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Table 2 
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Plants L. fruits Normal Deformed Sterile Total R. fruits Normal Deformed Sterile Total 
observed examined seeds seeds seeds examined seeds seeds seeds 

21 115 2104 181 773 3058 297 4979 410 2338 7727 
18.30 1.57 6.72 26.59 16.76 1.38 7.87 26.01 

FSL-plants 
Total 
Mean 

FSR-plants 
Total 
Mean 

30 426 7192 542 2792 10526 196 3766 278 1172 5216 
16.88 1.27 6.55 24.71 19.21 1.42 5.98 26.61 

FSR, foliar spiral right; FSL, foliar spiral left. 

d a t a  using a para l le l -sample  chi -square  test .  The com- 
par ison be tween  the  n u m b e r  of d i f ferent  t ypes  of f rui ts  
for le f t - twis t ing  and r igh t - twis t ing  flowers of lef t -spiral led 
p lan t s  yie lded a chi -square  value of 26.70 (d.f. = 2) which  

is s ignif icant  a t  the  5% level. Corresponding chi-square  
value for the  o the r  group is 35.24 (d.f. = 2), which  is also 
s ignif icant  a t  t he  5% level. These  tes t s  thus  suppor t  the  
conclusions drawn.  

Uter ine  f luid f r o m  p r o g e s t e r o n e  treated  rabbi t s  c o n t a i n s  s u b c e l l u l a r  m e m b r a n e s  

B. K. Davis  1 

Worcester Foundation for Experimental Biology, Shrewsbury (Massachusetts 01545, USA), 12 July 1977 

Summary. Uter ine  fluid f rom proges te rone  t r e a t ed  rabb i t s  was shown to be rich in subcel lular  m e m b r a n e  componen t s  
consis t ing of vesicles and  cilia-like f ragments .  In  cont ras t ,  u ter ine  fluid f rom u n t r e a t e d  does lacked subcellular  mem- 
branes.  Thus,  t h e y  arise when  uter ine  spe rm capac i t a t ion  abi l i ty  is suppressed.  

Admin i s t r a t i on  of p roges te rone  to female r abb i t s  inhibi ts  
in t ra -u te r ine  spe rm capaci ta t ion~,  which  is an essent ial  
p re -condi t ion  for fer t i l iza t ion in th is  species and  o ther  
m a m m a l s  3. Likewise,  r abb i t  spe rma tozoa  fail to achieve 
fert i l izing capac i ty  dur ing  incuba t ion  in the  proges te rone-  
d o m i n a t e d  u te rus  of a p s e u d o p r e g n a n t  doe 4, 5. The cause 
of this  an t i - fe r t i l i ty  act ion by  the  s teroid is unknown.  
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Fig. 1. Shows the OD profile at 280 nm of uterine fluid from pro- 
gesterone treated rabbits after ultracentrifugation on a sucrose 
density gradient. The uterine fluid (6.0 ml) flushed with saline from 
2 does was layered above zones of 17 ml 40 (w/v) % and 5 ml 60 (w/v) 
% sucrose, and centrifuged at 110,000 • g for 16 h. A sedimentable 
fraction, which appeared cloudy, was arrested by the 60% sucrose 
zone. Nonsedimentable material at the top of the gradient was 
clear indicating large rapidly sedimenting components had been 
removed. 

In  a series of expe r imen t s  unde r t aken  in this  labora tory ,  
it  has  been  shown t h a t  m e m b r a n e  vesicles occurr ing in 
seminal  p lasma revers ib ly  inh ib i t  the  ferti l izing po ten t i a l  
of u ter ine  capac i t a t ed  rabb i t  spermatozoa~-% This  com- 
munica t ion  now shows t h a t  subcel lular  m e m b r a n e s  occur 
in rabb! t  u te r ine  fluid following proges te rone  t r e a t m e n t .  
Mature  female rabbi ts ,  New Zealand strain,  w i th  proven  
fer t i l i ty  were ob ta ined  f rom a local breeder.  These animals  
weighed f rom 4.0 to  5.0 kg. To faci l i ta te  col lect ion of 
u ter ine  fluid, each u te r ine  horn  was l igated a t  i ts  cervical  
and oviducta l  ends.  Dur ing  l igat ion the  does were anes-  
the t i zed  b y  i.v. in jec t ing  30 mg of sod ium pen toba rb l t a l / kg  
b.wt .  P roges te rone  (Sigma), suspended  in sesame oil, was 
s.c. in jec ted  at  a dose of 25 m g / d a y  for 14 days.  Control  
animals  were in jec ted  wi th  sesame oil alone. 1 day  before 
au topsy ,  the  does received 75 IU  of h u m a n  chorionic  
g o n ad o t ro p h i n  (Squibb) by  i.v. inject ion.  Each  uter ine  
horn  was f lushed wi th  3 ml  of isotonic saline f rom a 10 ml  
glass syringe wi th  a b lun t  No. 16 needle,  which  was in- 
ser ted into the  u terus  t h ro u g h  the  cervix. The fluid 
ob ta ined  was cen t r i fuged  a t  1000 x g for 30 rain to  remove 
any  cells. The resul t ing  s u p e r n a t a n t  was placed on a 
sucrose dens i ty  g rad ien t  and cen t r i fuged  at  110,000 • g 
for 16 h in an SW27 ro to r  (Beckman) a t  4 ~ Fol lowing 
cen t r i fuga t ion  the  cellulose n i t r a t e  tube  conta in ing  the  
sucrose g rad ien t  p r epa ra t i on  was p u n c t u r e d  wi th  a needle 
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A B 
Fig. 2. Electron mierographs showing a rapidly sedimenting fraction from uterine fluid of progesterone administered does. A Low magnifi- 
cation, B high magnification. 

a t  i ts  base.  F r ac t i ons  of 1 ml  were col lected dropwise  f rom 
the  b o t t o m  of the  t u b e  and  t h e n  assessed for OD a t  
280 nm.  The  f rac t ions  t h a t  co r re sponded  to a peak  of 
a b s o r b a n c e  were pooled,  d ia lyzed  in Visk ing  t u b i n g  for 
a b o u t  12 h aga ins t  1000 vo lumes  buffer  (0.1M Is 0.01M 
Tris,  p H  7.4), and  s u b s e q u e n t l y  s ed imen ted  a t  110,000 • g 
in a t i t a n i u m  50 ro to r  for 4 h. The  pe l le t  o b t a i n e d  was 
f ixed w i th  2% OsO 4, and  s t a ined  w i t h  20% u r a n y l a c e t a t e  
and  0.5~o lead c i t ra te .  Th in  sect ions  f rom the  E p o n  (Ladd) 
e m b e d d e d  pe l le t  were p r e p a r e d  w i th  a glass b lade  micro-  
t o m e  a n d  e x a m i n e d  u n d e r  a n  e lec t ron  microscope  (Zeiss, 
model  EM9S2).  
U te r i ne  fluid f rom p roges t e rone  t r e a t ed  does was c loudy  
in a p p e a r a n c e  sugges t ing  t h a t  i t  c o n t a i n e d  large, l igh t  
s ca t t e r i ng  par t ic les .  I n  con t r a s t ,  u n t r e a t e d  does h a d  clear  
fluid. U l t r a c e n t r i f u g a t i o n  on a sucrose dens i t y  g r a d i e n t  
revea led  the  presence  of a r ap id ly  s e d i m e n t i n g  f rac t ion  in 
u te r ine  f luid f rom does g iven  proges terone .  F igure  1 shows 
the  OD profi le  o b t a i n e d  a f t e r  c en t r i f uga t i on  of u te r ine  
f luid f rom s tero id  t r e a t e d  an ima l s  on  a d i s con t inuous  
sucrose g rad ien t .  The  s e d i m e n t e d  f r ac t ion  in th i s  den s i t y  
g r ad i en t  c o n t a i n e d  11.7 m g  pro te in ,  as d e t e r m i n e d  b y  the  
m e t h o d  of L o w r y  1~ Th i s  r ep re sen t ed  1/5 of t he  t o t a l  
p ro te in .  Since the  f luid p laced  on th i s  g r a d i e n t  was ob-  
t a i n e d  b y  f lush ing  the  u te r i  of 2 does, t he re  were 2.9 m g  
of s e d i m e n t a b l e  p ro t e in  pe r  u t e r ine  horn .  Af te r  cen t r i -  
fuga t ion  on a l inear  20 to 60 (w/v)% sucrose g r a d i e n t  a t  
110,000 • g for 16 h a t  4 ~ a b r o a d  peak  was obse rved  
w i t h  a moda l  dens i ty  of 1.2 g /cm 3. In  o the r  expe r imen t s ,  a 
m e m b r a n e  f r ac t ion  w i t h  lower dens i ty  ( abou t  1.15 g/cm 3) 
ha s  also been  obse rved  a f t e r  s e d i m e n t a t i o n  of u te r ine  

f luid f rom proges te rone  a d m i n i s t e r e d  does. U t e r i n e  f luid 
f rom u n t r e a t e d  does showed no  ev idence  of c o n t a i n i n g  a 
r ap id ly  s e d i m e n t i n g  f ract ion.  
An  e lec t ron  microscopic  e x a m i n a t i o n  of t h i n  sec t ions  
t h r o u g h  a pe l le t  of the  r ap id ly  s e d i m e n t i n g  f r ac t ion  in 
u t e r ine  f luid of p roges te rone  a d m i n i s t e r e d  rabb i t s ,  de-  
m o n s t r a t e d  t h a t  i t  was  r ich  in subce l lu la r  m e m b r a n e s  
(figure 2A). I t  can  be seen f rom f igure  2A t h a t  t h e y  are 
m a i n l y  spher ica l  vesicles or t u b u l a r ,  cil ia-like en t i t ies .  
I n s p e c t i o n  of these  r a b b i t  u t e r ine  f luid c o m p o n e n t s  a t  
h igh  magn i f i ca t i on  (figure 2B) revea ls  t h e y  are b o u n d e d  
b y  a single m e m b r a n e  showing  a t y p i ca l  t r i - l a m i n a r  
s t a in ing  p a t t e r n  t h a t  ap p ea r s  80 to 90 n m  th ick .  Most  of 
these  m e m b r a n e  f r a g m e n t s  can  be seen to exceed 1000 n m  
in size. T h e y  are the re fore  larger  t h a n  p rev ious ly  desc r ibed  
m e m b r a n e  vesicles occurr ing  in r a b b i t  s emina l  p l a s m a  7. 
In  v iew of t h e  i n h i b i t o r y  effect  of m e m b r a n e  vesicles in 
semina l  p l a s m a  on spe rm fer t i l iz ing capaci ty~-9,  i t  seems 
possible  t h a t  subce l lu la r  m e m b r a n e  c o m p o n e n t s  p r e s e n t  
in  u t e r ine  f luid a f t e r  p roges t e rone  t r e a t m e n t  m a y  also 
impede  spe rm capac i t a t ion .  Th i s  would  p ro v i d e  a s imple  
e x p l a n a t i o n  for the  inab i l i t y  of the  p roges t e rone -domi -  
n a t e d  u t e rus  to  p r o m o t e  express ion  of spe rm fer t i l iz ing 
capac i ty ,  a n d  it the re fore  deserves  f u r t h e r  i nves t iga t ion .  

10 O.H. Lowry, N. J. Rosebrough, A. L. Farr and R. J. Randall, 
J. biol. Chem. 793, 265 (1951). 


