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were d iv ided  in to  t he  fol lowing groups  accord ing  to  t he i r  
s n o u t - r u m p  l eng ths  (SRL) : 1.5, 2.5, 3.5, 4.5, 5.5, 6.0, 7.0, 
8.0, 10.0, 11.0, 13.5, 15.0, 22.0, 29.0, 34.0 and  41.0 cm. 
8 adu l t s  also were used. The  an ima l s  were kil led b y  de-  
c a p i t a t i o n  and  as qu ick ly  as possible  b locks  of t issue were 
r e m o v e d  f rom the  s u b m a n d i b u l a r  g lands  a n d  f ixed for 
4 h a t  0 ~ in 3 .5% g l u t a r a l d e h y d e  buf fe red  in 0.1 M 
p h o s p h a t e  to  a p H  of 7.4. The  t issues were w a s h e d  in 
buffer  and  o smica t ed  in 1:0% o s m i u m  t e t r o x i d e  a t  0 ~ 
for 2 h. The  spec imens  were t h e n  passed  t h r o u g h  pro-  
py lene  oxide, i n f i l t r a t ed  w i t h  a n d  e m b e d d e d  in E p o n  812. 
T h i n  sect ions  of t h i s  m a t e r i a l  were cu t  for e lec t ron  micro-  
scopy, m o u n t e d  on  uncoa ted  grids, a n d  s t a ined  wi th  
u r a n y l  ace t a t e  a n d  lead c i t ra te .  The  sect ions  were exam-  
ined in an  RCA E M U - 3 F  e lec t ron  microscope ope ra t ed  a t  
5O kV. 
Results and discussion. N u m e r o u s  inclus ion bodies  (virus- 
l ike par t ic les)  were obse rved  in the  l u m i n a  of m u c o u s  
t ubu l e s  and  of i n t r a l o b u l a r  duc t s  of t he  opossum sub-  
m a n d i b u l a r  gland.  Over  the  3 yea r  per iod  in which  tile 
s t u d y  was conduc ted ,  such  par t ic les  were cons i s t en t l y  
found  in all a d u l t  an ima l s  and  in all  p o s t n a t a l  s tages  
examined ,  w i t h  the  excep t ion  of n e w b o r n  (1.5 cm) an ima l s  
k n o w n  to be less t h a n  12 h old. The  par t ic les  were a b u n -  
d a n t  in the  l u m i n a  of mucous  tubu le s  and  of i n t r a l o b u l a r  

duc t s  and  of ten  appea red  to c lump  a n d  to form i r regu la r  
aggrega tes  (figure 1). The  par t ic les  also were obse rved  in 
t he  in te rce l lu la r  canal icul i  loca ted  be tween  ceils of the  
mucous  tubules .  S imi lar  pa r t i c les  were no t  obse rved  in t he  
nuclei  or in  the  c y t o p l a s m  of cells compr i s ing  t he  sub-  
m a n d i b u l a r  g land  (figure 1). The  par t ic les  for the  m o s t  
p a r t  are spher ica l  in  out l ine ,  un i fo rm  in size, and  e x h i b i t  
a d is t inc t ,  centra l ,  e lec t ron  dense  core. They  are l imi ted  
e x t e r n a l l y  b y  a d i s t inc t  p e r i p h e r a l  m e m b r a n e  (figure 2). 
Tile ou t e r  d i a m e t e r  of the  par t ic les  ranges  f rom 100 n m  
to  150 n m  a n d  t he  cen t r a l  core r anges  f rom 50 n m  to 70 n m  
in  d i ame te r .  The  par t ic les ,  w i t h  regard  to  size, loca t ion  
and  morpho logy ,  are qu i te  d i s t i nc t  f rom the  a d j a c e n t  
sec re to ry  g ranu les  of the  cells t h a t  m a k e  up  t he  m u c o u s  
t ubu l e s  (figure 1). 
The  a p p e a r a n c e  of these  par t ic les  is r e m a r k a b l y  s imi la r  
to  t h a t  of n u m e r o u s  vi ruses  r epo r t ed  s. Unl ike  t he  m a j o r i t y  
of v i rus  r epo r t ed  to date ,  however ,  t he  par t ic les  obse rved  
in t he  opossum s u b m a n d i b u l a r  g land  were no t  n o t e d  in 
e i the r  the  nuc leus  or the  c y t o p l a s m  of c o m p o n e n t  cells. 
The  virus- l ike  par t ic les  a p p e a r  n o n p a t h o g e n i c  and  t h e i r  
n a t u r e  and  role is u n k n o w n .  
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Summary. SEM ana lys i s  of p r e i m p l a n t a t i o n  mouse  b l a s tocys t s  reveals  closely associa ted  red blood cells on  i nvo lu t ed  
surfaces  of t rophob la s t s ,  a n  ind ica t ion  of t he  c a p a b i l i t y  for  in i t ia l  phases  of phagocy tos i s  ~t  a n  ear ly  d e v e l o p m e n t a l  
stage.  

A m o n g  changes  wh ich  occur  in  the  cel lular  phys io logy  
of m a m m a l i a n  b l a s tocys t s  p r epa r ing  for i m p l a n t a t i o n  are 
those  concerned  w i t h  the  d e v e l o p m e n t  of i nvas iveness  
a n d  p h a g o c y t i c  p roper t i e s  of t rophob las t s .  Ev idence  for 
t he  l a t t e r  is based  on  a) h is to logical  d e m o n s t r a t i o n  of 
inclus ions  of cel lular  debr i s  a n d  e r y t h r o c y t e s  (RBCs) in  
t r o p h o b l a s t i c  g i an t  cells of i m p l a n t e d  embryos3,  4, and  
b) l igh t  microscopic  d e m o n s t r a t i o n  of u p t a k e  of p a r t i c u l a t e  
m a t t e r  b y  gu inea-p ig  t r o p h o b l a s t s  in v i t ro  5. I nges t i on  
of m a t e r n a l  t i ssues  and  cells b y  phagocy tos i s  is be l ieved 
to be one of the  physio logica l  m e c h a n i s m s  for n u t r i t i o n  
of i m p l a n t i n g  embryosS.  Dur ing  SEM ana lys i s  of p re im-  
p l a n t a t i o n ,  zona-free mouse  b las tocys ts ,  closely associa ted  
red  b lood  cells on  t r o p h o b l a s t  surfaces were observed .  
Th i s  p r e l i m i n a r y  r e p o r t  descr ibes  th i s  associa t ion  and  i ts  
possible  r e l a t ionsh ip  to the  a t t a c h m e n t  phase  of phago-  
cytosis .  
Methods and materials. B r i n s t e r ' s  m e t h o d  7 was used to 
o b t a i n  b l a s tocys t s  f rom inbred ,  Swiss -Webs te r  mice. The  
e m b r y o s  were col lected f rom the  u t e r ine  f lush ing  a n d  
washedS to r e m o v e  c o n t a m i n a n t s .  The  washed  e m b r y o s  
were cu l tu red  in v i t ro  for 2 h 8, t h e n  f ixed for s cann ing  
e lec t ron  mic roscopy  9. The  f ixed e m b r y o s  were gen t ly  
cen t r i fuged  (7 m i n  a t  300 •  5~ on to  mi l l ipore  discs 
wh ich  were s u b s e q u e n t l y  d e h y d r a t e d  t h r o u g h  inc reas ing  
c o n c e n t r a t i o n s  of e t h a n o l  (50-100%),  cr i t ica l  p o i n t  dr ied,  
t h e n  gold coa ted  (200-500 K) pr ior  to  e x a m i n a t i o n  b y  
m e a n s  of an  E T E C  Autoscan .  
Results and discussion. Figures  1 and  2 i l lu s t r a t e  resu l t s  
of t he  s cann ing  e lec t ron  microscopic  e x a m i n a t i o n .  T h e  
f r equency  of o b s e r v a t i o n  of e m b r y o s  w i t h  assoc ia ted  

e r y t h r o c y t e s  r ep resen t  a p p r o x i m a t e l y  30% of severa l  
groups  obse rved  a t  th i s  d e v e l o p m e n t a l  stage.  The  asso- 
c ia ted  e r y t h r o c y t e s  i l l u s t r a t ed  in f igure 1 and  2 do no t  
h a v e  the  fragile, top ica l  a t t a c h m e n t  w i th  t r o p h o b l a s t  
surface  descr ibed  b y  o the r s  TM w h e n  an t igen ic  si tes of 
la te  mouse  b l a s tocys t s  are labeled w i t h  sheep RBCs.  
The  i nvo lu t ed  surface m e m b r a n e s  and  a t t a c h m e n t  of 
the  e r y t h r o c y t e s  to  the  surface  b y  microvi l lous  processes  
(figures 1 and  2) is in accord  w i t h  repor t s  descr ib ing  
p h a g o c y t i c  c r a t e r s n - l a  a n d  a t t a c h m e n t  of par t ic les  
to  m a c r o p h a g e  surfaces d u r i n g  t he  a t t a c h m e n t  p h a s e  of 
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Fig. 1. Late mouse blastocyst. 
Several red blood cells (RBCs) are 
seen associated either with the 
surface (single arrow) or between 
(double arrows) trophoblast cells. 
• 1980. 
Fig. 2. Higher magnification of 
area demarcated in figure 1. A few 
mierovilli (arrows) are observed 
projecting intercellularly where 2 
RBCs are located. The cell on the 
left is a normal shaped, although 
slightly sphered, discocyte. The 
cell on the right appears deeply 
invaginated. Note small blebs (b) 
on the surface of these sells. They 
are not likely due to intrinsic RBC 
membrane modification, but prob- 
ably represent particulate matter 
which adhered to the RBC surface 
during routine preparation. 
• 17,600. 

inges t ion l~  The cra ters  resul t ing f rom adher ing  e ry th ro -  
cytes ,  descr ibed in this  repor t ,  are d i f ferent  in locat ion 
and,  p robably ,  funct ion  f rom concavi t ies  found  on 
t r o p h o b l a s t s  located at  the  abembryon ic  pole of day-5 
no rma l  ra t  b las tocys t s  is and de layed- implan ta t ion  mouse  
bli~stocysts le-19. In  the  la t t e r  instances,  the  cra ters  were 
r epor ted  to resul t  f rom impr in t ing  of 'mushroom- l ike  
s t ruc tu res '  of the  uter ine  ep i the l ium onto  jux tapos i -  
t iona l  t rophoblas t s .  
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Several  factors  m a y  accoun t  for the  lower f requency  of 
RBC associat ion observed at  th is  p r e imp lan t a t i on  s tage 
of deve lopment .  First ,  the  embryos  ob ta ined  by  f lushing 
of tile u terus  a t  the  onset  of imp lan t a t i on  represen t  a 
popula t ion  which are free for a re la t ively  shor t  per iod 20, 
or which  are involved in t he  a t t a c h m e n t  phase  of im- 
p lan ta t ion .  As no ted  above,  i t  is dur ing  the  la ter  or 
invas ive  phases  of i m p l a n t a t i o n  t h a t  phagocyt ic  ac t iv i ty  
m a y  increase and,  therefore ,  be par t i cu la r ly  evident .  
Second,  the  n u m b e r  of embryos ,  which  are a r res ted  
dur ing  the  course of an ac t ive  process  may  be few in 
number .  Third,  the  p robab i l i t y  of hav ing  embryos  
cap tu re  RBCs f rom newly  forming  implan ta t ion  si tes 
or dur ing  rapid passage t h r o u g h  the  u te r ine  scission site 
would be low. Never theless ,  f rom the  assessment  of 
surface morpho logy  descr ibed in this  repor t ,  the  capac i ty  
for a t t a c h m e n t  of cells (the ini t ial  phase  of phagocytosis)  
to the  surface of late,  p r e imp lan t ed  blas tocysts ,  appea r s  
to be p re sen t  a t  th is  ear ly  deve lopmen ta l  stage. 


