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S T U D I O R U M  P R O G R E S S U S  

M a t e r n a l  Effects  on  I m p l a n t a t i o n  and Re la ted  
P h e n o m e n a  in the  Rabb i t  

E x t e n s i v e  i nves t i ga t i ons  h a v e  b e e n  c o n d u c t e d  o n  t h e  
morpho logy ,  a n a t o m y ,  a n d  h i s to logy  of i m p l a n t a t i o n ,  b u t  
v e r y  l i t t le  work  ha s  been  d o n e  on  t h e  gene t ic  aspec ts  of 
i m p l a n t a t i o n  in vivo.  The  q u a n t i t a t i v e  ana lys i s  of i m p l a n -  
t a t i o n  in v i v o  is b a s e d  on  t h e  e x p e r i m e n t a l  i n d u c t i o n  of 
ove rc rowd ing  in  u te ro .  O v e r c r o w d i n g  in u t e ro  c a n  be  pro-  
duced  b y  s u p e r o v u l a t i o n  or  b y  t r a n s f e r r i n g  a n  excess ive  
n u m b e r  of e m b r y o s  (fert i l ized ova)  as s h o w n  in t h e  r a b -  
b i t  1,~ a n d  mouse  ~-~. "When r a b b i t s  are  s upe r ovu l a t ed ,  
m o s t  e m b r y o s  a re  r e a b s o r b e d  a f t e r  i m p l a n t a t i o n ,  and ,  in  
c o n t r a s t  to  mice,  fewer  l iv ing  fe tuses  s u r v i ve  t h a n  a f t e r  
n a t u r a l  breeding-°,L I n  s u p e r o v u l a t e d  sheep  s a n d  c a t t l e  ~ 
w i t h  t he  inc reas ing  n u m b e r  of i m p l a n t a t i o n s ,  t h e  n u m b e r  
of s u r v i v i n g  fe tuses  r e ach ed  a cei l ing level  s o m e w h a t  a t  or  
u n d e r  four  pe r  p r e g n a n c y .  E v e r y  species seems to  h a v e  a 
'ce i l ing v a l u e '  for t h e  n u m b e r  of i m p l a n t a t i o n s  t h a t  c an  
be  m a i n t a i n e d  successful ly  t h r o u g h o u t  p r e g n a n c y .  

T h e  r a t e  of e m b r y o n i c  d e v e l o p m e n t  is a f fec ted  b y  t h e  
gene c o m p l e m e n t  of t he  zygote,  t h e  gene c o m p l e m e n t  of 
t he  m a t e r n a l  r ec ip i en t  a n d  t h e  va r i ous  gene  c o m p l e m e n t s  
of t he  u t e r i ne  l i t t e r  ma te s ,  m e d i a t e d  b y  w h a t  a p p e a r s  to  
b e  i n t r a - u t e r i n e  c o m p e t i t i o n  ~o. Species, b r eed  a n d  race 
d i f fe rences  in  fe ta l  size are b r o u g h t  a b o u t  b y  di f ferences  
in  r a t e  of cell  d iv is ion.  T h e  m a t e r n a l  d o n o r ' s  c o n t r i b u t i o n  
to  v a r i a b i l i t y  in  fe ta l  size is of g r ea t e r  i m p o r t a n c e  t h a n  
t he  p a t e r n a l  c o n t r i b u t i o n ,  a n d  i t  h a s  b e e n  e s t i m a t e d  t h a t  
50 to  75% of t he  v a r i a b i l i t y  in  fe ta l  size is due  to m a t e r n a l  
f ac to r s  xt-x~. 

Ce r t a in  m o t h e r s  h a v e  a c h a r a c t e r i s t i c  a b i l i t y  to  m a i n -  
t a i n  more  l iv ing  e m b r y o s  t h a n  o the r s ,  as s h o w n  in 
mice 14,16 a n d  swine 16. T he  sire m a y  e x e r t  a s ign i f i can t  
effect  on  the  r e p e a t a b i l i t y  of e m b r y o n i c  s u r v i v a l  in  t h e  
successive l i t t e r s  of h is  d a u g h t e r s  lL Howeve r ,  i t  is n o t  
k n o w n  w h e t h e r  t h i s  is due  to  a n  i n h e r e n t  gene t ic  f a c t o r  or  
to  m a t e r n a l  e n v i r o n m e n t .  

T h e  p u r p o s e  of t h i s  e x p e r i m e n t  was  to  s t u d y  t h e  ef fec t  
of m a t e r n a l  fac to rs  on  i m p l a n t a t i o n ,  fe ta l  s u r v i v a l  a n d  
p r e n a t a l  d e v e l o p m e n t .  Th i s  was  s tud ied  b y  rec ip roca l  
t r a n s f e r  of excess ive  n u m b e r  of e m b r y o s  in  two  p u r e - b r e d  
b r e e d s  of r abb i t s .  

Mater ia l s  and  methods. P u b e r t a l  a n d  a d u l t  N ew  Z e a l a n d  
w h i t e  a n d  Chinch i l l a  r a b b i t s  were used in th i s  i nves t i ga -  
t ion ,  O v e r c r o w d i n g  in  u t e ro  was  i n d u c e d  in t h r e e  g roups  
us ing  t h e  e m b r y o  t r a n s f e r  t e c h n i q u e .  Rec ip roca l  t r a n s f e r  
of e m b r y o s  b e t w e e n  t h e  two  b reeds  was  p e r f o r m e d  as 
fol lows:  G r o u p  I,  e m b r y o s  f rom N ew  Z e a l a n d  donor s  were 
t r a n s f e r r e d  in to  New Z e a l a n d  rec ip ients .  G r o u p  I I ,  em-  
b r y o s  f rom New Z e a l a n d  donor s  were  t r a n s f e r r e d  in to  
Ch inch i l l a  rec ip ients .  G r o u p  I I I ,  e m b r y o s  f rom Chinch i l l a  
donor s  were  t r a n s f e r r e d  i n to  N ew  Z e a l a n d  rec ip ien ts .  

D o n o r s :  T h e  d o n o r s  were t r e a t e d  w i t h  150 to  200 I U  of 
p r e g n a n t  m a r e ' s  s e r u m  (PMS,  E q u i n e x ,  Ayers t )  a n d  50 I U  
of h u m a n  chor ion ic  g o n a d o t r o p i n  (HCG, U p j o h n )  t o  in-  
duce  s u p e r o v u l a t i o n .  P M S  was  i n j ec t ed  s u b c u t a n e o u s l y ,  
a n d  t h e  l a s t  dose was g iven  48 or  72 h before  b reed ing ,  
a n d  H C G  was  i n j ec t ed  i n t r a v e n o u s l y  a t  t h e  t i m e  of b reed-  
ing. T h e  donor s  were  b r e d  to  t w o  fer t i le  b u c k s  of t h e  s ame  
b r e e d  as  t h e  doe, a n d  a u t o p s i e d  40 to  50 h pos t  c o i t u m  
(pc). T h e  u t e r i n e  t u b e s  were  f lushed  w i t h  n o r m a l  phys io -  
logical  sa l ine  a n d  t he  e m b r y o s  in  t h e  f lush ings  were  ex-  
a m i n e d  mic roscop ica l ly  ( ×  99) for  n o r m a l i t y  of deve lop-  
m e n t ;  t h e  m a i n  c r i t e r ion  b e i n g  t h a t  t h e y  s h o u l d  h a v e  
r e a c h e d  t h e  8- to  16-cell s tage .  U n f e r t i l i z e d  o v a  a n d  em-  
b r y o s  showing  r e t a r d e d  c l eavage  were  d i scarded .  T w o  to  

four  donors  were a u t o p s i e d  a t  one  t ime  a n d  all t h e  n o r m a l  
e m b r y o s  col lec ted  in one covered  w a t c h  glass. P e n d i n g  
t r ans fe r ,  t he  e m b r y o s  were  he ld  a t  r o o m  t e m p e r a t u r e ;  t h e  
i n t e r v a l  b e t w e e n  e m b r y o  r e c o v e r y  a n d  s u b s e q u e n t  t r a n s -  
fer r a n g e d  f rom 15 to  60 min .  

Rec ip i en t s :  A t  t h e  s ame  t i m e  as t he  d o n o r s  were m a t e d ,  
t h e  r ec ip ien t s  were i nduced  to o v u l a t e  w i t h  a n  i n j ec t i on  of 
15 I U  of HCG. Two d a y s  a f t e r  t h e  H C G  in jec t ion ,  20 to  
40 t w o - d a y - o l d  e m b r y o s  we re  t r a n s f e r r e d  to  each  of t h e  
u t e r i n e  t u b e s  v ia  a f l ank  l a p a r o t o m y .  Asep t ic  t e c h n i q u e s  
were  used  in all  o p e r a t i v e  procedures .  

A t  9 days  pc, a mid l ine  l a p a r o t o m y  was p e r f o r m e d  on 
t h e  rec ip ien t s  a n d  t h e  n u m b e r ,  d i ame te r ,  a n d  spac ing  of 
f i ter ine  swell ings recorded.  T h e  r ec ip i en t s  were  a u t o p s i e d  
a t  29 d a y s  pc  a n d  t he  w e i g h t  a n d  sex  of v i a b l e  fe tuses  were 
recorded .  T h e  s i te  of v i ab l e  a n d  d e g e n e r a t i n g  fe tuses  was  
iden t i f i ed  w i t h  r e spec t  to  t h e  i m p l a n t a t i o n  s i tes  r eco rded  
a t  9 days  pc. The  we igh t  of the  p l a c e n t a  was r eco rded  for  
e ach  v i ab l e  a n d  m u m m i f i e d  fetus .  

Resul ts .  T h e  n u m b e r  of co rpo ra  l u t e s  in  r ec ip i en t s  
a u t o p s i e d  a t  29 d a y s  pc  va r i ed  f rom 8 to  25 a n d  t he  
a v e r a g e  n u m b e r  of co rpo ra  l u t ea  pe r  g roup  was 12 w i t h  
no  s ign i f i can t  d i f ference in the  o v u l a t i o n  r a t e  of t he  two  
breeds .  

I m p l a n t a t i o n  c a p a c i t y :  I m p l a n t a t i o n  c a p a c i t y  is indi -  
c a t e d  b y  t h e  n u m b e r  of i m p l a n t a t i o n s ,  p e r  u t e r i n e  h o r n  o r  
pe r  l i t te r ,  ms d e t e r m i n e d  b y  l a p a r o t o m y  a t  9 d a y s  pc  
(Table  I). The  n u m b e r  of i m p l a n t a t i o n s  pe r  u t e r i n e  h o r n  
v a r i e d  f r o m  3 to 27, whe rea s  t h e  n u m b e r  of i m p l a n t a t i o n s  
pe r  l i t t e r  va r i ed  f rom 11 to  50. T h e  a v e r a g e  n u m b e r  of 
i m p l a n t a t i o n s  pe r  l i t t e r  in  g roups  I ,  I I ,  a n d  I I I  was  33, 
42, a n d  34 respec t ive ly .  T h e  Ch inch i l l a  b r e e d  h a d  signif i-  
c a n t l y  h i g h e r  i m p l a n t a t i o n  c a p a c i t y  as c o m p a r e d  w i t h  
t h e  New Z e a l a n d  breed.  

T h e  p e r c e n t a g e  of i m p l a n t a t i o n s  w i t h  a d i a m e t e r  of 
11 m m  or less o n  d a y  9 pc  v a r i e d  f r o m  27 to  39. The re  was  
a t r e n d  to  i nd i ca t e  t h a t  t h e  p e r c e n t a g e  of these  unde r s i zed  
i m p l a n t a t i o n s  was  h i g h e r  w h e n  Chinch i l l a  e m b r y o s  were  
t r a n s f e r r e d  i n to  New Z e a l a n d  rec ip ients .  I n  genera l ,  t h e  
d i a m e t e r  of i m p l a n t s  was  s ign i f i can t ly  r educed  in over-  
c rowded  uter i .  

T h e  d i a m e t e r  of i m p l a n t s  a t  9 days  pc w h i c h  were repre -  
s e n t e d  b y  v i a b l e  fe tuses  a t  29 d a y s  pc v a r i e d  f rom 8.3 to  
19.0 m m  i r re spec t ive  of t h e  b r e e d  a n d  degree  of c rowd ing  
of t he  u te rus .  
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Fe ta l  surv iva l :  The n u m b e r  of viable fetuses as a per- 
cen tage  of t o t a l  n u m b e r  of recovered fetuses a t  20 days  pc 
va r i ed  f rom 66 to  85 (Table II) .  The percentage  of fetal 
su rv iva l  was s ignif icant ly  h igher  in the  New Zealand 
rec ip ients  t h a n  in the  Chinchil la ones. The number  of 
v iable  fe tuses  per  l i t t e r  var ied f rom 6.5 to 7.9 wi th  no 
s igni f icant  difference be tween  breeds.  The m a x i m u m  num- 
be r  of v iable  fe tuses  was 11 per  u ter ine  horn  and  16 per  
l i t t e r ;  these  values  are s l ight ly h igher  t h a n  those  usually 
o b t a i n e d  in na tu ra l ly  b red  does of corresponding breeds 
of recipients .  I t  would  appea r  t h a t  t ransferr ing a large 
n u m b e r  of e m b r y o s  m a y  cause an increase in the  tota l  
l i t t e r  size a t  29 days  pc. 

The m a j o r i t y  of p r e n a t a l  dea ths  occurred following im- 
p l an t a t ion .  However ,  the re  was a cer ta in  percentage  of 
ear ly  and  late  fetal  dea th .  Ea r ly  embryonic  mor ta l i ty  is 
ca lcu la ted  as t h e  n u m b e r  of p lacen ta l  r emnan t s  a t  29 days 
pc as a pe rcen tage  of imp lan t a t i ons  a t  9 days pc. Most 
of t he  ear ly  embryon ic  dea ths  seemed to have occurred 
10 to  13 days  pc. E a r l y  embryonic  dea th  varied from 
64 to  73%. There  was no special  p a t t e r n  for the  distr ibu- 
t ion  of v iable  fe tuses  in re la t ion to  degenera t ing fetuses 
(Figure 1). 

F e t a l  a n d  p lacen ta l  we igh t :  Fe t a l  weight  a t  29 days  pc 
wh ich  r anged  f rom 11.3 to  64.0 g showed wide variat ion 
w i t h i n  t he  same l i t te r  and  be tween  the  two breeds 
(Figure  2). The  we igh t  of the  p lacenta  of viable fetuses 
r anged  f rom 2.0 to  8.8 g. There  were no significant breed 
differences  in fe ta l  and  p lacen ta l  weights.  There was a 

t r end  to indicate  t h a t  more  males  t h a n  females  surv ived  
in the  overcrowded uteri,  

Discussion. The results  indica ted  t h a t  in the  Chinchil la 
breed, the  implan ta t ion  capac i ty  was h igher  and  the  per-  
centage of fetal survival  was lower t h a n  in the  New Zea- 
land breed. The l i t ter  size and  fetal  weight  were no t  sig- 
nif icantly different  in the  two breeds.  I t  seems t h a t  dif- 
ferences in implan ta t ion  capac i ty  are pa r t l y  due  to  genet ic  
differences in the  morphological  and  physiological  in- 
tegr i ty  of the  uterus,  e.g. the  leng th  of the  u ter ine  horns  
and the dcgree of deve lopmen t  and secre tory  ac t iv i ty  of 
the endometr ium.  The n u mb e r  of implan ta t ions ,  in an 
overcrowded uterus,  is control led by  the  avai lable  u te r ine  
space ~s. 

The wide variabi l i ty  in imp lan ta t ion  capac i ty  of indi-  
viduals in the  same group may  be due to ma te rna l  genet ic  
factors. FEKETE 1~ s tudied  implan ta t ion  in two inbred  
strains of mice and found t h a t  there  was no difference in 
the viabil i ty of eggs of dba  and  C~7 black s t ra ins  and  t h a t  
the  uterine env i ronment  of the  C~7 black mice was more  
favorable for deve lopment .  In  mice, inbreeding causes ,x 
reduct ion in pre- implan ta t ion  loss wi thout  any  dele ter ious  
effect on ovulat ion ra te  or pos t - implan ta t ion  mor ta l i ty  2°. 
Individual  variat ion may  be also due to var iabi l i ty  in t he  

IS E .  S .  E ,  H A F E Z ,  J .  exp. Zool. 156, 269 ( 1 9 6 4 ) .  
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Table I. Effect of breed on implantation and related phenomena in overcrowded uteri as measured 9 days post coitum 

Group I I I I 11 

Breed of donor New Zealand New Zealand Chinchilla 
Breed of recipient New Zealand Chinchilla New Zealand 

Items Range Mean Range Mean Range Mean 

No. of corpora lutea (R) 4-14 7 3-9 6 3-9 5 
No. of corpora lutea (L) 3-11 6 5-9 6 3-9 6 
No. of corpora lutea (both) 8-25 12 8-16 12 9-14 11 
Total no. of embryos transferred - 749 - 874 - 880 
No. of implantations (R) 3-26 15.8 15-27 22 8-22 17 
No. of implantations (L) 5-24 17.3 15-25 20 8-23 17 
No. of implantations (both) 11-50 33.1 30-50 42 23-44 34 
% Implantation - 44 - 57 - 47 
% Implantation with diameter less 
than 11.1 mm - 27 - 20 39 
Diameter of all implants (mm) 3.4-25.5 11.8 3.2-26.0 13.0 3.0-20.1 I 1.7 
Diameter of implants producing 
viable fetuses at 29 days post eoitum 8.4-16.1 13.1 10.1-17.9 14.2 8.3-19.0 14.0 

Table II. Fetal survival, prenatal mortality and fetal development as measured 29 days post coitum 

Group I I I I I I 

Items Range Mean Range Mean Range Mean 

Total no. of fetuses - 85 
% Viable fetuses - 85 
No. of viable fetuses/doe (R) 0-7 3.8 
No. of viable fetuses/doe (L) 1-8 3.4 
No. of viable fetuses/doe (both) 3-15 7.2 
% of early embryonic mortality]doe~ 9-94 64 
% of total prenatal mortality/doe u 27-94 69 
% Males within viable fetuses - 67 
Fetal weight (g) 29.3-42.3 36.4 
Placental weight (g) 3.8-5.8 4.9 

- 1 3 1  - 9 7  

- 6 6  - 80 
1-11 3.4 0-11 4.0 
1-6 4.5 0-7 2.5 
2-16 7.9 0-14 6.5 
44-100 73 35-100 71 
59-100 82 39-101~ 76 
- 6 2  - 51 
20.3-53.1 36.2 11.3-64.0 33.5 
2.4-7.9 4.7 2.0-8.8 4.5 

Implants degenerating following implantation reprcsented at 29 days pc as placental remnants, b Implants not rcpresented by viable 
fetuses at 29 days pc. 
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Fig. 1. Diagrammatic illustration to show the relationship between overcrowding in utero implantations at 9 days post coitum and 
fetal survival at 29 days post coitum in groups II and lII. There was reciprocal transfer of embryos between the Chinchilla and New 
Zealand breeds. Note that the location of the fetus along the uterine horn had no effect on the survival or weight of fetuses. The figures 

within the circles indicate the fetal weight at 29 days post eoitum. 

Fig. 2. Viable fetuses recovered from Group II at 29 days post coitum 
from one uterine horn. Note the great variability in weight. 

degree of d e v e l o p m e n t  of endomet r i a l  g lands  or u ter ine  
vascula ture .  MYERS and  POOLE *l r epo r t ed  t h a t  t he  
domes t i c  r ab b i t  exh ib i t s  es t rous  cycle p a t t e r n s  eve ry  
four  to  six days.  This  var iab i l i ty  m a y  be responsib le  
for ind iv idua l  dif ferences  in i m p l a n t a t i o n  capac i ty ;  t h e  
response  a t  one s tage of t he  cycle m a y  be d i f fe rent  f rom 
t h a t  a t  a d i f fe ren t  s tage.  

Each  uter ine  ho rn  can  sus ta in  a l imi ted  n u m b e r  of 
viable  fetuses  to full t e rm.  The n u m b e r  of live fetuses  
per  u te r ine  horn  showed  li t t le d i f ference b e t w een  two  
breeds ,  there  being a ma rk ed  rise in embryon ic  mor-  
t a l i ty  as c rowding  increased.  The  m a x i m u m  n u m b e r  
of live fe tuses  obse rved  in one  horn  was  eleven, Ind i -  
v idual  d i f ferences  in the  cap ac i t y  of the  u te r ine  ho rn  
to  car ry  viable  fetuses  m a y  be re la ted  to morphologica l  
or b iochemica l  dif ferences  in t he  u te rus  wh ich  undergoes  
proh)und  changes  in order  to a c c o m m o d a t e  the  rap id ly  
growing fetuses  dur ing  p regnancy .  Since m o s t  of t he  pre-  
na t a l  loss occurred  i m m e d i a t e l y  following imp lan t a t i on ,  
the  effect  of overc rowding  on fetal  weigh t  a t  29 days  pc 
had  been  reduced .  In  genera l  the  fetal  weigh t  is pos i t ive ly  
re la ted  to  p lacen ta l  weigh t  and  nega t ive ly  re la ted  to  l i t t e r  
size. Thus  the  degree of ove rc rowding  affected  fe ta l  
weight .  On the  o the r  hand ,  the  locat ion of the  fe tus  in 
u tero  and the  degree of p r o x i m i t y  of viable fetuses in u tero  
did no t  inf luence fetal  weight .  

The  con t r ibu t ion  of a pa r t i cu la r  d o n o r  female or male  
was no t  cons idered  in the  e x p e r i m e n t a l  design.  The magni -  
t ude  of var iance  in i m p l a n t a t i o n  and  feta l  d e v e l o p m e n t  
migh t  have  been  inf luenced by  an ' e n h a n c e m e n t '  effect  to 
lotuses developing  in sepa ra te  u te r ine  horns  of a g iven 
rec ipient .  Dur ing  an  e x p e r i m e n t  w i th  t h e  r a b b i t  22, ~a, i t  
was n o t e d  t h a t  when  genet ica l ly  large and  genet ica l ly  

Zl K. MYERS and W. E. POOLE, Nature, Loud. 195, 358 (1962). 
z~ R. A. BEATTY, Res. Report 1952-54 (Ed.: C. H. ~VADDINGTOt¢; 

Inst. Anim. Genet., Edinburgh 1955), p. 25. 
2s R. A. BEATTV, J. Genet. 55, 325 (1957). 
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smal l  of fspr ing  were b o r n  in t h e  same  l i t ters  a f te r  he tero-  
spe rmic  i n semina t i on ,  t h e  ave rage  difference in b i r t h  
w e i g h t  b e t w e e n  t h e m  was g rea te r  t h a n  when  t hey  were 
conce ived  in  d i f fe ren t  l i t t e r s  a f t e r  homospe rmic  insemina-  
t ion .  T h e  e n h a n c e m e n t  effect  is p r e s u m e d  to be  due to  
in  u t e ro  c o m p e t i t i o n  b e t w e e n  fetuses  resu l t ing  in a dis- 
p r o p o r t i o n a t e l y  large  gain  in  we igh t  b y  those  h a v i n g  a 
s l i gh t  a d v a n t a g e  ove r  t h e i r  l i t t e r -mates .  

T h e  in f luence  of l i t t e r  size o n  fe ta l  size is mani fes ted  
t h r o u g h  a local  effect  a n d  a genera l  effect2L The  local 
ef fec t  refers  to  a n  in f luence  on  t he  g rowth  of a fe tus  deter -  
m i n e d  b y  the  p resence  of o t h e r  ind iv idua ls  w i th in  t he  
s ame  horn .  Gene ra l  effect  refers  to  an  inf luence of o the r  
i nd iv idua l s  in  t h e  u t e r u s  ; i t  is i n d e p e n d e n t  of the i r  distr i -  
b u t i o n  b e t w e e n  t he  horns .  Thus ,  an  increase  in t he  num-  
be r  w i t h i n  t h e  s a m e  h o r n  could h a v e  b o t h  local and  
genera l  effects on  t he  fetus,  whereas  a n  increase in the  
n u m b e r  in  t h e  o t h e r  h o r n  could  h a v e  on ly  a general  effect. 

MCLAREN a n d  MICHIE z5 p resen ted  evidence  which  
shows t h e  i n a d e q u a c y  of t he  classical  exp l ana t ion  of the  
effect  of l i t t e r  size on  fe ta l  weight ,  viz. t h a t  the re  is only 
a l imi ted  pool  of n u t r i e n t  in t he  m a t e r n a l  blood for which 
t h e  fe tuses  compe te ,  so t h a t  t he  more  fetuses the re  are, 
t h e  less n u t r i e n t  t h e r e  is for each.  In  species in which  the  
y o u n g  are b o r n  a t  a r e l a t i ve ly  a d v a n c e d  stage of develop-  
m e n t ,  however ,  c o m p e t i t i o n  for  n u t r i e n t s  m a y  still  p lay  a 
pa r t ,  p a r t i c u l a r l y  in  t h e  l a t e r  s tages  of p regnancy .  I n  
t h i s  respect ,  t h e  resu l t s  of HEALY et  al, 26 were expla ined  
b y  t h e  t h e o r y  t h a t  t h e  chief  fac to r  r egu la t ing  fetal  g rowth  
is t he  p ressu re  a t  wh ich  m a t e r n a l  b lood is suppl ied  to the  
p l acen t a .  I n  t h e  r a b b i t ,  t h e  n u m b e r  of m a t e r n a l  a r te r ia l  
vessels  w h i c h  p e n e t r a t e  i n to  t he  m a t e r n a l  p l acen ta  var ies  
f r o m  4 to 12 w i t h  a n  ave r age  of 8, whereas  t he  n u m b e r  of 
m a t e r n a l  v e n o u s  vessels  va r i e s  f rom 1 to 6 w i th  a n  

ave rage  of 3 ~7. This  m a y  exp la in  the  m a r k e d  in te r -  a n d  
in t r a - l i t t e r  va r i ab i l i t y  in fe ta l  we igh t  ~s. 

Zusammen/assung. I n t r a u t e r i n e  E m b r y o n e n t i b e r f r a c h -  
t u n g  wurde  expe r imen te i l  d u r c h  13ber t ragung  yon  
N e u s e e l g n d e r - S p e n d e r k a n i n c h e n  in Neusee l~nder -  u n d  
Chinchi l la -Empf~ingerkaninchen ,  yon  Ch inch i l l a -Spender -  
kan inchen  in N e u s e e l g n d e r - E m p f g n g e r k a n i n c h e n  e r re ich t .  
Die Empfgnge r t i e r e  w u r d e n  9 Tage  n a e h  13egat tung zur  
Pr i i fung  de r  I m p l a n t a t i o n  u n d  29 Tage  d a n a c h  zu r  Be-  
u r te i lung  des f6 ta len  E n t w i c k l u n g s z u s t a n d e s  erOffnet  
bzw. abge t6 te t .  C h i n c h i l l a - K a n i n c h e n  ze ig ten  e r h 6 h t e  
I m p l a n t a t i o n s k a p a z i t g t  u n d  ve r r inge r t e s  f6ta les  0 b e r -  
leben gegent iber  den  Neusee lgndern .  
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E x t r a c t i o n  a n d  A n a l y s i s  o f  H i s t o n e  P r o t e i n  f r o m  

t h e  R o o t s  of  T h r e e  P l a n t  S p e c i e s  

Introduction. T h e r e  is l i t t l e  d o u b t  t h a t  h i s tone  is an  im- 
p o r t a n t ,  a l t h o u g h  poss ib ly  n o n - p e r m a n e n t ,  c o m p o n e n t  of 
ch romosomes .  S t a in ing  t e c h n i q u e s  x a n d  e x t r a c t i o n  pro- 
cedures2  s u p p o r t  i ts  p resence  in t he  nucleus.  Several  re- 
c en t  i nves t i ga t i ons  h a v e  impl i ca t ed  h i s tone  in cell me tab -  
olism, a n d  p a r t i c u l a r l y  in  t h e  r egu la t ion  of gene ac t ion  s, 
i n d i c a t i n g  t h a t  i t  p l ays  more  t h a n  a pure ly  s t r u c t u r a l  role 
in  c h r o m o s o m e  o rgan i za t i on .  W h e r e a s  m e t h o d s  for t he  
e x t r a c t i o n  of his tor ic  h a v e  been  deve loped  for an ima l  
cells, i t s  l oca t ion  in  p l a n t  ceils ha s  been  revea led  p r imar i ly  
b y  c y t o c h e m i e a l  m e t h o d s ,  a n d  a l t h o u g h  h i s tone  ha s  been  
c h a r a c t e r i z e d  in  a n u m b e r  of  a n i m a l  species 4, less in- 
f o r m a t i o n  of a c o m p a r a b l e  n a t u r e  is ava i l ab le  for p lan ts .  

Consequen t ly ,  a n d  because  of t h e i r  a d v a n t a g e s  for 
c h r o m o s o m a l  s tudies ,  t h r e e  p l a n t  species, Allium cepa, 
Pisum sativum, a n d  Vicia/aba, h a v e  been  e x a m i n e d  for 
t h e i r  h i s t o n e  c o n t e n t .  I n  a t t e m p t i n g  to de t e rmine  w h e t h e r  
m e t h o d s  used  for  t h e  i so la t ion  of whole  h i s tone  f rom ani-  
m a l  cells were  app l i cab le  to  p l a n t  cells, several  t echniques  
were  employed .  P rocedures  invo lv ing  ex t r ac t ion  wi th  
va r ious  c o n c e n t r a t i o n s  of NaC1 or d i lu te  alkal i  were used 
to  i so la te  nuc leopro te in .  Fol lowing r em ova l  of nucleo- 
p ro te in ,  h i s t one  was s e p a r a t e d  f rom t he  complex  b y  
0.2 N HC1, b y  ch lo ro fo rm (produc ing  a ch loroform-pro te in  
gel), or  b y  s a t u r a t i n g  a n  aqueous  so lu t ion  of nucleopro-  

te in  wi th  NaC1. One of the  several  me thods  o r ig ina l ly  used 
wi th  calf t h y m u s  was found to be bes t  su i ted  for ex t rac -  
t ion  of h is tone  from p l an t  cellsL The  p rocedures  were 
mild, rapid,  and  re la t ively  s t r a igh t fo rward .  

Materials and methods. His tone  ex t r ac t i ons  were m a d e  
from seedling roots  of Allium cepa var .  S o u t h p o r t  W h i t e  
Globe 6, Pisum sativum vaT. Alaska  6, a n d  Vicia/aba var .  
Seville Longpod,  Roo t  t ips  ave rag ing  5 m m  in l e n g t h  
were excised, weighed, and  placed in dist i l led w a t e r  a t  
4°C. ( I t  is essent ia l  t h a t  e x t r a c t i o n  s teps  be  pe r fo rmed  a t  
t empe ra tu r e s  unde r  5°C.) T h e y  were g r o u n d  in 90 m l  
disti l led wa te r  for 30 sec in a b l e n d e r  a t  low speed,  a n d  
d i s rup t ion  of t he  cells was  comple ted  in a glass h o m o g -  
enizer. The  m e t h o d  of CRAMPTON e t  al. 8 was  fol lowed in  
all  ex t r ac t i ons  s u m m a r i z e d  in F igu re  I .  F o r  t h e  in i t ia l  
s tep  homogenized  roots  of pea  a n d  on ion  were  t r e a t e d  
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