoneal doses of Daunomycin 

Dose Time Abnormal Abnormal 
(~zg/gbw./i.p.) after dose Total eggs Total eggs 

(h) First metaphase Second metaphase 

0 18 0/51 0/43 
24 0/27 0/26 
48 0f13 0/24 
72 0[33 0/42 

5 12 0/21 0/23 
18 0/32 0/19 
24 1/27 �9 0116 
48 0[27 1/22 b 
72 0/34 0/21 

10 24 0/30 0/24 
48 0116 0127 
72 0116 0/19 

Structural rearrangement, b Satellite association. 

normal ly  comple t ing  meiosis to  t h e  desired s tage averages  
89~/o of t he  to ta l  added.  The p H  was  ma in t a ined  a t  7.2. 

Three  types  of in v ivo expe r imen t s  were done.  In  t he  
first  of these,  adul t  female mice were given a single dose 
of D a u n o m y c i n  i.p. and  samples  of ova were r emoved  
f rom donor  ovaries  a t  in tervals  of 12-72 h later,  p laced in 
t he  incuba t ion  s y s t em and  s tud ied  for f i rs t  and  second 
m e t a p h a s e  deve lopment .  Concen t ra t ions  of t he  drug were 
selected for compar i son  wi th  t he  da t a  on the  in vivo 
effects  on ra t  bone  mar row previous ly  s tudied.  The 
second series of expe r imen t s  ut i l ized the  classical super-  
ovula t ion  t echn ique  9 where in  p repube r t a l  female mice  
21-24 days  of age were given p r e g n a n t  mare ' s  se rum 
(PMS) followed 48 h la ter  by  an ovula t ing  dose of h u m a n  
chorionic gonado t rop in  (HCG). On each day  of th is  
in te rva l  the  mice were also given a single dose of 5tzg/G/ 
B W  of D a u n o m y c i n  s.c. Ha rves t s  of ovu la ted  ova  were 
sought  in t he  oviducts  a t  15 h af ter  t he  HCG and  cytologic 
p repa ra t ions  were made.  If  ovula t ion  failed to occur, ova  
were r emoved  f rom the  ovar ian  follicles and  p repared  for 
cytologic examina t ion  of chromosomes .  The th i rd  series 
of in v ivo expe r imen t s  were  des igned to  t e s t  t h e  effects  
of D a u n o m y c i n  on the  superovula t ion  p h e n o m e n o n  b y  
giving the  drug  only a t  the  t i m e  of the  admin i s t r a t ion  
of t he  HCG or a t  1, 3 or 5 h thereaf te r .  Ova were again 
sought  a t  15 h af ter  t he  admin i s t r a t i on  of the  HCG and  
examined  as above. 

Results.  As no ted  in Table  I and  d e m o n s t r a t e d  in 
Figure 1, a t  concen t ra t ions  of 0.01 ~g/cm 3 the  b iva len t s  
of t he  f i rs t  m e t a p h a s e  are b roken  and  rear ranged  and the  
second m e t a p h a s e  ch romosomes  are agglu t ina ted .  At  
0.1 ~g/cm ~ b o t h  s tages were agg lu t ina ted  suggest ing t h a t  
the  damage  had  been  done by  the  t ime  of t he  f i rs t  me ta -  
phase  ha rves t  and the  second m e t a p h a s e  h a rv e s t  mere ly  
represen ted  pers is tence f rom the  earlier t ime.  

The resul ts  of the  f i rs t  t y p e  of in v ivo expe r imen t  are 
t a b u l a t e d  in Table  II .  One example  of s t ruc tura l  rear-  
r a n g e m e n t  a t  f i r s t  m e t a p h a s e  was found  at  24 h and  one 
of satel l i te  associat ion a t  m e t a p h a s e  II  as no ted  by  
ROHRBOI~N 1~ (Figure 2). F ive  vg /G/BW of Daunomyc in  
b locked superovula t ion  in all cases. E x a m i n a t i o n  of t he  
cytologic charac ter i s t ics  of t he  ova  remain ing  in t he  large 
follicles revealed  c lumped  and  degenera te  second me ta -  
phase  chromosomes  (Figure 2), and  pola r  b o d y  chromo-  
somes. A few cells had  no t  p roceeded  beyond  the  germinal  
vesicle stage. The modi f ica t ion  of the  superovula t ion  
technique  revealed t h a t  a single dose  of 5 t xg /G/BW of 
D a u n o m y c i n  given s imul taneous ly  w i t h  the  I-ICG or I h 
af terwards ,  did no t  p r e v e n t  ovulat ion,  bu t  the  oviductal  
ova were f r agmen ted  at  second m e t a p h a s e  (Figure 2). 
Doses given a t  3 or 5 h af ter  HCG did no t  p r ev en t  super-  
ovula t ion  and the  ovula ted  ova  were cytogenet ica l ly  
normal .  

Discussion.  D a u n o m y c i n  can now be added  to the  
o the r  a n t i - t u m o r  subs tances  isolated f rom Streptomyces 
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Fig. 1. In vitro effects of Daunomycin orl meiosis in mice ova. A) Control first metaphase. B) Metaphase I treated with 0.01 [xg/ml. Note 
breaks. C) Control second metaphase. D) Metaphase II treated with 0.1 [zg/ml. Agglutinated nuelens. Magnification: • 1,200. 

wh ich  are  effect ive  in d a m a g i n g  m a m m a l i a n  ch romosomes  
d u r i n g  mi tos i s  a n d  female  meiosis.  L ike  S t r e p t o n i g r i n  a n d  
Ph leomyc in ,  b r e a k s  and  r e a r r a n g e m e n t s  can  be  de t ec t ed  
in f i rs t  m e t a p h a s e  a f t e r  5 h i n c u b a t i o n  w i t h  t e s t  drugs,  
b u t  a 10-fold di f ference in t h r e s h o l d  b e t w e e n  P h l e o m y c i n  
(0.001 ~g/ml),  D a u n o m y c i n  (0.01 ~g/ml)  a n d  S t r ep ton i -  
g r in  (0.1 ~g/ml)  ex i s ted  a m o n g  t h e  3 d e r i v a t i v e s  for  t h e  
i n d u c t i o n  of such  b i v a l e n t  damage .  I n  each  case, as w i t h  
in  v ivo  s tud ies  w i t h  soma t i c  t issue,  longer  exposure  t i m e  
resu l ted  in more  ex tens ive  c h r o m o s o m e  damage .  

Compar i son  of t h e  meio t ic  a b n o r m a l i t i e s  w h i c h  could 
be  de t ec t ed  a t  i n t e rva l s  a f t e r  a dose of D a u n o m y c i n  w i t h  
those  seen in r a t  bone  m a r r o w  a n d  p e r i p h e r a l  b lood  a t  a 
c o m p a r a b l e  dose d e m o n s t r a t e d  cons ide rab le  res i s t ance  of 
t h e  ge rm cells to  t he  drug.  I n  t he  r a t  c h r o m a t i d  a n d  
c h r o m o s o m e  a b e r r a t i o n s  in  bone  m a r r o w  p r e p a r a t i o n s  
rose f rom 27% of al l  cells e x a m i n e d  a t  12 h a f t e r  t r e a t -  
m e n t  to  a m a x i m u m  of 59% a f t e r  24 h w i t h  a decl ine to 
0 .7% a t  72 h. I n  t h e  p r e s e n t  e x p e r i m e n t s  t h e  f i nd ing  of 
I f i rs t  m e t a p h a s e  o v u m  a m o n g  27 w i t h  a r e a r r a n g e m e n t  
s tud ied  24 h a f t e r  t r e a t m e n t  a n d  1 second m e t a p h a s e  o u t  
of 22 ova  w i t h  a con f igu ra t ion  r e s e m b l i n g  t he  ' sa te l l i te  
assoc ia t ions '  seen b y  ROHRBORN 10 would  seem to  i nd ica t e  
cons iderab le  res i s t ance  of t h e  o v u m  to  t h e  effects  of a 
c o m p o u n d  wh ich  affects  h e m a t o p o i e t i c  t i ssue  in t he  bone  
m a r r o w  w i t h  g rea t  efficiency. 

I n  v ivo  effects of D a u n o m y c i n  on ova  d u r i n g  t h e  ac t ive  
meio t ic  s tages  of s u p e ro v u l a t i o n  were v e r y  s imi la r  to  
those  o b t a i n e d  w i t h  S t e p t o n i g r i n  a t  a dose of 1.25 ag /g  of 
b o d y  we igh t  a n d  P h l e o m y c i n  a t  6 ~g/G/]3W. All 3 com- 
p o u n d s  ef fec t ively  b lock  o v u l a t i o n  co inc iden t  w i t h  
d e s t r u c t i o n  of t h e  second m e t a p h a s e  a n d  po la r  b o d y  I. 
I t  would  a p p e a r  t h a t  these  compounds ,  t h o u g h  i n h i b i t i n g  
t h e  process  of o v u l a t i o n  a n d  d a m a g i n g  t h e  c h r o m o s o m e s  
severely,  do n o t  p r e v e n t  a b s t r i c t i o n  of t h e  po la r  body.  
Th i s  would  seem to  i nd ica t e  a n  i n d e p e n d e n c e  of t h e  
process  of d i s junc t ion  on  t h e  meio t ic  sp indle  a n d  t h e  
phys ica l  s e p a r a t i o n  of t h e  po la r  b o d y  I f r om t h e  need  for  
c h r o m o s o m a l  in tegr i ty .  

F u r t h e r  l i gh t  is shed  on  t h e  process  of m a m m a l i a n  
o v u l a t i o n  b y  a c o m p a r i s o n  of t h e  effect  of D a u n o m y c i n  
g iven  w i t h  t h e  o v u l a t i n g  s t imu lus  (HCG) or a t  i n t e r v a l s  
t h e r e a f t e r  w i t h  t h e  effects  of A c t i n o m y c i n  D, a k n o w n  
i n h i b i t o r  of D N A - d e p e n d e n t  R N A  synthes i s .  W h e n  a n  
a p p r o p r i a t e  dose of A c t i n o m y c i n  D was g iven  a t  1, 3, or  
4 -5  h a f t e r  t h e  HCG, o v u l a t i o n  was  b locked  11, b u t  t h e  
ch ro mo s o mes  of t h e  in t ra fo l l i cu la r  o v a  were microscopi-  
cal ly  in t ac t .  W h e n  g iven  a t  6 h a f t e r  t h e  HCG, o v u l a t i o n  

11 G. JAGIELLO, J. Cell Biol. 42, 571 (1969). 
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Fig. 2. In vivo effects of Daunomycin on meiosis in mouse ova. A) Structural rearrangement at first metaphase. Arrow indicates location. 
B) Satellite association at second metaphase. Arrow indicates one set. C) Fragmented oviduetal second metaphase. Arrow indicates 
pieces, D) Degenerate second metaphase from blocked intrafoUicular ovum. Magnification: • 1,200. 

occurred and  ova were in normal  second me taphase .  In  
cont ras t ,  t he  superovula t ion  blocking dose of D a u n o m y -  
t i n  (5 ag/G/BW) did no t  block ovula t ion  when  given wi th  
the  HCG or a t  in te rva ls  of 1, 3 or 5 h thereaf ter ,  ye t  the  
ova  recovered f rom the  ov iduc ts  when  the  D a u n o m y c i n  
was given wi th  the  HCG or 1 h the rea f t e r  con ta ined  
damaged  second m e t a p h a s e  chromosomes .  Those ova  
recovered  f rom animals  t r e a t ed  3 or 5 h af ter  HCG con- 
t a ined  normal  second metaphases .  This  fu r the r  chemical  
d issect ion of t he  process  of ovula t ion  has d e m o n s t r a t e d  
t h a t  Ac t inomyc in  D affects  a mechan i sm concerned wi th  
t he  ovu la to ry  process w i t h o u t  damag ing  the  ova  chromo-  
somes a t  second m e t a p h a s e / P B  1 while D a u n o m y c i n  given 
a t  t imes  specifically re la ted  to  t he  ovu la to ry  s t imulus  
affects  the  ovum chromosomes  only  when  given wi th  
t he  ovula t ing  s t imulus  or jus t  after.  Once the  process  of 
e n t r y  in to  f i rs t  m e t a p h a s e  is well underway,  D a u n o m y c i n  
canno t  affect  e i ther  t he  in tegr i ty  of the  chromosomes ,  
the i r  progress ion to  t he  reduced  s t a te  nor  the  mechanica l  
process of o v u m  expuls ion f rom the  follicle. 

Zusammen/assung. Der Ef fek t  yon  D a u n o m y c i n  auf 
weibl iche Keimzel len  wurde  u n t e r s u c h t  und  mi t  berei ts  
b e k a n n t e n  Befunden  an somat i schen  ~ Zellen vergl ichen.  
Es  f inden  sich Unterschiede ,  die fiir das  Wissen  fiber die 
Ef fek te  chemischer  Mutagene  auf den  S~uger von  In te r -  
esse sind. 
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