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Pro!oque

In an outbred mating the  conceptus in h e r i t s  p a r t  o f  i t s  

t r a n s p la n ta t io n  a n t igen  complement from the pate rna l gamete.

The conceptus is  th e re fo re  a l lo g e n ic  in  r e la t io n  to  i t s  host 

the  mother and should be s u b je c t  to  an a l l o g r a f t  r e je c t io n  

response. The way in  which the  conceptus escapes t h i s  response 

c o n s t i t u te s  one o f the  immunological problems o f pregnancy.

The conceptus is  made up o f  the  foe tus  surrounded by the  

fo e ta l  membranes. The foe tus  con ta ins  t ra n s p la n ta t io n  antigens 

and is  immunogenic a t  an e a r ly  stage in  g e s ta t io n .  The a rrange­

ment o f  the  fo e ta l  membranes v a r ie s  in  the  d i f f e r e n t  species o f 

mammals. In many cases the  o n ly  t is s u e  which makes con tac t  w ith  

the  maternal t is s u e s  is  t ro p h o b la s t  which in  general does not 

undergo an a l l o g r a f t  r e je c t io n  response.

The r a b b i t ,  mouse and guinea p ig  are unusual in  th a t  du r ing  

g e s ta t io n  a membrane -  the  v is c e ra l  y o lk  sac -  which is  made up 

o f o n ly  mesodermal and endodermal c e l l s ,  is  brought in to  d i r e c t  

a p p o s i t io n  to  the  maternal t is s u e s .  This p a r t i c u la r  fe a tu re  was 

used to  s tudy  the general ques t ion  o f whether fo e ta l  membranes 

o th e r  than t ro p h o b la s t  which are apposed to  maternal t is s u e s  s u f fe r  

an a l l o g r a f t  r e je c t io n  response.

Th is  s tudy was designed to  determ ine the immunogenicity o f 

the  v is c e ra l  y o lk  sac and then to  s tudy the r e la t io n s h ip  between 

the  y o lk  sac and the  maternal t is s u e s .

The s tudy is  a c o n t in u a t io n  o f the work o f  T.A. Andrew (1971). 

He s tu d ie d  the  mouse v is c e ra l  y o lk  sac which comes to  l i e  in  

d i r e c t  a p p o s i t io n  to  the  maternal t is s u e s  a t 15 days. He made



g r a f t s  o f exc ised v is c e ra l  y o lk  sac in to  isogen ic  and a l lo g e n ic  

hos ts .  His r e s u l t s  in d ic a te d  th a t  the  v is c e ra l  y o lk  sac is 

destroyed by an a l l o g r a f t  r e je c t io n  response and th a t  the membrane 

p robab ly  con ta ins  t r a n s p la n ta t io n  ant igens  as e a r ly  as 10 days 

post co itum .

In the  ra b b i t  the  v is c e ra l  y o lk  sac l i e s  apposed to  the  

maternal t is s u e s  a t a r e l a t i v e l y  e a r l i e r  stage in  g e s ta t io n  (13 

days) and the  arrangement o f the fo e ta l  membranes is  d i f f e r e n t .

The th e s is  is  d iv id e d  in to  two p a r ts .  In the f i r s t  the 

r e la t io n s h ip  between the fo e ta l  membranes and the  maternal t is s u e s  

is  examined both du r ing  development and in  the  d e f i n i t i v e  a rrange­

ment which e x is ts  from day 13 to  the end o f g e s ta t io n .  Scanning 

e le c t ro n  m icroscopy and l i g h t  m icroscopy were used, but the  former 

proved to  be o f  l i t t l e  use. A few in c id e n ta l  f in d in g s  have been 

inc luded in  the  r e s u l t s .

The second p a r t  descr ibes  the re s u l t s  obta ined  when v is c e ra l  

y o lk  sac was exc ised from the  conceptuses o f  New Zealand w h ite  

ra b b i ts  and t ra n s p la n te d  to  an e c to p ic  s i t e  in  co loured  Dutch 

r a b b i t s .  The d iscu ss io n  aims to  b r in g  to g e th e r  these two sets 

o f f in d in g s  and to  p rov ide  a the o ry  as to  how the  v is c e ra l  y o lk  

sac o f the  r a b b i t  escapes r e je c t io n  du r ing  g e s ta t io n .
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INTRODUCTION TO THE MORPHOLOGY OF DEVELOPING CONCEPTUS

There are severa l advantages in  using the  r a b b i t  f o r  t h i s  

in v e s t ig a t io n :

1. The fa c t  th a t  c o i tu s  induces o v u la t io n ,  which occurs 1 0 + 2  

hours post co itum  (Gregory 1930, Lutwak-Mann 1971) and the 

age o f the  conceptus can th e re fo re  be c le a r l y  d e f in e d ,  the 

day o f  mating being counted as day 0.

2. Each pregnant doe p rov ides  a la rge  number o f conceptuses.

3. The r e l a t i v e l y  la rge  conceptuses are e a s i l y  d isse c te d .

4 . Pregnant ra b b i ts  are a v a i la b le  a t most t imes du r ing  the  year.

The g e s ta t io n  per iod  o f the ra b b i t  is  30 -  32 days (Gregory 

1930).

Development o f the  b la s to c y s t  p r i o r  to  im p la n ta t io n

F e r t i l i s a t i o n  o f  the  ovum occurs in  the  ampullae o f  the

o v id u c ts  (Davies J. e t  al 1971). The b la s to c y s t  en te rs  the

u te rus  a t  72 -  74 hours post co itum . (Boving 1956). At t h i s  

stage i t  c o n s is ts  o f  an inne r c e l l  mass a t the  embryonic pole 

and a s in g le  la y e r  o f  t ro p h o b la s t  in  the  extraem bryon ic  re g ion .

The b la s to c y s t  is  surrounded by the  zona p e l lu c id a  and an o u te r  

"m uc in" co a t.  The l a t t e r  is  de r ived  from s e c re t io n s  o f the  

o v id u c t  (Gregory 1930).

During the  next 4 days the  b la s to c y s t  l i e s  f re e  w i t h in  the 

u te r in e  c a v i t y  and before  im p la n ta t io n ,  undergoes a ra p id  expansion. 

On day 5 the  extraem bryon ic  w a l l  is  b i la m in a r  (S teer 1969) and is  

s t i l l  covered by the  zona p e l lu c id a  and "m uc in" c o a t .  During 

day 6 the  p r im i t i v e  s t re a k  (Lutwak-Mann 1971) and t ro p h o b la s t  knobs



(Boving 1962) form in  the  embryonic and extraem bryon ic  reg ions 

r e s p e c t iv e ly .  The b la s to c y s ts  are now even ly  spaced in  the 

u te rus  (Boving 1956).

The Rabbit Uterus

The ra b b i t  u te rus  is  b ico rn u a te ,  the  c e rv ice s  open in to  a 

common vag ina . The two horns l i e  in  the  f re e  edge o f  the meso- 

metrium. The border o f the u te rus  ad jacen t to  the  mesometrium 

is  named the  mesometrial border and th a t  o p p o s ite ,  the  antimeso- 

m e t r ia l  border.

In the  mature non-pregnant u te rus  the  endometrium is  thrown 

up in to  a s e r ie s  o f  symmetrical p a i rs  o f lo n g i tu d in a l  fo ld s  which 

have been named by Minot (1890). The la rg e s t  o f these are the 

p la ce n ta l fo ld s  which l i e  on the mesometrial w a l l  and are separated 

by the  deep in te rp la c e n ta l  f i s s u r e .  Ad jacent to  the  p la cen ta l 

fo ld s  are the  p e r ip ia c e n ta l  fo ld s  and ly in g  on the an t im esom etr ia l 

w a l l  are the  small obp lacen ta l fo ld s .  Each f o ld  is  d iv id e d  by 

t ra n sve rse  f is s u re s  in to  re c ta n g u la r  couss ine ts  (cush ions) (see 

F ig .  1 and 2) (H o l la rd  1863).

M ic roscop ic  d e ta i l s

The e p i th e l iu m  o f the  u te rus  c o n s is ts  o f  s im ple columnar c e l l s  

bearing  m i c r o v i l l i  and occas iona l long k i n o c i l i a  (Kanagawa e t  al 

1972). Simple mucus s e c re t in g  glands open in to  the f is s u re s  

between the  fo ld s .  A c a p i l l a r y  p lexus u n d e r l ie s  the  e p i th e l iu m  

and is  p a r t i c u l a r l y  w e ll  developed a t  the  t i p s  o f the  p lacen ta l 

fo ld s  (P a rry  1950). This r e f l e c t s  the  fu n c t io n a l  s ig n i f ic a n c e  

o f  these fo ld s  which e v e n tu a l ly  form the maternal p a r t  o f  the
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c h o r io a l l a n to i c  p lacen ta .

Changes in  s t r u c tu r e  p r i o r  to  im p la n ta t io n

During pregnancy, in  the  pe r iod  p r i o r  to  im p la n ta t io n  the re  

is  an increase  in  the s iz e  and v a s c u la r i t y  o f  the  p la cen ta l and 

to  a le s s e r  degree o f  the  p e r ip ia c e n ta l  fo ld s  (Hafez and Tsutsumi 

1966). On day 2 the  u te r in e  e p i th e l iu m  p r o l i f e r a t e s  and the re  

is  a marked increase  in  the abso lu te  number o f  u te r in e  glands 

(P a rry  1950). By day 6 the p la cen ta l fo ld s  are grooved by the 

fo rm a t io n  o f  branching fo ld s  o f  endometrium (Hafez and Tsutsumi 

1966). With the  ra p id  expansion o f  the  b la s to c y s t  a t day 5, 6 

and 7 the  ant im esom etr ia l w a ll  o f  the  u te rus  is  s t re tch e d  and the  

obp lacenta l fo ld s  are o b l i t e r a te d .

The c y to lo g ic a l  changes occur ing  p r i o r  to  im p la n ta t io n  o f 

the  b la s to c y s t  are d isp u te d . Larsen (1961) s ta te s  th a t  from 

the 4 th  day most o f  the  u te r in e  e p i th e l iu m  loses i t s  c e l l  boundaries 

and is  transfo rm ed in to  a symplasma (a homogeneous mass o f  c y to ­

plasm c o n ta in in g  groups o f  small n u c le i ) ,  but t h i s  v iew has been 

cha llenged  by Boving (1962), Enders and Sch la fke  (1969) and Steer 

(1971) who a l l  show th a t  t ro p h o b la s t  knob fo rm a t io n  occurs about 

2k hours befo re  symplasma fo rm a t io n  which they say occurs e a r ly  

on the  7 th  day.

Im p la n ta t io n  o f  the  b la s to c y s t

This is  the  t im e a t which the  conceptus makes co n ta c t  w i th  

the  maternal t is s u e s  and in  f a c t ,  concepta l and maternal t is s u e s  

are brought in to  c o n t in u i t y  d u r ing  im p la n ta t io n  o f  the b la s to c y s t .  

T h e o r e t ic a l ly  an a l l o g r a f t  r e je c t io n  response should be generated 

a t t h i s  t im e .
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Im p la n ta t io n  in  the  r a b b i t  is  c e n t ra l  and s u p e r f i c ia l  w ith  

s t r i c t  o r ie n ta t io n  o f the  b la s to c y s t  so th a t  the  embryonic p la te  

l i e s  in  a p p o s i t io n  to  the  p la cen ta l fo ld s .

Boving (1962, 1971) has s tud ie d  and reviewed the processes 

o f  im p la n ta t io n  and o r ie n ta t io n  o f the  b la s to c y s t .

Im p la n ta t io n  is  a c o n t in u in g  process and b la s to c y s ts  in  an 

in d iv id u a l  animal are a t d i f f e r e n t  stages o f  im p la n ta t io n .  Enders 

and Sch la fke  (1971) d iscerned  3 stages which form a ch ro no lo g ica l 

sequence.

1. B la s to cys ts  he ld  in  p o s i t io n  w i t h in  the  u te ru s .

2. B la s to cys ts  w i th  obvious s i t e s  o f attachment a n t im e s o m e tr ia l1y.

3. B la s to cys ts  w i th  mesometrial and an t im esom etr ia l a ttachments. 

Larsen (1961) s ta te s  th a t  mesometrial a ttachment occurs about

2k hours a f t e r  an t im esom etr ia l a ttachm ent.

The sequence o f  events which occur du r in g  im p la n ta t io n ,  both 

a t the  mesometrial and an t im esom etr ia l poles can be d iv id e d  in to  

th re e  s tages:

1. The a p p o s i t io n a l  stage w i th  the  b la s to c y s t ,  surrounded by 

the  zona p e l lu c id a ,  ly in g  d i r e c t l y  apposed to  the  e p i th e l iu m  

o f  the  endometrium in  such a fa sh io n  th a t  i t  w i l l  not be 

d isp laced  du r ing  subsequent development.

2. The adhesive phase w i th  the  a s s o c ia t io n  o f the  b la s to c y s t  and 

u te r in e  e p i th e l iu m  being so in t im a te  as to  prevent d is lo c a t io n  

by phys ica l means.

3. The in va s ive  phase when the re  is  p e n e tra t io n  o f the u te r in e  

epi t h e l i  urn.

O r ie n ta t io n  o f  the  b la s to c y s t  occurs du r ing  the f i r s t  two
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stages: the  ac tua l mechanism is  d is p u te d ,  Boving (1971) suggests

a chem otactic  the o ry  w h i l s t  Assheton (1895) and Enders (1971) 

propose a p u re ly  phys ica l basis in  which d i f f e r e n t i a l  c o m p re s s ib i l i t y  

o f  the embryonic c e l l  mass may account f o r  c o n s is te n t  o r ie n ta t io n .

The in va s ive  phase

P r io r  to  the  in va s ive  phase the b la s to c y s t  is  separated from 

the su rround ing  maternal t is s u e s  by the  zona p e l lu c id e .  In an 

outbred mating t is s u e s  o f d i f f e r i n g  h is t o c o m p a t ib i l i t y  are brought 

in to  a p p o s i t io n  when the  maternal t is s u e s  are invaded by the  con­

ceptus . Th is f i r s t  c o n f ro n ta t io n  between maternal and fo e ta l  

t is s u e s  is  o f in te r e s t  from an immunological p o in t  o f  v iew and 

th e re fo re  w i l l  be descr ibed  in  some d e t a i l .

During the  6th day t r o p h o b la s t ic  knobs appear on the  e x t r a -  

embryonic su r face  o f  the  b la s to c y s t  Enders and Schla fke

1989). A s in g le  knob c o n s is ts  o f o u te r  s y n c y t io t ro p h o b la s t  composed 

o f  fused ectodermal c e l l s  and ly in g  deep in  a p p o s i t io n  to  the base­

ment lam ina, the re  are severa l m u l t in u c le a te d  c y to t r o p h o b la s t ic  

c e l l s  (S teer 1969). The in va s ive  phase o f  im p la n ta t io n  begins 

e a r ly  on the  7 th  day and is  completed by about 7 days 20 hours.

S teer (1970, 1971) p o in ts  out th a t  th e re  are two mechanisms 

o f  t ro p h o b la s t  knob invas ion  and c l a r i f i e s  the  confused p ic tu r e  

th a t  arose out o f  the  work o f  Larsen (1963).

T rophob las t knobs type  A occur along the  abembryonic border 

o f the b la s to c y s t ;  type B knobs occur ad jacen t to  the  embryonic 

p la te  which l i e s  in  ju x ta p o s i t io n  to  the  p la c e n ta l fo ld s .

Type A ? nvasion
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The s y n c y t io t ro p h o b la s t  is  in s in ua te d  as a wedge between 

the  endom etr ia l e p i t h e l i a l  c e l l s ;  o n ly  a s in g le  p o in t  o f  invas ion  

is  seen f o r  any one knob a lthough the  s y n c y t io t ro p h o b la s t  over laps 

severa l e p i t h e l i a l  c e l l s  p r i o r  to  in s in u a t io n  (Enders 1971). The 

s y n c y t io t ro p h o b la s t  is  jo in e d  to  the  ad jacen t maternal e p i t h e l i a l  

c e l l s  by zonae occ ludentes and small puncta te  desmosomes (Enders 

and S ch la fke  1969). In p laces the  c e l l  membranes lose t h e i r  

i d e n t i t y  and the  two c e l l s  types appear to  fuse ; the  cytoplasms 

o f  the  apposed c e l l s  i n i t i a l l y  r e ta in  t h e i r  in d iv id u a l  c h a ra c te r ­

i s t i c s  and are separated by a dense i l l  de f in ed  zone (S tee r 1971).

Thus c e l l s  o f  d i f f e r i n g  h i s t o c o m p a t ib i l i t y  are brought in to  

in t im a te  c o n ta c t .

Type B invas ion

Before t h i s  type  o f  in vas ion  occurs the  u te r in e  e p i th e l iu m  

is  converted  in to  a symplasma. The s y n c y t io t ro p h o b la s t  fuses 

d i r e c t l y  w i th  the  su rface  o f  the symplasma and does not in s in u a te  

i t s e l f  between the  fused c e l l s .  The l i n e  o f  fu s io n  is  marked 

by a zone o f  la rg e  PAS p o s i t i v e  v e s ic le s  (Larsen 1961). Even 

c i l i a t e d  c e l l s  on the  p la cen ta l fo ld s  form p a r t  o f  the  symplasma 

and fuse  w i th  the  s y n c y t io t ro p h o b la s t  (Enders and Schla fke  1971).

By 7 days 18 hours the  whole o f  the  u te r in e  e p i th e l iu m  is  

converted  in to  a symplasma except f o r  th a t  e p i th e l iu m  which l i e s  

in  the  deepest recesses o f the  u te r in e  glands (Sansom1927).

The f u r t h e r  development o f  im p la n ta t io n  is  the  same in  both 

type  A and B invas ion  and w i l l  be descr ibed  to g e th e r

The s y n c y t io t ro p h o b la s t  o f  the  t r o p h o b la s t ic  knobs is  now 

co m p le te ly  fused w i th  the  u te r in e  symplasma and as the  invas ive
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T ro p h o b la s t  knob development and in v a s io n  o f  the  m aterna l 
t i s s u e s  ( a f t e r  S tee r 1971) (see t e x t  f o r  d e s c r ip t io n )
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phase co n t in u es  the  l i n e  o f  dem arcation  between the  two c e l l  types 

is  l o s t  (Larsen 1963).

During t h i s  p e r io d  o f  fu s io n  the  m u l t in u c le a te d  c y to t ro p h o -  

b la s t i c  c e l l s  which l i e  deep to  the  s y n c y t io t r o p h o b la s t  p e r fo ra te  

the  basal lam ina o f  the  b la s to c y s t  w a l l  and send c e n t ra l  processes 

in t o  the  space between the  basal lam ina and the  endoderm o f  the  

b la s to c y s t .  These same c e l l s  send out p e r ip h e ra l  processes which 

push th rough  the  fused s y n c y t io t r o p h o b la s t  so th a t  th e y  abut a g a in s t  

the  basal lam ina o f  the  u te r in e  e p i th e l iu m .  The two types o f  

t ro p h o b la s t  a re  separa ted  by an e x t r a c e l l u l a r  space, o c c a s io n a l ly  

t h e i r  membranes are  jo in e d  by desmosomes. Thus the  s y n c y t io t r o p h o ­

bl a s t  separa tes  the  in vad ing  c y to t r o p h o b la s t  from the  u te r in e  

symplasma.

The c y to t r o p h o b la s t  now p e r fo ra te s  the  basal lam ina o f  the  

u te r in e  e p i th e l iu m  and spreads out deep t o  i t .  Cytop lasm ic p ro ­

cesses w i th  a c o v e r in g  o f  m i c r o v i l l i ,  then in s in u a te  themselves 

between the  d i l a t e d  p e r ic y te s  and endo the lium  o f  an u n d e r ly in g  

m aterna l c a p i l l a r y  pass ing d i r e c t l y  in t o  the  blood vesse l lumen.

A f i b r i n  and p l a t e l e t  c l o t  forms over the  in vad ing  t i p .  (S te e r  

1971b). By t h i s  t im e  the  endoderm o f  th e  b la s to c y s t  has been 

separa ted  by the  c e n t ra l  processes o f  the  c y to t r o p h o b la s t .  Thus

th e re  is  o n ly  one c e l l  la y e r  s e p a ra t in g  the  y o lk  sac c a v i t y  from 

the  m aterna l u te r in e  blood v e s s e ls .  I t  is  a t  t h i s  t im e  ( 7 i  days) 

t h a t  the  m aterna l plasma p ro te in s  are f i r s t  found in  th e  y o lk  sac 

(Brambell and Hemmings 19^9).

The o r i g i n  and c y to lo g y  o f  the  o b p la ce n ta l g ia n t  c e l l s

F o l lo w in g  th e  in v a s iv e  phase o f  im p la n ta t io n ,  g ia n t  c e l l s  a re
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seen in  the  a n t im eso m e tr ia l  w a l l  o f  the  u te ru s .  W h i ls t  exam ining 

the  g r a f t s  o f  y o lk  sac (see r e s u l t s  o f  g r a f t i n g  expe rim en ts ) c e l l s  

o f  s im i l a r  appearance were seen. I have, t h e r e fo r e ,  desc r ibed  

d e t a i l s  o f  the  ob p la ce n ta l g ia n t  c e l l s  in  the  f o l lo w in g  s e c t io n  in  

o rd e r  to  a s c e r ta in  t h e i r  o r i g i n .

The o bp lacen ta l g ia n t  c e l l s  are  seen in  the  a n t im eso m e tr ia l 

u te r in e  w a l l  a t  9 days (Sansom 1927) and are p resen t th roughou t the  

l a t t e r  h a l f  o f  the  pregnancy. I n i t i a l l y  th e y  are found o n ly  in  

the  submucosa (Larsen 1963). The g ia n t  c e l l s  a re  m ig ra to ry  (Sansom 

1927) and from day 13 are found amongst the  lo n g i t u d in a l  and c i r c u l a r  

muscle f i b r e s  o f  the  myometrium as w e l l  as in  the  submucosa. (Sansom 

1927, Davies and Halmi 1953). They do not have a d e s t r u c t i v e  i n ­

f lu e n c e  on the  su rro u nd in g  materna l t is s u e s  (Sansom 1927, Larsen 

1963).

A t day 9 the  c e l l s  a re  20-30 pm in  d ia m e te r ;  th e re  is  then 

an inc rease  in  the  s iz e  and number o f  the  c e l l s  reach ing  a maximum 

s iz e  o f  100-200 pm on day 17 (Larsen 1963). A f t e r  day 17 the  c e l l s  

decrease in  s iz e  u n t i l  a t  f u l l  term no g ia n t  c e l l s  a re  seen (Sansom 

1927).

Most o f  the  g ia n t  c e l l s  are  mononuclear a lthough  m u l t in u c le a te d  

c e l l s  a re  o c c a s io n a l ly  seen. The c e l l s  a re surrounded by a 

sc a l lo p e d  PAS p o s i t i v e  borde r (Davies and Halmi 1953). On e le c t r o n  

m icroscopy th e  cy top lasm  c o n ta in s  a w e l l  developed g o lg i  app a ra tu s ,  

many PAS p o s i t i v e  cy to p la s m ic  in c lu s io n s  a t  the  p e r ip h e ry  and a 

complex in f o l d in g  o f  the  c e l l  membrane (Larsen 1963). These 

fe a tu re s  suggest t h a t  the  c e l l  is  in v o lv e d  in  s e c re to ry  a c t i v i t y .

The c e l l s  a re  sometimes seen in  c o n ta c t  w i t h  e n d o th e l iu m , but the y
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do not l i n e  th e  i n t e r i o r  o f  the  vessel (Larsen 1963).

The o r i g i n  o f  the  g ia n t  c e l l s  is  d isp u te d  and not ye t re so lve d .  

Sairsom (1927) b e l ie ve d  th a t  the  m a jo r i t y  are o f  fo e ta l  o r i g i n  and 

s ta te s  th a t  most o f  them m ig ra te  to  the  o bp lacen ta l w a l l  from the  

f r e e  edge o f  the  rem ain ing  b i la m in a r  om pha lop leure . Davies and 

Halmi (1953) b e l ie v e d  th a t  some o f  the  c e l l s  are  o f  myogenic 

o r i g i n  and presented  ev idence  by l i g h t  m ic roscopy , o f  the  cy top lasm  

o f  both muscle c e l l s  and g ia n t  c e l l s  in  c o n t i n u i t y .  Larsen (1963) 

d isp roved  t h i s  th e o ry ,  showing by e le c t r o n  m icroscopy th a t  i n t a c t  

c e l l  membranes separa ted  th e  c e l l s  and goes on to  s ta te  t h a t  the 

m a jo r i t y  o f  c e l l s  o r ig in a t e  from invad in g  t r o p h o b la s t .

I t  seems l i k e l y  th a t  the  g ia n t  c e l l s  o r ig in a t e  from the  i n ­

vad ing  t ro p h o b la s t  knobs, but t h i s  idea remains s p e c u la t iv e  in  the

l i g h t  o f  p resen t ev idence .

Development o f  the  fo e ta l  membranes

From day 8 to  day 12 the  conceptus undergoes a s e r ie s  o f

changes which co n ve r t  i t  from a s p h e r ic a l  b la s to c y s t  t o  a com p lica ted  

arrangement o f  membranes in v e s t in g  the  fo e tu s .  A t ra n s v e rs e  s e c t io n  

o f  a day 13 conceptus is  shown in

The b i la m in a r  omphalopleure

At about day 7 , mesoderm spreads from the  embryonic reg ion  

u n t i l  i t  a lmost reaches the  e qua to r  o f  the  s p h e r ic a l  b la s to c y s t .

The abembryonic hemisphere is  th e re fo re  composed o f  o n ly  two c e l l  

la y e rs  -  endoderm and t r o p h o b la s t ic  ectoderm. Th is  membrane is  

c a l le d  the  b i la m in a r  om phalop leure , n o n -va scu la r  y o lk  sac o r somatic  

y o lk  sac. The n on -va scu la r  c h o r io v i t e l  1 ine  p la ce n ta  (Amoroso 1952)
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is  e s ta b l is h e d  d u r in g  the  in v a s iv e  phase o f  im p la n ta t io n .  De­

g e n e ra t io n  o f  t h i s  membrane occurs on the  11th and 12th days 

(Larsen 1963, Brambel1 1970). During the  9 th  and 10th days arcades 

o f  b i la m in a r  omphalopleure form  between the  s i t e s  o f  t ro p h o b la s t  

in v a s io n  (see F ig .  Z4 ) .  The sym p lasm a-trophob las t complex de­

g en e ra tes ,  the  arcades are f re e d  and the  complex sloughs in t o  the  

u te r in e  lumen. The denuded u te r in e  s u r fa c e  is  rep laced  by m ig ra t io n  

o f  c e l l s  from the  deep p a r ts  o f  the  g lands in  the  a n t im eso m e tr ia l  

w a l l .  (Amoroso 1952). The whole o f  the  b i la m in a r  omphalopleure 

degenerates except f o r  a c i r c u m fe r e n t ia l  f r i n g e .

(see By day 13 the  y o lk  sac

c a v i t y  and the  u te r in e  lumen are one.

I t  is  no tew orthy  th a t  the  endoderm o f  the  b i la m in a r  omphalo- 

p le u re  never makes d i r e c t  c o n ta c t  w i th  the  m aterna l t i s s u e s ;  the  

o n ly  t i s s u e  which does so is  o f  t r o p h o b la s t ic  o r i g i n .

The v is c e r a l  y o lk  sac

The development o f  the  v is c e r a l  y o lk  sac is  not w e l l  documented.

are taken from h is t o l o g i c a l  s e c t io n s  a t day 9 and day
 :---------------y -  - _____________ __

10, and should be co n su lte d  in  the  f o l lo w in g  d e s c r ip t io n .  Brambel1 

(1970) s ta te s  th a t  the  exocoelom forms as the  mesoderm spreads from 

the  embryonic re g io n .  I t  is  obv ious f r o mjUjprk.?2>%Mf t j t h a t  the  

exocoelom forms about 2 days a f t e r  the  mesoderm has spread.

The exocoelom forms by a s e p a ra t io n  o f  th e  mesoderm in t o  a 

s p la n c h o p le u r ic  la y e r  which is  a ssoc ia te d  w i th  the  endoderm o f  the  

v is c e r a l  y o lk  sac and a so m a to p le u r ic  la y e r  which is  a ssoc ia te d  

w i th  the  ectoderm.

As the  exocoelom fo rm s, th e  v is c e r a l  y o lk  sac is  in v e r te d  in to
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the  y o lk  sac c a v i t y ,  thus b r in g in g  the  endoderm o f  the  v a s c u la r  and 

n on -va scu la r  y o lk  sac in to  c lo s e  p r o x im i t y  (Amoroso 1952).

H aem o ipo ie t ic  is la n d s  deve lop in  the  s p la n c h o p le u r ic  mesoderm 

v e ry  soon a f t e r  i t s  appearance. A la rg e  v e s s e l ,  the  s inus  

te rm in a l  i s ,  demarcates the  ju n c t i o n  between the  v is c e r a l  y o lk  sac 

and the  b i la m in a r  omphalop leure . The v i t e l l i n e  c i r c u l a t i o n  is  

e s ta b l is h e d  e a r l y  on the  9 th  day (Luse 1958).

Davies and Hesseldahl (1971) s ta te  t h a t  in v e rs io n  occurs on 

the  12th day around the  a x is  o f  the  s inus  te rm in a l  i s .  Th is  r e s u l t s  

in  a p p o s i t io n  o f  the  v is c e r a l  y o lk  sac and the  b i la m in a r  omphalo- 

p le u re  which accord ing  to  the  au thors  breaks down on th e  17th day.

In my p re p a ra t io n s  the  b i la m in a r  omphalopleure had co m p le te ly  broken 

down and the  u te r in e  e p i th e l iu m  regenera ted  by day 13. The endoderm 

o f  th e  v is c e r a l  y o lk  sac and the  u te r in e  e p i th e l iu m  were th e re fo re  

not separa ted  by a membrane. A l l  a u th o rs ,  Amoroso (1952),  Larsen 

(1963 ),  Davies and Hasseldahl (1971 ),  are  agreed th a t  when the  

b i la m in a r  omphalopleure breaks down, the  v is c e r a l  y o lk  sac comes 

in to  c o n ta c t  w i th  the  u te r in e  e p i th e l iu m .  Larsen (1963) s ta te s  

t h a t  " th e  in v e r te d  y o lk  sac is  kept in  c o n ta c t  w i th  the  an t im eso- 

m e t r ia l  u te r in e  e p i th e l iu m  by the  p ressure  o f  f l u i d  in  the  a m n io t ic  

c a v i t y  and ex traem bryon ic  coelom ". However, none o f the  au tho rs  

p resen t pho tog raph ic  ev idence  o f  d i r e c t  c o n ta c t ;  in  a l l  pho to ­

m icrographs the  v is c e r a l  y o lk  sac is  separa ted from the  u te r in e  

e p i th e l iu m  by the  c o n te n ts  o f  the  u te r in e  lumen. Moreover, Brambel1 

(1970) s ta te s  th a t  "a l th o u g h  the  endoderm is  pressed c lo s e  to  the  

regenera ted  u te r in e  e p i th e l iu m  i t  n e i th e r  fused w i th  i t  nor is  even 

in  c o n ta c t  w i th  i t  a t  any s ta g e " .
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The r e la t io n s h ip  between the  u te r in e  e p i th e l iu m  and the 
v is c e r a l  y o lk  sac__________________________________________

I t  is  apparent t h a t  i t  is  o f  paramount importance to  know the  

p re c is e  r e la t io n s h ip  between the  v is c e r a l  y o lk  sac and the  u te r in e  

e p i th e l iu m .  The d e t a i l s  w i l l  be presented in  the  d is c u s s io n .

S t ru c tu re  o f  the  in v e r te d  y o lk  sac p la cen ta

The in v e r te d  y o lk  sac p la cen ta  is  e s ta b l is h e d  a f t e r  breakdown 

o f  the  b i la m in a r  om phalop leure . The fo e ta l  p a r t  c o n s is ts  o f  the

v is c e r a l  y o lk  sac and the  m aterna l p a r t  is  rep resen ted  by the  u te r in e  

e p i th e l iu m  l i n i n g  th e  a n t im eso m e tr ia l  w a l l  o f  the  u te ru s .  A t 18 

days the  l a t t e r  is  composed o f  t a l l  columnar c e l l s  each w i th  a s in g le  

nuc leus . The c e l l  s u r fa c e  is  covered by s le n d e r ,  re g u la r  m i c r o v i l l i  

and the  c y to p la sm ic  o rg a n e l le s  are i n d ic a t i v e  o f  the  s e c re to ry  na tu re  

o f  these  c e l l s  (Larsen 1963).

M o rr is  (1950) has desc r ibe d  the  s t r u c tu r e  o f  th e  v is c e r a l  y o lk  

sac membrane a t  16 and 2k days us ing  l i g h t  m icroscopy. The membrane 

is  d i v i s i b l e  in to  th re e  p a r ts ;  the  o u te r  endoderm, the  in te rm e d ia te  

loose mesenchyme and a m e s o th e l ia l  la y e r  which faces the  exocoelom.

The endoderm c o n s is ts  o f  columnar c e l l s  which h ype r t ro p h y  

d u r in g  g e s ta t io n .  The lum ina l s u r fa c e  o f  the  c e l l s  is  covered by 

a brush bo rde r.  Ly ing deep to  the  brush border is  the  a p ic a l  c y to ­

plasm are  a la rg e  number o f  o s m io p h i l ic  g ra n u le s .

In the  in te rm e d ia te  loose mesenchyme th e re  are  v i t e l l i n e  vesse ls  

which c re a te  r id g e s  in  both the  o v e r ly in g  endoderm and the  u n d e r ly in g  

m e s o th e l ia l  la y e r .

On e le c t r o n  m icroscopy the  endodermal c e l l s  can be seen to  re s t  

on a basal lam ina . The lum ina l s u r fa c e  is  covered by i r r e g u la r
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m i c r o v i l l i  (Larsen 1963) which a t  26 -  28 days have a le n g th  o f  

0 .5 -  0.7  pm (S lade 1969). At 26 -  28 days the  columnar c e l l s  

a re  20 x 10 pm and re s t  on a basal lam ina o f  2 -  3 pm in  th ic k n e s s  

(S lade 1969). Large in c lu s io n s  are seen in  the  a p ic a l cy top lasm  

a t  14 days, some o f  these  are f a t  d ro p le ts  (Luse 1958). The nucleus 

is  lo c a te d  near th e  base o f  the  c e l l  and c o n ta in s  one o r  two n u c le o l i ;  

f a t  in c lu s io n s  are  o c c a s io n a l ly  seen w i t h in  the  nucleus (Larsen 1963). 

There are  no la rg e  c y to p la s m ic  in c lu s io n s  by 26 -  28 days (S lade 1969). 

The basal plasmalemma is  f l a t  and fo l lo w s  the  basal lam ina p e r f e c t l y .

The endodermal c e l l s  a re  a b s o rp t iv e  in  f u n c t io n .  At f i r s t  s ig h t  

uptake appears to  be non s p e c i f i c ,  the  c e l l s  w i l l  absorb such d iv e rs e  

substances as cream, red blood c e l l s ,  and go ld  p a r t i c l e s  (Luse 1957). 

However, Brambel1 (1971) and o th e rs  have demonstrated th a t  t h i s  mem­

brane is  in v o lv e d  in  the  t r a n s f e r  o f  pass ive  immunity and th a t  

t ra n s m is s io n  o f  a n t ib o d ie s  to  the  v i t e l l i n e  c i r c u l a t i o n  is  s e le c t i v e .  

The c e l l  membranes o f  the  endodermal c e l l s  a re  s p e c ia l is e d  f o r  a t ta c h ­

ment o f  the  Fc fragm ent o f  the  im m unoglobu lin . The endodermal c e l l s  

as th e re fo re  h ig h ly  s p e c ia l is e d  and in vo lve d  in  s p e c i f i c  and non 

s p e c i f i c  a b s o rp t io n  o f  m a te r ia ls  from the  u te r in e  lumen.

The accessory  fo e ta l  membranes 

The p a ra p la c e n ta l  c h o r io n

Th is  membrane l i e s  between the  s inus  te rm in a l  is  and the  meso­

m e t r ia l  im p la n ta t io n  s i t e ;  i t  l i e s  a d jace n t t o  the  p e r ip la c e n ta l  

f o l d  and w i t h in  th e  c irc u m p la c e n ta l  fu r ro w .

Amoroso (1959) named the  membrane; p re v iou s  au tho rs  c a l l  i t  

the  c h o r io n  laeve . I t  c o n s is ts  o f  two in t im a te  la y e rs  -  t r o p h o b la s t  

and s p la n c h n o p le u r ic  mesoderm. The fo rm e r is  con t inuous  w i th  the
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t ro p h o b la s t  o f  the  rem ain ing  b i la m in a r  omphalopleure.

The t ro p h o b la s t  la y e r  remains r e l a t i v e l y  qu iescen t u n t i l  the  

14th day when m u l t in u c le a te d  spheru les  bud o f f  from i t ;  maximum 

a c t i v i t y  is  a t ta in e d  on the  21st day and then wanes u n t i l  

p a r t u r i t i o n  (Sansom 1927). Some o f  these spheru les  invade the  

p a ra p la ce n ta l f o ld s  r e s u l t i n g  in  breakdown o f  the  decidua and 

e p i th e l iu m  o f  these f o l d s .  Th is  d e b r is  s loughs in to  the  u te r in e  

c a v i t y  c a r ry in g  w i th  i t  the  invad ing  spheru les  (Larsen 1962).

At about the  13th day the  mesoderm o f  the  p a ra p la ce n ta l c h o r io n  

is  re in fo r c e d  by spread o f  the  a l l a n t o i c  mesoderm (M o rr is  1950).

Th is  p a r t  o f  the  a l l a n t o i c  mesoderm s p l i t s  i n t o  an o u te r  avascu la r  

la y e r  in  c o n ta c t  w i th  the  e s ta b l is h e d  s p la n c h n o p le u r ic  mesoderm and 

an in n e r  v a s c u la r  la y e r .  Blood ve sse ls  in  the  l a t t e r  anastomose 

w i th  the  s inus  t e r m in a l i s  b r in g in g  the  v i t e l l i n e  and a l l a n t o i c  

c i r c u la t i o n s  in to  communication (Duval 1892). The c a v i t y  produced 

on the  16th day by s p l i t t i n g  o f  the  a l l a n t o i c  mesoderm is  c a l le d  

the  accessory ex traem bryon ic  coelom (Brambel1 1970).

The fu n c t io n  o f  the  p a ra p la ce n ta l c h o r io n  is  unknown, Samson 

(1927) suggests th a t  the a c t i v i t y  commencing on day 14 reduces the  

area o f  a ttachm ent o f  the  p la c e n ta l  d is c  p re p a ra to ry  to  p a r tu r  i t i o n .  

Th is  seems a ra th e r  p recoc ious  p re p a ra t io n  f o r  p a r t u r i t i o n .

The a l l a n t o i s  and fo rm a t io n  o f  the  c h o r io a l l a n t o i c  p la cen ta

Attachment o f  the  t ro p h o b la s t  o v e r ly in g  the  p la c e n ta l  f o ld s  

occurs on the  8 th  day and in v o lv e s  a horse-shoe shaped area o f 

u te r in e  e p i th e l iu m  (Duval 1892).

The grooves in  the  p la c e n ta l  f o ld s  (F ig .  7) are f i l l e d  w i th  

invad ing  t ro p h o b la s t  by the  end o f  day 8 (Hafez and Tsutsumi 1966).
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The genera l s t r u c tu r e  o f  the  p la ce n ta  is  e s ta b l is h e d  by day 14.

I t  c o n s is ts  o f a la b y r in t h in e  haemochorial arrangement (Larsen 

1962b, 1963) w i th  f o e ta l  and maternal b lood f lo w s  in  o pp o s ite  

d i r e c t io n s  (Mossman 1926). Thus the  t is s u e s  which separa te  

m aternal and fo e ta l  b lood are s y n c y t io t r o p h o b la s t , c e l l u l a r  t ro p h o ­

b la s t ,  f o e ta l  mesenchyme and fo e ta l  endo the lium .

The a l l a n t o i s  has two components; an in n e r  la y e r  o f  endo­

dermal e p i th e l iu m ,  which a r is e s  as an outg row th  o f  the  h in dg u t  on 

the  9 th  day (Amoroso 1952) and an o u te r  la y e r  o f  v a s c u la r  medoderm 

which f i n a l l y  l i n k s  the  fo e tu s  w i th  the  a v a scu la r  c h o r io n  to  form 

v a s c u la r  a l 1a n to c h o r io n ,  the  fo e ta l  component o f  the  c h o r io a l l a n t o i c  

p ia c e n ta .

The amnion

A m n io t ic  f o ld s  appear la t e  on day 8 and fuse  a t  the  end o f  day 

9 (Davies 1957)« The amnion c o n s is ts  o f  an in n e r  la y e r  o f  squamous 

ectoderm re s t in g  on a basal lam ina , e x te rn a l  t o  which is  an i n t e r ­

m ediate  la y e r  o f  co n n e c t ive  t is s u e  mesenchyme w i th  c o l la g e n  bundles 

and an o u te r  d is c o n t in u o u s  la y e r  o f  mesenchyme. The membrane is  

separa ted from a l l  o th e r  f o e ta l  membranes by the  exocoelom (Larsen 

1963).
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CELL MEDIATED IMMUNITY

Immunity is  a s ta te  o f  he igh tened responsiveness such th a t  

a n t ig e n  is  bound o r e l im in a te d  more r a p id l y  than in  the  non immune 

s ta te .  (H e rbe rt  and W i lk in s o n  1973).

Lymphocytes are the  c e l l u l a r  bas is  o f  immunity and are d iv id e d  

m o rp h o lo g ic a l ly  in t o  two groups: small lymphocytes 5 -  8 p d ia m e te r ,

medium s ized  lymphocytes 8 -  12 pm d iam ete r (Weiss 1972). Morpho­

l o g i c a l l y  th e y  appear as a homogeneous c o l l e c t i o n  o f  c e l l s ,  but on 

a fu n c t io n a l  bas is  th e y  can be d iv id e d  in to  two broad p o p u la t io n s ;  

thymus d e r ive d  lymphocytes (T lymphocytes) and a bursa d e r iv e d  

lymphocytes (B lym phocy tes).  ( R o i t t  e t  al 1969).

In the  c h ic k e n ,  competent lymphocytes o r ig in a t e  from the  thymus 

and from the  bursa o f  f a b r i c iu s  (Cooper 1965, Cooper 1966). Lympho­

cy te s  o r i g in a t i n g  from the  l a t t e r  are  in vo lve d  in  im m unoglobulin  

p ro d u c t io n  (Cooper e t  al 1969). The mammalian e q u iv a le n t  o f the  

bursa has not ye t been d is c o v e re d ,  but i t  is  e v id e n t  t h a t  the  

p o p u la t io n  o f  the  mammalian lym phocytes, known as B lym phocytes, 

is  in vo lve d  in  im m unoglobulin  p ro d u c t io n .  T lymphocytes m ediate  

delayed h y p e r s e n s i t i v i t y  and t r a n s p la n ta t io n  im m unity , ac t as k i l l e r  

c e l l s  in  these two responses and have a h e lp e r  e f f e c t  in  a n t ib o d y  

p ro d u c t io n  by B lymphocytes ( M i l l e r  1972).

The remainder o f  t h i s  in t r o d u c t io n  w i l l  be r e s t r i c t e d  to  the  

re levance  o f  T lymphocytes in  the  a l l o g r a f t  response.

The o r i g i n  o f  T lymphocytes

The U n i ta r ia n  th e o ry  is  now g e n e ra l ly  accepted. Th is  en­

compasses the  concept t h a t  a s in g le  stem c e l l  is  the  p r im a ry  source 

o f  a l l  b lood c e l l s  (Maximow 1924). The stem c e l l  has been named
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the  haem atocy tob las t (Maximow 1924) o r la rg e  b a s o p h i l ic  c e l l  ( J . J .  

Owen 1970).

E a r ly  in  the  development o f  a l l  v e r te b ra te s ,  is la n d s  o f  

haem opoie t ic  c e l l s  deve lop in  the  y o lk  sac mesoderm. These c o n ta in  

the  stem c e l l s  which g ive  o r i g i n  t o  the  m ye lo id  and lymphoid s e r ie s  

(Wu 1 968 ) .

The stem c e l l s  a re seeded to  the  v a r io u s  organs which under­

take  haemopoiesis and lymphocyte m a tu ra t io n  d u r in g  la t e  fo e ta l  and 

a d u l t  l i f e  (Moore and M e tc a l f  1970). During fo e ta l  l i f e  in  the 

ch icken  and o th e r  v e r te b ra te s  the  lymphoid p o p u la t io n  o f  the  thymus 

is  d e r ive d  from stem c e l l s  which e n te r  the  e p i t h e l i a l  primodium from 

the  blood stream (Moore and Owen 1967). These la rg e  b a s o p h i l ic  

c e l l s  e n te r  the  thym ic  c o r te x  and undergo p r o l i f e r a t i o n ,  g iv in g  r i s e  

to  a p o p u la t io n  o f  medium and small thymocytes which bear h igh  con­

c e n t ra t io n s  o f s u r fa c e  fo e ta l  and TL is o a n t ig e n s  (Owen 1971). The 

small thymocytes m ig ra te  to  the  thym ic  m edulla  and some e n te r  the  

blood c i r c u l a t i o n .  They have the  same c h a r a c t e r i s t i c s  as T 

lymphocytes removed from the  th o r a c ic  duct and are p ro ba b ly  one 

and the  same ce l 1 typ e .  They are seeded to  the  thymus dependant 

areas o f lymphoid t is s u e  ( P a r r o t t  e t  al 1 9 6 6 ) , (G o ldschne ide r and 

McGregor 1968) and become p a r t  o f  the c i r c u l a t i n g  pool o f  small 

1ymphocytes.

The r e c i r c u la t i o n  o f  small lymphocytes

Small lymphocytes c i r c u la t e  between the  blood and the  lymph 

(Gowans 1959). The small lymphocytes e n te r  the  mid and deep c o r te x  

o f  the  lymph nodes from the  post c a p i l l a r y  venu les (Gowans and 

K n igh t 1964, G o ldschne ider and McGregor 1968) by passing th rough
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the  cytop lasm  o f the  cubo ida l e p i th e l iu m  which l in e s  these vesse ls  

(Marchesi and Gowans 1964). The lymphocytes come to  l i e  in  the  

T dependant area o f  the  lymph node. I t  would th e re fo re  be expected 

th a t  most o f  the  c i r c u l a t i n g  lymphocytes are T lymphocytes and 

indeed 80 -  90% o f  th o ra c ic  duct small lymphocytes c a r r y  the  fo e ta l  

is o ^ n t ig e n  ( M i l l e r  and Sprent 1971). The c i r c u l a t i n g  small lympho­

cy tes  leave the  lymph node c o r te x  and pass in  the  e f f e r e n t  lymph to  

the  th o r a c ic  d u c t .  The c h a r a c t e r i s t i c s  o f  small lymphocytes in  the  

th o ra c ic  duct have been s tu d ie d  in  d e t a i l .  The c e l l s  r e c i r c u la t e  

many t im es d u r in g  t h e i r  l i f e t i m e  (Gowans 1959) w i th  an average 

l i f e s p a n  o f  e ig h te en  months in  the  r a t ,  a lthough  in  humans some 

lymphocytes are s t i l l  p resen t a f t e r  severa l years (E v e re t t  e t  al 

1964). R e c i r c u la t io n  o f  small lymphocytes occurs th rough  a l l  

lymphoid t i s s u e  except the  thymus (Gowans and K n igh t 1964).

The a l l o g r a f t  r e je c t io n  response

The response is  e l i c i t e d  by t r a n s p la n t in g  s u i t a b le  t is s u e  to  

a s u i t a b le  s i t e  between two g e n e t i c a l l y  d i s s im i l a r  mature members 

o f  the  same species a t  c e r t a in  g r a f t  dose le v e ls .  The r e s u l t  o f  

such a t r a n s p la n ta t io n  is  death o f  the  donor g r a f t .

Th is  response s a t i s f i e s  the  c r i t e r i a  f o r  i t s  in c lu s io n  under 

the  d e f i n i t i o n  o f  imm unity . Thus a second se t  phenomenon occurs 

a f t e r  s e n s i t i s in g  the  r e c ip ie n t  and then a p p ly in g  a second g r a f t  

which c a r r ie s  the  same t r a n s p la n ta t io n  an t ig e n s  as the  s e n s i t i s in g  

g r a f t  (Medawar 1944). The s e n s i t i s in g  e f f e c t  is  dose re la te d  and 

is  sys tem ic  ra th e r  than lo c a l  (Gibson and Medawar 1943, Medawar 

1944, 1945).

Evidence f o r  the  invo lvem ent o f  T lymphocytes in  the  a l l o g r a f t  
response
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Chronic th o r a c ic  duct d ra inage  causes a d e p le t io n  o f  small 

lymphocytes and an increased s u rv iv a l  t im e  o f  s k in  a l l o g r a f t s  

(McGregor and Gowans 1964). Thus i t  would be expected th a t  T 

lymphocytes are a c t i v e l y  in vo lved  in  the  a l l o g r a f t  response and 

indeed neonata l thymectomy o f  mice ( M i l l e r  1961) and ra ts  (Arnason 

1962) causes a severe d e p le t io n  o f  c i r c u l a t i n g  T lymphocytes and 

a p ro longed s u rv iv a l  o f  s k in  a l l o g r a f t s .

The a l l o g r a f t  response

The mechanism by which r e je c t io n  occurs d i f f e r s  accord ing  to  

the  t is s u e  g r a f te d .  A b r i e f  summary w i l l  be presented and t h i s  

w i l l  a l lo w  a c l a s s i f i c a t i o n  to  be made o f the  ways by which the  

fo e tu s  may escape r e je c t io n .

The mechanism has been a r b i t r a r i l y  d iv id e d  in to  an a f f e r e n t  

l im b ,  a c e n t ra l  response and an e f f e r e n t  o r  e f f e c t o r  l im b .

A f fe r e n t  1 imb

The i n i t i a l  s t im u la t io n  o f  the  mechanism re q u ire s  a d i f f e r e n c e  

between the  t r a n s p la n ta t io n  a n t ig e n  complement o f  donor and h o s t .

T a n t ig e ns  are lo ca te d  on the  c e l l  membrane (Natheson 1970). 

T he re fo re  the  bas ic  p r e r e q u is i t e  is  t h a t  competent T lymphocytes 

make c o n ta c t  w i th  the  T a n t ig e ns  o f  the  g r a f t  o r  w i th  a p roduc t 

r e s u l t i n g  from r e c o g n i t io n  by the  host th a t  th e re  is  h i s t o -  

i n c o m p a t ib i l i t y  between i t s e l f  and the  g r a f t .  I t  has not ye t been 

reso lved  where t h i s  c o n f r o n ta t io n  occurs nor the  mechanism by which 

i t  o ccu rs .

The mechanism appears to  be d i f f e r e n t  f o r  d i f f e r e n t  t is s u e s  

t r a n s p la n te d .  Thus the  median s u rv iv a l  t im e  o f  h igh  dose s k in  

a l l o g r a f t s  can be p ro longed by t r a n s p la n t in g  the  a l l o g r a f t  to  an
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a lym pha t ic  p e d ic le  o f  host s k in  (an a r t i f i c i a l  p r i v i l e g e d  s i t e )  

(Barker and B i11ingham 1968). However, r e je c t io n  does e v e n tu a l l y  

occu r ,  200  -  300  days a f t e r  g r a f t i n g ,  s e n s i t i s a t i o n  presumably 

o c c u r r in g  by the  v a s c u la r  ro u te  (T i ln e y  and Gowans 1971). On the  

o th e r  hand k idney  a l l o g r a f t s  e x p e r im e n ta l ly  dep r ived  o f  t h e i r  

lym p h a t ic  d ra in a g e ,  s e n s i t i s e  the  host 5 - 1 2  hours a f t e r  e s ta b l i s h ­

ing v a s c u la r  anastomosis (Hume 1955, S tro b e r  and Gowans 1965).

In  summary, s e n s i t i s a t i o n  o f  the  host can occur by the  v a s c u la r  

ro u te  but w i th  t r a n s p la n ta t io n  o f  c e r t a in  t is s u e s  (e .g .  s k in ) ,  an 

in t a c t  e f f e r e n t  lym p h a t ic  d ra inage  is  re q u ire d  f o r  s e n s i t i s a t i o n  to  

occur w i t h in  th e  normal r e je c t io n  t im e  f o r  th a t  t i s s u e .

The s i t e  o f  c o n f r o n ta t io n  between g r a f t  and host may a ls o  v a ry ,  

f o r  example in  renal a l l o g r a f t s ,  which have a r ic h  v a s c u la r  system 

s e n s i t i s a t i o n  p ro ba b ly  occurs a t  the  su r fa ce  o f  the  g lo m e ru la r  

c a p i l l a r y  endo the lium  (Pederson and M o rr is  1970). In those g r a f t s  

which depend on an in t a c t  lym p h a t ic  d ra inage  f o r  "n o rm a l"  r e je c t io n  

to  o ccu r ,  f o r  example s k in ,  c o n f r o n ta t io n  may occur a t  one o f  two 

s i t e s

(a) Host lymphocytes pass in t o  the  g r a f t  where the y  become 

s e n s i t i s e d  and then leave the  g r a f t  by the  a f f e r e n t  lym pha t ics  

d ra in in g  the  g r a f t  and pass to  the  re g io n a l lymph nodes 

(Medawar 1952, H a ll 1969).

(b) G ra f t  c e l l s  o r  d e b r is  pass in  the  a f f e r e n t  lym p h a t ics  d ra in in g  

the  g r a f t  t o  the  re g io n a l lymph nodes where a re a c t io n  occurs 

le a d in g  to  s e n s i t i s a t i o n  o f  the  h o s t .

C en tra l response

The a n t ig e n ic  s t im u lu s  o f  s k in  a l l o g r a f t s  is  b rought to  the
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f i r s t  re g io n a l lymph node. Th is  is  marked by an inc rease  in  the  

w e igh t o f  the  node and by the  appearance o f  la rg e  p y ro n in o p h i1 ic  

c e l l s  in  the  mid and deep c o r te x .  Th is  response is  f u l l y  developed 

fo u r  days a f t e r  the  a p p l i c a t io n  o f  a s k in  g r a f t  (Scothorne and

McGregor 1955). The c e l l s  are 12 -  15 pm in  d iam ete r w i th  a t h i n

r im  o f  m odera te ly  b a s o p h i l ic  cy top lasm  (Andre e t  al 1962 ) which 

c o n ta in s  many f re e  ribosomes (Gowans and McGregor 1965). These 

c e l l s  which are p ro ba b ly  trans fo rm ed  T lymphocytes d iv id e  t o  produce 

a c lone  o f  lymphocytes o f  p ro g r e s s iv e ly  decreas ing  s iz e  (Gowans 

1966).

The s e n s i t i s e d  lymphocytes now move out o f  the  node in  the  

e f f e r e n t  lymph (H a l l  1967).

E f fe re n t  1 imb

The c e l l u l a r  i n f i l t r a t e  o f  an a l l o g r a f t  is  marked by the

presence o f  la rg e  numbers o f  small lym phocytes , macrophages and

occas iona l e o s in o p h i ls .  (.Gibson and Medawarl 943). Some o f  the  

small lymphocytes are c y to to x ic  and o r i g in a t e  from the  o r i g in a l  

c l  one.

The process o f  g r a f t  c e l l  d e s t r u c t io n  re q u ire s  c e l l  t o  c e l l  

membrane c o n ta c t ;  thus a g r a f t  is  not des troyed  i f  i t  is  is o la te d  

from the  host by a m i l l i p o r e  chamber which p reven ts  th e  passage o f  

small lymphocytes o r  o th e r  c y t o t o x ic  c e l l s  ( A lg i r e  e t  al 1954).

A lso  i t  has been observed th a t  d e s t r u c t io n  is  absent in  those  p a r ts  

o f  epidermal g r a f t s  devo id  o f  in vad in g  small lymphocytes (Wiener 

e t  al 1964). The number o f  i n f i l t r a t i n g  c e l l s  r is e s  r a p id l y  on 

the  fo u r th  day and reaches a maximum f i v e  days a f t e r  g r a f t i n g  when 

g r a f t  r e je c t i o n  begins (J a k o b is ia k  1971). The median s u r v iv a l



t im e  o f  h igh  dose s k in  a l l o g r a f t s  is  10.4— 1.1 days (Medawar 

1945).

The mechanism o f  ta r g e t  c e l l  d e s t r u c t io n  is  unknown. In 

c e r t a in  in  v i t r o  expe r im en ts ,  c u l tu r e d  c e l l s  are r a p id l y  des troyed  

by lymphocytes w i th o u t  the  presence o f  complement o r  humoral a n t i ­

bodies (W ilson D.B. 1963). Wiener (1964) noted th a t  apposed c e l l  

membranes o f  ta r g e t  c e l l s  and lymphocytes are d is c o n t in u o u s  in  

p a r ts .  I t  has r e c e n t ly  been suggested th a t  as th e  lymphocyte 

moves away from the  ta r g e t  c e l l ,  i t  is  a b le  to  r e p a i r  i t s  own 

membrane but leaves the  t a r g e t  c e l l  unab le  to  r e p a i r  i t s  membrane 

r e s u l t i n g  in  l y s i s  o f  t h i s  c e l l  (Na tu re  1973).

The ro le s  o f  the  macrophage and e o s in o p h i l  in  the  a l l o g r a f t  

response are la r g e l y  unknown.
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THE FOETUS AS AN ALLOGRAFT

H is t o c o m p a t ib i l i t y  genes are accepted as being codominant.

Thus the  o f f s p r in g  o f a m ating  in v o lv in g  two animals d i f f e r i n g  

in  t h e i r  T a n t ig e n  complement w i l l  express the  whole in h e r i te d  

T a n t ig e n  complement from both paren ts  w i th o u t  dominance or 

in t e r a c t io n s  (Lengerova 1969). T h e o r e t i c a l l y  the  conceptus should  

behave as an a l l o g r a f t  d u r in g  i t s  s o jo u rn  w i t h in  th e  m other.

Several rev iews have been pub lish e d  conce rn ing  t h i s  problem o f  how 

the  fo e tu s  s u rv iv e s  w i t h in  t h i s  a l ie n  environm ent (Medawar 1953, 

B i l l in g h a m  1964, Behrman and Koren 1968, K irb y  1968, Beer and 

Bi 11i ngham 1971)•

I t  w i l l  become e v id e n t  in  the  f o l lo w in g  in t r o d u c t io n  th a t  no 

s in g le  f a c t o r  can s a t i s f a c t o r i l y  e x p la in  the  exemption o f  the  fo e tu s  

from r e je c t i o n .  At p resen t i t  seems th a t  d i f f e r e n t  mechanisms o f  

p r o te c t io n  may opera te  a t  d i f f e r e n t  stages o f  pregnancy. I t  is  

a ls o  im p o rta n t  to  r e a l i s e  t h a t  the  mechanisms may d i f f e r  in  d i f f e r e n t  

spec ies and th a t  a p a r t i c u l a r  mechanism may be developed * o  a g re a te r  

degree in  a p a r t i c u la r  sp ec ies .

I s h a l l  rev iew  f i r s t l y  the  ev idence  in d ic a t in g  t h a t  the  conceptus 

c o n ta in s  t r a n s p la n ta t io n  a n t ig e ns  and second ly  the  p o s s ib le  s i t e s  o f  

in te r fe re n c e  in  the  a l l o g r a f t  response.

Conceptus a n t i g e n i c i t y

1. THE FOETUS

Woodruff (1957) a l l o g r a f t e d  16 day fo e ta l  r a b b i t  h ind  lim bs 

in to  the  f la n k s  o f  p re s e n s i t is e d  r e c ip ie n t s .  These g r a f t s  were 

des troyed  by an a c c e le ra te d  a l l o g r a f t  response w i t h in  s i x  days.
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At an e a r l i e r  g e s ta t io n  p e r iod  Simmons and Russell (1962, 1963) 

have shown th a t  7 day mouse embryos are des troyed  by an a l l o g r a f t  

response. S ch le s in g e r  (1964) showed is o a n t ig e n ic  a c t i v i t y  p resen t 

in  1Oj day mice and a ra p id  inc rease  o f  such a c t i v i t y  between 13 i  

and 1 5 i  days in  the  mouse l i v e r .

The ev idence f o r  the  presence o f  T an t ig e ns  a t  e a r l i e r  

g e s ta t io n a l  p e r iod s  is  c o n t r o v e r s ia l .  The r e s u l t s  o f  Olds (1968) 

and Simmons and Russell (1966) suggested the  presence o f  H-2 a n t i ­

gens a t  the  two c e l l  s tage . However, Heyner and B r i n i s t e r  (1969) 

were unable to  show H-2 a n t ig e ns  a t  the  8 c e l l  s tage  us ing  an a n t i -  

H-2 serum. S earle  e t  al (1974) r e c e n t ly  re p o r te d  absence o f  H-2 

a n t igens  be fo re  the  fo rm a t io n  o f  the  7 i  day conceptus and these 

r e s u l t s  suppo rt  the  f in d in g s  o f  Palm e t  al (1971) who were o n ly  

ab le  to  dem onstra te  H-3 and H- 6  a c t i v i t y  a t  the  2 c e l l  and b la s to c y s t  

stages us ing  an a n t i  sera method.

In summary th e r e fo r e ,  s t ro n g  t r a n s p la n ta t io n  an t ig e ns  cannot 

be de tec ted  by p resen t techn iques  a t  the  e a r l i e s t  s tages o f  

g e s ta t io n ;  however in  the  mouse,T a n t ig e n s  do appear a t  72 days 

and should  t h e o r e t i c a l l y  promote an a l l o g r a f t  response from the  

m other.

2. THE TROPHOBLAST

Th is  t i s s u e ,  which is  p resen t a t  the  m a te r n a l - fo e ta l  ju n c t i o n  

o f  a l l  v iv ip a ro u s  spec ies so f a r  s tu d ie d ,  (Wynn 1971), may ac t  as 

a b a r r i e r  between the  a n t ig e n ic  fo e tu s  and the  p o t e n t i a l l y  r e a c t iv e  

mother. The blood f lo w  over t h i s  area is  v e ry  h igh  in  haemochorial 

p la ce n ta e .  I t  is  th e r e fo r e  tem pting  t o  compare th e  s i t u a t i o n  to  

t h a t  o f  the  k id n e y  a l l o g r a f t ,  i . e .  t h a t  s e n s i t i s a t i o n  may occur by



the  v a s c u la r  ro u te  ra th e r  than the  lym pha t ic  ro u te .

Simmons and Russe ll (1962, 1963) t ra n s p la n te d  62 -  day 

o ld  mouse conceptuses under the  k idney  capsu le  o f  an a l lo g e n ic  

h os t .  The t ro p h o b la s t  su rv iv e d  w h i l s t  the  re s t  o f  the  conceptus 

was des troyed  w i t h in  e leven  days o f  t r a n s p la n ta t io n .  They a ls o  

showed th a t  t r a n s p la n ta t io n  o f  the  e c to p la c e n ta l  cone o f  7 day 

mice re s u l te d  in  s u rv iv a l  o f  t ro p h o b la s t  even in  the  presence o f  

p r i o r  s e n s i t i s a t i o n .

K i rb y  e t  al (1966) showed th a t  3 i  day mouse b la s to c y s ts  are 

des troyed  t o t a l l y  when t ra n s p la n te d  under the  k idney  capsu le  o f  

an hyperimmune a l lo g e n ic  h o s t .  Simmons and Russell (1966) 

demonstrated t o t a l  d e s t r u c t io n  o f  C3H eggs when t ra n s p la n te d  to  

s e n s i t is e d  C57 r e c ip ie n t s .

C u r r ie  e t  al (1968) t r e a te d  mouse e c to p la c e n ta l  cone c e l l s  

w i th  neuram in idase and made an a l lo g e n ic  t r a n s p la n t  o f  t h i s  

t i s s u e .  Th is  re s u l te d  in  r e je c t io n  o f  these t r o p h o b la s t i c  c e l l s .

R ecen t ly  Jenkinson and B i l l i n g t o n  (1974),  us ing  in  v i t r o  

methods, have shown th a t  t re a tm e n t  o f  e c to p la c e n ta l  cone from 7 i  

day mouse conceptuses w i th  low c o n c e n tra t io n s  o f  neuram in idase 

removes the  m ucopro te in  c o s t .  However, these c e l l s  a re  not 

des troyed  by a llo immune sp leen c e l l s .  They propose th a t  some 

o th e r  mechanism in h e re n t  in  the  membrane o f  t ro p h o b la s t  may a l lo w  

s u rv iv a l  o f  these c e l l s  on t r a n s p la n ta t io n .  They a ls o  q u e s t io n  

the  presence o f  T a n t igens  on the  t ro p h o b la s t  c e l l  membrane.

In summary, t h e r e fo r e ,  the  presence o f  T an t ig e ns  on the  

t r o p h o b la s t  remains unanswered. The l a t e s t  r e s u l t s  mentioned 

above do not r u le  out the  p o s s i b i l i t y  t h a t  the  m ucopro te in  la y e r
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may ac t  as a b a r r i e r  to  T a n t ig e n  re c o g n i t io n .  For example 

t ro p h o b la s t  may be ab le  t o  r e s i s t  the  l y t i c  power o f  the  sp leen 

c e l l s  and ye t  s t i l l  c o n ta in  T a n t ig e n s .

3. OTHER FOETAL MEMBRANES

No work has been performed on the  a n t i g e n i c i t y  o f  the  amnion.

The v is c e r a l  y o lk  sac has been s tu d ie d  by Andrew (1971) and Andrew 

e t  al (1975) in  the  mouse and a p r e l im in a r y  s tud y  was made in  the  

guinea p ig .  These f in d in g s  in d ic a te d  th a t  the  v is c e r a l  y o lk  sac 

o f  the  mouse c o n ta in s  t r a n s p la n ta t io n  a n t ig e n s .  He made no con­

c lu s io n s  about the  gu inea p ig  y o lk  sac.

Mechanisms in vo lved  in  p r o te c t io n  o f  the  fo e tu s

I have d iv id e d  t h i s  s e c t io n  in t o  the  th re e  d iv is io n s  o f  the  

a l l o g r a f t  r e je c t io n  response as p re v io u s ly  d e sc r ib e d .

1. AFFERENT LIMB 

The zona p e l lu c id a

Th is  m ucopro te in  membrane which surrounds th e  b la s to c y s t  may 

ac t as a b a r r i e r  in  the  e a r l y  stages o f  g e s ta t io n .

Heyner and B r in s te r  (1969) found th a t  removal o f  the  zona 

p e l lu c id a  led  to  a more ra p id  d e s t r u c t io n  o f  f e r t i l i s e d  mouse eggs 

in  the  presence o f  a n t is e ra  to  T a n t ig e n s .  S earle  e t  al (197*0 

found th a t  removal o f  the  zona p e l lu c id a  led  to  a ra p id  d e s t r u c t io n  

o f  e c t o p i c a l l y  a l lo g r a f t e d  b la s to c y s ts .  However K irb y  (1969) 

found th a t  p ro lo n g a t io n  o f  th e  zona f r e e  p e r io d  by s t e r o id  a d m in is t r a ­

t i o n  d u r in g  a normal pregnancy caused no d i f fe r e n c e  in  the  subsequent 

pregnancy.

Simmons and Russe ll (1966) have suggested th a t  the  zona p e l lu c id a
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a l lo w s  th e  t ro p h o b la s t  t o  form in  the  deve lop ing  conceptus 

u n a f fe c te d  by the  materna l a l l o g r a f t  response and th a t  once the  

zona is  d ig es te d  ( r a b b i t  7 i  days) the  t ro p h o b la s t  takes over the  

r o le  o f  p r o te c t in g  th e  fo e tu s  from r e je c t i o n .  O bv ious ly  K i r b y 's  

(1969) f in d in g s  do not i n v a l id a te  t h i s  h y p o th e s is .

The u te ru s  as a p r i v i l e g e d  s i t e

The u te ru s  may a c t  as a p r iv i l e g e d  s i t e  d u r in g  the  e a r l y  stages 

o f  pregnancy and may be e s p e c ia l l y  im p o rta n t  p r i o r  to  the  fo rm a t io n  

o f  the  t ro p h o b la s t  b a r r i e r .

S c h le s in g e r  (1962) t ra n s p la n te d  tumours in t o  the  endometrium 

o f  roden ts  and found th a t  the y  were re je c te d ;  however the  tumours 

outgrew the  c o n f in e s  o f  th e  endometrium so the  va lue  o f  t h i s  e x p e r i ­

ment has been que s t io ned . Poppa e t  al (1964) us ing  p a ra th y ro id  

a l l o g r a f t s  im p lanted in  endometrium found th a t  r e je c t io n  occurred  

a t  about 20 days; however these g r a f t s  d id  not s t im u la te  the  dec idua l 

re a c t  ion .

McLean and Scothorne (1970) were unable to  dem onstra te  the  

presence o f  lym p h a t ics  in  the  endometrium o f  r a b b i t s .  The same 

a u tho rs  (1971) found th a t  epidermal a l l o g r a f t s  made to  the  endo­

metrium had a p ro longed s u r v iv a l  when compared to  s im i l a r  g r a f t s  

made to  th e  u te r in e  serosa which does c o n ta in  ly m p h a t ic s .

Decidual p r o te c t io n

T ra n s fe r  o f  b la s to c y s ts  beneath the  k id n ey  capsu le  o f  an a l l o ­

geneic hos t r e s u l t s  in  an a l l o g r a f t  r e je c t i o n .  However, i f  the  

b la s to c y s ts  are  t r a n s fe r r e d  t o  the  u te ru s  o f  a pseudopregnant 

animal th e y  w i l l  s u rv iv e  (K i rb y  e t  a l 1966).
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T ro p ho b la s t  m ucopro te in  la y e r

The presence o f  a s ia lo m u c in  la y e r  may p reven t the  egress 

o r h ide  t r a n s p la n ta t io n  an t ig e ns  p resen t on the  t ro p h o b la s t  

su r fa c e .  K i r b y  e t  a l (1964) showed an e le c t r o n  dense amorphous 

f i b r i n o i d  la y e r  su rro u nd in g  each t ro p h o b la s t  c e l l  o f  the  e c to ­

pl acen ta l cone o f  th e  mouse concep tus . Th is  la y e r  is  a m ucopro te in  

r i c h  in  t ry p to p h a n  and co n ta in s  a t  le a s t  two non -su lpha ted  a c id  

m ucopo lysaccharides , p o s s ib ly  h y a lu ro n ic  a c id  and s i a l i c  ac id  

(Bradbury e t  a l 1965). C u r r ie  (1967) suggested th a t  the  s i a l i c  

ac id  res idues  c o n ta in  a h igh  n e g a t iv e  charge which causes re p u ls io n  

o f  lymphocytes. I t  is  now g e n e ra l ly  cons ide red  th a t  t h i s  is  un­

l i k e l y  and th a t  s t e r i c  h ind rance  is  a more p robab le  mechanism 

(C u r r ie  1968). Removal o f  t h i s  la y e r  r e s u l t s  in  r e je c t i o n  o f  

e c to p l acen ta l cone t r a n s p la n ts  (C u r r ie  e t  al 1968).

However, P o tts  (1965) noted th a t  th e  s ia lo m u c in  la y e r  is  

absent when materna l and fo e ta l  mouse t is s u e s  make c o n ta c t  a f t e r  

ru p tu re  o f  th e  zona p e l lu c id a .  A lso  w orkers have been unab le  to  

f i n d  a con t in uou s  f i b r i n o i d  la y e r  in  c e r t a in  o th e r  sp ec ie s .

2. THE CENTRAL RESPONSE

I t  has been suggested th a t  th e  c e n t ra l  response may be 

d im in ish e d  e i t h e r  s p e c i f i c a l l y  f o r  p a te rn a l T a n t ig e ns  o r  non 

s p e c i f i c a l l y  f o r  the  a l l o g r a f t  response in  g e n e ra l .  W ith the  

l a t t e r  in  mind severa l au tho rs  have suggested th a t  th e  increased  

s e c re t io n  o f  s te r o id s  d u r in g  pregnancy may abroga te  the  a l l o g r a f t  

response on a non s p e c i f i c  b a s is .

Heslop e t  a l (1954) found th a t  r a b b i t  ep idermal a l l o g r a f t s  

s u rv iv e  about tw ic e  the  normal r e je c t i o n  p e r io d  between th e  20th
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and 24th day o f  pregnancy. Th is  is  supported by th e  f in d in g  

th a t  s k in  a l l o g r a f t s  made to  the  pregnant human s u rv iv e  f o r  up 

to  18 days (Andresen 1962).

However h igh  doses o f  o e s t ra d io l  in  mice (Medawar and Sparrow 

1956), h igh  doses o f  H.C.G. in  mice (Pearse and Karman 1967) and 

h igh  doses o f  p roges te rone  (Simmons e t  al 1968) do not extend 

epidermal g r a f t  s u rv iv a l  t im e s .

A lthough  a t  f i r s t  s ig h t  s te r o id s  even a t  h igh  doses do not 

appear t o  e x e r t  a s i g n i f i c a n t  sys tem ic  e x te n s io n  o f  g r a f t  s u rv iv a l  

t^ime, i t  has been suggested th a t  a h igh  c o n c e n tra t io n  o f  s te r o id s  

a t  the  t ro p h o b la s t  endom etr ia l i n te r fa c e  may d im in is h  th e  a l l o g r a f t  

response l o c a l l y .  But, as K irb y  (1966) p o in ts  o u t ,  in  these 

experim ents  in  which t r o p h o b la s t  l i v e s ,  p r o l i f e r a t e s  and presumably 

s e c re te  hormones the  fo e ta l  t is s u e  is  des troyed  by an a l l o g r a f t  

response u n a f fe c te d  by the  supposed h igh  lo c a l  c o n c e n tra t io n  o f  

s t e r o id  hormones.

H y p e r s e n s i t i v i t y  phenomena which are mediated by the  T c e l l  

p o p u la t io n  are not d im in ish e d  in  pregnancy (Montgomery 1968).

Thus the  r e s u l t s  o f  Heslop e t  al and Andresen have not been s a t i s ­

f a c t o r i l y  accounted f o r  by t h i s  approach.

3. EFFERENT LIMB

As ye t  l i t t l e  is  known about the  e f f e r e n t  l im b  o f  th e  a l l o ­

g r a f t  response. I t  is  no tew orthy  th a t  pregnancy w i l l  take  p lace  

in  female mice made hyperimmune to  th e  p a te rn a l  T a n t ig e n s ,  t h e r e fo r e  

th e  e f f e r e n t  l im b  must be a f fe c te d  in  some way.

The re s is ta n c e  o f  fem ale mice t o  a t ra n s p la n ta b le  a l lo g e n e ic  

tumour f a l l s  as a r e s u l t  o f  p a r i t y  by a male mouse g e n e t i c a l l y
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id e n t ic a l  to  the  t ra n s p la n te d  tumour (B reyere and B a r re t t  I960 , 

Breyere 1961, C u r r ie  1969). These au tho rs  suggest th a t  enhancing 

a n t ib o d ie s  produced by the  mother to  the  p a te rn a l a n t ig e n  component 

o f  the  t r o p h o b la s t  o r  fo e tu s  coa t th e  fo r e ig n  T a n t ig e n s  and p reven t 

c y to to x ic  lymphocytes from d e s t ro y in g  the  concep tus. However K a l is s  

and Dagg (1964) were unable to  t r a n s f e r  enhancement by serum t r a n s ­

fu s io n s .  C u r r ie  (1969) found th a t  he was a b le  t o  produce a s p e c i f i c  

unresponsiveness to  p a te rn a l a n t ig e ns  by serum t r a n s f e r  from mice 

a t  day 18 o f  pregnancy and o th e r  r e s u l t s  (Youtananukom e t  a l 1972) 

suggest the  presence o f  a plasma f a c t o r  in  post partum females 

which b locks the  in  v i t r o  e xp ress ion  o f  the  materna l c e l l  mediated 

re a c t io n  t o  p a te rn a l a n t ig e n s .

In summary no s in g le  mechanism can s a t i s f a c t o r i l y  e x p la in  the  

p r o te c t io n  o f  the  fo e tu s .  S ince the  conceptus does not n o rm a lly  

s e n s i t i s e  the  mother d u r in g  a pregnancy i t  seems th a t  the  a f f e r e n t  

l im b  o f  the  a l l o g r a f t  response is  b locked . However the  conceptus 

does seem to  have secondary forms o f  p r o te c t io n  s in ce  pregnancy 

can occur in  mothers p re s e n s i t is e d  to  the  p a te rn a l t r a n s p la n ta t io n  

a n t ig e n  complement (Beer and B i11ingham 1974). Thus the  e f f e r e n t

l i m b e r  c e n t ra l  response is  a ls o  b locked.



M A T E R IA L  & METHODS 

FOR THE MORPHOLOGICAL STUDY
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M a te r ia ls  and methods f o r  the  m orpho log ica l s tudy

S ix  mature female New Zealand w h ite  r a b b i t s  were used in  the  

s tud y .  The r a b b i t s  were mated a t  a known t im e  and then s a c r i f i c e d  

on days 2 , 7 , 9 ,  10, 13 us ing  an in travenous  dose o f  Nembutal.

(The day o f  c o i t u s  was taken as day 0 ) .  A non-pregnant u te ru s  was 

a ls o  removed f o r  s tud y .

F ix a t io n  techn iques  

Non-pregnant u te ru s

The horns were d is s e c te d  f r e e  o f  each o th e r .  A small s e c t io n  

was removed from the  m idd le  o f  one horn and f i x e d  in  Bou in 's  s o lu t i o n .  

The o th e r  horn was opened a long  the  a n t im eso m e tr ia l  b o rde r ,  p inned 

on to  c o rk  and not f i x e d .

2 day pregnant u te ru s

As t h i s  m a te r ia l  was to  be viewed on the  scanning e le c t r o n  

m icroscope (SEM) f i x a t i o n  was i n i t i a t e d  as soon as p o s s ib le .

The abdominal c a v i t y  o f  the  r a b b i t  was opened, a ho le  made in  

the  a n t e r io r  va g ina l w a l l  and a p ip e t t e  c o n ta in in g  g lu ta ra ld e h y d e  

5% in  phosphate b u f fe r  was in s e r te d  th rough  the  c e r v ic a l  canal o f  

one ho rn . About 1 m l.  o f  g lu ta ra ld e h y d e  was in tro du ce d  in t o  the  

u te r in e  c a v i t y ,  ca re  being taken  not t o  d is te n d  the  u te ru s .  I t  

was found unnecessary t o  l i g a t e  the  o v id u c t  o r  c e r v ix  t o  p reven t 

escape o f  the  f i x a t i v e .

The horn was then d is s e c te d  f r e e  and immersed whole in  g l u t a r ­

al dehyde. A f t e r  3 hours the  u te ru s  was opened a long  the  mesom etr ia l 

b o rd e r ,  p inned onto  c o rk  and f i x e d  f o r  a f u r t h e r  9 hou rs . A small 

b lock  o f  t i s s u e  was removed from the  c e n t re  and processed f o r
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v iew in g  by SEM.

Th is  techn ique  r e ta in s  the  n a tu ra l  f o l d  p a t te rn  o f  the  

endometrium which would be d is t o r t e d  by immediate opening and 

p in n in g  out o f  the  u te ru s .



Techniques used a t  d i f f e r e n t  g e s ta t io n  p e r iod s

G es ta t io n  T issue
Period (Days) S tud ied

0 Uterus

2 Uterus

7 Uterus
Conceptus

9 Uterus
Conceptus

10 Uterus
Conceptus

13 Uterus
Conceptus 
Yolk  Sac

Gross = naked

LM = l i g h t

SEM = scann

TEM = t rans i
m ic ro

Technique o f  exam ina t ion

Gross, LM 

SEM

SEM, LM 
LM

SEM, LM 
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eye in s p e c t io n  

m icroscopy

ing e le c t r o n  m icroscopy 

n is s io n  e le c t r o n
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7 day p regnant u te ru s

The u te r in e  horns were removed, and one horn was p laced in  

B ou in 's  s o lu t i o n .  The o th e r  was f ix e d  in  g lu ta ra ld e h y d e  5% in  

phosphate b u f fe r  f o r  3 hou rs , when the  im p la n ta t io n  s i t e s  were 

d is s e c te d  f r e e  o f  each o th e r  and opened a long e i t h e r  the  mesometr ia l 

o r  the  a n t im e so m e tr ia l  b o rde r.  The b la s to c y s t  was punctured and 

removed. The im p la n ta t io n  s i t e s  were pinned on t o  c o rk  and f i x e d  

f o r  a f u r t h e r  9 hou rs . In those  s i t e s  opened a long  the  m esometr ia l 

border the  a n t im eso m e tr ia l  w a l l  was not v i s i b l e ,  i t  was th e r e fo r e  

in v e r te d  so th a t  i t  s tood up as a dome from the  su rro u nd in g  u te r in e  

f o ld s .  Th is  method produces le ss  d i s t o r t i o n  than s t r e t c h in g  the  

u te ru s .

9 and 10 day pregnant u te ru s

Each s i t e  was s e p a r a t e d  by l i g a t u r e s  and f i x e d  whole  in  B o u in 's  

s o l u t i o n .

13 day p regnant u te ru s

The i n d i v i d u a l  conceptuses were s e p a r a t e d  by l i g a t u r e s  and 

e i t h e r  f i x e d  who le  in  Bouin 's  s o l u t i o n  o r  d i s s e c t e d  and f i x e d .

Processing o f  m a te r ia ls  

L ig h t  m icroscopy —

A l l  t is s u e s  were f i x e d  in  B ou in 's  s o lu t i o n ,  dehyd ra ted , c le a re d  

and embedded in  p a r a f f i n  wax. S ec t ions  were cu t  a t  3 -  5 pm t h i c k ­

ness and s ta in e d  us ing  Haem atoxy lin  and Eos in ,  p e r io d ic  a c id  s c h i f f  

reagent and Methylene Blue.

Scanning e le c t r o n  m ic roscopy  —

Tissues were f ix e d  in  g lu ta ra ld e h y d e  5% in  phosphate b u f f e r
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a t  pH l , h .  They were then dehydrated th rough a graded s e r ie s  o f  

a lc o h o ls  and e i t h e r  e t h e r / a i r  d r ie d  o r c r i t i c a l  p o in t  d r ie d .

In the  fo rm er the  t is s u e s  were soaked in  a 50% e ther/50%  

a lcoho l m ix tu re  f o r  i  -  2 hours and then in  100% e th e r  f o r  i  -  2 

hou rs . They were then a i r  d r ie d  a t  room tem pera tu re  underneath 

a g lass  co ve r .

In the  l a t t e r  the  t is s u e  was soaked in  50% amyl aceta te /50%  

a b s o lu te  a lco ho l m ix tu re  f o r  i  -  2 hours and then in  100% amyl 

a c e ta te  f o r  1 hour.  The t is s u e s  were then t r a n s fe r r e d  to  baskets 

and p laced in  the  chamber o f  the  c r i t i c a l  p o in t  d r i e r  which c o n ta in s  

100% amyl a c e ta te .  Th is  is  rep laced  by f lu s h in g  the  chamber w i th  

l i q u i d  carbon d io x id e  and soak ing the  t is s u e s  f o r  3 -  4 hours .

The p ressure  and tem pera tu re  are a d jus te d  u n t i l  the  l i q u i d  carbon 

d io x id e  reaches i t s  c r i t i c a l  p o in t .  The gaseous carbon d io x id e  

is  then re leased  v e ry  s lo w ly  and the  d ry  specimens removed from 

the  chamber.

A l l  specimens were mounted on s tu b s ,  coated w i th  g o ld /p a l la d iu m  

in  a r o t a t o r y  c o a te r  and viewed on th e  S600 Stereoscan m icroscope. 

N o te :-  (1) I t  is  im p o r ta n t  t h a t  a l l  e p i t h e l i a l  su r face s  are  f r e e  

o f  d e b r is  and s e c re t io n s .  I t  is  t h e r e fo r e  mandatory 

t o  i r r i g a t e  the  s u r fa c e  w i th  a stream o f  phosphate 

b u f fe r  p r i o r  t o  and a f t e r  f i x a t i o n .

(2) I t  is  im p o r ta n t  not t o  s t r e t c h  the  m a te r ia l  b e fo re

f i x a t i o n  -  t h i s  w i l l  d e s t ro y  n a tu ra l  f o l d  p a t te rn s  and 

produce d i s t o r t i o n  o f  c e l l s  and o th e r  s u r fa c e  s t r u c tu r e s .

T ransm iss ion  e le c t r o n  m icroscopy

A f t e r  f i x a t i o n  f o r  about h a l f  an hour in  g lu ta ra ld e h y d e  5% in
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phosphate b u f f e r  a t  pH 7 . ^ ,  the  t is s u e  was p laced in  5% osmic 

a c id  f o r  h a l f  an hou r,  washed in  phosphate b u f f e r ,  dehydra ted 

th rough a graded s e r ie s  o f  a lc o h o ls  and us ing  in te rm e d ia te  d i l u t i o n s  

o f  prop y lene  ox ide  f i n a l l y  embedded in  a r a l d i t e ,

U l t r a t h in  s e c t io n s  were cu t  us ing  g la ss  kn ives  and the  s e c t io n s  

viewed through the  P h i l ip s  200 Transm iss ion  E le c tro n  M icroscope.



4 3

THE M A T E R IA LS  AMO METHODS FOR 

THE GRAFTING STUDY OF YOLK SAC



The m a t e r i a l s  and methods f o r  g r a f t i n g  e x p e r im e n t s

Five  a d u l t  female New Zealand w h i te  r a b b i t s  were used as 

donors and s ix te e n  male co lo u re d  Dutch r a b b i t s  as r e c ip ie n t s  o f  

the  g r a f t s .  New Zealand w h i te  r a b b i t s  were mated and s a c r i f i c e d  

a t  13 -  1 3 i days.

T r a n s p l a n t a t i o n  o f  th e  v i s c e r a l  y o l k  sac

The procedure was s p l i t  in t o  th re e  p a r ts .  Ins trum en ts  were 

s t e r i l i s e d  in  th re e  separa te  t ra y s  and an in d iv id u a l  t r a y  was 

removed from the  a u to c la ve  o n ly  when i t  was re q u ire d .  Animals 

were s a c r i f i c e d  and shaved in  a sepa ra te  room b e fo re  b eg in n ing  th e  

procedure . A s t r i c t  a s e p t ic  tech n iq ue  was adopted th ro u g h o u t .

1. REMOVAL OF THE UTERUS

A lower m id - l in e  in c is io n  was made and th e  p e r i to n e a l  c a v i t y  

opened. The pregnant u t e r i  u s u a l ly  l i e  s u p e r f i c i a l l y  and appear 

as dark p u rp le  s w e l l in g s .  The u te ru s ,  o v id u c ts  and p a r t  o f  the  

vag ina  were d e l iv e re d  on t o  s t e r i l e  gauze swabs and exc ise d  by 

c u t t i n g  the  mesometrium and v a g ina . These v is c e ra  were then  l a id  

in  a s t e r i l e  p e t r i  d is h  and covered by a s a l in e  soaked gauze swab. 

The New Zealand w h ite  r a b b i t  donor was removed from the  t a b le .

2. REMOVAL OF THE YOLK SAC

The in d iv id u a l  conceptuses were separa ted  u s ing  m osqu ito  

fo rceps  and s c is s o rs  to  clamp and c u t  the  in te r c o n c e p ta l  u te ru s .

A s in g le  conceptus was l a id  on a s t e r i l e  gauze swab such th a t  

the  an t im eso m e tr ia l  w a l l  faced th e  o p e ra to r .  The fo rc e p s  he lped 

s t a b i l i s e  the  conceptus d u r in g  d is s e c t io n  and p re ven t h e r n ia t io n  

o f  the  y o lk  sac th rough  the  u te r in e  lumen.
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The a n t im eso m e tr ia l w a l l  was p icked  up us ing  f i n e  to o th  

fo rceps  and a c r u c ia te  c u t  made us ing  o ph tha lm ic  s c is s o r s .  The 

l a t t e r  o p e ra t io n  must be performed q u ic k ly  and a c c u r a te ly ,  o r e ls e  

h e r n ia t io n  and ru p tu re  o f  the  y o lk  sac w i l l  occur making th e  re s t  

o f  the  procedure d i f f i c u l t .

The y o lk  sac is  now d is p la y e d  and the  v i t e l l i n e  ve s s e ls  are  

seen c o u rs in g  over i t s  s u r fa c e .  The fo e ta l  h e a r t  was observed to  

be bea t in g  even th re e  q u a r te rs  o f  an hour a f t e r  s a c r i f i c i n g  the  

mother. A t h i n  la y e r  o f  mucus covers  the  endoderm. Th is  was 

removed us ing  a p a i r  o f  f i n e  too th ed  fo rc e p s .

A punc tu re  was made in  the  y o lk  sac j u s t  l a t e r a l  to  the  

v i t e l l i n e  vesse ls  as they  leave the  y o lk  sac and e n te r  th e  fo e tu s .  

Ophthalmic s c is s o rs  were then in t ro d u c e d  i n t o  the  exocoelom and 

the  ve sse ls  t ra n s s e c te d ,  thus s e p a ra t in g  the  v is c e r a l  y o lk  sac 

from the  fo e tu s .  The y o lk  sac was then  removed whole by making 

a c i r c u m fe r e n t ia l  c u t  j u s t  medial t o  the  s in u s  te rm in a l  i s .  Occasion 

a l l y  p a r t  o f  the  p a ra p la c e n ta l c h o r io n  was removed w i th  the  y o lk  sac.

3. GRAFTING OF THE YOLK SAC

Coloured Dutch r a b b i t s  were weighed and a n a e s th e t is e d  us ing  

Nembutal (V e te r in a ry  -  A b b o t t )  60 mg/cc as a s t a t .  in t ra ve n o u s  

in je c t i o n .  The dose was about 0 .66 mg per k i lo g ra m  bodyweight and 

was in je c te d  v e ry  s lo w ly  in t o  the  m arg ina l ear v e in  u n t i l  th e  animal

ju s t  responded to  squeezing the  e a r .  The dorsum o f  both ears were

then shaved and soaked w i th  h ib i t a n e  swabs.

The A rg y le  Medicut in tra ve n o us  cannu la  (Sherwood Medical 

In d u s t r ie s  Inco rp o ra te d  U .S .)  s iz e  18 Ga x 2 inches was used f o r  

in t ro d u c in g  the  g r a f t .  A 2 ml s y r in g e  was f i l l e d  w i th  T199 and
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a ttached  to  the  need le . A vo id in g  a l l  la rg e  blood v e s s e ls ,  the  

needle and cannu la  were in tro d u ce d  about 1 cm in to  the  derm is .

A small b l i s t e r  was then ra is e d  by i n je c t i n g  T199. Th is  should  

cause a peau d 1orange appearance o f the  o v e r ly in g  e p id e rm is ;  i f  

i t  does n o t ,  then the  needle is  l y in g  in  the  wrong t i s s u e  p lane 

and should be removed and ano the r s i t e  s e le c te d .

The needle and s y r in g e  are then removed le a v in g  th e  cannu la  

in  s i t u .  The y o lk  wac was cu t  in to  small p ieces and in tro d u ce d  

in to  the  bore o f  the  cannu la . The s y r in g e  was then rep laced  and 

the  g r a f t  in t roduced  in to  the  b l i s t e r  by a p p ly in g  g e n t le  p ressure  

on the  s y r in g e .  The cannu la  is  then removed and the  e x i t  ho le  

sealed im m ed ia te ly  by p re ssu re ,  th e re b y  a v o id in g  r e f l u x  o f the  g r a f t .  

The e x i t  ho le  was marked by a 6 /0  s i l k  s u tu re  and sprayed w i th  a n t i ­

b i o t i c  powder and Nebecutaine d re s s in g .

About i  to  i  o f  a y o lk  sac was in tro du ce d  in t o  the  r i g h t  and 

l e f t  ear o f  each r a b b i t .

E x c is io n  o f  the  g r a f t s

These were removed e i t h e r  im m e d i a te l y  o r  a t  s i x ,  n i n e  or  

f o u r t e e n  days a f t e r  g r a f t i n g  (see t a b l e ) .  The g r a f t  was a lways  

e v i d e n t  as a smal l  (c.  2 mm s qu a re )  lump and cou ld  t h e r e f o r e  be 

a c c u r a t e l y  e x c i s e d  by c u t t i n g  a f u l l  t h i c k n e s s  window from t h e  e a r .  

The g r a f t s  were s t i t c h e d  on to  c o r k  and f i x e d  in  Bouin 's  s o l u t i o n  

f o r  6 - 1 2  hours ( l o n g e r  f i x a t i o n  makes th e  specimen b r i t t l e  and 

d i f f i c u l t  t o  c u t  on t h e  m ic r o t o m e ) .

They were then  processed  and embedded in  p a r a f f i n  wax.  S e r i a l  

s e c t i o n s  were c u t  a t  5 pm t h i c k n e s s  and mounted on g l a s s  s l i d e s .

Two s e r i e s  o f  s l i d e s  were p re p a re d  f rom each b l o c k ;  t h e s e  were  

s t a i n e d  w i t h  P . A . S .  and H .E .
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RESULTS OF MORPHOLOGICAL STUDY



THE NON PREGNANT UTERUS

The r a b b i t  u te ru s  is  b lc o rn u a te  w i th  se pa ra te  c e rv ic e s  opening 

in to  a common vag ina .  In a u te ru s  which has been opened a long  the  

an t im eso m e tr ia l  borde r (F ig .  1) one can see p a i r s  o f  endom e tr ia l 

f o ld s .  The la r g e s t  o f  these  l i e  on the  mesom etr ia l borde r (F ig .

2) and are named th e  p la c e n ta l  f o l d s ;  a d ja c e n t  t o  these  are  the  

p e r i  p ia c e n ta l  f o ld s  and in  the  a n t im e so m e tr ia l  w a l l  th e re  a re  th e  

o bp la ce n ta l f o l d s .  Each se t  o f  f o ld s  is  d iv id e d  in t o  re c ta n g u la r  

b locks o f  endometrium known as th e  c o u s s in e ts  o f  Hoi l a r d ,  which 

a re  each 2 -  3 mm in  le n g th .

The v a s c u la r  endo m e tr ia l stroma is  covered by th e  u te r in e  

e p i th e l iu m  which is  made up o f  s im p le  columnar c e l l s  (F ig .  3 ) .

Simple t u b u la r  mucus s e c re t in g  g lands are  p re v a le n t  a t  the  bases 

o f  the  v a r io u s  f i s s u r e s .  The endometrium is  surrounded by a la y e r  

o f  smooth muscle -  the  myometrium.

DETAILS

In F ig .  k th e  complex f o l d  p a t te rn  o f  the  endometrium is  shown.

I t  c o n s is ts  o f  both ra d ia l  and lo n g i t u d in a l  f o ld s .  The u te ru s  has 

been opened a long  the  m esom etr ia l border and a small p iece  exc ise d  

from the  m idd le  o f  the  u te ru s .  The o v id u c ta l  end l i e s  on th e  l e f t .

Two co u s s in e ts  o f  a p la c e n ta l  f o l d  are  shown separa ted  from the  

p e r i  p ia c e n ta l  f o l d s ,  which are not so c l e a r l y  demarcated by a deep 

p e r ip la c e n ta l  f i s s u r e .  Radial f o ld s  j o i n  th e  two se ts  o f  l o n g i t u d in a l  

f o ld s .

The p la c e n ta l  f o ld s  are  f i s s u r e d .  Some o f  these  f i s s u r e s  are 

undoub ted ly  a r t i f a c t s  caused by d r y in g .  Many round openings are 

p resen t on th e  s u r fa c e  o f  th e  ra d ia l  f o ld s  and an example o f  one o f
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these Is  shown in  F ig ,  5. These open ings, which have a d iam ete r 

o f  25 |jn, a re  th e  mouths o f  s im p le  t u b u la r  g lands which are 

p re v a le n t  in  the  p e r ip la c e n ta l  f i s s u r e .  In d iv id u a l  e p i t h e l i a l  

c e l l s  a re  arranged r a d i a l l y  o r  p o s s ib ly  h e l i c a l l y  in  the  w a l l  o f  

the  tu b e .  There a re  a la rg e  number o f  c i l i a t e d  c e l l s  in  the

v i c i n i t y  o f  the  g land  open ing.

THE SEVEN DAY PREGNANT UTERUS AND BLASTOCYST

F ig .  6 shows the  e a r l i e s t  s tage o f  im p la n ta t io n  o f  the  b la s to ­

c y s t .  The u te ru s  has a d iam ete r o f  1.1 cm. The cu t  edge o f  the

mesometrium l i e s  below in  the  photograph. The p la c e n ta l  fo ld s  

are  e n la rg e d ,  f l a t t e n e d  and separa ted by a deep i r r e g u la r  i n t e r -  

p la c e n ta l  f i s s u r e .  The p e r i  p ia c e n ta l  f o ld s  are a ls o  en la rg e d , 

but the  o bp la ce n ta l f o ld s  have been o b l i t e r a t e d  by the  expanding 

b la s to c y s t .  The an t im eso m e tr ia l  w a l l  has th inned  and the  smooth 

muscle la y e r  has been s t re tc h e d .

A low power SEM m icrograph (F ig .  7) shows t h a t ,  a t  th e  s i t e  

o f  im p la n ta t io n ,  th e  two p la c e n ta l  f o ld s  now form a cup shaped 

a rea , w i t h  an e la b o r a te ly  f is s u re d  s u r fa c e .  In s e c t io n  (F ig .  8 ) ,  

t h i s  f i s s u r i n g  is  seen to  be due to  f o ld in g  o f  the  u te r in e  e p i th e l iu m ,  

w i th  in te r v e n in g  deep fu r ro w s .  L a te r ,  t r o p h o b la s t  grows in to  

these  fu r ro w s ,  over a horseshoe shaped s i t e  o f  a ttachm ent.  The 

e ndom etr ia l tu n ic a  p ro p r ia  is  h ig h ly  v a s c u la r .

The b la s to c y s t  is  s t i l l  in ves ted  by zona p e l lu c id a .  I t  has 

shrunk away from th e  a n t im esom e tr ia l w a l l ,  but is  s t i l l  a ttached  

t o  th e  p la c e n ta l  f o ld s .  The embryonic p la te  c o n s is ts  o f  two 

la y e rs  o f  c e l l s ,  ectoderm and endoderm, w h i l s t  th e  abembryonic 

p a r t  o f  the  b la s to c y s t  c o n s is ts  o n ly  o f  one la y e r ,  o f  ectoderm, a t
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t h i s  s ta g e .  Endoderm r a p id l y  grows round th e  abembryonic 

hem isphere, th e re b y  fo rm in g  th e  b i la m in a r  om pha lop leu re .

S ca t te re d  clumps o f  c i l i a  a re  seen on th e  e p i th e l iu m  o f  th e  

cup shaped p la c e n ta l  f o ld s  (F ig .  9 ) .  (Some o f  th e  f i s s u r e s  seen 

in  t h i s  photograph are  a r t i f a c t s  caused by d r y in g ) .  The u te r i n e  

s u r fa c e  o f  in d iv id u a l  c e l l s  is  shown in  F ig .  10. The c i l i a  a re  

a p p ro x im a te ly  15 pm lo n g .  The o th e r  c e l l s  bear m i c r o v i l l i ,  wh ich  

have small aggregates o f  coagulum a tta ch ed  t o  them.

THE NINE DAY CONCEPTUS

F ig .  11 shows a v e r t i c a l  s e c t io n  th rou g h  th e  conceptus a t  i t s  

s i t e  o f  a ttachm ent t o  the  p la c e n ta l  f o l d s .  The embryo i t s e l f  is  

s i t u a te d  c e n t r a l l y ,  o v e r ly in g  th e  in t e r p la c e n ta l  f i s s u r e ,  and w i t h  

i t s  d o rsa l s u r fa c e  fa c in g  down in  the  pho tog raph. The neu ra l tu b e ,  

pharynx and h e a r t  a re  seen. A t tached  t o  i t s  l a t e r a l  m arg ins is  

the  t r i l a m i n a r  om pha lop leu re , a membrane c o n s is t in g  o f  an o u te r  

la y e r  o f  t r o p h o b la s t ,  an in n e r  la y e r  o f  endoderm and an in te r v e n in g  

la y e r  o f  v a s c u la r  mesoderm. The t r o p h o b la s t i c  ectoderm  and th e  

v a s c u la r  mesoderm to g e th e r  c o n s t i t u t e  the  c h o r io n ,  wh ich  is  a t ta c h e d  

t o  the  p la c e n ta l  f o l d s .  The endometrium is  h ig h ly  v a s c u la r  and is  

r a p id l y  t h i c k e n in g .  In  some a re as , th e  t r o p h o b la s t  is  a t ta ch e d  t o ,  

and beg inn ing  t o  invade , th e  endometrium o f  th e  p la c e n ta l  f o ld s  

(F ig .  12) .

The r e la t i o n s h ip  between t r i l a m i n a r  om pha lop leure  and m aterna l 

t is s u e s  over an area o f  non -a ttachm ent is  shown in  F ig .  13, upper­

most in  th e  photograph are the  endocterm al c e l l s ,  whose v a c u o la te d  

ap ices  face  upwards i n t o  th e  c a v i t y  o f  th e  y o lk  sac. T h e i r  

v a c u o la t io n  suggests t h a t  a t  n in e  days th e y  may be abso rb in g
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m a te r ia l  from th e  y o lk  sac c a v i t y .  Ly ing  below th e  endoderm 

is  the  mesoderm, in  which th e re  a re  v i t e l l i n e  b lood v e s s e ls ,  

c o n ta in in g  nuc lea ted  f o e ta l  b lood c e l l s .  The f o e t a l  c i r c u l a t i o n  

is  e s ta b l is h e d  a t  about t h i s  t im e .  The mesoderm seems t o  form  

two w e l l  d e f in e d  la y e r s .  The upper la y e r  w i l l  fo rm , w i t h  th e  

endoderm, the  d e f i n i t i v e  v i s c e r a l  y o lk  sac; th e  low e r la y e r  is  

a ssoc ia te d  w i t h  th e  t r o p h o b la s t  wh ich  a t  n in e  days i s  made up o f
I

a re g u la r  la y e r  o f  cu b o id a l c e l l s .

In the  c o n te x t  o f  th e  p re sen t s tu d y  i t  shou ld  be noted 

p a r t i c u l a r l y  t h a t  th e  endoderm, mesoderm and mesodermal d e r i v a t i v e s  

a re  separa ted  from th e  m aterna l t i s s u e s  by a la y e r  o f  t r o p h o b la s t  

a t  the  n ine  day s tag e . "S e p a ra t io n "  may be taken  t o  im p ly  

" im m uno log ica l i s o l a t i o n "  a t  t h i s  s ta g e .

THE TEN DAY CONCEPTUS

F ig .  14 shows a s e c t io n  th rou g h  th e  embryo a t  th e  le v e l  o f  

the  h e a r t ,  p e r i c a r d ia l  c a v i t y ,  pharynx and h in d  b r a in .  [N o te  

t h a t  th e  embryo has ru p tu re d  th e  in v e s t in g  y o lk  sac d u r in g  p ro ­

cess ing  and shou ld  be in  an in v e r te d  p o s i t i o n  J  The amnion, 

which developed on th e  n in th  day, c o m p le te ly  in v e s ts  th e  embryo.

A la rg e  v e s s e l ,  th e  s in u s  te rm in a l  i s ,  i s  e v id e n t  a t  th e  edge 

o f  th e  t r i l a m i n a r  om pha lop leure  and marks i t s  boundary w i t h  th e  

b i la m in a r  om pha lop leu re . (F ig s .  15 and 16 ) .  T h is  c o n s is ts  o f  

t r o p h o b la s t  and f l a t t e n e d  endoderm.

A t a l l  p o in ts  in  both th e  t r i l a m i n a r  and b i la m in a r  omphalo- 

p le u re s ,  t r o p h o b la s t  sepa ra tes  th e  o th e r  components o f  the se  

membranes from  m aterna l t i s s u e s .

The r e la t io n s h ip s  between th e  t r i l a m i n a r  om pha lop leu re ,
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b i la m in a r  omphalop leure  and m aterna l t i s s u e s  a re  shown in  F ig .  15. 

The u te r in e  e p i th e l iu m  is  symplasmic excep t f o r  th e  deeper p a r ts  

o f  th e  u te r i n e  g la nd s .

The v is c e r a l  y o lk  sac is  p e e l in g  o f f  th e  c h o r io n ic  la y e r  

o v e r ly in g  the  p la c e n ta l  f o l d s ,  th e re b y  fo rm in g  a c a v i t y  -  th e  

exocoelom. I t  is  i n t e r e s t i n g  t o  note  t h a t  th e  m a jo r ve s s e ls  have 

formed where th e  t r o p h o b la s t  o f  th e  t r i l a m i n a r  om pha lop leure  has 

not invaded the  m aterna l t i s s u e s  (F ig .  16).

THE THIRTEEN DAY CONCEPTUS

F ig s .  17 and 18 a re  c ross  s e c t io n s  o f  th e  u te ru s  and conceptus 

a t  th e  t h i r t e e n t h  day o f  pregnancy. F ig .  17 is  a t h i c k  s e c t io n ,  

photographed under in c id e n t  l i g h t .  The embryo is  now w e l l  

deve loped. The t a i l  and h ind  l im b  buds a re  wrapped around th e  

a l l a n t o i c  d iv e r t i c u lu m .  The v i t e l l i n e  d iv e r t i c u lu m  runs upwards 

t o  th e  v is c e r a l  y o lk  sac. Both o f  these  d i v e r t i c u l a  c o n s is t  o f  

endoderm, mesenchyme and b lood ve s s e ls  which c a r r y  b lood t o  and 

from the  fo e tu s .  Thus two e x tra -e m b ry o n ic  c i r c u l a t i o n s  a re  

e s ta b l is h e d ,  one, the  v i t e l l i n e  c i r c u l a t i o n  which serves the  

v is c e r a l  y o lk  and c a r r ie s  n u t r i e n t s  absorbed from  th e  u te r i n e  

c a v i t y ,  th e  o th e r ,  th e  c h o r io a l l a n t o i c  c i r c u l a t i o n  which serves 

the  c h o r io a l l a n t o i c  p la c e n ta  and c a r r ie s  n u t r i e n t s  absorbed d i r e c t l y  

from th e  m aterna l b lood .

The endometrium has c o n t in u e d  t o  th ic k e n .  The p la c e n ta l  f o ld s  

form h ig h ly  v a s c u la r  c u sh io n s ,  separa ted  by a deep in t e r p la c e n ta l  

f i s s u r e .  The e x te n t  o f  th e  t r o p h o b la s t  in v a s io n  is  c l e a r l y  shown 

in  F ig .  18. Deep w i t h i n  th e  in t e r p la c e n ta l  f i s s u r e  a c h o r io n ic  

membrane j o in s  and dem onstra tes th e  depth o f  t r o p h o b la s t  in v a s io n
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i n t o  the  p la c e n ta l  cu sh io n s .  The p e r i  p ia c e n ta l  f o ld s  show a 

marked dec idua l re a c t io n  and are h ig h ly  v a s c u la r .  The u te r i n e  

c a v i t y  c o n ta in s  a m ix tu re  o f  u te r in e  m i l k  and a d a r k ly  s t a in in g  

s lough o f  symplasma and b i la m in a r  om pha lop leu re .

The arrangement o f  the  fo e ta l  membranes is  best seen in  F ig s .

18 and 19. D e ta i ls  o f  F ig .  18 a re  shown in  F ig s .  20 and 21. The

embryo l i e s  surrounded by th e  amnion and anchored in  p o s i t i o n  by 

th e  a l l a n t o i c  and y o lk  sac d i v e r t i c u l a .  The amnion forms on th e  

n in th  day by the  development and fu s io n  o f  ectoderm al f o l d s .  I t  

c o n s is ts  o f  an in n e r  la y e r  o f  f l a t t e n e d  ectoderm and an o u te r  

la y e r  o f  mesenchyme (F ig .  2 0 ) ,  and sepa ra tes  th e  embryo from the  

v is c e r a l  y o lk  sac. The la rg e  c a v i t y  between th e  amnion and 

v is c e r a l  y o lk  sac is  th e  exocoelom which formed d u r in g  in v e r s io n

o f the  v is c e r a l  y o lk  sac d u r in g  the  te n th  and e le v e n th  days.

The v is c e r a l  y o lk  sac c o n ta in s  numerous v e s s e ls  which r a d ia te  

t o  and from the  c e n t ra l  y o lk  s t a l k  (F ig .  19 ) .  The g e s ta t io n  sac 

has been opened by a c r u c ia t e  i n c i s io n  in  th e  a n t im e s o m e tr ia l  w a l l  

o f  the  u te ru s ,  which has r e t r a c te d  t o  revea l the  embryo covered

by the  v is c e r a l  y o lk  sac. T h is  is  an e a r l y  s tage  in  th e  d i s s e c t i o n

and removal o f  the  y o lk  sac f o r  th e  g r a f t i n g  e x p e r im e n ts .  The

s inus  te rm in a l  is  is  seen in  F ig .  21 c o u rs in g  around th e  p e r ip h e ry

o f  the  v is c e r a l  y o lk  sac. In o rd e r  t o  remove o n ly  y o lk  sac i t  is  

necessary t o  remain w ith ln the  bounds o f  t h i s  v e s s e l ,  but i t  shou ld  

be noted th a t  in  p a r t s , t h e  s in u s  te rm in a l  is  is  not co n t in u o u s  and 

in a d v e r te n t  removal o f  th e  p a ra p la c e n ta l  c h o r io n  a long  w i th  th e  

v is c e r a l  y o lk  sac may o c c u r .

The r e la t io n s h ip s  between the  v is c e r a l  y o lk  sac, th e  p a ra p la c e n ta l
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c h o r io n ,  th e  rem a in ing  b i la m in a r  om pha lop leure  and th e  m aterna l 

t is s u e s  is  shown in  F ig s .  18 and 21. The v is c e r a l  y o lk  is  

c o m p le te ly  in v e r te d  by day 13. I t s  p e r ip h e ra l  bo rde r is  a t ta c h e d  

t o  the  p a ra p la c e n ta l  c h o r io n  wh ich  in  t u r n  is  a t ta ch e d  t o  th e  

p e r i  p ia c e n ta l  f i s s u r e .  The p a ra p la c e n ta l  c h o r io n  c o n s is ts  o f  an 

o u te r  la y e r  o f  cu bo id a l t r o p h o b la s t i c  c e l l s  wh ich  a re  c o n t in u o u s  

p e r ip h e r a l l y  w i t h  th e  t r o p h o b la s t  o f  th e  rem a in ing  b i la m in a r  

om phalopleure and c e n t r a l l y  w i th  th e  t r o p h o b la s t  in v a d in g  th e  

p la c e n ta l  cu sh ion s .  Deep t o  th e  t r o p h o b la s t  th e re  is  a fcyer o f  

f l a t  mesenchymal c e l l s .  Th is  la y e r  is  l a t e r  r e in fo r c e d  by an 

ou tg row th  o f  mesoderm o r i g i n a t i n g  from th e  a l l a n t o i c  d iv e r t i c u l u m ,  

i t  c a r r ie s  w i th  i t  b lood ve s s e ls  wh ich  fo rm  anastomoses w i t h  th e  

ve sse ls  o f  th e  v is c e r a l  y o lk  sac. Thus th e  v i t e l l i n e  and c h o r io ­

a l l a n t o i c  c i r c u la t i o n s  a re  jo in e d .

The p e r ip h e ra l  m arg in  o f  the  v is c e r a l  y o lk  sac is  sepa ra ted  

from th e  m aterna l t i s s u e s  by th e  rem a in ing  b i la m in a r  omphal o p le u re .  

Th is  c o n s is ts  o f  an o u te r  la y e r  o f  f l a t  t r o p h o b la s t i c  c e l l s  and 

an in n e r  la y e r  o f  f l a t  endodermal c e l l s .  The c a v i t y  o f  th e  y o lk  

sac in te rv e n e s  between th e  v is c e r a l  la y e r  o f  th e  y o lk  sac ( t r i l a m i n a r  

om phalop leure) and the  p a r ie t a l  la y e r  o f  th e  y o lk  sac ( b i la m in a r  

om pha lop leu re ).

In summary, the  p e r ip h e ra l  p a r t  o f  th e  v is c e r a l  y o lk  does 

no t make d i r e c t  c o n ta c t  w i t h  th e  m aterna l t i s s u e s .  I t  i s  p reven ted  

from  do ing  so by two named membranes, both o f  w h ich  a re  o r ie n ta te d  

such t h a t  t r o p h o b la s t  is  th e  o n ly  t i s s u e  wh ich  can make d i r e c t  

c o n ta c t  w i t h  th e  m aterna l t i s s u e s .

R e la t io nsh ips  between th e  an tem esom etr ia l w a l l  and the  conceptus  
a t  seven davs
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During th e  s i x t h  and seventh  days th e  b la s to c y s t  expands 

r a p id l y ,  r e s u l t i n g  in  s t r e t c h in g  o f  th e  a n t im e s o m e tr ia l  w a l l  o f  

the  u te ru s  and o b l i t e r a t i o n  o f  th e  o b p la c e n ta l  f o l d s .  In F ig .

22 which is  a s e c t io n  o f  p a r t  o f  th e  a n t im e s o m e tr ia l  w a l l  a t  th e  

seventh day, th e  e p i th e l iu m  c o n s is ts  o f  a s in g le  la y e r  o f  co lum nar 

c e l l s  l y in g  on a t h i n  la y e r  o f  end o m e tr ia l  s trom a. S imple mucus 

s e c re t in g  g lands a re  p re s e n t ,  t h e i r  deepest p a r ts  l y i n g  in  c o n ta c t  

w i th  th e  myometrium.

A t seven days th e  b la s to c y s t  is  surrounded by th e  zona 

p e l lu c id a  which is  in  d i r e c t  c o n ta c t  w i t h  th e  u te r i n e  e p i th e l iu m .

Th is  c o n ta c t  is  no t seen in  F ig .  22, th e  b la s to c y s t  w a l l  hav ing  

been d is p la c e d  in  p ro c e s s in g .  However, th e  im p r in t  o f  th e  expanded 

b la s to c y s t  is  shown by th e  f l a t t e n e d  appearance o f  th e  s u p e r f i c i a l  

f o ld s  o f  endometrium in  F ig s .  22 and 23. F ig .  23 is  a low power 

SE m icrograph  and shows th e  complex and i r r e g u l a r  f o l d  p a t te r n  o f  

the  a n t im e so m e tr ia l  w a l l .  Only o ccas ion a l c i l i a  a re  p re se n t  as 

compared w i t h  th e  u te r i n e  e p i th e l iu m  o f  th e  p la c e n ta l  f o l d s .

(F ig .  9 ) .

In summary, th e  e x tra e m b ryo n ic  re g io n  o f  th e  b la s to c y s t  is  

a ssoc ia te d  w i th  th e  a n t im e s o m e tr ia l  w a l l .  I t  c o n s is ts  o f  th e  

b i la m in a r  om pha lop leu re , an in n e r  la y e r  o f  endoderm, an o u te r  la y e r  

o f  t r o p h o b la s t ,  and a s in g le  e x t r a c e l l u l a r  co a t  -  th e  zona p e l l u c i d a ,  

which sepa ra tes  th e  c e l l u l a r  la y e rs  o f  the  b la s to c y s t  from  th e  

m aterna l u te r in e  e p i th e l iu m .  The p re ssu re  e x e r te d  by th e  expand­

ing  b la s to c y s t  on th e  a n t im e s o m e tr ia l  w a l l  i s  in d ic a te d  by th e  

f la t t e n e d  appearance o f  th e  s u p e r f i c i a l  f o ld s  o f  endometr ium.
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Nine days

The u te r i n e  e p i th e l iu m  has formed a symplasma excep t f o r  

the  deeper p a r ts  o f  th e  s im p le  tu b u la r  g lands  w h ich  have re ta in e d  

t h e i r  c e l l u l a r  s t r u c t u r e  (F ig .  2 4 ) .  The zona p e l lu c id a  has 

d isappeared and t r o p h o b la s t  knob fo rm a t io n  w i th  p e n e t r a t io n  o f  th e  

endom etr ia l stroma has o c c u r re d .  O bp lacenta l g ia n t  c e l l s  a re  seen 

ly in g  j u s t  below th e  symplasma. They appear t o  be r e la te d  t o  th e  

s i t e s  o f  t r o p h o b la s t  a ttachm ent t o  symplasma.

The e x t r a  embryonic b la s to c y s t  w a l l  c o n s is ts  o f  a b i la m in a r  

omphalopleure made up o f  an o u te r  f l a t t e n e d  la y e r  o f  t r o p h o b la s t i c  

e p i th e l iu m  which is  a t ta ch e d  to  th e  u te r i n e  symplasma a t  d i s c r e t e  

p o in ts .  Between these  s i t e s  o f  a ttachm ent the  b i la m in a r  omphalo- 

p le u re  forms arcades . The in n e r  la y e r  c o n s is ts  o f  a f l a t t e n e d  

la y e r  o f  endodermal c e l l s .

In  summary, th e  n in e  day a n t im e s o m e tr ia l  re g io n  is  c h a r a c te r is e d  

by the  appearance o f  o b p la c e n ta l  g ia n t  c e l l s  a t  th e  s i t e s  o f  t r o p h o ­

b la s t  a tta ch m e n t.  The endoderm o f  th e  b i la m in a r  om pha lop leu re  

is  separa ted  from th e  m aterna l u t e r i n e  symplasma by a c o n t in u o u s  

la y e r  o f  t r o p h o b la s t .

Ten days (F ig .  25)

The stroma o f  the  endometrium is  v e ry  v a s c u la r .  The u te r i n e  

symplasma appears t o  be d eg e n e ra t in g  and se ve ra l o f  th e  arcades 

o f  b i la m in a r  om phalop leure  have broken and s loughed i n t o  th e  

u te r in e  lumen. The o b p la c e n ta l  g ia n t  c e l l s  now l i e  deep in  th e  

endom etr ia l s troma and a re  c lo s e l y  r e la te d  t o  th e  myometrium.

In summary, th e  b i la m in a r  om pha lop leure  and a s s o c ia te d  u te r i n e  

symplasma s lough i n t o  th e  u te r i n e  lumen d u r in g  th e  te n th  day, thu s
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c o n v e r t in g  th e  y o lk  sac c a v i t y  and u te r i n e  lumen in t o  a s in g le  

c a v i t y .  The endoderm o f  th e  b i la m in a r  om pha lop leure  does not 

a t  any s tage  make d i r e c t  c o n ta c t  w i t h  th e  a n t im e s o m e tr ia l  

endometrium.

T h i r te e n  days (F ig s .  26, 27, 28)

The u te r i n e  lumen c o n ta in s  u te r i n e  m i l k  c o n s is t in g  o f  

g la n d u la r  s e c re t io n s  and th e  remains o f  th e  s loughed symplasma 

and b i la m in a r  om pha lop leu re . The e nd o m e tr ia l  s troma is  s t i l l  

h ig h ly  v a s c u la r .  The u te r i n e  symplasma has been re p lace d  by 

growth and m ig r a t io n  o f  c e l l s  from  th e  deep p a r ts  o f  th e  s im p le  

u te r i n e  g la n d s .  The u te r i n e  e p i th e l iu m  now c o n s is ts  o f  a s in g le  

la y e r  o f  co lum nar e p i t h e l i a l  c e l l s  b e a r in g  long  r e g u la r  m i c r o v i l l i .  

No c i l i a t e d  c e l l s  were seen (F ig .  2 8 ) .

The f o l d  p a t te r n  o f  th e  endometrium is  r e g u la r  and seems t o  

be d i f f e r e n t  f rom  t h a t  a t  seven days (F ig .  2 7 ) .  However, t h i s  

may be due t o  s t r e t c h in g  o f  th e  specimens d u r in g  f i x a t i o n .  In 

F ig .  27 many o f  th e  e p i t h e l i a l  c e l l s  a re  covered by an amorphous 

la y e r  o f  u t e r i n e  m i l k  and c e l l  d e b r is .

In summary th e  t h i r t e e n t h  day is  c h a r a c te r is e d  by th e  appear­

ance o f  la rg e  o b p la c e n ta l  g ia n t  c e l l s ,  some o f  which seem t o  have 

m ig ra te d  i n t o  th e  myometrium. The e nd o m e tr ia l  f o ld s  a re  not 

f l a t t e n e d  as th e y  were a t  th e  seven day s ta g e .  So i t  seems t h a t  

th e  v i s c e r a l  y o lk  does no t e x e r t  p re ssu re  on these  f o l d s ,  and 

indeed in  th e  h i s t o l o g i c a l  p re p a ra t io n s  th e  v is c e r a l  y o lk  sac was 

always sepa ra ted  from  th e  u te r i n e  e p i th e l iu m  by a space -  th e  

u te r i n e  lumen. T h is  may be e x p la in e d  by th e  f a c t  t h a t  th e  v is c e r a l  

y o lk  sac s h r in k s  away from  th e  u te r i n e  e p i th e l iu m  d u r in g  t i s s u e
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f i x a t i o n .

What is  t r a n s p la n te d ?

Having o u t l i n e d  th e  development o f  th e  y o lk  sac and i t s  

r e la t i o n s h ip  to  th e  endometr ium, we now d e s c r ib e  the  d e f i n i t e  

s t r u c t u r e  o f  th e  m a te r ia l  t r a n s p la n te d  as " v i s c e r a l  y o lk  s a c " .

I t  c o n s is ts  o f  mesodermal and endodermal d e r i v a t i v e s  in  th re e  

la y e rs  and F ig .  20 dem onstra tes  the se :  an o u te r  la y e r  o f

co lumnar endodermal c e l l s  w i t h  va c u o la te d  a p ic a l  cy top lasm  and 

b a s a l ly  s i t u a te d  n u c le i ,  an in te rm e d ia te  la y e r  o f  v i t e l l i n e  

ve s s e ls  and n u c le a te d  f o e t a l  b lood c e l l s  and an in n e r  la y e r  o f  

f l a t  mesenchymal c e l l s .  The o u te r  la y e r  faces  th e  u te r i n e  lumen 

and th e  in n e r  la y e r  faces  th e  exocoelom.

The s u r fa c e  o f  the  endoderm c o n s is ts  o f  r e g u la r  s iz e d  c e l l s  

(F ig .  2 9 ) .  The apex o f  each c e l l  is  dome shaped and bears 

i r r e g u l a r  s h o r t  m i c r o v i l l i  (F ig .  3 0 ) .  The s u r fa c e  o f  th e  in n e r  

mesenchymal la y e r  i s  f l a t  and is  c h a r a c te r is e d  by r id g e s  c re a te d  

by u n d e r ly in g  v i t e l l i n e  ve s s e ls  (F ig .  31 ) .

G re a te r  d e t a i l  i s  o b ta in e d  from  th e  t ra n s m is s io n  e le c t r o n  

m ic rog raphs  o f  13 day v is c e r a l  y o lk  sac, shown in  F ig s .  32, 33,

3^, 35 and 36. Each co lum nar endodermal c e l l  r e s ts  on a t h i n  

basal lam ina  and i s  surrounded by an i n t a c t  c e l l  membrane.

A d jacen t c e l l s  a re  u n i te d  a t  th e  lu m in a l s u r fa c e  by ju n c t i o n a l  

complexes, th e  deeper p a r ts  o f  th e  membranes a re  jo in e d  by desmo- 

somes. The dome shaped a p ices  a re  covered by b ranch ing  m i c r o v i l l i  

o f  le n g th  0 .7  -  0 .8  |jn. D i r e c t l y  beneath t h i s  m ic r o v i l l o u s  b o rde r 

th e re  is  a complex o f  tu b u le s ,  p in o c y t o t i c  v e s ic le s  and lysosomes. 

Th is  i s  s i m i l a r  t o  th e  c a n a l i c u la r  system in  r a t  y o lk  sac d e s c r ib e d
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by Padykula (1966).

The a p ic a l  cy top lasm  c o n ta in s  numerous a b s o rp t io n  d ro p le ts  

which v a ry  in  e le c t r o n  d e n s i t y .  I t  i s  i n t e r e s t i n g  t o  note  t h a t  

th e  cy top lasm  o f  a d ja c e n t  c e l l s  v a r ie s  in  e le c t r o n  d e n s i t y  

p o s s ib ly  r e f l e c t i n g  some fu n c t io n a l  d i f f e r e n c e  between c e l l s  o r  

p o s s ib ly  some fo rm  o f  c y c l i c a l  change in  an in d iv id u a l  c e l l .  

Occasional m ito c h o n d r ia  a re  p re sen t in  th e  a p ic a l  cy top lasm .

The nuc leus c o n ta in s  two o r  th re e  n u c l e o l i ,  and o c c a s io n a l ly  

a few a b s o rp t io n  d r o p le t s .  The endodermal c e l l s  show m i t o t i c  

a c t i v i t y  a t  13 days.

The cy top la sm  between th e  nuc leus  and basal lam ina  c o n ta in s  

numerous m i to c h o n d r ia  and a lm ost a l l  o f  th e  rough endoplasm ic 

re t ic u lu m  o f  th e  c e l l .  The basal plasmalemma is  f l a t .  Occasion­

a l l y  vacuo les  and in c lu s io n  bod ies  a s s o c ia te d  w i t h  m ito c h o n d r ia  

are  seen ly in g  c l o s e l y  r e la te d  t o  th e  basal plasmalemma.

Deep t o  th e  basal lam ina  o f  th e  endodermal la y e r  t h i s  is  a 

space f i l l e d  by a loo se  arrangement o f  c o l la g e n  f i b r e s .  The 

v i t e l l i n e  v e s s e ls  a re  formed by a c o n t in u o u s  la y e r  o f  e n d o th e l ia l  

c e l l s  and c o n ta in  n u c le a te d  f o e ta l  b lood c e l l s .  The spaces 

between v i t e l l i n e  v e s s e ls  a re  f i l l e d  by c o l la g e n  f i b r e s ,  ground 

substance and p h a g o c y t ic  c e l l s  wh ich  S lade (1969) c a l l s  macro­

phages.

The in n e r  la y e r  is  composed o f  a m e s o th e l ia l  la y e r  r e s t in g  

on a basal la m in a . The lu m in a l  s u r fa c e  c o n ta in s  a few m i c r o v i l l i .

In summary th e  v i s c e r a l  y o lk  sac is  a complex membrane composed 

o f  th re e  la y e r s .  The endodermal c e l l s  a re  h ig h ly  s p e c ia l i s e d .

The m o rp h o lo g ica l d e t a i l s  r e f l e c t  t h e i r  f u n c t io n  wh ich  is  a b s o rp t io n



o f  m a te r ia ls  from  th e  u te r i n e  lumen. Several f a c t s  suggest 

th a t  th e  v is c e r a l  y o lk  sac does not make d i r e c t  c o n ta c t  w i t h  the  

u te r in e  e p i th e l iu m .

( i )  The end o m e tr ia l  f o ld s  o f  th e  a n t im e s o m e tr ia l  w a l l  a re  not 

f l a t t e n e d  as th e y  shou ld  be i f  th e  v is c e r a l  y o lk  sac was 

was he ld  a g a in s t  th e  u te r i n e  e p i th e l iu m  by p re s s u re .

( i i )  Both th e  u te r i n e  e p i t h e l i a l  c e l l s  and y o lk  sac endodermal 

c e l l s  have dome shaped a p ic e s .  Aga in  t h i s  suggests  t h a t  

th e  v is c e r a l  y o lk  sac does not e x e r t  p ressu re  on th e  

u te r i n e  e p i th e l iu m .

( i i i )  The m i c r o v i l l i  o f  th e  u te r i n e  e p i th e l iu m  and endodermal 

c e l l s  a re  u p s ta n d in g .  I n t e r d i g i t a t i o n  between th e  two 

s e ts  o f  m i c r o v i l l i  seems u n l i k e l y  because o f  t h e i r  d i f f e r i  

s t r u c t u r e .  The u te r i n e  e p i th e l iu m  c o n s is ts  o f  long 

re g u la r  m i c r o v i l l i  w h i l s t  th e  y o lk  sac endoderm has s h o r t  

branched m i c r o v i l l i .

( i v )  I f  th e re  were i n t e r c e l l u l a r  ju n c t i o n s  between u te r i n e

e p i th e l iu m  and endodermal c e l l s  one would expec t th e  

m i c r o v i l l i  t o  be fragm ented .

(v )  In a l l  th e  pho tom ic rog raphs  o f  o th e r  w o rke rs  and in  my 

own h i s t o l o g i c a l  p re p a ra t io n s  th e  v is c e r a l  y o lk  sac is  

sepa ra ted  from  th e  u te r i n e  e p i th e l iu m  by th e  u te r i n e

1umen.
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The r e la t io n s h ip s  between the  9 day embryo and s u r ro u n d in g  
membranes and the  m aterna l t is s u e s

KEY

E = Embryo

PF = P lacen ta l f o l d

t o  = T r i - l a m in a r  om pha lop leure  (develop ing
y o lk  sac and c h o r io n )

bo = B i la m in a r  om pha lop leure  (endoderm and
t r o p h o b la s t )

a f  = A m n io t ic  f o l d

H  = T ro p h o b la s t

3

The r e la t io n s h ip s  between th e  d eve lo p ing  fo e ta l  membranes, foetus 
and m a terna l t is s u e s  a t  10 days

KEY

E = Embryo

a = Amnion (ectoderm and mesoderm)

vy  = V is c e ra l  y o lk  sac (mesoderm and endoderm)

t o  = T r i la m in a r  om phalop leure

bo = B i la m in a r  om pha lop leure

PF = P la c e n ta l f o l d

■ ■  = T ro p h o b la s t



b.o.
t.o.



The r e la t io n s h ip s  between the  fo e ta l  membranes 
and the  m aterna l t is s u e s  a t  13 days

KEY

Foetus

Vv = V i t e l l i n e  d iv e r t i c u lu m

Ad = AlFantoic d iv e r t i c u lu m

Vy = V is c e ra l  y o lk  sac

Bo = B i la m in a r  omphalopleure
remnant

Pc = P a ra p la ce n ta l c h o r io n

Pec = P la c e n ta l  cush ion

Ppc = Peri p ia c e n ta l  cush ion

Mm = Mesometrium



Bo
Ad

Fee



,Endoderm  

_T rophoblast 
JZona pellucida

.Uterine epithelium

Myomet r ium

Endoderm

^Trophoblast

JDbplacental giant cell

..Symplasma 

,Myomet r i u m

Mesothelium

Vitelline vessels 

—\ " " \ B a s a l  lamina  

Endoderm

Epithelium

Obplacental Giant Cell

M yom etrium
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GRAFTING EXPERIMENTS

In d e s ig n in g  an expe rim en t t o  assess th e  presence o r  absence 

o f  t r a n s p la n ta t io n  a n t ig e n s  in  a p a r t i c u l a r  t i s s u e  i t  is  necessary 

t o  s a t i s f y  th re e  c r i t e r i a  -

( i )  The t r a n s p la n te d  t is s u e s  must no t be p laced  in  an immuno-

l o g i c a l l y  p r i v i l e g e d  s i t e .

( i i )  The g r a f t  dose must be s u f f i c i e n t l y  h ig h  to  s t im u la te  an

a l l o g r a f t  r e je c t i o n  response.

( i i i )  The t r a n s p la n te d  t is s u e s  must be v ia b le  a t  th e  t im e  o f

g r a f t i n g  and must no t succumb to  n o n - s p e c i f i c  f a c t o r s ,

such as poor v a s c u la r i s a t io n  o r  i n f e c t i o n .

Each o f  the se  c r i t e r i a  was examined w i th  the  f o l l o w in g  r e s u l t s .

The g r a f t  s i t e  -  The s t r u c t u r e  o f  th e  r a b b i t  ea r

A p la te  o f  e l a s t i c  c a r t i l a g e  forms th e  s k e le to n  and p ro v id e s  

su pp o r t  f o r  th e  e a r .  Im m ed ia te ly  d o rsa l t o  th e  p e r icho n d r iu m  

which  su rrounds  th e  c a r t i l a g e  th e re  is  a subcutaneous la y e r  composed 

o f  loose  a r e o la r  t i s s u e  c o n ta in in g  la rg e  n e u ro v a s c u la r  bund les .

These branch i n t o  th e  o v e r ly in g  derm is o f  th e  d o rsa l s k in  la y e r  

and th rou g h  p e r fo r a t io n s  in  the  e l a s t i c  c a r t i l a g e  i n t o  the  derm is 

o f  th e  v e n t r a l  s k in  la y e r .

As d e s c r ib e d  in  M a te r ia ls  and Methods, i t  was aimed t o  p la ce  

th e  g r a f t s  in  th e  derm is o f  th e  d o rs a l s k in  la y e r ,  and most o f  

them were in  f a c t  recovered  from  t h i s  la y e r .  Medawar ( 1 9 ^ )  and 

many o th e rs  have shown t h a t  t h i s  dermal la y e r  is  no t an immuno­

lo g i c a l  l y  p r i v i l e g e d  s i t e ;  shou ld  g r a f t  s u r v iv a l  be extended 

t h e r e f o r e ,  i t  must be due t o  some o th e r  f a c t o r .



The g r a f t  dose

The app rox im a te  number o f  c e l l s  g r a f te d  was e s t im a te d  us ing  

th e  SEM p ic t u r e s  o f  y o lk  sac. F ig .  20 dem onstra tes  t h a t  endoderm 

l i e s  as a s in g le  la y e r  o f  c e l l s  w h ich  a re  i n d i v i d u a l l y  demarcated 

by c le a r  i n t e r c e l l u l a r  g rooves . Using F ig .  29 and o th e r  low er 

power p ho to -m ic ro g ra ph s  i t  was c a lc u la te d  t h a t  th e re  a re  a p p ro x i ­

m a te ly  24 ,000 endodermal c e l l s / s q .  mm o f  v is c e r a l  y o lk  sac.

(T h is  e s t im a te  does not ta k e  i n t o  c o n s id e r a t io n  the  p e rs p e c t iv e  

e f f e c t  o f  th e  scann ing  e le c t r o n  m ic ro g ra p h s ) .

The t o t a l  area o f  v i s c e r a l  y o lk  sac a t  13 days was e s t im a te d

from  F ig .  18 and is  about 125 sq. mm. Each g r a f t  c o n s is te d  o f

I  -  5  o f  a s in g le  y o lk  sac, thus  about 1 .5  -  2 .0  x 10^ endodermal

c e l l s  were g r a f te d  i n t o  each e a r  o f  a s in g le  r a b b i t .  The t o t a l

number o f  c e l l s  g r a f t e d  i n t o  each r a b b i t  must a ls o  in c lu d e  c e l l s

o f  th e  o th e r  two la y e rs  wh ich  make up the  y o lk  sac membrane.

Presuming an app rox im a te  r a t i o  o f  one endodermal c e l l  t o  2 o r  3
£

c e l l s  o f  mesodermal o r i g i n  each r a b b i t  re c e iv e d  6 - 9 x 1 0  c e l l s .

V i a b i l i t y  o f  g r a f t s

Samples o f  exc ise d  y o lk  sacs were f i x e d  in  B ou in 's  s o lu t i o n  

a f t e r  about J  hour in  T199 Medium. F ig .  37 shows t h a t  th e  endo­

dermal c e l l s  a re  m o rp h o lo g ic a l ly  i n t a c t  and have re ta in e d  the  

same appearance as those  c e l l s  which were f i x e d  im m ed ia te ly  a f t e r  

e x c is io n  ( F ig .  2 0 ) .  G r a f t in g  was a lways c a r r ie d  o u t  w i t h i n  

f  hou r o f  e x c is io n  from  th e  donor r a b b i t .  I t  i s  n o te w o rthy  t h a t  

F ig .  37 shows th a t  a sm all amount o f  p a ra p la c e n ta l  c h o r io n  and 

p o s s ib ly  b i la m in a r  om pha lop leure  is  g r a f t e d  w i t h  th e  v is c e r a l  y o lk  

sacs. I t  was not p o s s ib le  t o  de te rm ine  which g r a f t s  in c lu d e d



these  o th e r  membranes. I t  shou ld  a ls o  be noted t h a t  in  F ig .  37 

most o f  th e  v i t e l l i n e  v e s s e ls  a re  empty o f  f o e ta l  b lood c e l l s .

G ra f ts  were removed, to g e th e r  w i th  s u r ro u nd in g  h os t t i s s u e s ,

a t  6 , 9 o r  14 days a f t e r  g r a f t i n g .  The numbers removed a t  each

s tage  a re  summarised in  th e  f o l l o w in g  Table

TABLE TO SHOW INTERVAL BETWEEN GRAFTING AND REMOVAL

GRAFT NO. INTERVAL TOTAL

D1 -  D2 6 days 10

F4 -  F6 6 days

G1 -  G3 9 days 6

Cl -  C2

El -  E3 

FI -  F3

14 days 16

32

Each g r a f t  was g iv e n  a code number e .g .  D . I . R . , a cco rd in g  

t o  th e  f o l l o w in g  scheme.

CODING OF GRAFT NUMBERS

1. F i r s t  l e t t e r  r e f e r s  t o  expe r im en t number. 

A l l  e xpe r im en ts  under th e  same l e t t e r  were 

perform ed on th e  same day.

2. Second number r e fe r s  t o  th e  r a b b i t  used in  

a p a r t i c u l a r  e xpe r im e n t .

3. T h ird  l e t t e r  r e fe r s  t o  th e  e a r  ( r i g h t  o r  

l e f t )  f rom  wh ich  th e  g r a f t  was removed.



The s ta tu s  o f  each g r a f t  was assessed h i s t o l o g i c a l l y ,  on 

a semi q u a n t i t a t i v e  b a s is ,  u s ing  th e  f o l lo w in g  co nve n t ion s*

0 = no s u r v iv in g  c e l l s  found

+ A

++ A

+++ = A

P leom orphic c e l l s  a re  c e l l s  presumed to  be o f  endodermal 

o r i g i n .  Two v a r ia n t s  were seen, f l a t  types  which la y  in  

c o n t i n u i t y  w i t h  normal l i v i n g  endoderm l i n i n g  g r a f t  c y s t s ,  

and, rounded type s  which la y  i s o la te d  on th e  w a l l  o f  a c y s t .

ASSESSMENT OF STATUS OF GRAFTS

S ix  days 

G ra f t  No.

(10 G ra f ts )

L iv in q  Endoderm Pleom orph ic  C e l ls Dead Endoderm

DIR +++ + ++

D1L ++ ++ +++

D2R +++ 0 ++

D2L ++ 0 +++

F*fR +++ ++ ++

FkL +++ 0 +

F5R ++ + ++

F5L ++ 0 ++

F6R +++ + +

F6L ++ + +

TOTAL (100%) (60%) (100%)



Nine days (6 G ra f ts )

G ra f t  No. L iv in g  Endoderm P leom orph ic  C e i ls  Dead Endoderm

G1R ++ ++ +++

GIL ++ + +++

G2R 0 ++ +++

G2L 0 ++ ++

G3R + +++ ++

G?L __0 +++ ++

TOTAL (50%) (100%) (100%)

Fourteen  days (16 G ra f ts )

G ra f t  No. L iv in g  Endoderm P leom orph ic  C e l ls  Dead Endoderm

Cl R 0 + +++

Cl L 0 0 ++

C2R 0 0 ++

C2L 0 0 ++

El R 0 0 ++

El L 0 0 +++

E2R 0 0 ++

E2L 0 ++ ++

E3R 0 + +++

E3L 0 0 +++

FIR 0 + ++

F1L 0 + ++

F2R + + ++

F2L 0 0 ++++

F3R 0 0 ++

F?L 0 ___ 0 ++

TOTAL (6%) (37%) (100%)
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HISTOLOGICAL APPEARANCES

The f o l lo w in g  s e c t io n  summarises th e  h i s t o l o g i c a l  appearances 

o f  each g r a f t .

A. GRAFT REMOVED IMMEDIATELY AFTER IMPLANTATION (F ig .  38)

T h is  served as a c o n t r o l  o f  the  h i s t o l o g i c a l  appearances

o f  both th e  normal y o lk  sac a t  th e  t im e  o f  g r a f t i n g ,  and o f  th e  

g r a f t  s i t e .

The g r a f t  l i e s  in  th e  deepest p a r t  o f  th e  derm is o f  th e  

r a b b i t  e a r .  Ep iderm is  is  seen above the  g r a f t  and deep t o  the  

g r a f t  t h e re  is  a medium s iz e d  a r t e r y  l y i n g  in  th e  subcutaneous 

t i s s u e s .

The endodermal c e l l s  o f  th e  g r a f t  have re ta in e d  t h e i r  co lumnar 

appearance. The a p ic a l  cy top lasm  o f  each c e l l  is  v a c u o la te d .

Foeta l b lood c e l l s  w i t h  d a rk  s ta in e d  n u c le i  a re  d i s t r i b u t e d  th ro u g h ­

ou t th e  g r a f t .  The g r a f te d  c e l l s  a re  packed c lo s e ly  to g e th e r .

B. GRAFTS REMOVED AT 6 DAYS AFTER GRAFTING 

DIR

The g r a f t  l i e s  in  th e  deep p a r t  o f  th e  d e rm is ,  o v e r ly in g  a 

medium s iz e d  a r t e r y  and th e  e l a s t i c  c a r t i l a g e  p la te  o f  th e  r a b b i t  

e a r .  (F ig .  39 ) .  I t  shows h e a l th y  endodermal c e l l s  and a c e n t r a l  

mass o f  t i s s u e  wh ich  appears t o  c o n s is t  o f  n e c r o t i c  endodermal 

c y s ts  f i l l e d  w i t h  e o s in o p h i l i c  d e b r is .  G ian t c e l l s  a re  p resen t 

around th e  deep p a r ts  o f  th e  g r a f t .  S u r v iv in g  endodermal c e l l s  

a re  cu b o id a l and do not have v a c u o la te d  a p ic a l  cy top la sm . (F ig .  

4 0 ) .

The main mass o f  g ia n t  c e l l s  is  shown in  F ig .  41 , a d ja ce n t  

t o  a sm a ll a r t e r y  wh ich  i s  c u f fe d  by a round c e l l  i n f i l t r a t e .



Note t h a t  a t  le a s t  one o f  the  g ia n t  c e l l s  is  m u l t i  n uc lea te d  and 

each c e l l  is  surrounded by a PAS p o s i t i v e  b o rde r .

D1L

A s in g le  g r a f t  c y s t  is  p re s e n t ,  l in e d  by co lumnar endodermal 

c e l l s  and f l a t t e n e d  c e l l s  which a re  p leom orph ic  v a r ia n t s  o f  endo­

dermal c e l l s .  Most o f  th e  g r a f t  appears t o  be dead. A massive 

e o s in o p h i l i c  mass i n f i l t r a t e d  by small lymphocytes is  p resen t t o  

th e  l e f t  and below th e  c y s t .

D2R

The c e n t re  o f  th e  g r a f t  is  composed o f  an e o s in o p h i l i c  mass 

c o n ta in in g  p y c n o t ic  n u c le i  and a heavy i n f i l t r a t e  o f  small lympho­

c y te s .  S urround ing  t h i s  mass th e re  a re  two la rg e  g r a f t  c y s ts  

l in e d  by a p p a re n t ly  h e a l th y  endodermal c e l l s .  G ian t c e l l s  a re  

p resen t and l i e  some d is ta n c e  from the  main mass o f  g r a f t ,  suggest 

ing t h a t  th e y  have m ig ra te d  away from  th e  g r a f t .

D2L

The g r a f t  c o n s is ts  o f  a c e n t r a l  mass o f  e o s in o p h i l i c  c e l l  

d e b r is ,  p y c n o t ic  n u c le i  and i n f i l t r a t i n g  lym phocytes . In p la c e s ,  

th e  lym phocytes a re  packed to g e th e r  and appear t o  be in t r a v a s c u la r

L iv in g  endodermal c e l l s  a re  seen fo rm in g  c y s ts  around th e  

s u p e r f i c i a l  p a r t  o f  th e  g r a f t .  A mass o f  g ia n t  c e l l s  l i e s  t o  one 

s id e  o f  the  g r a f t .  They appear t o  have m ig ra te d  away from the  

g r a f t .

There is  a m o d e ra te ly  heavy i n f i l t r a t e  o f  small lym phocytes , 

macrophages, e o s in o p h i ls  and o ccas ion a l po lymorphs.
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F4R

Several la rg e  c y s ts  a re  p resen t in  t h i s  g r a f t  i n f i l t r a t e d  

by lymphocytes and in  v a r io u s  stages o f  d e s t r u c t io n .  F ig .  43 

shows one o f  th e  c y s t s ,  a d ja c e n t  t o  th e  main mass o f  g r a f t .  I t  

i s  l in e d  on i t s  s u p e r f i c i a l  s u r fa c e  by co lumnar c e l l s  w h i l s t  on 

i t s  deep s u r fa c e  th e re  a re  o n ly  o ccas iona l p leom orph ic  v a r ia n t s .  

F ig u re  44 shows a s u p e r f i c i a l  c y s t  l in e d  on i t s  upper ( s u p e r f i c i a l )  

s u r fa c e  by cu bo id a l endodermal c e l l s .  On i t s  deep s u r fa c e  th e  

l i n i n g  is  broken by e o s in o p h i l i c  c e l l  d e b r is ,  c o n ta in in g  p y c n o t ic  

n u c le i  and in va d in g  small lym phocytes .

F4L

In F ig .  45 seve ra l g r a f t  c y s ts  a re  shown l in e d  by s u r v iv in g  

endodermal c e l l s ,  which a re  e i t h e r  co lumnar o r  cu bo id a l c e l l s ,  

o r  p leom orph ic  v a r ia n t s .  A heavy ly m p h o cy t ic  i n f i l t r a t e  is  

p re sen t in  th e  c e n t re  o f  the  g r a f t .  F ig .  46 is  a d e t a i l  o f  

F ig .  45 and shows the  v a r io u s  c e l l  ty p e s .  The s p in d le  c e l l s  a re  

presum ably e i t h e r  mesodermal c e l l s  o r  f i b r o b l a s t s .  F ig .  47 

shows endodermal c e l l s  wh ich  have rounded and separa ted  from one 

a n o th e r ,  no lo n g e r  fo rm in g  a co n t in u ou s  e p i t h e l i a l  sh e e t .  As 

judged by t h e i r  n u c le a r  morphology th e y  a re  s t i l l  s u r v iv in g .

Some l i e  as f r e e  c e l l s  w i t h i n  th e  c y s t  c a v i t y .

F5R

L iv in g  endodermal c e l l s  a re  seen fo rm in g  a c y s t .  (F ig .

4 8 ) .  A heavy i n f i l t r a t e  o f  lymphocytes and macrophages surrounds 

th e  g r a f t .

£Sk
A g r a f t  c y s t  has formed l in e d  by a v a r i e t y  o f  c e l l s ,  which
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are  judged h i s t o l o g i c a l l y  t o  be s u r v iv in g .  There is  a m o d e ra te ly  

heavy i n f i l t r a t e  o f  lym phocy tes , e o s in o p h i ls  and macrophages 

around th e  g r a f t .

F6R

A g r a f t  c y s t  i s  shown l in e d  on i t s  deep s u r fa c e  by p leom orph ic  

v a r ia n t s  o f  endodermal c e l l s  and on i t s  s u p e r f i c i a l  s u r fa c e  by an 

i r r e g u l a r  l i n e  o f  c u b ic a l  and low co lum nar endodermal c e l l s  which 

a re  e o s in o p h i l i c  (F ig .  4 9 ) .  Note e s p e c ia l l y  th e  vesse l in  th e  

main n e c r o t ic  p a r t  o f  th e  g r a f t  which is  packed w i th  small lympho­

c y te s .  Th is  vesse l may be a re c a n n a l is e d  v i t e l l i n e  vesse l o r  an 

ing row ing  vesse l o f  hos t  o r i g i n .

F ig .  50 shows a d e t a i l  o f  p a r t  o f  a c y s t ,  and show s u r v iv in g  

endodermal c e l l s .

F6L

F ig .  51 shows th e  main c e n t r a l  mass o f  th e  g r a f t  t o  be n e c r o t ic .  

But l y i n g  around t h i s  th e re  a re  c y s ts  c o n ta in in g  l i v i n g  endodermal 

c e l l s .  The d i s t r i b u t i o n  o f  i n f i l t r a t i n g  c e l l s  is  t y p i c a l :  from

above c e l l s  i n f i l t r a t e  from  th e  c a p i l l a r y  p lexus  u n d e r ly in g  the  

e p id e rm is  and from  below c e l l s  i n f i l t r a t e  from  th e  p e r ic h o n d r ia l  

vesse l s.

C. GRAFTS REMOVED AT 9 DAYS AFTER GRAFTING

W hile  most o f  th e  g r a f t  is  n e c r o t ic  and h e a v i l y  i n f i l t r a t e d  

by lym phocytes and o ccas ion a l macrophages, a c y s t  l in e d  by s u r v iv in g  

endodermal e p i t h e l i a l  c e l l s  is  p re s e n t .

GIL

L iv in g  endoderm is  p re s e n t ,  bu t a ga in  most o f  i t  appears 

n e c r o t i c .  There is  a heavy i n f i l t r a t e  o f  lymphocytes and a moderate
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number o f  e o s in o p h i l s .  G ian t c e l l s  a re  p re s e n t .

G2R

Endoderm is  seen, but many o f  th e  c e l l s  a re  n e c r o t i c ,  f l a t t e n e d  

a g a in s t  th e  w a l l  o f  the  c y s t  o r  shed in t o  th e  c y s t  lumen. There 

i s  a heavy i n f i l t r a t e  o f  lymphocytes and many o f  the  macrophages 

appear t o  have take n  up PAS p o s i t i v e  m a t e r ia l ,  presumably th e  

remains o f  dead g r a f t  t i s s u e .

S ec t io n s  th rough  th e  punc tu re  s i t e  where th e  cannu la  has 

t ra v e rs e d  th e  s k in  show a tube  o f  e p id e rm is  g row ing down towards 

and in v e s t i n g ,  n e c r o t i c  g r a f t .

G2JL

The su rro u n d in g  i n f i l t r a t e  is  heavy and c o n s is ts  o f  small 

lymphocytes and macrophages. The l a t t e r  aga in  co n ta in e d  PAS 

p o s i t i v e  g ra n u le s .  Only f l a t t e n e d  c e l l s  a re  seen l i n i n g  th e  c y s t .  

Occasional lym phocytes i n f i l t r a t e  th e  n e c r o t ic  g r a f t  t i s s u e .

G2R

F la t te n e d  and co lum nar endodermal c e l l s  l i n e  th e  c y s ts .  

Lymphocytes have i n f i l t r a t e d  the  g r a f t  and l i e  amongst th e  n e c r o t i c  

d e b r is .  There a re  many p y c n o t ic  n u c le i  and what appear t o  be 

masses o f  dead f o e ta l  b lood c e l l s .

G2L

F la t te n e d  c e l l s  l i n e  th e  g r a f t  c y s t .  A heavy lym phocyte  

i n f i l t r a t e  is  p re s e n t .

D. GRAFTS REMOVED AT 14 DAYS AFTER GRAFTING 

Cl R

The g r a f t  i s  c o m p le te ly  d e s t ro y e d .  (F ig .  5 2 ) .  The i n f i l t r a t e
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c o n s is ts  m a in ly  o f  small lymphocytes and macrophages.

F ig .  53 shows th e  remains o f  p a r t  o f  th e  y o lk  sac. The 

basal lam ina  is  PAS p o s i t i v e  and ly in g  on i t s  co n vo lu te d  s u r fa c e  

a re  th e  ghosts  o f  n e c r o t i c  endodermal c e l l s .  The c y s t  c a v i t y  

c o n ta in s  n e c r o t ic  d e b r is  and o ccas iona l sm all lym phocytes . The 

g r a f t  t o  the  l e f t  i s  n e c r o t i c  and o ccas ion a l macrophages a re  seen.

Cl L

No l i v i n g  g r a f t  was found . A l i g h t  i n f i l t r a t e  o f  lymphocytes 

is  shown in  th e  p i c t u r e  (o n ly  a small amount o f  g r a f t  appeared t o  

have been t r a n s p la n te d  in  t h i s  ca s e ) .

C2R

No l i v i n g  g r a f t  t i s s u e  is  seen. (F ig .  5 5 ) .  Most o f  th e  

g r a f t  is  s t r o n g ly  e o s in o p h i l i c ,  and does no t c o n ta in  lym phocy tes , 

but th e re  is  a heavy i n f i l t r a t e  o f  sm a ll lymphocytes around th e  

g r a p t .

C2L

No l i v i n g  endodermal c e l l s  a re  seen. (F ig .  5 6 ) .  The g r a f t  

is  h e a v i l y  i n f i l t r a t e d  by small lym phocy tes . Ep iderm is  is  seen 

on th e  l e f t  o f  th e  p i c t u r e .  T h is  has grown down as a tube  from 

th e  p u n c tu re  s i t e  and in v e s te d  th e  n e c r o t ic  g r a f t .

El R

The g r a f t  i s  n e c r o t i c .  There is  a heavy ly m p h o c y t ic  i n f i l t r a t e .  

F ig .  57 shows g ia n t  c e l l s  which l i e  away from  th e  main n e c r o t i c  

mass.

El L

No t y p i c a l  endodermal c e l l s  a re  seen. The main n e c r o t ic  mass
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c o n ta in s  th e  basal lam ina  o f  th e  dead y o lk  sac. A heavy lympho­

c y t i c  i n f i l t r a t e  surrounds  th e  dead g r a f t .  (F ig .  58 ) .

E2R

Only a small n e c r o t i c  p ie ce  o f  g r a f t  is  found su rrounded, 

by a l i g h t  lym phocyte  i n f i l t r a t e .

E2L

The n e c r o t i c  g r a f t  i s  surrounded by an ep iderm al tube  in  

most s e c t io n s .  The g r a f t  i s  e o s in o p h i l i c  and c o n ta in s  many 

p y c n o t ic  n u c le i .  A t th e  d i s t a l  end o f  th e  ep iderm al tube  the  

g r a f t  l i e s  f r e e  in  th e  d e rm is .  I t  is  surrounded by a heavy lympho­

c y te  i n f i l t r a t e .

E2R

The n e c r o t i c  g r a f t  is  enveloped by a tube  o f  e p id e rm is .

The in v e s te d  g r a f t  i s  e o s in o p h i l i c  and c o n ta in s  many p y c n o t ic  

n u c le i .  F ig .  60 shows a d e t a i l  o f  th e  remains o f  th e  g r a f t ,  

which aga in  i s  m e re ly  an e o s in o p h i l i c  mass a t  th e  d i s t a l  open end 

o f  th e  ep ide rm a l tu b e .

Elk
The g r a f t  is  t o t a l l y  d e s tro y e d .  The c o n vo lu te d  basal lam ina  

o f  th e  y o lk  sac is  seen on PAS s ta in e d  s e c t io n s .  A heavy lympho­

c y te  i n f i l t r a t e  su rrounds  th e  g r a f t .  (F ig .  6 1 ) .

G ia n t  c e l l s  l i e  in  th e  p e r ip h e ry  o f  th e  n e c r o t ic  g r a f t .  F ig s .  

62 and 63 show two such c e l l s  surrounded by a heavy lymphocyte 

i n f i l t r a t e .  There is  a t h i c k  PAS p o s i t i v e  b o rde r around each c e l l .

FIR

The g r a f t  i s  a ga in  surrounded by an ep iderm a l tu b e .  F ig .  Sk
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shows th e  open end o f  the  tu b e .  The g r a f t  has been d es tro ye d .

A heavy ly m p h o c y t ic  i n f i l t r a t e  is  p resen t w i t h i n  th e  n e c r o t ic  

g r a f t .

FI L

The g r a f t  is  dead and o n ly  th e  c o n v o lu te d  basal lam ina  w i th  

ghos t endodermal c e l l s  rem a ins . (F ig .  6 5 ) .  A heavy ly m p h o c y t ic  

i n f i l t r a t e  is  p re sen t in  th e  su rro u n d in g  t is s u e s .

F2R

Aga in  most o f  th e  g r a f t  is  dead (F ig .  6 6 ) ,  bu t th e re  are  

some r e l a t i v e l y  la rg e  groups o f  endodermal c e l l s  s t i l l  re c o g n is a b le  

as such. Most o f  these  l i e  in  th e  m id d le  o f  th e  n e c r o t i c  g r a f t .  

T h e i r  n u c le i  a re  m o s t ly  p y c n o t ic ,  bu t some may belong t o  s u r v iv in g  

c e l l s  (F ig .  6 7 ) .

F2L

No l i v i n g  endodermal c e l l s  a re  seen. There is  a heavy c e l l u l a r  

i n f i l t r a t e  around th e  g r a f t  s i t e .  (F ig .  6 8 ) .

m

No l i v i n g  g r a f t  c e l l s  a re  seen. Aga in  th e  g r a f t  i s  p a r t l y  

enve loped by a tube  o f  e p id e rm is .

fik
No l i v i n g  endodermal c e l l s  a re  seen. The g r a f t  i s  i n f i l t r a t e d  

by lym phocytes and g ia n t  c e l l s  a re  p re se n t in  an o ld  g r a f t  c y s t .

(F ig .  6 9 ) .

DISTRIBUTION AND MORPHOLOGY OF THE GRAFT GIANT CELLS

G ia n t  c e l l s  were not found in  a l l  th e  g r a f t s .  The Table  

shows th e  d i s t r i b u t i o n  o f  these  c e l l s  in  th e  g r a f t s  s tu d ie d .
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The c e l l s  u s u a l l y  l i e  a t  th e  p e r ip h e r y  o f  th e  main mass o f  

t h e  g r a f t  and a r e  o f t e n  a t  some d is ta n c e  from  th e  g r a f t  re m a in s .

A t  l* f  days th e y  a r e  n e v e r  seen in  t h e  main mass o f  t h e  n e c r o t i c  

g r a f t .

The c e l l s  appear t o  be m ig r a to r y .  They a re  o f te n  s o l i t a r y  

(F ig .  6 3 ) ,  but may o c c a s io n a l ly  be clumped to g e th e r ,  (F ig .  57) 

and v a ry  in  s iz e  and shape (F ig .  * f l ) .  As measured from  a s in g le  

s e c t io n  th e  d ia m e te r  o f  th e  c e l l s  v a r ie s  between 60 and 80  |jn.

They may be ro u n d ed , o r  have  lo n g  c y to p la s m ic  p ro c e s s e s .  The 

n u c le u s  l i e s  in  t h e  c e n t r e  o f  th e  c e l l  and s t a i n s  s t r o n g l y  w i t h  

h a e m o to x y l in .  They a r e  o c c a s i o n a l l y  m u l t i n u c l e a t e d .  The s u r ro u n d ­

in g  c y to p la s m  s t a in e d  f a i n t l y  w i t h  h a e m o to x y l in ,  app ears  f i b r i l l a r y  

in  n a t u r e .  A t h i c k  h y a l i n e  membrane surro un d s  each c e l l .  I t  

s t a i n s  s t r o n g l y  w i t h  e o s in  and PAS re a g e n t  and is  r e s i s t a n t  t o  

d i a s t a s e  d i g e s t i o n .  The g i a n t  c e l l s  a r e  o f t e n  surrounded  by a 

h eavy  i n f i l t r a t e  o f  lym phocytes  and o c c a s io n a l  macrophages.



TABLE TO SHOW INCIDENCE OF GIANT CELLS IN THE GRAFTS

6 DAYS GRAFTS 9 DAYS GRAFTS 14 DAYS GRAFTS

DIR ++ G1R ++ Cl R 0

D1L 0 GIL ++ Cl L 0

D2R ++ G2R 0 C2R ++

D2L -H- G2L 0 C2L 0

G3R ++

F4R 0 G3L ++ El R ++

F4L 0 El L ++

F5R 0 E2R 0

F5L 0 E2L 0

F6R 0 E3R 0

F6L -H- E3L ++

FIR ++

FI L 0

F2R 0

F2L 0

F3R ++

F3L 0

TOTAL 4 (40%) 4 (67%) 6 (37%)
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DISCUSSION
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The aim o f  t h i s  in v e s t i g a t io n  was t o  de te rm ine  w hether t r a n s ­

p la n t a t i o n  a n t ig e n s  a re  p re sen t in  th e  c e l l s  o f  th e  v is c e r a l  y o lk  

sac o f  th e  r a b b i t .  The conceptus can be a r b i t r a r i l y  d iv id e d  in t o  

th e  fo e tu s  o r  embryo and th e  fo e ta l  membranes. W oodruff (1957) 

had a l re a d y  shown t h a t  th e  r a b b i t  fo e tu s  c o n ta in s  t r a n s p la n ta t io n  

a n t ig e n s  a t  16 days. I t  was th e r e fo r e  o f  i n t e r e s t  t o  in v e s t ig a te  

w he the r th e  fo e ta l  membranes o f  the  r a b b i t  were a ls o  a n t ig e n ic .

The v is c e r a l  y o lk  sac was chosen because i t  does not c o n ta in  

t r o p h o b la s t  and because, a f t e r  th e  d isappearance  o f  th e  p a r ie t a l  

la y e r  o f  the  y o lk  sac ( b i la m in a r  om pha lop leu re ) i t  l i e s  in  

a p p o s i t io n  t o  th e  m aterna l t i s s u e s  w i th o u t  a n o the r  in te r v e n in g  

fo e ta l  membrane. Many s tu d ie s  o f  t r o p h o b la s t  have been undertaken  

( B i l l i n g t o n  1971) and a l l  have shown t h a t  membranes which in c lu d e  

t r o p h o b la s t  do not n o rm a l ly  s u f f e r  a l l o g r a f t  r e je c t i o n .  A pa r t  

from  th e  work o f  Andrew (1971) and Andrew e t  al (1975) o th e r  f o e ta l  

membranes have no t been s tu d ie d .

V is c e ra l  y o lk  sac was removed from  13 day r a b b i t  conceptuses 

because th e  m o rp h o lo g ica l s tu d y  had shown t h a t  t h i s  is  th e  e a r l i e s t  

t im e  a t  which th e  v is c e r a l  y o lk  sac is  p o t e n t i a l l y  apposed t o  th e  

m aterna l u te r i n e  e p i th e l iu m  w i th o u t  th e  i n t e r p o s i t i o n  o f  o th e r  

f o e ta l  membranes.

The s i t e  and te c h n iq u e  o f  g r a f t i n g  were s a t i s f a c t o r y ,  in  t h a t  

th e re  was m in im al ev idence  o f  i n f e c t i o n  in  th e  g r a f t s  and the  

g r a f t s  were e a s i l y  lo c a te d ,  even a f t e r  14 days in  s i t u .

Medawar (1944) e s t im a te d  th e  median s u r v iv a l  t im e  o f  h igh  dose 

s k in  a l l o g r a f t s  between d i f f e r e n t  s t r a in s  o f  r a b b i t s  as 7 .9  -  12.9 

days. The v is c e r a l  y o lk  sac g r a f t s  were t h e r e fo r e  removed a t  6 ,
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9 and 14 days a f t e r  g r a f t i n g ,  when t h e o r e t i c a l l y  i f  th e  v is c e r a l  

y o lk  sac behaved as an a l l o g r a f t  th e re  shou ld  be a p p ro x im a te ly  

100%, 50% and 0% o f  s u r v iv in g  g r a f t s .

The g r a f t  dose a c t u a l l y  in t ro d u c e d  was measured by scanning 

e le c t r o n  m ic roscopy . However, i t  is  obv ious from the  appearance 

o f  the  g r a f t s  a t  6 days t h a t  a la rg e  p a r t  undergoes non s p e c i f i c  

ischaem ic n e c ro s is .  T h e re fo re ,  the  amount o f  g r a f t  a c t u a l l y  

in t ro d u c e d  was not th e  amount o f  g r a f t  a v a i la b le  to  s t im u la te  the  

immune response o f  th e  r e c ip ie n t  a n im a l.  However, th e  g r a f t  dose 

does appear t o  have been s u f f i c i e n t  t o  s t im u la te  th e  immune response 

as in d ic a te d  by th e  presence o f  a ly m p h o cy t ic  i n f i l t r a t e  and th e  

absence o f  s u r v iv in g  c e l l s  a t  14 days. To overcome t h i s  problem 

o f  ischaem ic g r a f t  n e c ro s is ,  i t  would have been more s a t i s f a c t o r y  

to  have made m u l t i p le  in je c t i o n s  o f  small amounts o f  g r a f t  in t o  

each e a r .  Th is  m igh t have a l low ed  i n i t i a l  s u r v iv a l  o f  more o f  

the  g r a f t  and p ro v ide d  a l a r g e r  dose to  s t im u la te  th e  a l l o g r a f t  

response.

The genera l appearance o f  the  g r a f t  was th e  same a t  6 , 9 and 

14 days. A c e n t r a l  mass o f  n e c r o t ic  t i s s u e  was surrounded by 

f l a t t e n e d  e p i t h e l i a l  c y s ts  wh ich  a t  6 days were l in e d  w i th  l i v i n g  

endoderm and a t  14 days were devo id  o f  re c o g n is a b le  s u r v iv in g  

endoderm. The c e n t r a l  mass was e o s in o p h i l i c ,  co n ta in e d  dead 

c e l l s  w i t h  many pyfcnotic  n u c le i  and in  some cases th e  co nvo lu ted  

basal lam ina  o f  dead v is c e r a l  y o lk  sac , upon wh ich  th e re  were 

th e  ghos ts  o f  endodermal c e l l s .  Th is  appearance is  a t t r i b u t e d  

t o  th e  ischaem ic n e c ro s is  o f  the  main b u lk  o f  th e  t i s s u e  t r a n s ­

p la n te d .  On the  p e r ip h e ry  o f  t h i s  mass th e  v is c e r a l  y o lk  sac
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g r a f t  r e c e iv e d  s u f f i c i e n t  n u t r i t i o n  from th e  h ost t o  a l lo w  i t s  

s u r v i v a l .

D e s p i te  a l a r g e  amount o f  g r a f t  n e c r o s i s ,  l i v i n g  endoderm  

was p r e s e n t  in  a l l  th e  g r a f t s  removed a t  6 d ay s .  In  most cases  

th e  endoderm was lo c a t e d  on th e  s id e  o f  th e  c y s t  n e a r e s t  t o  ho st  

blood v e s s e ls  s u p p ly .  On th e  s id e  o f  th e  c y s t  a d ja c e n t  t o  th e  

c e n t r a l  n e c r o t i c  mass o n ly  o c c a s io n a l  i n t a c t  endodermal c e l l s  were  

fo u n d .  These c e l l s  app eared  u n h e a l th y  and d id  no t form  c o n t in u o u s  

s h e e ts  o f  e p i t h e l i u m .  These f in d i n g s  s u p p o rt  th e  id e a  t h a t  th e  

c e n t r a l  mass o f  g r a f t  had undergone is ch aem ic  n e c r o s is .

The h e a l t h y  endodermal c e l l s  l i n i n g  th e  c y s t  a re  c u b o id a l  in  

shape and form  c o n t in u o u s  s h e e ts  o f  e p i t h e l i u m .  The a p ic e s  o f  

th e  c e l l s  a r e  no t v a c u o la te d  as th e y  a r e  in  n o rm a l ,  and in  s i t u ,  

y o l k  s ac .

C ubo ida l e p i t h e l iu m  was seen in  e v e r y  g r a f t ,  but t h e r e  were  

a l s o  many p le o m o rp h ic  v a r i a n t s ,  w h ich  p resum ably  o r i g i n a t e d  from  

endoderm because th e y  l i n e  th e  c y s ts  and a r e  o f t e n  found in  con­

t i n u i t y  w i t h  a l i n e  o f  c u b o id a l  c e l l s .  Two main ty p e s  o f  p le o m o rp h ic  

v a r i a n t s  w ere  seen: f i r s t l y ,  f l a t t e n e d  c e l l s  which  form ed a s i n g l e

l a y e r  o f  e p i t h e l i u m  and s e c o n d ly  c e l l s  w i t h  rounded b o rd ers  which  

w ere  u s u a l l y  i s o l a t e d  fro m  th e  a d ja c e n t  c e l l s  l i n i n g  th e  c y s t .

These rounded c e l l s  o f t e n  app eared  u n h e a l th y  and some o f  them w ere  

o b v io u s ly  be ing  shed i n t o  th e  lumen o f  t h e  c y s t .

Only h a l f  o f  the  e xc ise d  g r a f t s  a t  9 days were found t o  c o n ta in  

l i v i n g  endodermal c e l l s ,  wh ich  aga in  had th e  same d i s t r i b u t i o n  and 

appearance as in  th e  6 day g r a f t s .

A t  14 days o n ly  one g r a f t  appeared t o  c o n ta in  l i v i n g  endodermal
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c e l l s .  A sheet o f  t y p i c a l  endoderm was seen in  g r a f t  F2R.

T h is  p iece  o f  v is c e r a l  y o lk  sac appears t o  be h e a l th y .  I t  is  

s i t u a te d  a t  th e  p e r ip h e ry  o f  the  c e n t r a l  n e c r o t ic  mass and is  

surrounded by n e c r o t ic  m a t e r ia l .  The g r a f t  c y s ts  s u r ro u nd in g  

th e  n e c r o t i c  mass do not c o n ta in  l i v i n g  endoderm. A lthough  t h i s  

p iece  o f  g r a f t  may be l y in g  in  an im m un o lo g ica l1y p r i v i l e g e d  s i t e ,  

i t  must be accepted t h a t  g r a f t  r e je c t i o n  has not occu rred  in  t h i s  

p a r t i c u l a r  case.

There a re  th re e  p o s s ib le  causes f o r  t h i s  d i f f e r e n c e  in  the  

presence and absence o f  l i v i n g  endodermal c e l l s  a t  6, 9 and 14 

days.

1. Non s p e c i f i c  death due e i t h e r  t o  ischaemia o r  i n f e c t i o n .

2. V is c e ra l  y o lk  sac endoderm may have an i n t r i n s i c  l i f e  span 

o f  le s s  than  14 days when t ra n s p la n te d  t o  th e  dorsum o f  a 

r a b b i t  e a r .

3. The endodermal c e l l s  have been des troyed  by c y t o t o x ic  hos t 

lymphocytes in  an a l l o g r a f t  r e je c t i o n  response.

From th e  p re v io u s  d is c u s s io n  i t  is  u n l i k e l y  t h a t  th e  v is c e r a l  

y o lk  sac once e s ta b l is h e d  a t  th e  p e r ip h e ry  o f  th e  n e c r o t ic  mass 

shou ld  undergo ischaem ic n e c ro s is .  The g ia n t  c e l l s  which were 

found in  some o f  the  g r a f t s  a t  14 days a re  a lm ost c e r t a i n l y  o f  

g r a f t  o r i g i n .  I f  ischaem ia  o r  i n f e c t i o n  were th e  cause o f  endo­

dermal c e l l  death  then  these  c e l l s  shou ld  a ls o  be dead, un less  o f  

co u rs e ,  th e  g ia n t  c e l l s  a re  le s s  s e n s i t i v e  t o  ischaemia o r  i n f e c t i o n  

than  th e  endodermal c e l l s .  There was no ev idence  t h a t  any o f  th e  

g r a f t s  became in fe c te d  a f t e r  t r a n s p la n ta t io n .

An u na vo idab le  weakness o f  t h i s  s tu d y  is  th e  la c k  o f  in fo r m a t io n
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on th e  behav iou r and f a t e  o f  c o n t ro l  i s o g r a f t s  o f  y o lk  sac, made 

under the  same c o n d i t io n s  as those  used f o r  the  a l l o g r a f t  s e r ie s .  

Th is  would have re q u ire d  pure bred r a b b i t s  which a re  u n fo r t u n a te ly  

no t r e a d i l y  a v a i la b le .  However, the  p re v io u s  s tud y  o f  Andrew 

e t  al (1975) showed extended s u r v iv a l  o f  i s o g r a f t s  o f  mouse y o lk  

sac.

I t  seems from  o th e r  work t h a t  v is c e r a l  y o lk  sac membrane can 

s u rv iv e  beyond the  normal g e s ta t io n a l  p e r io d .  Padykula (1964) 

c u l t u r e d  r a t  v i s c e r a l  y o lk  sac in  v i t r o ,  and found s u r v iv a l  o f  

endodermal c e l l s  up to  30 days.

The v is c e r a l  y o lk  sac o f  th e  r a t  and mouse a re  s im i l a r  both 

m o r p h o lo g ic a l ly  and f u n c t i o n a l l y  to  th e  r a b b i t  v is c e r a l  y o lk  sac.

The v is c e r a l  y o lk  sac o f  th e  r a b b i t  presumably does not have an 

i n t r i n s i c  l i f e  span o f  le s s  than  14 days.

A lthough  adequate c o n t r o l  da ta  is  not a v a i la b le  th e  v is c e r a l  

y o lk  sac appears t o  have undergone an a l l o g r a f t  r e je c t i o n .  McLean 

and Scothorne (1972) made subcutaneous g r a f t s  o f  r a b b i t  s k in  beneath 

th e  s k in  o f  th e  dorsum o f  th e  e a r .  New Zealand w h i te  does were 

used as r e c ip ie n t s  and c o lo u re d  Dutch bucks as donors . An i s o g r a f t  

s e r ie s  dem onstra ted h e a l th y  g r a f t s  a f t e r  seve ra l months. The 

a l l o g r a f t s  were found t o  have e ncys te d ,  e p ide rm is  innerm os t.

G ra f ts  recovered  a t  8 days were h e a l th y  w h i l s t  a t  9 -  11 days a f t e r  

g r a f t i n g  th e re  was marked ly m p h o c y t ic  i n f i l t r a t i o n  w i t h  a s s o c ia te d  

ep iderm a l d e s t r u c t io n  a t  10 -  11 days. Medawar (1944) e s t im a te d  

th e  median s u r v iv a l  t im e  o f  h ig h  dose s k in  a l l o g r a f t s  in  r a b b i t s  

as 7#9 -  12.9  days. The t im in g  o f  v is c e r a l  y o lk  sac dea th  is  

c o in c id e n t  w i t h  these  f i n d in g s  f o r  ep iderm a l g r a f t s  made in  r a b b i t s .
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A second p ie c e  o f  e v id e n c e  i n d i c a t i n g  a l l o g r a f t  r e j e c t i o n  

o f  th e  g r a f t s  is  t h e  heavy  ly m p h o c y t ic  i n f i l t r a t e  which was p re s e n t  

in  a l l  o f  them . The d i s t r i b u t i o n  o f  lym phocytes  was th e  same in  

e v e r y  c a s e .  A h eavy  i n f i l t r a t e  w hich  p resu m ably  had o r i g i n a t e d  

from  t h e  dermal v e s s e ls  was found l y i n g  s u p e r f i c i a l l y  t o  th e  g r a f t .

A second i n f i l t r a t e  la y  deep t o  th e  g r a f t ,  in  c lo s e  r e l a t i o n  to  

th e  b lood ve s s e ls  a s s o c ia te d  w i th  the  p e r ic h o n d r iu m . A t 9 and 

14 days lymphocytes were a ls o  found w i t h i n  th e  c e n t ra l  n e c r o t ic  

mass, o c c a s io n a l ly  as s in g le  c e l l s ,  bu t u s u a l l y  as aggregates 

o f  c e l l s  l y i n g  w i t h i n  b lood ve s s e ls  on the  p e r ip h e ry  o f  th e  c e n t ra l  

n e c r o t ic  mass. These v e s s e ls  a re  e i t h e r  new v e s s e ls  which have 

grown in t o  th e  c e n t r a l  n e c r o t ic  mass o r  a re  th e  remains o f  v i t e l l i n e  

v e s s e ls  wh ich  have re c a n a l is e d  and become anastomosed t o  the  

r e c ip ie n t  b lood v e s s e ls .

From t h i s  ev idence  th e  13 day v is c e r a l  y o lk  sac o f  th e  r a b b i t  

seems t o  undergo a l l o g r a f t  r e j e c t i o n  when t r a n s p la n te d  t o  a sub­

cutaneous s i t e .  The d is c u s s io n  so f a r  has been concerned o n ly  

w i t h  th e  f a t e  o f  th e  endodermal c e l l s  o f  th e  y o lk  sac. The mesodermal 

d e r i v a t i v e s  co u ld  never be i d e n t i f i e d  w i t h  c e r t a i n t y  and t h e r e fo r e  

have been ig n o re d .  The f i n a l  c o n c lu s io n  re g a rd in g  th e  g r a f t i n g  

expe r im en ts  is  t h a t  th e  endodermal c e l l s  o f  th e  v is c e r a l  y o lk  sac 

o f  th e  r a b b i t  c o n ta in  t r a n s p la n ta t io n  a n t ig e n s  d u r in g  th e  13th day 

o f  g e s ta t io n .  Th is  c o n c lu s io n  is  s u b je c t  t o  se ve ra l re s e rv a t io n s  

most o f  wh ich  have a l re a d y  been d iscu sse d .  One p o s s i b i l i t y  wh ich  

cannot be exc luded  on th e  bas is  o f  th e  p re sen t s tu d y  is  t h a t  

t r a n s p la n ta t io n  a n t ig e n s  were no t p re sen t a t  13 days but deve loped 

a f t e r  th e  g r a f t  was in t ro d u c e d  i n t o  th e  ea r o f  th e  r e c ip i e n t .
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The g r a f t  g ia n t  c e l l s

The o r i g i n  o f  these  c e l l s  from  e i t h e r  th e  donor o r  th e  r e c ip ie n t  

must be c o n s id e re d .  The ev idence  s t r o n g ly  fa v o u rs  t h e i r  o r i g i n  

f rom  t r o p h o b la s t ,  i n a d v e r t e n t l y  t r a n s p la n te d  w i t h  th e  v is c e r a l  y o lk  

sac . F i r s t l y  p ieces  o f  th e  exc ise d  membrane, some o f  which was 

g r a f t e d ,  were processed and examined by l i g h t  m ic roscopy . Th is  

re ve a le d  th e  presence o f  p a ra -p la c e n ta l  c h o r io n ,  c o n ta in in g  t ro p h o ­

b la s t .  Secondly , the  morphology o f  th e  g ia n t  c e l l s  is  s i m i l a r  to  

t h a t  o f  th e  o b p la c e n ta l g ia n t  c e l l s .  The g r a f t  g ia n t  c e l l s  have 

a d ia m e te r  o f  60 -  80 pm. The o b p la c e n ta l  g ia n t  c e l l s  a re  100 -  

120 pm in  d ia m e te r  a t  16 days post c o i tu m . Both c e l l  types  have 

a f i b r i l l a r y  cy top lasm  which s ta in s  f a i n t l y  w i t h  hae m a toxy l in  

and a re  surrounded by a t h i c k  h y a l in e  membrane which s ta in s  w i th  

PAS reagen t and is  d ia s ta s e  r e s i s t e n t .  Both c e l l  types  seem to  

be m ig r a to r y  and presuming t h a t  both a re  o f  f o e ta l  o r i g i n ,  a re  

a b le  t o  r e s i s t  a l l o g r a f t  r e j e c t i o n  even though in  th e  case o f  the  

g r a f t  g ia n t  c e l l s  th e y  may be surrounded by numerous hos t  lymphocytes 

F i n a l l y  a t  6 days and 14 days a f t e r  g r a f t i n g  a s im i l a r  p ro p o r t io n  

o f  g r a f t s  e xc ise d  showed g ia n t  c e l l s ,  su g g e s t in g  t h a t  th e  g ia n t  

c e l l s  a re  a b le  t o  r e s i s t  a l l o g r a f t  r e j e c t i o n  and t h a t  the  i n t r o ­

d u c t io n  o f  t r o p h o b la s t  i n t o  th e  o r i g i n a l  g r a f t  was a m a t te r  o f  chance 

The t r o p h o b la s t  in t ro d u c e d  w i t h  th e  v is c e r a l  y o lk  sac may 

o r i g i n a t e  from  e i t h e r  th e  p a ra p la c e n ta l  c h o r io n  o r  the  remnant o f  

th e  b i la m in a r  om pha lop leure  a d ja c e n t  t o  th e  s in u s  te rm in a l  i s .

An im m unolog ica l c l a s s i f i c a t i o n  o f  f o e t a l  membranes

The v iv ip a r o u s  concep tus  is  c l a s s i c a l l y  d iv id e d  i n t o  th e  fo e tu s
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and the  f o e ta l  membranes. The l a t t e r  is  f u r t h e r  s u b d iv id e d  i n t o  

th e  c h o r i o - a l 1a n to ic  p la c e n ta  and the  accessory  f o e ta l  membranes 

which a re  g e n e r a l ly  accepted as p la y in g  a m ino r r o le  in  the  

n u t r i t i o n  o f  the  fo e tu s .  However, in  th e  r a b b i t  and some o th e r  

s p e c ie s ,  th e  in v e r te d  v is c e r a l  y o lk  sac is  a complex membrane which 

is  e x tre m e ly  im p o r ta n t  in  th e  n u t r i t i o n  o f  th e  fo e tu s .

When co ns ide re d  from  an imm unologica l p o in t  o f  v ie w ,  the  

accessory  f o e ta l  membranes a re  o f  g re a t  im po rtance . The conceptus 

may be d iv id e d  i n t o  those  p a r ts  which c o n ta in  t r a n s p la n ta t io n  

a n t ig e n s  and those  p a r ts  which do n o t .  T h e o r e t i c a l l y ,  i f  a p a r t  

o f  th e  conceptus does not make c o n ta c t  w i t h  th e  h o s t ,  th e  m other,  

then  i t  may c o n ta in  t r a n s p la n ta t io n  a n t ig e n s  and y e t  no t be re je c te d .

I t  is  a ls o  p o s s ib le  t h a t  those  p a r ts  o f  th e  conceptus which c o n ta in  

t r a n s p la n ta t io n  a n t ig e n s  a re  p reven ted  from  making c o n ta c t  w i t h  

th e  m aterna l t is s u e s  by s t r u c t u r a l  arrangements w i t h i n  the  concep tus . 

These two hypotheses form  th e  bas is  f o r  an imm unological c l a s s i f i c a t i o n  

o f  f o e ta l  membranes.

Type 1

Foeta l membranes wh ich  make d i r e c t  c o n ta c t  w i t h  th e  m aterna l 

t i s s u e s ,  and w h ich ,  i f  th e y  c o n ta in  t r a n s p la n ta t io n  a n t ig e n s ,  may 

th e r e fo r e  e l i c i t  an immune response.

Type 2

Foeta l membranes which do not make d i re c t  c o n ta c t  w i th  th e  

m aterna l t i s s u e s ,  but wh ich  a re  not sepa ra ted  from  m aterna l t is s u e s  

by a n o th e r  f o e t a l  membrane.

Type 3
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Foeta l membranes which a re  separa ted  from m aterna l t is s u e s  

by a n o the r  f o e ta l  membrane and t h e r e fo r e  cannot e l i c i t  an 

imm unological c o n ta c t ,  even i f  th e y  c o n ta in  t r a n s p la n ta t io n  

a n t ig e n s .

Th is  c l a s s i f i c a t i o n  o b v io u s ly  h inges on the  d e f i n i t i o n  o f  

d i r e c t  c o n ta c t ,  i f  we d e f in e  i t  as th e  maximum d is ta n c e  between 

g r a f t  and r e c ip ie n t  t i s s u e s  wh ich  w i l l  a l lo w  s e n s i t i s a t i o n  o f  the  

r e c ip ie n t  and r e j e c t i o n  o f  th e  g r a f t  we m e re ly  become in v o lv e d  in  

a c i r c u l a r  argum ent, because th e  maximum d is ta n c e  is  unknown as 

indeed, i s  th e  mechanism o f  s e n s i t i s a t i o n  o f  th e  hos t  unso lved . 

Presumably, i f  in fo r m a t io n  is  t o  pass between g r a f t  and r e c ip ie n t  

c e l l s  t o  e l i c i t  the  a l l o g r a f t  response, th e  s e p a ra t io n  must be o f  

e le c t r o n  m ic ro s c o p ic  d im ens ions .

S ince th e re  is  so l i t t l e  in fo r m a t io n  on th e  passage o f  

in fo r m a t io n  a t  th e  m o le c u la r  le v e l  I have tu rn e d  t o  an analogous 

s i t u a t i o n ,  namely the  in d u c t io n  o f  embryonic c e l l s  d u r in g  morpho­

gen e s is .  A l th o u g h ,  as Lehtonen e t  al (1975) p o in t  ou t " l i t t l e  

is  known about substances c a r r y in g  m orphogenetic  messages in  

such i n t e r a c t i v e  p ro ce sse s " ,  th re e  th e o r ie s  have been advanced 

co nce rn in g  th e  passage o f  in fo r m a t io n  between c e l l s  d u r in g  morpho­

g en e s is .

1. T ransm iss ion  by c e l l  t o  c e l l  c o n ta c t .

2. T ransm iss io n  by d i f f u s i o n  o f  s o lu b le  s ig n a l  m o lecu les  over

a space o f  m ic rom e te rs .

3. T ransm iss ion  by i n t e r a c t i o n  o f  compounds in  an e x t r a  c e l l u l a r

m a t r ix  wh ich  is  se c re te d  by c e l l s  but is  no t an in t e g r a l  p a r t

o f  those  ce l 1 s.



87

The te rm  " c e l l  c o n ta c t "  is  used by Lehtonen to  mean c o n ta c t  

between the  m o lecu les  o f  the  c e l l  s u r fa c e s .  He a ls o  regards 

c e l l s  separa ted  by basal lam ina  as be ing in  c o n ta c t .  A t p re sen t 

th e  ev idence  is  s t r o n g ly  in  fa v o u r  o f  th e  f i r s t  th e o ry .  C e ll

t o  c e l l  c o n ta c t  is  necessary  f o r  m orphogenetic  in t e r a c t i o n s .  For 

example, an in te rs p a c e  o f  10 -  20 nm between in t e r a c t i n g  t i s s u e  

components has been found in  th e  b ranch ing  r a t  s a l i v a r y  g land 

( C u l te r  and Chaudry 1973) and d eve lo p ing  r a t  duodenal mucosa 

(M a ttau ,  H e rn io s i  and T r ia n  1972). Lehotonen e t  a l s t a te  t h a t  

by t h e i r  d e f i n i t i o n  t h i s  in te rs p a c e  does not e xc lude  f u n c t io n a l  

c e l l  c o n ta c ts .

T ra n s p la n ta t io n  a n t ig e n s  a re  r e l a t i v e l y  in s o lu b le  (B a tc h e lo r  

1965). T h e re fo re ,  i f  one accep ts  t h a t  th e re  is  an ana logy between 

morphogenesis and the  passage o f  in fo r m a t io n  in  th e  a f f e r e n t  l im b  

o f  th e  a l l o g r a f t  response, th e  maximum d is ta n c e  between g r a f t  and 

hos t c e l l s  in  o rd e r  t o  a l lo w  s e n s i t i s a t i o n  o f  the  hos t  must be 

a p p ro x im a te ly  20 nm, and t h i s  d is ta n c e  is  adopted here as an 

o p e ra t io n a l  d e f i n i t i o n  o f  d i r e c t  c o n ta c t .

A h y p o th e s is  co n ce rn in g  th e  arrangement o f  th e  f o e ta l  membranes 
o f  th e  r a b b i t

D uring  development o f  the  f o e ta l  membranes, th e  o n ly  t i s s u e  

wh ich  makes d i r e c t  c o n ta c t  w i t h  th e  m aterna l t i s s u e s  is  t r o p h o b la s t .  

A t  n in e  days th e  endoderm o f  th e  d e ve lo p in g  v is c e r a l  y o lk  sac is  

sepa ra ted  from  th e  p la c e n ta l  f o ld s  by a la y e r  o f  t r o p h o b la s t ,  

mesoderm and basal lam ina . Even i f  th e  endodermal c e l l s  do 

c o n ta in  t r a n s p la n ta t io n  a n t ig e n s  a t  9 days, th e y  do not make 

d i r e c t  c o n ta c t  w i t h  th e  m aterna l t i s s u e s  and may th e r e fo r e  be
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cons ide re d  as p a r t  o f  a Type 3 membrane, on the  o th e r  hand, the  

c h o r io n  makes d i r e c t  c o n ta c t  w i t h  m aterna l t is s u e s  and is  

c l a s s i f i e d  a t  Type 1.

The b i la m in a r  om phalop leure  on the  9 th  day c o n s is ts  o f  an 

o u te r  la y e r  o f  t r o p h o b la s t  which is  in  d i r e c t  c o n ta c t  w i th  the  

u te r i n e  e p i th e l iu m ,  and an in n e r  la y e r  o f  endoderm which is  not 

in  d i r e c t  c o n ta c t .  There is  no in fo rm a t io n  from t h i s  s tu d y  about 

th e  presence o f  t r a n s p la n ta t io n  a n t ig e n s  in  th e  endoderm o f  th e  

b i la m in a r  om pha lop leu re . The t r a n s fo rm a t io n  o f  th e  u te r in e  

e p i th e l iu m  to  a symplasma and s lo u g h in g  o f  the  whole  complex a t  

about 10 days m igh t be in t e r p r e te d  as a d i r e c t  r e s u l t  o f  such an 

im m unologica l i n t e r a c t i o n  between c e l l s  o f  th e  b i la m in a r  omphalo­

p le u re  and th e  u te r in e  t i s s u e s ,  but t h i s  is  e n t i r e l y  s p e c u la t iv e .

On th e  10th day th e  v is c e r a l  y o lk  sac beg ins t o  in v e r t  and 

in v a g in a te  in t o  the  c a v i t y  o f  th e  y o lk  sac. I t  remains a Type 3 

membrane in  r e l a t i o n  t o  th e  a n t im e s o m e tr ia l  u t e r i n e  w a l l  u n t i l  th e  

b i la m in a r  om pha lop leure  ( p a r ie t a l  la y e r  o f  y o lk  sac) breakes down 

a t  th e  end o f  th e  10th day. On th e  13th day th e  v is c e r a l  y o lk  

sac is  a Type 2 membrane r e la te d  t o ,  but no t in  d i r e c t  c o n ta c t  

w i t h ,  th e  a n t im e s o m e tr ia l  w a l l .  The Type 1 membranes a t  day 

13 a re  th e  c h o r io - a l la n to ic  p la c e n ta ,  th e  p a ra p la c e n ta l  c h o r io n  

and th e  remnant o f  the  b i la m in a r  om pha lop leure  wh ich  is  r e la te d  

t o  th e  s in u s  te rm in a l  i s .

In a t e l e o lo g i c a l  sense th e re  appears t o  be a s e t  o f  a ccesso ry  

f o e ta l  membranes wh ich  p re ve n t  th e  v is c e r a l  y o lk  sac from  making 

d i r e c t  c o n ta c t  w i t h  the  m aterna l t i s s u e s .  Thus, the  v is c e r a l  

y o lk  sac as i t  in v e r t s  is  p ro te c te d  from  th e  a n t im e s o m e tr ia l  u te r i n e
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w a l l  by the  b i la m in a r  om pha lop leu re . A f t e r  th e  v is c e r a l  y o lk  

sac has in v e r te d ,  th e  b i la m in a r  om phalop leure  breaks down le a v in g  

a space between th e  v is c e r a l  y o lk  sac and the  u te r in e  e p i th e l iu m .

A t th e  p e r ip h e ry  o f  th e  v is c e r a l  y o lk  sac th e  b i la m in a r  omphalo- 

p le u re  remains i n t a c t ,  th e re b y  p re v e n t in g  any d i r e c t  c o n ta c t  

between th e  b u lg in g  endoderm c o v e r in g  th e  s in u s  te rm in a l  is  and the  

u te r i n e  e p i th e l iu m .

The v is c e r a l  y o lk  sac is  anchored to  th e  p a ra p la c e n ta l  f i s s u r e  

by th e  p a ra p la c e n ta l  c h o r io n .  Sansom (1927) observed t h a t  t ro p h o -  

b la s t  s loughs o f f  th e  p a ra p la c e n ta l  c h o r io n  and invades the  endometrium 

and t r o p h o b la s t  s loughs i n t o  th e  p a ra p la c e n ta l  f i s s u r e .  He suggested 

t h a t  t h i s  may occur " p o s s ib ly  w i th  th e  o b je c t  o f  reduc ing  th e  area 

o f  a ttachm ent o f  th e  p la c e n ta l  d is c  t o  th e  u te r i n e  w a l l  p re p a ra to r y  

t o  p a r t u r i t i o n " .  T h is  marked a c t i v i t y  occurs  about th e  17th day 

wh ich  is  w e l l  b e fo re  p a r t u r i t i o n .  I suggest t h a t  t h i s  a c t i v i t y  

o f  the  p a ra p la c e n ta l  c h o r io n  p re ven ts  overgrow th  o f  th e  endometrium 

o f  th e  p e r i  p ia c e n ta l  f i s s u r e  and p re ven ts  d i r e c t  c o n ta c t  o c c u r r in g  

between th e  v is c e r a l  y o lk  sac and the  m aterna l t i s s u e s .

D i r e c t  c o n ta c t  occurs  when the  t r o p h o b la s t i c  knobs invade 

th e  u te r i n e  e p i th e l iu m  a t  about th e  7 th  day. Before t h i s  t im e  

th e  b la s to c y s t  has been p reven ted  from  making d i r e c t  c o n ta c t  

w i t h  th e  m aterna l t i s s u e s  by the  zona p e l lu c id a .  The t r o p h o b la s t  

knobs b u rs t  th rou g h  the  zona p e l lu c id a  and make c e l l  t o  c e l l  

c o n ta c ts  w i t h  th e  u te r i n e  e p i th e l iu m  (S te e r  1969, 1971, 1971b).

The zona p e l lu c id a  d isappea rs  soon a f t e r  t r o p h o b la s t  knob in v a s io n .

The t r o p h o b la s t  knobs e v e n tu a l l y  p e n e tra te  th e  m aterna l b lood 

v e s s e ls .  There is  no e x p e r im en ta l ev idence  t o  suggest t h a t
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t r o p h o b l a s t  knob In v a s io n  is  in v o lv e d  in  im m unolog ica l p r o t e c t i o n  

o f  th e  c o n c e p tu s .  The in v a d in g  t r o p h o b la s t  is  not r e j e c t e d  by 

t h e  m o th e r .

The o b p la c e n ta l  g ia n t  c e l l s  p ro b a b ly  o r i g in a t e  from  the  

in va d in g  t r o p h o b la s t  o f  th e  t r o p h o b la s t  knob. Aga in  the se  g ia n t  

c e l l s  a re  no t r e je c te d  by the  mother even though th e y  invade th e  

myometrium which c o n ta in s  ly m p h a t ic s .  The t r o p h o b la s t  which 

invades m aterna l t i s s u e s  undergoes a m o rp h o lo g ica l change. The 

c e l l s  e n la rg e  g r e a t l y ,  th e  cy top lasm  d i f f e r s  in  i t s  s t a in in g  

p r o p e r t ie s  and each g ia n t  c e l l  i s  surrounded by h y a l in e  membrane. 

Gardner e t  a l (1973) has suggested t h a t  g ia n t  c e l l  t r a n s fo rm a t io n  

o f  th e  t r o p h o b la s t  c e l l s  is  th e  normal path o f  d i f f e r e n t i a t i o n  

so long  as th e  t r o p h o b la s t  c e l l s  a re  no t in  c o n ta c t  w i th  th e  in n e r  

c e l l  mass. However, th e re  does remain the  p o s s i b i l i t y  t h a t  th e  

t r a n s fo r m a t io n  o f  t r o p h o b la s t  is  a d i r e c t  r e s u l t  o f  im p la n ta t io n  

i n t o  an a l i e n  env ironm ent and t h a t  t h i s  t r a n s fo rm a t io n  p ro te c ts  

th e  t r o p h o b la s t  f rom  an a l l o g r a f t  r e j e c t i o n .  I t  would be i n t e r e s t ­

in g  t o  know w he ther o b p la c e n ta l  g ia n t  c e l l s  o ccu r in  pure  bred 

r a b b i t  m a t in g s .  Jones and Kemp (1969) have suggested t h a t  

t r o p h o b la s t  c o a ts  i t s  c e l l  s u r fa c e  w i th  a h y a l in e  membrane which 

is  s p e c i f i c  t o  a p a r t i c u l a r  h o s t .  Th is  c e l l  co a t  then p ro te c ts  

th e  t r o p h o b la s t  f rom  an a l l o g r a f t  r e j e c t i o n  response. They suggest 

t h a t  t h i s  s p e c i f i c i t y  o f  c e l l  co a t is  de te rm ined  by th e  passage o f  

messenger m o le c u le s ,  p o s s ib ly  RNA from  th e  m aterna l c e l l s  t o  th e  

t r o p h o b la s t  w h ich  is  then  a b le  t o  m anu fac tu re  th e  s p e c i f i c  c e l l  

c o a t .  T h is  th e o ry  is  a t  p re se n t  e n t i r e l y  s p e c u la t iv e ,  but i f  i t  

i s  t r u e  then  t r o p h o b la s t  knob in v a s io n  may be in v o lv e d  in  th e  

passage o f  t h i s  in fo r m a t io n .
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Summary

Aims o f  the  s tud y

These were t o  de te rm ine  the  presence o r  absence o f  

t r a n s p la n ta t io n  a n t ig e n s  on th e  v is c e r a l  y o lk  sac o f  the  r a b b i t  

and u s in g  th e  m o rp h o lo g ica l s tu d y ,  t o  p ro v id e  a h y p o th e s is  as 

t o  how th e  membrane escapes r e je c t i o n  by a m aterna l a l l o g r a f t  

response.

R e su lts  o f  th e  m o rp h o lo g ica l s tud y

New o b s e rv a t io n s  from th e  m o rp h o lo g ica l s tu d y  p ro v id e  

a g r e a te r  u nd e rs tan d in g  o f  th e  im p la n ta t io n  s i t e  o f  th e  r a b b i t  

u te ru s .  The development and r e la t io n s h ip s  o f  the  f o e ta l  membranes 

a re  d e s c r ib e d  in  g r e a te r  d e t a i l  than  b e fo re .

R e su lts  o f  th e  g r a f t i n g  expe rim en ts

Evidence is  p resen ted  t h a t  the  v is c e r a l  y o lk  sac o f  the  

r a b b i t  c o n ta in s  t r a n s p la n ta t io n  a n t ig e n s  a t  13 days. The t ro p h o ­

b la s t  o f  th e  p a ra p la c e n ta l  c h o r io n  and j  o r  b i la m in a r  om phalop leure  

r e s i s t s  th e  a l l o g r a f t  r e je c t i o n  response wh ich  has des tro ye d  the  

endodermal c e l l s  o f  th e  v is c e r a l  y o lk  sac.

C onc lus ions

A h y p o th e s is  is  p resen ted  t o  account f o r  th e  s u r v iv a l  o f  

the  v is c e r a l  y o lk  sac in  s i t u  d e s p i te  th e  apparen t presence o f  

t r a n s p la n ta t io n  a n t ig e n s  on th e  endodermal c e l l s .  The d is c u s s io n  

goes on t o  s p e c u la te  on th e  f u n c t io n  o f  th e  p a ra p la c e n ta l  c h o r io n ,  

the  b i la m in a r  om pha lop leure  and th e  t r o p h o b la s t i c  knobs from  an 

im m unolog ica l p o in t  o f  v ie w .



ACKNOWLEDGEMENTS

1 w ish  t o  thank  P ro fe sso r  R. J. Scothorne f o r  a l lo w in g  

me t o  unde rtake  t h i s  work in  h is  departm ent and f o r  h is  

gu idance th ro u g h o u t  th e  p r o je c t .

I would a ls o  l i k e  t o  thank  Dr. K.E. C a rr who ta u g h t  me 

th e  te c h n iq u e  o f  scann ing e le c t r o n  m ic roscopy .

The p ro cess in g  o f  th e  e le c t r o n  m icrog raphs was performed 

by Mr. H.S. Johnston.

My thanks a re  a ls o  due t o  G a i l Drake who developed th e  

photographs and S y lv ia  Cochrane who typed  the  m a n u s c r ip t .



References

A l g l r e ,  G .H . , Weaver, J .M . , Prehn, R.T. 1954. J. Natn. Cancer 
I n s t .  1J5: 493. Growth o f  c e l l s  in  v iv o  in  d i f f u s i o n
chambers I .  S u rv iv a l  o f  hom ogra fts  in  immunised m ice.

Amoroso, E.C. 1952. M a r s h a l l 's  p h y s io lo g y  o f  re p ro d u c t io n .
V o l .  I I ,  3 rd  ed. E d i ted  by A.S. Parkes. Longmans,
Green and Co. L td .  New York, 2: 127-311.

Amoroso, E.C. 1959. T rn s a c t io n s  o f  5 th  con fe rence  on g e s ta t io n .  
Jos iah  Macy J r .  Founda t io n , New York. The b io lo g y  o f  the  
p ia c e n ta .

Andre , J . A . , Schw artz , R .S . ,  M i tu s ,  W .J . , Dameshek, W. 1962.
Blood 313-333. The m o rp h o lo g ica l responses o f  th e
lym phoid  system t o  h om og ra f ts :  f i r s t  and second se t
responses in  normal r a b b i t s .

Andresen, R .H . , Monroe, C.W. 1962. Am. J. O bs te t.  Gynec. 84: 
1096-1103. E xperim enta l s tu d y  o f  th e  behav iou r o f  a d u l t  
human s k in  hom ogra fts  d u r in g  pregnancy.

Andrew, T.A. 1971. B.Sc. U n iv e r s i t y  o f  Newcastle  upon Tyne.
An i n v e s t i g a t i o n  i n t o  th e  presence o f  t r a n s p la n ta t io n  
a n t ig e n s  in  the  mouse y o lk  sac.

Andrew, T . A . , C o les , J . S . ,  Sco tho rne , R .J . 1975. J. A na t.  120: 
95-103. The f a t e  o f  h e te r o to p ic  i s o g r a f t s  and a l l o g r a f t s  
o f  mouse y o lk  sac e p i th e l iu m .

Arnason, B .G ., J a n ko v ic ,  B .D .,  Waksman, B .M ., Wennersten, C.
1962. J. Exp. Med. 116: 117-186. Role o f  thymus in
immune re a c t io n s  in  r a t s  I I  Suppress ive  e f f e c t  o f  
thymectomy a t  b i r t h  on re a c t io n s  o f  de layed  h y p e r s e n s i t i v i t y  
and th e  c i r c u l a t i n g  sm all lym phocytes .

Asshe ton , R. 1895. Q.. J l .  M ic ro s c .  S c i .  £Z.* 113. A r e in v e s t ig a ­
t i o n  i n t o  th e  e a r l y  s tages o f  th e  development o f  th e  r a b b i t .

Bagshawe, K.D. 1971. Proc. R. Soc. Med. 64: 1043. C h o r io ­
ca rc inom a.

B a rke r ,  C .F . , B i l l in g h a m ,  R.E. 1968. J. Exp. Med. 128: 197-220.
A f fe r e n t  ly m p h a t ic s  and r e j e c t i o n  o f  s k in  hom ogra fts .

B a tc h e lo r ,  J .R . 1965. Br. Med. B u l l .  2J_: 100-105. H is to ­
c o m p a t i b i l i t y  systems.

Beer, A . E , , B i l l in g h a m ,  R .E . , H o e rr ,  R.A. 1971. T ra n s p la n tn .
Proc. 609-11. E l i c i t a t i o n  and e x p re s s io n  o f  t r a n s p la n ta t  
im m un ity  in  th e  u te ru s .



Beer, A . E . , B i l l in g h a m ,  R. E. 1974. S c i .  Am. 230: 36-46.
The embryo as a t r a n s p la n t .

Behrman, S . J . , Koren, Z. 1968, Immunology o f  the  concep tus .
In th e  ye a r  book o f  o b s t e t r i c s  and gynaeco logy , ed. J .P . 
G r e e n h i i l .  P .28. Chicago: Year Book Medical P u b l is h e rs .

B i l l in g h a m ,  R.E. 1964. New Eng l. J. Med. 220: 667-672.
T ra n s p la n ta t io n  im m un ity  and th e  m a te r n a l - f o e ta l  r e l a t i o n .

B i l l i n g t o n ,  W.D. 1971. B io lo g y  o f  th e  t r o p h o b la s t .  Advances
in  re p ro d u c t iv e  p h y s io lo g y ,  5.: 2 7 - 6 6 .

Bov ing , B.G. 1956. Am.J. A na t.  429-431. R abb it  b la s to ­
c y s t  d i s t r i b u t i o n .

Boving, B.G. 1962. C o n tr .  Embryol. Carneg ie  I n s t .  (Wash.)
37 : 33-35 . Anatom ica l a n a ly s is  o f  r a b b i t  t r o p h o b la s t  
i n vas ion .

Boving , B.G. 1971. The B io lo g y  o f  th e  B la s to c y s t .  Ed. R. J.
B landau. Ch icago, London: U n iv . o f  Chicago. Page 423-430.

B radbury , S . ,  B i l l i n g t o n ,  W .D ., K i r b y ,  D .R .S . ,  1965. J1. L.
m ic ro s c .  Soc. 84: 199-211. A h is to c h e m ic a l  and e le c t r o n
m ic ro s c o p ic a l  s tu d y  o f  the  f i b r i n o i d  o f  th e  mouse p la c e n ta .

B ram be ll ,  F.W.R. 1970. F r o n t ie r s  o f  b io lo g y .  Eds. Neuberger
and Tatum. T rnasm lss io n  o f  pass ive  im m unity  from  m other to  
young. Amsterdam: N o r th -H o l1 and Pub, Co.

B ra m b e ll ,  F .W .R ., Hemmings, W.A. 1949. J. P h y s io l .  Lond. 108: 
177-185. The passage in t o  th e  em bryonic y o lk  sac c a v i t y  
o f  m a terna l plasma p r o te in s  in  r a b b i t s .

B reyere , E. J . , B a r re t ,  M.K. 1961. J. n a tn .  Cancer I n s t .  22,:
409-417. To le rance  induced by p a r i t y  in  m ice  im com pa tib le  
a t  th e  H-2 lo c u s .

B reyere , E . J . , B a r re t .  M.K. I960 . J. n a tn .  Cancer I n s t .  24: 
699-705. "T o le ra n c e "  in  p o s t  partum fem a le  m ice induced 
by s t r a i n  -  s p e c i f i c  m a t in gs .

Cooper, M .D ., P e te rson , R .D .A . , Good, R.A. 1965. N a tu re ,  Lond. 
205 : 143-146. D e l in e a t io n  o f  th e  thym ic  and bursa system
in  th e  c h ic k e n .

Cooper, M .D ., P e te rson , R .D .A . , South , M .A . , Good, R.A. 1966.
J. exp. Med. 123: 75—102. The f u n c t io n s  o f  th e  thymus
system and th e  bursa system in  th e  c h ic k e n .

Cooper, M .D ., C a in , W .A ., Van A ! te n ,  P . J . , Good, R.A. 1969.
I n t .  A rch s .  A lle rgy  a p p l .  Immun. 242-252. Development
and f u n c t io n  o f  th e  im m unog lobu lin  p ro du c in g  system I .  
E f f e c t  o f  bursectomy a t  d i f f e r e n t  s tages o f  development 
on ge rm ina l c e n t re s ,  plasma c e l l s ,  im m unoglobu lins  and 
a n t ib o d y  p ro d u c t io n .



C u t te r ,  L .S . ,  Chaudry, A. P. 1973. D ev i.  B io l .  33.: 229-240.
I n t e r c e l l u l a r  c o n ta c ts  a t  the  e p i th e l ia l -m e s e n c h y m a l 
in t e r f a c e  d u r in g  the  p re n a ta l  development o f  the  r a t  
subm and ibu la r g la n d ,

C u r r ie ,  E.A. 1969. Ciba Foundation  Symposium: Foeta l autonomy.
Ed. G.E.W. Wolstenholme and M. O'Connor. The fo e tu s  as 
an a l l o g r a f t :  The r o le  o f  m aterna l unrespons iveness to
p a t e r n a l l y  d e r iv e d  fo e ta l  a n t ig e n s .

C u r r ie ,  E .A . , Bagshawe, K.D. 1967. Lancet 1 /708-710 . The 
masking o f  a n t ig e n s  on t r o p h o b la s t  and cancer c e l l s .

C u r r ie ,  E . A . , van Doorminck, W., Bagshawe, K.D. 1968. N a tu re , 
Lond. 219: 191“ 192. E f fe c t  o f  neuram in idase  on the
im m unogen ic ity  o f  e a r l y  mouse t r o p h o b la s t .

D av ies , J. 1957. T ra n s a c t io n s  o f  the  4 th  Conference on g e s ta t io n .  
Ed. Vi 1 le e ,  Jos iah  Macy J r .  Founda t ion . P hys io lo g y  o f  
f o e ta l  f l u i d s ,  p. 11-68.

D av ies , J . , H a lm i,  N.S. 1953. A na t.  Rec. 116: 227-236. A
note  on th e  myogenic o r i g i n  o f  th e  o b p la c e n ta l g ia n t  c e l l s  
o f  the  r a b b i t  u te ru s .

D av ies , J . , H a s s e ld a h l,  M. 1971. The B io lo g y  o f  the  B la s to c y s t .  
Ed. B landau, Ch icago, London: U n iv . o f  Chicago, p. 27-43.

D uva l, M. 1889. J. A na t. P h y s io l ,  P a r is ,  25.: 309, 573. Le
p la c e n ta  du la p in .  Quoted by Amoroso.

Enders, A.C. 1971. The B io lo g y  o f  the  B la s to c y s t .  Chicago, 
London: U n iv . o f  Chicago. The f i n e  s t r u c t u r e  o f  the
b la s to c y s t .

Enders, A . C . , S c h la fk e ,  S. 1969. Am. J. A na t.  125: 1-30.
C y to lo g ic a l  aspects  o f  t r o p h o b la s t - u t e r in e  in t e r a c t i o n  
in  e a r l y  im p la n ta t io n .

Enders, A .C . ,  S c h la fk e ,  S. 1971. A m .J .Ana t.  132: 219-240.
P e n e t ra t io n  o f  the  u te r in e  e p i th e l iu m  d u r in g  im p la n ta t io n  
in  the  r a b b i t .

E v e r e t t ,  W .B ., C a f f r e y ,  R .W., R icke ,  W.0. 1964. Ann. N.Y.
Acad. S c i .  113: 8 8 7 - 8 9 7 . R e c i r c u la t io n  o f  lym phocytes .

Gardner, R . L . , Papaisannou, V .E . ,  B a r ton ,  S.C. 1973. J.
Embryol. exp. M orpho l. 3J2: 561-573. O r ig in  o f  the
e c to p la c e n ta l  cone and secondary g ia n t  c e l l s  in  mouse 
b la s to c y s ts .

G ibson, T . , Medawar, P.B. 1943. J. A na t.  2 Z : 299-310. The
f a t e  o f  s k in  hom ogra fts  in  man.



G o ldsch n e ide r ,  I . ,  McGregor, D.D. 1968. J. exp. Med. 127: 
155-168. M ig ra t io n  o f  lymphocytes and thym ocytes 
in  the  r a t .  I .  The r o le  o f  m ig ra t io n  from b lood to  
sp leen  and lymph nodes.

Gowans, J .L .  1959. J. P h y s io l .  Lond. 146: 54-69 . The
r e c i r c u l a t i o n  o f  lymphocytes from blood t o  lymph in  
th e  r a t .

Gowans, J .L .  1966. I n t .  Rev. E x p t l .  Path. 5: 1-24. L i f e  span,
r e c i r c u l a t i o n  and t r a n s fo rm a t io n  o f  lym phocytes .

Gowans, J . L . , M cG regor, D . D . , Cowen, D . M . , F o rd ,  C .E .  1962. 
N a tu r e ,  Lond. 196: 651-655. I n i t i a t i o n  o f  immune
responses by sm all  ly m p h o c y te s .

Gowans, J . L . , K n ig h t ,  E .J .  1964. Proc. R. Soc. B. 159: 278-282.
The ro u te  o f  r e c i r c u l a t i o n  o f  lymphocytes in  th e  r a t .

Gowans, J . L . ,  McGregor, D.D. 1965. Prog. A l l e r g y  9: 1.
The im m unolog ica l a c t i v i t i e s  o f  lym phocytes .

G regory , P.W. 1930. C o n t r ib .  Embryo l. Carneg. I n s t .  21_: 141.
E a r ly  em bryo logy o f  the  r a b b i t .

Hafez, E .S .E . ,  T su tsu m i, Y. 1966. Am. J. A na t.  118: 249-282.
Changes in  end o m e tr ia l  v a s c u l a r i t y  d u r in g  im p la n ta t io n  
and pregnancy in  the  r a b b i t .

H a l l ,  J.G. 1967. J. exp. Med. 125: 737-754. S tud ies  o f  the
c e l l s  in  the  a f f e r e n t  and e f f e r e n t  lymph o f  lymph nodes 
d r a in in g  th e  s i t e  o f  s k in  hom ogra fts .

H a l l ,  J.G. 1969. Lancet ( i )  25-28 . E f fe c t o r  mechanisms in  
im m un ity .

H e rb e r t ,  A . ,  W i lk in s o n .  1971. A D ic t io n a r y  o f  Immunology. 
O x fo rd : B la ckw e l l  S c i e n t i f i c .

H es lop , R .W ., Kreohn, P . L . , Sparrow, E.M. 1954. J. Endocr.
10: 325-332. The e f f e c t  o f  pregnancy on the  s u r v iv a l
o f  s k in  hom ogra fts  in  r a b b i t s .

Hayner, S . ,  B r in s t e r ,  R . L . , Palm, J. 1969. N a tu re , Lond. 222 : 
783-784. E f fe c t  o f  is o a n t ib o d y  on p re im p la n ta t io n  mouse 
embryos.

Hoi l a r d ,  1863. A n n ls .  S c i .  n a t .  1£: 223. Recherce su r la
p la c e n ta  des rongeurs  e t  en p a r t i c u l i e r  su r  c e lu i  des 
1api ns.

Hume, D .M ., E gd a h l, R.H. 1955. S urgery  38: 194-214.
P ro g re s s iv e  d e s t r u c t io n  o f  rena l hom ogra fts  is o la te d  
from  th e  re g io n a l  ly m p h a t ic s  o f  th e  h o s t .



97

J a k o b is ia k ,  M. 1971. T r a n s p l a n t a t i o n ^ :  364-367. Q u a n t i t a t i v e
da ta  co nce rn in g  th e  development o f  th e  c e l l u l a r  i n f i l t r a t i o n  
o f  s k in  a l l o g r a f t s  in  m ice .

Jenk inson , E . J . , B i l l i n g t o n ,  W. D. 1974. J. Reprod. F e r t i l .  4l_
(2 ) :  403-412. D i f f e r e n t i a l  s u s c e p t i b i l i t y  o f  mouse
t ro p h o b la s t  and embryonic t i s s u e  t o  immune c e l l  l y s i s .

Jones, B .M ., Kemp, R.B. 1969. N a tu re , Lond. 221: 829-831.
S e l f  i s o l a t i o n  o f  th e  f o e ta l  t r o p h o b la s t .

K a l i s s ,  N . , Dagg, M.K. 1964. T ra n s p la n ta t io n  2: 416. Immune
response engendered in  mice by m u l t i  p a r i t y .

Kanagawa, H . , Hafez, E .S .E . ,  P i t c h fo r d ,  W.C., B aech le r ,  C .A . , 
Barnhart, M . I .  1972. A na t.  Rec. 174: 205-226. Surface
p a t te rn s  in  th e  re p ro d u c t iv e  t r a c t s  o f  the  r a b b i t  
observed by scann ing e le c t r o n  m ic roscopy .

K i r b y ,  D.R.S. 1968. T ra n s p la n ta t io n  6: 1005-1009. The
im m unolog ica l consequences o f  e x t r a u te r in e  development 
o f  a l lo g e n e ic  mouse b la s to c y s ts .

K i r b y ,  D.R.S. 1969. F e r t .  S t e r i l .  2j0: 933-937. On the
im m unolog ica l f u n c t io n  o f  th e  zona p e l lu c id a .

K i r b y ,  D .R .S .,  B i l l i n g t o n ,  W.D., B radbury , S . ,  G o ld s te in ,  D .J .
1964. N a tu re , Lond. 204: 548-549. The a n t ig e n  b a r r i e r
o f  the  mouse p la c e n ta .

K i r b y ,  D .R .S . ,  B i l l i n g t o n ,  W.D., James, D.A. 1966. T ra n s p la n ta t io n  
4 :  713-718. T ra n s p la n ta t io n  o f  eggs t o  the  k id n e y  and 
u te ru s  o f  immunised m ice.

Larsen , J .F .  1961. Amer. J. A na t.  109: 319-334. E le c t ro n
m ic roscopy  o f  the  im p la n ta t io n  s i t e  in  the  r a b b i t .

Larsen , J .F .  1962b. J. U l t r a s t r u c t .  Res. 535-549.
E le c t ro n  m ic roscopy  o f  the  c h o r i o a l l a n t o i c  p la c e n ta  o f  
th e  r a b b i t .  I .  The p la c e n ta l  l a b y r in t h  and the  m u l t i ­
n u c le a te d  g ia n t  c e l l s  o f  th e  in te rm e d ia te  zone.

Larsen , J .F .  1962. J. C e ll  B io l .  Ht: 46 -64 . E le c t ro n  m ic roscopy
o f  th e  u te r i n e  e p i th e l iu m  in  th e  r a b b i t .

Larsen , J .F .  1963, Amer. J. A na t.  112: 269-284. H is to lo g y
and f i n e  s t r u c t u r e  o f  th e  a v a s c u la r  and v a s c u la r  y o lk  
sac p la c e n ta l  and th e  o b p la c e n ta l  g ia n t  c e l l s  in  the  
r a b b i t .

Larsen , J . F . , D av ies , J. 1962. A na t.  Rec. 143: 27-46 . The
p a ra p la c e n ta l  c h o r io n  and accesso ry  f o e ta l  membranes o f  
th e  r a b b i t  -  h i s t o l o g y  and e le c t r o n  m ic roscopy .



98

Lehtonen, E . , W a r t iv a r r a ,  J . , N o rd l in g ,  S . ,  Saxen, L. 1975.
J. e m b ryo l. exp. morph. 33.: 187-203. D em onstra t ion
o f  c y to p la s m ic  processes in  m i l l i p o r e  f i l t e r s  p e r m i t t in g  
k id n e y  tu b u le  in d u c t io n .

Lengerova, A. 1969. Immunogenetics o f  b io lo g y .  Eds. Neuberger 
and Tatum. F r o n t ie r s  o f  b io lo g y  ]j>: 28. N o r th -H o l1 and 
P u b l is h in g  Co. Amsterdam: London.

Luse, S.A. 1958. Ed. C.A. Vi 1 lee, G e s ta t io n .  T ra n sa c t io n s  o f
the  4 th  Conf. Jos iah  Macy J r .  F ounda t ion , N. Y. p. 115-141. 
The m o rp h o lo g ica l m a n i fe s ta t io n  o f uptake o f  m a te r ia ls  
by th e  y o lk  sac in  th e  p regnant r a b b i t .

Lutwak-Mann, C. 1971. The B io lo g y  o f  the  B la s to c y s t .  Ed. R .J . 
B landau. U n iv . o f  Chicago. The r a b b i t  b la s to c y s t  and 
i t s  env iron m e n t:  p h y s io lo g ic a l  and b iochem ica l aspects
p. 243-245.

McGregor, D .D .,  Gowans, J .L .  1964. Lancet 629. S u rv iv a l  
o f  hom ogra fts  o f  s k in  in  r a t s  d e p le te d  o f  lymphocytes by
c h ro n ic  d ra in a g e  from the  t h o r a c ic  d u c t .

McLean, J .M . , Sco tho rne , R .J . 1970. J. A na t.  107: 39-48. The
ly m p h a t ic s  o f  th e  endometrium in  th e  r a b b i t .

McLean, J .M . , S co tho rne , R .J . 1972. J. A na t.  112: 423-432.
The f a t e  o f  s k in  a l l o g r a f t s  in  th e  r a b b i t  u te ru s .

M a r ie s i ,  V . T . , Gowans, J .L .  1964. Proc. R. Soc. B. 159:
283. The m ig r a t io n  o f  lymphocytes th rough  th e  endo the lium  
o f  venu les  in  lymph nodes: an e le c t r o n  m ic roscopy  s tu d y .

M a ttau , M . , Hermos, J . A . , T r i e r ,  J .S . 1972. J. C e l l .  B io l .  5£: 
577-588. S t r u c tu r a l  fe a tu re s  o f  th e  e p i th e l io -m ese nchym a l 
in t e r f a c e  o f  r a t  duodenal mucosa d u r in g  deve lopm ent.

Maximow, A .A . 1924. P h y s io l .  Rev. 4 :  533-563. R e la t io n  o f
b lood c e l l s  t o  c o n n e c t iv e  t i s s u e  and e nd o th e l iu m .

Medawar, P. B. 1944. J. A na t.  JjL' 176-199. The behav iou r and 
f a t e  o f  s k in  a u to g r a f t s  and s k in  hom ogra fts  in  r a b b i t s .

Medawar, P. B. 1945. J. A na t.  J2.: 157-176. A second s tu d y  o f
th e  b eh a v io u r  and f a t e  o f  s k in  hom ogra fts  in  r a b b i t s .

Medawar, P.B. 1953. In Soc. f o r  Exp. B io l .  E v o lu t io n  V I I .
Symposia o f  th e  S o c ie ty  f o r  e xpe r im en ta l b io lo g y  No. 7 , 
p. 320. Cambridge: a t  th e  U n iv e r s i t y  Press. Some
im m unolog ica l and e n d o c r in o lo g ic a l  problems ra is e d  by 
e v o lu t io n  o f  v i v i p a r i t y  in  v e r te b r a te s .

Medawar, P .B . , Sparrow, E.M. 1956. J. Endocr. V t: 240-256.
The e f f e c t s  o f  a d r e n o c o r t i c a l  hormones, a d r e n o c o r t i c o t r o p h ic  
hormone and pregnancy on s k in  t r a n s p la n ta t io n  im m unity  in  
m ice .



M i l l e r ,  J .F .A .P .  1972. I n t .  Rev. C y to l . 33.: 77. Lymphocyte
in t e r a c t io n s  in  a n t ib o d y  responses.

M i l l e r ,  J .F .A .P .  1961. Lancet H_: 748-749. Immunological
fu n c t io n  o f  the  thymus.

M i l l e r ,  J .F .A .P . ,  S p ren t,  J. 1971. N a tu re , Lond. 230 : 267.
Thymus d e r iv e d  c e l l s  in  mouse t h o r a c ic  duc t  lymph.

M in o t ,  C.S. 1890. B io l .  Z b l .  JjO: 114. Die p la c e n ta  des
kani nchens.

Montgomery, W .P ., Young, R .C . , A l l e n ,  M .P . , Harden, K.A. (1968) 
Am. J. o b s te t .  Cynec, 100: 829-831. T u b e rc u l in  t e s t
in  pregnancy.

Moore, M .A .S .,  Owen, J . J .T .  1967. J. exp. Med. 126: 715-726.
Experim en ta l s tu d ie s  on the  development o f  th e  thymus.

Moore, M .A .S .,  M e tc a l f ,  D. 1970. Br. J. Haemat. J_8: 279.
Ontogeny o f  th e  haem opo ie t ic  system: y o lk  sac o r i g i n
in  v iv o  and in  v i t r o  c o lo n y  fo rm in g  c e l l s  in  th e  deve lo p ing  
mouse embryo.

M o r r is ,  B. 1950. J .L .  m ic ro s c .  S c i .  £l_: 237-249. S t ru c tu re
o f  the  f o e ta l  y o lk  sac s p la n ch n o p le u r  o f  th e  r a b b i t .

Mossman, H.W. 1926. Am. J. A na t.  32.: 433-497. The r a b b i t  
p la c e n ta  and th e  problem o f  p la c e n ta l  t ra n s m is s io n .

Nathenson, S.G. 1970. Ann. Rev. Genet. 4 :  70-72. B iochemical
p r o p e r t ie s  o f  h i s t o c o m p a t i b i l i t y  a n t ig e n s .

Nature -  N a tu re , Lond. 243: 225. Advances in  immunopathology
(Report o f  a Sem inar).

O lds, P .J . 1968. T ra n s p la n ta t io n  6: 478-479. An a ttem p t to
d e te c t  H-2 a n t ig e n s  on mouse eggs.

Owen, J . J .T .  1970. Handbuch Der A llegem e inen  P a th o lo g ie .  
Ontogenesis o f  im m unob io log ica l systems.

Owen, J .J .T .  1971. Ontogeny o f  a c q u ire d  im m un ity . A Ciba 
Foundation  Symposium. A .S .P . Amsterdam.

Padyku la , H .A . , Deren, J. J . , W i lson , H.T. 1966. D ev i.  B io l .
13: 311-348. Development o f  s t r u c t u r e  and fu n c t io n  in
th e  mammalian y o lk  sac. I .  Development morphology and 
v i t .  B ^  uptake  o f  r a t  y o lk  sac.

Palm, J . , Heyner, S . ,  B r in s t e r ,  R .L. 1971. J. exp. Med. 133:
1282-1283. D i f f e r e n t i a l  imm unofluorescence o f  f e r t i l i s e d  
mouse eggs w i th  H-2 and non H-2 a n t ib o d y .



100

P a r r o t t ,  D .M .V . , de Sonsa, M .A .B . , E as t,  J. 1966. J. exp. Med.
123: 191-203. Thymic dependent areas in  th e  lymphoid
organs o f  n e o n a ta l ly  thymectomised m ice.

P a r ry ,  H .J . 1950. J. Endocr. 86-99. The v a s c u la r  s t r u c t u r e
o f  the  e x t r a - p la c e n ta l  u t e r i n e  mucosa o f  the  r a b b i t .

Pedersen, N .C . , M o r r is ,  B. 1970. J. exp. Med. 121: 936. The
r o le  o f  the  ly m p h a t ic  system in  th e  r e je c t i o n  o f  h om og ra fts :  
a s tu d y  o f  lymph from  rena l t r a n s p la n ts .

Pearse, W .H ., Kaiman, H. 1967. Am. J. O bs te t .  Gynec. 572-572.
Human c h o r io n ic  g on a do tro ph in  and s k in  hom ograft s u r v i v a l .

Poppa, G . , Simmons, R .L . ,  D av id , D .S . ,  R u s s e l l ,  P.S. 1964.
T ra n s p la n ta t io n  2: 496-502. The u te ru s  as a r e c ip ie n t  s i t e
f o r  p a r a th y ro id  t r a n s p la n ta t io n .

P o t t s ,  D.M. 1965. Im p la n ta t io n :  An E.M. s tu d y  w i th  s p e c ia l
re fe re n c e  t o  th e  mouse. Ph.D. t h e s is  Cambridge U n iv e r s i t y .  
Quoted by Behrman.

P o t ts ,  D.M. 1968. J. A na t.  103: 77-90 . The u l t r a s t r u c t u r e  o f
im p la n ta t io n  in  the  mouse.

Prehn, R . T . , Weaver, J .M . , A l g i r e ,  G.H. 1954. J. n a tn .  Cancer
I n s t .  ]_5: 509. The d i f fu s io n -c h a m b e r  te c fm iq ie  appl ied  to
a s tu d y  o f  th e  n a tu re  o f  hom ogra ft r e s is ta n c e .

R o i t t ,  I . M . , Greaves, M.F. , T o r r i g i a n i ,  G . , B r o s ta f f ,  J . , P la y f a i r ,  
J .H .L .  1969. Lancet 222.: 367-370.

Sansom, G.S. 1927. Proc. R. Soc. 101: 354-368. The g ia n t  c e l l s
in  th e  p la c e n ta  o f  th e  r a b b i t .

S c h le s in g e r ,  M. 1962. J. Natn. Cancer I n s t .  28 :̂ 297. The
u te ru s  o f  roden ts  as s i t e  f o r  m a n i fe s ta t io n  o f  t r a n s p la n ta t io n
im m un ity  a g a in s t  t r a n s p la n ta b le  tum ours.

S c h le s in g e r ,  M. 1964. J. Immun. 22.: 255-263. I s o a n t i g e n ic i t y
o f  em bryonic and t r o p h o b la s t i c  t is s u e s .

S co tho rne , R . J . , McGregor, I .A .  1955. J. A na t.  8^ : 283-292.
C e l l u l a r  changes in  lymph nodes and sp leen  f o l l o w in g  s k in  
h o m o g ra f t in g  in  th e  r a b b i t .

S e a r le ,  R . F . , Johnson, M .H ., B i l l i n g t o n ,  W .D ., 1974. T ra n s p la n ta t io n  
18; 136-141. I n v e s t ig a t io n  o f  H-2 and non H-2 a n t ig e n s  on
th e  mouse b la s to c y s t .

Simmons, R. L . , R u s s e l l ,  P. S. 1962. Ann. N.Y. Acad. S c i .  22.*
717-732. The a n t i g e n i c i t y  o f  mouse t r o p h o b la s t .



iOi

Simmons, R . L . , R u s s e l l ,  P.S. 1963. Am. J. O bs te t .  Gynec. 85:
583-593. The immunologic problem o f  pregnancy.

Simmons, R . L . , R u s s e l l ,  P.S. 1965. N a tu re , Lond. 208: 6 9 8 - 6 9 9 .
H i s t o c o m p a t ib i l i t y  a n t ig e n s  in  t ra n s p la n te d  mouse eggs.

Simmons, R .L . ,  R u s s e l l ,  P.S. 1966. Ann. N.Y. Acad. S c i .  129:
35-45 . The h i s t o c o m p a t i b i l i t y  a n t ig e n s  o f  f e r t i l i s e d  mouse 
eggs and t r o p h o b la s t .

Simmons, R .L . ,  P r ic e ,  A . L . , O z e rk is ,  A .J .  1968. Am. J. O bs te t .
Gynec. 100: 908-911. The immunologic problem o f  pregnancy.
V. The e f f e c t  o f  estogen and p roges te rone  on a l l o g r a f t  
s u r v i v a l .

S lade , B.S. 1969. J. Ana t.  107: 531-545. An a ttem p t t o  v i s u a l i s e
p r o te in  t ra n s m is s io n  across the  r a b b i t  y o lk  sac sp la n c h n o p le u r .

S te e r ,  H.W. 1969. J. Ana t.  106: 263-271. The u l t r a s t r u c t u r e
o f  th e  e x tra e m b ryo n ic  re g io n  o f  th e  p re im p la n te d  r a b b i t  
b la s to c y s t  b e fo re  t r o p h o b la s t i c  knob fo rm a t io n .

S te e r ,  H.W. 1970. J. A na t.  107: 315-325. The t r o p h o b la s t i c
knobs o f  th e  p re im p la n te d  r a b b i t  b la s to c y s t :  a l i g h t  and
E.M. s tu d y .

S te e r ,  H.W. 1971. J. A na t.  109: 215-227. Im p la n ta t io n  o f  th e
r a b b i t  b la s to c y s t :  The adhes ive  phase o f  im p la n ta t io n .

S te e r ,  H.W. 1971b. J. Anat. 110: 445-462. Im p la n ta t io n  o f  the
r a b b i t  b la s to c y s t ;  th e  in v a s iv e  phase.

S t ro b e r ,  S . ,  Gowans, J .L .  1965. J. exp. Med. 122: 347-360.
The r o le  o f  ly m p h a t ic s  in  th e  s e n s i t i s a t i o n  o f  r a t s  t o  
rena l h om og ra fts .

T i l n e y ,  N . L . , Gowans, J .L .  1971. J. exp. Med. 133: 951. The
s e n s i t i s a t i o n  o f  r a ts  by a l l o g r a f t s  t r a n s p la n te d  t o  
a ly m p h a t ic  p e d ic le s  o f  s k in .

W eiss, L. 1972. The c e l l s  and t is s u e s  o f  the  immune system. 
P re n t ic G H a ll  In c .  N .J.

W iener, J . , S p i ro ,  D . , R u s s e l l ,  P.S. 1964. Am. J. Path. 44:
319-347. An e le c t r o n  m ic roscopy  s tu d y  o f  the  hom ogra ft
r e a c t io n .

W ils o n ,  D.B. 1963. J. c e l l .  comp. P h y s io l .  62: 273. The
re a c t io n  o f  im m u n o lo g ic a l ly  a c t i v a te d  lym phoid  c e l l s  
a g a in s t  homologous t a r g e t  t i s s u e  c e l l s  in  v i t r o .

W o odru f f ,  M .F.A. 1957. Proc. * .  Soc. B. 148: 68-75 .
T ra n s p la n ta t io n  im m unity  and th e  im m unolog ica l problem 
o f  pregnancy.



Wu, A .M .,  T i l l ,  J . E . , S im in o v i tc h ,  L . , M cCulloch, E.A. 1968. 
J. exp, Med. 127: 455. Haem opoie tic  c e l l s  and the
lymphoid system.

Wynn, R.M. 1971. The B io lo g y  o f  th e  B la s to c y s t .  P. 495. 
Ch icago, London: U n iv . o f  Chicago.

Youtananukorn, V . ,  Matangkasombut, B. 1973. N a tu re , Lond. 
242 : 110. S p e c i f i c  plasma f a c to r s  b lo c k in g  human
m aterna l ce l 1-m ed ia ted  immune re a c t io n  t o  p la c e n ta l  
a n t ig e n s .



PHOTOMICROGRAPHS OF THE MORPHOLOGICAL STUDY



F ig .  1 THE NON-PREGNANT UTERUS (LENGTH -  38 mm)

The u te ru s  has been opened a long  the  a n t im e s o m e tr ia l  bo rde r.

The p la c e n ta l  f o ld s  are  shown. They a re  d iv id e d  in t o  sepa ra te  

couss i n e ts .

P -  P la cen ta l  f o l d  

C -  Couss ine t

F ig .  2 A CROSS-SECTION OF THE NON-PREGNANT UTERUS

METHYLENE BLUE x 6 .3  

The non-p regnan t u te ru s  has been s e c t io n e d  to  show the  

c o n f ig u r a t i o n  o f  the  u te r i n e  f o ld s .

P -  P la c e n ta l  f o l d  

UL -  U te r in e  lumen 

M -  Myomet r  i urn 

Ms -  Mesometrium





FIG. 3. THE EPITHELIUM LINING THE I ITT ER-PLACENTAL FISSURE 
(M ethy lene  b lue  x  250)

U te r in e  e p i th e l iu m  is  made up o f  s im p le  columnar 

c e l l s  which o c c a s io n a l ly  bear m i c r o v i l l i  a t  t h i s  

p a r t i c u l a r  p a r t  o f  th e  u te ru s .

FIG. 4 . SEM OF THE NON-PREGNANT PLACENTAL AND PERI PLACENTAL 
FOLDS. (x  2 0 ) .

The u te ru s  has been opened a long  th e  an t im esom etr ia l 

bo rde r and shows in  th e  upper p a r t  th e  p la c e n ta l  folds, 

In  th e  low er p a r t  o f  the  p i c t u r e  th e  p e r i  pi acen ta l fold 

can be seen.





F ig ,  5 SEM OF THE OPENING OF A SIMPLE TUBULAR MUCUS SECRETING 

GLAND OF THE UTERINE EPITHELIUM

x 100

Note the  many c i l i a t e d  c e l l s  which surround  t h i s  open ing.

F ig .  6 TRANSVERSE SECTION OF THE 7 DAY CONCEPTUS

H & E x 17 

The conceptus has been s e c t io n e d  t r a n s v e r s e ly .

The p la c e n ta l  f o l d s ,  a n t im e s o m e tr ia l  w a l l  and d e v e lo p in g  

b la s to c y s t  a re  shown.

Am -  A n t im e s o m e tr ia l  w a l l

B -  B la s to c y s t

P -  P la c e n ta l  f o ld s

Ms -  Mesometrium





FIG. 7. SEM OF THE PLACENTAL FOLDS AT 7 DAYS (x 10).

The a n t im e s o m e tr ia l  w a l l  has been removed t o  reveal 

th e  p la c e n ta l  f o ld s  fo rm in g  a cup f o r  th e  b la s to c y s t  

which has been removed.

FIG. 8. THE RELATIONSHIPS BETWEEN THE PLACENTAL FOLDS 
AND BLASTOCYST AT 7 DAYS (PAS x 6 3 ) .

The u te r i n e  e p i th e l iu m  is  sepa ra ted  from  the  developing

b la s to c y s t  by the  zona p e l lu c i d a ,  wh ich  s ta in s  darkly

w i t h  PAS.





FIG. 9. SEM OF THE PLACENTAL FOLDS AT 7 DAYS (x 200).

Numerous f i s s u r e s  a re  p re s e n t ,  some o f  these  appear 

t o  be a r t i f a c t s  caused by p ro cess in g  o f  th e  sample. 

Note the  numerous c i l i a .

FIG. 10. SEM OF THE PLACENTAL FOLDS AT 7 DAYS (x  2 ,0 0 0 ) .

The a p ices  o f  th e  u te r i n e  e p i t h e l i a l  c e l l s  are 

covered by m ic r o v i11 i. . Four c i l i a t e d  c e l l s  are 

shown.





F ig .  11 THE RELATIONSHIPS BETWEEN THE EMBRYO AND SURROUNDING 

MEMBRANES AT 9 DAYS

H & E x 20

Compare w i th

Em -  Embryo

P -  P la ce n ta l f o l d

To -  T r i la m in a r  om pha lop leure

Bo -  B i la m in a r  om pha lop leure

F ig ,  12 THE INVADING TROPHOBLAST AND OVERLYING DEVELOPING 

VISCERAL YOLK SAC

H & E x 100

A d e t a i 1 o f  F ig .  11.





F ig .  13 THE DEVELOPING VISCERAL YOLK SAC AND CHORION OVERLYING 

A PLACENTAL FOLD AT 9 DAYS

H & E x 335

A d e ta i I  o f  F ig .  11.

E -  Endoderm

Vv -  V i t e l l i n e  vesse l c o n ta in in g

f o e t a l  b lood ce l 1s 

C -  Chorion

P -  P la ce n ta l f o l d

F ig .  14 THE RELATIONSHIPS BETWEEN THE EMBRYO, FOETAL MEMBRANES 

AND MATERNAL TISSUES AT 10 DAYS

H & E x  20

Compare w i th
. ...J;__ ;r  1..A .-V «__iL

Em -  Embryo

To -  T r i la m in a r  om phalop leure  

My -  V is c e ra l  y o lk  sac 

P -  P la c e n ta l f o l d  

St -  S inus te rm in a l  is  

Bo -  B f la m in a r  om pha lop leure





F ig .  15 THE RELATIONSHIPS BETWEEN THE BI LAM INAR OMPHALOPLEURE, 

SINUS TERMINALIS, TRILAMINAR OMPHALOPLEURE AND THE 

UTERINE TISSUES AT 10 DAYS

H & E x 100

D e ta i l  o f  F ig .  14.

To -  T r i la m in a r  om phalop leure

St -  Sinus te rm in a l  is

Bo -  B i la m in a r  om phalop leure

Us -  U te r in e  symplasma

F ig .  16 THE RELATIONSHIPS BETWEEN THE DEVELOPING VISCERAL 

YOLK SAC, SINUS TERMINALIS AND THE UTERINE TISSUES 

AT 10 DAYS

H & E x 100

D e ta i l  o f  F ig .  14.

St -  S inus te rm in a l  is  

Vv -  V i t e l l i n e  vesse l
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Fig. 17 TRANSVERSE SECTION OF THE RABBIT CONCEPTUS AT

13 DAYS

INCIDENT LIGHT

Compare w i t h





Fig. 18 TRANSVERSE SECTION OF THE RABBIT CONCEPTUS AT

13 DAYS

H Sr E x 6

Compare wi th

F - Foetus

Vy - V is c e ra l  y o lk  sac ,

Pc - P a ra p la ce n ta l c h o r io n

Bo - B i la m in a r  om pha lop leure

U1 - U te r in e  lumen

F ig .  19 THE RELATIONSHIPS BETWEEN THE VISCERAL YOLK SAC AND 

THE FOETUS AT 13 DAYS

In c id e n t  l i g h t  x 6 

The conceptus has been opened a long  th e  a n t im e s o m e tr ia l  w a l l  

by a c r u c ia t e  i n c i s io n  to  revea l th e  v is c e r a l  y o lk  sac th rough  

wh ich  th e re  a re  v i t e l l i n e  v e s s e ls  c o u rs in g .  The embryo is  

covered by the  v is c e r a l  y o lk  sac and amnion.





Fig. 20 THE RELATIONSHIPS BETWEEN THE EMBRYO, AMNION AND

VISCERAL YOLK SAC AT 13 DAYS

H & E x 250

D e ta i l  o f  F ig .  18.

Vy -  V is c e ra l y o lk  sac

A -  Amnion

U1 -  U te r in e  1umen

Vv Vi t e l  1 i ne vesse l

F ig .  21 THE RELATIONSHIPS BETWEEN THE VISCERAL YOLK SAC,

SINUS TERMINAL IS, PARAPLACENTAL CHORION, BILAMINAR 

OMPHALOPLEURE REMNANT AND THE UTERINE TISSUES

H & E x 100

D e ta i l  o f  F ig .  18.

Vy -  V is c e ra l  y o lk  sac

St -  S inus te rm in a l  is

Bo -  B i la m in a r  om pha lop leure  

Pc -  P a rap la ce n ta l  c h o r io n

Ut -  U te r in e  t is s u e s





FIG. 22. THE 7 DAY ANTIMESOMETRIAL WALL (H & E x 2 50 ).

The b la s to c y s t  has shrunk away from  th e  antimesometrial 

wal 1.

FIG. 23. SEM OF THE SURFACE OF THE 7 DAY ANTIMESOMETRIAL 
WALL (x  100).





FIG. 24. THE RELATIONSHIPS BETWEEN THE FOETAL TISSUES AND
THE UTERINE TISSUES AT 9 DAYS (PAS x 100).

FIG. 25. RELATIONSHIPS BETWEEN THE FOETAL AND UTERINE TISSUES 
AT 10 DAYS AT THE ANTIMESOMETRIAL WALL (H & E x 82).





FIG. 26. RELATIONSHIPS BETWEEN THE ANTIMESOMETRIAL WALL AND
THE FOETAL TISSUES AT 13 DAYS (M ethy lene b lue  x 250).

FIG. 27. SEM OF THE ANTIMESOMETRIAL UTERINE WALL AT 13 
DAYS (x 200 ).





FIG. 28. SEM OF THE ANTIMESOMETRIAL WALL AT 13 DAYS 
(x  2 ,0 0 0 ) .

FIG. 29. SEM OF THE ENDODERMAL SURFACE OF THE VISCERAL YOLK 
SAC AT 13 DAYS (x  2 ,0 0 0 ) .





FIG. 30. SEM OF THE ENDODERMAL SURFACE OF THE VISCERAL YOLK
SAC AT 13 DAYS (x 5 ,0 0 0 ).

FIG. 31. SEM OF THE MESODERMAL VISCERAL YOLK SAC SURFACE AT 
13 DAYS (x 200).





FIG. 32. TRANSMISSION ELECTRON MICROGRAPH OF THE VISCERAL
YOLK SAC AT 13 DAYS (x 3 ,600 ).

FIG. 33. TRANSMISSION ELECTRON MICROGRAPH OF AN ENDODERMAL 
CELL OF THE VISCERAL YOLK SAC AT 13 DAYS (x  5 ,900).





FIG. 3**. TRANSMISSION ELECTRON MICROGRAPH OF THE SURFACE 
OF AN ENDODERMAL CELL AT 13 DAYS (x23 ,000)

FIG. 35. TRANSMISSION ELECTRON MICROGRAPH TO SHOW MYTOTIC 
ACTIVITY OF THE ENDODERMAL CELLS OF THE 13 DAY 
YOLK SAC (x 3 ,6 0 0 ) .





FIG. 36. TRANSMISSION ELECTRON MICROGRAPH OF THE 13 DAY 
VISCERAL YOLK SAC TO SHOW A VITELLINE VESSEL AND 
THE MESODERMAL SURFACE OF THE VISCERAL YOLK SAC 
(x  5 ,9 0 0 ) .

FIG. 37. THE TISSUE WHICH WAS TRANSPLANTED (H & E x  130).

T h is  p ie ce  o f  e xc ise d  v is c e r a l  y o lk  sac had been 

in  T199 medium f o r  f  h o u r .  The co lum nar endodermal 

c e l l s  a re  i n t a c t  and i t  i s  noted t h a t  pa rap lacen ta l 

c h o r io n  is  a ls o  p re s e n t .
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PHOTOMICROGRAPHS OF THE GRAFTING STUDY

A Key t o  th e  la b e ls  in  these  pho tom ic rog raphs  

is  shown on the  l a s t  page o f  the  t h e s is .



F ig .  38 GRAFT REMOVED IMMEDIATELY AFTER TRANSPLANTATION

PAS x  100

The g r a f t  l i e s  in  th e  deepest p a r t  o f  th e  d e rm is .  The 

e p id e rm is  l i e s  above the  g r a f t .  Below th e  g r a f t  th e re  is  

a medium s iz e d  a r t e r y  l y i n g  in  loose  subcutaneous t i s s u e .  

The g r a f t  is  composed o f  l i v i n g  endodermal c e l l s  which a re  

recogn ised  a t  t h i s  s tage  by t h e i r  v a c u o la te d  a p ic e s .

F ig .  39 GRAFT DIR -  REMOVED AT 6 DAYS

H & E x  100

The g r a f t  l i e s  in  th e  d e rm is .  The c e n t r a l  mass o f  th e  g r a f t  

is  n e c r o t i c .  L iv in g  endodermal c e l l s  form  c y s ts  and a re  

p resen t below and t o  th e  r i g h t  o f  th e  n e c r o t ic  mass. The 

e l a s t i c  c a r t i l a g e  p la te  o f  th e  e a r  i s  shown.



E

Msa

Ecp



F ig .  40 GRAFT DIR -  DETAIL OF FIG. 39

H Sr E x 250 

T h is  pho tom ic rog raph  shows a c o l l e c t i o n  o f  l i v i n g  endodermal 

c e l l s  which are now cu bo id a l in  shape. There is  a l i g h t  

round c e l l  i n f i l t r a t e  j u s t  below th e  l i v i n g  g r a f t .

F ig .  41 GRAFT DIR -  DETAIL OF FIG. 39

H Sr PAS x 250 

T h is  pho tom ic rog raph  shows a c o l l e c t i o n  o f  g r a f t  g ia n t  c e l l s  

l y in g  in  the  subcutaneous t i s s u e s .  Each c e l l  is  surrounded 

by a PAS +ve b o rd e r .  A heavy round c e l l  i n f i l t r a t e  l i e s  

below th e  g ia n t  c e l l s  and c u f f s  a small a r t e r y  in  the  l e f t  

lower c o rn e r  o f  the  pho tom ic ro g raph .



Ncg

E



Fig. 42 GRAFT D2L -  REMOVED AT 6 DAYS

H & E x 50

The whole g r a f t  and com plete  s e c t io n  o f  the  r a b b i t  ear is  

shown. The g r a f t  l i e s  in  th e  derm is on the  d o rsa l aspect 

o f  the  e a r .  The e l a s t i c  c a r t i l a g e  p la te  sepa ra tes  the  v e n t ra l  

and do rsa l s k in .  The c e n t r a l  mass o f  g r a f t  is  n e c r o t i c ,  but 

su rro u n d in g  t h i s  th e re  a re  c y s ts  l in e d  by l i v i n g  endodermal 

c e l l s .  There are  no g r a f t  g ia n t  c e l l s  in  t h i s  p a r t i c u l a r  

se c t  io n .

F ig .  43 GRAFT F4R -  REMOVED AT 6 DAYS

H & E x 200

Th is  g r a f t  c y s t  which l i e s  in  th e  s u p e r f i c i a l  derm is is  l in e d  

on i t s  upper s u r fa c e  by h e a l th y  endodermal c e l l s .  On the  

deep s u r fa c e  the  c y s t  is  l in e d  by f l a t  p leom orph ic  v a r ia n t s  

presumably o f  endodermal c e l l  o r i g i n .  A l i g h t  round c e l l

i n f i l t r a t e  surrounds th e  whole g r a f t .
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Fig. k k  GRAFT F4R -  REMOVED AT 6 DAYS

H & E x 250

Th is  pho tom icrog raph  shows in  the  low er h a l f ,  th e  main c e n t ra l  

n e c r o t ic  mass o f  g r a f t  which s ta in s  s t r o n g ly  w i th  e o s in .  A 

g r a f t  c y s t  t ra v e rs e s  the  c e n t re  o f  the  pho tom ic rog raph . The 

upper s u r fa c e  o f  the  c y s t  is  l in e d  by l i v i n g  endodermal c e l l s .  

The derm is in  the  upper p a r t  o f  the  pho tom ic rog raph  c o n ta in s  

a l i g h t  round c e l l  i n f i l t r a t e .

F ig .  45 GRAFT Fkl -  REMOVED AT 6 DAYS

H & E x 180 

Th is  pho tom icrog raph  shows seve ra l c y s ts  l in e d  by l i v i n g  

endodermal c e l l s .  The c o l l e c t i o n  o f  d a r k ly  s t a in in g  c e l l s  

l y in g  j u s t  above the  g r a f t  c y s t  in  the  c e n t re  o f  th e  p ic t u r e  

c o n s is ts  m a in ly  o f  small lym phocytes . A l i g h t  round c e l l  

i n f i l t r a t e  surrounds the  g r a f t  c y s ts  a t  the  p e r ip h e ry  o f  the  

c e n t ra l  n e c r o t ic  mass.
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Fig. 46 GRAFT F4L -  DETAIL OF FIG. 45

H & E x 250 

Th is  is  taken  from the  upper r i g h t  hand c o rn e r  o f  F ig .  45 

and shows a c y s t  l in e d  by l i v i n g  endodermal c e l l s .  The 

lower p a r t  o f  the  pho tom ic rog raph  shows dead g r a f t  t i s s u e .  

The upper p a r t  shows th e  s u rro u nd in g  derm is i n f i l t r a t e d  by 

round ce l I s .

F ig .  47 GRAFT F4L -  DETAIL OF FIG. 45

H & E x 400 

Th is  pho tom icrograph shows one type  o f  p leom orph ic  v a r ia n t  

commonly found in  the  g r a f t  c y s ts .  These are  endodermal 

c e l l s  which appear u n h e a l th y  and a re  s lo u g h in g  in t o  the  c y s t  

c a v i t y .



v r  » V *  >  v % "  * *  * i  • s ■/
‘ ' O* i i  * •, *«!#* » V* * ‘ *% v*

*  I V  •  > v  *  ‘ “  •* ** . '  »; • *  * k - ' *  - v  . v  s- ^ 5 9 *

' w— - - — •- «0 J* ^ N.*- % » 0—la,
+ ^  “ . -JL _ — ' _•- 0̂* « * *

* Jf %.*■’ 9 4

,:*kk *s- N  ’*>^  % ^
3 * +  ♦A.-i' - * *W ^  #«£> v x > >• * t .  ̂

.1 r * »  m  ' i 0L
* ••̂ Hsa,* 5  • ̂ *w t ̂ * A ̂; ' *r„#• » 4 ^

• ’• * • \ H 
•̂  -

' : ■; -.. ‘i .... '

- a
* > . ' '< % f X
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Fig. 48 GRAFT F5R -  REMOVED AT 6 DAYS

H & E x 100 

A small g r a f t  c y s t  l in e d  by l i v i n g  endodermal c e l l s  is  shown 

in  the  c e n t re  o f  the  pho tom ic rog raph . The c y s t  is  surrounded 

by a round c e l l  i n f i l t r a t e .

F ig .  49 GRAFT F6R -  REMOVED AT 6 DAYS

H & E x 100

Th is  s e c t io n  shows a small p a r t  o f  the  main n e c r o t ic  mass in  

the  c e n t re  o f  the  pho tom ic rog raph . Above and below the  

n e c r o t ic  mass which c o n ta in s  a vesse l packed w i t h  i n f i l t r a t i n g  

small lym phocytes , th e re  a re  g r a f t  c y s ts  l in e d  in  p a r ts  by 

l i v i n g  endodermal c e l l s .





Fig. 50 GRAFT F6R -  REMOVED AT 6 DAYS

H Sr E x 250 

Th is  is  a d i f f e r e n t  s e c t io n  o f  g r a f t  F6R and c o n f i rm s  t h a t  

the  g r a f t  c o n ta in s  h e a l th y  l i v i n g  endodermal c e l l s .

F ig .  51 GRAFT F6L -  REMOVED AT 6 DAYS

H Sr E x 250 

L iv in g  endodermal c e l l s  a re  shown w h i l s t  in  th e  lower l e f t  

c o rn e r  th e re  is  n e c r o t ic  g r a f t  i n f i l t r a t e d  by a few lymphocytes 

and macrophages.
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Fig, 5 2  GRAFT CIR -  REMOVED AT 14 DAYS

H & E x 100

Th is  pho tom icrog raph  shows the  t y p i c a l  appearance o f  the  g r a f t  

a t  14 days. There are  a number o f  spaces in  th e  c e n t re  o f  

the  p ic t u r e .  These are  presum ably the  remains o f  g r a f t  c y s ts .  

The whole area is  surrounded by a dense round c e l l  i n f i l t r a t e .  

No 1 iv i 'ng  endodermal c e l l s  o r  p leom orph ic  v a r ia n t s  can be seen.

F ig .  53 GRAFT CIR -  REMOVED AT 14 DAYS

H & E x 250

Th is  s e c t io n  is  taken  from a d i f f e r e n t  p a r t  o f  g r a f t  CIR. The 

basal lam ina  o f  the  dead v is c e r a l  y o lk  sac l i e s  c o n v o lu te d  in  

an o ld  g r a f t  c y s t  c o n ta in in g  c e l l  d e b r is  and small lym phocytes .
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Fig. 54 GRAFT C1L -  REMOVED AT 14 DAYS

H & E x 100 

No l i v i n g  endodermal c e l l s  were found in  t h i s  g r a f t ,  but as 

shown in  the  pho tom ic rog raph , o n ly  a small amount o f  g r a f t  

appears t o  have been t r a n s p la n te d .  There is  a round c e l l  

i n f i l t r a t e  and th e  nest o f  c e l l s  in  th e  c e n t re  o f  the  pho to  

m ic rog raph  is  p ro b a b ly  dead g r a f t .

F ig .  55 GRAFT C2R -  REMOVED AT 14 DAYS

H & E x 63

The c e n t ra l  n e c r o t ic  mass is  shown on the  l e f t  s id e  o f  the  

pho tom ic rog raph . Old g r a f t  c y s ts  surround  and l i e  t o  the  

r i g h t  o f  th e  n e c r o t ic  mass. There is  a heavy round c e l l  

i n f i 1t r a t e .
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Fig. 56 GRAFT C2L -  REMOVED AT 14 DAYS

H & E x 100

Th is  pho tom ic rog raph  shows the  open end o f  a tube  o f  ep ide rm is  

which has grown from the  o r i g i n a l  p unc tu re  s i t e  t o  in v e s t  the  

dead g r a f t .  Part o f  the  ep iderm al tube is  shown in  the  upper 

r i g h t  c o rn e r .  There is  a dense round c e l l  i n f i l t r a t e .

F ig .  57 GRAFT EIR -  REMOVED AT 14 DAYS

H & E x 250 

T h is  is  an example o f  g r a f t  g ia n t  c e l l s  which l i e  away from 

the  main mass o f  n e c r o t ic  g r a f t .  A small c o l l e c t i o n  o f  

lymphocytes is  a s s o c ia te d  w i th  the  g ia n t  c e l l s .
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Fig. 58 GRAFT ElL -  REMOVED AT 14 DAYS

H & E x 100 

The dead g r a f t  w i t h  ev idence  o f  o ld  g r a f t  c y s ts  is  shown in  

the  c e n t re  o f  the  pho tom ic rog raph . A round c e l l  i n f i l t r a t e  

l i e s  a ssoc ia te d  w i th  a n eu ro va scu la r  bundle below the  dead 

g r a f t .  A second c o l l e c t i o n  o f  round c e l l s  l i e s  above the  

g r a f t .

F ig .  59 GRAFT E2L -  REMOVED AT 14 DAYS

H & E x 100 

The main n e c r o t ic  mass o f  g r a f t  is  surrounded by a tube  o f  

epidermal c e l l s  wh ich  have m ig ra te d  from  th e  o r i g i n a l  p u nc tu re  

s i t e .  Th is  is  the  d i s t a l ,  open end o f  the  tub e . Dead 

endodermal c e l l s  a re shown in  the  c e n t re  o f  the  pho tom ic ro g raph .
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F ig . 60 GRAFT E3R -  REMOVED AT 14 DAYS

H & E x 250 

This pho tom icrograph  shows o n ly  a small p a r t  o f  the  g r a f t  

i n f i l t r a t e d  by lymphocytes and o ccas ion a l macrophages.

F ig .  61 GRAFT E3L -  REMOVED AT 14 DAYS

H & E x 63

The whole g r a f t  is  shown surrounded by a dense round c e l l  

i n f i l t r a t e .  The low er i n f i l t r a t e  o r ig in a te s  from v e sse ls  

in  the  subcutaneous t is s u e s .  The upper i n f i l t r a t e  o r ig in a t e s  

from ve sse ls  l y in g  j u s t  below th e  e p id e rm is .  The c e n t re  o f  

the  n e c r o t ic  mass c o n ta in s  a l i g h t  round c e l l  i n f i l t r a t e .  At 

the  p e r ip h e ry  o f  the  mass th e re  appear to  be o ld  g r a f t  c y s ts .

A number o f  g r a f t  g ia n t  c e l l s  a re  p re sen t in  th e  subcutaneous 

t is s u e s .  There a re  no l i v i n g  endodermal c e l l s .
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Fig, 62 GRAFT E3L -  DETAIL OF FIG. 61

H Sr E x 400 

This shows the  round c e l l  i n f i l t r a t e  s u r ro u n d in g  a g r a f t  

g ia n t  c e l l .  The round c e l l  i n f i l t r a t e  c o n s is ts  o f  lym phocy tes , 

macrophages, plasma c e l l s  and c e l l s  o f  in d e te rm in a te  o r i g i n .

F ig .  63 GRAFT E3L -  DETAIL OF FIG. 61

H & E x 400 

T h is  shows the  s t a in in g  p r o p e r t ie s  o f  the  g r a f t  g ia n t  c e l l s .  

The cy top lasm  appears f i b r i l l a r y  and s ta in s  l i g h t l y  w i th  

haem a toxy l in .  An h y a l in e  membrane surrounds the  c e l l .  The 

round c e l l  i n f i l t r a t e  is  shown.
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Fig. 64 GRAFT FIR - REMOVED AT 14 DAYS

H Sr E x 100

Dead y o lk  sac is  shown in  the  lower p a r t  o f  th e  pho tom ic rog raph . 

Some o f  the  i n f i l t r a t i n g  c e l l s  a re  po lym orphs, but most a re  

round c e l l s .

F ig .  65 GRAFT FIL -  REMOVED AT 14 DAYS

H & E x 100 

Th is  photom icrograph shows la rg e  numbers o f  dead endodermal 

c e l l s  l y in g  on th e  co nvo lu ted  basal lam ina o f  th e  dead 

v is c e r a l  y o lk  sac.
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Fig. 66 GRAFT F2R -  REMOVED AT 14 DAYS

H & E x 100 

Th is  pho tom icrograph  shows ev idence  o f  o ld  c y s ts  devo id  o f  

l i v i n g  endodermal c e l l s ,  but l i v i n g  endoderm does l i n e  a 

g r a f t  c y s t .  Th is  is  shown in  the  low er h a l f  o f  th e  photo 

m ic rog raph .

F ig .  67 GRAFT F2R -  DETAIL OF FIG. 68

H & E x 400

This shows the  endodermal c e l l s  r e fe r r e d  to  above. The c e l l s  

appear to  be h e a l th y  a ltho u gh  some are  s lo u g h in g  in t o  th e  c y s t  

cav i t y .
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Fig. 68 GRAFT F2L -  REMOVED AT 14 DAYS

H & E x 100

The g r a f t  is  n e c r o t i c .  No l i v i n g  endodermal c e l l s  a re  seen. 

The g r a f t  is  surrounded by a heavy round c e l l  i n f i l t r a t e .

F ig .  69 GRAFT F3L -  REMOVED AT 14 DAYS

H Sr E x 100

The g r a f t  is  n e c r o t ic  and i n f i l t r a t e d  by round c e l l s .  There 

is  a c o l l e c t i o n  o f  dead endodermal c e l l s  in  the  r i g h t  low er 

c o rn e r  o f  the  pho tom ic rog raph .
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K e y  t o  t h e  p h o t o m i c r o g r a p h s  o f  t h e  

g r a f t i n g  s t u d y .



D -  Dermis o f  r a b b i t  ear

E - L iv in g  endodermal c e l l s

Ed- Dead endodermal c e l l s

Ecp -  E la s t i c  c a r t i l a g e  p la te  o f  ra b b i t  ear

Ep- Epidermi s

Ept- Part o f  an epidermal tube su rround ing  the  g r a f t  

Gc- G ra f t  g ia n t  cel 1

Gee- G ra f t  c y s t  c o n ta in in g  l i v i n g  endodermal c e l l s

Gcd- G ra f t  c y s t  devoid  o f  l i v i n g  endodermal c e l l s

Ly- Lymphocytes

Msa- Medium s ized  a r t e r y

Ncg- N e c ro t ic  g r a f t

Pv- Pleomorphic v a r ia n t s  o f  endodermal c e l l s

Rc- Round c e l l  i n f i l t r a t e

S- Subcutaneous t is s u e s  o f  r a b b i t  ear

V- Vessel packed w i t h  small lym phocytes


