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In vitro Fertilization of Mouse and Hamster Eggs After Freezing and Thawing 
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Summary. Mouse  eggs (12 14%) a n d  h a m s t e r  eggs (87-94%) a p p e a r  nor ina l  u p o n  t h a w i n g  a f te r  h a v i n g  be e n  s to red  
for 30 m i n  to 25 h a t  - -70  ~ a n d  -- 196 ~ Whi l e  8 9 - 9 8 %  of t he  n o r m a l  a p p e a r i n g  h a m s t e r  eggs are capab le  of fert i l iza-  
t i on  in vi t ro ,  on ly  4 - 1 3 %  of t he  m o u s e  eggs can  be ferti l ized. T h e  ab i l i ty  of fert i l ized eggs to deve lop  in cu l tu re  a n d  t h e i r  
v iab i I i ty  u p o n  t r a n s f e r  to p s e u d o p r e g n a n t  rec ip ien ts  is u n d e r  i nves t i ga t i on .  

Since t h e  r epo r t  b y  "vVHITTINGHAM2 on  t h e  s u r v i v a l  of 
m o u s e  e m b r y o s  a f te r  f reez ing  a n d  t h a w i n g ,  d e v e l o p m e n t  
of frozen e m b r y o s  t r a n s f e r r e d  to  rec ip ien t  m o t h e r s  ha s  
been  descr ibed  for t he  m o u s e  3 5, rabbit6,~ and  cow s. 
A l t h o u g h  fer t i l i za t ion  in  v ivo  of m o u s e  eggs f rozen a t  

10~ h a s  been  repor tedg ,  f reezing of unfer t i l i zed  eggs 
a t  m u c h  lower t e m p e r a t u r e s  h a s  n o t  been  e x a m i n e d .  
Th i s  p a p e r  descr ibes  t he  p rocedure s  a n d  resu l t s  of success-  
ful  in v i t ro  fer t i l izat ion of t h a w e d  m o u s e  a n d  h a m s t e r  
eggs f rozen to  -- 70 ~ a n d  -- 196 ~ 

M a t u r e  female  CD-1 Swiss a lbino mice  a n d  go lden  
h a m s t e r s  were s u p e r o v u l a t e d  b y  an  i.p. in jec t ion  of 5-25 
IU  P M S G  (dona ted  b y  N I H )  44-48  h before an  in jec t ion  
of 5-25 I U  HCG.  T h e  females  were  kilIed 15 to  16 h 
a f t e r  an  in jec t ion  of HCG.  T h e  a m p u l l a r y  po r t i on  of t h e  
o v i d u c t s  w a s  p laced  u n d e r  pa ra f f in  oil in a Fa lcon  p las t ic  
d i sh  a n d  t h e  eggs in c u m u l u s  were d i s sec ted  o u t  a nd  
p laced in a p h o s p h a t e  buf fe red  so lu t ion  (PBS) c o n t a i n i n g  

0.05% h y a l u r o n i d a s e .  Af t e r  t h e  d i sso lu t ion  a n d  d i spersa l  
of c u m u l u s  a n d  fol l icular  ceils t he  d e n u d e d  eggs were  
w a s h e d  3 t i m e s  in P B S  a n d  p laced  in 0.10 ml  P B S  in a 
p las t i c  t u b e  (10 • 75 m m ) .  The  t u b e s  were t h e n  cooled to 
0 ~  0.5 ~ m i n  -1 a n d  0.05 ml  d i m e t h y l  su l fox ide  (DMSO) 
k e p t  a t  0~ was  a d d e d  3 t i m e s  a t  i n t e rva l s  of 10 rain  
(final c o n c e n t r a t i o n  of D M S O  was  1.0 to  2.0 M).  Af t e r  
15 rain t h e  s a m p l e s  were cooled to - -4  to  - - 5~  a n d  
i n d u c e d  to freeze b y  p lac ing  a cooled h y p o d e r m i c  
needle  in to  t he  m e d i u m .  Af te r  5 m i n  t h e y  were cooled to  
- -70 to  --7 9 ~ a t  0.33 ~ m i n  ~ b y  a d d i n g  d r y  ice to  95 % 

e thano l .  T h e  s a m p l e s  were e i ther  m a i n t a i n e d  in e t ha no l -  
d r y  ice or t r a n s f e r r e d  d i rec t ly  to  l iquid  n i t r oge n  for 3 0 m i n  
to  25 h. For  t ha w ing ,  t he  t u b e s  were p laced  in  60 ml  
e t h a n o l  in a 200 ml  g r a d u a t e d  cy l inde r  or  in  a 15 • 150 m m  
p y r e x  t e s t  t u b e  a t  - -70  to  - -110~ T h e  cy l inder  or  
p y r e x  t u b e  w a s  t h e n  r e m o v e d  to  r o o m  t e m p e r a t u r e  a n d  
al lowed to r each  0 ~ a t  a w a r m i n g  r a t e  of a p p r o x i m a t e l y  
4 ~ m i n  -~ or 12 ~ m i n  -~. A t  0 ~ t he  t u b e s  were r e m o v e d  
to  c r u s h e d  ice and ,  as soon  as t h e  s u s p e n d i n g  m e d i u m  h a d  
t ha w e d ,  P B S ,  in t he  a m o u n t  of 0.2, 0.2 a n d  0.4 ml  w as  
a dde d  a t  1 m i n  in te rva l s .  T h e  egg s u s p e n s i o n  was  p laced  
in a w a t c h  glass  a n d  r insed  w i t h  a modi f ied  K r e b s - R i n g e r  
b i c a r b o n a t e  so lu t ion  c o n t a i n i n g  bov ine  s e r u m  a l b u m i n  for 
t he  m o u s e  eggs ~0, a n d  T y r o d e ' s  so lu t ion  c o n t a i n i n g  20% 
y h u m a n  s e r u m  (Nor th  A m e r i c a n  Biologicals,  Inc.)  for  
t he  h a m s t e r  eggs 11. Next ,  t he  w a s h e d  eggs were  i n t r o d u c e d  
r e spec t ive ly  to these  m e d i a  in w h ic h  s p e r m  were  p re incu -  
b a t e d  for 1-3 h for t h e  m o u s e ,  or  4 -5  h for t h e  h a m s t e r .  
T h e  p r e p a r a t i o n s  were t h e n  p laced in  a n  i n c u b a t o r  a t  
37~ s a t u r a t e d  w i th  5% CO 2 in air  for in v i t ro  fer t i l iza-  
t ion.  5 to 11 h a f te r  i n c u b a t i o n  t he  eggs were m o u n t e d  in 
to to  on a slide, s t a i n e d  w i th  0.25% lacmoid  1= a n d  e x a m i n -  
ed for ev idence  of fer t i l izat ion.  ' P e n e t r a t e d  eggs '  d e no t e s  
all t h e  eggs t h a t  h a d  per iv i te l l ine  s p e r m a t o z o a  a n d  t hose  
u n d e r g o i n g  fer t i l iza t ion  or fert i l ized.  T h e  eggs w h ic h  h a d  
en la rged  s p e r m  head(s)  or ma le  p ronuc leus (e i )  w i t h  
fer t i l iz ing s p e r m  tail(s) were cons idered  as ' u n d e r g o i n g  
fer t i l iza t ion ' .  

a) Mouse eggs frozen to --75 ~ and maintained at this temperature 
for 30 min before thawing. While some eggs remained normal in 
appearance, others were in a state of deterioration. • 175. b) A 
mouse egg frozen to --75~ was fertilized in vitro after thawing. 
The male and female pronuclei are visible together with the fertilizing 
sperm tail (arrow). • 240. c) A hamster ~gg frozen to --196~ was 
fertilized in vitro after thawing. This egg was polyspermie but onIy 
1 fertilizing sperm tail with its pronucleus is visible at this focal 
plane (arrow). The second polar body (PB) is present and should not 
be mistaken for a pronucleus. • 265. 
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In vitro fertilization of frozen-thawed mouse and hamster eggs 

EXPERIENTIA 32/2 

Animal Final temperature No. of eggs No. of normal No. of 
frozen eggs after normal 

thawing (%) eggs 
insemi- 
nated 

No. of eggs No. of eggs No. of eggs penetrated by more 
penetrated undergoing than one sperm 
( % ) fertilization or 

fertilized (%) TotaI Polyspermic 
(%) (%) 

Mouse 

Hamster 

--70to--79~ 569 79 (14) 75 
--196 
(liquid N~) 227 27 (12} 25 

--70to--79~ 126 119 (94) 66 
--196 
(liquid N2) 188 164 (87) 88 

19 (25) 10 (13) 8 (42) 0 

1 (4) l (4) 0 0 

65 (98) 65 (98) 65 (100) 65 (100) 

79 (90) 78 (89) 79 (100) 78 (99) 

F r o m  the  resul t s  p r e sen t ed  in t he  Table ,  i t  is c lear  t h a t  
a f t e r  f reezing a n d  t h a w i n g  only  12-14 % of t he  unfer t i l ized  
mouse  eggs appea red  to be  i n t a c t  and  n o r m a l  (Figure  a) 
and  on ly  4 - 1 3 %  of t he  a p p a r e n t l y  n o r m a l  mouse  eggs 
can  be  fer t i l ized in v i t ro  (Figure b). In  con t ras t ,  8 7 - 9 4 %  
of the  unfer t i l ized  h a m s t e r  eggs appea red  to be n o r m a l  
a f t e r  f reezing and  t h a w i n g  and  89 98% of these  eggs can  
be fer t i l ized (Figure c), b u t  po lyspermic  fe r t i l iza t ion  was 
h igh  since mos t  eggs were p e n e t r a t e d  b y  more  t h a n  5 
spe rmatozoa .  One m i g h t  specula te  w h e t h e r  t he  h igh  
p r o p o r t i o n  of h a m s t e r  eggs fer t i l ized a f te r  f reezing and  
t h a w i n g  is cor re la ted  w i t h  t he  su rv iva l  of h a m s t e r s  ex- 
posed to low t e m p e r a t u r e s  18. 

A l t h o u g h  the  r ecovery  ra t e  of n o r m a l  appea r ing  h a m s t e r  
eggs was h igh  a f te r  freezing, t he  h igh  incidence  of poly-  

s p e r m y  sugges ted  t h a t  on ly  a smal l  pe rcen t age  m i g h t  be 
capab le  of n o r m a l  cleavage.  No a t t e m p t  to  s t u d y  f u r t h e r  
c leavage  was made,  since successful  m e t h o d s  h a v e  n o t  
ye t  been  deve loped  for  c u l t u r i n g  h a m s t e r  eggs b e y o n d  the  
2-cell stage. Some n o r m a l  a p p e a r i n g  f rozen - thawed  mouse  
eggs fer t i l ized in v i t ro  h a v e  been  successful ly  cu l tu red  
b e y o n d  the  2-cell stage,  b u t  on ly  one egg deve loped  to a 
b las tocys t .  S tudies  are c u r r e n t l y  u n d e r w a y  to i m p r o v e  
t echn iques  for freezing mouse  eggs so t h a t  la rger  n u m b e r s  
of n o r m a l  eggs can  be  fer t i l ized a n d  cu l tu red  to o b t a i n  
b l a s tocys t s  for t r a n s f e r  to  p s e u d o p r e g n a n t  females.  On ly  
a f t e r  ach iev ing  t e r m  fetuses or n e w b o r n  will t he  p o t e n t i a l  
of f reezing unfer t i l ized  m a m m a l i a n  eggs be  ful ly realized.  

la A. U. SMITH, Proc. R. Soc. B147, 533 (1957). 
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Summary. In  female  r a t s  g iven  a single in j ec t ion  of 1.25 mg  5 e - d i h y d r o t e s t o s t e r o n e  d u r i n g  n e o n a t a l  life, r e a c t i v i t y  
of t he  vag ina l  mucosa  to  h o r m o n e s  was p e r m a n e n t l y  a l tered,  so t h a t  t he  rats ,  w h e n  adu l t ,  could show vag ina l  cornifi-  
ca t ion  u n d e r  t he  h o r m o n i c  cond i t ions  suppor t i ve  of d e v e l o p m e n t  of d e c i d u o m a t a  in the  u te rus .  

I t  seems to be  genera l ly  accep ted  t h a t  in  female  r a t s  
placed u n d e r  h o r m o n e  cond i t ions  which  s u p p o r t  develop-  
men'L a n d  m a i n t e n a n c e  of dec iduoma ta ,  corn i f ica t ion  of 
the  vag ina l  ep i the l ium c a n n o t  t ake  place. Whi le  s t u d y i n g  
d e c i d u o m a  f o r m a t i o n  in response  to  u t e r ine  t r a u m a  in 
a d u l t  r a t s  t r e a t e d  n e o n a t a l l y  w i t h  sex steroids,  we found  
t h a t ,  in  those  wh ich  h a d  been  ova r i ec tomized  and  t r e a t e d  
w i t h  5 e -d ihyd ro t e s to s t e rone  (DHT) d u r i n g  n e o n a t a l  life, 
d e c i d u o m a  f o r m a t i o n  in t he  u te rus  and  eorn i f i ca t ion  of 
the  ep i the l i um in t he  v a g i n a  could be  induced  s imul t a -  
neous ly  b y  a d m i n i s t r a t i o n  of p roges te rone  (P) p lus  
oestradiol-17/5 (OD) c o m b i n e d  w i t h  t r a u m a t i z a t i o n  of t he  
e n d o m e t r i u m .  

E i g h t  T - s t r a in  r a t s  ova r i ec tomized  on d a y  4 of p o s t n a t a l  
life ( the d a y  of b i r t h  = d a y  1), u n d e r  cold anaes thes ia ,  
rece ived  a single s.c. i n j ec t ion  of 1.25 m g  D H T  (Sigma 
Chemica l  Co., St, Louis,  Mo., USA)  in 0.05 ml  sesame oil 
on  d a y  5 (OX-DHT- ra t s ) ,  whi le  8 o t h e r  r a t s  l ikewise 
ova r i ec tomized  on  d a y  4 were n o t  in j ec ted  w i t h  D H T  
(OX-ra ts ) .  F r o m  d a y  60 on, b o t h  g roups  of r a t s  were 

g iven  s.C. in jec t ions  of 0.2 ~,g OD for 3 consecu t ive  days,  
followed b y  c o m b i n e d  in jec t ions  of 2 m g  P a n d  0.2 ~zg 
OD ill 0.15 ml  oil ove r  a per iod  of 7 days  c o m m e n c i n g  
2 days  a f t e r  d e p r i v a t i o n  of OD. On t h e  4 th  d a y  of P - O D  
inject ions ,  the  a n t i m e s o m e t r i a l  wal l  of t h e  r i g h t  u t e r ine  
h o r n  of each  a n i m a l  was s c r a t ched  l ong i t ud ina l l y  a long  
i ts  en t i r e  l e n g t h  w i t h  a hooked  needle  i n se r t ed  in to  i t s  
Iumen  2. The  c o n t r a l a t e r a l  u t e r ine  h o r n  was lef t  un -  
touched .  

I n  4 of t he  8 0 X - D H T - r a t s ,  t h e  v a g i n a  was p a t e n t  on 
d a y  50. Vag ina l  smears  r e m a i n e d  leucocyt ic  un t i l  d a y  60 
w h e n  OD p r i m i n g  was s t a r t ed .  E i t h e r  on  t he  d a y  of, or 
fol lowing t he  las t  in jec t ion ,  all r a t s  h a d  t he  vag ina l  
ape r tu r e  g iv ing  smears  d o m i n a t e d  b y  eornif ied cells. On 
t h e  f i rs t  1 or 2 days  of t he  7-day per iod  of P -OD injec t ions ,  
vag ina l  smears  were of t he  d ioes t rous  type ,  b u t  t h e r e a f t e r  

1 We wish to thank Prof. T. KIMOTO of Kawasaki Medical College 
for valuable advice and information. 
K. TAKEWAKI, Annotns. zool. japon. 42, 126 (1969). 


