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INTRODUCTION 
THE AIM OF T d i  PROJECT 

I t  i s  now g e n e r a l l y  a g r e e d  t h a t  l y m p h a t i c  c a p i l l a r i e s  

a r e  a b s e n t  f r o m  t h e  i n t e r i o r  o f  t h e  c l a s s i c a l  h e p a t i c  

l o b u l e  and t h a t  e n d o t h e  I i a  1 1 y - I i n e d  l y m p h a t i c  v e s s e l s  a r e  

f i r s t  e n c o u n t e r e d  i n  t h e  p e r i p o r t a l  c o n n e c t i v e  t i s s u e .  I t  

i s  a l s o  w e l l  known  t h a t  t h e  l i v e r  i s  t h e  l a r g e s t  s i n g l e  

s i t e  o f  l y mp h  p r o d u c t i o n  i n  t h e  b o d y  and t h a t  much o f  t h i s  

l y mp h  i s  f o r m e d  as i n t e r s t i t i a l  f l u i d  i n  t h e  p e r i s i n u s o i d a l  

s p a c e s  ( o f  D i s s e ) .  H o w e v e r ,  t h e  p a t h w a y  f o l l o w e d  by f l u i d  

f r o m  t h e s e  s p a c e s  i n t o  t r u e  l y m p h a t i c  v e s s e l s  i s  n o t  k n o w n .  

I n d e e d  o u r  k n o w l e d g e  o f  t h e  m o r p h o l o g y  o f  t h e  h e p a t i c  l ymph  

s y s t e m  as a w h o l e  i s  s t i l l  i n c o m p l e t e .

The l a s t  t h i r t y  y e a r s  o r  so h a v e  s e e n  w h a t  has  been  

d e s c r i b e d  as a " r e n a i s s a n c e  o f  m o r p h o l o g y " ,  a s s o c i a t e d  i n  

p a r t i c u l a r  w i t h  t h e  d e v e l o p m e n t  o f  t h e  t e c h n i q u e s  o f  

e l e c t r o n  m i c r o s c o p y .

The p r i m a r y  a i m o f  t h i s  s t u d y  was t o  i n v e s t i g a t e  t h e  

r o u t e  f o l l o w e d  by i n t e r s t i t i a l  f l u i d  f r o m  i t s  s i t e  o f  

f o r m a t i o n  i n  t h e  s p a c e  o f  D i s s e  t o  t r u e  l y m p h a t i c s  i n  t h e  

p o r t a l  t r a c t .  T h i s  l e d  on t o  t h e  s t u d y  o f  t h r e e  s e c o n d a r y  

o b j e c t i v e s :

1 .  The i n t r i n s i c  l y m p h a t i c s  o f  t h e  l i v e r  and t h e i r  

d e v e  l o p m e n t ;

2 .  The e x t r i n s i c  L y m p h a t i c s  o f  t h e  l i v e r  and t h e i r  

d r a i n i n g  l y mp h  n o d e s ;

3 .  The i n c i d e n c e  and d i s t r i b u t i o n  o f  p l a s m a  c e l l s  i n  t h e  

l i v e r .



a . a g e n e r a l  a c c o u n t  of t h e  f o r m a t i o n  of  i n j e r s t i t i a l

FLUI D AND LYMPH

I n t e r s t i t i a l  f l u i d  and l y mp h  a r e  f o r m e d  a t  t h e  l e v e l  

o f  t h e  m i c r o c i r c u  l a t i o n ,  and i t  i s  i m p o r t a n t  t o  k e e p  i n  

m i n d  t h a t  v e s s e l s  o f  t h e  m i c r o c i r c u l a t i o n  a r e  an i n t e g r a l  

p a r t  o f  t h e  t i s s u e  t h e y  s u p p l y  and  t h a t  t h e  s t r u c t u r e  o f  

t h e i r  w a l l  i s  a d a p t e d  t o  t h e  l o c a l  r e q u i r e m e n t s  o f  t h e  a r e a  

w h i c h  t h e y  s e r v e .  T h e r e f o r e  t h e  b r i e f  a c c o u n t  t h a t  f o l l o w s  

d e a l s  w i t h  t h e  g e n e r a l  p r i n c i p l e s  o f  t h e  f o r m a t i o n  and 

c i r c u l a t i o n  o f  i n t e r s t i t i a l  f l u i d  and i t s  u p t a k e  by 

L y m p h a t i c  v e s s e l s .

L u d w i g  ( 1 8 5 8 )  was t h e  f i r s t  t o  c o n c l u d e  t h a t  t h e  

c h i e f  f a c t o r  i n  t h e  f o r m a t i o n  o f  l y mp h  was t h e  p r e s s u r e  o f  

t h e  b l o o d  i n  t h e  c a p i l l a r i e s  and t h a t  l y mp h  was e s s e n t i a l l y  

t h e  f l u i d  p a r t  o f  b l o o d  f i l t e r e d  t h r o u g h  v e s s e l  w a l l s  i n t o  

t h e  t i s s u e s .  He s t r e s s e d  t h a t  o s m o s i s  was t a k i n g  p l a c e

b e t w e e n  t h e  t i s s u e  f l u i d s  and b l o o d .

On t h e  o t h e r  h a n d ,  H e i d e n h a i n  ( 1 8 9 1 )  e x p e r i m e n t e d

w i t h  l y mp h  f l o w  f r o m  t h e  l i m b  o f  a n a e s t h e t i z e d  d o g s  and t h e  

t h o r a c i c  d u c t .  He o b s t r u c t e d  t h e  i n f e r i o r  v e na  c a v a  and 

f o u n d  an i n c r e a s e  i n  t h e  q u a n t i t y  and i n  t h e  p r o t e i n  

c o n t e n t  o f  l y mp h  t a k e n  f r o m  t h e  t h o r a c i c  d u c t .  He a l s o  

i n j e c t e d  t w o  s u b s t a n c e s  i n  t h e  b l o o d .  The f i r s t  was a 

c r y s t a l l o i d ,  and he f o u n d  some t i m e  l a t e r  t h a t  t h e  l ymph  

c o n t a i n e d  a g r e a t e r  p e r c e n t a g e  o f  t h e  c r y s t a l l o i d  t h a n  t h e  

p l a s m a .  The o t h e r  i n j e c t e d  s u b s t a n c e  was a c o m m e r c i a l
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p e p t o n e  and w a t e r y  e x t r a c t s  o f  d r i e d  L e e c h e s  o r  c r a y  f i s h .  

The r e s u l t  was L o w e r i n g  o f  b l o o d  p r e s s u r e  b u t  i n c r e a s e d  

Lymph f l o w  and c o n c e n t r a t i o n .  I n  t h e  L i g h t  o f  t h e s e  

e x p e r i m e n t s ,  H e i d e n h a i n  c o n c l u d e d  t h a t  Lymph mus t  be 

r e g a r d e d  as a " s e c r e t i o n "  r a t h e r  t h a n  as a " t r a n s u d a t i o n "  

and f e l t  t h a t  t h i s  r e s u l t  was i r r e c o n e i L a b L e  w i t h  t h o s e  o f  

L u d w i g .

S t a r l i n g  ( 1 8 9 4 ,  1 8 9 6 ,  1 8 9 8 )  r e p e a t e d  and e l a b o r a t e d

on H e i d e n h a i n ' s  e x p e r i m e n t s ,  and came t o  t h e  c o n c l u s i o n  

t h a t ,  i n  f a c t ,  t h e y  s u p p o r t e d  t h e  f i l t r a t i o n  t h e o r y .  

S t a r l i n g  i n t e r p r e t e d  t h e  i n c r e a s e  i n  t h o r a c i c  d u c t  l ymph  

f l o w  a f t e r  o b s t r u c t i o n  o f  t h e  v e n a  c a v a  as due  t o  i n c r e a s e d  

f l o w  f r o m  t h e  l i v e r  r a t h e r  t h a n  f r o m  t h e  i n t e s t i n e .  He 

c l e a r l y  d e m o n s t r a t e d  t h e  p r i n c i p l e  o f  r a p i d  mov emen t  o f  

s m a l l  m o l e c u l e s  a c r o s s  t h e  c a p i l l a r y  w a l l  by d i f f u s i o n  i n  

e i t h e r  d i r e c t i o n ,  and t h e  s l o w e r  f i l t r a t i o n  f r o m  b l o o d  t o  

i n t e r s t i t i a l  f l u i d ,  d e p e n d i n g  on t h e  p e r m e a b i l i t y  o f  t h e  

c a p i l l a r y  w a l l  t o  p r o t e i n s  and t h e  p r e s s u r e s ,  h y d r o s t a t i c  

and o s m o t i c ,  e x i s t i n g  a t  t h e  w a l l  a t  t h e  t i m e .  He

e s t a b l i s h e d  t h e  p r i n c i p l e ,  now known by h i s  name,  t h a t  

f i l t r a t i o n  d e p e n d s  upon  t h e  b a l a n c e  b e t w e e n  h y d r o s t a t i c  and 

o s m o t i c  f o r c e s  a c t i n g  a c r o s s  t h e  c a p i l l a r y  w a l l  and upon  

t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  c a p i l l a r y  me mb r a ne .  

F i l t r a t i o n  o f  w a t e r  and s m a l l  m o l e c u l e s  o c c u r r e d  when 

c a p i l l a r y  h y d r o s t a t i c  p r e s s u r e  e x c e e d e d  t h e  sum o f  t h e

c o l l o i d  o s m o t i c  p r e s s u r e  o f  t h e  p l a s m a  p l u s  t h e

i n t e r s t i t i a l  f l u i d  p r e s s u r e .  As f i l t r a t i o n  o c c u r r e d  a t  t h e  

a r t e r i a l  end o f  b l o o d  c a p i l l a r i e s ,  t h e  l o s s  o f  w a t e r  f r o m



t h e  b l o o d  p l a s m a  i n c r e a s e d  t h e  c o n c e n t r a t i o n  o f  p l a s m a

p r o t e i n s ,  r e s u l t i n g  i n  an i n c r e a s e  i n  c o l l o i d  o s m o t i c

p r e s s u r e -  E x t r a v a s a t i o n  o f  f l u i d  a l s o  c a u s e d  a f a l l  i n

c a p i l l a r y  h y d r o s t a t i c  p r e s s u r e ,  w h i c h  a t  some p o i n t  became

l e s s  t h a n  t h e  t o t a l  o f  c o l l o i d  o s m o t i c  p r e s s u r e  p l u s  t h e

i n t e r s t i t i a l  t i s s u e  p r e s s u r e ,  and as a r e s u l t ,  t i s s u e  f l u i d

e n t e r e d  t h e  c a p i l l a r y ,  i . e .  a b s o r p t i o n  o c c u r r e d  a t  t h e

v e n o u s  end o f  b l o o d  c a p i l l a r i e s .  F l u i d  n o t  a b s o r b e d  by t h e

c a p i l l a r y  was r e mo v e d  by t h e  l y m p h a t i c  s y s t e m -  S t a r l i n g ' s

p r i n c i p l e  i s  a p p l i c a b l e  t o  w h o l e  o r g a n s  and  on a s h o r t  t i m e

b a s i s -  S t a r l i n g  h i m s e l f  d i d  n o t  p r o v i d e  any  e q u a t i o n  f o r

t h e  f o r c e s  w h i c h  he d e s c r i b e d ,  b u t  s u b s e q u e n t  w o r k e r s  have

mor e  t h a n  made g ood  t h i s  d e f i c i e n c y .  F o r  e x a m p l e ,  F o l d i

( 1 9 7 7 )  u s e d  t h e  f o l l o w i n g  e q u a t i o n s :

F i l t r a t i o n :  F = K A (P -  P -  'J f  + 'T f )
A A A T PL T

R e a b s o r p t i o n :  R = K A (P -  P -  'J f + 'T f )
V V V T PL T

P & P -  h y d r o s t a t i c  p r e s s u r e  i n  a r t e r i a l  & v e n o u s
A V

c a p i l l a r y  l i m b s

P -  h y d r o s t a t i c  p r e s s u r e  i n  t h e  t i s s u e s  o f
T

i n t e r s t i t i a l  s p a c e

n f  c o l l o i d  o s m o t i c  p r e s s u r e  o f  p l a s m a
PL

-  c o l l o i d  o s m o t i c  p r e s s u r e  o f  t i s s u e  f l u i d
T

K & K -  t h e  p e r m e a b i l i t y  o f  a r t e r i a l  & v e n o u s  c a p i l l a r y
A V

l i m b s  f o r  w a t e r

A & A -  t h e  s u r f a c e  a r e a  o f  t h e  a r t e r i a l  and v e n o u s
A V

c a p i l l a r y  l i m b s  

A c c o r d i n g  t o  S i m p s o n  ( 1 9 8 1 )  t h e  r e a l  i m p l i c a t i o n s  o f
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S t a r l i n g ’s l a w  a r e  m a i n l y  t w o :

1 .  T h a t  t h e  c a p i L l a r y  w a l l  i s  p e r m e a b l e  i n  b o t h  d i r e c t i o n s  

t o  w a t e r  and s m a l l  s o l u t e s  and  m o l e c u l e s  as l a r g e  as 

a l b u m i n  ( F i e l d  & D r i n k e r ,  1 9 3 1 ) .

2 .  T h a t  c a p i l l a r y  w a l l  p e r m e a b i l i t y  i s  l i m i t e d  t o

m o l e c u l e s  up t o  t h e  s i z e  o f  a l b u m i n  u n d e r  n o r m a l  

c o n d i t i o n s .

I n  ma mma l s ,  t h e  o s m o t i c  p r e s s u r e  o f  t h e  p l a s ma

p r o t e i n s  was f o u n d  t o  be o f  t h e  o r d e r  o f  21 -  25 mm Hg,

d e p e n d i n g  m a i n l y  on t h e  c o n c e n t r a t i o n  o f  a l b u m i n  and

g l o b u l i n s .  Mor e  d e t a i l e d  m e a s u r e m e n t s  i n  s i n g l e

c a p i l l a r i e s  w e r e  made by L a n d i s  ( 1 9 2 5 - 6 ,  1 9 3 0 a , b )  who f o u n d

on a v e r a g e ,  a g r a d i e n t  o f  p r e s s u r e  f r o m  30 mm Hg a t  t h e

a r t e r i o l a r  end  o f  t h e  c a p i l l a r y  t o  12 mm Hg a t  t h e  v e n u l a r

e n d .  He a l s o  s howed  t h a t  f i l t r a t i o n  o r  a b s o r p t i o n  was t h e

r e s u l t  o f  t h e  a l g e b r a i c  sum o f  t h e  c o l l o i d  o s m o t i c  p r e s s u r e

and t h e  c a p i l l a r y  h y d r o s t a t i c  p r e s s u r e .  D i r e c t  and

i n d i r e c t  m e a s u r e m e n t s  o f  t i s s u e  f l u i d  p r e s s u r e  we r e  made by

L a n d i s  and o t h e r s  and we r e  shown t o  be o f  t h e  o r d e r  o f  0 . 5

t o  5 . 0  cm H 0 .  T h i s  p r e s s u r e  mo s t  l i k e l y  r e s u l t e d  f r o m  
2

p r o t e i n s  w h i c h  had l e a k e d  f r o m  c a p i l l a r i e s .  S t a r l i n g  was 

a w a r e  o f  t h i s  b u t  he t h o u g h t  l e a k a g e  was v e r y  s m a l l .  

D r i n k e r  ( 1 9 4 2 )  m e a s u r e d  t h e  e x t e n t  o f  t h i s  L eak ed  p r o t e i n  

and s howed  t h a t  t h e  p r o t e i n  c o n t e n t  o f  l y mp h  i n  d i f f e r e n t  

p a r t s  o f  t h e  b o d y  v a r i e s .  F o r  any  p a r t i c u l a r  t i s s u e ,  t h e  

l y mp h  and t h e  i n t e r s t i t i a l  f l u i d  we r e  o f  a p p r o x i m a t e l y  t h e  

same c o m p o s i t i o n .

S t u d i e s  on t h e  mo v emen t  o f  f l u i d ,  m i c r o -  and



m a c r o m o l e c u l e s  a c r o s s  t h e  c a p i l l a r y  w a l l  r a i s e d  t h e  need  

o f  l o o k i n g  f o r  t h e  m o r p h o l o g i c a l  b a s i s  o f  t h e s e  e v e n t s .

P a l a d e  & B r u n s  ( 1 9 6 8 )  d e s i g n a t e d  t h e  t h r e e  l a y e r s  

w h i c h  c o n s t i t u t e  t h e  c a p i l l a r y  w a l l  as f o l l o w s :

1 .  The e n d o t h e l i u m

2 .  The b a s e m e n t  membr ane  and p e r i c y t e s

3 .  The a d v e n t i t i a

K a r n o v s k y  ( 1 9 7 0 )  s t r e s s e d  t h e  f a c t  t h a t  t h e r e  i s  b o t h  

s t r u c t u r a l  and f u n c t i o n a l  h e t e r o g e n e i t y  i n  c a p i l l a r i e s  and 

t h a t  i n  g e n e r a l ,  v a r i a t i o n s  i n  c a p i l l a r y  p e r m e a b i l i t y  can 

be r e l a t e d  t o  c a p i l l a r y  s t r u c t u r e .

S u b s t a n c e s  t r a v e r s e  t h e  e n d o t h e l i u m  i n  many d i f f e r e n t  

w a y s .  T h e y  may t r a v e r s e  d i r e c t l y  t h r o u g h  t h e  c e l l u l a r

me mbr a ne  and c y t o p l a s m i c  m a t r i x  ( e s p e c i a l l y  w a t e r  and 

p r e s u m a b l y  c e r t a i n  o t h e r  s m a l l  m o l e c u l e s ,  e s p e c i a l l y  t h e  

l i p i d  s o l u b l e  m o l e c u l e s ) .  C u r r y  e t  a l  ( 1 9 7 6 )  e s t i m a t e d  

t h a t  a b o u t  10% o f  t h e  t o t a l  f l o w  o f  w a t e r  p a s s e d  i n  t h i s  

w a y ,  and a b o u t  90% v i a  i n t e r c e l l u l a r  j u n c t i o n s ,  v e s i c l e s  

and  v a c u o l e s  and f e n e s t r a e .  Wh i c h  i s  mos t  i m p o r t a n t  

d e p e n d s  on t h e  n a t u r e  o f  t h e  s u b s t a n c e ,  t h e  s t a t e  o f  t h e

e n d o t h e l i u m  and t h e  l o c a l  c o n d i t i o n s .

C a p i l l a r i e s  can  be p u t  i n t o  t h r e e  c a t e g o r i e s :

1•  C o n t i n u o u s  c a p i l l a r i e s  a r e  t h o s e  w i t h  a c o n t i n u o u s

l i n i n g  o f  e n d o t h e l i a l  c e l l s ,  s u c h  as a r e  s e e n  t y p i c a l l y  i n  

s k i n  and s k e l e t a l  m u s c l e ;  t h e y  a r e  a s s o c i a t e d  w i t h  a 

r e l a t i v e l y  s l o w  r a t e  o f  mo v eme n t  o f  w a t e r  and s m a l l  s o l u t e s  

a c r o s s  t h e i r  w a l l .  I n  t h e s e  c a p i l l a r i e s  s m a l l  m o l e c u l e s
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t r a v e r s e  t h e  w a l l s  f a s t e r  t h a n  l a r g e r  o n e s  ( R e n k i n  S C u r r y ,  

197  8 ) .  The g e n e r a l  o p i n i o n  seems t o  be t h a t ,  i n  t h i s  t y p e  

o f  c a p i l l a r y ,  s m a l l  m o l e c u l e s  p a s s  t h r o u g h  p a r t s  o f  t h e  

j u n c t i o n s  b e t w e e n  t h e  c e l l s  and t h e  l a r g e r  o n e s  p a s s  much 

mor e  s l o w l y  v i a  t h e  v e s i c l e s .  L a n d i s  8 P a p p e n h e i m e r  

( 1 9 6 3 )  on t h e  b a s i s  o f  e x p e r i m e n t s  on p e r f u s e d  s k e l e t a l  

m u s c l e  c a p i l l a r i e s  o f  t h e  h i n d  l i m b s  o f  c a t s  and d o g s ,  

p o s t u l a t e d  t h e  e x i s t e n c e  o f  w a t e r - f i l l e d  p o r e s  o r  c h a n n e l s
O

w h i c h  w e r e  c y l i n d r i c a l ,  u n i f o r m  and a b o u t  70 A i n  d i a m e t e r .  

O t h e r  g e o m e t r i c a l  f o r m s  w e r e  p o s s i b l e .  Th e y  o c c u p i e d  a 

v e r y  m i n u t e  f r a c t i o n  o f  t h e  c a p i l l a r y  s u r f a c e .  S m a l l  

m o l e c u l e s  e x c h a n g e d  r a p i d l y  a c r o s s  t h e s e  p o r e s .  At  

m o l e c u l a r  w e i g h t s  a b o v e  a b o u t  1 0 , 0 0 0 ,  t h e r e  was a h i g h  

d e g r e e  o f  s i e v i n g  and m o l e c u l e s  o f  m o l e c u l a r  w e i g h t  g r e a t e r  

t h a n  9 0 , 0 0 0  w e r e  v i r t u a l l y  e x c l u d e d  f r o m  p a s s i n g  t h r o u g h  

t h e  p o r e s .  T h i s  was c a l l e d  t h e  " s m a l l  p o r e  s y s t e m " .
o

A s e c o n d  s y s t e m  o f  l a r g e r  p o r e s  o f  1 2 0 - 3 5 0  A was 

p o s t u l a t e d  by  G r o t t e  ( 1 9 5 6 ) .  The r a t i o  o f  t h e  l a r g e  p o r e  

s y s t e m  t o  t h e  s m a l l  one was e s t i m a t e d  t o  be 1 t o  3 4 , 0 0 0 .

B r u n s  & P a l a d e  ( 1 9 6 8 b )  h av e  p r o p o s e d  v e s i c u l a r  

t r a n s p o r t  as an a l t e r n a t i v e  m e c h a n i s m  f o r  t r a n s p o r t i n g  

l a r g e  m o l e c u l e s  a c r o s s  t h e  e n d o t h e l i u m .  T h e r e  i s  s t r o n g  

e v i d e n c e  t h a t  t r a c e r s  o f  l a r g e  m o l e c u l e s  s u c h  as f e r r i t i n  

t r a v e l  a c r o s s  t h e  e n d o t h e l i a l  c e l l s  v i a  i n t r a c e l l u l a r  

v e s i c l e s ,  s i n c e  some v e s i c l e s  c o n t a i n e d  t r a c e r  m a t e r i a l  

when u s e d ;  h o w e v e r ,  many v e s i c l e s  d i d  n o t .  C a s l e y - S m i t h  

( 1 9 6 3 ) ,  Shea & K a r n o v s k y  ( 1 9 6 6 )  s u g g e s t e d  t h a t  t h e  v e s i c l e s  

move r a n d o m l y  a b o u t  t h e  c e l l s  by B r o w n i a n  m o t i o n .  P a l a d e



and B r u n s  ( 1 9 6 8 )  i l l u s t r a t e d  i n  c h e m i c a l l y  f i x e d  m a t e r i a l  

t h a t  t h e  p r o c e s s e s  o f  f u s i o n  and f i s s i o n  o f  v e s i c l e s  was 

o n l y  f o u n d  i n  1 . 5% o f  t h e  v e s i c l e s  b u t  i n c r e a s e d  t o  60% 

when f r e e z i n g  was u s e d  t o  f i x  t h e  c e l l s .  P a l a d e  e t  

a l  ( 1 9 7 9 )  s u g g e s t e d  t h a t  v e s i c l e s ,  by  c o n c o m i t a n t  f u s i o n  

( f o l l o w e d  by f i s s i o n )  g e n e r a t e  t r a n s e n d o t h e l i a l  c h a n n e l s  

t h a t  a c t  as m a s s - c a r r i e r s  o f  f l u i d  and s o l u t e s  a c r o s s  t h e  

e n d o t h e l i u m .  H o w e v e r ,  some o t h e r  w o r k e r s  have  f a i l e d  t o  

c o n f i r m  t h e s e  f i n d i n g s .  I t  may be t h a t  t h e  p r e s e n c e  o f  

t r a c e r s  i n  c h a n n e l s  i s  s ee n  when i m m e r s i o n  f i x a t i o n  i s  us ed  

( i . e .  when f i x a t i o n  i s  s l o w ) .  The r o l e  o f  v e s i c l e s  i n  

t r a n s e n d o t h e l i a l  t r a n s p o r t  r e m a i n s  d e b a t - - a b l e .

2 -  F e n e s t r a t e d  c a p i l l a r i e s .  T h e s e  a r e  f o u n d  i n  t h e  g u t ,  

i n  e n d o c r i n e  and e x o c r i n e  g l a n d s  and much o f  t h e  u r i n a r y  

s y s t e m ,  and o n l y  o c c a s i o n a l l y  e l s e w h e r e .  S i z e s  and n u mb e r s  

o f  t h e  f e n e s t r a e  h av e  b een  m e a s u r e d  i n  t h e  j e j u n u m  by 

C a s l e y - S m i t h  e t  a l  ( 1 9 7 5 c )  and by S i m i o n e s c u  e t  a l  ( 1 9 7 2 ) .  

The h o l e s  c o m p l e t e l y  t r a v e r s e d  t h e  v e r y  t h i n  p a r t  o f  t h e  

e n d o t h e l i u m  and w e r e  some 50 nm i n  d i a m e t e r .  Some,  b u t  n o t  

a l l ,  had d i a p h r a g m s  a c r o s s  t h e m .  F e n e s t r a e  we r e  

p a r t i c u l a r l y  n u m e r o u s  on t h e  v e n o u s  s i d e  o f  t h e  

m i c r o c i r c u l a t i o n .  When f e n e s t r a e  w e r e  f r e q u e n t ,  t h e y  

g r e a t l y  i n c r e a s e d  t h e  p e r m e a b i l i t y  t o  m a c r o m o l e c u l e s ,  b u t  

o n l y  s l i g h t l y  i n c r e a s e d  i t  t o  s m a l l  m o l e c u l e s  ( C a s l e y -  

S m i t h ,  1 9 8 0 a ;  R e n k i n ,  1 9 7 7 ) .

3 ■ S i n u s o i d a l  c a p i l l a r i e s  o r  d i s c o n t i n u o u s  c a p i l l a r i e s .  

T h i s  t y p e  o f  c a p i l l a r y  has  an e n d o t h e l i u m  w i t h  l a r g e  g ap s
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( 1 0 0  -  1 0 00  A) and t h e  b a s e m e n t  membr ane  i s

d i s c o n t i n u o u s .  I t  can  be f o u n d  i n  t h e  L i v e r ,  b on e  ma r r o w 

and s p l e e n .

I h e  b a s e m e n t  membr ane

The o t h e r  b a r r i e r  i n  c a p i l l a r y  p e r m e a b i l i t y  i s  

p r o v i d e d  by t h e  b a s e m e n t  m e m b r a n e s .  Th e y  g e n e r a l l y  d e f i n e  

t h e  l i m i t s  o r  b o u n d a r i e s  o f  t i s s u e  s p a c e s .  Th e y  f o r m  a 

s t r u c t u r a l  f r a m e w o r k  w h i c h  i s o l a t e s  e p i t h e l i a  ( i n c l u d i n g  

e n d o t h e l i u m  and m e s o t h e  l i u r n ) ,  m u s c l e ,  n e r v e ,  and f a t  f r o m  

t h e  t i s s u e  s p a c e .  W i t h i n  t h i s  s p a c e  l i e  t h e  f o r m e d  

e l e m e n t s  o f  t h e  c o n n e c t i v e  t i s s u e  ( L o w ,  1 9 6 1 ;  B a t t i n g  & 

L o w ,  1 9 6 1 ;  Low and B u r k e l ,  1 9 6 5 ) .  As an e x p r e s s i o n  o f  

t h i s  p a t t e r n ,  t h e  e n d o t h e l i u m  o f  t h e  b l o o d  v a s c u l a r  s y s t e m  

i s  s e p a r a t e d  f r o m  t h e  s u r r o u n d i n g  t i s s u e s  by  i t s  b a s e me n t  

me m b r a n e .  T h i s  i s  e s p e c i a l l y  t h e  c a s e  f o r  c a p i l l a r i e s .  

S i m i l a r l y  t h e  p a r e n c h y m a  o f  e p i t h e l i a l  o r g a n s  i s  s e p a r a t e d  

f r o m  t h e  t i s s u e  s p a c e s  by i t s  own b a s e m e n t  me mb r a n e .

The b a s e m e n t  me mbr ane  v a r i e s  i n  i t s  c o m p o s i t i o n  and 

a p p e a r a n c e  a c c o r d i n g  t o  l o c a t i o n ,  b u t  some o f  i t  u n d e r l i e s  

a l m o s t  a l l  e p i t h e l i a .  Some o f  t h e  s u b s t a n c e  o f  t h e  

b a s e m e n t  membr ane  i s  s y n t h e s i z e d  by t h e  e p i t h e l i a l  c e l l s  

t h e m s e l v e s ,  a l t h o u g h  i t s  p r o d u c t i o n  i n v o l v e s  some 

i n t e r a c t i o n  w i t h  t h e  u n d e r l y i n g  c o n n e c t i v e  t i s s u e .  Ba s e me n t  

me mb r a n e s  a r e  g e n e r a l l y  made o f  t wo  p a r t s .  The f i r s t  i s  an 

a m o r p h o u s  s h e e t ,  c l o s e l y  a p p l i e d  t o  t h e  c e l l s ,  and 

c o n t a i n i n g  t y p e  I V  c o l l a g e n .  T h i s  i s  t h e  p a r t  t h a t  i s  

common t o  a l l  e p i t h e l i a l  t i s s u e s ;  i t  i s  n o t  s e en  w i t h  t h e  

l i g h t  m i c r o s c o p e ;  e l e c t r o n  m i c r o s c o p i s t s  c o mmo n l y  c a l l  i t



t h e  b a s a l  l a m i n a .  B e l o w  t h e  b a s a l  l a m i n a ,  i n  some t i s s u e s ,  

i s  t h e  r e t i c u l a r  l a m i n a  w h i c h  v a r i e s  i n  i t s  c o m p o s i t i o n  and 

r e m a i n s  p o o r l y  c h a r a c t e r i z e d .  T h i s  p a r t  c a n  be v i s u a l i z e d  

by  l i g h t  m i c r o s c o p y  when s t a i n e d  by  P . A . S .  o r  s i l v e r  s t a i n s  

( K e f a l i d e s ,  1 9 7 9 ) .

The f u n c t i o n  o f  t h e  b a s e m e n t  membr ane  i s  n o t  w e l l  

u n d e r s t o o d .  I t  p r o b a b l y  s e r v e s  as a med i um f o r  t r a n s f e r  o f  

c e l l s  s u c h  as t h o s e  i n  t h e  i n t e s t i n a l  l i n i n g .  I t  may have  

a r o l e  i n  s t a b i l i z i n g  t i s s u e  s h a p e s ,  s i n c e  i t s  r e m o v a l  

d u r i n g  e m b r y o g e n e s i s  c a u s e s  d e v e l o p i n g  s a l i v a r y  g l a n d s  t o  

l o s e  t h e i r  c h a r a c t e r i s t i c  s t r u c t u r e .  I n  t h e  k i d n e y  ( H e i n e ,  

1 9 8 6 ) ,  t h e  s p e c i a l  b a s e m e n t  membr ane  o f  t h e  g l o m e r u l u s  i s  

t h o u g h t  t o  f u n c t i o n  as a s e l e c t i v e  p e r m e a b i l i t y  b a r r i e r  

c o n t r i b u t i n g  t o  t h e  p r o c e s s  o f  u l t r a f i l t r a t i o n  o f  p l a s m a  t o  

f o r m  u r i n e .  The a b s e n c e  o f  b a s e m e n t  me mbr ane  i n  c e r t a i n  

m a l i g n a n t  t u m o u r s  s u g g e s t s  t h a t  i t  may be i m p o r t a n t  i n  

g r o w t h  c o n t r o l  ( H u a n g ,  1 9 7 8 ) .  M e t a s t a s i s  o f  c a n c e r  c e l l s  

i s  c o n s i d e r e d  t o  b e g i n  when t h e  b a s e m e n t  membr ane  i s  

b r e a c h e d .

How do s o l u t e s  o f  v a r i o u s  s i z e s  o r  e v e n  c e l l s  c r o s s  

t h e  b a s e m e n t  membr ane?

S i m p s o n  ( 1 9 8 0 a )  p r o p o s e d  t h a t  a l l  b a s e m e n t  me mbr a nes  

f u n c t i o n  b e c a u s e  o f  t h e i r  p r o p e r t i e s  as b i o l o g i c a l  

t h i x o t r o p e s ,  i . e . ,  t h e y  u n d e r g o  l o c a l i z e d  g e l - s o l - g e l  

t r a n s f o r m a t i o n  u n d e r  t h e  i n f l u e n c e  o f  p r e s s u r e  a l o n e .  

M e n e f e e  e t  a l  ( 1 9 6 4 )  s t u d i e d  t h e  p a s s a g e  o f  a g g r e g a t e d  

g l o b i n  t h r o u g h  t h e  b a s e m e n t  membr ane  o f  g l o m e r u l i  w h i c h
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c o u l d  b e s t  be i n t e r p r e t e d  on t h e  b a s i s  t h a t  t h e  b a s e m e n t  

me mb r ane  had t h e  p r o p e r t i e s  o f  a t h i x o t r o p i c  g e l .  P a l a d e  

( 1 9 6 1 )  i n  a s t u d y  u s i n g  f e r r i t i n  as a t r a c e r  i n  n e p h r o t i c  

r a t s ,  f o u n d  t h e  t r a c e r  m o l e c u l e s  w e r e  e mbed ded  i n  t h e  

b a s e m e n t  membr ane  " w i t h o u t  c h a n n e l s  a h e a d  o r  t r a i l s  

b e h i n d " ,  and he g o t  t h e  i m p r e s s i o n  t h a t  t h e  m a r k e r  moved 

t h r o u g h  a y i e l d i n g  g e l  c r e a t i n g  a c h a n n e l  as i t  mo v e d .

One w o u l d  i m a g i n e  t h a t  w a t e r  and m i c r o m o l e c u L e s  w o u l d  

p a s s  e a s i l y  t h r o u g h  t h e s e  l o c a l i z e d  g e l - s o l - g e l  a r e a s .  

H o w e v e r ,  l a r g e  m o l e c u l e s  w o u l d  need  t o  c a u s e  l o c a l i z e d  

d e f o r m a t i o n  o f  t h e  l a t t i c e  o f  t h e  b a s e m e n t  membr ane  i n  

o r d e r  t o  t r a v e r s e  i t .  T h i s  w o u l d  be p o s s i b l e  o n l y  i f  

p u l s a t i l e  i n t r a c a p i l l a r y  p r e s s u r e  was a d e q u a t e  t o  i n i t i a t e  

d e f o r m a t i o n .  B a s e m e n t  membr ane  t h i x o t r o p y  makes

e x p l i c a b l e  t h e  p a s s a g e  t h r o u g h  b a s e m e n t  me mb r anes  o f  

o b j e c t s  r a n g i n g  i n  s i z e  f r o m  w a t e r  m o l e c u l e s  t o  m o t i l e

c e l l s  and p a r a s i t e s  ( S i m p s o n ,  1 9 8 1 ) .

I  he e x t  r a c e  U u l a r  s p a c e

N e x t  t o  t h e  b a s e m e n t  membr ane  comes t h e  e x t r a c e l l u l a r  

s p a c e ,  w h i c h  i s  o c c u p i e d  by  a c o n t i n u o u s  c h a i n  n e t w o r k  

w h i c h  may o r  may n o t  be h omo g e n o u s  by d i s t r i b u t i o n .  T h i s  

n e t w o r k  i s  made o f  c o n n e c t i v e  t i s s u e  p o l y s a c c h a r i d e s  w h i c h  

h av e  a m o l e c u l a r  w e i g h t  o f  t h e  o r d e r  o f  m i l l i o n s  ( L a u r e n t ,

1 9 6 6 a ) .  T h e s e  p o l y s a c c h a r i d e s  e x i s t  i n  a c o m p l e x  l a t t i c e

f o r m  and may f o r m  a p o r o u s  p l u g  w h i c h  may e v e n  e x h i b i t

m a r k e d  r e s i s t a n c e  t o  w a t e r  f l o w ,  as d e m o n s t r a t e d  by Day 

( 1 9 5 0 )  and He d b y s  & M i s h i m a  ( 1 9 6 2 ) .

L a u r e n t  ( 1 9 7 0 )  r e v i e w e d  t h e  c o n c e p t  r e g a r d i n g  t h e
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p h y s i o l o g i c a l  r o l e  o f  h i g h  m o l e c u l a r  w e i g h t  c o n n e c t i v e  

t i s s u e  p o l y s a c c h a r i d e s .  Among t h e  p o s s i b l e  f u n c t i o n s  was 

t h e  " e x c l u s i o n  p h e n o m e n o n "  m e a n i n g  t h a t  t wo  m o l e c u l e s  

c a n n o t  o c c u p y  t h e  same s p a c e  a t  t h e  same t i m e ,  so 

p o l y s a c c h a r i d e s  w i l l  e x c l u d e  o t h e r  m a c r o m o l e c u l e s  t o  a 

c o n s i d e r a b l e  d e g r e e  f r o m  s p a c e  i n  a s o l u t i o n ,  and t h e

l a r g e r  t h e  m o l e c u l e ,  t h e  l e s s  s p a c e  w i l l  be a v a i l a b l e  f o r  

i t  i n  a t h r e e  d i m e n s i o n a l  c h a i n  n e t w o r k .  T h i s  n e t w o r k  w i l l  

a c t  as a f i l t e r  and r e t a r d  t h e  m o v e m e n t s  o f  l a r g e  m o l e c u l e s  

mor e  t h a n  o f  t h e  s m a l l  o n e s .  The p o l y s a c c h a r i d e  

c o m p a r t m e n t s  w i l l  a c t  as a s i e v i n g  b a r r i e r  ( o r  membr ane )  

w h i c h  can  r e g u l a t e  t h e  t r a n s p o r t  o f  v a r i o u s  b i o l o g i c a l

m a c r o m o l e c u l e s .  I n  t i s s u e s  w h e r e  t i s s u e  f l u i d  t u r n  o v e r

r a p i d l y ,  i t  may be t h a t  t h e  f l u i d  i s  t r a n s p o r t e d  v i a  some

s o r t  o f  l ow r e s i s t a n t  p a t h w a y s  o r  c h a n n e l s .

A t  t h i s  p o i n t ,  t wo  a d d i t i o n a l  f a c t o r s  a f f e c t i n g  t h e  

p r o d u c t i o n  o f  i n t e r s t i t i a l  f l u i d  and i t s  u p t a k e  f r o m  t h e  

t i s s u e s  mu s t  be s t r e s s e d .

1 .  M a c r o m o l e c u l e s  may a l s o  e n t e r  t h e  i n t e r s t i t i u m  f r o m  t h e  

c e l l s  o f  t h e  t i s s u e s ,  i . e .  t h e  c a p i l l a r y  f i l t r a t e  i s  

n o t  t h e  o n l y  s o u r c e  o f  s u c h  m o l e c u l e s .  F o r  e x a m p l e ,  

c h y l o m i c r o n s  and l i p o p r o t e i n s  i n  t h e  i n t e s t i n a l  mucosa  

d u r i n g  f a t  a b s o r p t i o n ;  i m m u n o - g I o b u I i n  s y n t h e s i z e d  i n  

l y mp h  n o d e s  and o t h e r  l y m p h o i d  t i s s u e s  o r  a b s o r b e d  f r o m  

t h e  g u t  o f  c e r t a i n  n e w b o r n  a n i m a l s ,  and enz y mes  

l i b e r a t e d  f r o m  i n j u r e d  c e l l s .  A l l  a r e  t h e n  t r a n s p o r t e d  

t o  t h e  b l o o d  s t r e a m  by way o f  t h e  l y m p h a t i c  v e s s e l s .



2 .  L y m p h a t i c  v e s s e l s  a r e  n o t  t h e  o n l y ,  o r  e v e n  t h e  m a j o r ,

p a t h w a y  f o r  t h e  a b s o r p t i o n  o f  p r o t e i n s  f r o m  t i s s u e s .  

The v e n o u s  s y s t e m  p l a y s  a s i g n i f i c a n t  r o l e  i n  t h i s  

p r o c e s s  e s p e c i a l l y  when t h e  s m a l l e r  p r o t e i n s  s u c h  as 

a l b u m i n  a r e  i n j e c t e d  i n t o  v a r i o u s  t i s s u e s  ( S z a b o  e t  a l ,  

1 9 7 3 ) .  H o w e v e r ,  t h e  s t r u c t u r e  o f  t h e  w a l l s  o f  t h e  

l y m p h a t i c  c a p i l l a r i e s  makes  t h e n  p r e f e r e n t i a l  c h a n n e l s  

s i n c e  m a c r o m o l e c u l e s ,  p a r t i c l e s ,  b a c e t e r i a  and c e r t a i n  

c e l l s  r e a d i l y  p a s s  t h r o u g h  t h e  i n t e r c e l l u l a r  j u n c t i o n s  

t o  e n t e r  t h e  l y m p h .

The mo v e me n t  o f  i n t e r s t i t i a l  f l u i d  i n t o  t h e  l y m p h a t i c

I f  t h e r e  i s  a p o s i t i v e  p r e s s u r e  g r a d i e n t  a c r o s s  t h e  

l y m p h a t i c  c a p i l l a r y  w a l l  f r o m  t h e  i n t e r s t i t i a l  f l u i d  t o  t h e  

l y m p h ,  p r o t e i n  and o t h e r  m a c r o m o l e c u l e s  w o u l d  move f r e e l y  

a c r o s s  t h i s  b a r r i e r .  Many f a c t o r s  f a c i l i t a t e  t h i s  p r o c e s s .

1 .  T h e r e  i s  l i t t l e  o r  e v e n  no b a s e m e n t  membr ane  s u p p o r t i n g
<

t h e  l y m p h a t i c  e n d o t h e l i u m .

2 .  The i n t e r c e l l l u l a r  j u n c t i o n s  a r e  o f t e n  p a r t i a l l y  open  

o r  a t  l e a s t  o p e n a b l e .  T h i s  i s  o f  o v e r w h e l m i n g  

i m p o r t a n c e  i n  t h e  e n t r y  i n t o  l y m p h a t i c s  o f  m o l e c u l e s  o f  

v a r i o u s  s i z e s  ( P a l a y  & K a r l i n ,  1 9 5 9 a ;  F r e n c h  e t  a l ,  

1 9 6 0 ;  C a s l e y - S m i t h ,  1 9 6 4 a ,  1 9 6 5 ;  C o t r a n ,  1 9 5 6 ;  M o r r i s  & 

S a s s ,  1 9 6 6 ) .

3 .  W i t h i n  l y m p h a t i c  e n d o t h e l i u m ,  v e s i c l e s  hav e  b e e n  

o b s e r v e d  t o  c o n t a i n  i n t r a v e n o u s l y  i n j e c t e d  m a r k e r s ,  b u t  

t h e i r  r e l a t i v e  i m p o r t a n c e  i n  t h e  f o r m a t i o n  o f  l y mph  i s  

q u i t e  c o n t r o v e r s i a l .

13



4 .  E n d o t h e l i a l  c e l l s  may a l s o  t o  some e x t e n t  be 

p h a g o c y t i c ,  b u t  p h a g o c y t o s i s  seems t o  p l a y  l i t t l e ,  i f  

a n y ,  p a r t  i n  t h e  n o r m a l  a b s o r p t i o n  o f  m a c r o m o l e c u l e s  

f r o m  t h e  t i s s u e  f l u i d  by t h e  l y m p h a t i c  c a p i l l a r i e s .

G u y t o n  ( 1 9 6 3 ,  1 9 6 5 ,  1 9 6 6 a , b )  and S c h o l a n d e r  e t  a l

( 1 9 6 8 )  s u g g e s t e d  t h a t ,  i n  t h e  s k i n ,  t h e  p r e s s u r e  o f  

i n t e r s t i t i a l  f l u i d  i s  n e g a t i v e .  I f  t h i s  w e r e  t r u e  i t  w o u l d  

o b v i o u s l y  make i t  d i f f i c u l t  t o  e x p l a i n  t h e  f i l l i n g  o f  

l y m p h a t i c s .  H o w e v e r ,  t h e s e  a u t h o r s  g a v e  no i n f o r m a t i o n  

a b o u t  t h e  p r e s s u r e  w i t h i n  t h e  l y m p h a t i c  c a p i l l a r i e s  o f  t h e  

s k i n .

14



B . JHE SITE OF FORMATION OF HEPATIC I N J E R S T I T I A L  FLUID

The i n i t i a l  f o r m a t i o n  o f  i n t e r s t i t i a l  f l u i d  i n  t h e  

l i v e r  l o b u l e  i s  c o n d i t i o n e d  by t h e  f i n e  s t r u c t u r e  o f  t h e  

s i n u s o i d a l  w a l l ,  w i t h  i t s  u n u s u a l  c o m b i n a t i o n  o f  a 

f e n e s t r a t e d  e n d o t h e l i u m  and t h e  a b s e n c e  o f  a b a s e m e n t  

me m b r a n e .  T h i s  a l l o w s  f r e e  e s c a p e  o f  b l o o d  p l a s m a  f r o m  t h e  

s i n u s o i d  i n t o  t h e  s p a c e  o f  D i s s e ,  w h e r e  i t  comes i n t o  

i n t i m a t e  c o n t a c t  w i t h  t h e  h e p a t o c y t e  m u r a l  iurn ( B u r k e l  and 

Low,  1 9 6 6 ) .  A n o t h e r  f a c t o r  w h i c h  a f f e c t s  i n t e r s t i t i a l  

f l u i d  f o r m a t i o n  i s  t h e  f a c t  t h a t ,  i n  t h e  l i v e r ,  t h e  

f i l t e r i n g  head  o f  p r e s s u r e  w i t h i n  t h e  s i n u s o i d  i s  as l ow as 

5 - 1 Ocm o f  w a t e r  ( Y o f f e y  & C o u r t  i c e ,  1 9 7 0 ) .

1 .  The e n d o t h e l i a l  c e l l s  l i n i n g  t h e  s i n u s o i d  show l a r g e  

n u m b e r s  o f  f e n e s t r a t i o n s ,  w h i c h  v a r y  g r e a t l y  i n  s i z e  and 

a r r a n g e m e n t .  Some a r e  v e r y  s m a l l  ( 0 . 1  ^im i n  d i a m e t e r )  and 

a r r a n g e d  i n  c l u s t e r s ,  f o r m i n g  wh a t  a r e  c a l l e d  " s i e v e  

p l a t e s " ;  o t h e r s  a r e  much l a r g e r  ( ~ 1 . 0 / j m -  2pm) and a r e  

s u b d i v i d e d  by  s l e n d e r  s t r a n d s  o f  c y t o p l a s m .  M o t t a  and 

P o r t e r  ( 1 9 7 4 )  s t u d i e d  t h e s e  c e l l s  by s c a n n i n g  e l e c t r o n  

m i c r o s c o p y  i n  p e r f u s e d  y o u n g  a d u l t  a l b i n o  r a t s  and showed 

t h a t  f e n e s t r a t i o n s  o c c u r  i n  t h e  t h i n  p a r t  o f  t h e  c y t o p l a s m .  

L i n e s  o f  f u s i o n  b e t w e e n  a d j a c e n t  o r  o v e r l a p p i n g  e n d o t h e l i a l  

c e l l s  w e r e  n o t  i d e n t i f i e d .  S m a l l  p i t s  we r e  p r e s e n t  i n  t h e  

s u r f a c e  o f  t h e  l a r g e r  a r ms  o f  t h e  e n d o t h e l i u m  and mo s t  

p r o m i n e n t l y  i n  t h e  s u r f a c e  o f  t h e  c e n t r a l  ma s s .  T h e s e  p i t s  

may r e p r e s e n t  o p e n i n g s  i n t o  c o r t i c a l  v e s i c l e s ,  w h i c h  we r e  

n u m e r o u s  i n  t h o s e  c e l l s .  Th ey  c o u l d  n o t  d e t e r m i n e  w h e t h e r
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t h e  s m a l l  p i t s  we r e  i n c i p i e n t  p e r f o r a t i o n s .  D i s c o n t i n u o u s  

f e n e s t r a t i o n s  h a v e  b ee n  f o u n d  i n  mo s t  s p e c i e s  o f  mammal s 

s t u d i e d ,  e . g .  mo u s e ,  r a t ,  d o g ,  r a b b i t  and  man.  T h e r e  a r e ,  

h o w e v e r ,  s i g n i f i c a n t  s p e c i e s  d i f f e r e n c e s  i n  t h e  d e g r e e  o f  

e n d o t h e l i a l  d i s c o n t i n u i t y :  Wood ( 1 9 6 3 )  o b s e r v e d  t h a t  i n

t h e  c a l f  t h e r e  a r e  no f e n e s t r a t i o n s ,  w h i l e  Kuhn and O l i v e r  

( 1 9 6 5 )  showed  a s i m i l a r  t y p e  o f  s i n u s o i d  i n  t h e  l i v e r  o f  

t h e  g o a t .

T h e s e  f e n e s t r a t i o n s  e x e r t  some s o r t  o f  s e l e c t i v i t y  on 

t h e  f i l t r a t i o n  o f  m o l e c u l e s ,  d e p e n d i n g  on t h e  s i z e  o f  t h e  

m o l e c u l e s  and t h e  s i z e  o f  f e n e s t r a t i o n s ,  as e x p l a i n e d  

e a r l i e r .

B u r k e l  and Low ( 1 9 6 6 )  and B u r k e l  ( 1 9 7 0 )  d e s c r i b e d  i n  

t h e  r a t  t h r e e  s t r u c t u r a l l y  d i s t i n c t  z o n e s  i n  t h e

e n d o t h e l i u m  o f  t h e  l i v e r  s i n u s o i d s  o f  r a t s  p e r f u s e d  w i t h  3% 

g l u t a r a  I d e h y d e .  Each z one  was s h a r p l y  d e m a r c a t e d .

i )  A z o n e  a t  t h e  p e r i p h e r y  o f  t h e  c l a s s i c a l  l o b u l e ,  

h a v i n g  t h e  a p p e a r a n c e  o f  an e x t e n s i o n  o f  t h e  p o r t a l  

v e i n  b r a n c h  e n d o t h e l i u m ,  w h i c h  had a c o n t i n u o u s  

b a s e m e n t .  T h i s  p e r i p h e r a l  z one  was v e r y  s m a l l .

i i )  An i n t e r m e d i a t e  z o n e ,  m a k i n g  90% o r  mor e  o f  t h e  

s i n u s o i d ,  i n  w h i c h  t h e  e n d o t h e l i u m  was d i s c o n t i n u o u s .

i i i )  A t h i r d ,  c e n t r a l  z o n e ,  w h i c h  had a b a s e m e n t  membr ane 

and was c o n t i n u o u s  w i t h  t h e  e n d o t h e l i u m  o f  t h e  

c e n t r a l  v e i n .

I n  t h e  l i v e r ,  t h e  a b s e n c e  o f  b a s e m e n t  membr ane  f r o m  

b o t h  t h e  s i n u s o i d a l  l i n i n g  and t h e  a d j a c e n t  h e p a t i c

p a r e n c h y m a ,  a l o n g  w i t h  t h e  p r e s e n c e  o f  a t i s s u e  s p a c e  ( o f
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D i s s e )  o c c u p i e d  by a v a r i e t y  o f  s t r u c t u r e s ,  r e s u l t s  i n  an

u n u s u a l  r e l a t i o n s h i p  b e t w e e n  t h e  v a s c u l a r  s y s t e m ,  

p a r e n c h y m a  and t i s s u e  s p a c e s .  I t  i s ,  h o w e v e r ,  b e s t

u n d e r s t o o d  as a v a r i e t y  o f  s i m i l a r  r e l a t i o n s h i p s  f o u n d

e l s e w h e r e  i n  t h e  b o d y  ( B u r k e l  & Low,  1 9 6 6 ) ,  and

i n c o m p l e t e n e s s  o f  t h e  b a s e m e n t  membr ane  d o e s  c h a r a c t e r i z e  

c e r t a i n  o t h e r  s l o w - f l o w i n g  v a s c u l a r  c h a n n e l s ,  e . g .  We i s s  

( 1 9 6 1 )  d e s c r i b e d  s i m i l a r  f i n d i n g s  i n  t h e  v a s c u l a r  s i n u s e s  

o f  t h e  b one  m a r r o w  i n  r a b b i t s .

2 -  Di  sse_J_s s p a c e  ( . p e r i s i n u s o i d a ] ,  s p a c e )

T h i s  i s  t h e  n a r r o w  p e r i v a s c u l a r  s p a c e  b e t w e e n  t h e

w a l l  o f  t h e  l i v e r  s i n u s o i d  and t h e  l i v e r  p a r e n c h y m a l  c e l l s .

I t  c o n t a i n s  some b u n d l e s  o f  r e t i c u l a r  m i c r o f i b r i l s  and 

o c c a s i o n a l  p e r i - s i n u s o i d a l  c e l l s .

D i s s e  (1 8 9 0 )  c l a i m e d  t h e  e x i s t e n c e  o f  p e r i c a p i 1 1  a r y  

( s i n u s o i d )  c a v i t i e s  w i t h i n  t h e  l i v e r  a c i n i .  Th e s e  c a v i t i e s

p o s s e s s e d ,  a c c o r d i n g  t o  D i s s e ,  a w a l l  o f  t h e i r  own ,  a

membr ane  c o mp o s e d  o f  a h omo g e n o u s  g r o u n d  s u b s t a n c e  and

i n c o r p o r a t e d  f i b r i l s  o f  v a r i a b l e  t h i c k n e s s .  The membr ane 

was c o v e r e d  by s t e l l a t e  c e l l s .  The f i b r e s  e x t e n d e d  b e t w e e n  

t h e  h e p a t i c  t r a b e c u l a e  and c o n n e c t e d  t h e  c a p i l l a r y  s h e a t h s .  

I t  was t h i s  b l o o d - c a p i l l a r y  s h e a t h  t h a t  became t h e  b a s e  o f  

t h e  s t r o m a  o f  t h e  h e p a t i c  l o b u l e .  The p e r i v a s c u l a r  s p a c e ,  

now g e n e r a l l y  known as " D i s s e ' s  s p a c e " ,  w a s ,  a c c o r d i n g  t o  

D i s s e ,  n o t  b o u n d e d  by t h e  t r a b e c u l a e  o f  t h e  l i v e r  c e l l s ,  

b u t  by  a membr ane  c o n n e c t e d  w i t h  t h e  c e l l s  t h r o u g h  t h e  

i n t e r c e  I l u l a r  s u b s t a n c e .  D i s s e  s u g g e s t e d  t h a t  t h e  s p a c e
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b e t w e e n  t r a b e c u l a e  and b l o o d  c a p i l l a r i e s  c o u l d  be f i l l e d  

w i t h  d y e s  i n j e c t e d  i n t o  t h e  e f f e r e n t  l y m p h a t i c s .  T h i s  l e d  

h i m t o  t h e  c o n c l u s i o n  t h a t  a c l o s e  c o n n e c t i o n  e x i s t e d  

b e t w e e n  t h i s  s p a c e  and t h e  l y m p h a t i c s .  He t h o u g h t  t h a t  t h e  

s h e a t h  s u r r o u n d i n g  t h e  c a p i l l a r i e s  o p e n e d  i n t o  l a r g e r  

l y m p h a t i c s  on t h e  p e r i p h e r y  o f  t h e  h e p a t i c  l o b u l e s .

D i s s e ' s  f i n d i n g s  s t a r t e d  a l e n g t h y  d e b a t e :  was i t  an 

a r t i f a c t ?  I f  n o t ,  was i t  a p a r t  o f  t h e  l y m p h a t i c  s y s t e m  o r  

n o t ?  The r e s o l v i n g  p o w e r  o f  t h e  l i g h t  m i c r o s c o p e  was n o t  

s u f f i c i e n t  t o  a n s w e r  t h e s e  q u e s t i o n s .

F a w c e t t  ( 1 9 5 5 )  u s i n g  t h e  e l e c t r o n  m i c r o s c o p e  was 

among t h e  f i r s t  t o  d e m o n s t r a t e  m i c r o v i l l i  a l o n g  t h e  

s i n u s o i d a l  b o r d e r  o f  t h e  h e p a t i c  c e l l s  and t o  g i v e  a c l e a r  

i d e a  o f  t h e  much d i s p u t e d  p e r i  s i n u s o i d a l  s p a c e  o f  D i s s e .

A l o n g  w i t h  t h e  n u m e r o u s  h e p a t o c y t e  m i c r o v i l l i ,  

r e t i c u l a r  f i b r e s  and I t o  c e l l s  a r e  a l s o  p r e s e n t  i n  D i s s e ' s  

s p a c e .  I t o  ( 1 9 5 1 )  o b s e r v e d  c e l l s  c o n t a i n i n g  l i p i d  d r o p l e t s  

i n  t h e  human l i v e r  l o b u l e s .  T h e s e  c e l l s  w e r e  l o c a t e d  i n  

t h e  s p a c e  o f  D i s s e  and we r e  s u r r o u n d e d  by r e t i c u l a r  f i b r e s .  

I t o  p r e s u m e d  t h a t  l i p i d  d r o p l e t s  i n  t h e s e  c e l l s  we r e  

d e r i v e d  f r o m  t h e  b l o o d  s t r e a m  and d e s i g n a t e d  t h e  c e l l s  as 

" f a t  s t o r i n g  c e l l s " .  S a t s u k i  e t  a l  ( 1 9 5 6 )  i n j e c t e d  v a r i o u s  

k i n d s  o f  f a t  e m u l s i o n s  and c o d - L i v e r  o i l  i n t r a v e n o u s l y  and 

f o u n d  t h a t  t h e s e  c e l l s  f a i l e d  t o  show an i n c r e a s e  i n  l i p i d  

d r o p l e t s  i n  t h e i r  c y t o p l a s m .  On t h e  o t h e r  h a n d ,  t h e s e  

l i p i d  d r o p l e t s  i n c r e a s e d  r e m a r k a b l y  a f t e r  a d m i n i s t e r i n g  

g l u c o s e  and i n s u l i n  ( K a n o ,  1 9 5 2 ;  S u n a g a ,  1 9 5 4 a ) .

The e l e c t r o n  m i c r o s c o p i c  s t u d i e s  o f  Y a m a g i s h i  ( 1 9 5 9 ) ,
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I t o  and S h i b a s a k i  ( 1 9 6 8 )  and o t h e r s  h av e  d e m o n s t r a t e d  t h e  

p r e s e n c e  o f  a c e l l  t y p e  i n  t h e  s p a c e  o f  D i s s e ,  ( r e v i e w e d  by 

Wake ( 1 9 8 0 ) ) ,  whose  p o s s i b l e  c o n n e c t i o n  w i t h  t h e  

i n t r a l o b u l a r  c o n n e c t i v e  t i s s u e  f r a m e w o r k  was c o n s i d e r e d  by 

S c h m i d t  ( 1 9 6 0 ) ,  A t e r m a n  ( 1 9 6 3 )  and Wood ( 1 9 6 3 ) .  I t  i s  now 

w i d e l y  v i e w e d  as t h e  " a d v e n t i t i a l  c o n n e c t i v e  t i s s u e  c e l l "  

o f  t h e  L i v e r  l o b u l e  ( S c h n a c k  e t  a 1,  1 9 6 7 ) ,  r e s p o n s i b l e  f o r  

t h e  m a i n t e n a n c e  o f  t h e  n o r m a l  c o n n e c t i v e  t i s s u e ,  and f o r  

t h e  p r o d u c t i o n  o f  e x c e s s i v e  c o n n e c t i v e  t i s s u e ,  i n  t h e  

l i v e r .  K e n t  e t  a l  ( 1 9 7 6 )  a c t u a l l y  d e s c r i b e d  t hem as 

l i p o c y t e s  t r a n s f o r m e d  i n t o  f i b r o b l a s t s .

The s p a c e  o f  D i s s e  i s  f o u n d  n o t  o n l y  b e t w e e n  t h e  

s i n u s o i d a l  e n d o t h e l i u m  and t h e  h e p a t o c y t e s ;  i t  a l s o  e x t e n d s  

i n t o  t h e  s p a c e  b e t w e e n  a d j a c e n t  l i v e r  c e l l s  ( M o t t a  & 

P o r t e r ,  1 9 7 4 ) .  The f u l l  e x t e n t  o f  t h i s  e x p a n s i o n  o f  t h e

s p a c e  has  n o t  p e r h a p s  b een  f u l l y  a p p r e c i a t e d  f r o m  e a r l i e r  

o b s e r v a t i o n s  on l i v e r  u I t r a s t r u e t u r e . S c a n n i n g  e l e c t r o n  

m i c r o s c o p y  has  shown t h e  s p a c e  t o  be l a r g e r  and as h a v i n g  

mor e  e x t e n s i v e  r a m i f i c a t i o n s  t h a n  i s  g e n e r a l l y  e v i d e n t  f r o m  

s t u d i e s  u s i n g  t h e  t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p e .  Thos e  

i n t e r - h e p a t o c y t e  e x t e n s i o n s ,  e a r l i e r  r e c o g n i z e d  by S t e i n e r  

1 9 6 1 ,  a r e  l i m i t e d  by t h e  j u n c t i o n a l  c o m p l e x e s  o f  t h e  b i l e  

c a n a l i c u l i ,  b u t  t h e y  e x t e n d  e l s e w h e r e  i n  a l l  d i r e c t i o n s ,  

c l e a r l y  t o  c o n n e c t  a d j a c e n t  s u b - e n d o t h e l i a l  s p a c e s  o f

D i s s e .  The s p a c e  o f  D i s s e ,  as o r i g i n a l l y  d e s c r i b e d ,  now

a p p e a r s  t o  be o n l y  a p a r t  o f  an e x t e n s i v e  l a b y r i n t h  o f

i n t e r c e l l u l a r  c h a n n e l s  w i t h i n  w h i c h  p l a s m a  f i l t r a t e  moves
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t o w a r d s  t h e  p e r i - p o r t a l  l y m p h a t i c s .

S h o u l d  t h e  s p a c e  o f  D i s s e  be r e g a r d e d  as a p a r t  o f  

t h e  h e p a t i c  l y m p h a t i c  s y s t e m ?

A l t h o u g h  E l i a s  ( 1 9 4 9 )  c o n s i d e r e d  i t  as a " v i r t u a l  

l y m p h a t i c  l a c u n a " ,  t h e  mo d e r n  c o n s e n s u s  i s  t h a t  i t  i s  an 

i n t e r s t i t i a l  s l i t ,  c a v i t y ,  o r  s p a c e  f r o m  w h i c h  no f l u i d  can 

g e t  i n t o  L y m p h a t i c  c a p i l l a r i e s  w i t h o u t  f i r s t  p a s s i n g  

t h r o u g h  t h e i r  e n d o t h e l i a l  w a l l .  I t  i s  a l s o  g e n e r a l l y  

a g r e e d  t h a t  i t  i s  t h e  p l a c e  o f  o r i g i n  o f  mo s t  o f  t h e  

h e p a t i c  l y m p h .
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C. I I S S U E  FLUID Vs LYMPH

Among e a r l y  s t u d i e s  o f  t h e  l y m p h a t i c  s y s t e m ,  S a b i  n 

( 1 9 1 6 )  e m p h a s i z e d  t h e  i m p o r t a n c e  o f  d i s t i n g u i s h i n g  b e t w e e n  

" t i s s u e  f l u i d "  ( o u t s i d e  v e s s e l s )  and " L y m p h "  c o n t a i n e d  i n  

l y m p h a t i c s .

D r i n k e r  ( 1 9 3 1 )  on t h e  o t h e r  h a n d ,  r e v i v e d  t h e  o l d e r  

c o n c e p t  o f  t h e  i n t e r c h a n g a b i l i t y  o f  t h e  t e r m s  " t i s s u e  

f l u i d "  and " l y m p h " .  W h i l e  a d m i t t i n g  t h e  e x i s t e n c e  o f  

a n a t o m i c a l l y  c l o s e d  l y m p h a t i c s ,  he c o n s i d e r e d  t h a t  t h e  

t e r m i n a l  L y m p h a t i c s  a r e  so d e l i c a t e  as t o  be c o n t i n u a l l y  

r u p t u r e d  and h e n c e  p h y s i o l o g i c a l l y  o p e n ,  and t h a t  t h e  

c o n t e n t  o f  l y m p h a t i c s  d r a i n i n g  any  g i v e n  r e g i o n  o f  t h e  b od y  

i s  a " c r o s s - s e c t i o n "  o f  t h e  t i s s u e  f l u i d  t h e r e  p r e s e n t .  

F o l l o w i n g  t h e  e x t e n s i v e  s t u d i e s  o f  l y m p h a t i c s  i n  v i v o  by 

t h e  C l a r k s  ( 1 9 3 3 )  t h e  c o n c e p t  o f  a c l o s e d  s y s t e m  o f  

l y m p h a t i c  v e s s e l s  came t o  be g e n e r a l l y  a c c e p t e d .

Sz abo  and Ma g y e r  ( 1 9 7 8 )  o b s e r v e d  i n  t h e  r a b b i t ' s  h i n d  

l i m b  t h a t  i n  t h e  t i s s u e  f l u i d  c o m p l e x  t h e r e  a r e  a t  l e a s t

t wo  d i s t i n c t  c o m p a r t m e n t s .  The f i r s t  c o n n e c t s  t h e  b l o o d

c a p i l l a r i e s  and t h e  l y m p h a t i c s  and f o r m s  t h e  p a t h w a y  t a k e n  

by t h e  f l u i d  and p r o t e i n  l e a v i n g  t h e  b l o o d  c a p i l l a r i e s  

a d j a c e n t  t o  l y m p h a t i c s ,  i n  o t h e r  w o r d s ,  i t  c o n s t i t u t e s  t h e  

t i s s u e  f l u i d ,  some o f  w h i c h  i s  g o i n g  t o  be l y m p h .  T h i s

l y mp h  r e f l e c t s  t h e  s t a t e  o f  t r a n s c a p i  11 a r y  e x c h a n g e .  The

s e c o n d  c o m p a r t m e n t  i s  t h e  t r u e  t i s s u e  f l u i d .  I t  c o n t a i n s  

t h e  e x t r a v a s c u l a r  p l a s m a  p r o t e i n  p o o l  and t h e  p r o t e i n  

m o l e c u l e s  r e l e a s e d  f r o m  t h e  c e l l s ,  i . e .  t h e  f l u i d  b a t h i n g



t h e  p a r e n c h y m a -  I t  w o u l d  se em,  h o w e v e r ,  t h a t  t h e  t i s s u e  

f l u i d  t h a t  i s  g o i n g  t o  become l y mp h  i s  i n  d y n a m i c  

e q u i l i b r i u m  w i t h  t h e  s e c o n d  c o m p a r t m e n t  and l a r g e l y  

r e f l e c t s  i t s  s t a t u s .

I n  t h e  l i v e r ,  t h e  f i r s t  c o m p a r t m e n t  i s  r e p r e s e n t e d  by 

t h e  p o r t a l  t r a c t  a r e a  w h e r e  b l o o d  c a p i l l a r i e s  and 

l y m p h a t i c s  c o - e x i s t ,  and t h e  s e c o n d  r e p r e s e n t s  f l u i d  i n  

D i s s e ' s  s p a c e .  C o u r t i c e  ( 1 9 7 1 )  s t u d y i n g  b a r r i e r s  w i t h i n  

t h e  t i s s u e  f l u i d  c o m p a r t m e n t s  s u g g e s t e d  t h a t ,  i n  l o b u l a r  

o r g a n s ,  s u c h  as t h e  l i v e r ,  w i t h  d i s c o n t i n u o u s  c a p i l l a r i e s ,  

t h e r e  i s  no e f f e c t i v e  b a r r i e r  t o  t h e  mo v e me n t  o f  t i s s u e  

f l u i d  f r o m  t h e  c e n t r e  o f  t h e  l o b u l e  t o  i t s  p e r i p h e r y .  

W i s s e  ( 1 9 7 0 )  s t u d i e d  t h e  m i c r o c i r c u l a t i o n  o f  r a t ' s  l i v e r  by 

v i t a l  m i c r o s c o p y  and f o u n d  t h a t  l a r g e  c e l l s  suc h  as 

l e u k o c y t e s ,  when p a s s i n g  t h r o u g h  n a r r o w  s i n u s o i d s ,  move 

mor e  s l o w l y  and i n d e n t  t h e  s i n u s o i d a l  e n d o t h e l i u m ,  

c o m p r e s s i n g  D i s s e ' s  s p a c e  as i f  m a s s a g i n g  t h e  s i n u s o i d a l  

e n d o t h e l i u m  and t h u s  p u s h i n g  t h e  f l u i d  i n  D i s s e ' s  s p a c e  

t o w a r d s  t h e  p e r i p h e r y .

A l t h o u g h  l y mp h  can  be r e a d i l y  c o l l e c t e d  f r o m  

c o l l e c t i n g  l y m p h a t i c s  f o r  a n a l y s i s ,  i t s  c o m p o s i t i o n  may be 

c o n s t a n t l y  c h a n g e d  by r e d i l u t i o n s  as i t  t r a v e l s  t h r o u g h .  

S a m p l i n g  o f  f l u i d  f r o m  l y m p h a t i c  c a p i l l a r i e s  i s  v e r y  

d i f f i c u l t  Csee e . g .  H a r g e n s  & Z w e i f a c h  ( 1 9 7 6 )  and R u t i l i  & 

H a g a n d e r  ( 1 9 8 2 ) ,  r e v i e w e d  by  C a s l e y - S m i t h  ( 1 9 8 2 ) ] .  B e c a u s e  

o f  t h e s e  t e c h n i c a l  p r o b l e m s  t h e  r e l a t i o n s h i p  b e t w e e n  l ymph  

and t i s s u e  f l u i d  has  b e e n  much d e b a t e d .

T a y l o r  e t  a l  ( 1 9 7 3 )  showed  t h a t  f l u i d  c o l l e c t e d  f r o m
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c a p s u l e s  i m p l a n t e d  i n  r a b b i t s '  e a r s ,  l y mp h  and i n t e r s t i t i a l  

f l u i d  w e r e  a l l  t h r e e  c h a r a c t e r i z e d  by  i d e n t i c a l  p r o t e i n  

c o n c e n t r a t i o n -  B r a c e  e t  a l  ( 1 9 7 6 )  m a i n t a i n e d  t h e  v i e w  t h a t

l y m p h o p r o t e i n  c o n c e n t r a t i o n  d o e s  n o t  a l w a y s  r e f l e c t  t h a t  o f

t h e  i n t e r s t i t i a l  f l u i d  f r o m  w h i c h  i t  i s  d e r i v e d .  R u t i l i  

and  A r f o s  ( 1 9 7 7 )  s a m p l e d ,  i n  t h e  same a r e a  wh e r e  

i n t e r s t i t i a l  f l u i d  had b e e n  c o l l e c t e d ,  l y mp h  f r o m

l y m p h a t i c s  30 -  100pm i n  d i a m e t e r -  A l l  o f  t h e  f l u i d s  we r e  

f o u n d  t o  h av e  a s i m i l a r  p r o t e i n  c o n c e n t r a t i o n .

S t u d i e s  p e r f o r m e d  by W i t t e  ( 1 9 6 5 - 1 9 7 5 )  by means o f

v i t a l  m i c r o s c o p y  i n  t h e  e x p o s e d  m e s e n t e r y  o f  t h e  r a t  a r e  o f  

t h e  u t m o s t  i m p o r t a n c e .  F l u o r e s c e i n - i s o t h i o c y a n a t e  was b ou n d  

t o  p l a s m a  p r o t e i n s  i n  v i t r o  and a f t e r  c h r o m a t o g r a p h y ,  

i n j e c t e d  i n t r a v e n o u s l y .  By means o f  f l u o r i m e t r y  t h e  e s c a p e  

o f  t h e  l a b e l l e d  m a t e r i a l  f r o m  t h e  b l o o d  v e s s e l s  i n t o  t h e  

i n t e r s t i t i u m  and s u b s e q u e n t l y  i t s  p e n e t r a t i o n  i n t o  t h e  

i n i t i a l  l y m p h a t i c s  c o u l d  be v i s u a l i z e d .  S h o r t l y  a f t e r  t h e  

i n j e c t i o n  o f  t h e  L a b e l l e d  p r o t e i n s  i t s  c o n c e n t r a t i o n  i n  t h e  

i n i t i a l  L y m p h a t i c s  r o s e  a b o v e  t h a t  i n  t h e  i n t e r s t i t i u m .  By 

i n  v i v o  u l t r a m i c r o s p e c t r o m e t r y ,  t h e  p r o t e i n  c o n t e n t  o f  t h e  

p e r i v a s c u l a r  c o n n e c t i v e  t i s s u e  i n  t h e  e x p o s e d  r a t  m e s e n t e r y  

c o u l d  be m e a s u r e d .  The c o n c e n t r a t i o n  was h i g h e r  n e a r  t h e  

w a l l  o f  t h e  b l o o d  v e s s e l s  t h a n  t h a t  a t  a d i s t a n c e  o f  2 0 - 3 0  

jum. The r e a s o n  f o r  t h i s  may be t h e  e x i s t e n c e  o f  v a r i o u s  

e l e m e n t s  i n  t h e  i n t e r s t i t i u m ,  s u c h  as t h e  c o m p l e x  L a t t i c e  

o f  t h e  p o l y s a c c h a r i d e s  ( m e n t i o n e d  e a r l i e r ) ,  w h i c h  e x e r t s  

some ,  maybe u n e v e n ,  r e s i s t a n c e  t o  t h e  p r o p a g a t i o n  o f  

v a r i o u s  m o l e c u l e s .  T h i s  r e s u l t  c l e a r l y  d e m o n s t r a t e s  t h a t

23



i t  i s  u n w i s e  t o  s p e a k  a b o u t  an a v e r a g e  p r o t e i n  

c o n c e n t r a t i o n  i n  i n t e r s t i t i a l  f l u i d  and a b o u t  an a v e r a g e  

i n t e r s t i t i a l  c o l l o i d  o s m o t i c  p r e s s u r e ,  u n l e s s  i t  i s  b o r n e  

i n  m i n d  t h a t  e a c h  o f  t h e s e  ca n  v a r y  q u i t e  c o n s i d e r a b l y  

w i t h i n  e v e n  a s m a l l  a r e a .

R u s z y n a k ,  F o l d i  and Sz abo  ( 1 9 6 7 )  i n j e c t e d  t h e

f l u o r e s c e n t  d y e s ,  t h i a z o n e  r e d  and a c r i d i n e  y e l l o w ,  i n t o

t h e  m e s e n t e r i c  L y m p h a t i c s  o f  c a t s ,  and o b s e r v e d  t h a t  some

o f  t h e s e  d y e s  e s c a p e d  i n t o  t h e  i n t e r s t i t i u m  a g a i n .  Th e s e  

r e s u l t s  s u p p o r t e d  Hudac k  and M c M a s t e r  ( 1 9 3 2 )  who i n j e c t e d  

d y e s  s u c h  as p o n t a m i n e  s k y  b l u e  i n t o  t h e  e a r s  o f  m i c e  and 

s t u d i e d  t h e  u p t a k e  i n t o ,  and t h e  e s c a p e  o f  s u b s t a n c e s  f r o m ,

t h e  l y m p h a t i c s .  A l t h o u g h  i n j e c t i n g  l y m p h a t i c s  i s  much

c r i t i c i s e d ,  t h e s e  e x p e r i m e n t s  may h i g h l i g h t  t h e  f a c t  t h a t

m o l e c u l e s  c an  g e t  o u t  o f  L y m p h a t i c s  as w e l l  as t h e y  can  g e t  

i n ,  w h i c h  makes  t h e  d e b a t e  o f  t i s s u e  f l u i d  v e r s u s  l y mp h  

e v e n  mor e  c o m p l i c a t e d .

Haddy  ( 1 9 7 2 )  and a s s o c i a t e s  f o u n d  t h a t ,  i n  t h e  d o g ' s  

f o r e l i m b ,  t h e  I ymphop  r o t e i n  c o n c e n t r a t i o n  r e f l e c t e d  t h e  

p r o t e i n  c o n c e n t r a t i o n  i n  t h e  i n t e r s t i t i a l  f l u i d .  E a r l i e r  

J a c o b s s o n  and K j e l l m e r  ( 1 9 6 4 )  f o u n d  e x a c t l y  t h e  o p p o s i t e  

and showed  t h a t  l y mp h  d o e s  n o t  g i v e  a t r u e  p i c t u r e  o f  t h e  

mean p r o t e i n  c o n t e n t  o f  t i s s u e  f l u i d .

C o u r t i c e  ( 1 9 7 1 )  showed  t h a t  t h e  p r o t e i n  c o n t e n t  o f  

i n t e r s t i t i a l  f l u i d  i s  f a i r l y  n e a r  t h e  v a l u e s  o b t a i n e d  f r o m  

l y mp h  f r o m  t h e  same r e g i o n .

I n  c e r t a i n  c o n d i t i o n s  and i n  l o c a l i z e d  a r e a s  s uc h  as 

w o u n d s ,  i n f e c t i o n s  o r  b u r n s  ( C l a r k  & C l a r k ,  1 9 3 3 )  i n  w h i c h
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t h e r e  i s  an i n c r e a s e d  c i r c u l a t i o n  t h r o u g h  t h e  b l o o d  v e s s e l s  

and i n c r e a s e d  p a s s a g e  o f  f l u i d  t h r o u g h  t h e  v e s s e l  w a l l  

f o l l o w e d  by  an a c c u m u l a t i o n  o f  f r e e  f l u i d  i n  t h e  

i n t e r s t i t i u m ,  t h e  l y m p h a t i c  c a p i l l a r i e s  may be d a m a g e d ,  so 

t h a t  e q u a l i t y  o f  i n t e r s t i t i a l  f l u i d  and l y mp h  may be 

a c t u a l l y  t r u e .  C l a r k  and C l a r k  ( 1 9 3 3 )  f o u n d  some m i n u t e  

t e a r s  i n  l y m p h a t i c  c a p i l l a r i e s  i n  s u c h  i n j u r e d  o r  i n f l a m e d  

a r e a s  w h i c h  r e m a i n e d  open  f o r  d a y s  and i n  w h i c h  t h e r e  was 

n o t  o n l y  a f r e e  p a s s a g e  b a c k  and f o r t h  o f  f l u i d  b e t w e e n  t h e  

v e s s e l  l u me n  and t h e  e x t e r i o r ,  b u t  a l s o  o f  f o r m e d  e l e m e n t s  

s u c h  as r e d  c e l l s  and f a t  g l o b u l e s .  H o w e v e r ,  i t  i s  e q u a l l y  

c l e a r  t h a t  r e g a r d l e s s  o f  wh a t  may be t r u e  o f  t h e

p e r m e a b i l i t y  o f  l y m p h a t i c  c a p i l l a r i e s  t o  t h e  v a r i o u s

c h e m i c a l  e l e m e n t s  p r e s e n t  i n  t h e  t i s s u e s  o u t s i d e ,  t h e

a s s u m p t i o n  t h a t  " l y m p h  i s  t i s s u e  f l u i d "  c a n n o t  be g e n e r a l l y  

t r u e  i n  a p h y s i c a l  s e n s e ,  f o r  n o t  o n l y  do t h e  l y m p h a t i c  

c a p i l l a r i e s  n o r m a l l y  f o r m  a c l o s e d  s y s t e m ,  s e p a r a t e d  f r o m

t h e  t i s s u e s  e v e r y w h e r e  by an i n t a c t  e n d o t h e l i a l  w a l l ,  b u t

u n d e r  n o r m a l  c i r c u m s t a n c e s  a l l  t h e  e v i d e n c e  a p p e a r s  t o

i n d i c a t e  t h a t  t h e r e  i s  no f r e e  f l u i d  p r e s e n t  i n  t h e  t i s s u e

s p a c e s ,  e x c e p t  when oedema d e v e l o p s .

I n  t h e  l i v e r ,  t h e  r e l a t i o n s h i p  b e t w e e n  i n t e r s t i t i a l  

f l u i d  and l y mp h  i s  e v e n  mor e  c o m p l e x .  No t  o n l y  b e c a u s e  o f  

t h e  f e n e s t r a t e d  e n d o t h e l i u m ,  t h e  a b s e n c e  o f  b a s e m e n t  

membr ane  i n  t h e  s i n u s o i d a l  and h e p a t o c y t e s ,  b u t  a l s o  

b e c a u s e  o f  t h e  c o m p l e x  f l u i d  d y n a m i c s  o f  t h e  f l u i d  i n  t h e  

s p a c e  o f  D i s s e .
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D. FLOW AND COMPOSITION OF HEPATIC LYMPH

The f l o w  o f  Lymph f r o m  t h e  l i v e r  has  b e e n  d e t e r m i n e d  

i n  b o t h  a n a e s t h e t i z e d  and c o n s c i o u s  a n i m a l s .  The f l o w  i s  

s p o n t a n e o u s ,  d e p e n d i n g  on t h e  c h a n g e s  i n  p r e s s u r e  due  t o  

r e s p i r a t i o n ,  as w e l l  as t h e  c o n t r a c t i l i t y  o f  t h e  c o l l e c t i n g  

l y m p h a t i c s  when t h e y  p o s s e s s  s mo o t h  m u s c l e  i n  t h e i r  w a l l  

( Y o f f e y  & C o u r t  i c e ,  1 9 7 0 )  ( d e s c r i b e d  l a t e r  o n ) .

The f o c a l  p o i n t  o f  t h e  m a j o r i t y  o f  s t u d i e s  o f  h e p a t i c  

l y mp h  i s  t h e  p r o t e i n  m o i e t y .  S t a r l i n g  ( 1 8 9 4 ,  1 9 0 9 )

c o l l e c t e d  l y mp h  f r o m  t h e  l a r g e  l y m p h a t i c  v e s s e l s  i n  t h e  

l e s s e r  omen t um and f o u n d  t h a t  i t  c o n t a i n e d  n e a r l y  as much 

p r o t e i n  as d i d  t h e  c i r c u l a t i n g  p l a s m a .

Many w o r k e r s  have  s t u d i e d  t h e  t h o r a c i c  d u c t  l y mph  i n  

c o n t r a s t  t o  t h e  f e w  who have  r e p o r t e d  on h e p a t i c  l y m p h .  

I t  i s  s u g g e s t e d  t h a t  l i v e r  l y mp h  d i f f e r s  f r o m  l y mp h  

e l s e w h e r e  i n  t h a t  t h e r e  a p p e a r s  t o  be an e q u i v a l e n c e  o f  i t s  

p r o t e i n  and  l i p i d  m o i e t i e s  t o  t h o s e  o f  p l a s m a  i t s e l f , a n d  

t h i s  i s  no s t r a n g e  c o n c l u s i o n  i f  one  r e c a l l s  t h e  n a t u r e  o f  

i t s  s i t e  o f  o r i g i n  p r e v i o u s l y  d e s c r i b e d .

R a t e  o f  f l o w :

S m i t h  e t  a l  ( 1 9 7 0 )  who c a n n u l a t e d  t h e  l a r g e s t  l y mph  

t r u n k  a t  t h e  p o r t a  h e p a t i s  a f t e r  t y i n g  t h e  r e s t  i n  

c o n s c i o u s  M a r i n o  ewes and r a m s ,  f o u n d  t h a t  t h e  r a t e  o f  f l o w  

was 1 . 0 - 3 . 0  ml  p e r  h o u r .  F r i e d m a n  e t  a l  (1 9 5 6 )  f o u n d  t h a t  

i n  r a t s  i t  was 0 . 0 8 - 0 . 1 m l  p e r  12 h o u r s  and  a t  t h e  end o f  12 

h o u r s  a b o u t  1 . 5 m l  o f  l y mph  was c o l l e c t e d ,  w i t h  

c o n s i d e r a b l e  i n d i v i d u a l  v a r i a t i o n s  ( r a n g e  o f  0 . 4 5 -
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3 . 5m I / 1 2 h r s )  . P o p p e r  and S c h a f f n e r  (1 9 5 7 )  f o u n d  t h a t  i n

t h e  n o r m a l  n o n - a n a e s t h e t i z e d  d o g ,  h e p a t i c  l y mp h  a m o u n t e d  t o  

n e a r l y  0 . 2 m l / m i n ,  and t h a t  i n  t h e  a n a e s t h e t i z e d  dog t h e  

r a t e  o f  f l o w  i n c r e a s e d .  I n  r a t s  t h e y  f o u n d  t h a t  t h e  l y mph  

o u t p u t  was a r o u n d  5 m l / d a y ,  t h e  e x a c t  a mo u n t  d e p e n d i n g  on 

t h e  s t a t e  o f  h y d r a t i o n  and d i g e s t i o n .  C o u r t i c e  ( 1 9 6 0 )  

f o u n d  t h a t  i n  r a b b i t s  t h e  n o r m a l  a v e r a g e  l y mp h  f l o w  i s  

0 . 7 m l / h r  w h i c h  i s  s omewha t  l e s s  t h a n  t h e  f l o w  o f  l y mph  i n  

t h e  c a t  ( M o r r i s ,  1 9 5 6 b )  and i n  t h e  d o g .  The r a t e  o f  f l o w  

was f o u n d  by C o u r t i c e  ( 1 9 6 0 )  t o  i n c r e a s e  i n  c a s e s  o f  

h y p e r e  ho I e s t e r o  I a e mi a  and a f t e r  b i l i a r y  o b s t r u c t i o n .  I t  

a p p e a r s  t h a t  d i f f e r e n t  s p e c i e s  h av e  d i f f e r e n t  r a t e s  o f  f l o w  

u n d e r  d i f f e r e n t  c i r c u m s t a n c e s .

I t  i s  g e n e r a l l y  a g r e e d  t h a t  t h e  l i v e r  has  a l a r g e  

l y mp h  o u t p u t ,  p e r h a p s  g r e a t e r  t h a n  t h a t  o f  any  o t h e r  o r g a n .  

T h u s ,  i t  may c o n t r i b u t e  up t o  20% o f  t h e  t o t a l  t h o r a c i c

d u c t  l y m p h ,  and i n  s t a r v a t i o n  i t  may be up t o  50% CPo p p e r  & 

S c h a f f n e r  ( 1 9 5 7 ) 0 .  F r i e d m a n  e t  a l  ( 1 9 5 6 )  f o u n d  t h a t  t h e  

m a x i m a l  p r e s s u r e  o b s e r v e d  o f  r a t  h e p a t i c  l y mp h  was 26cm o f  

l y m p h .

P r o t e i n  c o n t e n t :

I t  i s  c a l c u l a t e d  t h a t  t h e  t o t a l  p r o t e i n s  o f  h e p a t i c  

l y mp h  i s  a b o u t  one t h i r d  l e s s  t h a n  t h a t  o f  t h e  p l a s m a .

S m i t h  e t  a l  ( 1 9 7 0 )  f o u n d  t h a t  t h e  r a t i o  o f  t o t a l  l ymph

p r o t e i n s  t o  t o t a l  p l a s m a  p r o t e i n s  i n  c a s e  o f  t h e  l i v e r  

e q u a l s  0 . 7 6  + 0 . 0 2 .  T h i s  makes  t h e  h e p a t i c  l y mph  t h e

r i c h e s t  l y mp h  i n  p r o t e i n s ,  a f a c t  w h i c h  s u p p o r t s  i t s  o r i g i n  

p r i n c i p a l l y ,  f r o m  f l u i d  i n  D i s s e ' s  s p a c e .  Y e t  t h e  e v i d e n c e

27



i n d i c a t e s  a c e r t a i n  d e g r e e  o f  m o l e c u l a r  s i e v i n g  o f  t h e

p r o t e i n  m o l e c u l e s  a c c o r d i n g  t o  t h e i r  s i z e .  T h i s  m o l e c u l a r  

s i e v i n g  has  b e e n  f u r t h e r  d e m o n s t r a t e d  f o r  e v e n  l a r g e r

m o l e c u l e s  o r  c o m p l e x e s ,  t h e  l i p o p r o t e i n s .  T h i s  m o l e c u l a r  

s i e v i n g ,  i n  t h e  c a s e  o f  t h e  l i v e r ,  can  be e x p l a i n e d  on t h e  

b a s i s  o f  t h e  p r e s e n c e  o f  s m a l l  e n d o t h e l i a l  f e n e s t r a t i o n s ,

l a r g e  o n e s ,  and l a r g e r  o n e s  p a r t i t i o n e d  w i t h  s t r a n d s  o f

e n d o t h e l i a l  c y t o p l a s m .  So s m a l l  m o l e c u l e s  p a s s  t h r o u g h

any  f e n e s t r a t i o n s  and l a r g e r  m o l e c u l e s  p a s s  o n l y  t h r o u g h

l a r g e r  o n e s .

S i n c e  t h e  l i v e r  i s  a l s o  a m a j o r  s i t e  o f  s y n t h e s i s  o f  

p l a s m a  p r o t e i n s ,  i t  i s  p o s s i b l e  t h a t  some p r o t e i n s  e n t e r i n g  

t h e  l y m p h a t i c s  v i a  D i s s e ' s  s p a c e  a r e  n e w l y  s y n t h e s i z e d .  

The b a l a n c e  o f  e v i d e n c e ,  h o w e v e r ,  s u g g e s t s  t h a t  p l a s ma  

p r o t e i n s  n e w l y  f o r m e d  i n  t h e  l i v e r  m a i n l y  p a s s  d i r e c t l y  

i n t o  t h e  b l o o d  s t r e a m .  T h i s  c o n c l u s i o n  i s  b a s e d  on

e x p e r i m e n t s  i n  w h i c h  t h e  t h o r a c i c  d u c t  was l i g a t e d  o r  

a t h o r a c i c  d u c t  f i s t u l a  c r e a t e d .  C r e me r  e t  a l  ( 1 9 7 4 )  

l i g a t e d  t h e  t h o r a c i c  d u c t  o f  r a t s  and s t u d i e d  t h e

b i o c h e m i c a l  a n a l y s i s  o f  t h e  s e r u m .  Th e y  s howed  t h a t  t h e  

l o s s  o f  p r o t e i n  f r o m  t h e  t h o r a c i c  d u c t  was much g r e a t e r

t h a n  t h e  d e c r e a s e  i n  t o t a l  c i r c u l a t i n g  p l a s m a  p r o t e i n s .

C o u r t i c e  ( 1 9 6 0 )  f o u n d  t h a t  t h e  r e l a t i v e  c o n c e n t r a t i o n  

o f  a l b u m i n  was g r e a t e r  t h a n  t h a t  o f  g l o b u l i n  as a w h o l e  and 

o f  e a c h  o f  t h e  i n d i v i d u a l  g l o b u l i n  f r a c t i o n s .  I n  n o r m a l  

a n i m a l s ,  t h e  a l b u m i n  c o n c e n t r a t i o n  was a b o v e  96% o f  t h a t  o f  

p l a s m a ,  w h e r e a s  t h a t  o f  t h e  g l o b u l i n  was 74% o f  t h a t  i n  t h e
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p l a s m a .  B r i n k h o u s  and W a l k e r  ( 1 9 4 1 )  e x a m i n e d  i n  d o g s  t h e  

p r o t h r o m b i n  c o n c e n t r a t i o n  o f  t h e  l y mp h  i n  t h e  t h o r a c i c  

d u c t ,  f e m o r a l  l y m p h a t i c s  and t h e  l i v e r .  T a k i n g  t h e  

p r o t h r o m b i n  l e v e l  o f  t h e  b l o o d  p l a s m a  as 100% t h e y  

e s t a b l i s h e d  t h e  f o l l o w i n g  v a l u e s :  f e m o r a l  l y mp h  7 . 6 % ,

t h o r a c i c  d u c t  5 0 . 7 % ,  l i v e r  l y mp h  9 3 . 2 % .

G l u c o s e  c o n t e n t :

I n  n o r m a l  r a t s ,  t h e  a v e r a g e  g l u c o s e  c o n c e n t r a t i o n  o f  

h e p a t i c  l y mp h  i s  a b o u t  one t h i r d  g r e a t e r  t h a n  t h a t  i n  t h e  

p l a s m a .  I n  p r e v i o u s l y  f a s t e d  r a t s ,  t h e  a v e r a g e  g l u c o s e  

c o n c e n t r a t i o n  o f  h e p a t i c  l y mp h  i s  a b o u t  one  f i f t h  g r e a t e r  

t h a n  t h a t  o f  p l a s m a .

C h o l e s t e r o l  c o n t e n t :

The a v e r a g e  c o n c e n t r a t i o n  o f  c h o l e s t e r o l  i n  h e p a t i c  

l y mp h  ( 3 3 m g / 1 0 0 m l )  i s  c o n s i d e r a b l y  l e s s  t h a n  t h a t  o f  

p l a s m a .

J o t  a I l i p i d s  ( F r i e d m a n  e t  a l ,  1 9 5 6 ) :

L i t t l e  d i f f e r e n c e  was o b s e r v e d  b e t w e e n  t h e  

c o n c e n t r a t i o n  o f  l i p i d  i n  l y mp h  and p l a s m a .

C h o j. a t  e c o n t e n t :

I t  i s  d o u b t f u l  i f  a t r u e  d i f f e r e n c e  e x i s t s  i n  t h e  

c o n c e n t r a t i o n  o f  t h i s  s u b s t a n c e  i n  t h e  t w o  f l u i d s  ( F r i e d m a n  

e t  a l ,  1 9 5 6 )  .

U r e a  c o n t e n t :

I t  i s  a p p r o x i m a t e l y  t h e  same as t h a t  o f  p l a s m a .  

C e l l s  i n  h e p a t i c  l y m p h :

S m i t h  e t  a l  ( 1 9 7 0 )  c a l c u l a t e d  t h e  c e l l  c o u n t  i n
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3
s h e e p ' s  h e p a t i c  Lymph t o  be 2000  -  6 0 0 0  c e l l s / m m  ,  c o mp a r e d

3
t o  100  -  10 0 0  c e l l s / m m  i n  Lymph c o L L e c t e d  f r o m  o t h e r

t i s s u e s ,  w i t h  L y m p h o c y t e s  m a k i n g  7 0 - 8 5 % ,  m a c r o p h a g e s  5- 20%

and o t h e r s  5 - 1 0 % .  T h i s  h i g h  c eLL  c o u n t  i n d i c a t e d  t h a t

t h e r e  was an e x t e n s i v e  t r a f f i c  o f  c e L L s  t h r o u g h  t h i s  o r g a n

( L a s c e L L e s  and M o r r i s ,  1 9 6 1 ) .  H e a t h ,  L a s c e L L e s  and M o r r i s

( 1 9 6 2 ) ,  t a k i n g  t h e  a v e r a g e  ceLL  c o n t e n t  o f  p e r i p h e r a L  L i v e r
6 9

Lymph as 4 x 10 /mL e s t i m a t e d  t h a t  2 x 10 c e L L s  m i g r a t e
8

f r o m  t h e  L i v e r  e a c h  d a y ,  o f  w h i c h ,  2 x 10 a r e  m a c r o p h a g e s .

Many o f  t h e s e  c e L L s  a p p e a r  a t  some s t a g e  o f  t h e i r  L i f e

h i s t o r y  t o  be p a r t  o f  a p o p u L a t i o n  o f  p h a g o c y t i c  c e L L s  t h a t

a r e  i n  c o n t a c t  w i t h  b L o o d  and abLe  t o  t a k e  up p a r t i c u L a t e

m a t e r i a L  f r o m  i t .  The mo s t  o b v i o u s  c e L L s  i n  t h e  L i v e r  w i t h

t h e s e  c a p a b i L i t i e s  a r e  t h e  K u p f f e r  c e L L s .  I t  seems t h a t

h a v i n g  p h a g o c y t i s e d  p a r t i c u L a t e  m a t e r i a L  f r o m  t h e  bLo o d

s t r e a m  i n  t h e  L i v e r  s i n u s o i d s ,  many K u p f f e r  c e L L s  v a c a t e

t h e i r  p o s i t i o n  on t h e  waLLs  o f  t h e  h e p a t i c  s i n u s o i d s  and

m i g r a t e  i n t o  t h e  h e p a t i c  Lymph.

T h e r e  a r e  some r e p o r t s  s u g g e s t i n g  t h a t  t h e  L i v e r  may

be t h e  s i t e  o f  t h e  p r e f e r e n t i a L  r e c i r c u L a t i o n  o f

L y m p h o c y t e s .  F i c h t e L i u s  and D i d e n h o L m  ( 1 9 5 9 ) ,  F i c h t e L i u s

e t  aL ( 1 9 6 1 )  and  F i c h t e L i u s  and G r o t h  ( 1 9 6 3 )  L a b e L L e d

s p L e n i c  Lymph no d e  and t h y m i c  c e L L s  w i t h  r a d i o a c t i v e  
32 3

p h o s p h o r u s  P and H - t h y m i d i n e  and i n f u s e d  t hem

i n t r a v e n o u s L y ,  t h e y  f o u n d  t h a t  t h e r e  we r e  h i g h e r  

c o n c e n t r a t i o n s  o f  r a d i o - a c t i v i t y  i n  t h e  h e p a t i c  Lymph n od e s  

t h a n  i n  o t h e r  n o d e s .  No e v i d e n c e  was p r e s e n t e d  t h a t  t h e  

L a b e L L e d  c e L L s  s p e c i f i c a L L y  came v i a  t h e  h e p a t i c  p e r i p h e r a L
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l y m p h .

H o r i i  e t  a l  ( 1 9 5 0 )  m e a s u r e d  t h e  n u m b e r  o f  l y m p h o c y t e s  

i n  t h e  h e p a t i c  a r t e r y  and p o r t a l  v e i n  o f  r a b b i t s  and f o u n d  

i t  t o  be h i g h e r  t h a n  i n  t h e  h e p a t i c  v e i n -
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E.  THE PORTAL CANALS

P o r t a l  c a n a l s  a r e  s e en  i n  s e c t i o n s  o f  t h e  l i v e r  as 

s m a l l  t r i a n g u l a r  o r  r o u n d  p r o f i l e s  a t  t h e  " c o r n e r s "  o f  t h e  

c l a s s i c  l i v e r  l o b u l e s .  Each p o r t a l  c a n a l  c o n s i s t s  o f  l o o s e  

c o n n e c t i v e  t i s s u e  and c o n t a i n s  an i n t e r l o b u l a r  v e i n ,  

i n t e r l o b u l a r  a r t e r y ,  i n t e r l o b u l a r  b i l e  d u c t ,  l y m p h a t i c  

v e s s e l s  and n o n - m y e l i n a t e d  n e r v e  f i b r e s .  The f r e q u e n t l y  

u s e d  t e r m  " p o r t a l  t r i a d ' 1 d e s i g n a t e s  t h e  t h r e e  mos t  

p r o m i n e n t  e l e m e n t s  o f  t h e  p o r t a l  c a n a l :  t h e  v e i n ,  a r t e r y ,

and  b i l e  d u c t s .  " P o r t a l  t e t r a d s "  i s  t o  be p r e f e r r e d  s i n c e  

i t  a l s o  i n c l u d e s  t h e  l y m p h a t i c  v e s s e l s .

B e t w e e n  t h e  p o r t a l  c a n a l s  and t h e  p e r i l o b u l a r  

l i m i t i n g  p l a t e  l i e s  a s p a c e  t h a t  c o n t a i n s  h e p a t o c y t i c  

m i c r o v i l l i ,  b u n d l e s  o f  c o l l a g e n  and i n t e r s t i t i a l  f l u i d .  I t  

was f i r s t  d e s c r i b e d  by M a l l  ( 1 9 0 6 )  and i s  now known as t h e  

s p a c e  o f  M a l l .  T h e r e  has  b e e n  much d e b a t e  a b o u t  t wo  ma i n  

f e a t u r e s  o f  M a l l ' s  s p a c e .  F i r s t ,  w h e t h e r  i t  r e a l l y  e x i s t s  

as s u c h  u n d e r  n o r m a l  p h y s i o l o g i c a l  c o n d i t i o n s  o r  w h e t h e r  i t  

i s  m e r e l y  a p o t e n t i a l  s p a c e .  S e c o n d l y ,  w h e t h e r  i t  i s  a 

Lymph s p a c e ,  as i t  was t h o u g h t  t o  be by M a l l  h i m s e l f .  Leak  

( 1 9 7 6 )  t h o u g h t  t h a t  any  f l u i d  f r o m  t h e  s p a c e  o f  M a l l  m i g h t  

d r a i n  i n t o  l y m p h a t i c s .  A c o mmo n l y  h e l d  v i e w  i s  t h a t  i t  

b e l o n g s  t o  t h e  s e r i e s  o f  s p a c e s  t h r o u g h  w h i c h  t h e  l ymph  

p a s s e s  b e f o r e  f i n a l l y  r e a c h i n g  t h e  L y m p h a t i c s .

The p o r t a l  c a n a l s ,  a l s o  c a l l e d  i n t e r l o b u l a r  s p a c e s  o r  

p o r t a l  t r a c t s ,  c o n s i s t  o f  i r r e g u l a r l y  a r r a n g e d  c o l l a g e n o u s  

c o n n e c t i v e  t i s s u e  b u n d l e s  b e t w e e n  w h i c h  some f i n e  f i b r i l l a r
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r e t i c u l u m  f i b r e s  are s u s p e n d e d -  The d e n s e r  c o n n e c t i v e  

t i s s u e  p r o t e c t s  t h e  v e s s e l s  w h i c h  a r e  f i r m l y  a n c h o r e d

w i t h i n  t h e  p o r t a l  c a n a l -  E l a s t i c  f i b r e s  o r  membr anes  

o r i g i n a t i n g  f r o m  t h e  e l a s t i c  l a m e l l a  o f  t h e  p o r t a l  v e s s e l s  

a r e  i n t e r w o v e n .

The s t r u c t u r e  o f  t h e  p o r t a l  c a n a l s  shows s p e c i e s

v a r i a t i o n s  ( P o p p e r  & S c h a f f n e r ,  1 9 5 7 ) .  I n  man t h e

a d v e n t i t i a l  l a y e r s  o f  a r t e r i e s  and v e i n s  seem t o  u n i t e .  

The i n t e r l o b u l a r  b i l e  d u c t s  a r e  c l o s e  t o  t h e  v e i n  o r  

s e p a r a t e d  f r o m  i t  by l y m p h a t i c  v e s s e l s .  I n  t h e  l a r g e r

p o r t a l  c a n a l s ,  many l ymph  v e s s e l s  a r e  f o u n d .  The t i s s u e  o f  

t h e  p o r t a l  c a n a l s  has been  e s t i m a t e d  t o  f o r m  4. 6% o f  t h e  

t o t a l  v o l u m e  o f  t h e  l i v e r  i n  t h e  a d u l t  and 6% i n  c h i l d r e n  

( P o p p e r  & S c h a f f n e r ,  1 9 5 7 ) .  I n  p i g s  i t  f o r m s  c o m p l e t e  

c a p s u l e s  a r o u n d  e ac h  l o b u l e .  T h i s ,  h o w e v e r ,  i s

n o t  n e c e s s a r i l y  a s s o c i a t e d  w i t h  an i n c r e a s e  o f  t h e  t o t a l  

p o r t a l  c o n n e c t i v e  t i s s u e  o f  t h e  p o r t a l  c a n a l s ,  s i n c e  t h e  

c o n n e c t i v e  t i s s u e  i n  t h e  p i g  i s  much t h i n n e r  a r o u n d  t h e  

v e s s e l s .  I n  man,  n a r r o w  s e c o n d a r y  t r a b e c u l a e  e x t e n d  i n t o  

t h e  p a r e n c h y m a  f r o m  t h e  p o r t a l  c a n a l .  They  c o n t a i n  t h e

i n t e r l o b u l a r  b r a n c h e s  o f  t h e  h e p a t i c  a r t e r y  o r  p r e c a p i l l a r y  

a r t e r i  o l e s .

The m o r p h o l o g i c a l  d i v i s i o n  o f  t h e  c o n n e c t i v e  t i s s u e  

f r a m e w o r k  o f  t h e  l i v e r  i n t o  a c a p s u l e ,  t h e  f i b r o u s  t i s s u e  

o f  t h e  p o r t a l  c a n a l s  and t h e  i n t r a l o b u l a r  n e t w o r k  o f

f i b r e s ,  h a p p e n s  t o  c o r r e s p o n d  t o  t h e  o r d e r  i n  w h i c h  t h e s e  

c o m p o n e n t s  we r e  d i s c o v e r e d .  The o l d  o b s e r v e r s ,  su c h  as
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G l i s s o n ,  v i e w e d  t h e  c o n n e c t i v e  t i s s u e  f r a m e w o r k  o f  t h e  

l i v e r  mor e  o r  l e s s  as one  u n i t ,  a c o n c e p t  e m b r a c e d  by t h e  

o r i g i n a l  m e a n i n g  o f  t h e  t e r m  " G l i s s o n ' s  c a p s u l e " .  I t  was

o n l y  a f t e r  t h e  i n t r o d u c t i o n  o f  s i l v e r  s t a i n s  by  Op p e l  

( 1 8 9 1 ) ,  Ma r e  sc h (1 9 0 5 ,  W o l f  (1 9 0 5 )  and a f t e r  M a l l  (1 8 8 8 ,  

1 8 9 1 )  and S i e g f r i e d  ( 1 8 9 2 )  had d e m o n s t r a t e d  some p h y s i c a l  

and c h e m i c a l  d i f f e r e n c e s  b e t w e e n  t h e m ,  t h a t  t h e  t h r e e  

d i v i s i o n s  o f  t h e  c o n n e c t i v e  t i s s u e  f r a m e w o r k  we r e  

s e p a r a t e l y  r e c o g n i s e d .

B e t w e e n  t h e  c o n n e c t i v e  t i s s u e  b u n d l e s  o f  t h e  p o r t a l  

c a n a l s ,  c e l l s  w i t h  l a r g e  v e s i c u l a r  n u c l e i  a r e  f o u n d .  T h e i r  

c y t o p l a s m  may c o n t a i n  e n g u l f e d  m a t e r i a l .  Some o f  t h e s e  

c e l l s  a r e  f i x e d  m a c r o p h a g e s ,  o t h e r s  a r e  w a n d e r i n g  

m o n o c y t e s .  Some l y m p h o c y t e s  and p l a s m a  c e l l s  may a l s o  be 

p r e s e n t ,  t h o u g h  w h e t h e r  t h e y  a r e  n o r m a l  c o n s t i t u e n t s  o r  n o t  

has  b e e n  d e b a t e d .  T h e s e  c e l l u l a r  e l e m e n t s  a r e  f r e q u e n t l y  

a r r a n g e d  a r o u n d  t h e  l y m p h a t i c s .  The i n c i d e n c e  o f

a c c u m u l a t i o n s  o f  m a c r o p h a g e s  and l y m p h o c y t e s  v a r i e s  i n  

d i f f e r e n t  i n d i v i d u a l  r a t s ,  a l l  a p p a r e n t l y  n o r m a l  ( A t e r m a n ,  

1 9 8 1 ) .  A c c u m u l a t i o n s  become l a r g e r  and mor e  common w i t h  

i n c r e a s i n g  a g e .  A l l  t r a n s i t i o n s  may be e n c o u n t e r e d ,  f r o m  

o n l y  a f ew c e l l s ,  t o  l a r g e  a g g r e g a t i o n s  f o r m i n g  l ymph  

f o l l i c l e s  w i t h  g e r m i n a l  c e n t r e s  ( A t e r m a n ,  1 9 8 1 ) ,  t o

i r r e g u l a r  a c c u m u l a t i o n s  w i t h o u t  any  p a t t e r n  and w i t h o u t  any  

e v i d e n c e  o f  a s i g n i f i c a n t  d i s o r d e r  o f  t h e  l i v e r .
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F . THE GENERAL STRUCTURE OF LYMPHATI CS

The s i g n i f i c a n c e  o f  t h e  l y m p h a t i c  s y s t e m  l i e s  i n  t h e  

f a c t  t h a t  e x c e s s  p r o t e i n s  and f l u i d  i n  t h e  i n t e r s t i t i u m  a r e  

c a p a b l e  o f  d i s t u r b i n g  t h e  n o r m a l  S t a r l i n g  p a t t e r n  o f  

e x c h a n g e  b e t w e e n  b l o o d  c a p i l l a r y  w a l l  and t h e  s u r r o u n d i n g  

t i s s u e  s p a c e s .  T h i s  p r o c e s s ,  i f  l e f t  u n c h e c k e d ,  w o u l d  l e a d  

t o  oedema f o r m a t i o n .  The c o n s t a n t  l o s s  o f  d i f f u s i b l e  

s u b s t a n c e s  and p l a s m a  p r o t e i n s  f r o m  t h e  b l o o d  c a p i l l a r i e s  

i n  t h e  i n t e r s t i t i u m ,  i f  a l l o w e d  t o  c o n t i n u e  w o u l d  n o t  o n l y  

d e p l e t e  t h e  b l o o d  c i r c u l a t o r y  s y s t e m  o f  i t s  p l a s ma  

c o l l o i d s ,  b u t  w o u l d  a l s o  d i s r u p t  t h e  b a l a n c e  o f  f o r c e s  

r e s p o n s i b l e  f o r  t h e  c o n t r o l  o f  f l u i d  mo v eme n t  and t h e  

e x c h a n g e  o f  g a s e s ,  f l u i d s  and m a t e r i a l s  a c r o s s  t h e  b l o o d  

v a s c u l a r  s y s t e m .  L y m p h a t i c s  s u b s e r v e  t h e  b o d y  t i s s u e s  by 

c o n s t a n t l y  r e m o v i n g  t h e  e x c e s s  i n t e r s t i t i a l  f l u i d  and 

p l a s m a  p r o t e i n s  t h a t  a r e  n o t  r e mo v e d  a t  t h e  v e n u l a r  l i m b  o f  

t h e  b l o o d  v a s c u l a r  s y s t e m .  I n  t h i s  way t h e  l y m p h a t i c  

s y s t e m  p r e v e n t s  a b u i l d  up o f  t h e s e  c o m p o n e n t s  w i t h i n  t h e  

i n t e r s t i t i u m ,  a c c o m p l i s h i n g  t h e  m a i n t e n a n c e  o f  f l u i d  

h o m e o s t a s i s  f o r  t h e  v a r i o u s  t i s s u e s  o f  t h e  b o d y .

The b e g i n n i n g s  o f  t h e  l y m p h a t i c  v e s s e l s  a r e  l o c a t e d  

n e a r  t h e  s i t e  o f  c e l l u l a r  m e t a b o l i s m  and a l s o  h av e  a c l o s e

t o p o g r a p h i c  r e l a t i o n s h i p  w i t h  t h e  b l o o d  c a p i l l a r i e s  and

s m a l l  v e n u l e s  ( L e a k ,  1 9 7 6 ) .  I n  t h i s  w a y ,  t h e  d r a i n a g e  

s y s t e m  i s  s t r a t e g i c a l l y  p l a c e d  and i s  a n a t o m i c a l l y

c o n s t r u c t e d  t o  p e r m i t  a c o n t i n u o u s  and r a p i d  r e m o v a l  o f

t r a n s i e n t  i n t e r s t i t i a l  f l u i d s ,  p l a s m a  p r o t e i n s ' a n d  c e l l s .

35



The g r o s s  and m i c r o s c o p i c  s t r u c t u r e  o f  t h e  L y m p h a t i c  

s y s t e m  i s  w e l l  c o v e r e d  i n  s e v e r a l  g e n e r a l  r e v i e w s ,  on w h i c h  

t h e  f o l l o w i n g  a c c o u n t  i s  b a s e d ,  e . g .  M a y e r s o n  ( 1 9 6 3 ) ,  A l l e n  

( 1 9 6 7 ) ,  R u s z n y a k ,  F o l d i  and Szabo  ( 1 9 6 7 ) ,  F o l d i  ( 1 9 6 9 ) ,  

K a m p m e i e r  ( 1 9 6 9 ) ,  Y o f f e y  and C o u r t i c e  ( 1 9 7 0 ) ,  C o u r t i c e  

( 1 9 7 1 ) ,  C a s l e y - S m i t h  ( 1 9 7 3 )  and C o u r t i c e  ( 1 9 8 1 ) .

The mo s t  p e r i p h e r a l  e l e m e n t s  o f  t h e  s y s t e m  a r e

i n n u m e r a b l e ,  s m a l l ,  t h i n - w a l l e d  v e s s e l s .  Th ey  p e r f o r m  t h e  

p r i m a r y  f u n c t i o n  o f  t h e  l y m p h a t i c  s y s t e m  o f  r e m o v i n g  

m a t e r i a L  f r o m  t h e  t i s s u e s .  Th ey  p r o g r e s s i v e l y  me r ge  

c e n t r a l l y  t o  f o r m  t h e  " c o l l e c t i n g  l y m p h a t i c s " ,  w h i c h  

p e r f o r m  t h e  s e c o n d  f u n c t i o n  o f  t h e  s y s t e m  o f  t r a n s p o r t i n g

t h e  m a t e r i a l  t o  t h e  b l o o d .  The p e r i p h e r a l  l y m p h a t i c s  a r e

v a r i o u s l y  named l y m p h a t i c  c a p i l l a r i e s ,  t e r m i n a l  l y m p h a t i c s ,  

s m a l l  l y m p h a t i c s  o r  i n i t i a l  l y m p h a t i c s .  Th e y  a r e  u s u a l l y  

a b o u t  0 . 5mm l o n g ,  20 - 60 / j m i n  d i a m e t e r .  The s i z e  o f  t h e  

l umen  o f  any  i n d i v i d u a l  l y m p h a t i c  c a p i l l a r y  c h a n g e s

c o n s i d e r a b l y  f r o m  t i m e  t o  t i m e  d e p e n d i n g  on t h e  s t a t e  o f  

h y d r a t i o n  o f  t h e  t i s s u e  c o n c e r n e d .  Th e y  a r e  v e r y  i r r e g u l a r  

i n  s h a p e ,  u s u a l l y  r a t h e r  f l a t t e n e d ,  a l t h o u g h  v a r y i n g  

t h r o u g h o u t  t h e  i n i t i a l  l y mph  c y c l e  ( s e e  l a t e r ) .  The l i n i n g  

L a y e r  o f  e n d o t h e l i u m  i s ,  a t  b e s t ,  s u p p o r t e d  by a p o o r l y  

d e v e l o p e d  b a s e m e n t  me mb r a n e ,  m a k i n g  l y m p h a t i c s  e a s i l y  

d i s t i n g u i s h e d  f r o m  b l o o d  c a p i l l a r i e s  i n  mo s t  t i s s u e s  o f  t h e  

b o d y .

P a s s i n g  c e n t r a l l y ,  t h e  c o l l e c t i n g  l y m p h a t i c s  add 

o t h e r  e l e m e n t s  t o  t h e i r  w a l l ,  s u c h  as i n t e r n a l  e l a s t i c
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L a mi n a  ( w h i c h  i s  u s u a l l y  i n c o m p l e t e  and  d i s a p p e a r s  i n  t h e  

t h o r a c i c  d u c t ) ,  s mo o t h  m u s c l e  c e l l s  and  c o n n e c t i v e  t i s s u e  

i n  g e n e r a l  ( Cas l e y - S m i t h ,  1 9 6 9 a ;  S c h i p p ,  1 9 6 7 ) .  T h e r e  a r e  

many n o n - m y e l i n a t e d  n e r v e s  ( M o r r i s ,  1 9 5 6 b ) .  The c o l l e c t i n g  

- l y m p h a t i c s  h av e  many c e n t r a l l y - d i r e c t e d  v a l v e s  w h i c h  

a p p e a r  i n  s e c t i o n a l  p r o f i l e  as t r u n c a t e d  c o n e s  ( B o u s s a u w  & 

L a u w e r y n s ,  1 9 6 9 ) .  The s mo o t h  m u s c l e  and t h e  v a l v e s  p l a y  an 

i m p o r t a n t  r o l e  i n  t h e  i n t r i n s i c  p r o p u l s i o n  p r o p e r t i e s  o f  

t h e  l y m p h a t i c s ,  a t  l e a s t  i n  some mamma l s .

The f i n e  s t r u c t u r e  o f  t h e  i n i t i a l  l y m p h a t i c s  has b een  

r e v i e w e d  by M a j n o  ( 1 9 6 5 ) ,  O t t a v i a n i  and A z z a l i  ( 1 9 6 5 ) ,  

V i r a g h  e t  a l  ( 1 9 6 6 ) ,  L ea k  and B u r k e  ( 1 9 6 8 ) ,  L a u w e r y n s  and 

B o u s s a u w  ( 1 9 6 9 ) ,  C a s l e y - S m i t h  ( 1 9 6 9 a ) ,  L e a k  ( 1 9 7 0 ) ,  Y o f f e y  

and  C o u r t i c e  ( 1 9 7 0 ) ,  D o b b i n s  and R o l l i n s  ( 1 9 7 1 ) ,  K a l i m a  

( 1 9 7 1 ) ,  C o u r t i c e  ( 1 9 8 1 ) .

The w a l l s  o f  l y m p h a t i c  c a p i l l a r i e s  i n  a l l  t i s s u e s  and 

i n  a l l  mammal s  a r e  s omewha t  s i m i l a r  i n  t h e i r  f i n e  s t r u c t u r e  

( C o u r t i c e ,  1 9 8 1 ) .

The e n d o t h e l i a l  c e l l  i s  t h i c k e s t  i n  t h e  n u c l e a r  

r e g i o n ,  up t o  a b o u t  6jjm, and e l s e w h e r e  bec o me s  a t t e n u a t e d ,  

s o m e t i m e s  as l i t t l e  as 0 .1 m.

The e n d o t h e l i a l  c e l l s  a r e  i r r e g u l a r  i n  s hap e  w i t h  

n u m e r o u s  p r o j e c t i o n s  on b o t h  t h e i r  l u m i n a l  and a b l u m i n a l  

f a c e s .  T h e s e  p r o j e c t i o n s  may e x t e n d  d e e p l y  i n t o  t h e  

c o n n e c t i v e  t i s s u e .  The b a s e m e n t  membr ane  i s  much Less  

d e v e l o p e d ,  o f t e n  g r e a t l y  a t t e n u a t e d  o r  e v e n  n o t  v i s i b l e  a t  

a l l .  E n d o t h e l i a l  c e l l s  o f  s m a l l  l y m p h a t i c  v e s s e l s  a r e  

c o n n e c t e d  t o  t h e  s u r r o u n d i n g  t i s s u e  by f i b r i l s .  Th e s e  have
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b e e n  s u g g e s t e d  as e a r l y  as 1876  by  G a s k e l l  and S t a r l i n g

( 1 8 9 8 ) .  L a t e r  t h e y  w e r e  c o n f i r m e d  by  l i g h t  m i c r o s c o p y  by

C l a r k  and C l a r k  ( 1 9 2 1 )  and by M c M a s t e r  and Hu d ac k  ( 1 9 3 4 ) .

L e a k  and B u r k e  ( 1 9 6 6 )  d e t e c t e d  t he m by  e l e c t r o n  m i c r o s c o p y

i n  t h e  l y m p h a t i c  v e s s e l s  o f  t h e  e a r s  o f  a l b i n o  g u i n e a
o

p i g s .  Th e y  c o n s i s t  o f  n u m e r o u s  f i n e  f i l a m e n t s  ( ~  60A i n

d i a m e t e r )  t h a t  a r e  a t t a c h e d  t o  t h e  a b l u m i n a l  f a c e  o f

l y m p h a t i c  e n d o t h e l i u m  a t  a r e a s  o f  i n c r e a s e d  e l e c t r o n

d e n s i t y ,  s i m i l a r  t o  h e m i - d e s m o s o m e s .  The f i l a m e n t s  e x t e n d

f o r  v a r y i n g  d i s t a n c e s  i n t o  t h e  a d j a c e n t  c o n n e c t i v e

t i s s u e ,  t o  w h i c h  t h e y  a n c h o r  t h e  l y m p h a t i c  v e s s e l .  As t h e

a mo u n t  o f  t i s s u e  f l u i d  i n c r e a s e s ,  t h e  t e n s i o n  on t h e s e

f i l a m e n t s  c a u s e s  t h e  w a l l  o f  l y m p h a t i c  v e s s e l s  t o  be d r a w n

a p a r t  i n s t e a d  o f  t h e  v e s s e l  c o l l a p s i n g .  T h i s  e n s u r e s  t h a t

t h e  v e s s e l s  d i l a t e ,  and f i l l  w i t h  t h e  s u r r o u n d i n g  f l u i d .*
The o v e r l a p p i n g  e n d o t h e l i a l  i n t e r c e l l u l a r  j u n c t i o n s  

a r e  t h e  mos t  i m p o r t a n t  s t r u c t u r e s  i n  t h e  w h o l e  s y s t e m ,  f o r  

u po n  t he m d e p e n d  b o t h  t h e  u p t a k e  o f  m a t e r i a l  and i t s

r e t e n t i o n  ( Cas l e y - S m i t h ,  1 9 7 7 ;  L e a k ,  1 9 7 6 ) ;  many o f  t h e s e

j u n c t i o n s  r e s e m b l e  t h o s e  i n  t h e  b l o o d  c a p i l l a r i e s .  Th os e

w i t h  i n t e r d i g i t a t i o n s  p r o b a b l y  h e l p  t o  h o l d  t h e  c e l l s

t o g e t h e r  ( M a j n o ,  1 9 6 5 ) .  O t h e r s  may be " t o n g u e  and g r o o v e "  

and e dge  t o  edge  a p p r o x i m a t i o n s .  S o m e t i m e s  t h e r e  i s  a
o

s p a c e  b e t w e e n  e n d o t h e l i a l  c e l l s  a p p r o x i m a t e l y  90A i n  w i d t h ,  

w h i c h  a p p e a r s  t o  c o n t a i n  no i n t e r c e l l u l a r  c e me n t  s u b s t a n c e .  

I n  some a r e a s  t h e  c e l l s  may be mor e  t i g h t l y  j o i n e d  t o g e t h e r  

w i t h  " t i g h t "  j u n c t i o n s  ( z o n u l a e  o c c l u d e n t e s )  o r  d e s mo s o me s .
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( z o n u l a e  a d h e r e n t e s ) .  I t  s e e ms ,  h o w e v e r ,  t h a t  mos t  

e n d o t h e l i a l  c e l l s  may be e a s i l y  s e p a r a t e d  i n  p l a c e s ,  e i t h e r  

by  an i n c r e a s e d  f o r m a t i o n  o f  t i s s u e  f l u i d  o r  by m o v e m e n t ,  

as i n  t h e  d i a p h r a g m a t i c  L y m p h a t i c s .  I n  t h i s  way open  

j u n c t i o n s  a r e  f o r m e d  ( F r e n c h  e t  a l ,  1 9 6 0 ;  C a s l e y - S m i t h ,  

1 9 6 4 a , b ) .  I n  b l o o d  v e s s e l s ,  ope n  j u n c t i o n s  a r e  o n l y  s een  

i n  s i n u s o i d s  and i n j u r e d  v e s s e l s ,  b u t  i n  t h e  l y m p h a t i c  

s y s t e m  t h e y  may o c c u r  i n  a l l  i n i t i a l  l y m p h a t i c s .

I n  q u i e s c e n t  r e g i o n s ,  e . g .  t h e  p i n n a  o f  t h e  mouse 

e a r ,  t h e r e  a r e  v e r y  f ew p o r t i o n s  o f  t h e  j u n c t i o n s  o p e n .  

T h e s e  i n c r e a s e  d r a m a t i c a l l y  a f t e r  i n j u r y ,  e s p e c i a l l y  i f  

oedema i s  p r e s e n t  ( C a s l e y - S m i t h ,  1 9 6 7 a ,  1 9 7 0 a ,  1 9 7 2 ,  1 9 7 3 ) .  

Th e y  a r e  a l s o  mor e  f r e q u e n t  i n  a c t i v e  r e g i o n s ,  p a r t i c u l a r l y  

w h e r e  t h e r e  i s  much m o t i o n  o f  t i s s u e s  o r  f r e q u e n t  

v a r i a t i o n s  i n  t i s s u e  p r e s s u r e ,  as i n  t h e  i n t e s t i n a l  v i l l i .  

D o b b i n s  and R o l l i n s  ( 1 9 7 0 )  s t u d i e d  254  s e c t i o n s  t h r o u g h  

j u n c t i o n s  i n  t h e  i n t e s t i n a l  l y m p h a t i c s :  6 we r e  o p e n ,  10

w e r e  c l o s e d ,  89 we r e  t i g h t  and 149 c o u l d  n o t  be s een  

c l e a r l y  e n o u g h  t o  be i d e n t i f i e d ,  i . e .  a b o u t  6 / 1 0 5  (6%)  we r e  

d e f i n i t e l y  shown t o  be o p e n .  O t h e r  w o r k e r s  u s i n g  t h e  same 

t i s s u e  ( C a s l e y - S m i t h ,  1 9 6 2 ;  P a l a y  S K a r l i n ,  1 9 5 9 a ;  Papp e t  

a l ,  1 9 6 2 )  f o u n d  g r e a t e r  n u m b e r s  o f  o pen  j u n c t i o n s .  D o b b i n s  

and R o l l i n s  ( 1 9 7 0 )  c o n s i d e r e d  t h a t  s u c h  n u m b e r s  we r e  t o o  

s m a l l  f o r  t h e  j u n c t i o n s  t o  c o n t r i b u t e  s i g n i f i c a n t l y  t o  

l y m p h a t i c  f i l l i n g .  L a t e r  on C a s l e y - S m i t h  ( 1 9 7 5 b ) ,  ELhay  

and  C a s l e y - S m i t h  ( 1 9 7 6 )  s howed  t h a t  t h e y  w e r e  mor e  t h a n  

s u f f i c i e n t .  I t  s h o u l d  be p o i n t e d  o u t  t h a t  ope n  j u n c t i o n s  

a r e  n o t  n e c e s s a r i l y  open  a l l  t h e  t i m e .  Th ey  may be c l o s e d



d u r i n g  t i s s u e  c o m p r e s s i o n ,  i n  t h e  s e n s e  o f  t w o  c e l l s  b e i n g  

f o r c e d  c l o s e  t o g e t h e r .

E l e c t r o n  m i c r o s c o p i c  s e c t i o n s  g i v e  a f a l s e  i m p r e s s i o n  

o f  t h e  a c t u a l  n a t u r e  o f  t h e  j u n c t i o n s .  I t  i s  o n l y  t h r o u g h  

t h e  l a b o u r  o f  s e r i a l  s e c t i o n i n g  t h a t  an i m p r e s s i o n  i s  

g a i n e d  o f  how much i n d i v i d u a l  j u n c t i o n s  v a r y  a l o n g  t h e i r  

l e n g t h .  I n  p l a c e s  a l o n g  t h e i r  l e n g t h ,  t h e  c o m p l e x  

j u n c t i o n s  became s i m p l e r  u n t i l  t h e y  a r e  j u s t  o v e r l a p p i n g  

c e l l s ;  t h e n  t h e  z o n u l a e  d i s a p p e a r  and t h i s  p o r t i o n  o f  t h e

j u n c t i o n  bec o me s  o p e n .  A f t e r  an i n t e r v a l  t h e  c o m p l e x i t y  o f  

t h e  j u n c t i o n s  r e a p p e a r s  and c o n t i n u e s  u n t i l  t h e  n e x t  open  

j u n c t i o n  ( C a s l e y - S m i t h ,  1 9 7 7 ) .

As l y m p h a t i c s  p a s s  c e n t r a l l y ,  t h e  j u n c t i o n s  i n  t h e  

c o l l e c t i n g  l y m p h a t i c s  become l e s s  f r e q u e n t l y  ope n  u n t i l  

t h e y  a r e  a l l  c l o s e d .

S m a l l  s mo o t h  ( ~ 70nm)  v e s i c l e s  a r e  a p r o m i n e n t

f e a t u r e  o f  t h e  e n d o t h e l i u m ,  b u t  t h e y  may be l e s s  i m p o r t a n t  

t h a n  t h e  j u n c t i o n s  f o r  l y m p h a t i c  p e r m e a b i l i t y .  I n  t h e  

l y m p h a t i c  e n d o t h e l i u m  t h e y  o c c u p y  35% o f  t h e  n o n - n u c l e a r  

c y t o p l a s m i c  v o l u m e ,  w i t h  a b o u t  h a l f  o f  t h i s  b e i n g  a c c o u n t e d  

f o r  by t h e i r  l i m i t i n g  membr ane  ( C a s l e y - S m i t h ,  1 9 6 9 b ) .

The p l a s m a l e m m a  c o n t a i n s  n u m e r o u s  i n v a g i n a t i o n s

( c a v e o l a e  o r  p i n o c y t o t i c  v e s i c l e s )  a l o n g  b o t h  l u m i n a l  and

a b l u m i n a l  s u r f a c e s  and f o r m  p a r t  o f  t h e  v e s i c u l a r  s y s t e m

( L e a k ,  1 9 8 4 ) .  Th e y  v a r y  i n  d e p t h  f r o m  m i l d  d e p r e s s i o n s  t o

a l m o s t  c o m p l e t e  v e s i c l e s  t h a t  m e r e l y  t o u c h  t h e  p l a s ma

me mb r a n e .  I t  i s  b e l i e v e d  t h a t  t h e y  r e p r e s e n t  t h e  f o r m a t i o n
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o r  d i s s o l u t i o n  o f  e n d o c y t o t i c  v e s i c l e s  on t h e  s u r f a c e .

P h a g o c y t i c  v e s i c l e s  ( 0 . 1 - 5  m) a r e  f o u n d  i f  t h e r e  a r e  

p a r t i c l e s  t o  s t i m u l a t e  t h e i r  f o r m a t i o n .  T h e i r  c o n t e n t s

u s u a l l y  s t a y  i n  t h e  c e l l s  ( C a s l e y - S m i t h ,  1 9 7 7 ) .

The n u c l e u s  i s  l o c a t e d  i n  t h e  t h i c k e r  r e g i o n  o f  t h e  

e n d o t h e l i u m  and has  a s c a l l o p e d  o u t l i n e  when t h e  v e s s e l  i s  

c o l l a p s e d ;  h o w e v e r ,  i n  d i l a t e d  l y m p h a t i c  c a p i l l a r i e s  t h e  

n u c l e u s  has  a s mo o t h  t o  e l l i p t i c a l  c o n t o u r .

The c y t o c e n t r u m ,  w h i c h  c o n t a i n s  a p a i r  o f  c e n t r i o l e s  

and a G o l g i  c o m p l e x ,  i s  l o c a t e d  i n  t h e  p e r i n u c l e a r  r e g i o n .

The G o l g i  a p p a r a t u s  i s  a c r e s c e n t  s h a p e d  l a m e l l a r

me mb r a n o u s  s t r u c t u r e ,  w i t h  n u m e r o u s  v e s i c l e s  c l o s e l y  

a s s o c i a t e d  w i t h  i t s  p e r i p h e r y .  Two c e n t r i o l e s  a r e

o c c a s i o n a l l y  o b s e r v e d  i n  c l o s e  a s s o c i a t i o n  w i t h  t h e  G o l g i  

a p p a r a t u s  w i t h  one o r i e n t e d  p e r p e n d i c u l a r  t o  t h e  o t h e r .  

T h i s  a r r a n g e m e n t  i s  r e m i n i s c e n t  o f  t h a t  f o r  c e n t r i o l e s  i n  

o t h e r  t i s s u e s .

The e n d o p l a s m i c  r e t i c u l u m  i n  t h e  l y m p h a t i c  

e n d o t h e l i u m  i s  m a i n l y  r e p r e s e n t e d  by c i s t e r n a e  o f  t h e  r o u g h  

v a r i e t y .  I n  a d d i t i o n ,  r i b o s o m e s  a r e  s c a t t e r e d  t h r o u g h o u t  

t h e  c y t o p l a s m  i n  s i n g l e  u n i t s  and as p o l y r i b o s o m e s .  The 

s m a l l  a mo u n t  o f  e n d o p l a s m i c  r e t i c u l u m  p e r h a p s  i n d i c a t e s  a 

s l o w  o r  v e r y  l i m i t e d  t u r n o v e r  o f  p r o t e i n  i n  t h e s e  c e l l s .

M i t o c h o n d r i a  o c c u r  t h r o u g h o u t  t h e  p e r i n u c l e a r  a r e a

and a r e  a l s o  r a n d o m l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  a t t e n u a t e d  

r i m  o f  t h e  c y t o p l a s m .  Th ey  show no s p e c i a l  f e a t u r e s .

T h e r e  i s  a s m a l l  p o p u l a t i o n  o f  m i c r o t u b u l e s  i n  t h e  

c y t o p l a s m ,  u s u a l l y  i n  t h e  v i c i n i t y  o f  c e n t r i o l e s  and
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o c c a s i o n a l l y  o b s e r v e d  t h r o u g h o u t  o t h e r  a r e a s  o f  t h e  

c y t o p l a s m .

C y t o p l a s m i c  f i l a m e n t s  a r e  e s p e c i a l l y  n u m e r o u s  i n  

d e r m a l  L y m p h a t i c s  b u t  a l s o  o b s e r v e d  i n  L y m p h a t i c  

e n d o t h e l l i u m  o f  o t h e r  t i s s u e s  ( C a s l e y - S m i t h ,  1 9 6 4 )  

( L a u w e r y n s  and B a e r t ,  1 9 7 4 ) .
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G. THE CRI TERI A  FOR I DE NT I F Y I N G LYMPHATI CS

I t  i s  d i f f i c u l t  t o  d i s t i n g u i s h  i n i t i a l  l y m p h a t i c  

c a p i l l a r i e s  f r o m  b l o o d  c a p i l l a r i e s  by L i g h t  m i c r o s c o p y .  

B o t h  h av e  an e n d o t h e l i u m ,  a n d ,  i n  m a t e r i a l  f i x e d  by 

i m m e r s i o n ,  b o t h  c o n t a i n  a p l a s m a  c o a g u l u m .  The p r e s e n c e  o f  

e r y t h r o c y t e s  d o e s  n o t  p o s i t i v e l y  e x c l u d e  l y m p h a t i c s ,  s i n c e  

some l y m p h a t i c s ,  s u c h  as t h o s e  d r a i n i n g  t h e  k i d n e y  ( Hogg  

1 9 8 0 ,  Hogg e t  a l ,  1 9 8 2 )  and t h e  s p l e e n  ( A b b a s ,  1 9 8 4 )  

r e g u l a r l y  c o n t a i n  e r y t h r o c y t e s .  L y m p h a t i c s  d r a i n i n g  t h e  

l i v e r  w e r e  f o u n d  by Saman t a  e t  a l  ( 1 9 7 4 )  t o  c o n t a i n  

e r y t h r o c y t e s  i n  i d i o p a t h i c  p o r t a l  h y p e r t e n s i o n .  I t  may be 

e v e n  mor e  d i f f i c u l t  t o  d i s t i n g u i s h  v e r y  s m a l l  i n i t i a l  

l y m p h a t i c s  f r o m  s p a c e s  i n  t h e  i n t e r s t i t i u m ,  p a r t i c u l a r l y  

when s t a b  i n j e c t i o n s  o f  a dye  o r  i n k  h av e  b e e n  u s ed  i n  t h e  

a t t e m p t  t o  i d e n t i f y  l y m p h a t i c s ;  i n k  f i l l e d  s p a c e s  may 

c l o s e l y  m i m i c  L y m p h a t i c s .

E l e c t r o n  m i c r o s c o p y  has  e n a b l e d  t h e  r e c o g n i t i o n  o f  a 

c y c l e  o f  c h a n g e  i n  t h e  i n i t i a l  L y m p h a t i c s  -  f i l l i n g ,  

p r o p u l s i o n  and e m p t y i n g  -  and t h e  f a c t  t h a t ,  a t  t i m e s ,  

l y m p h a t i c s  may c o n t a i n  mor e  p r o t e i n  t h a n  do t h e  

c a p i  l l a r i e s .

The d i f f i c u l t y  o f  r e c o g n i z i n g  l y m p h a t i c s ,  e s p e c i a l l y  

t h e  i n i t i a l  o n e s ,  has  f r u s t r a t e d  many w o r k e r s .  W h i l e  some 

s u c h  as C a s l e y - S m i t h  ( 1 9 7 7 )  h av e  m a i n t a i n e d  t h a t  t h e  m a t t e r  

was f a i r l y  s i m p l e ,  t h a t  l y m p h a t i c s  c o u l d  be r e c o g n i z e d  on 

t h e  g r o u n d s  o f  t h e i r  s i z e  and c o n t e n t s  p r o v i d e d  t h a t  t h e y  

can  be s e e n  a t  a l l ,  o t h e r s  s u c h  as C o m p a r i n i  and B a s t i a n i n i
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( 1 9 6 5 )  and R u s z n y a k  e t  a l  ( 1 9 6 7 )  h av e  t h o u g h t  t h a t  t h e  o n l y  

way o f  i d e n t i f y i n g  L y m p h a t i c s  w i t h  c e r t a i n t y  i s  t o  use  some 

f o r m  o f  e x p e r i m e n t a l  m a n i p u l a t i o n .  T h i s  c an  be a c h i e v e d  by 

l i g a t i n g  b i g  e f f e r e n t  l y m p h a t i c s ,  w h i c h  r e s u l t s  i n  t h e  

e n l a r g e m e n t  o f  t h e  s m a l l  l y m p h a t i c s  ( R u s z n y a k  e t  a l ,  1 9 6 7 )  

o r  by  m i c r o i n j e c t i o n  o f  t r a c e r s  i n t o  l y m p h a t i c s .  Th e s e  

m e t h o d s  h av e  i m p r o v e d  t h e  r e c o g n i t i o n  o f  l y m p h a t i c  

c a p i l l a r i e s  i n  some s i t u a t i o n s ,  a l t h o u g h  t h e y  h av e  been  

c r i t i c i z e d  as b e i n g  u n p h y s i o l o g i c a l .

C h a n g i n g  c o n c e p t s  o f  t h e  c r i t e r i a  by w h i c h  l y m p h a t i c s  

a r e  i d e n t i f i e d  i n  E . M.  m a t e r i a l  a r e  i l l u s t r a t e d  i n  t h e  

f o l l o w i n g  p a r a g r a p h s  w h i c h  s u m m a r i z e  t h e  m e t h o d s  and 

c r i t e r i a  r e p o r t e d  i n  some m a j o r  p a p e r s .

E a r l i e r  e l e c t r o n  m i c r o s c o p i c  s t u d i e s  o f  t h e  

l y m p h a t i c s ,  e . g .  t h o s e  i n  t h e  s m a l l  i n t e s t i n e ,  f i x e d  by 

i m m e r s i o n ,  ( P a l a y  & K a r l i n ,  1 9 5 9 a ) ,  t h e  d i a p h r a g m  ( F r e n c h  

e t  a l ,  1 9 6 0 )  and t h e  g l a b r o u s  s k i n  o f  r a t ' s  p e n i s  ( F r a l e y  & 

W e i s s ,  1 9 6 1 )  d e s c r i b e d  l y m p h a t i c  c a p i l l a r i e s  as e x t r e m e l y  

i r r e g u l a r  i n  s h a p e  and l a c k i n g  a c o n t i n u o u s  b a s e me n t  

memb r a n e .

C a s l e y - S m i t h  and F l o r e y  ( 1 9 6 1 )  s t u d i e d  l y m p h a t i c s  i n  

t h e  e a r s  o f  m i c e  and g u i n e a  p i g s ,  t h e  d i a p h r a g m  o f  m i c e  and 

c o l o n s  o f  r a t s  by i n j e c t i n g  25% t h o r i u m  d i o x i d e ,  5% 

p o n t a m i n e  b l u e  and i n t r a p e r i t o n e a I  i n j e c t i o n s  o f  p e l i k a n  

i n k  f o r  l a c u n a e  o f  t h e  d i a p h r a g m a t i c  l y m p h a t i c s .  A l l  

s p e c i m e n s  we r e  f i x e d  i n  i m m e r s i o n  i n t o  C a u l f i e l d ' s  

s o l u t i o n ,  and t h e  g e n e r a l  m o r p h o l o g i c a l  f e a t u r e s  

d i s t i n g u i s h i n g  l y m p h a t i c s  w e r e :
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-  u s u a l l y  much b i g g e r  t h a n  b l o o d  c a p i l l a r i e s

-  v e r y  i r r e g u l a r  w a l l s

-  o f t e n  r a t h e r  c o l l a p s e d

-  t h e  e n d o t h e l i u m  i s  u s u a l l y  s l i g h t l y  t h i c k e r  b u t  a p p e a r s  

t h i n n e r  b e c a u s e  o f  t h e i r  L a r g e r  d i a m e t e r

-  t h e y  h av e  no f e n e s t r a t i o n s

-  p a l e r  and l e s s  e l e c t r o n  d e n s e

-  many h av e  e d g e - t o - e d g e  i n t e r - c e l l u l a r  j u n c t i o n s ,  

o v e r l a p p i n g  o r  s o m e t i m e s ,  c o n t r o v e r s i a l l y ,  o p e n e d

-  o f t e n  t h e r e  we r e  l u m i n a l  p r o j e c t i o n s  ( b l o o d  v e s s e l s  may 

h a v e  t he m t o o )

-  t h e  b a s^-ement  membr ane  may be t e n u o u s  o r  may be a b s e n t

-  a b l u m i n a l  p r o j e c t i o n s  t o  w h i c h  f i l a m e n t s  w e r e  a t t a c h e d

-  n o r m a l l y  c o n t a i n e d  f e w e r  r e d  c e l l s  and  l e s s  p l a s m a  

p r o t e i n s  t h a n  t h e  b l o o d  v e s s e l s

A p a r t  f r o m  t h e  a b s e n c e  o f  f e n e s t r a e ,  none  o f  t h e s e  c r i t e r i a

was a b s o l u t e .

L e a k  and B u r k e  ( 1 9 6 6 ) ,  u s i n g  e l e c t r o n  m i c r o s c o p y ,  

s t u d i e d  t h e  u L t r a s t r u c t u r e  o f  l y m p h a t i c  c a p i l l a r i e s  and t h e  

i n t i m a t e  a s s o c i a t i o n  o f  n u m e r o u s  f i n e  f i l a m e n t s  w i t h  t h e  

a b l u m i n a l  e n d o t h e l i a l  w a l l  i n  t h e  g u i n e a - p i g ' s  e a r ,  a f t e r  

i n j e c t i n g  t hem w i t h  s h e l l a c - f r e e  c o l l o i d a l  c a r b o n  and 

f i x i n g  t hem by i m m e r s i o n  i n  6 . 5% g l u t a r a l d e h y d e .  They  

f o u n d  t h a t  l y m p h a t i c s  i n  t h i s  a r e a  we r e  c h a r a c t e r i z e d  by 

t h e  f o I l o w i  n g :

-  t h e y  h av e  a w i d e r  l umen

-  t h e  a b s e n c e  o f  d e f i n i t e  b a s e m e n t  membr ane
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-  t h e  o c c u r r e n c e  o f  n u m e r o u s  f i n e  f i l a m e n t s  a l o n g  t h e  

a b l u m i n a l  e n d o t h e l i a l  s u r f a c e

-  i n t e r c e  I  l u I  a r  j u n c t i o n s  w h i c h  may be o v e r l a p p i n g  o r  

i n t e r d i g i t a t i n g

-  many e n d o t h e l i a l  p r o c e s s e s  e x t e n d  f o r  v a r y i n g  d i s t a n c e s  

i n t o  t h e  l u me n  o f  t h e  l y m p h a t i c  c a p i l l a r i e s
o

-  n u m e r o u s  p i n o c y t o t i c  v e s i c l e s ,  r a n g i n g  f r o m  75 -  100A i n  

d i a m e t e r  a p p e a r  a l o n g  t h e  l u m i n a l  and a b l u m i n a l  s u r f a c e s  

and a l s o  t h r o u g h o u t  t h e  c y t o p l a s m
o

-  l a r g e r  v e s i c l e s  250 -  500A i n  d i a m e t e r  w i t h  o v a l  t o

i r r e g u l a r  p r o f i l e s  w e r e  a l s o  o b s e r v e d  w i t h i n  t h e

c y t o p l a s m

I n  s a m p l e s  i n j e c t e d  w i t h  c o l l o i d a l  c a r b o n  many o f  t h e  

L a r g e r  v e s i c l e s  c o n t a i n  one t o  s e v e r a l  c a r b o n  p a r t i c l e s .

F a w c e t t  e t  a l  ( 1 9 6 9 )  s t u d i e d  t h e  l y m p h a t i c  v a s c u l a r  

s y s t e m  o f  t h e  i n t e r s t i t i a l  t i s s u e  o f  t h e  t e s t i s  i n  g u i n e a -  

p i g  and  c h i n c h i l l a  by e l e c t r o n  m i c r o s c o p y ,  a f t e r  v a s c u l a r  

p e r f u s i o n  o f  g l u t a r a l d e h y d e  or a c r o l e i n .  A p h y s i o l o g i c a l  

s a l t  s o l u t i o n  i n  a r e s e r v o i r  a t  a h e i g h t  o f  130cm r a n  

t h r o u g h  a p o l y t h y l e n e  t u b e  No.  PE60 t o  t h e  s h a f t  o f  a 2 6 -

g a u g e  n e e d l e  s l i g h t l y  b l u n t e d  on a h o n e .  Then  u n d e r  d eep

e t h e r  a n a e s t h e s i a  t h e  t e s t i s  was d e l i v e r e d  t h r o u g h  a 

s c r o t a l  i n c i s i o n  and a s i l k  s u t u r e  p l a c e d  u n d e r  t h e  

s p e r m a t i c  a r t e r y .  The n e e d l e  was i n t r o d u c e d  i n t o  t h e

v e s s e l  and t i e d  i n  w i t h  t h e  s u t u r e s .  The t e s t i s

i m m e d i a t e l y  b l a n c h e d  as t h e  s a l i n e  d i s p l a c e d  t h e  b l o o d .  As

s o o n  t h e r e a f t e r  as p r a c t i c a b l e ,  t h e  s a l i n e  was r e p l a c e d

w i t h  t h e  f i x a t i v e .  The p e r f u s i o n  was c o n t i n u e d  f o r  30 t o



4 5 m i n u t e s .  The h a r d e n e d  t e s t i s  was t h e n  c u t  i n t o  s m a l l  

p i e c e s  and i m m e r s e d  i n  t h e  f i x a t i v e  f o r  an a d d i t i o n a l  30 

m i n s .  A f t e r  r e p e a t e d  r i n s i n g  i n  t h e  b u f f e r ,  t h e  t i s s u e s  

w e r e  f i x e d  i n  c o l l i d i n e  o r  p h o s p h a t e  b u f f e r e d  1% osmi um 

t e t r o x i d e  f o r  one h o u r  and t h e n  r a p i d l y  d e h y d r a t e d  t h r o u g h  

5 0 ,  8 0 ,  95% and a b s o l u t e  e t h a n o l ,  and embedded  i n  Ep o n .

T h i s  me t h o d  has  b een  r e p o r t e d  i n  d e t a i l  b e c a u s e  i t

c o n s t i t u t e d  a mo s t  i m p o r t a n t  s t e p  i n  i m p r o v i n g  t h e  f i x a t i o n

o f  t i s s u e s ,  e s p e c i a l l y  f o r  use  i n  e l e c t r o n  m i c r o s c o p y .

M o r e o v e r ,  w a s h i n g  t h e  c a p i l l a r i e s  f r e e  o f  e r y t h r o c y t e s  and 

p l a s m a  h e l p e d  g r e a t l y  i n  i d e n t i f y i n g  t h e  u n wa s h e d  

l y m p h a t i c s ,  w h i c h  r e m a i n e d  f i l l e d  w i t h  l y m p h o p r o t e i n s  

p r e c i p i t a t e d  by  t h e  f i x a t i v e .

The c r i t e r i a  F a w c e t t  a d o p t e d  i n  i d e n t i f y i n g  

l y m p h a t i c s  w e r e :

-  l y m h a t i c s  c o n t a i n e d  g r a n u l a r  p r o t e i n o u s  p r e c i p i t a t e ,  

w h i l e  b l o o d  c a p i l l a r i e s  we r e  e mp t y

-  a l u m e n ,  w i d e r  and mor e i r r e g u l a r  t h a n  t h a t  o f  b l o o d

c a p i  l l a r i e s

-  an e n d o t h e l i u m  w i t h  an e x t r e m e l y  a t t e n u a t e d  c y t o p l a s m ,  

e x c e p t  i n  t h e  n u c l e a r  r e g i o n

-  a d i s c o n t i n u o u s  b a s e m e n t  membr ane

-  e n d o t h e l i a l  c e l l  j u n c t i o n s  g e n e r a l l y  l a c k i n g  t h e  s o -  

c a l l e d  t i g h t  j u n c t i o n s  t h a t  h av e  b e e n  d e s c r i b e d  f o r  some 

b l o o d  c a p i l l a r i e s .  I n  t h e  t e s t i s  F a w c e t t  e t  a l  ( 1 9 6 9 )  

d e m o n s t r a t e d  l a r g e  g a p s  b e t w e e n  e n d o t h e l i a l  c e l l s  o f  

l y m p h a t  i  c s

47



-  a n c h o r i n g  f i l a m e n t s  w h i c h  t e r m i n a t e  on t h e  v e s s e l  w a l l  

and s e r v e  t o  c o n n e c t  t h e  v e s s e l  w a l l  t o  t h e  a d j o i n i n g  

c o n n e c t i v e  t i s s u e .

F a w c e t t ' s  me t h o d  and c r i t e r i a  h av e  become t h e  

s t a n d a r d  t o o l  f o r  t h e  s t u d y  o f  l y m p h a t i c s .

I t  i s  i m p o r t a n t  t o  e m p h a s i z e  a g a i n  t h a t  t h e  s t r u c t u r e  

o f  L y m p h a t i c s ,  as a p a r t  o f  t h e  m i c r o c i r c u l a t i o n ,  i s  an 

i n t e g r a l  p a r t  o f  any  p a r t i c u l a r  t i s s u e ,  and r e g i o n a l  

v a r i a t i o n s  a r e  t o  be e x p e c t e d ,  s u c h  as t h e  w i d e  open  

j u n c t i o n s  i n  l y m p h a t i c  s i n u s o i d s  i n  t h e  t e s t i s  and t h e  

l a c u n a e  i n  t h e  l y m p h a t i c s  o f  t h e  d i a p h r a g m .
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H. THE DEEP INJRAHEPATIC LYMPHATICS

W e l l  d e f i n e d  L y m p h a t i c s  can  be d e m o n s t r a t e d  by L i g h t  

m i c r o s c o p y  i n  L a r g e  p o r t a L  a r e a s  o f  t h e  L i v e r ,  b u t  n o t  i n  

s m a L L e r  p o r t a L  a r e a s .  S c h a t z k i  ( 1 9 7 8 )  s t u d i e d  h e p a t i c  

L y m p h a t i c s  i n  f e ma L e  S p r a g u e - D a w L e y  r a t s  w e i g h i n g  a b o u t  

3 5 0 g m.  The a n i m a L s  we r e  a n a e s t h e t i s e d  w i t h  d i e t h y L  e t h e r ,  

s u p p L e m e n t e d  by i n t r a p e r i t o n e a L  i n j e c t i o n s  o f  p e n t o t h a L ,  

t h e  p o r t a L  v e i n  was p e r f u s e d  w i t h  2% g L u t a r a L d e h y d e .  The 

i n f e r i o r  v e na  c a v a  was i n c i s e d  t o  c r e a t e  an o u t L e t  f o r  t h e  

p e r f u s a t e .  The L i v e r  h a r d e n e d  i m m e d i a t e L y .  The L i v e r  and 

p o r t a  h e p a t i s  we r e  r e mov e d  en bLoc  and k e p t  i n  t h e  f i x a t i v e  

f o r  4 h o u r s  f o L L o w e d  by o v e r n i g h t  w a s h i n g  w i t h  0 . 1 5  moLar  

s o d i u m  c a c o d y L a t e  b u f f e r  pH 7 . 4 .  A r e a s  o f  L i v e r  i n  

c o n t i n u i t y  w i t h  t h e  p o r t a  h e p a t i s  we r e  t r i m m e d ,  c o a t e d  w i t h  

7% a g a r ,  c h i L L e d  and c u t  i n t o  225 m s L i c e s .  The s L i c e s  

w e r e  f L o a t e d  i n  b u f f e r  and t r i m m e d  u n d e r  a d i s s e c t i n g  

m i c r o s c o p e  w i t h  a r a z o r  b La d e  i n t o  b L o c k s  s h o w i n g  

c o n t i n u i t y  o f  L i v e r  p a r e n c h y m a  and f i b r o u s  t i s s u e  o f  t h e  

p o r t a  h e p a t i s .  The b L o c k s  we r e  t h e n  p o s t  f i x e d  f o r  1 h o u r  

i n  1% osmi um t e t r o x i d e  i n  w a t e r ;  d e h y d r a t e d  w i t h  i n c r e a s i n g  

c o n c e n t r a t i o n s  o f  a L c o h o L ,  t r e a t e d  w i t h  p r o p y L e n e  o x i d e  and 

embedd ed  i n  Ep o n .  S e c t i o n s  c u t  w i t h  a d i a m o n d  k n i f e ,  

d o u b L e  s t a i n e d  w i t h  u r a n y L  a c e t a t e  and Lead c i t r a t e ,  

m o u n t e d  on u n c o a t e d  g r i d s  and s t u d i e d  i n  an e L e c t r o n  

mi  c r o s e  o p e .

S c h a t z k i  ( 1 9 7 8 )  f o u n d  t h a t  L y m p h a t i c s  i n  t h e  L i v e r  

we r e  n o t  i d e n t i f i e d  away f r o m  t h e  f i b r o u s  t i s s u e  o f  t h e
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p o r t a  h e p a t i s .  " C l e f t - l i k e M s p a c e s  w e r e  n o t e d  a t  t i m e s  i n  

t h e  s p a c e  o f  M a l i  o r  s u r r o u n d i n g  h e p a t i c  v e i n s .  Th es e  

m i g h t  be m i s t a k e n  f o r  L y m p h a t i c s  by L i g h t  m i c r o s c o p y ,  b u t  

t h e y  we r e  n o t  L i n e d  by e n d o t h e L i u m  and t h e r e f o r e  d i d  n o t  

r e p r e s e n t  L y m p h a t i c s .  S c h a t z k i  a Ls o  f o u n d  t h a t  i n  a r e a s  

r e p r e s e n t i n g  j u n c t i o n s  o f  t h e  p o r t a L  c a n a L s  and L i v e r  

p a r e n c h y m a  n u m e r o u s  d i L a t e d  c h a n n e L s  w i t h  a v e r y  t h i n  L a y e r  

o f  e n d o t h e L i u m  we r e  s e e n .  T h e s e  c o n t r a s t e d  w i t h  t h e  v e r y  

much s ma L L e r  bLoo d  c a p i L L a r i e s  L i n e d  by a much t h i c k e r  

e n d o t h e L i u m .  The L i n i n g  e n d o t h e L i u m  o f  t h e  r a t h e r  d i L a t e d  

L y m p h a t i c  v e s s e L s  a p p e a r e d  q u i t e  t h i n ,  a b o u t  375nm.  I n  

g e n e r a L ,  no b a s e m e n t  membr ane was s e e n ,  b u t  i n  a f ew a r e a s  

t h e r e  was g r a n u L a r  b a s e me n t  membr ane  m a t e r  i  a L . The 

e n d o t h e L i u m ,  w h i c h  g e n e r a L L y  a b u t t e d  d i r e c t L y  on c o L L a g e n ,  

c o n t a i n e d  many v e s i c L e s ,  some m i t o c h o n d r i a ,  g L y c o g e n  

p a r t i c L e s  and o c c a s i o n a L  L y s o s o m e s ;  a n c h o r i n g  f i  L amen t s  

w e r e  f o u n d  t o  be s c a r c e .  E n d o t h e L i a L  c e L L s  we r e  j o i n e d  

t o g e t h e r  by a v a r i e t y  o f  j u n c t i o n s ,  i n c L u d i n g  d e s mos o me -  

L i k e  s t r u c t u r e s ,  macuLae  a d h e r e n t e s ,  z o n u L a e  a d h e r e n t e s  and 

d e e p  i n f o L d i n g  o f  a d j a c e n t  c e L L s  w i t h  mac uLae  a d h e r e n t e s .  

The s p a c e  o f  MaLL a p p e a r e d  u s u a L L y  as a p o t e n t i a L  s p a c e ,  

f i L L e d  w i t h  c o L L a g e n  f i b r e s  and d e L i n e a t e d  by v a r i o u s  ceLL 

p r o c e s s e s  i n t o  " s p a c e s  m i m i c k i n g  L y m p h a t i c  v e s s e L s " .  Thes e  

c h a r a c t e r i s t i e s  o f  h e p a t i c  L y m p h a t i c s  d e s c r i b e d  by S h a t z k i  

c o n f o r m  w i t h  t h o s e  o f  L y m p h a t i c s  e L s e w h e r e .

I t  i s  commonLy s a i d  t h a t ,  i n  g e n e r a L ,  t h e  L y m p h a t i c  

s y s t e m  b e g i n s  " b L i n d L y " ,  e i t h e r  i n  t h e  f o r m  o f  a n e t w o r k  o r
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as a s a c c u l a r  o u t p o c k e t i n g  ( M c C a l l u m ,  1 9 0 3 ) .  T h i s  

s u g g e s t i o n  has bee n  s u p p o r t e d  f o r  l i v e r  l y m p h a t i c s  by 

Yamamot o  and P h i l l i p s  ( 1 9 8 6 ) .  They  s t u d i e d  t h e  l i v e r s  o f  

f i v e  New Z e a l a n d  ma l e  r a b b i t s .  The l i v e r  was f i r s t  

p e r f u s e d  w i t h  R i n g e r ' s  s o l u t i o n  v i a  t h e  h e p a t i c  a r t e r y  a t  a 

p r e s s u r e  o f  150cm o f  w a t e r .  Then  t h e  r e s i n  was i n j e c t e d  

i n t o  t h e  b i l e  d u c t  a t  a p r e s s u r e  l e s s  t h a n  16mm Hg w h i c h  

was s u f f i c i e n t  t o  c a u s e  r e s i n  t o  l e a k  i n t o  t h e  

i n t e r s t i t i u m ,  t h e n  t o  be p i c k e d  up by  l y m p h a t i c s .  C a s t s  

p r o d u c e d  we r e  s t u d i e d  by s c a n n i n g  e l e c t r o n  m i c r o s c o p y .  

Some o f  t h e  " b l i n d  e n d s "  f o u n d  w e r e  c o n n e c t e d  w i t h  

s t r u c t u r e s  o f  t h e  s u r r o u n d i n g  i n t e r s t i t i a l  t i s s u e ;  t h e s e  

c o n n e c t i o n s  s u g g e s t e d  t h a t  t h e r e  m i g h t  be o p en  j u n c t i o n s  i n  

t h e  v a s c u l a r  w a l l ,  a l t h o u g h  t h e y  m i g h t  e q u a l l y  be 

a r t i f a c t s ,  i n  v i e w  o f  t h e  m e t h o d s  u s ed  t o  d e m o n s t r a t e  t h e m .

C a s t e n h o l z  ( 1 9 8 4 )  s u p p o r t e d  t h e  v i e w  o f  " b l i n d  e n d s "  

o f  l y m p h a t i c s  i n  t h e  r a t ' s  t o n g u e ,  by SEN o f  r e s i n  c a s t s .

The c r u c i a l  q u e s t i o n  i s  " w h e r e  a r e  t h e s e  " b l i n d "

e n d i n g s  o r  b e g i n n i n g s  o f  t h e  l y m p h a t i c s  s i t u a t e d ? "

Mos t  p e o p l e  who have  s t u d i e d  t h i s  p r o b l e m  c o n f i n e d

t h e i r  a t t e n t i o n  t o  t h e  c l a s s i c a l  v i e w  o f  l y m p h a t i c  c h a n n e l s

as t h o s e  l i n e d  by e n d o t h e l i u m .  At  t h e  s i t e  o f  o r i g i n  o f

t h e  h e p a t i c  l y m p h ,  i . e .  D i s s e ' s  s p a c e ,  none  we r e  f o u n d .  

D i s s e  ( 1 8 9 0 )  when d e s c r i b i n g  t h e  p e r i c a p i 1 1  a r y  ( s i n u s o i d )  

c a v i t i e s  w i t h i n  t h e  l i v e r  a c i n i  t h o u g h t  t h a t  t h e y  we r e  t h e  

b e g i n n i n g  o f  t h e  h e p a t i c  l y m p h a t i c s ,  b u t  he e x p r e s s e d  h i s  

r e s e r v a t i o n s  b e c a u s e  o f  l a c k  o f  l y m p h a t i c  e n d o t h e l i u m .  The 

c u r r e n t  b e l i e f  i s  t h a t  i n  t h e  l i v e r ,  t h e  l y m p h a t i c
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c a p i l l a r i e s  do n o t  p e n e t r a t e  t h e  l o b u l e s  as do t h e  b l o o d  

c a p i l l a r i e s ,  b u t  a r e  a r r a n g e d  a r o u n d  t h e  p e r i p h e r y ,  i . e .  i n  

t h e  p o r t a l  t r a c t s .

C o m p a r i n i  ( 1 9 6 9 )  s t u d i e d  a g r o u p  o f  20 human L i v e r s

f r o m  d i f f e r e n t  a g e s ,  w i t h  s p e c i a l  e m p h a s i s  on y o u n g

s u b j e c t s  ( 2  and 3 y e a r  o l d  c h i l d r e n ) .  S a mp l e s  we r e  f i x e d

by  i m m e r s i o n  i n  b u f f e r e d  f o r m a l d e h y d e ,  embedded  i n  p a r a f f i n  

and s e r i a l  s e c t i o n s ,  8 pm t h i c k ,  we r e  s t u d i e d  by l i g h t  

m i c r o s c o p y .  He f o u n d  t h a t  by f o l l o w i n g  b a c k w a r d s  t h e  

l y m p h a t i c s  i n  t h e  s e r i a l  s e c t i o n s  r i g h t  down t o  t h e i r  

o r i g i n ,  he was a b l e  t o  a s c e r t a i n  t h a t  t h e y  s t a r t e d  i n  t h e  

a r e o l a r  t i s s u e  o f  t h e  p o r t a L  t r a c t s ,  c l o s e  t o  t h e  s p a c e  o f  

M a l l  and t h a t  t h e r e  we r e  no d i r e c t  c h a n n e l s  c o n n e c t i n g  t h e  

i n t r a l o b u l a r  t i s s u e  s p a c e s  and t h e  l y m p h a t i c s  p r o p e r .

The n e x t  q u e s t i o n  i s  " a t  w h i c h  l e v e l  o f  p o r t a l  t r a c t s  

do l y m p h a t i c s  s t a r t  t o  a p p e a r ? "

Mos t  r e p o r t s  and t e x t b o o k  a c c o u n t s  g i v e  t h e  

i m p r e s s i o n  t h a t  l y m p h a t i c s  can  be f o u n d  i n  any  p o r t a l  

t r a c t ,  r e g a r d l e s s  o f  i t s  s i z e  and t h e r e f o r e  o f  i t s  

s i t u a t i o n  a l o n g  t h e  b r a n c h i n g  t r e e  o f  c o n n e c t i v e  t i s s u e  

w h i c h  a c c o m p a n i e s  t h e  p o r t a l  t r a c t s .  A r e c e n t  r e p o r t  by

Yamamat o  and P h i l l i p s  ( 1 9 8 6 )  on l y m p h a t i c  c a s t s  i n  r a b b i t s '  

L i v e r  showed  t h a t  l y m p h a t i c s  e x t e n d  as f a r  as t h e  t e r m i n a l  

p o r t a l  t r a c t s .  S c h a t z k i  ( 1 9 7 8 )  d e n i e d  t h e i r  e x i s t e n c e  i n  

" s m a l l e r "  p o r t a l  t r a c t s  ( n o  d i m e n s i o n s  we r e  g i v e n )  i n  t h e  

r a t ' s  l i v e r .
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What  i s  t h e  v a s c u l a r  p a t t e r n  o f  i n t r a h e p a t i c  

t y m p h a t  i c  s?

C o m p a r i n i  and B a s t i a n i n i  ( 1 9 6 5 )  s t u d i e d  t h e  v a s c u l a r  

p a t t e r n  by H a l p e r n ' s  g r a p h i c  m e t h o d  o f  r e c o n s t r u c t i o n .  

T h e s e  r e c o n s t r u c t i o n s  we r e  made on t h e  l i v e r  o f  2 and 3 

y e a r  o l d  human c h i l d r e n  b e c a u s e  t h e  p a r e n c h y m a l  l y m p h a t i c  

p a t t e r n ,  u n l i k e  t h a t  i n  t h e  g r o w n  up and aged  s u b j e c t s ,

was c l e a r l y  and c o n s t a n t l y  v i s i b l e  and e a s i l y  t r a c e a b l e .

The m a t e r i a l  was f i x e d  by i m m e r s i o n ,  embedded  i n  wax and 

s t r i c t l y  s e r i a l  h i s t o l o g i c a l  s e c t i o n s  w e r e  p r e p a r e d  and

t h e n  s t a i n e d .  T h i s  m e t h o d ,  t h e y  c l a i m e d  g a v e  an a c c u r a t e  

p i c t u r e  o f  t h e  l y m p h a t i c  p a t t e r n .

The f i r s t  r e c o n s t r u c t i o n  s howed  v e r y  s m a l l  

i n t e r l o b u l a r  v e s s e l s .  I n  t h e  f i r s t  s e c t i o n  o f  t h e  s e r i e s  

t h e  d i a m e t e r  o f  t h e  p o r t a l  v e i n  was 132 ;um. The l y m p h a t i c s  

had a p l e x i f o r m  p a t t e r n ,  s i n u o u s  and l a m i n a r  n e a r  t h e  

a r t e r y .  T h i s  a r r a n g e m e n t  r o u n d  t h e  a r t e r y  was

c h a r a c t e r i s t i c .  R e c o n s t r u c t i o n s  o f  mor e  p e r i p h e r a l  t r a c t s  

a l s o  showed  a p l e x i f o r m  p a t t e r n  o f  l y m p h a t i c s .

The s e c o n d  and t h e  t h i r d  r e c o n s t r u c t i o n s  made f r o m  

t i s s u e  n e a r e r  t h e  p o r t a  h e p a t i s  showed  t h e  i n t e r l o b u l a r

v e s s e l s  o f  t h e  l i v e r  j u s t  s l i g h t l y  l a r g e r  t h a n  i n  t h e  f i r s t

r e c o n s t  r u e t i o n  b u t  t h i s  d i s p o s i t i o n  o f  t h e  s i m p l e

f o r m a t i o n s  and t h e i r  r e l a t i o n s  we r e  mor e  c o m p l e x .  I n  t h e

f i r s t  s e c t i o n  o f  t h e  s e r i e s  t h e  p o r t a l  v e i n  d i a m e t e r  was 

155 jum.  At  t h i s  l e v e l ,  t h e  c o m p l e x i t y  o f  t h e  d i s p o s i t i o n  

o f  t h e  s i n g l e  v a s c u l a r  f o r m a t i o n s  and t h e i r  r e l a t i o n s  we r e  

f a r  mor e  r e m a r k a b l e  t h a n  f u r t h e r  p e r i p h e r a l l y .  The
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L y m p h a t i c  p a t t e r n  was no L o n g e r  s t r i c t L y  L i m i t e d  t o  s p a c e s  

n e a r  t h e  a r t e r y  b u t  i t  c r e p t  i n  b e t w e e n  t h e  a r t e r i a L ,  

v e n o u s  and b i L i a r y  b r a n c h e s ,  e n s h e a t h i n g  aLL t h e  s t r u c t u r e s  

i n  a d e L i c a t e  n e t w o r k  w i t h  L a r g e  i r r e g u L a r  me s h e s .  

H o w e v e r ,  i t  s t i L L  a p p e a r e d  d e n s e r  r o u n d  t h e  L a r g e r  a r t e r i a L  

b r a n c h ,  w h i c h  came t o  be a L mo s t  e n t i r e L y  h i d d e n .  Th u s  e v en  

h e r e  t h e  d i s p o s i t i o n  f o r m e r L y  n o t i c e d  a t  t h e  mor e  

p e r i p h e r a L  s i t e  was m a i n t a i n e d ,  and t h e  L y m p h a t i c  n e t w o r k  

seemed t o  c o v e r  aLL t h e  c o m p o n e n t s  o f  t h e  i n t e r L o b u L a r  

s p a c e ,  m a t c h i n g  t h e  c o m p L e x i t y  o f  t h e  v a s c u L a r  p a t t e r n .  A 

s L e n d e r  p e r i v e n o u s  L y m p h a t i c  a r r a n g e m e n t  b e g a n  t o  be 

n o t i c e a b L e ,  w h i L s t  no s p e c i f i c  r e L a t i o n s h i p  c o uL d  y e t  be 

d e t e c t e d  b e t w e e n  t h e  L y m p h a t i c s  and t h e  b i L i a r y  d u c t s .  

N e v e r t h e L e s s ,  up t o  t h i s  moment  i t  s t i L L  seemed a d v i s a b L e  

t o  s p e a k  o f  a p L e x i f o r m  L y m p h a t i c  p a t t e r n  r a t h e r  t h a n  o f  

r e a L  L y m p h a t i c  v e s s e L s ,  e v e n  t h o u g h  weLL d e f i n e d  v e s s e L s  

s o m e t i m e s  a p p e a r e d .  A p e c u L i a r  f e a t u r e  o f  t h e  L y m p h a t i c s  

was t h e  i r r e g u L a r i t y  o f  t h e i r  d i a m e t e r ,  v e r y  s L e n d e r  t r a c t s  

o f t e n  a L t e r n a t i n g  w i t h  w i d e  d i L a t a t i o n s .  T h i s  i r r e g u L a r i t y  

o f  t h e  c o n t o u r s  was r e m a r k a b L e  e v e r y w h e r e  and was 

f r e q u e n t L y  i n t e r s p e r s e d  w i t h  d i v e r t i c u L a r  f o r m a t i o n s  and 

b L i n d  a p p e n d i c e s .  ALL t h i s  c o n t r i b u t e d  t o  t h e  f o r m a t  i o n  o f  

a v a s a L  p a t t e r n  whose m o r p h o L o g i c a L  f e a t u r e s  we r e  

unmi  s t a k a b L e .

I n  r e c o n s t r u c t i o n  i n  w h i c h  t h e  f i r s t  s e c t i o n a L  

p r o f i L e  o f  t h e  p o r t a L  v e i n  was a b o u t  820 pm i n  d i a m e t e r ,  

C o m p a r i n i  and B a s t i a n i n i  ( 1 9 6 5 )  a Ls o  f o u n d  a r e m a r k a b L e
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c o m p l e x i t y  o f  t h e  v a s a l  p a t t e r n .  V e n o u s ,  a r t e r i a l  and 

b i l i a r y  b r a n c h e s  c r o s s e d  e ac h  o t h e r  i n  many w a y s ,  

i n t e r l a c e d  w i t h  t h e  n e r v o u s  b r a n c h e s  and t h e  l y m p h a t i c  

p a t t e r n  t o  f o r m  an e x t r e m e l y  i n t r i c a t e  p a t t e r n  r o u n d  t h e  

l a r g e r  g a u g e d  v e s s e l s .  The L y m p h a t i c s  s t i l l  s e l e c t i v e l y

c o v e r e d  a l a r g e  p a r t  o f  t h e  a r t e r i a l  p a t t e r n ,  e v e n  wh e r e  

t h e  v a s a l  p a t t e r n  was mor e c o m p l e x .  A t  t h i s  l e v e l ,  a 

p e r i b i l i a r y  l y mp h  p a t t e r n  a l s o  b e g a n  t o  be v i s i b l e ,  

a l t h o u g h  a t  f i r s t  r a t h e r  m o d e s t .  S o m e t i m e s  l y m p h a t i c s  n e a r  

t h e  s m a l l  b i l e  d u c t s  we r e  f o u n d  d i r e c t l y  b e n e a t h  t h e  

e p i t h e l i u m ,  s u g g e s t i n g  a s i m p l e  t r a n s f e r  o f  b i l i a r y  

m a t e r i a l  t o  t h e  l y mp h  v e s s e l s .

I n  t h e  m i d s t  o f  t h i s  c o m p l e x i t y ,  C o m p a r i n i  and 

B a s t i a n i n i  f o u n d  t h a t ,  h e r e  and t h e r e ,  w e l l  d e f i n e d  l ymph  

v e s s e L s  m i g h t  show u p ,  o n l y  t o  d i s a p p e a r  a g a i n  i n t o  an

i n t r i c a t e  p l e x i f o r m  a r r a n g e m e n t  a f t e r  a s h o r t  r u n .

The i m p o r t a n c e  o f  t h e  l y m p h a t i c  p l e x u s  was n o t  t h e  

same a l l  o v e r  t h e  a r e a s  o f  t h e  i n t e r l o b u l a r  s p a c e ,  as 

t h e r e  we r e  t r a c t s  wh e r e  t h e  l y m p h a t i c s  w e r e  e x t r e m e l y  d e n s e  

and t r a c t s  w h e r e  t h e y  we r e  p o o r e r .

C o m p a r i n i  ( 1 9 6 9 )  s t u d i e d  t h e  l y m p h a t i c s  t h a t  f o l l o w  

t h e  h e p a t i c  v e i n  and c a l l e d  t hem " c e n t r a l  l y m p h a t i c s " .  

T h e s e  l y m p h a t i c s  b e g a n  i n  t h e  same wa y ,  i . e .  o u t s i d e  t h e  

l o b u l e ,  b u t  t h e y  we r e  n e v e r  so n u m e r o u s  as t h e  deep

l y m p h a t i c s  i n  t h e  p o r t a l  t r a c t s .  The a r r a n g e m e n t  o f  t h e

L y m p h a t i c s  a r o u n d  t h e  h e p a t i c  v e i n  was a l w a y s  r e l a t i v e l y  

s i m p l e .  The d i s p r o p o r t i o n  b e t w e e n  t h e  c a p a c i t y  o f  t h e  t wo  

d i f f e r e n t  s e c t i o n s  o f  t h e  d eep  l y m p h a t i c s  o f  t h e  l i v e r
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( p o r t a l  and c e n t r a l  l y m p h a t i c s )  was r e m a r k a b l e .  W h i l s t  t h e  

l y m p h a t i c s  f o l l o w i n g  t h e  p o r t a l  v e i n s  w e r e  n u m e r o u s  and 

g r e w  r i c h e r  as t h e y  p r o c e e d e d  t o w a r d s  t h e  p o r t a  h e p a t i s ,  

t h e  l y m p h a t i c  " s a t e l l i t e s "  o f  t h e  h e p a t i c  v e i n  w e r e  i n s t e a d  

o n l y  f e w ,  e v en  a r o u n d  t h e  l a r g e r  v e n o u s  b r a n c h e s .

C o m p a r i n i  ( 1 9 6 9 )  a l s o  f o u n d  t h a t  t h e  l y m p h a t i c s  i n  

t h e  p o r t a l  t r a c t s  we r e  m a i n l y  f o u n d  i n  p r o x i m i t y  t o  t h e  

a r t e r i e s .  T h i s  r e l a t i o n  became g r a d u a l l y  mor e  e v i d e n t  

f o l l o w i n g  t h e  b r a n c h e s  o f  t h e  h e p a t i c  a r t e r y  r i g h t  i n t o  t h e  

l a r g e r  p o r t a l  t r a c t s .  T h i s  r e l a t i o n s h i p  was so c o n s t a n t l y  

r e p e a t e d ,  i t  m i g h t  w e l l  be d e f i n e d  as " c h a r a c t e r i s t i c " .  

The r e l a t i o n s h i p s  b e t w e e n  t h e  l y m p h a t i c s  and t h e  b i L i a r y  

d u c t s  and v e i n s  we r e  no d o u b t  o f  m i n o r  i m p o r t a n c e .  I n  t h e  

p o r t a  h e p a t i s ,  t h e  g r a d u a l  p r e v a l e n c e  o f  t h e  v e n o u s  p a t t e r n  

c a u s e d  t h e  l a r g e r  l y m p h a t i c s  t o  a d h e r e  a l s o  t o  t h e  w a l l s  o f  

t h e  v e i n s .

Yamamat o  and P h i l l i p s  ( 1 9 8 6 )  s t u d i e d  t h e  t h r e e  

d i m e n s i o n a l  mo d e l  o f  i n t r a h e p a t i c  l y m p h a t i c s  i n  t h e  r a b b i t  

by i n j e c t i n g  r e s i n  i n t o  t h e  b i l e  d u c t  u n d e r  e n o u g h  p r e s s u r e  

t o  make i t  l e a k  i n t o  t h e  i n t e r s t i t i u m  and t h e n  d r a i n e d  by 

t h e  l y m p h a t i c s .  They  f o u n d  t h a t  t h e  l y m p h a t i c s  f o r m e d  a 

r i c h  n e t w o r k  a r o u n d  t h e  p o r t a l  v e s s e l s  and b i l e  d u c t s .  

T h i s  p l e x u s  was m a i n l y  compos e d  o f  s t r a i g h t  and 

a n a s t o m o s i n g  s h o r t  s i d e  b r a n c h e s  w h i c h  f o r m e d  f r e q u e n t  

c o m m u n i c a t i o n s  b e t w e e n  t h e  s t r a i g h t  c h a n n e l s .  The s t r a i g h t  

c h a n n e l s  r a n  p a r a l l e l  t o  t h e  p o r t a l  t r a c t s  and t h e  s i d e  

c h a n n e l s  c o m m u n i c a t e d  w i t h  t h e m .  The n umbe r  o f  t h e
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s t r a i g h t  c h a n n e l s  v a r i e d  f r o m  2 — 3 ,  t o  6 —10 i n  a b i g  p o r t a l  

t r a c t -  Yamamat o  and P h i l l i p ' s  d e s c r i p t i o n  seemed much l e s s  

c o m p l e x  t h a n  t h a t  o f  C o m p a r i n i  and B a s t i a n i n i  and t h e r e  was 

l e s s  e m p h a s i s  on d e s c r i b i n g  t h e  d e ep  l y m p h a t i c s  as 

p l e x i f o r m .

F u j i k a w a  and M a g a r i s  ( 1 9 7 5 )  s t u d i e d  t h e  l y m p h a t i c  

c a p i l l a r i e s  i n  G l i s s o n ' s  c a p s u l e  o f  t h e  r a b b i t ' s  l i v e r  by 

e l e c t r o n  m i c r o s c o p y  and f o u n d  t h a t  l a r g e  l y m p h a t i c s  showed 

a t h i n  e n d o t h e l i u m  and a w i d e  l u m e n ,  w h i l e  l y m p h a t i c  

c a p i l l a r i e s  had a t h i c k  e n d o t h e l i u m  and a v e r y  n a r r o w  

I u m e n -
o

The " t h i n "  e n d o t h e l i a l  l a y e r  was 2700A i n  t h i c k n e s s .

The c e l l s  c o n t a i n e d  n u me r o u s  p i n o c y t o t i c  v e s i c l e s  and
0

c a v e o l a e ,  t h e  l a r g e s t  one m e a s u r e d  1300A i n  d i a m e t e r .  The 

e n d o t h e l i a l  j u n c t i o n s  we r e  d e m o n s t r a t e d  as a s i m p l e  

i n t e r d i g i t a t i o n ,  i n  w h i c h  u s u a l l y  t wo  s m a l l  d e s m o s o m e - l i k e  

s t r u c t u r e s  we r e  d e t e c t a b l e -  The i n t e r c e 1 1 u I  a r  g a p s  we r e  

i r r e g u l a r l y  e n l a r g e d  e x c e p t  f o r  t h e  s i t e  o f  j u n c t i o n .  The 

b a s a l  l a m i n a  was c o m p l e t e l y  a b s e n t .  I n  t h e  s u b - e n d o t h e l i a l
o

a r e a ,  n o t  o n l y  f i n e  f i l a m e n t s  m e a s u r i n g  a b o u t  100A i n  

d i a m e t e r  b u t  a l s o  l a r g e  b u n d l e s  o f  c o l l a g e n  s u r r o u n d e d  by 

t h e  c e l l  p r o c e s s e s  o f  t h e  f i b r o b l a s t s ,  a p p e a r e d  t o  be i n  

c l o s e  a s s o c i a t i o n  w i t h  t h e  a b l u m i n a l  s u r f a c e .

B e t w e e n  t h e  d e e p e s t  p a r t  o f  G l i s s o n ' s  c a p s u l e  and t h e  

s u b - c a p s u l a r  l i m i t i n g  p l a t e ,  a l a r g e  n u mb e r  o f  l y m p h a t i c  

c a p i l l a r i e s  r a n  i n  a l l  d i r e c t i o n s ,  a n a s t o m o s i n g  t o  f o r m  a 

n e t w o r k .  C o m p a r i n i  ( 1 9 6 9 )  a l s o  f o u n d  t h a t  as t h e y  

t r a v e r s e d  t h e  m i d d l e  l a y e r  o f  t h e  c a p s u l e ,  t h e y  r e t a i n e d
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t h e i r  c a p i l l a r y  s t r u c t u r e  b u t  had a w i d e r  Lumen.  I n  t h e  

s u p e r f i c i a l  l a y e r ,  t h e  m o r p h o l o g y  and t h e  d i s t r i b u t i o n  o f  

t h e  l y m p h a t i c  v a r i e d .  A t  t h i s  l e v e l ,  b e s i d e s  t h e  d e l i c a t e  

l y mp h  c a p i l l a r i e s  t h e r e  we r e  many a mp l e  c o l l e c t i n g  v e s s e l s  

w i t h  v a l v e s .

C o m m u n i c a t i o n s  b e t w e e n  t h e  d e ep  l y m p h a t i c s  o f  t h e  

l i v e r  and t h e  c a p s u l a r  l y m p h a t i c s  a r e  c o n t r o v e r  s i  a I ,  

a l t h o u g h  many have  c l a i m e d  t h e i r  p r e s e n c e .  C o m p a r i n i

( 1 9 6 9 )  d e s c r i b e d  i n  t h e  human l i v e r  t w o  p o s s i b l e  t y p e s  o f  

a n a s t o m o s i s :

1 .  A t  t h e  c a p i l l a r y  l e v e l ,  b e t w e e n  t h e  l y m p h a t i c  c a p i l l a r y  

n e t w o r k  i n  t h e  d e e p e r  l a y e r  o f  t h e  c a p s u l e  and t h e  

l y mp h  v e s s e l s  c o mi n g  f r o m  t h e  s u b - c a p s u l a r  l i v e r  

p a r e n c h y m a .

2 .  A t  t h e  l e v e l  o f  t h e  l a r g e  s u p e r f i c i a l  c o l l e c t i n g

v e s s e l s ,  b e t w e e n  t h e  l a r g e  c a p s u l a r  l y m p h a t i c s  and t h e  

p a r e n c h y m a l  l y mph  v e s s e l s  i n  t h e  s h e a t h s  o f  G l i s s o n ' s  

c a p s u l e .

Sz abo  e t  a l  ( 1 9 7 5 )  c a n n u l a t e d  t h e  r i g h t  l y mph  t r u n k  

i n  t h e  n ec k  and t h e  t h o r a c i c  d u c t  and l i g a t e d  t h e  c y s t i c  

and  t h e  common b i l e  d u c t  o f  m o n g r e l  d o g s .  They  f o u n d  

p r a c t i c a l l y  no a n a s t o m o s e s  b e t w e e n  t h e  l y m p h a t i c s  o f  l i v e r  

c a p s u l e  and t h e  d eep  L i v e r  l y m p h a t i c s ;  v e r y  f e w ,  i f  a n y ,  

c o n n e c t i o n s  c o u l d  be d e m o n s t r a t e d ,  e v e n  i n  t h e  p r e s e n c e  o f  

a s u b s t a n t i a l  f l u i d  l o a d  o r / a n d  o c c l u s i o n  o f  t h e  m a j o r  p a r t

o f  t h e  l y m p h a t i c s  d r a i n i n g  t h e  l i v e r  p a r e n c h y m a  a t  t h e

p o r t a  h e p a t i s .
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The p l e x i f o r m  a r r a n g e m e n t  o f  t h e  d ee p  h e p a t i c

l y m p h a t i c s  i s  n o t  a u n i q u e  f e a t u r e  o f  t h e  l i v e r .  Many

o t h e r  t i s s u e s  have  a s i m i l a r  p a t t e r n .  C a s t e n h o l z  ( 1 9 8 4 )

s t u d i e d  t h e  s u b - e p i t h e l i a l  l y m p h a t i c s  o f  t h e  r a t ' s  t o n g u e  

by  s c a n n i n g  e l e c t r o n  m i c r o s c o p y  o f  i n t e r s t i t i a  I l y  f i x e d  

t i s s u e  and c o r r o s i o n  c a s t s .  A p l e x u s - l i k e  a r r a n g e m e n t  was 

d e m o n s t r a t e d .  S i m i l a r  p a t t e r n s  h av e  a l s o  b een  d e s c r i b e d  i n  

t h e  t o n g u e s  o f  o t h e r  s p e c i e s .

A q u i t e  d i f f e r e n t  s y s t e m  o f  p e r i t u b u l a r  l y m p h a t i c  

s p a c e s ,  h o w e v e r ,  has been  d e s c r i b e d  i n  t e s t i c u l a r  t i s s u e  

i n d i c a t i n g  t h e  o r g a n  s p e c i f i c  p a t t e r n  o f  l y m p h a t i c s  i n  t h e  

i n t e r n a l  o r g a n s  ( C l a r k ,  1 9 7 6 ) .

The l i t e r a t u r e  d e s c r i b i n g  t e s t i c u l a r  l y m p h a t i c s  i s

c o n t r a d i c t o r y .  I t  i s  g e n e r a l l y  a g r e e d  t h a t  t h e r e  i s  a 

r i c h  p l e x u s  o f  s u b s e r o s a l  l y mph  v e s s e l s  i n  t h e  t u n i c a  

a l b u g i n e a  and  t h a t ,  i n  l a r g e  mammal s ,  t h e s e  e x t e n d  i n t o  t h e  

s e p t u l a .  T h e r e  i s  no u n a n i m i t y ,  h o w e v e r ,  as t o  t h e  

e x i s t e n c e  o f  l y mph  v e s s e l s  i n  t h e  i n t e r s t i t i a l  t i s s u e .

F a w c e t t  e t  a l  ( 1 9 6 9 )  d e s c r i b e d  s p a c e s  d e l i n e a t e d  by 

a t t e n u a t e d  e n d o t h e l i a l  c e l l s  w i t h  s l e n d e r  e l o n g a t e d  n u c l e i .  

T h e y  s u g g e s t e d  t h a t  t h e  s p a c e s  b o u n d e d  by suc h  an 

e n d o t h e l i u m  we r e  so v a r i a b l e  i n  c a l i b r e  and i r r e g u l a r  i n  

s h a p e  t h a t  t h e y  w o u l d  be mor e  a c c u r a t e l y  d e s c r i b e d  as 

" s i n u s o i d s "  t h a n  as t y p i c a l  l y m p h a t i c  c a p i l l a r i e s .  H o w e v e r ,  

v e s s e l s  d e s c r i b e d  f o r  t h e  t e s t i s  c o n f o r m  i n  mos t  r e s p e c t s  

t o  t h e  g e n e r a l  c r i t e r i a  i n  o t h e r  t i s s u e s  and u n d o u b t e d l y  

c o n s t i t u t e  t h e  p r i m a r y  o r  i n i t i a l  e l e m e n t s  o f  a l y m p h a t i c  

s y s t e m  t h a t  d r a i n  t h e  p a r e n c h y m a  o f  t h e  t e s t i s .
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The r o u t e  f o l l o w e d  by  Lymph f r o m  i t s  o r i g i n  i n  t h e

s p a c e  o f  D i s s e  t o  t h e  p o i n t  w h e r e  i t  i s  p i c k e d  up by

l y m p h a t i c  o f  t h e  p o r t a l  t r a c t s  has l e d  t o  c o n s i d e r a b l e

c o n t r o v e r s y .

D i s s e  (1 8 9 0 ) ,  who f i r s t  d e s c r i b e d  t h e  p e r i  s i n u s o i d a I  

s p a c e ,  t h o u g h t  t h a t  i t  was t h e  s t a r t i n g  p o i n t  o f  h e p a t i c  

l y m p h a t i c s ,  b u t  he h e s i t a t e d  t o  c a l l  i t  a l y mph  s p a c e

b e c a u s e  i t  l a c k e d  a c o m p l e t e  e n d o t h e l i a l  w a l l .  T h i s

h e s i t a t i o n  i s  s t i l l  f e l t  by many mo d e r n  w o r k e r s ,  mos t  o f  

whom f e e l  t h a t  i t  i s  n o t  a c c e p t a b l e  t o  c a l l  a s t r u c t u r e  " a  

l y m p h a t i c "  u n l e s s  i t  has  a t y p i c a l  e n d o t h e l i a l  L i n i n g .

E l i a s  ( 1 9 4 9 )  s u g g e s t e d  t h a t  t y p i c a l  l ymph  v e s s e l s

a c c o m p a n i e d  t h e  p o r t a l  v e i n ,  h e p a t i c  a r t e r y  and b i l e  d u c t

f o r m i n g  n e t w o r k s  i n  t h e  i n t e r l o b u l a r  s p a c e s  and a l s o  s e n t  

o c c a ' s i o n a l ,  r a t h e r  s t r a i g h t  s p u r s  i n t o  t h e  i n t e r i o r  o f  t h e

L o b u l e .  He t h o u g h t  t h a t  t h e s e  s p u r s  w e r e  l o c a t e d  i n  t h e  

d e l i c a t e  c o n n e c t i v e  t i s s u e  s u r r o u n d i n g  t h e  a r t e r i e s ,  

v e n u l e s  and b i L e  d u c t s .  The s p u r s  t h e n  c o m m u n i c a t e d  w i t h  

t h e  s p a c e  o f  D i s s e  w h i c h  he c o n s i d e r e d  as a " v i r t u a l  

l y m p h a t i c  l a c u n a " .

S c h a t z k i  ( 1 9 7 8 )  s t r e s s e d  t h e  f a c t  t h a t  t h e r e  we r e  no 

d i r e c t  c o m m u n i c a t i o n s  b e t w e e n  L y m p h a t i c s  and t h e  s p a c e s  o f

D i s s e  and M a l l .

H e n r i k s o n  e t  a l  ( 1 9 8 4 ) , when r e v i e w i n g  t h e  b l o o d - l y m p h  

b a r r i e r  i n  t h e  l i v e r ,  t h o u g h t  i t  was p r o b a b l e  t h a t  t h e  

p e r i s i n u s o i d a l  s p a c e  c o m m u n i c a t e s  mor e  o r  l e s s  f r e e l y  w i t h



t h e  s p a c e s  i n  t h e  c o n n e c t i v e  t i s s u e  o f  t h e  p o r t a l  t r a c t s ,  

a r o u n d  t h e  e n t r y  o f  t e r m i n a l  b r a n c h e s  o f  p o r t a l  v e i n  o r  

h e p a t i c  a r t e r y  i n t o  t h e  s i n u s o i d  t h r o u g h  t h e  l i m i t i n g  

p l a t e .

L eo n  We i s s  C1983)  p r e s e n t e d  wh a t  he c o n s i d e r e d  as t h e  

mo s t  g e n e r a l l y  a c c e p t e d  v i e w ,  w h i c h  c o n t e n d e d  t h a t  t h e

p e r i s i n u s o i d a l  s p ac e  o f  D i s s e  i s  t h e  s i t e  o f  o r i g i n  o f

l y mp h  and t h a t ,  f r o m  t h i s ,  f l u i d  e n t e r s  t h e  p e r i p o r t a l

t i s s u e  s p a c e  o f  M a l l ,  f r o m  w h i c h  i t  s u b s e q u e n t l y  d i f f u s e d  

t o  t h e  l y m p h a t i c  c a p i l l a r i e s .

L e e s o n  and L e e s o n  C1985)  m e n t i o n e d  o n l y  t h a t  t h e

f l u i d  f o r m e d  i n  D i s s e ' s  s p a c e  d i s c h a r g e d  i n t o  i n t e r s t i t i a l  

s p a c e s  o f  t h e  c o n n e c t i v e  t i s s u e  and t h e n  p a s s e d  i n d i r e c t l y  

i n t o  l y m p h a t i c  c a p i l l a r i e s .

B l o o m and F a w c e t t  ( 1 9 8 6 )  p r e s e n t e d  t h e  v i e w  t h a t

f l u i d  i n  D i s s e ' s  s p ac e  f l o w e d  t o w a r d s  t h e  p e r i p h e r y  o f  t h e  

L o b u l e  and t h e n  p e r c o l a t e d  i n t o  t h e  e x t r a c e  I L u  I a r  s p a c e s  

a r o u n d  t h e  i n t e r l o b u l a r  t w i g s  o f  t h e  b i l e  d u c t s  and t h e

p o r t a l  v e i n .  I t  t h u s  became t h e  t i s s u e  f l u i d  o f  p o r t a l

t r a c t s  w h i c h  was d r a i n e d  by l y m p h a t i c  c a p i l l a r i e s .
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The d e v e l o p m e n t a l  o r i g i n  o f  t h e  L y m p h a t i c s  has  been

c o n t r o v e r s i a l  s i n c e  t h e  e a r l i e s t  s t u d i e s  i n  t h e  n i n e t e e n t h  

c e n t u r y  and s t i l l  r e m a i n s  s o .  I n  1 8 8 0 ,  Budge  t h o u g h t  t h a t  

t h e r e  w e r e  t wo  l y m p h a t i c  s y s t e m s  i n  t h e  c h i c k  e m b r y o .  The 

f i r s t ,  o r  p r i m i t i v e  o n e ,  was p r e s e n t  i n  t h e  t h r e e - d a y  

c h i c k .  He t h o u g h t  t h a t ,  t h e  f a l s e  a mn i o n  and c o e l o m  b e i n g  

c o n t i n u o u s ,  t h e r e  we r e  d u c t s  w i t h i n  t h e  b o d y  w a l l  c o n n e c t e d  

w i t h  t h e  c o e l o m ,  a n a l o g o u s  t o  t h o s e  o f  t h e  a r e a  v a s c u l o s a  

w h i c h  he had i n j e c t e d  f r o m  t h e  f a l s e  a m n i o n .  The d u c t s  

w i t h i n  t h e  b ody  l y i n g  a l o n g  t h e  d o r s a l  l i n e  became p i n c h e d  

o f f  f r o m  t h e  c o e l o m  and u n i t e d  t o  f o r m  a t h o r a c i c  d u c t .  

W i t h  t h e  t h o r a c i c  d u c t  began  t h e  s e c o n d  o r  p e r m a n e n t  

l y m p h a t i c  s y s t e m  w h i c h  he had i n j e c t e d  a l o n g  t h e  a r t e r i e s  

i n  n i n e - d a y  c h i c k s .  A l t h o u g h  t h i s  i d e a  o f  r e l a t i n g  t h e  

l y m p h a t i c  s y s t e m  t o  t h e  s e r o u s  c a v i t i e s  has p r o v e d  t o  be

i n c o r r e c t ,  i t  l e d  t o  t h e  d i s c o v e r y  o f  t h e  t r u e  o r i g i n ,  f o r  

i t  was by i n j e c t i n g  i n t o  t h e  s i d e  o f  t h e  n ec k  i n  e a r l y  

e m b r y o s  i n  t h e  hope o f  r e a c h i n g  wha t  was c a l l e d  " B u d g e ' s  

s p a c e "  b e h i n d  t h e  a o r t a  t h a t  t h e  c e r v i c a l  l y mph  h e a r t  was 

i n j e c t e d  and l y mph  h e a r t s  g i v e  t h e  k ey  t o  a l l  t h e

s u p e r f i c i a l  l y m p h a t i c s .

R a n v i e r  p u b l i s h e d  a l o n g  s e r i e s  o f  a r t i c l e s  b e t w e e n  

1 895  and 1897 on t h e  d e v e l o p m e n t  o f  t h e  l y m p h a t i c  s y s t e m  i n  

t h e  f r o g  and i n  p i 9  e m b r y o s .  From h i s  i n j e c t i o n s  o f

l y m p h a t i c  c a p i l l a r i e s  i n  t h e  s k i n  and i n t e s t i n a l  v i l l i  o f

p i g  e m b r y o s ,  he made t h e  i m p o r t a n t  d i s c o v e r y  t h a t  t h e
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l y m p h a t i c s  w i t h i n  t h e  c a p i l l a r y  p l e x u s  g r e w  by b u d d i n g .  He 

s u g g e s t e d  t h a t  f r o m  t h e  s i d e  o f  a d u c t  a p p e a r e d  a bud w h i c h

was a t  f i r s t  s o l i d ,  b u t  soon  d e v e l o p e d  a l umen  w h i c h  became

l a r g e r  and a d v a n c e d  u n t i l  i t  r e a c h e d  a s e c o n d  one i n t o  

w h i c h  i t  o p e n e d ,  by a p r o c e s s  o f  a b s o r p t i o n  o f  t h e

e n d o t h e l i u m .  At  t h e  p o i n t  o f  j u n c t i o n  a v a l v e  d e v e l o p e d .

GuI  l a n d  (1 894 )  s t a t e d  t h a t  t h e  f l u i d  o f  t h e  b l o o d  

f i l t e r e d  i n t o  t h e  t i s s u e  s p a c e s  w h i c h  g r a d u a l l y  d i l a t e d  and 

f l o w e d  t o g e t h e r  t o  f o r m  t h e  f i r s t  l y mph  d u c t ,  t h e  w a l l  o f  

w h i c h  was made f r o m  t h e  c o n n e c t i v e  t i s s u e  w h i c h  became 

c o m p r e s s e d  a r o u n d  i t .

S a l a  ( 1 9 0 0 )  t h o u g h t  t h a t  t h e  f i r s t  t r a c e  o f  a

l y m p h a t i c  s y s t e m  was t h e  a p p e a r a n c e  o f  l y mp h  h e a r t s  o r  

s p a c e s  i n  t h e  mesenchyme j u s t  l a t e r a l  t o  t h e  c a u d a l

m y o t o m e s .  Thes e  s p a c e s  f l o w e d  t o g e t h e r  and j o i n e d  t h e

t h o r a c i c  d u c t ,  w h i c h  f o r m e d  as t wo  c o r d s  o f  m e s e n c h y ma l

c e l l s  e x t e n d i n g  f r o m  t h e  l e v e l  o f  t h e  t h y r o i d  g l a n d  t o  t h e

l e v e l  o f  c o e l i a c  a x i s .

C l a r k  ( 1 9 1 2 )  t r i e d  t o  o b t a i n  a c o m p l e t e  h i s t o r y  o f  

t h e  g r o w i n g  l y m p h a t i c  s p r o u t  and o f  t h e  g r o w i n g  m e s e n c h y ma l  

c e l l s  i n d i v i d u a l l y  and s i d e  by s i d e ,  t o  d e t e r m i n e  w h e t h e r  

t h e  l y m p h a t i c s  g r e w by t h e  a d d i t i o n  o f  mesenchyme c e l l s  o r  

by  s p r o u t i n g  o f  p r e ~ e x i s i t i n g  L y m p h a t i c  e n d o t h e l i a l  c e l l s .  

He f o u n d ,  i n  t h e  t r a n s p a r e n t  e x p a n s i o n  o f  t h e  t a i l  o f  

l i v i n g  f r o g  l a r v a e ,  t h a t  m e s e n c h y ma l  c e l l s  s e n t  o u t  

p r o c e s s e s ,  some f i n e ,  some c o a r s e r ,  f r o m  t h e  t h i c k  c e n t r a l  

p e r i n u c l e a r  a r e a .  These  b r a n c h e d  mesenchyme c e l l s  s h i f t e d
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t h e i r  p o s i t i o n  by a me b o i d  mo v e me n t .  F i n e  p r o c e s s e s  we r e  

s e n t  o u t  f r o m  t h e  ma i n  body  o f  t h e  c e l l ,  w h i c h  m i g h t  be 

p u i t e  t e m p o r a r y  and m i g h t  be w i t h d r a w n  s u b s e q u e n t l y .  The 

r a t e  o f  s u c h  movement  was v a r i a b l e  i n  i n d i v i d u a l  c e l l s  and 

i t  was p r i c i p a l l y  t o w a r d s  t h e  f r e e  m a r g i n  o f  t h e  f i n .  

A n o t h e r  f e a t u r e  o f  t h e s e  c e l l s  was t h a t  t h e y  we r e  s een  t o  

d i v i d e .

As f o r  t h e  g r o w i n g  l y m p h a t i c s ,  t wo  d i s t i n c t  p r o c e s s e s  

w e r e  s e e n  t o  o c c u r :  c e l l  d i v i s i o n  and c e l l  m i g r a t i o n .  The

s p r o u t  o f  c y t o p l a s m  so f o r m e d  g r ew i n t o  t h e  t i s s u e s  as a 

s o l i d  mass i n  w h i c h  a l umen a p p e a r e d  l a t e r  o n ,  t h e n  t h e  

n u c l e u s  moved i n .  So i t  a p p e a r e d  t o  C l a r k  ( 1 9 1 2 )  t h a t  each  

o f  t h e  t wo  t i s s u e s  had a c h a r a c t e r i s t i c  and i n d e p e n d e n t

l i f e ,  e a c h  m a i n t a i n e d  i t s  i n d e p e n d e n c e  t h r o u g h o u t  and a

m e s e n c h y m a l  c e l l  was n o t  t r a n s f o r m e d  i n t o  L y m p h a t i c  

e n d o t h e l i u m .

C l a r k  and C l a r k  ( 1 9 3 3 )  a g a i n  s u p p o r t e d  t h i s  v i e w  i n  a 

s u b s e q u e n t  s t u d y  on t h e  l i v i n g  l y m p h a t i c  v e s s e l s  i n

t r a n s p a r e n t  c h a mb e r s  i n  t h e  r a b b i t ' s  e a r .  By p r o l o n g e d

m i c r o s c o p i c  s t u d i e s  day  by day  o b s e r v a t i o n s  o f  t h e  g r o w i n g

s p r o u t  o f  t h e  new l y m p h a t i c  p r o v e d  t o  be s i m i l a r  t o  t h a t  i n  

t h e  t r a n s p a r e n t  t a i l s  o f  a m p h i b i a n  l a r v a e .

A l t h o u g h  t h i s  v i e w  has p r e v a i l e d  f o r  some t i m e  now 

p e r h a p s ,  i n  p a r t  a t  l e a s t ,  b e c a u s e  o f  i t s  r e s e m b l a n c e  t o  

t h e  mode o f  g r o w t h  o f  b l o o d  c a p i l l a r i e s ,  t h e r e  a r e  r e p o r t s

s u p p o r t i n g  t h e  c o n t r a r y  v i e w .

K l i k a  e t  a l  ( 1 9 7 2 )  s t u d i e d  t h e  d e v e l o p m e n t  and

g r o w t h  o f  l y m p h a t i c s  i n  t h e  e p i c a r d i u m  o f  t h e  c h i c k  e mb r y o
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f r o m  t h e  9 t h  t o  t h e  1 4 t h  day  o f  i n c u b a t i o n .  On t h e s e  d a y s  

t h e  f i r s t  Lymph v e s s e L s  r e a c h  t h e  e m b r y o n i c  h e a r t ,  s p r e a d  

o v e r  t h e  s u r f a c e  o f  t h e  v e n t r i c u L a r  m y o c a r d i u m  i n  t h e  

s u b e p i c a r d i a L  mesenchyme and a c q u i r e  t h e i r  f i r s t  v a L v e s .  A 

r e t r o g r a d e  i n j e c t i o n  o f  yeLLow L a t e x  p a r t i c L e s  i n  1.5% 

g e L a t i n ,  i n t o  t h e  e f f e r e n t  L y m p h a t i c  t r u n k  was u s ed  t o  

p r e v e n t  t h e  c a r d i a c  Lymph bed f r o m  c o L L a p s i n g .  The 

c o r o n a r y  v a s c u L a r  bed was i n j e c t e d  w i t h  b L a c k  L a t e x  

p a r t i c L e s  t o  a v o i d  any c o n f u s i o n  w i t h  t h e  L y m p h a t i c s .  

A f t e r  i n j e c t i o n  t h e  h e a r t  was d i s s e c t e d  o u t  and p r e f i x e d  

f o r  10 m i n u t e s  i n  g L u t a r a L d e h y d e .  U s i n g  a f i n e  p a i r  o f  

s c i s s o r s ,  n a r r o w  s t r i p s  o f  t i s s u e  i n  w h i c h  one wouLd mos t  

L i k e L y  see Lymph v e s s e L s  we r e  t a k e n ,  and p r o c e s s e d  f o r  

e L e c t r o n  m i c r o s c o p y .  They  f o u n d  t h a t  t h e  waLLs  o f  L a r g e r  

Lymph v e s s e L s  made numer ou s  c o n t a c t s  w i t h  t h e  s u r r o u n d i n g  

m e s e n c h y m e .  T h i s  i n t i m a t e  r e L a t i o n s h i p ,  i n  c o n t r a s t  w i t h  

C L a r k ' s  v i e w s ,  was m a n i f e s t e d  i n  t wo  w a y s ,  e s p e c i a L L y  i n  

smaLL L y m p h a t i c s .

1 .  i t  was d i f f i c u L t  t o  d i s t i n g u i s h  m o r p h o L o g i c a L L y  b e t w e e n

t h e  t wo  t i  s s u e s

2 .  some L y m p h a t i c s  had w i d e  open  c o m m u n i c a t i o n s  d i r e c t L y  

w i t h  t h e  i n t e r c e L L u L a r  s p a c e s  o f  t h e  me s e n c h y me ,  and i t  

was e v i d e n t  t h a t  t h e  mesenchymaL c e L L s  can  p a r t i c i p a t e  

d i r e c t L y  i n  t h e  d e m a r c a t i o n  o f  t h e  Lumen o f  a 

L y m p h a t i c .

I n  t h e  c a s e  o f  s ma L Le r  L y m p h a t i c s ,  K L i k a  e t  aL ( 1 9 7 2 )  

f o u n d  t h i s  p a r t i c i p a t i o n  t o  be more e v i d e n t .  I n  f a c t ,  a t
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t h e  s i t e  o f  o r i g i n  o f  L y m p h a t i c s ,  a t  t h e  b a s e  o f  t h e  h e a r t ,  

m e s e n c h y m a l  c e l l s  d i r e c t l y  c i r c u m s c r i b e d  t h e  l umen  o f  t h e

l y m p h a t i c  c a p i l l a r y  and f o r m e d  an i n t e g r a l  p a r t  o f  i t s

w a l l .  T h e s e  t h i n  me s e n c h y ma l  c e l l s  d i d  n o t  e x i s t  i n  p l a c e s  

s t i l l  l a c k i n g  l y m p h a t i c s .  At  t h e  s i t e  o f  o r i g i n  o f  

l y m p h a t i c  c a p i l l a r i e s ,  t h e  d i s t r i b u t i o n  and d e n s i t y  o f  

m e s e n c h y m a l  c e l l s  was n o t  i n  any  way i n f l u e n c e d  by t h e

p r e s e n c e  o f  L y m p h a t i c s .  T h i s  was i n d i r e c t l y  due  t o  

i n c o r p o r a t i o n  o f  t h e  i n t e r c e l l u l a r  s p a c e s  i n t o  t h e  

l y m p h a t i c  s y s t e m ,  w h i c h  g r ew f r o m  t h e  b a s e  o f  t h e  h e a r t  

t o w a r d s  t h e  a p e x ,  w i t h o u t  an i n t e r m e d i a t e  c h a n g e  o c c u r r i n g  

i n  t h e i r  s i z e .
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K • IQPOGRAPHY of e x t r AHEPATI c l y m p h a t i c s

The b u l k  o f  t h e  h e p a t i c  l ymph  c o m i n g  f r o m  t h e  

i n t e r i o r  o f  t h e  l i v e r  d r a i n s  t o  t h e  n od e s  a t  t h e  p o r t a  

h e p a t i s .

R i t c h i e  e t  a l  ( 1 9 5 9 ) ,  and Szabo e t  a l  ( 1 9 7 5 )  f o u n d  i n  

d o g s  t h a t  t h i s  r o u t e  a c c o u n t s  f o r  a b o u t  80% o f  h e p a t i c  

l y mp h  and t h a t  when t h i s  r o u t e  was l i g a t e d  t h e  t h o r a c i c  

d u c t  l y mp h  f l o w  d e c r e a s e d  and t h e  a moun t  o f  t r a n s p o r t e d  

p r o t e i n s  d r o p p e d  by 70%.  C o m p a r i n i  ( 1 9 6 9 )  f o u n d  t h a t  i n  

man t h i s  r o u t e  i s  t h e  p r i m a r y  p a t h  o f  d r a i n a g e  o f  h e p a t i c  

l y m p h .

S h a t z k i  ( 1 9 7 8 )  f o u n d  i n  r a t s  t h a t  8 - 1 0  l a r g e  

e f f e r e n t  l y m p h a t i c s  g r o u p e d  i n  b u n d l e s  and c o n t a i n i n g  

s e v e r a l  v a l v e s ,  d e s c e n d e d  a l o n g  t h e  c o u r s e  o f  t h e  h e p a t i c  

a r t e r y ,  t o  d r a i n  i n t o  nod e s  a t  t h e  p o r t a  h e p a t i s .  Thes e  

n o d e s  h av e  r e c e i v e d  d i f f e r e n t  names .  Y o f f e y  and C o u r t  i c e

( 1 9 7 0 )  c a l l e d  t hem " h e p a t i c "  as d i d  P o p p e r  and S c h a f f n e r  

( 1 9 5 7 ) ,  w h i l e  T i l n e y  ( 1 9 7 1 )  c a l l e d  t hem " p o r t a l "  n o d e s .

I n t e r c o m m u n i  c a t  i o n s  w i t h  l y m p h a t i c s  f r o m  n e i g h b o u r i n g  

o r g a n s  hav e  been  r e p o r t e d .  R o t e n b e r g  ( 1 9 4 9 )  f o u n d  

i n t e r c o m m u n i c a t i o n s  b e t w e e n  t h e  e f f e r e n t  l y m p h a t i c s  o f  t h e  

l i v e r  and  t h o s e  o f  t h e  s t o m a c h  i n  t h e  r e g i o n a l  n o d e s  o f  t h e  

t w o  o r g a n s .

A m i n o r i t y  o f  t h e  i n t r a h e p a t i c  l y m p h a t i c s  f o l l o w  t h e  

t r i b u t a r i e s  o f  t h e  h e p a t i c  v e i n s ,  t h e n  c o l l e c t  a r o u n d  t h e  

p r o x i m a l  p o r t i o n  o f  t h e  i n f e r i o r  vena  c a v a  and a c c o mp a n y  i t  

t h r o u g h  i t s  d i a p h r a g m a t i c  h i a t u s  and e n t e r  t h e  t h o r a c i c
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c a v i t y .  T h e s e  l y m p h a t i c s  we r e  c a l l e d  " t h e  a s c e n d i n g "  

l y m p h a t i c s  by  Y o f f e y  and C o u r t i c e  ( 1 9 7 0 ) .  Mos t  w o r k e r s  

a g r e e d  t h a t  t h e y  d r a i n  t o  l ymph  n o des  a r o u n d  t h e  t e r m i n a l  

s e g m e n t  o f  t h e  i n f e r i o r  vena  c a v a .  R u s z n y a k  e t  a l  ( 1 9 6 0 )  

r e p o r t e d  c o n n e c t i o n s  w i t h  t h e  a n t e r i o r  m e d i a s t i n a l  l y mph  

n o d e s  and t h a t  t h e s e  l ymph v e s s e l s  i n t e r - c o m m u n i c a t e  w i t h  

t h o s e  o f  t h e  d i a p h r a g m  and s u b - d i a p h r a g m a t i c  p l e u r a .  

K u l t n e r  ( 1 9 5 0 )  r e p o r t e d  c o n n e c t i o n s  w i t h  t h e  

s u p r a c l a v i c u l a r  l y mp h  n o d e s ,  e s p e c i a l l y  on t h e  r i g h t  s i d e .
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m a t e r i a l s  and m e t h o d s

A.  MI I HODS of I NVESTI GATI NG l y m p h a t i c s  

REVIEW OF LITERATURE

The d i s c o v e r y  o f  L y m p h a t i c s  by A s e l l i  ( 1 6 2 2 )  was a 

c h a n c e  o b s e r v a t i o n ,  bas e d  on t h e  f a c t  t h a t  t h e  i n t e s t i n a l  

L y m p h a t i c s  a r e  f i l l e d  w i t h  f a t  d r o p l e t s  i n  a r e c e n t l y  f e d  

a n i m a l ,  and a p p e a r  m i l k y  w h i t e .

R o u t i n e  h i s t o l o g i c a l  p r e p a r a t i o n s  s e l d o m  r e v e a l  t h e  

l y m p h a t i c  v e s s e l s .  As a r e s u l t ,  many i n v e s t i g a t o r s  have  

l o o k e d  f o r  ways  o f  ma k i n g  t hem v i s i b l e .

I d e n t i f i c a t i o n  o f  l y m p h a t i c s  i s  made much e a s i e r  i f  

t h e y  a r e  d i l a t e d  by p r i o r  l i g a t i o n  o f  t h e  e f f e r e n t  

l y m p h a t i c s  o r  t h e  t h o r a c i c  d u c t  i n  t h e  l i v i n g  a n i m a l .

Ru d b e c k  ( 1 6 5 3 )  i s o l a t e d  t h e  l a r g e r  l y mph  t r u n k s ,  l i g a t e d

t h e m ,  t h e r e b y  c a u s i n g  d i l a t a t i o n  o f  t h e i r  t r i b u t a r i e s  and 

m a k i n g  t hem mor e  r e a d i l y  v i s i b l e .

M a j o r  a d v a n c e s  i n  t h e  s t u d y  o f  l y m p h a t i c  t r u n k s  came 

f r o m  t h e i r  i n j e c t i o n  w i t h  m e r c u r y ,  a me t h o d  due p r i n c i p a l l y  

t o  W i l l i a m  H u n t e r ;  t h e  b e a u t y  o f  some o f  h i s  p r e p a r a t i o n s  

r e m a i n s  u n s u r p a s s e d  ev en  t o d a y  ( F i g .  1 ) .  I n  t h e  n i n e t e e n t h  

c e n t u r y ,  o t h e r  i n j e c t i o n  masses  we r e  i n t r o d u c e d ,  i n c l u d i n g  

B e r l i n  b l u e ,  G e r o t a ' s  b l u e  mass ,  and c a r m i n e  g e l a t i n .  More 

r e c e n t l y ,  t h e  s t u d y  o f  l y m p h a t i c  c a p i l l a r i e s  has  been  

e x t e n d e d  by t h e  use o f  f i n e  p a r t i c u l a t e  s u s p e n s i o n s  s uc h  as 

I n d i a  i n k ,  and c o l l o i d a l  d y e s ,  i n c l u d i n g  E v a n ' s  b l u e  and 

P o n t a m i n e  Sky B l u e .  Mos t  r e c e n t l y ,  s c a n n i n g  e l e c t r o n

m i c r o s c o p y  o f  l y m p h a t i c s  i n j e c t e d  w i t h  l ow v i s c o s i t y
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p o l y m e r s  has  p r o d u c e d  b e a u t i f u l  t h r e e  d i m e n s i o n a l  p i c t u r e s .

The d e m o n s t r a t i o n  o f  l y m p h a t i c s  by i n j e c t i o n  has been  

c r i t i c i s e d  b e c a u s e  o f  t h e  r i s k  o f  a r t i f a c t u a l  a p p e a r a n c e s .  

When t h e  dy e  i s  i n j e c t e d  r e t r o g r a d e l y  i n t o  a l y m p h a t i c  

t r u n k ,  p r e s s u r e  i s  r e q u i r e d  t o  o v e r c o me  t h e  r e s i s t a n c e  o f  

t h e  v a l v e s ,  r u n n i n g  t h e  r i s k  o f  r u p t u r e  o f  t h e  v e s s e l .  

When i n j e c t i o n s  a r e  made,  n o t  d i r e c t l y  i n t o  a l y m p h a t i c  

t r u n k  b u t  b l i n d l y  i n t o  t h e  t i s s u e ,  ( t h e  " s t a b "  i n j e c t i o n

t e c h n i q u e ) ,  i n  t h e  hope o f  e n t e r i n g  l y m p h a t i c  c a p i l l a r i e s

and f i l l i n g  t h e  r e g i o n a l  v e s s e l  by a n t e g r a d e  f l o w ,  t h e  dye  

f r e q u e n t l y  e n t e r s  t o r n  l y m p h a t i c  c a p i l l a r i e s ,  t o  g i v e

e x t e n s i v e  f i l l i n g  o f  t h e  l o c a l  c a p i l l a r y  p l e x u s ,  b u t  

a r t i f a c t s  may a g a i n  be p r o d u c e d  by t h e  s p r e a d  o f  t h e  dye  i n  

s t r e a k s  t h r o u g h  t h e  t i s s u e ,  m i m i c k i n g  l y m p h a t i c  

c a p i l l a r i e s .

A " d o u b l e  i n j e c t i o n "  t e c h n i q u e  o f  c o n t r a s t i n g  c o l o u r s  

was u s e d  by McLean and S c o t h o r n e  ( 1 9 7 0 )  t o  d i s t i n g u i s h  

b e t w e e n  b l o o d  c a p i l l a r i e s  and l y m p h a t i c s .  I n  t h e i r  

e x p e r i m e n t  on l y m p h a t i c s  o f  t h e  r a b b i t ' s  u t e r u s  t h e y

i n j e c t e d  i n d i a  i n k  r e t r o g r a d e l y  i n t o  l y m p h a t i c s  a f t e r  

f i l l i n g  t h e  b l o o d  v e s s e l s  by y e l l o w  l e a d  c h r o m a t e .

The s t u d y  o f  l y m p h a t i c s  i n  t h e  l i v i n g  a n i m a l ,  

p a r t i c u l a r l y  by t h e  C l a r k s  ( 1 9 3 3 ) ,  u s i n g  t h e  r a b b i t ' s  e a r  

c h a m b e r  has  g i v e n  much i n f o r m a t i o n  a b o u t  t h e i r  

p e r m e a b i l i t y ,  g r o w t h  and r e p a i r ,  and c o n t r a c t i l i t y ,  b u t  has 

n o t  b e e n  v e r y  h e l p f u l  i n  r e s o l v i n g  p r o b l e m s  o f  t h e  i n i t i a l

l y m p h a t i c s .
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Our  p r e s e n t  u n d e r s t a n d i n g  o f  L y m p h a t i c  c a p i l l a r i e s  

d e p e n d s  l a r g e l y  upon  t h e  use o f  e l e c t r o n  m i c r o s c o p y ,  e . g .  

t h e  w o r k  o f  P a l a y  and K a r l i n  ( 1 9 5 9 )  on t h e  i n t e s t i n a l  

l y m p h a t i c s ,  F r e n c h  e t  a l  ( 1 9 6 0 )  on d i a p h r a g m a t i c

l y m p h a t i c s .  The s t r u c t u r e  o f  n o r m a l  s m a l l  l y m p h a t i c s ,  i n

v a r i o u s  t i s s u e s ,  was s t u d i e d  i n  d e t a i l  by F l o r e y  and We i s s  

( 1 9 6 1 )  and C a s l e y - S m i t h  and F r a l e y  ( 1 9 6 1 )  by use  o f

t h e  e l e c t r o n  m i c r o s c o p e .  Leak  and B u r k e  ( 1 9 6 6 )  d e s c r i b e d  

i n  d e t a i l  t h e  a n c h o r i n g  f i l a m e n t s .

One o f  t h e  r e c e n t  mos t  s a t i s f a c t o r y  me t h o d s  o f  

d e m o n s t r a t i n g  l y m p h a t i c s  i s  t h a t  o f  v a s c u l a r  p e r f u s i o n  by 

F a w c e t t  e t  a l  ( 1 9 6 9 )  a l r e a d y  d e s c r i b e d  i n  d e t a i l  i n  t h e

I n t r o d u c t i o n .  V a s c u l a r  p e r f u s i o n  has t h e  a d v a n t a g e s  o f  

p r o d u c i n g  r a p i d  f i x a t i o n  o f  t i s s u e s  so t h a t  l y m p h a t i c s  a r e  

f i x e d  i n  t h e i r  n a t u r a l  s t a t e  and o f  a l l o w i n g  t h e  use  o f  t h e  

same m a t e r i a l  f o r  l i g h t  and e l e c t r o n  m i c r o s c o p y .
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B • EI H 0 D S OF STUDY OF THE BASIC MATERIAL

The L i v e r s  o f  a d u l t  r a t s ,  w e i g h i n g  2 0 0 - 2 4 0 g m s ,  o f  an 

i n b r e d  A l b i n o —S w i s s  s t r a i n  m a i n t a i n e d  i n  t h e  D e p a r t m e n t ,  

w e r e  u s e d  i n  t h i s  s t u d y .

The a n i m a l  was k i l l e d  by an o v e r - d o s e  o f  a n a e s t h e t i c  

e t h e r ,  p i n n e d  t o  a c o r k  b o a r d ,  t h e  abdomen and c h e s t  o p e n e d  

and  t h e  h e a r t  e x p o s e d .  Ma mma l i an  R i n g e r ' s  s o l u t i o n  

c o n t a i n i n g  0. 4% l i g n o c a i n e  c h l o r i d e  -  as a v a s o d i l a t o r  

was i n f u s e d  t h r o u g h  a 19G n e e d l e  i n  t h e  l e f t  v e n t r i c l e  t o  

wash  o u t  t h e  b l o o d  f r o m  t h e  v a s c u l a r  s y s t e m .  T h i s  

p r o c e d u r e  u s u a l l y  t o o k  a b o u t  one m i n u t e .  A s m a l l  o p e n i n g  

was made i n  t h e  r i g h t  a t r i u m  t o  a l l o w  o u t f l o w  o f  t h e  b l o o d  

and  t h e  p e r f u s a t e .  T h i s  p e r f u s i o n  o f  t h e  h e p a t i c

v a s c u l a t u r e  was c a r r i e d  o u t  t h r o u g h  t h e  l e f t  v e n t r i c l e  and 

t h e  s y s t e m i c  c i r c u l a t i o n  r a t h e r  t h a n  t h r o u g h  t h e  p o r t a l  

v e i n  b e c a u s e  i t  was f e l t  t h a t  t h e r e  was l e s s  c h a n c e  o f

o v e r l o a d i n g  t h e  h e p a t i c  c i r c u l a t i o n  and c a u s i n g  oedema 

( S i l b e r b e r g ,  1 9 7 2 ) .

When v a s c u l a r  w a s h - o u t  was c o m p l e t e ,  as j u d g e d  by

b l a n c h i n g  o f  t h e  l i v e r  and k i d n e y s ,  t h e  f i x a t i v e  was

i n t r o d u c e d  by s w i t c h i n g  t h e  t w o - w a y  v a l v e  on t h e  i n f u s i o n  

s e t .

A f t e r  p r e l i m i n a r y  t r i a l s  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  

g I u t a r a  I d e h y d e  ( 2 . 5 ,  3 . 0 ,  3 . 5 ,  4 . 0 ,  4 . 5 ,  and 5 . 0 % ) ,  a 3%

s o l u t i o n  i n  M i l l o n i g ' s  p h o s p h a t e  b u f f e r ,  pH 7 . 2 - 7 . 4 ,  

o s m o l a l i t y  550 m o s m / l ,  was c h o s e n  as g i v i n g  t h e  b e s t  

r e s u l t s .  A b o u t  800ml  o f  t h e  c h i l l e d  f i x a t i v e  was p e r f u s e d
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o v e r  a p e r i o d  o f  t h i r t y  t o  f o r t y - f i v e  m i n u t e s ,  u n d e r  a 

g r a v i t a t i o n a l  p r e s s u r e  o f  130cm o f  s o l u t i o n  ( F a w c e t t ,  

1 9 6 9 ) .  T h i s  p r e s s u r e  was used  i n  t h e  l i g h t  o f  t h e  f i n d i n g s  

o f  F r e n z e l  e t  a l  ( 1 9 7 7 )  t h a t  d i f f e r e n t  p e r f u s i o n  p r e s s u r e s  

h a v e  v a r i o u s  a d v e r s e  e f f e c t s  on t h e  s i n u s o i d a l  e n d o t h e l i u m  

f e n e s t r a t i o n s  and on t h e  h e p a t o c y t e s .

P e r f u s i o n  was j u d g e d  t o  be s a t i s f a c t o r y  when t h e r e  

was p r o m p t  b l a n c h i n g  o f  t h e  l i v e r ,  k i d n e y s  and m e s e n t e r i e s ,  

when t h e  p e r f u s a t e  l e a v i n g  t h e  r i g h t  a t r i u m  was c l e a r ,  and 

when t h e r e  was r a p i d  h a r d e n i n g  and t a n n i n g  o f  t h e  t i s s u e s .

The l i v e r  was t h e n  r emov ed  and i mm e r s e d  i n t a c t  i n  

f r e s h  f i x a t i v e  f o r  a f u r t h e r  24 h r s ,  a f t e r  w h i c h  i t  was 

r i n s e d  i n  b u f f e r  s e v e r a l  t i m e s .  Up t o  t h i s  s t a g e  t h e  l i v e r  

was h a n d l e d  as l i t t l e  as p o s s i b l e  t o  a v o i d  a r t i f a c t .  I t  

was t h e n  c u t  i n t o  s m a l l  p i e c e s  w i t h  f r e s h  s h a r p  b l a d e s  and 

l e f t  a g a i n  i n  b u f f e r  o v e r n i g h t .  The p i e c e s  we r e  t h e n  p o s t  

f i x e d  i n  1% osmi um t e t r o x i d e  i n  p h o s p h a t e  b u f f e r  f o r  t wo  

h o u r s ,  f o l l o w e d  by r i n s i n g  i n  s e v e r a l  c h a n g e s  o f  b u f f e r  

s o l u t i o n .  D e h y d r a t i o n  i n  an a s c e n d i n g  s e r i e s  o f  e t h a n o l s  

s t a r t i n g  w i t h  70% and r e a c h i n g  100% ( f o u r  c h a n g e s  o f  100%)  

was c a r r i e d  o u t  b e f o r e  e mb e d d i n g  i n  S p u r r ' s  r e s i n .

B l o c k s  we r e  t r i m m e d  and s e m i - t h i n  s e c t i o n s  o f  1 -  

1 . 5 / j m t h i c k n e s s  i n  i n t e r r u p t e d  s e r i e s  t h r o u g h  eac h  b l o c k  

w e r e  t a k e n .

S e c t i o n s  a r e  s t a i n e d  by one o f  a v a r i e t y  o f  m e t h o d s :  

A z u r  I I ,  m e t h y l  g r e e n - p y r o n i n ,  s i l v e r  n i t r a t e ,  l i g h t  g r e e n ,  

P . A . S . ,  and H & E.  S t a i n e d  s e c t i o n s  we r e  s t u d i e d  by t h e
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l i g h t  m i c r o s c o p e ;  s e l e c t e d  a r e a s  o f  i n t e r e s t  i n  e ac h  b l o c k  

w e r e  c u t  i n  t h i n  s e c t i o n s  o f  6 0 - 8 0  nm,  mo u n t e d  on u n c o a t e d  

200  mesh g r i d  and t h e n  d o u b l e  s t a i n e d  w i t h  u r a n y l  a c e t a t e  

and  l e a d  c i t r a t e  ( R e y n o l d s ,  1 9 6 3 )  and e x a m i n e d  i n  a JOEL 

100S e l e c t r o n  m i c r o s c o p e .

I n  a l l ,  t h e  l i v e r s  o f  12 r a t s  we r e  u s ed  t o  s t u d y  t h e  

n o r m a l  a p p e a r a n c e s ,  w i t h o u t  any  e x p e r i m e n t a l  m a n i p u l a t i o n .  

T h i s  m a t e r i a l  p r o v i d e d  t h e  b a s i s  f o r  t h e  i n i t i a l  

h y p o t h e s i s .

The r e c o g n i t i o n  o f  v e r y  s m a l l  l y m p h a t i c s  u n d e r  t h e  

l i g h t  m i c r o s c o p e  was bas ed  on t h e  c r i t e r i a  a l r e a d y  o u t l i n e d  

i n  t h e  I n t r o d u c t i o n ;  d o u b t f u l  v e s s e l s  we r e  c h e c k e d  by 

t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p y .



c - SCANNING ELECTRON MICROSCOPY

L i v e r  p i e c e s ,  f i x e d  by p e r f u s i n g  3 % g l u t a r a l d e h y d e  

r i n s e d  i n  b u f f e r ,  we r e  s l i c e d  i n t o  100 s l i c e s  by a

v i b r a t o m e ,  t h e n  o s m i c a t e d  and r i n s e d  i n  b u f f e r  s e v e r a l  

t i m e s .  They  we r e  t h e n  d e h y d r a t e d  t h r o u g h  a s c e n d i n g  g r a d e s  

o f  e t h a n o l  and t h r e e  c h a n g e s  o f  a my l  a c e t a t e ,  c r i t i c a l -  

p o i n t  d r i e d  and c o a t e d  w i t h  g o l d ,  and f i n a l l y  s c r e e n e d  i n  

t h e  s c a n n i n g  e l e c t r o n  m i c r o s c o p e  ( JEOL JSM T 3 0 0 ) .

Some s p e c i m e n s ,  a f t e r  d e h y d r a t i o n ,  we r e  embedded  i n  

wax and a f ew 4 t h i c k  s e c t i o n s  we r e  t a k e n .  The l a s t  

s e c t i o n  c u t  was mo u n t e d  on a g l a s s  s l i d e  and s t a i n e d  w i t h  

H & E w h i l e  t h e  r e s t  o f  t h e  b l o c k  was d e wax e d  by f r e q u e n t  

c h a n g e s  o f  x y l e n e  o v e r  a 24 h o u r  p e r i o d .  The b l o c k  was 

t h e n  p r o c e s s e d  t h r o u g h  t h e  r e s t  o f  t h e  p r o c e d u r e  d e s c r i b e d  

a b o v e .  The c u t  s u r f a c e  was o r i e n t e d  f o r  v i e w i n g  u n d e r  SEM.

The s t a i n e d  s e c t i o n  was f o u n d  t o  be v e r y  u s e f u l  f o r  

o r i e n t a t i o n  o f  t h e  s c a n n i n g  i mage  o f  t h e  c u t  s u r f a c e  o f  t h e  

b l o c k .

L i v e r s  f r o m  s i x  r a t s  we r e  used  f o r  t h i s  e x p e r i m e n t .
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D. IRACERS

A f t e r  s t u d y i n g  t h e  b a s i c  m a t e r i a l  a h y p o t h e s i s  was 

f o r m u l a t e d ,  p r i n c i p a l l y  on t h e  b a s i s  o f  t h e  p r e s e n c e  o f  

p r e c i p i t a t e d  p r o t e i n  i n  t h e  i n t e r s t i t i a l  f l u i d  and i n  t h e  

l y m p h .

The h y p o t h e s i s  was t h e n  t e s t e d  by t h e  use  o f  v a r i o u s  

t r a c e r s  w h i c h ,  when i n t r o d u c e d  e i t h e r  d i r e c t l y  o r  

i n d i r e c t l y  i n t o  t h e  c i r c u l a t i n g  b l o o d ,  f i n d  t h e i r  way i n t o  

t h e  i n t e r s t i t i a l  f l u i d  and a r e  t a k e n  up by l y m p h a t i c s  wh e r e  

t h e i r  p r e s e n c e  can be d e t e c t e d  by e l e c t r o n  m i c r o s c o p y .

Two t y p e s  o f  t r a c e r s  we r e  u s e d :

1 . N a t u r a  I t r a c e r s

T h e s e  a r e  c h y l o m i c r o n s  and l i p o p r o t e i n s  w h i c h  a r e  

n o r m a l l y  p r e s e n t  i n  t h e  b o d y ;  we s i m p l y  m o d i f i e d  t h e  

d i e t  o f  t h e  a n i m a l s  t o  e n h a n c e  t h e m .

2 .  F o r e i g n  t r a c e r s

The s e c o n d  c a t e g o r y ,  f o r e i g n  t r a c e r s ,  i s  a g r o u p  o f  

s u b s t a n c e s  n o t  n o r m a l l y  p r e s e n t  i n  t h e  b o d y  b u t  w h i c h  

a r e  i n t r o d u c e d  i n t r a v e n o u s l y .  The f o l l o w i n g  we r e  u s e d :

1 -  F e r r i t i n

2 -  P o n t a m i n e  sky  b l u e

3 -  Mo n a s t  r a  I b l u e

S p e c i a l  c a r e  was t a k e n  t o  i n j e c t  t h e  m i n i m a l  d os e  o f  

t h e s e  t r a c e r s  t h a t  can s e r v e  o u r  p u r p o s e  i n  t h i s  s t u d y ,  and 

c l o s e  w a t c h  was k e p t  f o r  any  p o s s i b l e  i l l  e f f e c t ,  o f  t h e  

i n j e c t e d  m a t e r i a l .
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A b r i e f  a c c o u n t  i s  now g i v e n  o f  t h e  b a c k g r o u n d  

i n f o r m a t i o n  b e a r i n g  on t h e  use o f  t r a c e r s  i n t r o d u c e d  i n t o  

t h e  c i r c u l a t i o n .

When p a r t i c u l a t e  m a t e r i a l s  -  as t r a c e r s  ~ e n t e r  t h e  

b l o o d  stream t h e y  t r i g g e r  c e r t a i n  m e c h a n i s m s  w h i c h  l e a d  

e v e n t u a l l y  t o  t h e i r  s e q u e s t r a t i o n  f r o m  t h e  b l o o d  s t r e a m  by 

t h e  m a c r o p h a g e  s y s t e m .

When p a r t i c l e s  make c o n t a c t  w i t h  t h e  b l o o d  t h e y  a r e  

c o a t e d  by a c o l o u r l e s s  f i l m .  S i m i l a r l y  c o a t e d  p a r t i c l e s  

a d h e r e  l o o s e l y  t o  e a c h  o t h e r ,  so t h a t  t h e y  may s e p a r a t e  i f  

e x p o s e d  t o  some o f  t h e  s h e a r i n g  f o r c e s  o f  t h e  c i r c u l a t i o n  

( B l o c h  & M c C u s k e y ,  1 9 7 7 ) .  Not  a l l  p a r t i c l e s  a g g r e g a t e  t h e  

moment  t h e y  make c o n t a c t  w i t h  t h e  b l o o d .  I n  t h e  c a s e  o f  

c a r b o n  p a r t i c l e s ,  B l o c h  and McCuskey  ( 1 9 7 7 )  f o u n d  t h a t  t h e  

c o a t i n g  f i l m  i s  made o f  f i b r i n .  T h i s  c o a t i n g  f i l m  can be 

p r e v e n t e d  by m a k i n g  t h e  b l o o d  u n c o a g u l a b l e  by i n j e c t i n g  

h e p a r i n  p r i o r  t o  t h e  i n j e c t i o n  o f  t h e  t r a c e r s ,  b u t  

a g g r e g a t e s  r e a p p e a r e d  some t h i r t y  m i n u t e s  l a t e r .

B i o z z i  e t  a l  ( 1 9 5 3 ) ,  B e n a c e r r a f  e t  a l  ( 1 9 5 9 ) ,  C o t r a n  

( 1 9 6 5 ) ,  B l o c h  and McCuskey  ( 1 9 7 7 )  and De B r u y n  e t  a l  ( 1 9 8 3 )  

h av e  a l l  s t u d i e d  t h e  c l e a r a n c e  o f  p a r t i c u l a t e  m a t e r i a l s  by 

m a c r o p h a g e s .  When c o a t e d  p a r t i c l e s ,  f o r m e d  i n  t h e  

e x t r a h e p a t i c  p a r t s  o f  t h e  c i r c u l a t i o n ,  e n t e r e d  t h e  l i v e r  

s i n u s o i d  and t o u c h e d  i t s  w a l l  t h e y  a d h e r e d ;  i n  c o n t r a s t  

when s u c h  m a t e r i a l  was p r e v e n t e d  f r o m  f o r m i n g  t h e  c o a t  by 

t h e  i n t r o d u c t i o n  o f  h e p a r i n  o r  s i l i c o n  p r i o r  t o  t h e  

i n j e c t i o n  o f  t h e  p a r t i c l e s ,  t h e s e  p a r t i c l e s  d i d  n o t  a d h e r e .  

The p a r t i c l e s  we r e  p h a g o c y t i z e d  a f t e r  a d h e r e n c e  r e g a r d l e s s
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o f  t h e i r  s i z e -  The r a t e  o f  t h i s  p r o c e s s  a p p e a r e d  t o  be 

r e l a t e d  i )  t o  t h e  q u a n t i t y  o f  t h e  p a r t i c u l a t e  m a t e r i a l  

i n t r o d u c e d ,  i i )  t o  t h e  r a t e  o f  i n j e c t i o n  and i i i )  t o  t h e  

d e g r e e  o f  s a t u r a t i o n  o f  t h e  c e l l s  by t h e  p h a g o c y t i z e d  

p a r t i c l e s .  As t h e  ma c r o p h a g e s  a d a p t e d  t h e m s e l v e s  r a p i d l y  

a f t e r  r e p e a t e d  i n j e c t i o n s  and c h a n g e d  t h e i r  a c t i v i t y  

t o w a r d s  t h e  p a r t i c l e s  a c c o r d i n g  t o  t h e  new L e v e l  i n  t h e  

b l o o d ,  i n g e s t e d  p a r t i c l e s  s t a r t e d  t o  a p p e a r  i n  o t h e r  

l o c a t i o n s ,  p a r t i c u l a r l y  t h e  e n d o t h e l i u m  o f  r e n a l  g l o m e r u l i  

and  o f  o t h e r  b l o o d  v e s s e l s .  The t o t a l  mass o f  t h e s e  

e n d o c y t i c  e n d o t h e l i a l  c e l l s  i s  L a r g e  and c o l l e c t i v e l y  mus t  

be c o n s i d e r e d  t o  be an i m p o r t a n t  me c h a n i s m f o r  t h e  

s e q u e s t r a t i o n  o f  b l o o d - b o r n e  p a r t i c u l a t e s  i n c l u d i n g  

p r o t e i n s ,  and i t  a p p e a r s  v e r y  d i f f i c u l t  t o  s a t u r a t e  s uc h  

p o o l .

F e r r i t i n :

F e r r i t i n  has  been e x t e n s i v e l y  u s e d  as a t r a c e r ,  

p a r t i c u l a r l y  i n  s t u d y i n g  t h e  p e r m e a b i l i t y  o f  b l o o d  

c a p i l l a r i e s  ( s e e  e . g .  F a r q u h a r  e t  a l ,  1 9 6 1 ) .  De B r u y n  e t  

a l  ( 1 9 8 3 )  us ed  f e r r i t i n  t o  s t u d y  t h e  e n d o c y t o s i s  by 

b r i s t l e - c o a t e d  p i t s  o f  p r o t e i n  t r a c e r s  and t h e i r  i n t r a ­

c e l l u l a r  t r a n s p o r t  i n  t h e  e n d o t h e l i u m  l i n i n g  t h e  s i n u s o i d s  

o f  t h e  l i v e r .  I n  t h e  p r e s e n t  s t u d y ,  t h e  f e r r i t i n  u s ed  was 

o f  t h e  same t y p e  -  NaF- 4 503  t y p e  1 f r o m  h o r s e  s p l e e n  

( S i g m a )  i n  0 . 1 5  m o l / l  s o d i u m c h l o r i d e ,  s t e r i l i z e d  and 

f i l t e r e d .  I t  was i n j e c t e d  i n  t h e  same d o s a g e  o f

0 . 25mg/ 1  OOgm a n i m a l  w e i g h t ,  i n t o  t h e  t a i l  v e i n .
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F o u r  r a t s  we r e  i n j e c t e d  and k i l l e d  a f t e r  t w o  m i n u t e s .

F e r r i t i n  g r a n u l e s  meas u r e  8 0 - 1 0 0 A  ( L e a k  & B u r k e ,  1 9 6 8 ) .

T h e y  a r e  e l e c t r o n  dens e  and a r e  seen  as f i n e  b l a c k  d o t s  i n

t h e  e l e c t r o n  m i c r o s c o p e .  These  f o u r  a n i m a l s  we r e  p e r f u s e d

a f t e r  d e a t h  by i n t r a c a r d i a c  i n j e c t i o n ,  as i n  t h e  s t u d y  o f

n o r m a l  c o n t r o l  a n i m a l s  a l r e a d y  d e s c r i b e d .

E l e c t r o n  m i c r o s c o p y  o f  t h i s  m a t e r i a l  r e v e a l e d  no

f e r r i t i n  i n  t h e  s i n u s o i d a l  Lumen o r  i n  t h e  s p a c e  o f  D i s s e .

I t  seemed p o s s i b l e  t h a t  t h e  p r o c e s s  o f  p e r f u s i o n  had washed

away  t h e  f e r r i t i n .  A f i f t h  a n i m a l  was t h e r e f o r e  i n j e c t e d

i n t r a v e n o u s l y  w i t h  f e r r i t i n ,  as b e f o r e ,  k i l l e d  by

d e c a p i t a t i o n ,  and t h e  l i v e r  f i x e d  by i m m e r s i o n  i n  3%

g l u t a r a  L d e h y d e .

P o n t  ami  ne s k y  b l u e  ( P -. S -. B i ) :

P . S . B .  has been  e x t e n s i v e l y  u s ed  t o  s t u d y  L y m p h a t i c s

as w e l l  as c a p i l l a r y  p e r m e a b i l i t y  [ s e e  e . g .  G u r r  ( 1 9 6 0 ) ,

M c M a s t e r  and P a r s o n s  ( 1 9 3 8 ,  1 9 3 9 ,  1 9 5 0 ) ,  P s y c h o y o s  ( 1 9 7 1 ) 3 .

P . S . B .  6BX has  a m o l e c u l a r  w e i g h t  o f  9 9 2 , 8 3 2 ;  i t s  c h e m i c a l

f o r m u l a  i s  C H N O  S Na ,  i t s  a p p r o x i m a t e  p e r c e n t a g e  
3 4 o 2 4  6 16 4 4

s o l u b i l i t y  a t  15°C i n  w a t e r  i s  4 . 7 5 .  I t  i s  an a c i d  dye  o f

t h e  d i a z o  s e r i e s  and b i n d s  t o  a l b u m i n  when i n j e c t e d

i n t r a v e n o u s l y  ( P s y c h o y o s ,  1 9 7 1 ) .

A 3% s o l u t i o n  o f  t h e  dye i n  s a l i n e  was p r e p a r e d  and 

i n j e c t e d  v i a  t h e  t a i l  v e i n  a t  a d o s a g e  o f  0 . 5 m l / 1 0 0 g m  body  

w e i g h t .  A n i m a l s  wer e  k i l l e d  a t  v a r i o u s  i n t e r v a l s  a f t e r  

i n j e c t i o n  t o  d e t e r m i n e  t h e  mos t  s u i t a b l e  t i m e  t o  f i n d  dye 

p a r t i c l e s  i n  t h e  l i v e r  and i t s  l y m p h a t i c s .  Two r a t s  we r e

k i l l e d  a t  i n t e r v a l s  o f  2 , 4 , 6 , 8 , 1 0  and 12 m i n u t e s  a f t e r
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i n j e c t i o n ,  g i v i n g  a t o t a l  o f  12 r a t s .  The e i g h t  m i n u t e  

p a i r  p r o v e d  t o  be mos t  s u i t a b l e .

P . S . B .  p r o v e d  t o  be s a f e  i n  t h e  r ec ommende d  d o s e  and 

was n o t  t a k e n  up by any c e l l .  P a r t i c l e s  we r e  u n i f o r m l y  

r o u n d e d ,  u n d e r  E . M . ,  s l i g h t l y  v a r i a b l e  i n  s i z e  and 

u n i f o r m l y  e l e c t r o n  d e n s e .

M o n a s t r a l  b l u e

T h i s  i s  a p h t h a L o c y a n i n e  c o l l o i d a l  b l u e  p i g m e n t  

s u p p l i e d  by Si gma as a 3% s o l u t i o n  i n  0 . 85% s o d i u m 

c h l o r i d e .  I t s  pH was 9 t o  10 .

M a j n o  and Pa Lade ( 1 9 6 1 )  used  m o n a s t r a l  b l u e  i n  t h e i r  

s e r i e s  o f  s t u d i e s  o f  c a p i l l a r y  p e r m e a b i l i t y  a f t e r  h i s t a m i n e  

i n j e c t i o n  and a f t e r  i n j u r y .  They  p r e s e n t e d  i t  as a 

s u i t a b l e  a l t e r n a t i v e  t o  c e r t a i n  l a c q u e r - f r e e  c a r b o n  

p a r t i c l e  s u s p e n s i o n s  ( P e l i k a n ) ,  no l o n g e r  c o m m e r c i a l l y  

a v a i l a b l e .

I t  i s  n o n - t o x i c  i n  t h e  r ecommended  d o s e  o f  0 . 1  -  0 . 2  

m l / 1 0 0 g m s  o f  a n i m a l  w e i g h t .  The p a r t i c l e s  v a r y  i n  s h a p e ;  

some a r e  r o d - s h a p e d ,  o t h e r s  a r e  a m o r p h o u s ,  w i t h  v a r i a b l e

e l e c t r o n  d e n s i t y .

F o u r  r a t s  we r e  i n j e c t e d  i n t r a v e n o u s l y  w i t h  t h e  

r e c o mme n d e d  d os e  and k i l l e d  10 m i n u t e s  l a t e r .  The l i v e r  

was t h e n  p r o c e s s e d  i n  t h e  same way as t h a t  o f  t h e  c o n t r o l  

m a t e r i a l .

Ch^JLomlcrQDS:
The c h a r a c t e r i s t i c s  o f  c h y l o m i c r o n s  have  been  

e x t e n s i v e l y  s t u d i e d .  They  a r e  n o r m a l l y  p r o d u c e d  by t h e
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i n t e s t i n a l  e p i t h e l i u m  f r o m  a b s o r b e d  d i e t a r y  f a t .  The f a t t y  

c o m p o u n d s  a r e  c o a t e d  w i t h  a p h o s p h o l i p i d  m a t e r i a l .  A b o u t  

90% i s  d r a i n e d  by i n t e s t i n a l  l a c t e a l s  i n t o  t h e  t h o r a c i c  

d u c t  and  t h e n c e  i n t o  t h e  c i r c u l a t i o n .  The r e m a i n i n g  10% i s  

d r a i n e d  by t h e  p o r t a l  v e i n  t o  t h e  l i v e r .  C h y l o m i c r o n s  

t h e r e f o r e  r e a c h  t h e  i n t r a h e p a t i c  c i r c u l a t i o n  d i r e c t l y  and 

i n d i  r e c t l y .

o o
Th e y  me a s u r e  f r o m  1000A t o  3 5 0 0 A ,  and s m a l l  ones  

c o a l e s c e  t o  f o r m  L a r g e r  o n e s .  Those  s e en  i n  t h e  l i v e r  

c i r c u l a t i o n  a r e  c o m p a r a b l e  t o  t h o s e  i n  t h e  i n t e s t i n e .

C h y l o m i c r o n s  l o o k  d i f f e r e n t  when f i x e d ,  embedded and 

s t a i n e d  i n  d i f f e r e n t  m a t e r i a l s  ( C a s l e y - S m i t h ,  1 9 6 2 ) .

Two a d u l t  r a t s  we r e  f a s t e d  o v e r n i g h t  and f e d  n e x t  

m o r n i n g  w i t h  b r e a d  L i b e r a l l y  s o a k e d  i n  l a r d .  F o u r  h o u r s  

l a t e r  t h e y  we r e  s a c r i f i c e d  and p r o c e s s e d  f o r  e l e c t r o n  

m i c r o s c o p y  i n  t h e  u s u a l  way .  I n  a d d i t i o n ,  6 y o u n g  r a t s  

w h i c h  had  r e c e n t l y  s u c k l e d  wer e  u s e d :  t wo  we r e  l e s s  t h a n

24 h o u r s  o l d ,  t wo  wer e  one week o l d  and t wo  we r e  t wo  weeks  

o l d .  I n  a l l ,  8 r a t s  wer e  used  i n  t h i s  e x p e r i m e n t .

7 h e r e  a r e  v e r y  f ew r e f e r e n c e s  t o  t h e  use o f  

l i p o p r o t e i n s  as t r a c e r s  Csee e . g .  Hayes  and H e w i t t  (1 95711.

S i x  t wo  weeks  o l d  r a t s  w i t h  s t o m a c h s  f u l l  o f  m i l k  

w e r e  u s e d .  T h i s  m a t e r i a l  y i e l d e d  f ew c h y l o m i c r o n s ,  b u t
o

a b u n d a n t  l i p o p r o t e i n s  w h i c h  v a r i e d  i n  s i z e  f r o m  150A t o  

8 0 0 A,  and we r e  i r r e g u l a r  i n  shape  and d e n s i t y  ( S i l b e r b e r g ,

1 9 7 2 )  .
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The i n t r i n s i c  L y m p h a t i c s  we r e  s t u d i e d  i n  t h e  L i v e r s  

o f  g r o u p s  o f  A L b i n o  Sw i s s  r a t s  aged 24 h o u r s ,  1 ,  2 and 3

w e e k s  and a d u L t .  The m a t e r i a L  was f i x e d  by t h e  same 

p r o c e d u r e  o f  a r t e r i a L  p e r f u s i o n ,  a f t e r  v a s c u L a r  wash o u t ,  

b u t  u s i n g  a s maLLe r  gauged  needLe  ( 24G)  t o  m i n i m i z e  t h e  

r i s k  o f  o v e r L o a d i n g  t h e  c i r c u L a t i o n .  Two a n i m a L s  we r e  us ed  

i n  e a c h  g r o u p  C t o t a L  o f  10 r a t s ) ,  and f i v e  b L o c k s  o f  L i v e r  

t i s s u e  f r o m  eac h  an i maL  wer e  embedded i n  S p u r r ' s  r e s i n  and 

s t u d i e d  by o p t i c a L  m i c r o s c o p y  and t r a n s m i s s i o n  e L e c t r o n  

m i c r o s c o p y .  The t o t a L  number  o f  s e m i - t h i n  s e c t i o n s  f r o m  

e a c h  g r o u p  was 1 0 .  Fo r  t h e  n e w b o r n  r a t s  18 s e c t i o n s  we r e  

s t u d i e d  b e c a u s e  t h e r e  wer e  f e w e r  p o r t a L  t r a c t s .  I n  each  

s e m i - t h i n  s e c t i o n ,  a L L p o r t a L  t r a c t s  we r e  e x a m i n e d  t o  

d e t e r m i n e  t h e  p r e s e n c e ,  o r  a b s e n c e ,  o f  s e c t i o n a L  p r o f i L e s  

o f  L y m p h a t i c s .  The d i a m e t e r  o f  t h e  a s s o c i a t e d  p o r t a L  v e i n  

b r a n c h  was me a s u r e d  by use o f  a c amer a  L u c i d a .
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25 a d u l t  AI  b i n o - S w i s s  r a t s ,  w e i g h i n g  an a v e r a g e  o f  

230  g ms ,  we r e  u s e d .

A I/o a q u e o u s  s o l u t i o n  o f  p o n t a m i n e  s k y  b l u e  was u s e d ,  

i n  a d o s e  o f  0 . 5 m l / 1 0 0 g m  body  w e i g h t  ( P s y c h o y o s ,  1 9 7 1 ) ,  

i n j e c t e d  i n  t h e  t a i l  v e i n  a f t e r  l i g h t  e t h e r  a n a e s t h e s i a .  

A f t e r  a b o u t  7 m i n u t e s  t h e  r a t  was k i l l e d  by an over - dose  o f  

a n a e s t h e t i c  e t h e r .  Dea t h  o c c u r r e d  i n  a b o u t  t h r e e  m i n u t e s ,  

so t h e  t i m e  i n t e r v a l  b e t w e e n  t h e  i n j e c t i o n  o f  t h e  dye  and 

t h e  d e a t h  o f  t h e  a n i m a l  was a p p r o x i m a t e l y  10 m i n u t e s ,  

d u r i n g  w h i c h  t i m e  t h e  dye c i r c u l a t e d  t h r o u g h o u t  t h e  b o d y ,  

f i l t e r e d  t h r o u g h  t h e  c a p i l l a r i e s  and was t a k e n  up by t h e  

l y m p h a t i c s .  The r a t  was t h e n  opened  and p e r f u s e d  t h r o u g h  a 

19G n e e d l e  i n t r o d u c e d  i n t o  t h e  l e f t  v e n t r i c l e ,  w i t h  

m a m m a l i a n  R i n g e r ' s  s o l u t i o n  c o n t a i n i n g  2% l i g n o c a i n e  as a 

v a s o d i l a t o r ;  an o u t l e t  f o r  t h e  b l o o d  and t h e  p e r f u s a t e  was 

made i n  t h e  r i g h t  a t r i u m .  Washou t  o f  t h e  b l o o d  u s u a l l y  

t o o k  2 m i n u t e s ,  a t  t h e  end o f  w h i c h  t h e  b l o o d  v e s s e l s  

a p p e a r e d  e i t h e r  w h i t i s h  o r  v e r y  f a i n t l y  b l u i s h  i n  c o n t r a s t  

t o  t h e  l y m p h a t i c s  and l ymph nodes  w h i c h  wer e  d a r k  b l u e  and 

c o u l d  be r e a d i l y  i d e n t i f i e d  u n d e r  a d i s s e c t i n g  m i c r o s c o p e .
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G . PLASMA c e l l s

S i x  A I b i n o - S w i s s  r a t s  we r e  used  f o r  t h i s  s t u d y .  They

w e r e  f i x e d  by p e r f u s i o n  o f  3% g L u t a r a L d e h y d e  a f t e r  v a s c u l a r

was h  o u t .  A p i e c e  o f  t h e  l i v e r  was t a k e n  and embedded i n

w a x ,  s i x  s e c t i o n s  5 - 6  j jm t h i c k ,  15 s e c t i o n s  a p a r t  we r e

t a k e n  f r o m  eac h  a n i m a l .  The s e c t i o n s  we r e  s t a i n e d  w i t h

m e t h y l  g r e e n - p y r o n i n  t o  i d e n t i f y  p l a s ma  c e l l s .  P l as ma

c e l l s  we r e  c o u n t e d  i n  each o f  t h e  t o t a l  o f  36 s e c t i o n s .

The a v e r a g e  number  o f  p l asma  c e l l s  i n  t h e  6 s e c t i o n s  f r o m

e a c h  a n i m a l  was c a l c u l a t e d ,  t h e n  t h e  a v e r a g e  a r e a  o f  t h e  6

s e c t i o n s  was c a l c u l a t e d  u s i n g  t h e  MOP-AM02 .  The r e s u l t  was
2

e x p r e s s e d  as number  o f  p l asma  c e l l s / m m  .

P l a s ma  c e l l s  wer e  i d e n t i f i e d  by t h e i r  i n t e n s e l y  

p y r o n i n o p h i l i c  c y t o p l a s m .  M a t u r e  c e l l s  showed t h e  

c h a r a c t e r i s t i c  e c c e n t r i c  " c a r t  w h e e l "  n u c l e u s  and n e g a t i v e  

g o l g i  i m a g e .  I m m a t u r e  p l as ma  c e l l s  ( p I asmab I a s t s )  had

l a r g e  p a l e  n u c l e i  w i t h  more p r o m i n e n t  n u c l e o l i ,  and

a b u n d a n t  " f o a m y "  p y r o n i n o p h i l i c  c y t o p l a s m .
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RESULTS

The s t r a t e g y  a d o p t e d  i n  t h i s  i n v e s t i g a t i o n  was

d e t e r m i n e d  by t h e  f o l l o w i n g  c o n s i d e r a t i o n s .

i )  t h a t  mos t  o f  t h e  h e p a t i c  l ymph d e r i v e s  u l t i m a t e l y  

f r o m  p r o t e i n - r i c h  i n t e r s t i t i a l  f l u i d  i n  t h e  s p a c e  o f  

Di  s s e ;

i i )  t h a t  t y p i c a l ,  e n d o t h e l i  a l l y - l i n e d  l y m p h a t i c s  a r e

f o u n d  i n  t h e  c o n n e c t i v e  t i s s u e  o f  p o r t a l  t r a c t s

( a l t h o u g h ,  as we s h a l l  s e e ,  n o t  i n  a l l  o f  t h e m ) ,  a n d ,

i i i )  t h a t  an e x h a u s t i v e  r e v i e w  o f  t h e  l i t e r a t u r e  had 

p r o v i d e d  no c l e a r  c o n s e n s u s  a b o u t  t h e  r o u t e  w h i c h  

i n t e r s t i t i a l  f l u i d  f o l l o w s  i n  i t s  p a s s a g e  f r o m  s p a c e  

o f  D i s s e  t o  a l y m p h a t i c  v e s s e l .

I t  seemed l i k e l y  t h a t  t h e  s t r u c t u r e  o f  t h e  

p e r i l o b u l a r  L i m i t i n g  p l a t e  m i g h t  p r o v i d e  t h e  c l u e  t o  t h e  

f i r s t  p a r t ,  a t  l e a s t ,  o f  t h i s  c o n t r o v e r s i a l  r o u t e ,  s i n c e  

t h e  s p a c e  o f  D i s s e  l i e s ,  a l m o s t  by d e f i n i t i o n ,  w i t h i n  t h e  

l o b u l e  and t h e  p o r t a L  t r a c t ,  e q u a l l y  by d e f i n i t i o n ,  

i m m e d i a t e l y  o u t s i d e  i t .  The f i r s t  q u e s t i o n  t o  w h i c h  an 

a n s w e r  was s o u g h t ,  t h e r e f o r e ,  was t h i s  o ne :

A r e  t h e r e  g ags  i n  t h e  p e r i l o b u l a r  l i m i t i n g  p l a t e ?

I t  i s ,  o f  c o u r s e ,  w e l l  known t h a t  t h e  p e r i l o b u l a r

l i m i t i n g  p l a t e  i s  n o t  a c o n t i n u o u s  s h e e t  o f  h e p a t o c y t e s ,

b u t  i s  p e r f o r a t e d  by s t r u c t u r e s  e n t e r i n g  t h e  l o b u l e  -

b r a n c h e s  o f  p o r t a l  v e i n  and h e p a t i c  a r t e r y  -  and by

s t r u c t u r e s  l e a v i n g  i t  -  t r i b u t a r i e s  o f  t h e  b i l i a r y  t r e e .

The way i n  w h i c h  t h e s e  s t r u c t u r e s  p i e r c e  t h e  l i m i t i n g  p l a t e
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on e n t e r i n g  o r  L e a v i n g  t h e  L o b u l e  i s  c l e a r l y  s e e n  i n  t h e  

f a m i l i a r  3 - d i m e n s i o n a I  scheme o f  E l i a s  ( F i g .  2 )  and  i n  t h e  

mor e  d i a g r a m m a t i c  r e p r e s e n t a t i o n  p r o v i d e d  by  H e n r i k s o n  

e t  a l  ( F i g .  3 ) .

No d i f f i c u l t y  was e x p e r i e n c e d  i n  i d e n t i f y i n g  g a p s  i n  

t h e  l i m i t i n g  p l a t e  a s s o c i a t e d  w i t h  b l o o d  v e s s e l s ;  e x a m p l e s  

i d e n t i f i e d  by o p t i c a l  m i c r o s c o p y  o f  s e m i - t h i n  s e c t i o n s  and 

by  T . E . M. a r e  i l l u s t r a t e d  i n  F i g s .  4a & b .  I n  F i g .  4 a ,  as 

t h e  p o r t a l  v e i n  b r a n c h  ( P . V . )  e n t e r s  t h e  s i n u s o i d  ( S )  t h e r e  

i s  h a r d l y  any  s p a c e  v i s i b l e  b e t w e e n  t h e  w a l l  o f  t h e  v e i n  

and t h e  h e p a t o c y t e s  o f  t h e  l i m i t i n g  p l a t e .  H o w e v e r ,  a 

T . E . M .  p i c t u r e  ( F i g .  4b )  o f  t h e  same a r e a ,  r e v e a l s ,  a r o u n d  

t h e  e n t e r i n g  p o r t a l  v e i n  b r a n c h ,  a s p a c e  o f  t h e  same o r d e r  

o f  s i z e  as D i s s e ' s  s p a c e .

I t  s o on  became e v i d e n t ,  h o w e v e r ,  t h a t  t h e r e  we r e  many 

e x a m p l e s  o f  g a p s  i n  t h e  l i m i t i n g  p l a t e  w h i c h  w e r e  n o t  

o b v i o u s l y  a s s o c i a t e d  w i t h  v a s c u l a r  o r  b i l i a r y  e l e m e n t s .

Fo r  e x a m p l e ,  F i g .  5 shows  a g ap  (G)  b e t w e e n  t w o  

a d j a c e n t  h e p a t o c y t e s  b e l o n g i n g  t o  t h e  l i m i t i n g  p l a t e .  I t  

i s  a b o u t  17 urn l o n g  and 2 urn w i d e .  A t  i t s  i n n e r  end i s  a 

c r o s s - s e c t i o n a l  p r o f i l e  o f  a s i n u s o i d  ( S )  and i t s  

a s s o c i a t e d  p e r i s i n u s o i d a  I s p a c e  o f  D i s s e  ( D ) ;  i t s  o u t e r  end  

i s  d i r e c t l y  c o n t i n u o u s  w i t h  t h e  s p a c e  o f  M a l l  (M)  and t h e  

c o n n e c t i v e  t i s s u e  o f  t h e  p o r t a l  c a n a l  ( P ) .  The gap  

c o n t a i n s  c o l l a g e n  f i b r e s ,  p r o c e s s e s  o f  a f i b r o b l a s t  ( F )  and

h e p a t o c y t i c  m i c r o v i l l i  ( s h o w n  a t  h i g h e r  m a g n i f i c a t i o n  i n

F i g .  6 ) .  I t  seems t o  p r o v i d e  a r o u t e  f o r  t h e  p a s s a g e  o f

f l u i d  f r o m  D i s s e ' s  s p a c e  i n t o  t h e  p o r t a l  c a n a l .
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S i m i l a r  a p p e a r a n c e s  a r e  shown i n  F i g .  7 i n  w h i c h  t h e  

g ap  i s  s h o r t e r  C 4 um) and F i g .  9 i n  w h i c h  t h e  s i n u s o i d  

a b u t s  a l m o s t  d i r e c t l y  on t h e  p o r t a l  c a n a l .

F u r t h e r  e x a m p l e s  o f  gaps  i n  t h e  l i m i t i n g  p l a t e  a r e  

i l l u s t r a t e d  i n  F i g s .  8 ,  9 ,  1 0 ,  1 1 ,  1 2 ,  1 3 ,  14 and 1 5 ,  w h i c h  

show a p r o g r e s s i v e  I y c l o s e r  r e l a t i o n  o f  a s i n u s o i d a l  c r o s s  

s e c t i o n a l  p r o f i l e  t o  a p o r t a l  c a n a l  w i t h  s h o r t e r  ( 17  jum 

0 ^jm) b u t  w i d e r  (1 jum -  32 ^im) gaps  b e t w e e n  l i m i t i n g  p l a t e  

h e p a t o c y t e s .  An e x t r e m e  e x a mp l e  i s  shown i n  F i g .  1 6 ,  i n  

w h i c h  a l o n g i t u d i n a l l y  s e c t i o n e d  s i n u s o i d  ( S)  i s  seen  t o  

a b u t  d i r e c t l y  upon  p o r t a l  c a n a l  c o n n e c t i v e  t i s s u e ,  s h o w i n g  

a g ap  b e t w e e n  h e p a t o c y t e s  m e a s u r i n g  3 2 jum i n  w i d t h .

The e x a m p l e s  g i v e n  so f a r  do n o t  r e v e a l  t h e  t r u e  

e x t e n t  o f  t h e  f u r t h e r  e x t e n s i o n s  o f  t h e s e  g aps  wIJthi .n t h e  

l o b u l e .  F i g .  17 shows a gap w h i c h  can  be t r a c e d  i n t o  

c o n t i n u i t y  w i t h  t h e  p e r i s i n u s o i d a l  s p a c e s  a s s o c i a t e d  w i t h  

t w o  s i n u s o i d s  C S1 & S2) and t h e  i n t e r c o n n e c t i o n  b e t w e e n  

t h e m .  The i n t e r - h e p a t o c y t i c  r a m i f i c a t i o n s  o f  D i s s e ' s  s p ac e  

a r e  f u r t h e r  e m p h a s i z e d  i n  F i g .  18 .

I t  i s ,  o f  c o u r s e ,  l i k e l y  t h a t  some,  a t  l e a s t ,  o f  t h e  

v a r i a t i o n s  d e s c r i b e d  wer e  d e p e n d e n t  upon  t h e  p l a n e  o f  

s e c t i o n .  I t  i s  a l s o  l i k e l y  t h a t  some o f  t h e  g aps  wer e  i n  

f a c t  a s s o c i a t e d  w i t h  a v a s c u l a r  o r  b i l i a r y  e l e m e n t  w h i c h  

was n o t  i n c l u d e d  i n  t h e  s e c t i o n a l  p l a n e  and w h i c h  m i g h t  

h av e  b e e n  r e v e a l e d  by s t u d y  o f  s e r i a l  t h i n  s e c t i o n s .  

H o w e v e r ,  t h i s  t e c h n i q u e  was n o t  f o l l o w e d  f o r  t wo  r e a s o n s ;  

t h e  f i r s t ,  t h a t  i t  i s  e x t r e m e l y  d e ma n d i n g  and t h a t  t h e
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r e t u r n s  w e r e  t h o u g h t  u n l i k e l y  t o  j u s t i f y  t h e  t i m e  i n v o l v e d ;  

t h e  s e c o n d ,  t h a t  e x a mp l e s  o f  gaps  n o t  a s s o c i a t e d  w i t h  

v a s c u l a r  and b i l i a r y  s t r u c t u r e s  we r e  seen  v e r y  much more 

f r e q u e n t l y  t h a n  wer e  gaps  a s s o c i a t e d  w i t h  such  s t r u c t u r e s .

I f  a l l  gaps  wer e  i n d e e d  a s s o c i a t e d  w i t h  v a s c u l a r  o r  

b i l i a r y  e l e m e n t s ,  random s e c t i o n s  w o u l d  show t h i s  

a s s o c i a t i o n  i n  a n § i o r i , t y  o f  c a s e s .  T h a t  t h i s  i s  so i s  

made c l e a r  i f  one c o n s i d e r s  t h e  r e l a t i v e  w i d t h  o f ,  s a y ,  a 

p o r t a l  v e i n  b r a n c h  p i e r c i n g  t h e  L i m i t i n g  p l a t e  and i t s  

a s s o c i a t e d  p e r i v a s c u l a r  spac e  ( " g a p " ) .

I f  t h e  d i a m e t e r  o f  t h e  v e i n  V = d ,  and t h e  w i d t h  o f  

t h e  g ap  = g ,  t h e  s e c t i o n  t h i c k n e s s  = 1 . 5  pm,  t h e  number  o f  

s e c t i o n s  s h o w i n g  t h e  g a p ,  w i t h o u t  i n c l u d i n g  p r o f i l e s  o f  t h e  

a s s o c i a t e d  v e i n ,  wo u l d  be 2 g / 1 . 5 ;  t h e  number  o f  s e c t i o n s  

s h o w i n g  t h e  v e i n  f l a n k e d  on e i t h e r  s i d e  by a g a p ,  w o u l d  be 

V / 1 . 5 ,  The c h a n c e  o f  a r andom s e c t i o n  s h o w i n g  t h e  gap  and 

n o t  t h e  v e i n  w o u l d  be 2 g / V .  S i n c e  V i s  much l a r g e r  t h a n  g ,  

t a n g e n t i a l  s e c t i o n s  t h r o u g h  a " g a p "  w h i c h  was a s s o c i a t e d
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w i t h  a v e i n  n o t  i n c l u d e d  i n  t h e  s e c t i o n  w o u l d  be uncommon.  

T h i s  s u g g e s t s  s t r o n g l y  t h a t ,  o f  t h e  l a r g e  number  o f  g aps  

s e e n  w h i c h  we r e  n o t  a s s o c i a t e d  w i t h  a v a s c u l a r  ( o r  b i l i a r y )  

e l e m e n t ,  many we r e  i n d e e d  i n d e p e n d e n t  e n t i t i e s .

What  s t r u c t u r e s  o c c u p y  t h e s e  gags?

The gap i n  F i g .  5 c o n t a i n s  b u n d l e s  o f  c o l l a g e n  f i b r e s  

some o f  w h i c h  a r e  embr aced  by f i b r o b l a s t i c  p r o c e s s e s ,  i n  

a d d i t i o n  t o  h e p a t o c y t i c  m i c r o v i l l i .  These  t h r e e  e l e m e n t s  

c o n s t i t u t e  t h e  m a j o r  c o mp o n e n t s  o c c u p y i n g  t h e  g a p s .  I n  

o t h e r  i n s t a n c e s ,  a b u n d l e  o f  c o l l a g e n  o c c u p i e s  t h e  m a j o r  

p a r t  o f  t h e  gap as i n  F i g .  19 w h i l e  i n  o t h e r  c a s e s  t h e  

h e p a t o c y t i c  m i c r o v i l l i  d o m i n a t e  t h e  s c e n e  ( F i g .  8 ) .  I t  

a p p e a r s  t h a t  g aps  a r e  m o s t l y  o c c u p i e d  by t h e  t h r e e  

p r e v i o u s l y  m e n t i o n e d  e l e m e n t s ,  w i t h  one o r  o t h e r  e l e m e n t  

d o m i n a t i n g  t h e  p i c t u r e  i n  any p a r t i c u l a r  s e c t i o n .  T h i s  

v a r i a b i l i t y  i s  p r o b a b l y  due t o  t h e  p l a n e  o f  s e c t i o n .  I n  

o t h e r  g a p s ,  e . g .  t h e  w i d e  and s h a l l o w  o n e s ,  F i g s .  1 3 ,  14 

15 and  1 6 ,  wh e r e  t h e  s i n u s o i d a l  e n d o t h e l i u m  a b u t s  d i r e c t l y  

on t h e  p o r t a l  t r a c t ,  i t  i s  h a r d l y  j u s t i f i a b l e  t o  s peak  o f  

t h e  c o n t e n t s  o f  su c h  g a p s .

How f r e g u e n t  a r e  t h e s e  gags?

A t  t h e  l i g h t  m i c r o s c o p i c  l e v e l ,  i n  a s i n g l e  s e c t i o n  

t h r o u g h  a p o r t a l  t r a c t  t h e r e  may be r e c o g n i z e d  6 g ap s  

( a r r o w s  F i g .  2 0 ) ,  7 i n  F i g .  21 and 4 i n  F i g .  22 .  I t  s h o u l d  

be n o t e d  t h a t  o f  a l l  t h e s e  17 gaps  o n l y  t wo  show a 

p o s s i b l e  a s s o c i a t i o n  w i t h  t h e  s i t e  o f  e n t r y  o f  a p o r t a l  

v e i n  b r a n c h  i n t o  a s i n u s o i d .
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Use o f  T . E . M .  showed much n a r r o w e r  g aps  i n  t h e

l i m i t i n g  p l a t e  o f  s i m i l a r  d i m e n s i o n s  t o  D i s s e ' s  s p a c e ,  

w h i c h  w o u l d  n o t  be d e t e c t e d  by l i g h t  m i c r o s c o p y  ( F i g s .  5 

and  8 ) .  Even t h e  v e r y  l i m i t e d  EM f i e l d s  shown i n  F i g s .  23 

and  24 e a c h  shows s e v e r a l  g a p s .  I t  a p p e a r s  t h e n  t h a t  g aps  

a r e  f r e q u e n t l y  f o u n d  i n  s e c t i o n a l  p r o f i l e s  o f  t h e  

p e r i l o b u l a r  l i m i t i n g  p l a t e .

I f  i t  i s  a c c e p t e d  t h a t  t h e r e  a r e  many g ap s  i n  t h e  

p e r i l o b u l a r  l i m i t i n g  p l a t e  t h r o u g h  w h i c h  p r o t e i n  r i c h

i n t e r s t i t i a l  f l u i d  can e s c a pe  f r o m  t h e  s p a c e  o f  D i s s e  and 

i t s  e x t e n s i o n s ,  t o  e n t e r  t h e  p e r i l o b u l a r  c o n n e c t i v e  t i s s u e  

( S p a c e  o f  M a l l )  t h e  n e x t  q u e s t i o n  t o  be a n s w e r e d  i s  t h i s :  

Wher e  a r e  t h e  n e a r e s t  a v a i l a b l e  l y m p h a t i c  v e s s e l s ?

I t  i s  common l y  assumed t h a t  l y m p h a t i c s  e x t e n d ,  i n  t h e  

c o n n e c t i v e  t i s s u e  o f  t h e  p o r t a l  c a n a l s  a c c o m p a n y i n g  t h e  

s t r u c t u r e s  o f  t h e  p o r t a l  t r i a d s  -  a r t e r y ,  v e i n  and b i l e  

d u c t  -  t o  t h e i r  f i n e s t  t e r m i n a l s .  I n  o r d e r  t o  d e t e r m i n e  i f  

t h i s  i s  i n d e e d  t h e  c a s e ,  a d e t a i l e d  s t u d y  was made o f  t h e  

p r e s e n c e  o r  a b s e n c e  o f  l y m p h a t i c s  i n  a l a r g e  numbe r  o f  

p o r t a l  c a n a l s  r a n d o m l y  s e l e c t e d .  T h i s  was done i n  t h e  

f o l l o w i n g  way :  a number  o f  s e m i - t h i n  s e c t i o n s  o f  l i v e r

t i s s u e  t a k e n  r a n d o m l y  f r o m d i f f e r e n t  b l o c k s  and f r o m  

d i f f e r e n t  a d u l t  a n i m a l s  a l r e a d y  used f o r  t h e  c o n t r o l  s t u d y ,  

w e r e  u s e d  h e r e .  I n  a p i l o t  e x p e r i m e n t ,  100 p o r t a l  t r a c t s  

w e r e  e x a m i n e d ,  and i t  was n o t i c e d  t h a t  t h e  c o l l e c t i o n  

c o n t a i n e d  many p o r t a l  t r a c t s  whose p o r t a l  v e i n  b r a n c h  

d i a m e t e r  was s m a l l ,  and v e r y  f ew p o r t a L  t r a c t s  w i t h  a

p o r t a l  v e i n  b r a n c h  d i a m e t e r  o f  80 / joi and mo r e .  I n  t h e
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L i g h t  o f  t h i s ,  a new s e r i e s  o f  s e m i - t h i n  s e c t i o n s ,  

c o n t a i n i n g  L a r g e  p o r t a L  t r a c t s  was s t u d i e d :  aLL p o r t a L

t r a c t s  w e r e  e x a m i n e d  and t h e  d i s t r i b u t i o n  o f  L y m p h a t i c s  was 

d e t e r m i n e d  i n  r e L a t i o n  t o  t h e  d i a m e t e r  o f  t h e  a s s o c i a t e d  

p o r t a L  v e i n  b r a n c h .

The c r i t e r i a  used i n  i d e n t i f y i n g  L y m p h a t i c s  i n  

t h e s e  s e m i —t h i n  s e c t i o n s  v i e w e d  by t h e  o p t i c a L  m i c r o s c o p e  

w e r e :  t h e i r  i r r e g u L a r  s h a p e ,  t h e i r  t h i n  e n d o t h e L i a L  L i n i n g

and t h e i r  c o n t e n t s  o f  s t a i n e d  p r e c i p i t a t e d  p r o t e i n s .  I n  

c a s e  o f  any  d o u b t ,  e . g .  F i g .  25A,  t h e  v e s s e L  was c h e c k e d  

by  e L e c t r o n  m i c r o s c o p y  ( F i g .  25B)  w h i c h  r e s o L v e d  f u r t h e r  

d e t a i L s  o f  t h e  e n d o t h e L i u m  such as i n t e r c e L L u L a r  j u n c t i o n s ,  

i n t r a e n d o t h e L i a L  v e s i c L e s ,  t h e  v a r i a b L e  t h i c k n e s s  o f  t h e  

e n d o t h e L i u m  and t h e  abs e n c e  o f  b a s e me n t  membr ane .  The 

r e s u L t s  a r e  g i v e n  i n  TabLes  1 & 2 ,  and p a r t i c u L a r  a t t e n t i o n  

i s  d r a w n  t o  t h e  f o L L o w i n g  p o i n t s :

-  a L t h o u g h  i n  a d u L t  r a t  L i v e r  many o f  t h e  smaLL p o r t a L

t r a c t s  had L y m p h a t i c s ,  t h e s e  d i d  n o t  e x t e n d  i n t o  t r a c t s

i n  w h i c h  t h e  p o r t a L  v e i n  b r a n c h  was Less  t h a n  3 0 - 4 0  jum i n

d i a m e t e r  ( F i g .  2 6 ) .

-  L y m p h a t i c s  do n o t  accompany  e v e r y  b r a n c h  o f  p o r t a L  t r e e ;

t h e r e  a r e  p o r t a L  t r a c t s  c o n t a i n i n g  q u i t e  L a r g e  p o r t a L

v e i n  b r a n c h e s  w h i c h  do n o t  c o n t a i n  L y m p h a t i c s  ( F i g s .  27A 

& B ) .
-  a L L p o r t a L  v e i n  b r a n c h e s  L a r g e r  t h a n  120 _pm we r e  

a c c o m p a n i e d  by l y m p h a t i c s  w h i l e  o n l y  25% o f  p o r t a l  v e i n  

b r a n c h  o f  l e s s  t h a n  50 jum i n  d i a m e t e r  we r e  a c c o m p a n i e d  by

91



L y m p h a t i c s .  I n  a l l  i t  i s  e s t i m a t e d  t h a t  a b o u t  50% o f

p o r t a l  t r a c t s  i n  a d u l t  r a t ' s  l i v e r  have  l y m p h a t i c s .

J a b  l e  1

I n c i d e n c e  o f  l y m p h a t i c s  i n  p o r t a l  t r a c t s  o f  a d u l t  r a t  l i v e r .

T o t a l  No .  o f  
p o r t a l  t r a c t s  
e x a m i  ned

No.  o f  p o r t a l  t r a c t s  
c o n t a i n i n g  l y m p h a t i c s

% o f  p o r t a  I t r a c t s
c o n t a i n i n g
l y m p h a t i c s

133 64 50%

J a b l e  2

D i s t r i b u t i o n  o f  l y m p h a t i c s  i n  p o r t a l  t r a c t s  o f  a d u l t  r a t s  
i n  r e l a t i o n  t o  d i a m e t e r  o f  a c c o m p a n y i n g  p o r t a l  v e i n  b r a n c h .  
( N o .  o f  t r a c t s  c o n t a i n i n g  L y m p h a t i c s / N o .  o f  t r a c t s  
e x a m i n e d )

P o r t a l  v e i n  
d i  a m e t e r  l e s s  
t h a n  50 pm

P o r t a l  v e i n  
d i a m e t e r  
50 pm -  80 pm

P o r t a  I v e i n  
d i a m e t e r  more 
t h a n  80 pm

1 5 / 6 1 2 3 / 3 9 2 6 / 3 3

24% 58% 78%

I n  v i e w o f  t h e s e  f i n d i n g s ,  i t  i s  c l e a r  t h a t  f l u i d

e s c a p i n g  t h r o u g h  gaps  i n  t h e  l i m i t i n g  p l a t e  may have  t o  

t r a v e l  f o r  a s u b s t a n t i a l  d i s t a n c e  ~ i n  m i c r o s c o p i c  t e r m s  -  

b e f o r e  r e a c h i n g  an e n d o t h e l i a L l y - l i n e d  l y m p h a t i c  v e s s e l .  

T h i s  l e a d s  us t o  t h e  t h i r d  q u e s t i o n  t o  be a n s w e r e d .

Does t h e  c o n n e c t i v e  t i s s u e  o f  t h e  p o r t a l  t r a c t  i n t o  

w h i c h  i n t e r s t i t i a l  f l u i d  e s c a g e s *  have  a n *  s g e c i a l

S t r u c t u r a l  c h a r a c t e r i s t i c s ?

I n  t h e  L a r g e r  g o r t a l  c a n a l s ,  t h e  c o n n e c t i v e  t i s s u e  i s  

u n r e m a r k a b l e .  The S . E . H .  ( F i g .  28)  s h ou s  r a t h e r  c o a r s e
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c o l l a g e n o u s  b u n d l e s ,  i r r e g u l a r l y  a r r a n g e d ,  i n  w h i c h  a r e  

e mb e d d e d  an a r t e r y ,  a v e i n ,  a b i l e  d u c t  and a l y m p h a t i c ;  a t  

h i g h e r  p o w e r ,  a T . E . M .  ( F i g ,  29)  shows t h e  c l o s e l y  p a c k e d  

c o l l a g e n  b u n d l e s ,  f i b r o b l a s t s  and as a d d i t i o n a l  f e a t u r e s ,  

ma s t  c e l l s ,  a b u n d l e  o f  n e r v e  f i b r e s  and a l y m p h a t i c

v e s s e l .  B e c a u s e  o f  t h e  d e n s i t y  o f  c o l l a g e n  f i b r e s ,  t h e r e  

i s  l i t t l e  i n t e r s t i t i a l  g r o u n d  s u b s t a n c e  and t h e  f o r m  o f  

f i b r o b l a s t s  i s  l a r g e l y  o b s c u r e d .  H o w e v e r ,  c a r e f u l  

i n s p e c t i o n  shows t h a t  t h e y  have s l e n d e r  c y t o p l a s m i c  

e x t e n s i o n s ,  w h i c h  p a r t i a l l y  e n v e l o p  c o l l a g e n  b u n d l e s .

When t h e  c o l l a g e n  i s  l e s s  dense  ( s e e ,  e . g .  F i g .  30 )  

t h e s e  c y t o p l a s m i c  e x t e n s i o n s  o f  f i b r o b l a s t s  a r e  mor e 

r e a d i l y  s e e n ;  t h e y  a p p e a r  as i r r e g u l a r  s i n u o u s  s t r a n d s  ( o r  

s e c t i o n a l  p r o f i l e s  o f  s h e e t s  -  see l a t e r )  o f  v a r i a b l e

t h i c k n e s s ,  b u t  m o s t l y  s l e n d e r .  Where t h e y  l i e  a d j a c e n t  t o  

a s e c t i o n e d  L y m p h a t i c  v e s s e l  ( F i g .  30)  i t  i s  c l e a r  t h a t ,  i n  

some r e s p e c t s  a t  l e a s t ,  t h e y  r e s e m b l e  l y m p h a t i c  

e n d o t h e l i u m .  I n  F i g .  30 t h e  d i s t i n c t i o n  i s  c l e a r l y  made:

1 .  by  t h e  p r e s e n c e  w i t h i n  t h e  l y m p h a t i c s  o f  a d e n s e  

p r e c i p i t a t e  o f  l y m p h o p r o t e i n  and by t h e  c h a r a c t e r i s t i c  

i n t e r d i g i t a t i n g  j u n c t i o n s  ( J )  b e t w e e n  l y m p h a t i c

e n d o t h e l i a l  c e l l s ,  and

2 .  by  t h e  p r e s e n c e  o f  c o l l a g e n  (C)  w i t h i n  t h e  l o c u l i  

e n c l o s e d  by f i b r o b l a s t i c  p r o c e s s e s .  I t  s h o u l d  be 

n o t e d ,  h o w e v e r ,  t h a t  t h e  l o c u l i  a l s o  c o n t a i n  a

p r e c i p i t a t e  s i m i l a r  t o ,  b u t  l e s s  den s e  t h a n ,  t h a t  i n

t h e  l y m p h a t i c -
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I n  t h e  L o o s e r  c o n n e c t i v e  t i s s u e  o f  t h e  mor e 

p e r i p h e r a l  p a r t s  o f  t h e  p o r t a l  t r a c t  ( F i g -  3 1 ) ,  t h i s  

l o c u l a t i o n  o f  t h e  i n t e r s t i t i u m  i s  a u n i f o r m  c h a r a c t e r i s t i c . 

When s t u d i e d  i n  t h i n  s e c t i o n s ,  n e c e s s a r i l y  r a n d o m,  a w i d e  

v a r i e t y  o f  a p p e a r a n c e s  a r e  s e e n ,  as i l l u s t r a t e d  i n  t h e  

f o l l o w i n g  s e r i e s  o f  E. M.  p r o f i l e s .

A.  I n  some,  e - g -  F i g -  3 2 ,  t h e  f i b r o b l a s t i c  n a t u r e  o f  t h e  

c e l l s  and t h e i r  p r o c e s s e s  i s  n o t  i n  d o u b t .

B.  I n  o t h e r s ,  e . g .  F i g .  3 1 ,  p r o c e s s e s  a p p a r e n t l y  f r o m  a 

s i n g l e  c e l l  a l m o s t  c o m p l e t e l y  e n c l o s e  t wo  l o c u l i ,  w h i c h  

s t i l l  c l e a r l y  b e l o n g  t o  t h e  i n t e r s t i t i u m .  Some L o c u l i  

( e . g .  F i g .  3 2 ) ,  a r e  bounded  by p r o c e s s e s  o f  t wo  

f i b r o b l a s t s  w i t h  d e s m o s o m e - l i k e  j u n c t i o n s  ( J ) .

C.  When t h e  p r o c e s s e s  happen t o  r u n  l e n g t h w i s e  i n  t h e  

s e c t i o n a l  p l a n e ,  e . g .  F i g .  3 3 ,  and when t h e  e n c l o s e d  

l o c u l u s  c o n t a i n s  a p a r t i c u l a r l y  d e n s e  p r o t e i n  

p r e c i p i t a t e ,  p a r t  o f  t h e  p r o f i l e  ( b e t w e e n  l i n e s  AA'  and 

B B ' )  m i g h t  w e l l  be m i s t a k e n  f o r  an e n d o t h e  I i a  I l y - 1 i n e d  

l y m p h a t i c ,  a l t h o u g h  a g l a n c e  a t  t h e  c o l l a g e n  b u n d l e s  

w i t h i n  i t  soon  d i s p e l s  t h i s  e r r o r  ( C o l l  & C o l l  ) .

D.  I n  some p r o f i l e s  ( F i g s .  34 and 3 5 ) ,  f i b r o b l a s t  

p r o c e s s e s  f o r m  a l m o s t  c o m p l e t e l y  c l o s e d  c h a n n e l s ,  whose 

t r u e  n a t u r e  can o n l y  be d e t e r m i n e d  by e l e c t r o n  

m i c r o s c o p y  ( e . g .  F i g s .  36 and 37 l o n g i t u d i n a l l y  

s e c t i o n e d  " c h a n n e l s "  c o n t a i n  l e u c o c y t e s ,  b u t  a l s o  t e l l ­

t a l e  f i n e  b u n d l e s  o f  c o l l a g e n ) .

Some t r a n s v e r s e l y  s e c t i o n e d  p r o f i l e s  o f  " c h a n n e l s "  

a l s o  r e q u i r e  a s e cond  l o o k  t o  d i s t i n g u i s h  t hem f r o m
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l y m p h a t i c s ,  o . g .  F i g s .  3 8 ,  39 and 4 0 ) .

From t h i s  a c c o u n t  i t  i s  e v i d e n t ,  p a r t i c u l a r l y  i n  t h e

l o o s e r  c o n n e c t i v e  t i s s u e  o f  t h e  more p e r i p h e r a l  p a r t s  o f

t h e  p o r t a l  t r a c t ,  t h a t  -

1 ■ The i n t e r s t i t i u m  i s  , l ocu ] . a t ed  by a t t e n u a t e d  c y t o p l a s m i c

p r o c e s s e s  o f  f i b r o b l a s t s .

2 .  T h e s e  a r e  i n t e r p r e t e d  as s h e e t - l i k e  r a t h e r  t h a n

c y l i n d r i c a l  and s l e n d e r  on t wo  p i e c e s  o f  e v i d e n c e .

i )  t h a t  i n  a l a r g e  number  o f  r andom s e c t i o n s ,  l e n g t h y  

p r o f i l e s  a r e  most  commonl y  s e e n ;  s l e n d e r  p r o c e s s e s  

w o u l d  h a r d l y  be s e c t i o n e d  l e n g t h w i s e  so f r e q u e n t l y .

i i )  t h e  a p p e a r a n c e  i n  S . E . M.  ( F i g .  4 1 ) .  Thes e  a r e  

d i f f i c u l t  t o  i n t e r p r e t  w i t h  c e r t a i n t y ,  b u t  t h e y  

c e r t a i n l y  s u g g e s t  c h a n n e l - l i k e  s p a c e s ,  b o u n d e d  by 

i n c o m p l e t e  c y t o p l a s m i c  s h e e t s .  T h i s  i n c o m p l e t e n e s s  

i s  c h a r a c t e r i s t i c ;  i t  l e a v e s  l a r g e  gaps

c o m m u n i c a t i n g  w i t h  t h e  r e s t  o f  t h e  i n t e r s t i t i u m .

3 .  T h e s e  l o c u l i  a r e  c l o s e l y  a s s o c i a t e d  w i t h  c o l l a g e n

b u n d  l e s .

4 .  T h e i r  c o n t e n t s  o f  p r e c i p i t a t e d  p r o t e i n  and t h e i r

p r o x i m i t y  t o  t h e  space  o f  M a l l  ( F i g s .  42 and 43)

s u g g e s t  t h a t ,  c o l l e c t i v e l y ,  t h e y  p r o v i d e  an o r g a n i z e d ,

s p o n g e - l i k e  s y s t em o f  c o m m u n i c a t i n g  l o c u l i  w h i c h  

r e c e i v e  p r o t e i n - r i c h  i n t e r s t i t i a l  f l u i d  f r o m  t h e  s p a c e  

o f  D i s s e  t h r o u g h  t h e  gaps  i n  t h e  l i m i t i n g  p l a t e  a l r e a d y

d e s c r i b e d .
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5 .  T h e y  e x t e n d  i n t o  t h e  v i c i n i t y  o f  t h e  mos t  p e r i p h e r a l  

t w i g s  o f  t h e  l y m p h a t i c  t r e e  ( F i g .  4 4 ) .

B u n d l e s  o f  c o l l a g e n  i n  D i s s e ' s  s p ac e  ( F i g s .  45 and

4 6 ) ,  i n  g ap s  ( F i g .  1 9 ) ,  and i n t e r s t i t i u m  o f  p o r t a l  t r a c t s

( F i g .  4 7 )  -  when v i e w e d  by T . E . M .  -  a r e  f o u n d  t o  be b a t h e d  

i n  p r o t e i n o u s  m a t e r i a l  and n o t  o n l y  as a t h i n  f i l m  on t h e  

o u t e r  c o a t ,  so t h e s e  b u n d l e s  seem t o  t a k e  some p a r t  i n  t h e  

t r a n s p o r t  o f  i n t e r s t i t i a l  f l u i d .

The h y p o t h e s i s

I n  t h e  L i g h t  o f  t h e  a n s w e r s  g i v e n  t o  t h e  t h r e e

q u e s t i o n s  p os e d  so f a r ,  t h e  f o l l o w i n g  w o r k i n g  h y p o t h e s i s

was p r o p o s e d  f o r  t e s t i n g :  t h a t  t h e  i n t e r s t i t i a l  f l u i d

f o r m e d  i n  t h e  s p ac e  o f  D i s s e  p a s s e s  o u t  o f  t h e  l i v e r  l o b u l e  

t h r o u g h  g a g s  i n  t h e  l i m i t i n g  g L a t e *  t o  be c a r r i e d  away by 

f i b r o b l a s t i c  p r e  l y m p h a t i c  c h a n n e l s  t o  t h e  t r u e  l y m p h a t i c s .

A l l  p a r t s  o f  t h i s  p r o p o s e d  p a t h w a y  wer e  s een  t o  

c o n t a i n  p r e c i p i t a t e d  p r o t e i n o u s  m a t e r i a l .  I n  o r d e r  t o  t e s t  

t h i s  h y p o t h e s i s ,  i t  was d e c i d e d  t o  i n t r o d u c e  v a r i o u s  

t r a c e r s  i n  t h e  b l o o d  s t r e a m and t o  d e t e r m i n e  i f  t h e y  c o u l d  

be s hown  t o  f o l L o w  t h i s  r o u t e  f r o m b l o o d ,  t o  s p ac e  o f  

D i s s e ,  t h r o u g h  gaps  t o  s p e c i a l i z e d  c o n n e c t i v e  t i s s u e ,  t o

l y m p h a t i  c s .
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— — i  -i 2Q ya sc u L a r  t r a c e r s  i n  t h e  L i v e r

1 - F e r r i t i n

When f e r r i t i n  was i n j e c t e d  t h r o u g h  t h e  t a i l  v e i n  t h e  

g r a n u l e s  we r e  seen i n  t h e  s i n u s o i d a l  l umen  ( F i g .  4 8 ) ,  

e n d o t h e l i a l  f e n e s t r a t i o n s  and t h e  s p ac e  o f  D i s s e .  F e r r i t i n  

p a r t i c l e s  we r e  p a r t i c u l a r l y  a b u n d a n t  i n  t h e  d e c a p i t a t e d  

a n i m a l  w h i c h  had been f i x e d  by i m m e r s i o n  i n  o r d e r  t o  a v o i d  

t h e  w a s h o u t  p r o c e d u r e  ( F i g .  4 9 ) .  F e r r i t i n  was a l s o  s een  i n

t h e  g a p s  o f  t h e  l i m i t i n g  p l a t e  ( F i g .  5 0 ) ,  i n  t h e  s p a c e  o f

M a l l  ( F i g .  5 1 ) ,  i n  t h e  i n t e r s t i t i u m  o f  p o r t a l  t r a c t  ( F i g .  

5 2 ) ,  p r e l y m p h a t i c s  ( F i g .  53)  and b a t h i n g  t h e  b u n d l e s  o f  

c o l l a g e n  ( F i g .  5 4 ) .  The l y m p h a t i c s  c o n t a i n e d  f e r r i t i n  i n  a 

h i g h e r  c o n c e n t r a t i o n  t h a n  t h a t  i n  any o t h e r  p a r t  o f  t h e

p a t h w a y  ( F i g  . 55)  .

F e r r i t i n  g r a n u l e s  wer e  t a k e n  up by t h e  s i n u s o i d a l

e n d o t h e l i u m  i n  b r i s t l e - c o a t e d  v e s i c l e s  ( F i g s .  56A & B ) .

F i b r o b l a s t s  o f  t h e  p o r t a l  t r a c t s  showed s u c h  a c t i v i t y  v e r y  

o c c a s i o n a l l y  ( F i g .  5 2 ) .
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2 -  P o n t  a m i n e  s k y  b l u e

When t h e  r a t s  i n j e c t e d  w i t h  P o n t a m i n e  Sky B l u e

C P . S . B . )  we r e  k i l l e d  8 m i n u t e s  a f t e r  i n j e c t i o n ,  dye

p a r t i c l e s  we r e  seen  w i t h i n  t h e  s i n u s o i d a l  l umen  and

D i s s e ' s  s p a c e  ( F i g ,  5 7 ) .  Dye p a r t i c l e s  we r e  a l s o  s een  i n  

e a c h  p a r t  o f  t h e  s u g g e s t e d  p a t h w a y  f o r  t h e  e g r e s s  o f

i n t e r s t i t i a l  f l u i d  f r o m  t h e  h e p a t i c  p a r e n c h y m a :  t h e  g aps  i n  

t h e  p e r i p o r t a l  l i m i t i n g  p l a t e  ( F i g .  5 8 ) ,  t h e  i n t e r s t i t i a l  

c o n n e c t i v e  t i s s u e  o f  t h e  p o r t a l  t r a c t s  ( F i g .  5 9 ) ,  

p r e l y m p h a t i c s  c h a n n e l s  ( F i g .  59)  a n d ,  f i n a l l y ,  i n  t h e

l y m p h a t i c s ,  i n  w h i c h  t h e  c o n c e n t r a t i o n s  o f  dye p a r t i c l e s

was a g a i n  h i g h e r  t h a n  i n  o t h e r  p a r t s  o f  t h e  p a t h w a y  ( F i g .

6 0 )  .

No e v i d e n c e  was f o u n d  o f  e n d o c y t o s i s  o f  P . S . B .  

p a r t i c l e s  by  any  c e l l  a l o n g  t h e  r o u t e  and t h i s  made i t  a 

p a r t i c u l a r l y  u s e f u l  t r a c e r  i n  t e s t i n g  t h e  h y p o t h e s i s .
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3 .  C h y l o m i c r o n s

C h y l o m i c r o n s  a r e  s y n t h e s i z e d ,  as a c o m b i n a t i o n  o f  

t r i a c y I g l y c e r i d e ,  p h o s p h o l i p i d  and a p o p r o t e i n ,  w i t h i n  t h e  

i n t e s t i n a l  e p i t h e l i u m ,  w h i c h  t h e y  Leave by e x o c y t o s i s ,  

t o  e n t e r  t h e  l a c t e a l s  and r e a c h  t h e  b l o o d  s t r e a m  by t h e  

t h o r a c i c  d u c t .  They  a r e  c a r r i e d  i n  t h e  b l o o d ,  as p a r t i c l e s  

0m5 1 urn i n  d i a m e t e r ,  t o  a l l  p a r t s  o f  t h e  b o d y ,  i n c l u d i n g

t h e  l i v e r .

The r a t i o n a l e  f o r  u s i n g  c h y l o m i c r o n s  as a t r a c e r  f o r  

i n t e r s t i t i a l  f l u i d  movement  f r o m D i s s e ' s  s p a c e  t o  

l y m p h a t i c s  r e s t e d  upon t h e  d e m o n s t r a t i o n  t h a t  c h y l o m i c r o n s  

a r e  f o u n d  i n  D i s s e ' s  s p a c e .  I f  t h e  p r o p o s e d  h y p o t h e s i s  o f  

f l u i d  movement  i s  c o r r e c t ,  c h y l o m i c r o n s  m i g h t  be e x p e c t e d  

t o  be s e en  i n  each  p a r t  o f  t h e  p a t h w a y  i n  a n i m a l s  k i l l e d  

a f t e r  a l a r g e  f a t t y  me a l .

The e l e c t r o n  m i c r o s c o p i c  a p p e a r a n c e  o f  c h y l o m i c r o n s  

i s  known  t o  v a r y ,  d e p e n d i n g  upon t h e  t y p e  o f  d i e t  and upon  

m e t h o d s  o f  p r e p a r a t i o n ,  e s p e c i a l l y  o f  f i x a t i o n ,  d e h y d r a t i o n  

and  e m b e d d i n g  Csee C a s l e y - S m i t h  (1962)11.

I n  t h e  m a t e r i a l  used i n  t h e  p r e s e n t  s t u d y ,  

c h y l o m i c r o n s  a p p e a r e d  as r o u g h l y  c i r c u l a r  p r o f i l e s ,  w i t h  a 

t h i n  d a r k  r i m  and an e l e c t r o n - l u c e n t  c e n t r e ,  o c c u r r i n g  

e i t h e r  s i n g l y  o r  i n  c l u s t e r s  l i k e  a c o l l e c t i o n  o f  soap  

b u b b l e s  o f  v a r i o u s  s i z e s .  T h e r e  a p p e a r a n c e s  c o r r e s p o n d e d  

t o  t h o s e  d e s c r i b e d  by C a s l e y - S m i t h  ( 1 9 6 2 ) ,  f o l l o w i n g  t h e  

u s e  o f  osmi um t e t r o x i d e  f o r  f i x a t i o n  and wha t  he r e f e r r e d  

t o  as " e x c e s s i v e "  a l c o h o l  f o r  d e h y d r a t i o n .

99



C h y l o m i c r o n s  w e r e ,  i n  f a c t ,  i d e n t i f i e d  i n  e ac h  p a r t  

o f  t h e  s u g g e s t e d  p a t h w a y ;  i n  t h e  s i n u s o i d a l  l umen and t h e  

s p a c e  o f  D i s s e  ( F i g .  6 1 ) ;  i n  gaps  i n  t h e  p e r i l o b u l a r  

l i m i t i n g  p l a t e  ( F i g .  1 0 ) ;  i n  t h e  i n t e r s t i t i u m  o f  p o r t a l  

t r a c t s  ( F i g .  6 3 ) ;  i n  f i b r o b l a s t i c  p r e l y m p h a t i c  c h a n n e l s  

( F i g .  6 2 )  and i n  l y m p h a t i c s  ( F i g .  6 3 ) .
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The l i v e r  i s  t h e  ma i n  s o u r c e  o f  p l a s ma  l i p o p r o t e i n s  

d e r i v e d  f r o m  end o ge n ou s  s o u r c e s .  The l i p o p r o t e i n  

a p o p r o t e i n  i s  p r o b a b l y  s y n t h e s i z e d  i n  t h e  r o u g h  e n d o p l a s m i c

r e t i c u l u m  and p a s s e s  i n t o  t h e  t u b u l e s  o f  t h e  s mo o t h

e n d o p l a s m i c  r e t i c u l u m  and G o l g i  b o d i e s  wh e r e  t h e  l i p i d  i s  

a d d e d .  V e r y  l ow d e n s i t y  l i p o p r o t e i n s  ( VLDL)  a r e  u l t i m a t e l y  

s e c r e t e d  i n t o  t h e  space  o f  D i s s e ,  f r o m  w h i c h  t h e y  a r e  a l l

u s u a l l y  assumed t o  e n t e r  t h e  s i n u s o i d a l  l umen by p a s s i n g

t h r o u g h  t h e  f e n e s t r a t i o n s  i n  t h e  e n d o t h e l i u m ,  i . e .  i n  t h e  

r e v e r s e  d i r e c t i o n  t o  t h a t  f o l l o w e d  by i n t e r s t i t i a l  f l u i d .  

A p o s s i b l e  a d d i t i o n a l  r o u t e  f o r  l i p o p r o t e i n s  i s  t h a t

s u g g e s t e d  f o r  t h e  h y p o t h e s i s .  L i p o p r o t e i n  " d r o p l e t s "  we r e  

i n  f a c t  s e e n :  i n  t h e  space  o f  D i s s e  ( F i g .  64 )  t h e

i n t e r s t i t i u m  o f  t h e  p o r t a l  t r a c t  and l y m p h a t i c s  ( F i g .

6 5 )  .
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5 .  M o n a s t r a I  B l u e

B e c a u s e  o f  t h e i r  c h a r a c t e r i s t i c  s h a p e ,  l a r g e  s i z e  and 

e l e c t r o n  d e n s i t y ,  M o n a s t r a l  B l u e  dye p a r t i c l e s  we r e  r e a d i l y  

i d e n t i f i e d  by e l e c t r o n  m i c r o s c o p y .  They  we r e  n o t a b l y  

s p a r s e  i n  t h e  s i n u s o i d a l  l u m i n a ,  b u t  many we r e  a d h e r e n t  t o  

t h e  s i n u s o i d a l  s u r f a c e  o f  K u p f f e r  c e l l s  ( F i g .  6 7 )  w h i c h  

a v i d l y  p h a g o c y t o s e d  t hem and s e q u e s t e r e d  t hem i n  L a r g e  

p h a g o s o m e s  ( F i g s .  66 and 6 7 ) .  P a r t i c l e s  we r e  o c c a s i o n a l l y  

s e e n  a p p a r e n t l y  e n t e r i n g  D i s s e ' s  s p ac e  t h r o u g h  an 

e n d o t h e l i a l  f e n e s t r a t i o n  o r  i n t e r c e 1 1 u l a r  o v e r l a p p i n g  

j u n c t i o n s  ( F i g .  68)  and w i t h i n  D i s s e ' s  s p a c e  ( F i g .  6 9 ) ;  

o c c a s i o n a l  s m a l l  c l u s t e r s  o f  p a r t i c l e s  we r e  seen  i n  t h e  

i n t e r s t i t i u m  o f  t h e  p o r t a l  t r a c t  and o c c a s i o n a l  s i n g l e  

p a r t i c l e s  we r e  seen  i n  L y m p h a t i c s  ( F i g .  7 0 ) .



The d e m o n s t r a t i o n  o f  t h e  e x i s t e n c e  o f  p r e - L y m p h a t i c  

c h a n n e l s  i n  t h e  p e r i l o b u l a r  c o n n e c t i v e  t i s s u e ,  and o f  t h e  

f a i l u r e  o f  l y m p h a t i c s  t o  accompany  a l l  t h e  t e r m i n a l  t w i g s  

o f  t h e  p o r t a l  v e n o u s  t r e e  l e d  t o  t h e  n e x t  q u e s t i o n  s t u d i e d .

I s  t h e  d e v e l o p m e n t a l  h i s t o r y  o f  t h e  i n t r i n s i c  

t  i  c s o f  t h e  l i v e r ?

T h i s  was s t u d i e d  i n  t wo ways :

i )  by  d e t e r m i n i n g  t h e  i n c i d e n c e  o f  l y m p h a t i c s  i n  > 100 

r a n d o m l y  s e l e c t e d  p o r t a l  t r a c t s  i n  l i v e r s  f r o m  g r o u p s  

o f  a n i m a l s  aged 24 h o u r s ,  1 wee k ,  2 w e e k s ,  3 weeks  and 

a d u l t  (TABLE 3 ) .

i i )  by  d e t e r m i n i n g  t h e  d i s t r i b u t i o n  o f  l y m p h a t i c s  i n  

r e l a t i o n  t o  t h r e e  s i z e  c l a s s e s  o f  p o r t a l  v e i n  

b r a n c h e s :  < 50 j jm; 5 0 - 8 0  j jm ;  > 80 jum (TABLE 4 ) .

JABLE 3

I n c i d e n c e  o f  l y m p h a t i c s  i n  p o r t a l  t r a c t s  o f  r a t  l i v e r  i n
r e l a t i o n i t o  a g e .

AGE TOTAL NO. OF 
PORTAL TRACTS 
EXAMINED

NO. OF PORTAL 
TRACTS CONTAINING 
LYMPHATICS

% OF PORTAL 
TRACTS CONTAINING 
LYMPHATICS

24 h r s 110 2 2%

1 week 137 9 6%

2 w e e k s 109 15 15%

3 w e e k s 134 41

A d u l t 133 64
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I ABLE 4

D i s t r i b u t i o n  o f  L y m p h a t i c s  i n  p o r t a l  t r a c t s  i n  r e l a t i o n  t o  
d i a m e t e r  o f  a c c o m p a n y i n g  p o r t a l  v e i n  b r a n c h .

2 l  ££§£ £§  £ 2 Q £ a i n i n g  iX I D 2 i ] § £ i£ s  
No.  o f  t r a c t s  e x a m i n e d

AGE P o r t a l  v e i n  
d i  a m e t e r  l e s s  
t h a n  50 ^im

P o r t a l  v e i n  
d i  a m e t e r  
50 pm -  80 jiim

P o r t a  I v e i n  
d i a m e t e r  mor e  
t h a n  80 jum

24 h r s 0 / 4 4
0%

0 / 4 8
0%

2 / 1 8
11%

1 week 0 / 1 0 7
0%

3 / 1 8
16%

6 / 1 2
50%

2 we ek s 7 / 9 6
7%

6 / 1 1
54%

2 / 2
100%

3 we ek s 1 5 / 1 0 5
14%

1 4 / 1 7
82%

1 2 / 1 2
100%

A d u l t 1 5 / 6 1
24%

2 3 / 3 9
58%

2 6 / 3 3
78%

1 . Ra t s 24 h o u r s a f t e r b i r t h : I n  t h e y o u n g e s t g r o u p

s t u d i e d  -  r a t s l e s s t h a n  24 h r s  o l d -  v e r y s m a l l

l y m p h a t i c s  we r e  seen o n l y  i n  m a j o r  p o r t a l  t r a c t s ,  w h i c h  

c o n t a i n e d  a p o r t a l  v e i n  b r a n c h  o f  d i a m e t e r  g r e a t e r  t h a n  

180  urn ( F i g .  7 1 ) .  These  f ew and s m a l l  l y m p h a t i c s  v e r y  

s oo n  d i s a p p e a r e d  a s - o n e  f o l l o w e d  t h e  p o r t a l  t r a c t s  

p e r i p h e r a  I l y . The more p e r i p h e r a l  p a r t s  o f  t h e  p o r t a l  

t r a c t  t r e e  we r e  d e v o i d  o f  l y m p h a t i c s  ( F i g .  7 2 A & B ) .

The p a u c i t y  o f  L y m p h a t i c s  i n  t h e  n e o n a t a l  r a t  l i v e r  i s  

e m p h a s i z e d  by t h e  f a c t  t h a t  o n l y  2% o f  aLL s e c t i o n a l  

p r o f i l e s  o f  p o r t a l  t r a c t s  c o n t a i n e d  l y m p h a t i c  p r o f i l e s .

2 .  I n  t h e  one week o l d  r a t s ,  t h e  l y m p h a t i c s  e x t e n d e d  

f u r t h e r  a l o n g  t h e  b r a n c h i n g  t r e e  o f  p o r t a l  t r a c t s .
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S m a l l  l y m p h a t i c s  wer e  seen  i n  p o r t a l  t r a c t s  whose 

p o r t a l  v e i n  d i a m e t e r  was a b o u t  60 pm, b e y o n d  w h i c h  

l y m p h a t i c s  wer e  l a c k i n g .  Of  a l l  t h e  p o r t a l  t r a c t s  

s t u d i e d ,  o n l y  6% had l y m p h a t i c s  ( T a b l e  1 ) .

3 *  I n  t h e  n e x t  g r o u p  o f  t wo  weeks  o l d  r a t s ,  l y m p h a t i c s

w e r e  f o u n d  e x t e n d i n g  i n t o  s m a l l e r  p o r t a l  t r a c t s ,  

r e a c h i n g  t h o s e  whose p o r t a l  v e i n  b r a n c h  was 3 0 - 4 0  j jm i n  

d i a m e t e r .  They  wer e  now p r e s e n t  i n  1$% o f  a l l  t h e  

p o r t a l  t r a c t s  s t u d i e d  ( T a b l e  3 ) .

4 .  I n  t h e  t h r e e  weeks  o l d  r a t s  a h i g h e r  p r o p o r t i o n  o f  t h e  

p o r t a l  t r a c t s  whose a s s o c i a t e d  p o r t a l  v e i n  b r a n c h  was 

3 0 - 4 0  jum i n  d i a m e t e r  p o s s e s s e d  l y m p h a t i c s ,  and 

l y m p h a t i c s  we r e  now seen i n  30% o f  a l l  p o r t a l  t r a c t s .

5 .  The l a s t  g r o u p  i n c l u d e d  t h e  a d u l t  r a t s  a l r e a d y

^  d e s c r i b e d ,  wh e r e  l y m p h a t i c s  d i d  n o t  e x t e n d  b e y o n d

p o r t a l  t r a c t s  whose a s s o c i a t e d  p o r t a l  v e i n  d i a m e t e r  was 

30 -  40 / jm ,  and d i d  n o t  a c c ompa ny  e v e r y  b r a n c h  o f  t h e  

p o r t a l  t r e e .  L y m p h a t i c s  we r e  p r e s e n t  i n  a b o u t  50% o f  

p o r t a l  t r a c t  s e c t i o n a l  p r o f i l e s .

T h e r e f o r e ,  i t  may be c o n c l u d e d  ( i )  t h a t  i n  t h e  r a t ' s  

l i v e r ,  l y m p h a t i c s  g r ow c e n t r i f u g a I l y  f r o m  t h e  h i l u m  

t o w a r d s  t h e  p e r i p h e r y  b u t  ( i i )  t h a t  t h e y  s t o p  s h o r t  o f  i t s  

end  and do n o t  f o l l o w  e v e r y  b r a n c h  o f  t h e  p o r t a l  t r a c t

t r e e .

Th e s e  c o n c l u s i o n s  a r e  b a s e d  on s t a t i s t i c a l  and 

m o r p h o m e t r i c  c o n s i d e r a t i o n s .  W h i l e  t h e y  show t h e  

c e n t r i f u g a l  e x t e n s i o n  o f  L y m p h a t i c s  a l o n g  t h e  v a s c u l a r  

t r e e ,  f r o m  i t s  l a r g e r  s t ems  ( p o r t a l  v e i n  b r a n c h e s  > 80 ^ m)
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t o  i t s  s m a l l e r  p e r i p h e r a l  t w i g s  ( p o r t a l  v e i n  b r a n c h e s  

< 50 / i  m) ,  t h e y  do n o t ,  o f  c o u r s e ,  e s t a b l i s h  t h e  me t h o d  o f  

t h i s  l y m p h a t i c  g r o w t h -  As o u t l i n e d  i n  t h e  I n t r o d u c t i o n ,  

t h e r e  a r e  a t  l e a s t  t wo  p o s s i b i l i t i e s  ( i )  e x t e n s i o n  by 

b u d d i n g  o f  e n d o t h e l i u m  f r o m  t h e  t i p s  o f  t h e  g r o w i n g  t r e e  

and ( i i )  e x t e n s i o n  by t h e  i n c o r p o r a t i o n  o f  new c e l l s  

d i f f e r e n t i a t i n g  f r o m  t h e  me s e n c h y ma l  bed i n t o  w h i c h  t h e  

l y m p h a t i c s  a r e  e x t e n d i n g .  The n e x t  s e c t i o n  e x a m i n e s  t h i s  

q u e s t  i  o n .

How do i n t r a h e g a t i c  l y m p h a t i c s  g r o w?

L i g h t  m i c r o s c o p y  o f  s e m i - t h i n  s e c t i o n s  showed  t h a t  

y o u n g  l y m p h a t i c s  had i n c o m p l e t e  l o c u l i  on b o t h  t h e  L u m i n a l  

and a b l u m i n a l  s i d e s  o f  t h e i r  w a l l  ( F i g -  7 3 ) .  The 

t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p e  showed t h a t  some c e l l s  

w h i c h  f o r m e d  p a r t  o f  t h e  w a l l  o f  a l y m p h a t i c  showed 

c h a r a c t e r i s t i e s  o f  mes e nc h y ma l  c e l l s  s u c h  as s e n d i n g  o u t  

p r o c e s s e s  i n t o  t h e  n e i g h b o u r i n g  a r e a  t o  s u r r o u n d  l o c u l i  

w h i c h  c o n t a i n e d  p r o t e i n  m a t e r i a l  ( F i g s -  7 4 ,  7 5 ,  7 6 ,  7 7 ,  78 

& 7 9 ) .  They  c l e a r l y  d i f f e r e d  f r o m  t h e  a d j a c e n t  w e l l

d i f f e r e n t i a t e d  e n d o t h e l i u m .  These  l o c u l i  we r e  a l s o  seen  

v e r y  n e a r  t o  L y m p h a t i c s  and s o me t i me s  a s m a l l  d i s t a n c e  away 

( F i g .  8 0 ) .

Th e s e  f i n d i n g s ,  a l o n g  w i t h  t h e  a b s e n c e  o f  m i t o t i c  

f i g u r e s  and b u d d i n g  o u t  o f  l y m p h a t i c  e n d o t h e l i u m ,  s t r o n g l y  

s u g g e s t  t h a t  l y m p h a t i c s  g r ow by g r a d u a l  d i f f e r e n t i a t i o n  o f  

m e s e n c h y m a l  c e l l s  i n t o  l y m p h a t i c  e n d o t h e l i u m .
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1s itlS t e r n  and [D2r2h2.logi.cal c h a r a c t e r i s t i c s  of  

I n t r i n s i c  h e p a t i c  iyrnghat i c s?

A — T h e i r  r e l a t i o n s h i p  t o  o t h e r  s t r u c t u r e s  i n  t h e  p o r t a l  

c a n a l s

I n  w o r k i n g  o u t  t h e  r e l a t i o n  o f  t h e  L y m p h a t i c s  t o  t h e

a r t e r i e s ,  v e i n s  o r  b i l e  d u c t s ,  t h e y  we r e  p l a c e d  i n  one o r

o t h e r  f o u r  c a t e g o r i e s :

1 .  t h o s e  m a i n l y  r e l a t e d  t o  an a r t e r y .

2 .  t h o s e  m a i n l y  r e l a t e d  t o  a p o r t a l  v e i n  b r a n c h

3 .  t h o s e  m a i n l y  r e l a t e d  t o  an a r t e r y  and a v e i n

4 .  t h o s e  m a i n l y  r e l a t e d  t o  a b i l e  d u c t

The t h i r d  c a t e g o r y  had t o  be i n c l u d e d ,  as i t  was 

o f t e n  d i f f i c u l t  t o  d e c i d e  i f  a p a r t i c u l a r  l y m p h a t i c  was 

r e l a t e d  t o  an a r t e r y  o r  t o  a v e i n .

I n  100 p o r t a l  t r a c t s  s e l e c t e d  i n  a d v a n c e  as

c o n t a i n i n g  l y m p h a t i c s ,  t h e r e  we r e  p r e s e n t  153 s e c t i o n a l  

p r o f i l e s  o f  l y m p h a t i c s .  35 ( i . e .  2 2 . 8 %)  o f  t h e s e  wer e

e x c l u s i v e l y  r e l a t e d  t o  a r t e r i e s  ( s e e  e . g .  F i g .  8 1 ) ,  w h i l e  

50 ( 3 2 . 6 % )  we r e  r e l a t e d  t o  v e i n s  ( F i g .  8 2 ) .  H o w e v e r ,  68 

( 4 4 . 4 % )  we r e  r e l a t e d  e q u a l l y  t o  a r t e r i e s  and v e i n s

( F i g .  8 3 ) .  No l y m p h a t i c  was seen  t o  be m a i n l y  a s s o c i a t e d

w i t h  a b i  l e  d u c t .

As t o  t h e  number  o f  l y m p h a t i c s  i n  p o r t a l  t r a c t s :

67% had a s i n g l e  L y m p h a t i c  

19% had t wo  

8% had t h r e e
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4% had f o u r  

1% had f i v e  

1% had s i x

B - 22 t h e y  e x i s t  as t r u n k s  o r  a r e  t h e y  e l e x i f o r m ?

The abov e  r e s u l t s  s u g g e s t  t h a t  l y m p h a t i c s  i n  t h e  

r a t ' s  l i v e r  a r e  p r i n c i p a l l y  i n  t h e  f o r m  o f  t r u n k s  and n o t  

i n  t h e  f o r m  o f  a p l e x u s .

E x t r a  h e p a t i c  l ymph d r a i n a g e  r o u t e s  and r e g i o n a l  n odes

A t  t h e  h i l u m  o f  t h e  l i v e r  t h e r e  e me r g e d  e f f e r e n t  

l y m p h a t i c  t r u n k s  w h i c h  f o l l o w  one o f  t h r e e  p o s s i b l e  

p a t  h w a y s :

1 .  I n  t h e  h i l u m  o f  t h e  l i v e r  a number  o f  l y m p h a t i c s  

e me r g e d  t o  f o l l o w  t h e  p o r t a l  v e i n  ( F i g .  8 4 ) ,  r u n n i n g  

on i t s  w a l l ,  u s u a l l y  t wo  on i t s  v e n t r a l  s i d e  and one on 

i t s  d o r s a l  s i d e .  These  l y m p h a t i c s  u s u a l l y  u n i t e d  t o  

f o r m  a s i n g l e  l y m p h a t i c  t r u n k  w h i c h  d e s c e n d e d  on t h e  

w a l l  o f  t h e  p o r t a l  v e i n  t o  j o i n  a s m a l l  l ymph  n o d e .  

S i n c e  t h i s  l ymph node was v e r y  n e a r  t h e  p o r t a l  v e i n  and 

r e c e i v e d  l y m p h a t i c s  o n l y  f r o m  t h e  l i v e r ,  i t  i s  r e f e r r e d  

t o  as t h e  " p o r t a l  n o d e " .

2 .  Two o r  t h r e e  l ymph t r u n k s ,  one u s u a l l y  l a r g e r  t h a n  t h e  

o t h e r s ,  came o u t  o f  t h e  l i v e r ,  d e s c e n d e d  o b l i q u e l y  t o  

t h e  l e f t ,  and d r a i n e d  i n t o  one o r  t wo  n od e s  i n  t h e  

p o r t a  h e p a t i s  n e a r  t h e  g a s t r o d u o d e n a l  a r t e r y  and v e i n .  

I n  t h e  l i t e r a t u r e ,  t h e s e  a r e  c u r r e n t l y  c a l l e d  " p o r t a l  

n o d e s "  b u t  i t  i s  s u g g e s t e d  t h a t  t h e y  a r e  b e t t e r  c a l l e d  

" h e p a t i c  n o d e s " .  F i n e r  b r a n c h e s  o f  t h e s e  t r u n k s  j o i n e d
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t h e  p o s t e r i o r  g a s t r i c  g r o u p  o f  n o d e s .

3 .  A s i n g l e  l y m p h a t i c  v e s s e l ,  u s u a l l y  l a r g e ,  came f r o m  t h e  

h i l u m  o f  t h e  l i v e r  a t  a h i g h e r  l e v e l  t h a n  t h e

p r e v i o u s l y  d e s c r i b e d  t r u n k s ,  d e s c e n d e d  o b l i q u e l y  t o  t h e  

L e f t ,  r e a c h e d  t h e  o e s o p h a g u s  and d i v i d e d  i n t o  t wo

b r a n c h e s .  One r a n  d o r s a l l y ,  and t h e  o t h e r  v e n t r a l l y  t o  

t h e  o e s o p h a g u s ;  t h e  t wo  r e - u n i t e d  t o  f o r m  a s i n g l e

t r u n k  w h i c h  r a n  downwar ds  and t h e n  b i f u r c a t e d .  The 

L e f t  L i mb j o i n e d  a p a l e  node l y i n g  a t  t h e  r i g h t  edge  o f  

t h e  s p l e n i c  g r o u p  ( F i g .  8 5 ) .  The r i g h t  L i mb j o i n e d  

t h e  p o s t e r i o r  g a s t r i c  Lymph n o d e s .

L y m p h a t i c s  a c c o m p a n y i n g  t h e  h e p a t i c  v e i n s  t r a v e r s e d  

t h e  d i a p h r a g m ^  and u n i t e d  i n  t wo  v e s s e l s  t h a t  r a n  on b o t h  

s i d e s  o f  t h e  i n f e r i o r  vena  c a v a ,  t o  a s c e n d  and j o i n  t h e  

m e d i a s t i n a l  l ymph  n o d e s .
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El^sma ceJL_Ls in  the L i v e r

P l a s ma  c e l l s  a t  v a r i o u s  s t a g e s  o f  t h e i r  d e v e l o p m e n t  

w e r e  s e e n  i n  v a r i o u s  a r e a s  o f  t h e  l i v e r .  On a v e r a g e  t h e r e  

w e r e  a b o u t  15 p l a s ma  c e l l s  p e r  s q u a r e  m i l l i m e t e r  o f  a d u l t

r a t s '  l i v e r  ( T a b l e ) .  They wer e  n o t  u n i f o r m l y  d i s t r i b u t e d .

I n  t h e  s i n u s o i d  ( F i g .  86)  t h e y  wer e  s c a r c e  and m o s t l y  

y o u n g ,  r a r e l y  f o u n d  b e t we e n  h e p a t o c y t e s  ( F i g .  8 7  ) b u t  t h e  

m a i n  a r e a  o f  c o n c e n t r a t i o n  was i n  t h e  i n t e r s t i t i u m  o f  t h e

p o r t a l  t r a c t s  ( F i g s .  88A & B,  89A & B and 90)  wh e r e  t h e

m a j o r i t y  we r e  m a t u r e  p l asma c e l l s .

o f  a n i m a l A v e r a g e  No.  o f  
p l asma c e l l s

A v e r a g e  a r e a  o f  
s e c t i o n s  i n  mm2

1 1238 5 3 . 6

2 664 5 3 . 0

3 203 2 8 . 8

4 668 3 8 . 8

5 753 5 6 . 9

6 326 2 6 . 0

3852 2 5 7 . 1 mm2

p I  a sma c e l  1 / 2 5 7
2

.1mm = “ 15 p l as ma c e 1 1 / mm
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DISCUSSION

- - -  - - -  - -  §u L t  ŝ . p r e s e n t e d  above, ,  go t o  e s t a b l i s h

- - -  l 2 i i o w e d  by t h e  i n t e r s t i t i a l  f l u i d  f r o m  i t s  s i t e

- -  I D  ^1 sse_|_s space* .  t o  i t s  e n t r y  i n t o  l y m g h a t i . c s

I Q  t h e  p o r t a l  t r a c t s ?

B e c a u s e  t h e  s t u d y  has been b a s e d  e n t i r e l y  on

m o r p h o l o g i c a l  m e t h o d s ,  t h e  e v i d e n c e  has been  l a r g e l y

c i r c u m s t a n t i a l :  t h e  n o r ma l  f i n e  s t r u c t u r e  o f  each  p a r t  o f

t h e  p a t h w a y  has been a n a l y s e d  i n  some d e t a i l  and s e v e r a l

new f i n d i n g s  and c o n c e p t s  have e me r g ed -  The h y p o t h e s i s

b a s e d  on s t u d y  o f  n o r ma l  m a t e r i a l  has been  t e s t e d  by 

s t u d y i n g  t h e  d i s t r i b u t i o n  o f  v a r i o u s  t r a c e r s  -  n a t u r a l  and

f o r e i g n  -  i n t r o d u c e d  i n t o  t h e  c i r c u l a t i o n -  The r e s u l t s

o b t a i n e d  a r e  c o n s i s t e n t  w i t h  t h e  h y p o t h e s i s  a d v a n c e d ,  b u t  

t h e y  f a l l  s h o r t  o f  f i n a l  p r o o f  f o r  r e a s o n s  w h i c h  w i l l

e me r g e  f r o m  t h e  f o l l o w i n g  d i s c u s s i o n -  Each p a r t  o f  t h e

p r o p o s e d  p a t h w a y  w i l l  now be e x a mi n e d  i n  t u r n .

I -  Gags i n  t h e  g e r i  l o b u l a r  l i m i t i n g  p l a t e

a)  Have t h e y  been  r e c o g n i z e d  p r e v i o u s l y ?

A c a r e f u l  s e a r c h  o f  t h e  l i t e r a t u r e ,  b o t h  a t  t h e  s t a r t

o f  t h i s  s t u d y ,  and a g a i n  a f t e r  t h e  gaps  we r e  i d e n t i f i e d ,  

has  n o t  f o u n d  any p r e v i o u s  d e s c r i p t i o n -  A s i n g l e  s e n t e n c e  

i n  K r s t i c  ( 1 9 8 4 )  h i n t s  a t  t h e i r  e x i s t e n c e ,  b u t  no o t h e r  

r e f e r e n c e  has been f o u n d .

b)  Do t h e  gags  o c c u r  o n l y  i n  a s s o c i a t i o n  w i t h  b l o o d

v e s s e l s  e n t e r i n g  the iobu_le?

H e n r i k s o n  e t  a l  ( 1 9 8 4 )  s u g g e s t e d  t h a t  c o n n e c t i o n s
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e x i s t e d  b e t w e e n  t h e  space  o f  D i s s e  and t h e  p o r t a L  t r a c t ,  

a r o u n d  t h e  e n t r y  o f  t e r m i n a l  p o r t a l  v e i n  b r a n c h e s -  Such 

g a p s  do u n d o u b t e d l y  o c c u r ,  and a l t h o u g h  t h e y  a r e  v e r y  

n a r r o w  and c o n t a i n  l i t t l e  i n t e r s t i t i a l  c o n n e c t i v e  t i s s u e ,  

c o l l e c t i v e l y  t h e y  s h o u l d  p r o v i d e  a s i g n i f i c a n t  c o n n e c t i o n  

b e t w e e n  D i s s e ' s  space  and t h e  p o r t a L  t r a c t  i n t e r s t i t i u m .  

The i n d e p e n d e n c e  o f  a t  l e a s t  some o f  t h e  g aps  i s  i n d i c a t e d  

by  t h e  f a c t  t h a t  t h e y  a r e  w i d e r  t h a n  t h o s e  c l e a r l y  

a s s o c i a t e d  w i t h  e n t e r i n g  b l o o d  v e s s e l s ,  and a r e  much more 

n u m e r o u s  t h a n  c o u l d  be a c c o u n t e d  f o r  by t a n g e n t i a l  s e c t i o n ,  

t h r o u g h  c o n n e c t i v e  t i s s u e  s p ac e s  a r o u n d  b l o o d  v e s s e l s .

c ) A r e  g aps  r e l a t e d  t o  b i l e  d u c t u l e s ?

Ga p s ,  i n  t h i s  s t u d y ,  wer e  n o t  seen  t o  be r e l a t e d  t o  

b i l e  d u c t u l e  e p i t h e l i a l  c e l l s  when t h e s e  f o r m e d ,  w i t h  a 

h e p a t o c y t e ,  a d u c t  o f  H e r i n g .  H o w e v e r ,  o n l y  one e x a mp l e  

was s e e n  when a gap was r e l a t e d  t o  a b i l e  d u c t u l e  ( F i g . 1 1 ) .

d)  I s  t h e r e  any c o l l a t e r a l  e v i d e n c e  o f  i n d e p e n d e n t  gaps  i n  

t h e  g e r i l o b u l a r  l i m i t i n g  g l a t e ?

S c a n n i n g  e l e c t r o n  m i c r o s c o p y  o f  c o r r o s i o n  c a s t s  has 

e x t e n d e d  o u r  k n o w l e d g e  and u n d e r s t a n d i n g  o f  L i v e r  

m o r p h o l o g y .  Among t h o s e  who have used t h i s  m e t h o d ,  K o r d a n  

and K e s s e l  ( 1 9 8 0 )  wer e  c o n c e r n e d  w i t h  t h e  i n t e r n a l  

o r g a n i z a t i o n  o f  t h e  l i v e r  m i c r o v a s c u l a t u r e ,  and 

p a r t i c u l a r l y  t h e  mode o f  t e r m i n a t i o n  o f  b r a n c h e s  o f  t h e  

p o r t a l  v e i n  and o f  t h e  h e p a t i c  a r t e r y  and t h e i r  c o n n e c t i o n  

w i t h  t h e  s i n u s o i d s .  Two o f  t h e i r  f i n d i n g s  a r e  r e l e v a n t  t o
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t h e  q u e s t i o n  u n d e r  d i s c u s s i o n .

1 .  The p r e s e n c e  o f  " she I L - L i k e "  c o l l e c t i o n s  o f  c a s t i n g  

m a t e r i a l  s u r r o u n d i n g  d i v i s i o n s  o f  t h e  p o r t a l  v e i n  and 

h e p a t i c  a r t e r y .  T h e s e  may be c o n t i n u o u s  w i t h  t h e  

c a s t i n g  m a t e r i a l  e x t e n d i n g  i n t o  t h e  s p a c e  o f  D i s s e ,  and 

p r o b a b l y  r e p r e s e n t  t h e  s p a c e  o f  M a l l .

2 .  The s e c o n d  and mor e  i n t e r e s t i n g  f i n d i n g  o f  K o r d a n  and

K e s s e l  ( 1 9 8 0 )  was t h e i r  d e m o n s t r a t i o n  o f  s i n u s o i d s  

w h i c h  end ed  b l i n d l y  a t  t h e  p e r i p h e r y  o f  t h e  l o b u l e .  

Th e y  we r e  d e s c r i b e d  as n e i t h e r  c o n s t r i c t e d  n o r

i r r e g u l a r ;  t h e i r  e nd s  w e r e  s m o o t h ,  r o u n d e d  and o f t e n

e x p a n d e d  and t h e y  we r e  r e m o t e  f r o m  t h e  p o i n t  o f  e n t r y

o f  any  v e s s e l .  They  g a v e  many p o s s i b l e  e x p l a n a t i o n s  o f  

t h e s e  a p p e a r a n c e s  b u t  d i d  n o t  seem t o  c o n s i d e r  t h a t

t h e y  m i g h t  r e a l l y  e x i s t ,  as b l i n d - e n d i n g  s i n u s o i d s .  

T a k e n  w i t h  t h e  f i n d i n g s  o f  t h e  p r e s e n t  s t u d y ,  i t  seems 

l i k e l y  t h a t  b l i n d - e n d i n g  s i n u s o i d s  do i n d e e d  e x i s t  and  

t h a t  t h e y  come t o  l i e  t a n g e n t i a l  t o  t h e  p o r t a l  t r a c t  

t h r o u g h  g ap s  i n  t h e  l i m i t i n g  p l a t e .

I I .  C o n s i d e r a t i o n s  o f  t h e  s e c o n d  p a r t  o f  t h e  p a t h w a y  

i n v o l v e d  a d e t a i l e d  s t u d y  o f  t h e  i n t e r s t i t i a l  t i s s u e  o f  t h e  

p o r t a l  t r a c t .  T h i s  l e d  t o  t h e  r e c o g n i t i o n  -  i t  i s  t h o u g h t  

f o r  t h e  f i r s t  t i m e  -  o f  c h a n n e l s ,  i n c o m p l e t e l y  l i n e d  by 

f i b r o b l a s t s  a n d / o r  m e s e n c h y m a l  c e l l s ,  t o  w h i c h  t h e  name o f  

p r e  l y m p h a t i c s  has  b e e n  a s s i g n e d .

The t e r m  and t h e  c o n c e p t  r a i s e  f o r  d i s c u s s i o n  

s e v e r a l  q u e s t i o n s .
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a)  A r e  g r e l y m g h a t i c s  a r t i f a c t s ?

The w r i t e r  b e l i e v e s  t h a t  t h e y  a r e  n o t .  The t e c h n i q u e  

u s e d ,  ( i n v o l v i n g  v a s c u l a r  w a s h o u t  w i t h  ma mma l i a n  R i n g e r ' s  

s o l u t i o n ,  f o i l  owed by p e r f u s i o n  f i x a t i o n  t h r o u g h  t h e  

a r t e r i a l  s y s t e m a t  p h y s i o l o g i c a l  p r e s s u r e s )  was c o m p a r a b l e  

w i t h  s t a n d a r d  t e c h n i q u e s  i n  o t h e r  o r g a n s .  The l i v e r  was 

n o t  h a n d l e d  i n  any way u n t i l  a f t e r  i t  had h a r d e n e d  i n  f r e s h  

f i x a t i v e  o v e r n i g h t ,  when i t  was c u t  i n t o  s m a l l  p i e c e s  by a 

s h a r p  r a z o r  b l a d e  w i t h o u t  any undue p r e s s u r e .  M e t i c u l o u s  

d e h y d r a t i o n  and e mb edd i ng  f o l l o w e d  t h a t .  S e m i - t h i n  

s e c t i o n s  wer e  c u t  and t h e  q u a l i t y  o f  f i x a t i o n  was c h e c k e d  

by  l o o k i n g  a t  c e l l u l a r  d e t a i l s ,  e s p e c i a l l y  t h e  m i t o c h o n d r i a  

and  g l y c o g e n .  I n  case  o f  any d o u b t ,  t r a n s m i s s i o n  e l e c t r o n  

m i c r o s c o p y  was u s e d .  P o o r l y  f i x e d  m a t e r i a l  was d i s c a r d e d .  

The t r a c e r s  used f e l l  i n t o  t wo  c a t e g o r i e s .

i )  t h o s e ,  such  as P o n t a mi n e  Sky B l u e ,  M o n a s t r a l  B l u e  and 

F e r r i t i n ,  w h i c h  have been w i d e l y  used  f o r  many y e a r s  

and w h i c h  a r e  n o t  known t o  have  t o x i c  e f f e c t s .

i i )  t h o s e ,  such  as c h y l o m i c r o n s  and l i p o p r o t e i n s ,  w h i c h  

a r e  n o r m a l  endo ge n ou s  c o n s t i t u e n t s  and w h i c h  may be 

p r e s u me d  t o  be e n t i r e l y  h a r m l e s s .

I n  v i e w  o f  a l l  t h e s e  c o n s i d e r a t i o n s ,  i t  i s  f e l t  t h a t  

t h e  p r e l y m p h a t i c  c h a n n e l s  d e s c r i b e d  e x i s t  as such  i n  t h e  

l i v i n g  a n i m a l .

b)  How may t h e  re  l y m p h a t i c  c h a n n e l s ^  be i n t e r p r e t e d ^  a r e

t h e y  t r u l y  " g r e  l y m p h a t i c s ^ ?

C o m p a r i n i  and B a s t i a n i n i  ( 1 9 6 5 )  s p o k e  o f  t h e  

d i f f i c u l t y  o f  i d e n t i f y i n g  l y m p h a t i c s ,  a nd  f o u n d ,  i  n
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r e c o n s t r u c t i o n s  o f  human l i v e r ,  t h a t  t h e  l y m p h a t i c s  e x i s t e d  

i n  a " p l e x i  f o r m "  p a t t e r n  r a t h e r  t h a n  one o f  more t y p i c a l  

l y mp h  v e s s e l s ,  even  t h o u g h  t y p i c a l  l ymph v e s s e l s  we r e  

s o m e t i m e s  s e e n -  Most  o f  t h e  p l e x u s  was made o f  v e r y  

i r r e g u l a r  s l e n d e r  " t r a c t s "  o f  v a r y i n g  d i a m e t e r  w h i c h  

a l t e r n a t e d  w i t h  ampl e d i l a t a t i o n s  o f  i r r e g u l a r  c o n t o u r s ,  

f r e q u e n t l y  i n t e r s p e r s e d  w i t h  d i v e r t i c u l a r  f o r m a t i o n s  and 

b l i n d  a p p e n d i c e s .

S c h a t z k i  ( 1 9 7 8 ) ,  i n  r a t s ,  saw i n  t h e  p o r t a l  t r a c t s  

and  i n  t h e  s p ac e  o f  M a l l  numer ous  d i l a t e d  " c h a n n e l s "  L i n e d  

by  a v e r y  t h i n  l a y e r  o f  what  he c a l l e d  e n d o t h e l i u m ;  he a l s o  

r e c o g n i z e d  t r u e  L y m p h a t i c s .  The " c h a n n e l "  c o n t r a s t e d  w i t h  

t h e  v e r y  much s m a l l e r  b l o o d  c a p i l l a r i e s  w h i c h  we r e  l i n e d  by 

a much t h i c k e r  e n d o t h e l i u m .

I n  t h e  l i g h t  o f  t h e  p r e s e n t  s t u d y ,  i t  seems t h a t  when 

C o m p a r i n i  and B a s t i a n i n i  ( 1 9 6 5 )  and S c h a t z k i  ( 1 9 7 8 )  s p ok e  

o f  " l y m p h a t i c s "  t h e y  r e a l l y  spoke  o f  t wo  d i f f e r e n t  t y p e s  o f  

s t r u c t u r e s .  The f i r s t  was " t r u e "  e n d o t h e  I i a  I l y - 1 i n e d  

l y m p h a t i c s .  The second was what  C o m p a r i n i  and B a s t i a n i n i  

( 1 9 6 5 )  d e s c r i b e d  as " t r a c t s "  w h i l e  S h a t z k i  ( 1 9 7 8 )  c a l l e d  

t he m " c h a n n e l s " .  O t h e r s  ( Mc Ma s t e r  8 P a r s o n s ,  1 9 3 9 ,  1 9 5 0 )  

h a v e  s i m p l y  c a l l e d  them " g a p s "  o r  " c l e f t s "  i n  t h e  

i n t e r s t i t i u m .  I t  seems t h a t  t h e r e  has been  some 

h e s i t a t i o n  i n  i n t e r p r e t i n g  t h e  p e r i p h e r a l  e l e m e n t s  o f  

Lymph d r a i n a g e  s y s t e m ,  on t h e  p a r t  o f  t h o s e  who t h i n k  o f  

t h e  l y mp h  d r a i n a g e  s y s t em i n  t e r m s  o n l y  o f  c l a s s i c a l  

e n d o t h e L i a  I l y - 1 i n e d  l y m p h a t i c  v e s s e l s .
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The f i n d i n g s  o f  t h e  p r e s e n t  s t u d y  s t r o n g l y  s u g g e s t  

t h a t ,  a t  t h e  p e r i p h e r y  o f  t h e  c l a s s i c  l y m p h a t i c s  t h e r e  i s  

an o p e n  s y s t e m  o f  p r e l y m p h a t i c s .

e £ e l y m Eh a t i c s  Ea r t  o f  t h e  i n t e r s t i t i u m  o r  o f  

l y m p h a t i c s ?

The w r i t e r  t h i n k s  t h a t  p r e l y m p h a t i c s  a r e  b e s t  

c o n s i d e r e d  as s p e c i a l i z e d  o r  o r g a n i z e d  i n t e r s t i t i a l  t i s s u e  

s p a c e s  w h i c h  p e r f o r m  t h e  f u n c t i o n  o f  c o n d u c t i n g  l y m p h ,  and 

t h a t  t h e  c e l l s  w h i c h  p r o v i d e  an i n c o m p l e t e  l i n i n g  f o r  t h e s e  

p r e l y m p h a t i c s  a r e  e s s e n t i a l l y  r e l a t e d  d e v e l o p m e n t a  I l y  t o  

m e s e n c h y m a l  c e l l s  and f i b r o b l a s t s  w h i c h  c o u l d  i n  t h e i r  t u r n  

d i f f e r e n t i a t e  i n t o  l y m p h a t i c  e n d o t h e l i u m .  F i b r o b l a s t s  and 

l y m p h a t i c  e n d o t h e l i u m  a r e  t wo d i f f e r e n t  l i n e s  o f  

d i f f e r e n t i a t i o n  o f  mesenchymal  c e l l s  w h i c h  l a t e r  on 

c o m p l e m e n t  each  o t h e r  f u n c t i o n a l l y .  I t  a p p e a r s  t h a t  when 

C a s l e y - S m i  t h  ( 1 9 8 2 )  s u g g e s t e d  u s i n g  t h e  t e r m  

" p r e l y m p h a t i c s "  i t  was t h e  f u n c t i o n a l  a s p e c t  t h a t  d i c t a t e d  

t h e  t e r m ,  and t h e  p r e s e n t  s t u d y  p r o v i d e d  s t r u c t u r a l  s u p p o r t  

f o r  h i  s v i e w .

d)  I s  t h e  p a t t e r n  o f  d j s t r i . k 2 22 . 2D 22 Q£— — X—Sh——i £ — 20 2 i2 2

L i v e r  c o n s i s t e n t  w i t h  t h e i r  g r o p o s e d  f u n c t i o n ?

A l l  t h e  e v i d e n c e  f r o m t h e  p r e s e n t  s t u d y  s u p p o r t s  an

a f f i r m a t i v e  a n s w e r .

P r e l y m p h a t i c s  e x i s t  ma i n l y  i n  t he  more p e r i p h e r a l

p a r t s  o f  t h e  p o r t a l  t r a c t s ,  wher e  t r u e  l y m p h a t i c s  a r e

e i t h e r  a b s e n t  a l t o g e t h e r  o r  wher e  t h e y  e x i s t  o n l y  as s m a l l

i n i t i a l  l y m p h a t i c s .  I n  a l l  such a r e a s  t h e  c o n n e c t i v e

t i s s u e  i s  l o o s e .
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I n  t h e  m a j o r  p o r t a l  t r a c t s  and a t  t h e  p o r t a  h e p a t i s  

t h e  l y m p h a t i c s  a r e  l a r g e r ,  e n d o t h e I i a l l y - l i n e d  c o l l e c t i n g  

v e s s e l s ,  t h e  c o n n e c t i v e  t i s s u e  i s  w e l l  p a c k e d  w i t h  c o a r s e r  

c o l l a g e n  f i b r e s  and p r e l y m p h a t i c s  h a r d l y  e x i s t .  T h e r e  i s  a 

g r a d u a l  t r a n s i t i o n  be t we en  t h e  c o n d i t i o n s  a t  t h e  " t w i g s "  o f  

t h e  c o n n e c t i v e  t i s s u e  t r e e  and t h o s e  a r o u n d  i t s  ma i n

" t r u n k s " ,  a t  t h e  p o r t a  h e p a t i s .

T h i s  p a t t e r n  o f  d i s t r i b u t i o n  i s  c o n s i s t e n t  w i t h  t h e  

s u g g e s t e d  f u n c t i o n  o f  t h e  p r e l y m p h a t i c s ,  o f  t r a n s p o r t i n g  

Lymph t o  t h e  p o i n t  when i t  can e n t e r  t h e  i n i t i a l  

l y m p h a t i c s .

e ) I s  t h e  i d e a  o f  t h e  t r a n s p o r t  o f  i n t e r s t i t i a l

f l u  i d / L y m p h  by a n o n - e n d o t h e  I i a  I s y s t e m a new one?

The i d e a  o f  t h e  p r e l y m p h a t i c s  i s  n o t  i n  f a c t  new;  i n

t h e  l a s t  t h i r t y  y e a r s  o r  so many w o r k e r s  have been  

i n t e r e s t e d  i n  t h e  l ymph d r a i n a g e  o f  t i s s u e s  i n  w h i c h  " t r u e "  

l y m p h a t i c s  wer e  l a c k i n g .  The c o n c e p t  began  w i t h  t h e  

d e s c r i p t i o n  o f  a c o n t i n u o u s  s e r i e s  o f  s p ac e s  -  L a t e r  g i v e n  

v a r i o u s  names ~ o f  wh i c h  p r e l y m p h a t i c s  i s  on Ly o n e .  Then 

t h e  r e a l i t y  o f  t h e i r  c o n t i n u i t y  w i t h ,  and d r a i n a g e  b y ,  

l y m p h a t i c s  was d e m o n s t r a t e d ,  m a i n l y  by t h e  use o f  t r a c e r s  

s u c h  as c a r b o n  o r  f e r r o c y a n i d e  o r  by t h e  l i g a t i o n  o f

e f f e r e n t  l y m p h a t i c s .

T h e r e  f o l l o w s  a c o n c i s e  r e v i e w  o f  t h e  d e v e l o p m e n t  o f

.c A | 1(. n h a t i f « !  and i t s  r e l a t i o n  t o  t h e  t h e  c o n c e p t  o f  p r e l y m p h a t i c s  anu

p r e s e n t  f i n d i n g s  i n  t h e  L i v e r .

t h p  - i n t e r s t i t i a l  t i s s u e  i s  t h a t  i t  The mode r n  v i e w  o f  t h e  i n t e r s i . i t .

117



e x t s t s  as a t w o - p h a s e  s y s t e m.  The more s o l i d  g e l - p h a s e  

c o n t a i n s  e f f e c t i v e l y  no f r e e  w a t e r ,  a l t h o u g h  a l a r g e  amoun t  

o f  w a t e r  i s  p r e s e n t ,  bound t o  t h e  m a t r i x  o f  

g l u c o s a m i n o g l y c a n s  (GAGS) .  The f l u i d  s o l - p h a s e  i s  f a r  l e s s  

i n  v o l u m e  and c o n t a i n s  f r e e  w a t e r  w i t h  a mi n i mum amoun t  o f  

GAGS.  No d o u b t  t h e r e  a r e  a r e a s  o f  g r a d a t i o n  f r o m  one s t a t e  

t o  t h e  o t h e r ,  whe r e  t h e  t wo phases  me e t .

I n  n o r m a l  t i s s u e s  one o f t e n  sees gaps  b e t w e e n  t h e  

f o r m e d  e l e m e n t s  o f  t h e  c o n n e c t i v e  t i s s u e ,  e s p e c i a l l y  n e a r  

v e s s e l s  ( C a s l e y - S m i t h ,  1976a ;  C a s l e y - S m i t h  e t  a l ,  1 9 7 6 ;  

S i m i o n e s c u  e t  a l ,  1 9 7 2 ) .  These spaces  c o n t a i n  p r o t e i n - r i c h  

f l u i d ,  b u t  n e i t h e r  c e l l s ,  f i b r e s ,  GAGS, n o r  p r o t e o g l y c a n s .  

S i n c e  t h e  l a t t e r  t wo a r e  i n v i s i b l e  i n  o r d i n a r y  

p r e p a r a t i o n s ,  t h e i r  absence  can be d e m o n s t r a t e d  o n l y  by t h e  

u s e  o f  s p e c i a l  s t a i n i n g  t e c h n i q u e s  ( M e r k e r  and G u n t h e r ,  

1 9 7 2 ;  W i g h t  and Ross ,  1 9 7 5 ) .  These s p ac e s  a r e  l i k e l y  t o  be 

t h e  w a t e r - r i c h  p h a s e ,  i . e .  t h e  s o l - p h a s e .  For  many y e a r s  

i t  was t h o u g h t  t h a t  t h e  s o l - p h a s e  was i n  t h e  f o r m  o f  many 

i s o l a t e d  s m a l l  ( 50  nm o r  so)  v a c u o l e s  l y i n g  i n  t h e  g e l -  

p h a s e  ( C h a s e ,  1 9 5 9 ) .  However ,  h i g h  v o l t a g e  e l e c t r o n  

m i c r o s c o p y  o f  t h i c k  s e c t i o n s  has shown t h a t  i n  f a c t  t h e  

s o l - p h a s e  e x i s t s  as i r r e g u l a r  r a n d o m l y  a r r a n g e d  and 

i n t e r c o n n e c t e d  c h a n n e l s  ( C a s l e y - S m i t h  and V i n c e n t ,  1 9 7 8 ) .  

The s i z e  and number  o f  t h e s e  can be e s t i m a t e d  by f i L L i n g  

t he m w i t h  a p r e c i p i t a t e d  t r a c e r  w h i c h  has h i g h  c h a r g e  

d e n s i t y  so t h a t  i t  w i l l  be r e t a i n e d  i n  t h e  s o l - p h a s e  r a t h e r  

t h a n  e n t e r i n g  t h e  g e l - p h a s e  ( B r o w n i n g ,  1 9 7 9 ,  B r o w n i n g  and 

C a s l e y - S m i t h ,  1 9 8 1 ;  C a s l e y - S m i t h  and V i n c e n t ,  1 9 7 8 ,  1 9 8 0 ;
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C a s l e y - S m i t h  e t  a l ,  1979 ) .

The w a l l s  o f  t h e s e  c h a n n e l s  wer e  r e g a r d e d  by 

C a s l e y - S m i t h  ( 1 9 8 2 )  as f o r med  by a g r a d u a l  t r a n s i t i o n  f r o m  

t h e  g e l - p h a s e  t o  t h e  s o l - p h a s e ,  o v e r  a d i s t a n c e  o f  1 nm -  

1 OOnm. The e f f e c t i v e  r a d i i  o f  t h e  c h a n n e l s  were d e s c r i b e d  

as a b o u t  60nm ( C h a s e ,  1959 ;  D e n n i s ,  1 9 5 9 ;  C a s l e y - S m i t h ,  

1 9 7 5 a )  b u t  c e r t a i n l y  as v a r y i n g  g r e a t l y  w i t h  t i s s u e  s i t e ,  

a c t i v i t y  o r  i n j u r y -  B o n d a r e f f  ( 1 9 57 )  f o u n d  t h a t  s i m i l a r  

s t r u c t u r e s  became s m a l l e r  as t h e  a n i m a l s  became o l d e r .

I n  mos t  r e g i o n s  o f  t h e  b o d y ,  such  c h a n n e l s  a r e  

r e l a t i v e l y  s h o r t ,  some t e n s  t o  h u n d r e d s  o f  m i c r o m e t e r s ,  i n  

o t h e r  r e g i o n s  such  as t h e  b r a i n ,  t h e  r e t i n a  and m e d u l l a r y  

b o n e ,  some o f  t hem measur e  t e n s  o f  c e n t i m e t e r s .

The d i f f i c u l t y  i s  t h a t  t h e  s y s t em o f  t i s s u e  c h a n n e l s  

i s  so r a n d o m l y  a r r a n g e d  and i n t e r c o n n e c t e d ,  t o r t u o u s  and 

o v e r l a p p i n g .  They  were d e m o n s t r a t e d  by C a s l e y - S m i t h  and 

V i n c e n t  ( 1 9 7 8 )  who i n j e c t e d  r a b b i t s  w i t h  s e m i - p o l y m e r i z e d  

m e t h y l m e t h a c r y l a t e  and sodi um f e r r i f e r r o c y a n i d e  and 

p r o d u c e d  c a s t s  f o r  SEM and s e c t i o n s  f o r  TEM. They  f o u n d  

r e g i o n s  i n  w h i c h  t h e  p l a s t i c  had p e n e t r a t e d  t h e  t i s s u e s  as 

t h i n  ( ~  100nm)  l o n g  f i l a m e n t s  w h i c h ,  t h e y  c o n s i d e r e d ,

p r o b a b l y  r e p r e s e n t e d  t r u e  t i s s u e  c h a n n e l s .  Such c h a n n e l s  

c o u l d  be seen  i n  s m a l l  number s  n e a r  t h e  a r t e r i a l  

c a p i l l a r i e s  o f  t h e  i l i u m  and k i d n e y .  Q u i t e  o f t e n  t h e  

c h a n n e l s  seemed t o  j o i n  t o g e t h e r  t o  f o r m  s e m i - c o n t i n u o u s  

s h e e t s ,  a l t h o u g h  t h e s e  were f r e q u e n t l y  p e r f o r a t e d  i n  many 

p l a c e s .  The t r a n s m i s s i o n  e l e c t r o n  m i c r o s c o p i c  f i n d i n g s
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w e r e  s i m i l a r  t o  t h o s e  o f  Chase ( 1 9 5 9 )  and  o f  D e n n i s  ( 1 9 5 9 )  

who f o u n d  f i n e  d i f f u s e l y  s c a t t e r e d  d e p o s i t s  o f  t h e

f e r r i f e r r o c y a n i d e  p r e c i p i t a t e  t h r o u g h o u t  t h e  t i s s u e s ;  

h o w e v e r ,  t h e  h e a v i e s t  d e p o s i t s  we r e  i n  a f e w  s h a r p l y  

l o c a l i z e d  r e g i o n s .  Th e s e  c h a n n e l s  s o m e t i m e s  e n d e d  a t  a 

l y m p h a t i c  j u n c t i o n ,  w h i c h  was e i t h e r  o p e n  o r  a p p e a r e d

o p e n a b l e .  Such c o n n e c t i o n s  h av e  a l s o  b e e n  t r a c e d  by  s e r i a l

s e c t i o n i n g  ( C o l l a n  and K a l i m a ,  1 9 7 4 ;  K a l i m a  and C o l l a n ,  

1 9 7 6 )  and i t  was e v i d e n t  t h a t  s u c h  c o m b i n a t i o n s  o f  p a t h s  

and  o p e n  j u n c t i o n s  w i l l  n o t  be s e en  so f r e q u e n t l y ,  s i m p l y  

b e c a u s e  o f  t h e  r andom n a t u r e  o f  t h e  s e c t i o n s  and t h e

t o r t u o s i t y  o f  t h e  p a t h s .

Hauck  ( 1 9 8 2 )  f o u n d  s i m i l a r  t i s s u e  c h a n n e l s  w i t h  

s i m i l a r  p r o p e r t i e s  i n  t h e  m e s e n t e r i e s  o f  r a b b i t s  and c a t s  

by  u s i n g  i n c o m p l e t e  d a r k  f i e l d  t r a n s i l l u m i n a t i o n .

T h e s e  t i s s u e  c h a n n e l s  seem t o  f o r m  a f i n e  c i r c u l a t o r y  

s y s t e m  t r a n s m i t t i n g  t h e  b u l k  f l o w  o f  f l u i d  t h r o u g h  t h e  

t i s s u e s  and p r o v i d i n g  p a t h s  f r o m  t h e  a r t e r i a l  t o  t h e  v e n o u s  

s i d e  o f  t h e  c a p i l l a r y  s y s t e m .  No d o u b t  some o f  t hem a l s o  

p r o v i d e  p a t h s  w h i c h  t e r m i n a t e  a t  t h e  w a l l s  o f  i n i t i a l  

l y m p h a t i c s  ( C a s l e y - S m i t h ,  1 9 8 2 ) .  T h i s  s y s t e m  o f  t i s s u e  

c h a n n e l s  and t h e  i n i t i a l  l y m p h a t i c  s y s t e m  a r e  c o n t i n u o u s l y  

c o n n e c t e d ,  f o r m i n g  a common c o n v e r g i n g  d r a i n a g e  s y s t e m  t o  

t h e  l a r g e r  l y m p h a t i c  t r a n s p o r t  v e s s e l s .  A l l  t h e s e  r e s u l t s  

s u g g e s t  t h e  i n t e r p r e t a t i o n  t h a t  t h e  mo s t  p e r i p h e r a l  p a r t  o f  

t h e  l y mp h  v e s s e l  s y s t e m  i s  a c o m p l e t e l y  o p e n  one  ( H a u c k ,  

1 9 8 2 )  .

Some t i s s u e  c h a n n e l s ,  h o w e v e r ,  e s p e c i a l l y  i n  t h e  
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b r a i n  and r e t i n a  ( C a s l e y - S m i t h ,  1 9 7 6 d ;  C a s l e y - S m i t h  e t  a l ,  

1 9 7 6 a ;  F o l d i  e t  a l ,  1 9 6 8 a , b ;  O t t a v i a n i  and  A z z a l i ,  1 9 6 5 ;  

V a r k o n y i  e t  a l ,  1 9 6 9 ,  1 9 7 0 )  and p e r h a p s  i n  c o r t i c a l  bone

( D e y s i n e ,  1 9 7 6 ) ,  a r e  p a r t i c u l a r l y  l a r g e  and f o l l o w  q u i t e  

d e f i n i t e ,  w e l l  d e f i n e d  c o u r s e s  i n  t h e  a d v e n t i t i a  o f  b l o o d  

v e s s e l s .  They  become d i l a t e d  and f u l l  o f  p r o t e i n s  when t h e  

c e n t r a l  c o l l e c t i n g  l y m p h a t i c s  a r e  l i g a t e d ,  j u s t  as do t h e  

t r u e  l y m p h a t i c s  i n  a r t i f i c i a l  l y m p h o e d e m a .  I f  c a r b o n  i s  

i n j e c t e d  i n t o  t h e  c e r e b r a l  c o r t e x ,  t h e  t i s s u e  c h a n n e l s  

c a r r y  i t  i n t o  t h e  c e r v i c a l  l y m p h a t i c s  and l y mp h  n o d e s  

( C a s l e y - S m i t h ,  1 9 7 6 a ) .  I t  mus t  t h e r e f o r e  be c o n c l u d e d  t h a t  

t h e s e  n o n - e n d o t h e  I i a L i z e d  t i s s u e  s p a c e s  do i n  f a c t  c a r r y  

p r o t e i n  and f l u i d  f r o m  t h e  d e p t h  o f  t h e  c e r e b r a l  c o r t e x  t o  

d i s c h a r g e  t h e i r  c o n t e n t s  i n t o  t h e  c e r v i c a l  l y m p h a t i c s  n e a r  

t h e  g r e a t  v e s s e l s  i n  t h e  n e c k ;  i n  d o i n g  so t h e y  t r a v e l  f o r  

l o n g  d i s t a n c e s  o u t s i d e  t h e  s k u l l ,  l a r g e l y  i n  t h e  a d v e n t i t i a  

o f  t h e  i n t e r n a l  c a r o t i d  a r t e r y .

Th e s e  t i s s u e  c h a n n e l s  a r e  r e s p o n s i v e  t o  v a r i o u s  

s t i m u l i .  As m i g h t  be e x p e c t e d ,  i f  t h e r e  i s  i n c r e a s e d  f l o w  

i n  t h e  t i s s u e ,  t h e i r  numbe r s  and d i m e n s i o n s  seem t o  have  .a 

n e g a t i v e  f e e d  b ac k  ( C a s l e y - S m i t h ,  1 9 8 2 ) ,  i . e .  a r e  s e l f ­

r e g u l a t i n g  by v i r t u e  o f  t h e  c o n f l i c t i n g  e f f e c t s  o f  h i g h  

f l o w  r a t e s  i n  t h e  l a r g e  c h a n n e l s  e r o d i n g  t h e i r  w a l l s ,  b u t  

l a r g e r  c h a n n e l s  a l s o  t e n d i n g  t o  hav e  s l o w e r  f l o w  r a t e s  

b e c a u s e  t h e y  a l l o w  q u i c k e r  e q u i l i b r i u m .  O t h e r

c a l c u l a t i o n s ,  b a s e d  on t h e s e  d a t a ,  a l s o  a g r e e  w e l l  w i t h  

m a c r o p h y s i o  I o g i c a  I r e s u l t s  ( C a s l e y - S m i t h ,  1 9 7 6 a ) .
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A n o t h e r  e x a m p l e  i s  t h e i r  r e s p o n s e  t o  i n j u r y .  C a s l e y -  

S m i t h  ( 1 9 8 0 ) ,  s t u d i e d  t h e  r e s p o n s e  o f  t i s s u e  c h a n n e l s  a f t e r  

m a k i n g  wounds  i n  d i f f e r e n t  r e g i o n s  o f  t h e  a b d o m i n a l  w a l l  o f  

w h i t e  m i c e .  N o r m a l l y  t h e r e  w e r e  o n l y  a f e w  s m a l l  c h a n n e l s .  

A f e w  d a y s  a f t e r  i n j u r y ,  t h e r e  w e r e  many mor e  s m a l l  

c h a n n e l s  and some new l a r g e r  o n e s ,  b u t  a f t e r  one  week t h e  

n u m b e r  o f  b o t h  s m a l l  and l a r g e  c h a n n e l s  was m a x i m a l ,  and 

t h e n  d e c r e a s e d  a f t e r  t wo  w e e k s .  A f t e r  one  mo n t h  t h e  s m a l l  

and med i um s i z e d  c h a n n e l s  had d i m i n i s h e d  s t i l l  f u r t h e r  b u t  

i n  t h e  t w o  l a r g e s t  g r o u p s  showed  s i g n i f i c a n t  i n c r e a s e .

T i s s u e  c h a n n e l s  d i s p l a y i n g  a l l  t h e s e  p r o p e r t i e s  

r e s p o n d i n g  t o  s t i m u l i  and p e r f o r m i n g  s u c h  a s p e c i a l  r o l e  

seemed t o  d e s e r v e  a s p e c i a l  name.  F o r  t hem C a s l e y - S m i t h  

( 1 9 8 2 )  t h o u g h t  t h a t  " p r e l y m p h a t i c  s y s t e m "  was j u s t i f i e d ,  a t  

l e a s t  f o r  t h e  l a r g e r  ones  and f o r  t h o s e  w h i c h  t e r m i n a t e d  

o p p o s i t e  a l y m p h a t i c  j u n c t i o n .  Hauck  ( 1 9 7 3 ,  1 9 8 2 )  a f t e r

f i n d i n g  s i m i l a r  r e s u l t s  t h o u g h t  t h a t  i t  w o u l d  be b e t t e r  t o  

c a l l  t hem " l o w  r e s i s t a n c e  c h a n n e l s "  o r  " p r e f e r e n t i a l  f l u i d  

p a t h w a y s " .

T h i s  c o n c e p t  o f  t h e  p r e l y m p h a t i c s  has  a r o u s e d  some 

c o n t r o v e r s y .  They  have  been  d e s c r i b e d  i n  many t i s s u e s  i n

mamma l s ,  e . g .  t h e  i n t e s t i n e  ( K a l i m a  and C o l l a n ,  1 9 7 6 ) ,

c o r t i c a l  bone  ( D e y s i n e ,  1 9 7 6 ) ,  t h e  t o n g u e  ( C a s l e y - S m i t h ,  

1 9 7 6 )  and many o t h e r  r e g i o n s  ( R o d b a r d  & T a l l e r ,  1 9 6 9 )  and 

a l s o  i n  t h e  o c t o p u s  ( B r o w n i n g  and C a s l e y - S m i t h ,  1 9 8 1 ) .  I t  

has  b e e n  o b j e c t e d  t h a t  t h e s e  a r e  s i m p l y  s p a c e s  i n  t h e

i n t e r s t i t i a l  t i s s u e  w h i c h  a r e  p r e s e n t  e v e r y w h e r e  and 

t h e r e f o r e  do n o t  j u s t i f y  any  s p e c i a l  t i t l e .  F i e d l e r  ( 1 9 7 5 )
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had a mor e  s e r i o u s  o b j e c t i o n ;  he c o n s i d e r e d  t h a t  many o f  

t h e s e  s p a c e s  a r e  a r t  f a c t s  c a u s e d  by  i m m e r s i o n  f i x a t i o n  o r  

some p e r f u s i o n  f i x a t i o n  d e f e c t s .  O t h e r s  L i k e  S i l b e r b e r g  

C1982 )  f o u n d  t h a t  a s y s t e m  o f  Low r e s i s t a n c e  c h a n n e L s  i s  a 

mo s t  i n t r i g u i n g  i d e a ,  h o w e v e r ,  he e x p r e s s e d  h i s  

r e s e r v a t i o n s  by a s k i n g  t wo  m a i n  q u e s t i o n s .  A r e  t h e  

c h a n n e L s  r e a L L y  s een  u n d e r  p h y s i o L o g i c a L  c o n d i t i o n s ?  Ar e

t h e  c o n t e n t s  o f  t h e  c h a n n e L s  o f  a h i g h e r  p r o t e i n  c o n t e n t  

t h a n  t h e  s u r r o u n d i n g  geL?

f ) What  i s  t h e  d i f f e r e n c e  b e t w e e n  t h e  t w o  t y p e s  o f  

p r e  L y m p h a t i c s ?

The b a s i c  d i f f e r e n c e s  a r e  o f  s i z e  and o f  t h e  n a t u r e

o f  t h e  L i n i n g .  The p r e L y m p h a t i c  f i b r o b L a s t i c  c h a n n e L s

d e s c r i b e d  i n  t h e  p r e s e n t  s t u d y  a r e  L a r g e  e n o u g h  t o

a c c o m o d a t e  Lymph and m a c r o p h a g e s  and h a v e  a d i a m e t e r

o f  t h e  o r d e r  o f  1 5 - 2 0  yjm o r  m o r e .  The p r e L y m p h a t i c

c h a n n e L s  o f  Cas Ley  S m i t h  seem t o  h av e  a d i a m e t e r  o f  t h e  

o r d e r  o f  o n L y  a b o u t  100nm.

The L i n i n g  o f  t h e  t wo  t y p e s  a Lso d i f f e r s :  t h e  waLL

o f  t h e  " s o L - p h a s e  p r e L y m p h a t i c s "  i s  t h e  g r a d a t i o n  f r o m  t h e  

g e L - p h a s e  t o  t h e  s o L - p h a s e ,  w h i c h  c a n n o t  be d i s t i n g u i s h e d  

e i t h e r  by o p t i c a L  o r  by e L e c t r o n  m i c r o s c o p y ,  w h i L e  t h e  

wa LLs  o f  " f i b r o b L a s t i c  p r e L y m p h a t i c s "  as d e s c r i b e d  i n  t h e  

p r e s e n t  s t u d y  a r e  w e L L - d e f i n e d  and r e c o g n i z a b L e

m o r p h o L o g i c a L L y .  I t  i s  t h e  a b s e n c e  o f  a d e f i n i t e  waLL i n  

t h e  s o L - p h a s e  p r e L y m p h a t i c s  w h i c h  a t t r a c t e d  much c r i t i c i s m  

o f  t h e  c o n c e p t  and i n d e e d  r a i s e d  d o u b t  a b o u t  t h e i r
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e x i  s t e n c  e .

S o L - p h a s e  p r e L y m p h a t i c s  h av e  b ee n  d e s c r i b e d  m a i n L y  i n  

o r g a n s  L a c k i n g  L y m p h a t i c s ,  s u c h  as t h e  b r a i n  and t h e  

r e t i n a ,  b u t  t h e y  have  a L s o  b e e n  f o u n d  i n  o r g a n s .  L i k e  t h e  

i n t e s t i n e s ,  w h i c h  have  t y p i c a L  L y m p h a t i c s .  I n  t h e  b r a i n  

and r e t i n a  p r e L y m p h a t i c s  we r e  t h o u g h t  t o  be t h e  soL 

d r a i n i n g  s y s t e m ,  w h i L e  f i b r o b L a s t i c  p r e L y m p h a t i c s  s e r v e  as 

a c o m p L e m e n t a r y  s y s t e m ,  e x i s t i n g  a t  t h e  p e r i p h e r y  o f  t h e  

t r u e  L y mp h a t  i  c s .

g)  I s  t h e r e  any  o t h e r  s o r t  o f  n o n - e n d o t h e L i a l i z e d  p a r t  o f

t h e  m i c r o - c i r c u L a t i o n  i n  any  o r g a n ?

I t  m i g h t  be e x p e c t e d  t h a t  a p a t t e r n  o f  n o n -  

e n d o t h e L i a L  c h a n n e L s  m i g h t  be p r e s e n t  i n  o t h e r  v i s c e r a .  

S e a r c h  o f  t h e  L i t e r a t u r e  has  p r o d u c e d  some e x a m p L e s ,  o f

w h i c h  t wo  a r e  s e L e c t e d ,  one i n  t h e  s p L e e n ,  t h e  o t h e r  i n  t h e

k i  d n e y .

The s p L e e n :

L e o n  We i s s  ( 1 9 8 5 )  d e s c r i b e d  one v a r i e t y  o f  n o n -  

e n d o t h e L i a L i z e d  v a s c u L a r  s p a c e s  i n  t h e  s p L e e n .  He s t u d i e d  

t h e  L i n k  b e t w e e n  t e r m i n a L  a r t e r i o L e s  and s p L e n i c  s i n u s e s ,  

i n  an a t t e m p t  t o  s o L v e  t h e  oLd c o n t r o v e r s y  a b o u t  w h e t h e r  

t h e  i n t e r m e d i a r y  c i r c u L a t i o n  o f  t h e  s p L e e n  i s  " o p e n "  o r  

" c L o s e d " .  He d e s c r i b e d  r e t i c u L a r  c e L L s ,  w i t h  " s a i L - L i k e "  

p r o c e s s e s ,  w h i c h  p r o v i d e d  an i n c o m p L e t e  L i n i n g  f o r  c h a n n e L s  

w h i c h  c o n d u c t e d  b Lood  f Lo w f r o m  a r t e r i o L e s  t o  s i n u s o i d s .  

He c o n c L u d e d  t h a t  t h e  s p L e n i c  c i r c u L a t i o n  was " o p e n "  i n  t h e  

s e n s e  t h a t  t h e  c h a n n e L s  L i n k i n g  a r t e r i o L e s  and s i n u s o i d s  

w e r e  n o t  L i n e d  by e n d o t h e L i u m ;  b u t  i t  b e h a v e d  L a r g e L y  as a
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c l o s e d  c i r c u L a t i o n  i n  t h e  s e n s e  t h a t  p r e f e r r e d  c h a n n e l s  

w e r e  d e f i n e d  by t h e  r e t i c u l a r  c e l l s .  R e s e m b l a n c e s  b e t w e e n  

t h e s e  c h a n n e l s  i n  t h e  s p l e e n ,  w h i c h  c a r r y  b l o o d ,  and t h o s e  

d e s c r i b e d  i n  t h e  p r e s e n t  s t u d y ,  w h i c h  c a r r y  i n t e r s t i t i a l  

f l u i d ,  a r e  s een  t o  be c l o s e r  when i t  i s  r e c a l l e d  t h a t  t h e

f i b r o b l a s t i c  n a t u r e  o f  t h e  r e t i c u l a r  c e l l s  o f  t h e  s p l e e n ,

and  o f  o t h e r  l y m p h o i d  o r g a n s ,  i s  now w e l l  e s t a b l i s h e d .

The k i d n e y :

N i i r o  e t  a l  ( 1 9 8 6 )  s t u d i e d  t h e  r e n a l  c o r t i c a l  

l y m p h a t i c s  i n  r a t s ,  r a b b i t s  and h a m s t e r s  and  n o t i c e d ,  i n

t h e  h a m s t e r  o n l y ,  wh a t  he c a l l e d  " a  u n i q u e  s t r u c t u r a l

f e a t u r e " .  A t  p o i n t s  o f  j u n c t i o n s  b e t w e e n  t w o  a d j a c e n t  

e n d o t h e l i a l  c e l l s ,  one o f  t h e  c e l l s  was s o m e t i m e s  s e e n  t o

b i f u r c a t e .  One p r o c e s s  made a j u n c t i o n  w i t h  t h e  a d j a c e n t

e n d o t h e l i a l  c e l l .  Bu t  t h e  mos t  i n t e r e s t i n g  t h i n g  i n

c o n n e c t i o n  w i t h  t h e  p r e s e n t  s t u d y ,  i s  t h a t  t h e  o t h e r  

p r o c e s s  e x t e n d e d  i n t o  t h e  i n t e r s t i t i u m  and p a r t l y  o r  e v en  

c o m p l e t e l y  e n c l o s e d  a s p a c e .  The c o n t e n t s  o f  s u c h  s p a c e s  

w e r e  shown t o  be p r e c i p i t a t e d  p r o t e i n s .  N i i r o  e t  a l  ( 1 9 8 6 )  

c a l l e d  t hem " c h a n n e  I - L i k e "  s t r u c t u r e s  and f o u n d  t h a t  t h e y  

o c c u r r e d  c o mmo n l y .  I t  seems t h a t  i n  t h e  k i d n e y ,  as i n  t h e

l i v e r ,  t h e r e  a r e  c o n n e c t i v e  t i s s u e  c e l l s  o f  h y b r i d  n a t u r e ,  

h a v i n g  p r o p e r t i e s  o f  b o t h  e n d o t h e l i a l  and c o n n e c t i v e  t i s s u e  

c e l l s .

h)  What  i s  t h e  d e v e l o p m e n t a l  h i s t o r y  o f  t h e  p r e L y m p h a t i c  

c hanne  I s  and o f  i y m p h a t j c s  i n  t h e  i l y e r ?

T h i s  p a r t  o f  t h e  s t u d y  was u n d e r t a k e n  t o  t h r o w  mor e
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l i g h t  on t h e  r e l a t i o n s h i p  o f  t h e s e  t w o  p a r t s  o f  t h e  

p r o p o s e d  p a t h w a y .

The s t a t i s t i c a l  e v i d e n c e  p r e s e n t e d  i n  t h e  R e s u l t s  

p o i n t s  c l e a r l y  t o  a c e n t r i f u g a l  s p r e a d  o f  l y m p h a t i c s ,  

s t a r t i n g  a t  t h e  p o r t a  h e p a t i s  and e x t e n d i n g  i n t o  t h e  p o r t a l  

t r a c t  c o n n e c t i v e  t i s s u e .  I n  b r i e f ,  a t  24 h o u r s  a f t e r  

b i r t h ,  l y m p h a t i c s  we r e  f o u n d  i n  o n l y  a b o u t  2% o f  s e c t i o n a l  

p r o f i l e s  o f  p o r t a l  t r a c t s ,  t h o s e  w h i c h  c o n t a i n e d  t h e  

l a r g e s t  b r a n c h e s  o f  t h e  p o r t a l  v e i n .  A t  2 w e e k s ,  

l y m p h a t i c s  we r e  f o u n d  i n  15% o f  a l l  p o r t a l  t r a c t s  e x a m i n e d ,  

a t  3 we e k s  i n  30% and i n  a d u l t s ,  i n  a b o u t  50% o f  t r a c t s .  

L y m p h a t i c s  we r e  n o t  f o u n d  a t  a l l ,  e v e n  i n  a d u l t s ,  i n  t h e  

mo r e  p e r i p h e r a l  p a r t s  o f  t h e  p o r t a l  t r a c t s  w i t h  p o r t a l  v e i n  

b r a n c h e s  o f  l e s s  t h a n  30 pm i n  d i a m e t e r .  B e y o n d  t h i s  p o i n t  

t h e  p l a c e  o f  e n d o t h e l i a l l y - l i n e d  l y m p h a t i c s  was t a k e n  by 

" f i b r o b l a s t i c  c h a n n e l s " .

T h e s e  f i n d i n g s  p r o m p t e d  t h e  n e x t  q u e s t i o n :  How do

t h e  l y m p h a t i c s  g r o w  and e x t e n d  i n t o  t h e  l i v e r ?  By a 

p r o c e s s  o f  b u d d i n g  and m i g r a t i o n  o f  e n d o t h e l i a l  c e l l s  f r o m  

p r e - e x i s t i n g  l y m p h a t i c s  o r  by d i f f e r e n t i a t i o n ,  i n  s i t u ,  o f  

m e s e n c h y m a l  c e l l s  and t h e i r  p r o g r e s s i v e  a s s i m i l a t i o n  by t h e  

t i p s  o f  t h e  L y m p h a t i c  t r e e ?

The e v i d e n c e  p o i n t s  t o  t h e  s e c o n d  p o s s i b i l i t y ;  

a l t h o u g h  e x t e n s i o n  o f  t h e  l y m p h a t i c  t r e e  o c c u r r e d  r a t h e r  

r a p i d l y  b e t w e e n  weeks  1 and 2 ,  no s i g n s  o f  e n d o t h e l i a l  

m i t o s i s  and s p r o u t i n g  f r o m  p r e - e x i s t i n g  l y m p h a t i c s  we r e  

s e e n .  On t h e  c o n t r a r y ,  f r e q u e n t  e x a m p l e s  we r e  f o u n d  o f  

s m a l l  l y m p h a t i c s ,  l i n e d  by t y p i c a l  e n d o t h e l i u m  and e n d i n g
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o p e n  mo u t h e d  i n  c o n t i n u i t y  w i t h  m e s e n c h y m a l  c e l l s  whose  

p r o c e s s e s  b o u n d e d  i r r e g u l a r  f l u i d  f i l l e d  t i s s u e  s p a c e s .  

T h e s e  a p p e a r a n c e s  we r e  i n d e e d  s i m i l a r  t o  t h o s e  a l r e a d y  

d e s c r i b e d  f o r  t h e  s m a l l e r  p o r t a l  c a n a l s  i n  t h e  a d u l t .  The 

d e v e l o p m e n t a l  e v i d e n c e  t h e r e f o r e  s u g g e s t s  t h a t  t h e  

" p r e  l y m p h a t i c  c h a n n e l s "  a t  t h e  p e r i p h e r y  o f  t h e  a d u l t  l i v e r  

r e p r e s e n t  a p e r s i s t e n c e  i n  t h e  a d u l t  o f  a p a t t e r n  o f

o r g a n i z e d  l o o s e  mesenchyme w h i c h  i n  t h e  new b o r n  e x t e n d e d

a l m o s t  t o  t h e  p o r t a  h e p a t i s .

T h i s  c o n c e p t  o f  t h e  c e n t r i f u g a l  g r o w t h  o f  a l y m p h a t i c  

t r e e  by  t h e  p r o g r e s s i v e  d i f f e r e n t i a t i o n  o f  m e s e n c h y m a l  

c e l l s  i n t o  e n d o t h e l i u m  and t h e i r  a s s i m i l a t i o n  a t  t h e  t i p s

o f  t h e  g r o w i n g  t r e e ,  i s  n o t  a new one  a l t h o u g h  i t  has  s t i l l

t o  g a i n  g e n e r a l  a c c e p t a n c e .  I t  was d e s c r i b e d  mo s t  

e l e g a n t L y  by K l i k a  e t  a l  ( 1 9 7 2 )  as t h e  m e c h a n i s s m  by w h i c h  

l y m p h a t i c s  g r o w i n  t h e  e p i c a r d i u m  f r o m  t h e  b a s e  o f  t h e  

h e a r t  o f  t h e  c h i c k  e m b r y o .  T h e i r  c o n c l u s i o n s  a r e  q u i t e

e x p l i c i t :  " ...........  me s e n c h y ma l  c e l l s  f o r m  p a r t  o f  t h e  w a l l

o f  t h e  p r i m i t i v e  l ymph  v e s s e l s  ........... "  " T h e  v a s c u l a r  w a l l

i s  c o n n e c t e d  t o  t h e  s u r r o u n d i n g  mes enc h y me  by n u me r o u s  

p r o c e s s e s  and i n  p l a c e s  i t  c o m m u n i c a t e s  f r e e l y  w i t h  t h e  

m e s e n c h y m a l  i n t e r c e I l u l a r  s p a c e " .  " T h e  d e v e l o p m e n t  o f  t h e

l y mp h  c a p i l l a r y  i n  t h e  p e r i p h e r y  i s  p r o m o t e d  by  ...........

i n c o r p o r a t i o n  o f  me s e n c h y ma l  c e l l s  i n t o  t h e  l i n i n g  o f  t h e  

l y mp h  b e d " .

I I I .  I n  t h e  p r e s e n t  s t u d y ,  a t t e n t i o n  has  b een  d r a w n  t o  t h e  

p o s s i b l e  r o l e  o f  c o l l a g e n  f i b r e s  i n  t h e  t r a n s p o r t  o f
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i n t e r s t i t i a l  f l u i d s .

a)  f i n e  r e t i c u l a r  f i b r e s  r a n  l e n g t h w i s e  i n  t h e  l o n g e r  g a p s  

i n  t h e  l i m i t i n g  p l a t e ,  w h e r e  t h e y  s u g g e s t  t h e  f u n c t i o n  

o f  a w i c k ,  d r a i n i n g  f l u i d  f r o m  D i s s e ' s  s p a c e .

b)  i n  t h e  c o n n e c t i v e  t i s s u e  o f  p o r t a l  t r a c t s ,  c o l l a g e n  

b u n d l e s  a p p e a r  t o  be p e r m e a t e d  by  c o a g u l a t e d  

i n t e r s t i t i a l  f l u i d  p r o t e i n ,  i n  w h i c h  i n j e c t e d  t r a c e r  

p a r t i c l e s  can  a l s o  be i d e n t i f i e d  ( s e e  F i g s .  47 and 5 4 ) .

c )  d e f i c i e n c e s  i n  t h e  w a l l  o f  f i b r o b l a s t i c  p r e l y m p h a t i c s  

a r e  c o mmo n l y  s een  t o  be f i l l e d ,  i n  p a r t ,  by c o l l a g e n .

The r o l e  o f  c o l l a g e n  i n  t h e  mov emen t  o f  i n t e r s t i t i a l  

f l u i d  was f i r s t  d e m o n s t r a t e d  i n  t h e  c l a s s i c  s t u d y  o f  

M c M a s t e r  and P a r s o n s  ( 1 9 3 9 )  who i n j e c t e d  t h e  l y m p h a t i c s  i n  

t h e  s k i n  o f  t h e  e a r s  o f  m i c e  w i t h  P o n t a m i n e  Sky B l u e .  They  

o b s e r v e d  f i n e  wavy  l i n e s  o f  dye  r a d i a t i n g  o u t  o f  t h e  

l y m p h a t i c s ;  t h e s e  l i n e s  c o u l d  be b e n t  and t w i s t e d  by 

p r e s s u r e  w i t h  a m i c r o p r o b e  and t h e y  s p r a n g  b a c k  t o  t h e i r  

o r i g i n a l  p o s i t i o n  when p r e s s u r e  was r e m o v e d ,  as i f  t h e  dye  

w e r e  f i x e d  upon  o r  b e t w e e n  some t i s s u e  e l e m e n t s .  They  

s u g g e s t e d  t h a t  t h e  l i n e s  o f  c o l o u r  we r e  f o r m e d  by t h e  dye  

m o v i n g  b e t w e e n  t h e  c o n n e c t i v e  t i s s u e  f i b r e s  o r  a l o n g  t hem 

and came t o  t h e  c o n c l u s i o n  t h a t ,  i n d i r e c t l y ,  c o n n e c t i v e  

t i s s u e  f i b r e s  m i g h t  p l a y  an i m p o r t a n t  p a r t  i n  t h e  t r a n s p o r t  

o f  c e r t a i n  s u b s t a n c e s  t h r o u g h  r e s t i n g  t i s s u e .

A t e r m a n  ( 1 9 6 3 )  o v e r l o a d e d  t h e  c i r c u l a t i o n  w i t h  an 

i n t r a v e n o u s  i n j e c t i o n  o f  d e x t r a n  f o l l o w e d  by a s e c o n d  

i n j e c t i o n  o f  Evans  b l u e .  He f o u n d  t h a t  p a r t s  o f  t h e  

c o n n e c t i v e  t i s s u e  f r a m e w o r k  we r e  p r o m i n e n t l y  o u t l i n e d  by
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t h e i r  i n t e n s e  b l u e  s t a i n i n g .  T h i s  s u g g e s t e d  n o t  so much a 

s t a i n i n g  o f  t h e  f i b r e s  t h e m s e l v e s  as o f  a t h i n  s h e e t  

s u r r o u n d i n g  t h e m .

Hauck  ( 1 9 8 2 )  i n j e c t e d  a f l u o r e s c e n t  dy e  i n t o  t h e  

m i c r o c i r c u l a t i o n  i n  t h e  m e s e n t e r y  o f  r a b b i t s  and c a t s  and 

showed  a t y p i c a l  f l u o r e s c e n t  p a t t e r n  o f  l i n e a r  s t r u c t u r e s  

i n  t h e  e x t r a v a s c u l a r  s p a c e ,  c o n f i r m e d  l a t e r  by  u s i n g  

i n c o m p l e t e  d a r k  f i e l d  i l l u m i n a t i o n .  He s u g g e s t e d  t h a t  t h i s  

n e t w o r k  was f o r m e d  m a i n l y  by t h e  e l a s t i c  f i b r e s  o f  t h e  

i n t e r s t i t i a l  c o n n e c t i v e  t i s s u e .  I f  t h i s  i s  t h e  c a s e ,  t h e  

e l a s t i c  f i b r e s  b e s i d e s  f u l f i l l i n g  t h e i r  m e c h a n i c a l  f u n c t i o n  

a l s o  h av e  a p a s s i v e  t r a n s p o r t  o r  " g u i d e  r a i l "  f u n c t i o n  f o r  

f l u i d  and d i s s o l v e d  m o l e c u l e s  b e t w e e n  m i c r o  b l o o d  v e s s e l s  

and  t h e  d r a i n a g e  s y s t e m ,  m a k i n g  t h e  l ow r e s i s t a n c e  p a t h w a y .

The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  s i m i l a r l y  s u g g e s t  

t h a t  b u n d l e s  o f  c o l l a g e n  may t a k e  p a r t  i n  t h e  t r a n s f e r  o f  

f l u i d s  and p a r t i c u l a t e  m a t e r i a l  t h r o u g h  t h e  i n t e r s t i t i u m .  

I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  l a r g e r  p a r t i c u l a t e  

t r a c e r s ,  such  as P o n t a m i n e  Sky B l u e ,  we r e  s e e n  o n l y  a t  t h e  

e d g e s  o f  c o l l a g e n  b u n d l e s ,  w h i l e  s m a l l e r  p a r t i c l e s  -  

f e r r i t i n  and L i p o p r o t e i n s  -  we r e  s een  w i t h i n  t h e  b u n d l e s .

I V .  The p a t t e r n  o f  i n t r i n s i c  l y m p h a t i c s  and t h e i r  r e l a t i o n  

t o  t h e  s t r u c t u r e s  i n  t h e  p o r t a L  c a n a l s

The f i n d i n g  t h a t  67% o f  p o r t a l  t r a c t s  h a v e  o n l y  a 

s i n g l e  l y m p h a t i c  makes i t  c l e a r  t h a t ,  i n  t h e  r a t ,  mos t  o f  

t h e  h e p a t i c  l y m p h a t i c s  a r e  n o t  p l e x i f o r m .  The 33% o f  

t r a c t s  w h i c h  had t wo  o r  more l y m p h a t i c s  we r e  m a i n l y  t h o s e
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n e a r  t h e  p o r t a  h e p a t i s ,  e s p e c i a l l y  a r o u n d  t h e  a r t e r i e s  t o  

w h i c h  t h e y  we r e  i n t i m a t e l y  r e l a t e d .  F u r t h e r  p e r i p h e r a l l y ,  

l y m p h a t i c s  we r e  n o t  p r e f e r e n t i a l l y  r e l a t e d  t o  t h e  a r t e r i a l  

t r e e ,  b u t  we r e  r e l a t e d  e q u a l l y  t o  a r t e r i a l  and v e n o u s  

b r a n c h e s .  Thes e  r e l a t i o n s h i p s  do n o t  h av e  any  o b v i o u s  

f u n c t i o n a l  s i g n i f i c a n c e .

V-  I ^ i j r  a h e p a t i c  l y m p h a t i c s

The e x t r a h e p a t i c  l ymph  t r u n k s  and t h e  n o d e s  d r a i n i n g  

t he m we r e  mapped o u t  by i n t r a v e n o u s  i n j e c t i o n  o f  P o n t a m i n e  

Sky B l u e ,  a me t ho d  i n t r o d u c e d  by P s y c h o y o s  ( 1 9 7 1 ) .

W i t h i n  e i g h t  m i n u t e s  t h e  l y mph  t r u n k s  we r e  e a s i l y  

d i s t i n g u i s h e d  f r o m  v e i n s  and a r t e r i e s  by t h e i r  d a r k  b l u e  

c o l o u r ,  as we r e  t h e  l ymph n o d e s .  L y m p h a t i c s  we r e  t r a c e d  t o  

t h e  m a i n  n o d e s :

1)  The l ymph  t r u n k s  w h i c h  wer e  f o u n d  a c c o m p a n y i n g  t h e

p o r t a l  v e i n ,  t o  j o i n  a Lymph node  v e r y  n e a r  t o  t h e  same 

v e i n ,  have  n o t  been r e p o r t e d  p r e v i o u s l y .  The node 

r e c e i v e s  l ymph  o n l y  f r o m  t h e  l i v e r ;  i t  i s  d e s i g n a t e d  as 

t h e  " p o r t a l  n o d e "  b e c a u s e  o f  i t s  i n t i m a t e  r e l a t i o n  w i t h  

t h e  p o r t a  I v e i  n .

2)  The l y mph  node s  i n  t h e  p o r t a  h e p a t i s  w h i c h  r e c e i v e

s e v e r a l  l y m p h a t i c s  f r o m  t h e  l i v e r  h av e  b een  d e s c r i b e d  

p r e v i o u s l y .  Y o f f e y  and C o u r t i c e  ( 1 9 7 0 )  c a l l e d  t hem 

" h e p a t i c " ,  a t e r m  w h i c h  we p r e f e r  t o  T i l n e y ' s  ( 1 9 7 1 )  

" p o r t a l  n o d e s " .

3 )  L y m p h a t i c s  f r o m  t h e  l i v e r  w e r e  a l s o  t r a c e d  t o  t h e

p o s t e r i o r  g a s t r i c  n o d e s ,  i n  a g r e e m e n t  w i t h  t h e  f i n d i n g s
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o f  Hass  ( 1 9 3 6 ) .

4 )  A l y mp h  t r u n k ,  n o t  p r e v i o u s l y  r e c o g n i s e d ,  r a n  r o u n d  t h e  

o e s o p h a g u s  t o  j o i n  t h e  p a l e  nod e  o f  t h e  s p l e n i c  g r o u p .

5)  C o n c e r n i n g  t h e  a s c e n d i n g  g r o u p  o f  h e p a t i c  l y m p h a t i c s  

o u r  f i n d i n g s  s u p p o r t  t h e  v i e w  t h a t  t h e s e  l y m p h a t i c s  

t r a v e l  a l o n g  t h e  h e p a t i c  v e i n s ,  i n f e r i o r  v e n a  c a v a  and 

j o i n  t h e  m e d i a s t i n a l  n o d e s .

T h e s e  f i n d i n g s  we r e  c o n s t a n t  i n  t h e  25 r a t s  u s ed  i n  

t h i s  e x p e r i m e n t .

V I -  P l a s ma  C e l l s

B r o wn  e t  a l  ( 1 9 8 2 )  f o u n d  t h a t  t h e  human b i l e  c o n t a i n s  

a b u n d a n t  s e c r e t o r y  I g A ,  and i t  was s u s p e c t e d  t h a t  t h e  human 

L i v e r ,  l i k e  t h a t  o f  t h e  r a t ,  t r a n s f e r s  p o l y m e r i c  I g A  f r o m  

p l a s m a  t o  b i l e .  They  e x a m i n e d  t h e  human t h o r a c i c  d u c t  

l y m p h ,  p o r t a l  v e i n  b l o o d  and a o r t i c  b l o o d  f o r  c o n t e n t  and 

m o l e c u l a r  s i z e  o f  I g A .  None was f o u n d  t o  h av e  a h i g h e r  

t o t a l  c o n c e n t r a t i o n  o f  I gA  o r  h i g h e r  p r o p o r t i o n  o f  

p o l y m e r i c  I gA  t h a n  t h a t  i n  p e r i p h e r a l  v e n o u s  b l o o d ,  and 

c o n c l u d e d  t h a t  a r e l a t i v e l y  l a r g e  p r o d u c t i o n  o f  human 

b i l i a r y  I g A  m i g h t  o r i g i n a t e  f r o m  s y n t h e s i s  i n  h e p a t o b i l i a r y  

t i s s u e s .

M o n o n u c l e a r  c e l l s  c o n t a i n i n g  I g G ,  I g A ,  and I g M ,  

c o l l e c t i v e l y  t e r m e d  " I g  c e l l s "  hav e  b een  s e en  i n  a l l  human 

L i v e r  e x a m i n e d  ( H a d z i y a n n i s  e t  a l ,  1 9 6 9 ) .  Thes e  m a j o r  

c o n t r i b u t o r s  t o  a n t i b o d y  f o r m a t i o n  a r e  a f a m i l y  o f  c e l l s  

u s u a l l y  r e f e r r e d  t o  a " p l a s m a  c e l l s  i n  d i f f e r e n t  s t a g e s  o f

d e v e  l o p m e n t " .
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I m m u n o g l o b u l i n - c o n t a i n i n g  c e l l s  w e r e  f o u n d  i n  t h e

p o r t a l  t r a c t s  and f i b r o u s  s e p t a  ( H a d z i y a n n i s  e t  a l ,  1 9 6 9 )

b u t  t h e y  we r e  a l s o  o b s e r v e d  i n  c o n n e c t i v e  t i s s u e  e l s e w h e r e .

O n l y  a m i n o r i t y  we r e  i n  t h e  s i n u s o i d s ,  b u t  t h e  m a j o r

l o c a t i o n  i n  t h e  l i v e r  was i n  p r o x i m i t y  t o  b i l e  d u c t s .

N a g u r a  e t  a l  ( 1 9 8 3 )  a g r e e d  on t h a t  and e s t i m a t e d  t h a t  t h e r e
2

w e r e  a b o u t  1 . 3  c e l l s  p e r  0 . 0025mm . I t  i s  a g r e e d  t h a t  t h e

f e w  I g A  c o n t a i n i n g  p l a s ma  c e l l s  p r e s e n t  i n  t h e  p e r i p o r t a l

c o n n e c t i v e  t i s s u e  a r e  i n a d e q u a t e  t o  a c c o u n t  f o r  a l l  t h e  I gA

p r e s e n t  i n  human h e p a t i c  b i l e  ( N a g u r a  e t  a l ,  1 9 8 3 ) .

An i n c i d e n t a l  f i n d i n g  i n  t h e  c o u r s e  o f  t h e  p r e s e n t

s t u d y  was t h e  p r e s e n c e  o f  s i g n i f i c a n t  n u m b e r s  o f  p l a s m a

c e l l s  w i t h i n  t h e  l i v e r .  T h i s  was u n e x p e c t e d  and l e d  t o  a

s y s t e m a t i c  s e a r c h .  P l asma c e l l s  a t  v a r i o u s  s t a g e s  o f

d e v e l o p m e n t  we r e  c o u n t e d ,  n o t  o n l y  i n  t h e  p e r i p o r t a l  a r e a s

and b i l e  d u c t s  -  as i n  p r e v i o u s  s t u d i e s  -  b u t  t h r o u g h o u t

t h e  L i v e r :  i n  4 - 6  jum wax s e c t i o n s  s t a i n e d  w i t h  m e t h y l

g r e e n - p y r o n i n .  The f i g u r e  a r r i v e d  a t  ( i . e .  “  15
2

c e l l s / m m  ) i s  much l e s s  t h a n  t h a t  o f  N a g u r a  e t  a l  ( 1 9 8 3 ) ,
2

i . e .  1 . 3  c e l l s  p e r  0 . 0025mm b e c a u s e  we d i d  n o t  e x c l u d e  t h e  

L a r g e  a r e a  o f  l o b u l a r  t i s s u e  w h i c h  c o n t a i n e d  much f e w e r  

c e l l s ,  b u t  t h e  p r e s e n c e  o f  p l a s ma  c e l l s  was a c o n s t a n t  

f i n d i n g .
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SUMMARY

I t  i s  g e n e r a l l y  a g r e e d  t h a t  t h e  l i v e r  p r o d u c e s  a 

s u b s t a n t i a l  a moun t  o f  l y m p h .  I n  f a c t  i t  i s  t h e  l a r g e s t  

s i n g l e  s o u r c e  o f  l ymph  i n  t h e  b o d y ,  c o n t r i b u t i n g  15- 20% 

o f  t h e  t o t a l .  T h i s  h e p a t i c  l y mp h  i s  l a r g e l y  

o r i g i n a t i n g  f r o m  t h e  i n t e r s t i t i a l  f l u i d  i n  t h e  s p a c e  o f  

D i s s e .  H o w e v e r ,  i t  i s  s t i l l  n o t  c l e a r  how t h e  f l u i d  i n  

t h e  s p a c e  o f  D i s s e  may end up i n  t h e  l y m p h a t i c s  o f  t h e  

p o r t a l  t r a c t s ,  as l y m p h a t i c  v e s s e l s  w e r e  n o t  s e en  t o  

p e n e t r a t e  i n t o  t h e  h e p a t i c  l o b u l e s .

T h i s  s t u d y  a i me d  t o  i n v e s t i g a t e  t h e  r o u t e  f o l l o w e d  by 

i n t e r s t i t i a l  f l u i d  f r o m  D i s s e ' s  s p a c e  t o  t h e  l y m p h a t i c  

v e s s e l s  o f  t h e  p o r t a l  t r a c t s .

The l i v e r s  o f  a d u l t  A l b i n o  s w i s s  r a t s ,  f i x e d  by 

v a s c u l a r  p e r f u s i o n ,  we r e  s t u d i e d  by  l i g h t  and e l e c t r o n  

mi  c r o s c o p y .

F r e q u e n t  g aps  wer e  f o u n d  b e t w e e n  h e p a t o c y t e s  o f  t h e  

p e r i l o b u l a r  l i m i t i n g  p l a t e .  They  we r e  o f t e n

i n d e p e n d e n t  o f  v e s s e l s  e n t e r i n g  t h e  l o b u l e .  Th es e  we r e  

u s u a l l y  w i d e r  t h a n  t h e  s p a c e  o f  D i s s e ,  and c o n t a i n e d  

h e p a t o c y t i c  m i c r o v i l l i ,  b u n d l e s  o f  c o l l a g e n  f i b r e s ,  and 

o c c a s i o n a l  s l e n d e r  f i b r o b l a s t i c  p r o c e s s e s  e x t e n d i n g  

i n t o  t h e  l o b u l e  f r o m  p o r t a l  t r a c t  i n t e r s t i t i u r n . L a r g e  

g a p s  ( 32  jum w i d e  o r  mo r e )  a l l o w e d  t h e  s i n u s o i d a l  

e n d o t h e l i u m  t o  a b u t  d i r e c t l y  on p o r t a l  t r a c t  

i n t e r s t i t i u m .  These  g aps  a l l o w e d  f r e e  c o m m u n i c a t i o n  

b e t w e e n  t h e  s p ac e  o f  D i s s e  and p o r t a l  t r a c t
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i n t e r s t i t i u m .

4 .  I n  t h e  p e r i p o r t a l  c o n n e c t i v e  t i s s u e ,  l o n g  f l a t t e n e d  

p r o c e s s e s  o f  me s e n c h y ma l  c e l l s  o r  f i b r o b l a s t s  f o r m e d  

i n c o m p l e t e  l i n i n g s  o f  w e l l  d e f i n e d  s p a c e s ,  w h i c h  

c o n t a i n e d  p r e c i p i t a t e d  p r o t e i n  and  o c c a s i o n a l  

l e u k o c y t e s .  The l i n i n g  c e l l s  w e r e  o f t e n  a s s o c i a t e d  

w i t h  c o l l a g e n  f i b r e s .  The d i s c o n t i n u i t i e s  i n  t h e  w a l l  

o f  t h e s e  s p a c e s  we r e  c o n f i r m e d  by  S . E . M .  Th es e  

m e s e n c h y m a l / f i b r o b l a s t i c  " c h a n n e l s "  w e r e  s e en  i n  t h e  

p e r i l o b u l a r  s p a c e  o f  M a l l ,  i n  t h e  i n t e r s t i t i u m  o f  

p o r t a l  t r a c t s  and i n  p r o x i m i t y  t o  l y m p h a t i c s .  They  

we r e  n o t  t r u e  l y m p h a t i c s ,  b u t  a p p e a r e d  t o  f u n c t i o n  as 

p r e l y m p h a t i c  c h a n n e l s ,  l e a d i n g  t h e  p r o t e i n - r i c h  

i n t e r s t i t i a l  f l u i d  t o  a d j a c e n t  t e r m i n a l  L y m p h a t i c s ,  

f r o m  w h i c h  t h e y  c o u l d  be d i s t i n g u i s h e d ,  b u t  o n l y  by 

T . E . M .

5 .  I n  t h e  l i g h t  o f  a l l  t h e s e  f i n d i n g s ,  i t  i s  s u g g e s t e d  

t h a t  i n t e r s t i t i a l  f l u i d  i n  D i s s e ' s  s p a c e  had f o u n d  i t s  

way t h r o u g h  g aps  i n  t h e  p e r i l o b u l a r  l i m i t i n g  p l a t e  t o  

r e a c h  t h e  p e r i l o b u l a r  s p a c e  o f  M a l l ,  f r o m  w h i c h  i t  

d r a i n e d  by me s e n c h y ma 1 / f i b r o b  I a s t i c  p r e L y m p h a t i c s  t o  

r e a c h  t h e  i n i t i a l  l y m p h a t i c s .

6 .  T h i s  h y p o t h e s i s  was t e s t e d  by  s t u d y i n g  t h e  

d i s t r i b u t i o n ,  i n  t h e  l i v e r ,  o f  s e v e r a l  a r t i f i c i a l  and 

n a t u r a l  t r a c e r s  i n t r o d u c e d  i n t o  t h e  c i r c u L a t i o n  o f  t h e  

a r t i f i c i a l  t r a c e r s ,  f e r r i t i n ,  P o n t a m i n e  Sky  B l u e  and 

Mona s t  r a  I B l u e .  F e r r i t i n  and P o n t a m i n e  Sky B l u e  we r e  

i d e n t i f i e d  by T . E . M .  a t  a l l  p o i n t s  a l o n g  t h e  p r o p o s e d
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p a t h w a y .  Mos t  o f  t h e  M o n a s t r a l  B l u e  p a r t i c l e s  we r e

p h a g o c y t i s e d . N a t u r a l  t r a c e r s  -  c h y l o m i c r o n s  and

L i p o p r o t e i n s  -  i n t r o d u c e d  by  f e e d i n g  t h e  a n i m a l s  w i t h  a 

h i g h  f a t  d i e t ,  we r e  a l s o  f o u n d  t o  be d i s t r i b u t e d  a l o n g  

t h e  p r o p o s e d  p a t h w a y .

7 .  L y m p h a t i c  p r o f i l e s  we r e  f o u n d  i n  o n l y  a b o u t  50% o f

p o r t a l  t r a c t s  o f  a d u l t  r a t s  L i v e r s .  Th ey  d i d  n o t

a c c o mp a n y  e v e r y  b r a n c h  o f  t h e  p o r t a l  t r e e ,  and when

t h e y  d i d ,  t h e y  s t o p p e d  s h o r t  o f  t h e  t e r m i n a l  t w i g s ;  

l y m p h a t i c  p r o f i l e s  we r e  n o t  s een  i n  p o r t a l  t r a c t s  whose

a s s o c i a t e d  p o r t a l  v e i n  b r a n c h  d i a m e t e r  was 3 0 - 4 0  urn o r

less.
I n  100 p o r t a l  t r a c t  p r o f i l e s  i t  was f o u n d  t h a t  i n  44 . 4% 

l y m p h a t i c s  we r e  r e l a t e d  e q u a l l y  t o  b o t h  a r t e r i e s  and 

v e i n s ,  32% m a i n l y  t o  v e i n s  and 22 . 8% t o  a r t e r i e s .  i t  

was a l s o  f o u n d  t h a t  67% o f  p o r t a l  t r a c t s '  p r o f i l e s  

( m a i n l y  i n  s m a l l ,  p e r i p h e r a l ,  p o r t a l  t r a c t s )  had a 

s i n g l e  l y m p h a t i c ,  19% had 2 ,  8% had 3 ,  4% had 4 ,  1% had 

5 and 1% had 6 .  M u l t i p l e  l y m p h a t i c  p r o f i l e s  we r e

m a i n l y  f o u n d  i n  l a r g e  p o r t a L  t r a c t s .  T h i s  s u g g e s t s

t h a t  l y m p h a t i c s  i n  r a t  l i v e r  a r e  p r i n c i p a l l y  i n  t h e  

f o r m  o f  t r u n k s  and n o t  i n  t h e  f o r m  o f  a p l e x u s .

8 .  The h i s t o g e n e s i s  and t o p o g r a p h i c  d i s t r i b u t i o n  o f  

l y m p h a t i c s  i n  t h e  l i v e r s  o f  g r o u p s  o f  A l b i n o - s w i s s  r a t s  

aged  24 h o u r s ,  1 , 2 , 3  weeks  and a d u l t s  we r e  s t u d i e d  by 

o p t i c a l  and T . E . M .

A t  24 h o u r s ,  l y m p h a t i c s  we r e  f o u n d  i n  o n l y  a b o u t  2% o f
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s e c t i o n a l  p r o f i l e s  o f  p o r t a l  t r a c t s ,  o n l y  i n  

a s s o c i a t i o n  w i t h  t h e  l a r g e s t  b r a n c h e s  o f  t h e  p o r t a l

v e i n .  At  1 we e k ,  l y m p h a t i c s  w e r e  f o u n d  i n  p o r t a l

t r a c t s  f u r t h e r  f r o m  t h e  p o r t a  h e p a t i s ,  a s s o c i a t e d  w i t h  

p o r t a l  v e i n  b r a n c h e s  down t o  60 urn i n  d i a m e t e r .  At  2

w e e k s ,  l y m p h a t i c s  we r e  f o u n d  i n  15% o f  t r a c t s ,  a t  3

week s  i n  30% and i n  a d u l t s  i n  50% o f  p o r t a l  t r a c t s .

T h i s  s t a t i s t i c a l  e v i d e n c e  s u g g e s t s  t h a t  L y m p h a t i c s  

d e v e l o p  by c e n t r i f u g a l  e x t e n s i o n  f r o m  t h e  p o r t a  h e p a t i s  

a c c o m p a n y i n g  many b r a n c h e s  o f  t h e  p o r t a l  v e i n .  The 

E . M.  e v i d e n c e  i n d i c a t e d  t h a t  t h i s  e x t e n s i o n  o c c u r e d  

m a i n l y  by t h e  d i f f e r e n t i a t i o n ,  i n  s i t u ,  o f  me s e n c h y ma l  

c e l l s ,  and t h e i r  p r o g r e s s i v e  a s s i m i l a t i o n  by t h e  t i p s  

o f  t h e  l y m p h a t i c  t r e e .  F r e q u e n t  e x a m p l e s  we r e  f o u n d  o f  

s m a l l  l y m p h a t i c s  l i n e d  by t y p i c a l  e n d o t h e l i u m  e n d i n g  

o p e n - m o u t h e d  i n  c o n t i n u i t y  w i t h  m e s e n c h y m a l  c e l l s  

b o u n d i n g  i r r e g u l a r  f l u i d  f i l l e d  t i s s u e  s p a c e s .

9 .  The e x t e n s i v e  l y m p h a t i c s  o f  t h e  l i v e r  w e r e  s t u d i e d  by 

i n t r a v e n o u s  i n j e c t i o n  o f  P o n t a m i n e  Sky B l u e .  L y m p h a t i c  

t r u n k s  e mer g ed  f r o m  t h e  p o r t a  h e p a t i s  i n  t h r e e  g r o u p s :

i )  t wo  t r u n k s  r a n  on t h e  p o r t a l  v e i n  and j o i n e d  a 

s m a l l  node  ( p o r t a l  n od e )  n e a r  t h e  p o r t a l  v e i n .

i i )  a f ew t r u n k s  j o i n e d  t h e  h e p a t i c  nod e  a t  t h e  p o r t a  

hepatis.
i i i )  one t r u n k  r a n  o b l i q u e l y ,  c u r v e d  a r o u n d  t h e  

o e s o p h a g u s  and b i f u r c a t e d  t o  j o i n  t h e  p o s t e r i o r  

g a s t r i c  nodes  and a p a l e  node  o f  t h e  s p l e n i c

g r o u p .
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L y m p h a t i c s  a r o u n d  t h e  h e p a t i c  v e i n  r a n  a l o n g  t h e

i n f e r i o r  v e n a  cava  t o  j o i n  t h e  m e d i a s t i n a l  l y mph  n o d e s .

1 0 .  P l a s ma  c e l l s  a t  v a r i o u s  s t a g e s  o f  d e v e l o p m e n t  we r e

f r e q u e n t l y  f o u n d  i n  t h e  i n t e r s t i t i u m  o f  p o r t a l  t r a c t s

i n  a p p a r e n t l y  n o r m a l  r a t  l i v e r s .  Young  o ne s  we r e

m a i n l y  s een  i n  t h e  s i n u s o i d s ,  and m a t u r e  o n e s  i n  t h e
2

p o r t a l  t r a c t s .  T h e r e  we r e  a p p r o x i m a t e l y  15 c e l l s / m m  

o f  l i v e r  t i s s u e .
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BURKEL,  W. E.  ( 1 9 7 0 ) :  The f i n e  s t r u c t u r e  o f  t h e  t e r m i n a l
b r a n c h e s  o f  t h e  h e p a t i c  a r t e r i a l  s y s t e m  o f  t h e  r a t .  
A n a t o m i c a l  Re c o r d  1 6 7 ,  3 2 9 - 3 5 0 .

BURKEL,  W . E . ,  LOW, F . N .  ( 1 9 6 6 ) :  The f i n e  s t r u c t u r e  o f  r a t
l i v e r  s i n u s o i d s ,  spac e  o f  D i s s e  and a s s o c i a t e d  t i s s u e  
s p a c e .  A m e r i c a l  J o u r n a l  o f  An a t o my  1 1 8 ,  7 6 9 - 7 8 4 .

CASLEY- SMI TH,  J . R . ,  FLOREY,  H.W.  ( 1 9 6 1 ) :  The s t r u c t u r e  o f  
n o r m a l  sma 11 l y m p h a t i c s .  Q u a r t e r l y  J o u r n a  I o f
E x p e r i m e n t a l  P h y s i o l o g y  4 6 ,  1 0 1 - 1 0 6 .
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CASLEY- SMI TH,  J . R .  ( 1 9 6 2 ) :  The i d e n t i f i c a t i o n  o f
c h y l o m i c r a  and L i p o p r o t e i n s  i n  t i s s u e  s e c t i o n s  and 
t h e i r  p a s s a g e  i n t o  j e j u n a l  l a c t e a l s .  J o u r n a l  o f  C e l l  
B i o l o g y  1 5 ,  2 5 9 - 2 7 7 .

CASLEY- SMI TH,  J . R .  ( 1 9 6 3 ) :  P i n o c y t i  c v e s i c l e s ,  an
e x p l a n a t i o n  o f  some o f  t h e  p r o b l e m s  a s s o c i a t e d  w i t h  
t h e  p a s s a g e  o f  p a r t i c l e s  i n t o  and t h r o u g h  c e l l s  v i a  
t h e s e  b o d i e s .  P r o c e e d i n g s  o f  t h e  A u s t r a l i a n  S o c i e t y  
f o r  M e d i c a l  R e s e a r c h  1 ,  5 8 .

CASLEY- SMI TH,  J . R .  ( 1 9 6 4 ) :  E n d o t h e l i a l  p e r m e a b i l i t y  -  The
p a s s a g e  o f  p a r t i c l e s  i n t o  and o u t  o f  d i a p h r a g m a t i c
l y m p h a t i c s .  Q u a r t e r l y  J o u r n a l  o f  E x p e r i m e n t a l  
P h y s i o l o g y  4 9 ,  3 6 5 - 3 8 3 .

CASLEY- SMI TH,  J . R .  ( 1 9 6 4 a ) :  An e l e c t r o n  m i c r o s c o p i c  s t u d y
o f  i n j u r e d  and a b n o r m a l l y  p e r m e a b l e  l y m p h a t i c s .
A n n a l s  o f  New Y o r k  Academy o f  S c i e n c e  1 1 6 ,  8 0 3 - 8 3 0 .

CASLEY- SMI TH,  J . R .  ( 1 9 6 5 ) :  E n d o t h e l i a l  p e r m e a b i l i t y .  I I .
The p a s s a g e  o f  p a r t i c l e s  t h r o u g h  t h e  l y m p h a t i c
e n d o t h e l i u m  o f  n o r m a l  and i n j u r e d  e r a s .  B r i t i s h  
J o u r n a l  o f  E x p e r i m e n t a l  P a t h o l o g y  4 6 ,  3 5 - 4 9 .

CASLEY- SMI TH,  J . R .  ( 1 9 6 7 a ) :  The f i n e  s t r u c t u r e s ,
p r o p e r t i e s  and p e r m e a b i l i t i e s  o f  t h e  e n d o t h e l i u m .  
And :  The f i n e  s t r u c t u r e s  and p e r m e a b i l i t i e s  o f
l y m p h a t i c s  u n d e r  some p a t h o l o g i c a l  c o n d i t i o n s .  I n :  
C o l l e t t e ,  J . M . ,  S c h o f f e n i e I s ,  E.  ( E d s ) .  New t r e n d s  
i n  b a s i c  l y m p h o l o g y .  K a r g e r ,  B a s i l ,  p p .  1 9 - 3 9  and 
1 2 4 - 1 3 7 .

CASLEY- SMI TH,  J . R .  ( 1 9 6 9 a ) :  The s t r u c t u r e  o f  n o r m a l  l a r g e
l y m p h a t i c s :  How t h i s  d e t e r m i n e s  t h e i r  p e r m e a b i l i t y
and t h e i r  a b i l i t y  t o  t r a n s p o r t  l y m p h .  L y m p h o l o g y  2 ,  
1 5 - 2 5 .

CASLEY- SMI TH,  J . R .  ( 1 9 6 9 b ) :  The d i m e n s i o n s  and n u mb e r s  o f
s m a l l  v e s i c l e s  and t h e  s i g n i f i c a n c e  o f  t h e s e  f o r  
e n d o t h e l i a l  p e r m e a b i l i t y .  J o u r n a l  o f  M i c r o s c o p y  9 0 ,  
2 5 1 - 2 6 8 .

CASLEY- SMI TH,  J . R .  ( 1 9 7 0 a ) :  How t h e  l y m p h a t i c  s y s t e m
o v e r c o m e s  t h e  i n a d e q u a c i e s  o f  t h e  b l o o d  s y s t e m .  And :  
The d i l a t a t i o n  o f  l y m p h a t i c s  by  oedema and t h e i r  
c o l l a p s e  f o l l o w i n g  h y a l u r o n i d a s e .  And :  The
t r a n s p o r t a t i o n  o f  l a r g e  m o l e c u l e s ,  by  s m a l l  v e s i c l e s ,  
t h r o u g h  t h e  e n d o t h e l i u m .  I n :  V i a m o n t e ,  M. e t  a l .
( e d s ) .  P r o g r e s s  i n  l y m p h o l o g y  I I .  T h i e m e ,  
S t i l l g a r t .  p p .  5 1 - 5 4 ,  1 2 2 - 1 2 4 ,  2 5 5 - 2 6 0 .

CASLEY- SMI TH,  J . R .  ( 1 9 7 2 ) :  The r o l e  o f  e n d o t h e l i a l
i n t e r c e l  l u l a r  j u n c t i o n s  i n  t h e  f u n c t i o n i n g  o f  t h e  
i n i t i a l  l y m p h a t i c s .  A n g i o l o g i c a  9 ,  1 0 6 - 1 3 1 .
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CASLEY- SMI TH,  J . R .  ( 1 9 7 3 ) :  The L y m p h a t i c  s y s t e m  i n
i n f l a m m a t i o n .  I n :  Z w e i f a c h ,  B . W . ,  G r a n t ,  L . ,
M c C l u s k e y ,  R. C.  ( E d s ) .  The i n f l a m m a t o r y  p r o c e s s .  
2nd E d i t i o n .  V o l .  2 .  A c a d e m i c  P r e s s ,  New Y o r k .  p p .  
1 6 1 - 2 0 4 .

CASLEY- SMI TH,  J . R .  ( 1 9 7 5 a ) :  A t h e o r e t i c a l  s u p p o r t  f o r  t h e  
t r a n s p o r t  o f  m a c r o m o l e c u l e s  by  o s m o t i c  f l o w  a c r o s s  
L e a k y  membr ane a g a i n s t  a c o n c e n t r a t i o n  g r a d i e n t .  
M i c r o v a s c u l a r  R e s e a r c h  9 ,  4 3 - 4 8 .

CASLEY- SMI TH,  J . R .  ( 1 9 7 5 b ) :  The e n t r a n c e  o f  m a t e r i a l  i n t o  
i n i t i a l  l y m p h a t i c s  and t h e i r  r e l a t i o n s h i p  w i t h  
f e n e s t r a t e d  b l o o d  c a p i l l a r i e s .  I n :  W i t t e ,  M . ,  W i t t e ,  
C.  ( E d s . ) .  P r o c e e d i n g s  o f  t h e  F o u r t h  I n t e r n a t i o n a l  
C o n g r e s s  on L y m p h o l o g y .  T u c s o n ,  U n i v e r s i t y  o f
A r i z o n a  P r e s s ,  T u c s o n .

CASLEY- SMI TH,  J . R . ,  0"D0N0GHUE,  P . J . ,  CROCKER,  K . W . J .
( 1 9 7 5 c ) :  The q u a n t i t a t i v e  r e l a t i o n s h i p  b e t w e e n
f e n e s t r a e  i n  j e j u n a l  c a p i l l a r i e s  and c o n n e c t i v e
t i s s u e  c h a n n e L s :  p r o o f  o f  " T u n n e l  c a p i l l a r i e s " .
M i c r o v a s c u  I a r  R e s e a r c h  9 ,  7 8 - 1 0 0 .

CASLEY- SMI TH,  J . R . ,  FOLDI -BORCSOK,  E . ,  F OL DI ,  M. ( 1 9 7 6 ) :  
The p r e l y m p h a t i c  p a t h w a y s  o f  t h e  b r a i n  as r e v e a l e d  by 
c e r v i c a l  l y m p h a t i c  o b s t r u c t i o n  and  t h e  p a s s a g e  o f  
p a r t i c l e s .  B r i t i s h  J o u r n a l  o f  E x p e r i m e n t a l  P a t h o l o g y
5 7 ,  1 7 9 .

CASLEY- SMI TH,  J . R .  ( 1 9 7 6 a ) :  The s t r u c t u r a l  b a s i s  f o r  t h e
c o n s e r v a t i v e  t h e r a p y  o f  Lymphoedema .  I n :  C l o d i u s ,
L .  ( E d . ) .  The p a t h o p h y s i o l o g y  and t r e a t m e n t  o f  
l y m p h o e d e m a .  T h i e m e ,  S t u t t g a r t .

CASLEY- SMI TH,  J . R .  ( 1 9 7 6 d ) :  The p r e l y m p h a t i c  p a t h w a y s  o f
t h e  b r a i n ;  l y m p h o s t a s i s ,  and t h e  b e n z o - p y r o n e s . I n :
F o l d i ,  M. ( E d . ) .  I I I .  R i n g e l h e i m  Sy mp o s i u m.
S p r i n g e r , B e r l i n .

CASLEY- SMI TH,  J . R .  ( 1 9 7 7 ) :  Lymph and l y m p h a t i c s .  C h a p t e r
1 9 .  I n :  M i c r o c i r c u l a t i o n .  V o L . 1 . P a r t  P.  4 2 3 -
5 0 2 .  H a l e y ,  G . ,  B u r t o n ,  M. K .  ( E d s . ) .  U n i v e r s i t y  
P a r k  P r e s s ,  B a l t i m o r e ,  L o n d o n ,  T o k y o .

CASLEY- SMI TH,  J . R . ,  CLODI US,  L .  BORCSCK,  E . ,  GRUNTZIG,  J . ,  
F OL DI ,  M. ( 1 9 7 8 ) :  The e f f e c t s  o f  c h r o n i c  c e r v i c a l
l y m p h o s t a s i s  on r e g i o n s  d r a i n e d  by l y m p h a t i c s  and by 
p r e  l y m p h a t i c s  . J o u r n a l  o f  P a t h o l o g y  1 2 4 ,  13 — 1 7 .

CASLEY- SMI TH,  J . R . ,  VI NCENT,  A . H. ( 1 9 7 8 ) :  The q u a n t i t a t i v e
m o r p h o l o g y  o f  i n t e r s t i t i a l  t i s s u e  c h a n n e l s  i n  some
t i s s u e s  o f  t h e  r a t  and r a b b i t .  T i s s u e  and C e l l  I Q ,  
5 7 1 - 5 8 4 .
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CASLEY- SMI TH,  J . R . ,  FOLDI - BORCSOK,  E . ,  F OL DI ,  M. ( 1 9 7 9 ) :  A
f i n e  s t r u c t u r a l  s t u d y  o f  t h e  t i s s u e  c h a n n e l s '  n u mb e r s  
and d i m e n s i o n s  i n  n o r m a l  and l y m p h o e d e m a t o u s  t i s s u e s .  
J o u r n a l  o f  L y m p h o l o g y  Band I I I ,  4 9 - 5 8 .

CASLEY- SMI TH,  J . R .  ( 1 9 8 0 ) :  The f i n e  s t r u c t u r e  and
f u n c t i o n i n g  o f  t i s s u e  c h a n n e l s  and l y m p h a t i c s .  
L y m p h o l o g y  1 2 ,  1 7 7 - 1 8 3 .

CASLEY- SMI TH,  J . R .  ( 1 9 8 0 a ) :  The s t r u c t u r e  and f u n c t i o n i n g
o f  b l o o d  v e s s e l s ,  i n t e r s t i t i a l  t i s s u e s  and 
l y m p h a t i c s .  I n :  F o l d i ,  M. ( e d . ) .  L y m p h o l o g y ,
S t u t t g a r t .

CASLEY- SMI TH,  J . R . ,  VI NCENT,  A . V .  ( 1 9 8 0 ) :  V a r i a t i o n s  i n
t h e  n u mb e r s  and d i m e n s i o n s  o f  t i s s u e  c h a n n e l s  a f t e r  
i n j u r y .  T i s s u e  and C e l l  1 2 ( 4 ) ,  7 6 1 - 7 7 1 .

CASLEY- SMI TH,  J . R .  ( 1 9 8 2 ) :  P r e L y m p h a t i c s ,  a q u e s t i o n  o f
t e r m i n o l o g y ?  E x p e r i e n t i a  3 8 ,  1 1 2 3 .

CASLEY- SMI TH,  J . R .  ( 1 9 8 2 ) :  M e c h a n i s m s  i n  t h e  f o r m a t i o n  o f
l y m p h .  I n t e r n a t i o n a l  r e v i e w  o f  p h y s i o l o g y  2 6 ,  1 4 7 -
1 8 7 .

CASTENHOLZ,  A,  ( 1 9 8 4 ) :  M o r p h o l o g i c a l  c h a r a c t e r i s t i c s  o f
i n i t i a l  L y m p h a t i c s  i n  t h e  t o n g u e  as shown by s c a n n i n g  
e l e c t r o n  m i c r o s c o p y .  S c a n n i n g  E l e c t r o n  M i c r o s c o p y  
1 1 ,  1 3 4 3 - 1 3 5 2 .

CHASE,  W. H.  ( 1 9 5 9 ) :  E x t a c e l l u l a r  d i s t r i b u t i o n  o f
f e r r o c y a n i d e  i n  m u s c l e .  A . M . A .  A r c h i v e s  o f  P a t h o l o g y  
6 7 ,  5 2 5 - 5 3 2 .

CLARK,  E . R .  ( 1 9 0 9 ) :  O b s e r v a t i o n s  on L i v i n g  g r o w i n g
l y m p h a t i c s  i n  t h e  t a i l  o f  t h e  f r o g  l a r v a .  A n a t o m i c a l  
R e c o r d  3 ,  1 8 3 - 1 9 8 .

CLARK,  E . R .  ( 1 9 1 2 ) :  F u r t h e r  o b s e r v a t i o n s  on l i v i n g  g r o w i n g
l y m p h a t i c s .  T h e i r  r e l a t i o n  t o  t h e  mesenchyme c e l l s .  
A m e r i c a n  J o u r n a l  o f  Ana t o my  1 3 ,  3 5 1 - 3 6 1 .

CLARK,  E . L . ,  CLARK,  E . R .  ( 1 9 2 1 ) :  The c h a r a c t e r  o f
l y m p h a t i c s  i n  e x p e r i m e n t a l  oede ma .  A n a t o m i c a l  Re c o r d  
2 1 ,  2 1 - 1 2 7 .

CLARK,  E . R . ,  CLARK,  E . L . ( 1 9 3 3 ) :  F u r t h e r  o b s e r v a t i o n s  on
l i v i n g  l y m p h a t i c  v e s s e l s  i n  t h e  t r a n s p a r e n t  c h a mb e r  
i n  t h e  r a b b i t  e a r ;  t h e i r  r e l a t i o n  t o  t i s s u e  s p a c e s .  
A m e r i c a n  J o u r n a l  o f  Ana t o my  52 ( 2 ) ,  2 7 3 —3 0 5 .

CLARK R . V .  ( 1 9 7 6 ) :  T h r e e  d i m e n s i o n a l  o r g a n i z a t i o n  o f
* t e s t i c u l a r  i n t e r s t i t i a l  t i s s u e  and l y m p h a t i c  s p a c e  i n  

r a t s .  A n a t o m i c a l  Re c o r d  1 8 4 ,  2 0 3 - 2 2 6 .
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COLLAN,  Y . ,  KAL I MA,  T . V .  ( 1 9 7 4 ) :  T o p o g r a p h i c a l  r e l a t i o n s
o f  l y m p h a t i c  e n d o t h e l i a l  c e l l s  i n  t h e  i n i t i a l  
l y m p h a t i c s  o f  t h e  i n t e s t i n e .  L y m p h o l o g y  7 ,  1 7 5 - 1 8 4 .

COMPARI NI ,  L .  ( 1 9 6 9 ) :  Lymph v e s s e l s  o f  t h e  l i v e r  i n  man:
m i c r o s c o p i c  m o r p h o l o g y  and h i s t o t o p o g r a p h y .
A n g i o l o g i c a  6 ,  2 6 2 - 2 7 4 .

COMPARI NI ,  L . ,  B A S T I A N I N I ,  A.  ( 1 9 6 5 ) :  G r a p h i c
r e c o n s t r u c t i o n s  i n  t h e  m o r p h o l o g i c a l  s t u d y  o f  t h e  
h e p a t i c  l y mph  v e s s e l s .  A n g i o l o g i c a  2 ,  8 1 - 9 5 .

COTRAN,  R . S .  ( 1 9 6 5 ) :  The d e l a y e d  and p r o l o n g e d  v a s c u l a r
l e a k a g e  i n  i n f l a m m a t i o n .  I I .  An e l e c t r o n
m i c r o s c o p i c  s t u d y  o f  t h e  v a s c u l a r  r e s p o n s e  a f t e r  
t h e r m a l  i n j u r y .  A m e r i c a n  J o u r n a l  o f  P a t h o l o g y  4 6 ,  
5 8 9 - 6 2 0 .

COTRAN,  R. S. - ,  GUTTUTA,  M . ,  MA J NO, G. (1 9 6 5 ) :  S t u d y  on
i n f l a m m a t i o n .  F a t e  o f  i n t r a m u r a l  v a s c u l a r  d e p o s i t s
i n d u c e d  by h i s t a m i n e .  A m e r i c a n  J o u r n a l  o f  P a t h o l o g y  
4 7 ,  1 0 4 5 - 1 0 7 7 .

COURTI CE,  F . C .  ( 1 9 6 0 ) :  The f l o w  and c o m p o s i t i o n  o f  h e p a t i c
l y mp h  i n  t h e  n o r m a l  and h y p e r c h o l e s t e r o l a e m i c  r a b b i t .  
A u s t r a l i a n  J o u r n a l  o f  E x p e r i m e n t a l  B i o l o g y  3 8 ,  4 0 3 -
4 1 2 .

COURTI CE,  F . C .  ( 1 9 7 1 ) :  Lymph and p l a s m a  p r o t e i n s .
B a r r i e r s  t o  t h e i r  movement  t h r o u g h o u t  t h e
e x t  r a c e  I l u  l a r  f l u i d .  L y m p h o l o g y  4 ,  9 - 1 7 .

COURTI CE,  F . C .  ( 1 9 8 1 ) :  The l y m p h a t i c  c i r c u l a t i o n .  I n :
S t r u c t u r e  and F u n c t i o n  o f  t h e  C i r c u L a t i o n .  S c h w a r t z ,  
N . T .  ( E d . ) .  P l e n u m ,  New Y o r k .  p p .  4 8 7 - 6 0 2 .

CREMER,  H . ,  MUELLER,  N . ,  BECHTELSHEJMER,  H.  ( 1 9 7 4 ) :
M o r p h o l o g i c a l  s t u d i e s  on t h e  r a t  l i v e r  and a
b i o c h e m i c a l  a n a l y s i s  o f  t h e  s e r um f o l l o w i n g
e x p e r i m e n t a l  l i g a t u r e  o f  t h e  t h o r a c i c  d u c t .
L y m p h o l o g y  7 ,  6 9 - 8 0 .

CURRY,  F . E . ,  MASON, A . ,  MI CHEL,  C . C .  ( 1 9 7 6 ) :  O s m o t i c
r e f l e c t i o n  c o e f f i c i e n t s  o f  c a p i l l a r y  w a l l s  t o  l ow 
m o l e c u l a r  w e i g h t  h y d r o p h i l i c  s o l u t e s  m e a s u r e d  i n  
s i n g l e  p e r f u s e d  c a p i l l a r i e s  o f  t h e  f r o g  m e s e n t e r y .
J o u r n a l  o f  P h y s i o l o g y  2 6 1 ,  3 1 9 - 3 3 6 .

DAY T . D .  ( 1 9 5 0 ) :  C o n n e c t i v e  t i s s u e  p e r m e a b i l i t y  and t h e
mode o f  a c t i o n  o f  h y a l u r o n i d a s e . N a t u r e .  L o n d o n
1 6 6 ,  7 8 5 - 7 8 6 .
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DE BRUYN,  P . H . ,  CHO, Y . ,  MI CHELSON,  S.  ( 1 9 8 3 ) :  I n  v i v o
e n d o c y t o s i s  by b r i s t l e  c o a t e d  p i t s  o f  p r o t e i n  t r a c e r s  
and t h e i r  i n t r a c e l l u l a r  t r a n s p o r t  i n  t h e  e n d o t h e l i a l  
c e l l s  l i n i n g  t h e  s i n u s e s  o f  t h e  l i v e r -  I -  En d o s o ma l  
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Lymph f Low on t h e  i Leum o f  r a t s .  S c a n d i n a v i a n  
J o u r n a L  o f  G a s t r o e n t e r o L o g y  6 ( 1 0 ) .  11-18

KAL I MA ,  T . V . ,  COLLAN,  Y.  ( 1 9 7 6 ) :  A s e r i a L  s e c t i o n  s t u d y  o f
L y m p h a t i c  " i n L e t  v a L v e s "  i n  i n t e s t i n a L  v i L L i .  I n :  
P r o c e e d i n g s  o f  I V I n t e r n a t i o n a L  C o n g r e s s  o f  
L y m p h o L o g y .  W i t t e ,  M . ,  W i t t e ,  C.  ( E d s . ) .  U n i v e r s i t y  
o f  A r i  zona  P r e s s .

KAMPMEI ER,  O . F .  ( 1 9 6 9 ) :  E v o L u t i o n  and c o m p a r a t i v e
m o r p h o L o g y  o f  t h e  L y m p h a t i c  s y s t e m .  C h a r L e s  C.
Thomas ,  S p r i n g f i e L d ,  I I I .

KARNOVSKY,  M . J .  ( 1 9 7 0 ) :  M o r p h o L o g y  o f  c a p i L L a r i e s  w i t h
s p e c i a L  r e f e r e n c e  o f  muscLe c a p i L L a r i e s .  I n :  A L f r e d
Be n z o n  Sympos i um I I .  C a p i L L a r y  p e r m e a b i L i t y .  The 
t r a n s f e r  o f  moLec uLes  and i o n s  b e t w e e n  c a p i L L a r y ,  
bLo o d  and t i s s u e  ( 1 9 7 0 ) .  CRONE, C.  & LASSEN,  N.
( E d s . )  . p p .  3 4 1 - 3 5 0 .

KANO ( 1 9 5 2 ) :  Qu o t e d  by WAKE ( 1 9 8 0 ) .

KEF AL I DES,  N . A .  ( E d . ) :  B i o L o g y  and c h e m i s t r y  o f  b a s e m e n t
me mb r a n e s .  New Y o r k ,  A c a d e mi c  P r e s s ,  I n c .
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o r g a n i s a t i o n  o f  t h e  h e p a t i c  m i c r o c i r c u I  a t i o n  i n  t h e  
r o d e n t  as o b s e r v e d  by s c a n n i n g  e l e c t r o n  m i c r o s c o p y  o f  
c o r r o s i o n  c a s t s .  G a s t r o e n t e r o L o g y  7 9 ,  7 2 - 8 1 .

K RS T I C ,  R . V .  ( 1 9 8 4 ) :  I l l u s t r a t e d  e n c y c l o p a e d i a  o f  human
h i s t o l o g y .  p p . 3 2 6 .

KUHN,  N . ,  O L I V I E R ,  M . L .  ( 1 9 6 5 ) :  U I t r a s t r u c t u r e  o f  t h e
h e p a t i c  s i n u s o i d  o f  t h e  g o a t  ( C a p r a  h i r c u s ) .  J o u r n a l  
o f  C e l l  B i o l o g y  2 6 ,  9 7 7 - 9 7 9 .

KULTNER ( 1 9 5 0 ) :  Qu o t e d  by YOFFEY & COURTICE ( 1 9 7 0 ) .

L A N D I S ,  E . M.  ( 1 9 2 5 - 1 9 2 6 ) :  The c a p i l l a r y  p r e s s u r e  i n  f r o g
m e s e n t e r y  as d e t e r m i n e d  by m i c r o - i n j e c t i o n  m e t h o d .  
A m e r i c a n  J o u r n a l  o f  P h y s i o l o g y  7 5 ,  5 4 8 - 5 7 0 .

L A N D I S ,  E . M.  ( 1 9 3 0 a ) :  The c a p i l l a r y  b l o o d  p r e s s u r e  i n
ma mma l i a n  m e s e n t e r y  as d e t e r m i n e d  by t h e  m i c r o ­
i n j e c t i o n  m e t h o d .  A m e r i c a n  J o u r n a l  o f  P h y s i o l o g y  9 3 ,  
3 5 3 - 3 6 2 .

L A N D I S ,  E . M.  ( 1 9 3 0 b ) :  M i c r o - i n j e c t i o n  s t u d i e s  o f  c a p i l l a r y
b l o o d  p r e s s u r e  i n  human s k i n .  H e a r t  1 5 ,  2 0 9 - 2 2 8 .

L A N D I S ,  E . M . ,  PAPPENHEIMER,  J . R .  ( 1 9 6 3 ) :  E x c h a n g e  o f
s u b s t a n c e s  t h r o u g h  t h e  c a p i L L a r y  w a l l .  I n :  Handbook
o f  P h y s i o l o g y ,  S e c t i o n  1 2 .  C i r c u l a t i o n  V o l .  I I ,  p p .  
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P h y s i o l o g i c a l  S o c i e t y .  W a s h i n g t o n  D . C .

LASCELLES,  A . K . ,  MORRIS,  B.  ( 1 9 6 1 ) :  S u r g i c a l  t e c h n i q u e s
f o r  t h e  c o l l e c t i o n  o f  l ymph  f r o m  u n a n a e s t h e t i z e d  
s h e e p .  Q u a r t e r l y  J o u r n a l  o f  E x p e r i m e n t a l  P h y s i o l o g y  
4 6 ,  1 9 9 - 2 0 5 .

LAURENT T . C .  ( 1 9 6 6 a ) :  P h y s i c o c h e m i c a l  c h a r a c t e r i s t i c s  o f
a c i d  " g l y c o s a m i n o - g l y c a n s .  F e d e r a l  P r o c e e d i n g s  2 5 ,  
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I n :  The c h e m i s t r y  and m o l e c u l a r  b i o l o g y  o f  t h e
i n t e r c e l l u l a r  m a t r i x .  B a l a z s ,  E . A . ( E d . ) .  V o l .  I I ,  
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LAUWERYNS,  J . M . ,  B0USS0UW,  L .  ( 1 9 6 9 ) :  The u I t r a s t r u c t u r e
o f  p u l m o n a r y  l y m p h a t i c  c a p i l l a r i e s  o f  n e w b o r n  r a b b i t s  
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LAUWERYNS,  J . M . ,  BAERT,  J . B .  ( 1 9 7 4 ) :  The r o l e  o f  t h e
p u l m o n a r y  l y m p h a t i c s  i n  t h e  d e f e n c e s  o f  t h e  d i s t a l  
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p a r t i c l e s .  A n n a l s  o f  New Y o r k  Academy  o f  S c i e n c e s  
2 2 1 ,  2 4 4 - 2 7 5 .

LEAK,  L . V .  ( 1 9 7 0 ) :  E l e c t r o n  m i c r o s c o p i c  o b s e r v a t i o n s  o f
l y m p h a t i c  c a p i l l a r i e s  and t h e  s t r u c t u r a l  c o m p o n e n t s  
o f  t h e  c o n n e c t i v e  t i s s u e - l y m p h  i n t e r f a c e .  
M i c r o v a s c u l a r  R e s e a r c h  2 ,  3 6 1 - 3 9 1 .

LEAK,  L . V .  ( 1 9 7 6 ) :  The s t r u c t u r e  o f  l y m p h a t i c  c a p i l l a r y  i n
l y mp h  f o r m a t i o n .  F e d e r a l  P r o c e e d i n g s  o f  A m e r i c a n  
S o c i e t y  o f  E x p e r i m e n t a l  B i o l o g y  3 5 ,  1 8 6 3 - 1 8 7 1 .

LEAK,  L . V .  ( 1 9 8 4 ) :  P h y s i o l o g y  o f  l y m p h a t i c  s y s t e m .  I n :
B l o o d  V e s s e l s  and L y m p h a t i c s  i n  O r g a n  S y s t e m .  
A b r a m s o n ,  D . I . ,  D o b i n ,  P . B .  ( E d s . ) .  p p .  1 3 4 - 1 6 4 .  
H a r c o u r t  B r a c e  J o v a n o v i c h ,  A c a d e mi c  P r e s s  I n c .

LEAK,  L . V . ,  BURKE,  J . F .  ( 1 9 6 6 ) :  F i n e  s t r u c t u r e  o f  t h e
l y m p h a t i c  c a p i l l a r y  and t h e  a d j o i n i n g  c o n n e c t i v e  
t i s s u e  a r e a .  A m e r i c a n  J o u r n a L  o f  An a t o my  1 1 8 ,  7 8 5 -
8 1 0 .

LEAK,  L . V . ,  BURKE,  J . F .  ( 1 9 6 8 ) :  E l e c t r o n  m i c r o s c o p i c  s t u d y
o f  l y m p h a t i c  c a p i l l a r i e s  i n  t h e  r e m o v a l  o f  c o n n e c t i v e  
t i s s u e  f l u i d s  and p a r t i c u l a t e  s u b s t a n c e s .  l y m p h o l o g y  
1 ,  3 9 - 5 2 .

LEES0N,  LEES0N,  PAPAR0 ( 1 9 8 5 ) :  " T e x t b o o k  o f  H i s t o l o g y "
F i f t h  e d i t i o n .  S a u n d e r s  W. B.  p p .  3 7 7 .

L I L L I E ,  R . D.  ( 1 9 5 2 a ) :  S t a i n i n g  o f  c o n n e c t i v e  t i s s u e .
A r c h i v e s  o f  P a t h o l o g y  5 4 ,  2 2 0 - 2 3 3 .

LOW F . N .  ( 1 9 6 1 ) :  The e x t r a c e l l u l a r  p o r t i o n  o f  t h e  human
'  b l o o d - a i r  b a r r i e r  and i t s  r e l a t i o n  t o  t h e  t i s s u e

s p a c e s .  A n a t o m i c a l  Re c o r d  1 3 9 ,  105 1 2 4 .

LOW F . N . ,  BURKEL ( 1 9 6 5 ) :  A b o u n d a r y  membr anes  c o n c e p t  o f
r  u l t r a s t r u c t u r a l  m o r p h o l o g y .  A n a t o m i c a l  Re c o r d  1 5 1 ,  

4 8 9 - 4 9 0 .
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LUDWI G,  C. C1 8 5 8 ) :  Qu o t e d  by R u s z n y a k  e t  a t .  ( 1 9 6 0 ) .

MAJNO,  G.  ( 1 9 6 5 ) :  U 1 1 r a s t r u e t u r e  o f  t h e  v a s c u l a r  me mb r a n e .
I n :  Handbook  o f  P h y s i o l o g y .  S e c t i o n  2 ,  C i r c u l a t i o n
3 ,  p p .  2 2 9 3 - 2 3 7 5 .  H a m i l t o n ,  W . F . ,  Dow,  P.  ( E d s . ) .  
Waver  l y  P r e s s ,  B a l t i m o r e .

MAJNO,  G . ,  PALADE,  G. E .  ( 1 9 6 1 ) :  S t u d i e s  on i n f l a m m a t i o n .
I .  The e f f e c t  o f  h i s t a m i n e  and s e r o t o n i n  on v a s c u l a r  
p e r m e a b i l i t y ,  and e l e c t r o n  m i c r o s c o p i c  s t u d y .  
J o u r n a l  o f  B i o p h y s i c a l  B i o c h e m i c a l  C y t o l o g y  1 1 ,  5 7 1 -  
605 .

MAJNO,  G . ,  PALADE,  G . E . ,  SCHOEFL,  G . I .  ( 1 9 6 1 ) :  S t u d i e s  on
i n f l a m m a t i o n .  I I .  The s i t e  o f  a c t i o n  o f  h i s t a m i n e  
and s e r o t o n i n  a l o n g  t h e  v a s c u l a r  t r e e ,  a t o p o g r a p h i c  
s t u d y .  J o u r n a l  o f  B i o p h y s i c a l  B i o c h e m i c a l  C y t o l o g y
I I ,  6 0 7 - 6 2 5 .

MALL,  F . B .  ( 1 8 8 8 ) :  R e t i c u l a t e d  and y e l l o w  e l a s t i c  t i s s u e .
A n a t o m i .  An z .  3 ,  3 9 7 - 4 0 1 .

MALL,  F . B . ,  ( 1 8 9 1 ) :  Qu o t e d  by ATERMAN ( 1 9 8 1 ) .

MALL,  F . B .  ( 1 9 0 6 ) :  A s t u d y  o f  t h e  s t r u c t u r a l  u n i t  o f  t h e
l i v e r .  A m e r i c a n  J o u r n a l  o f  A n a t o my  5 ,  2 2 7 - 3 0 8 .

MARESCH,  R. ( 1 9 0 5 ) :  Qu o t e d  by ATERMAN ( 1 9 8 1 ) .

MAYERS0N,  H . S .  ( 1 9 6 3 ) :  On l y mph  and l y m p h a t i c s .
C i r c u l a t i o n  2 8 ,  8 3 9 - 8 4 2 .

MENEFEE,  M . G . ,  MUELLER,  C . B . ,  BEL L ,  A . L . ,  MYERS,  J . K .
( 1 9 6 4 ) :  T r a n s p o r t  o f  g l o b  i n  by t h e  r e n a l  g l o m e r u l u s .
J o u r n a l  o f  E x p e r i m e n t a l  M e d i c i n e  1 2 0 ,  1 1 2 9 - 1 1 3 8 .

MERKER,  H . J . ,  GUNTHER, T.  ( 1 9 7 2 ) :  U I t r a s t r u e t u r e  o f
i n t e r s t i t i a l  t i s s u e .  E u r o p e a n  J o u r n a l  o f  P h y s i o l o g y  
s u p p l e m e n t a r y  3 3 6 ,  5 3 3 - 5 3 5 .

MORRI S,  B.  ( 1 9 5 6 b ) :  A b s o r p t i o n  o f  l i p i d s  f r o m  t h e
p e r i t o n e a l  c a v i t y .  A u s t r a l i a n  J o u r n a l  o f
E x p e r i m e n t a l  B i o l o g y  and M e d i c a l  S c i e n c e s  4 1 ,  3 1 8 -
3 2 5 .

MORRI S,  B . ,  SASS,  M. B.  ( 1 9 6 6 ) :  The f o r m a t i o n  o f  l ymph  i n
t h e  o v a r y .  P r o c e e d i n g s  o f  t h e  R o y a l  S o c i e t y  o f
B i o l o g y  1 6 4 ,  5 7 7 - 5 9 1 .

M0TTA,  P . ,  PORTER,  K . R .  ( 1 9 7 4 ) :  S t r u c t u r e  o f  r a t  l i v e r
^ s i n u s o i d s  and a s s o c i a t e d  t i s s u e  s p a c e s  as r e v e a l e d  by

s c a n n i n g  e l e c t r o n  m i c r o s c o p e .  C e l L  and T i s s u e
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151
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o b s e r v a t i o n s  on t h e  c o m p o s i t i o n  o f  l i v e r  l y m p h .
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b i t a l  d y e s  f r o m  t h e  l y m p h a t i c s  i n t o  t h e  t i s s u e s .  
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o f  t h e  f l u i d  i n  t h e  i n t r a d e r m a l  t i s s u e .  J o u r n a L  o f  
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An e x a m p l e  f r o m  t h e  H u n t e r i a n  c o l l e c t i o n  o f  
l y m p h a t i c s  i n j e c t e d  w i t h  m e r c u r y  s h o w i n g  t h e  
s u p e r f i c i a l  l y m p h a t i c s  o f  t h e  l i v e r  f o r m i n g  a c l o s e  
a r b o r e s c e n t  p l e x u s  b e n e a t h  t h e  p e r i t o n e a l  c o v e r i n g  o f  
t h e  o r g a n .  The l a r g e r  t r u n k s  a r e  s e e n  r u n n i n g  o f f  
i n t o  one  o f  t h e  l i g a m e n t s  on  t h e i r  way t o  t h e  
d r a i n i n g  n o d e .





fig. 2
E l i a s ' s  3 - d i m e n s i o n a l  scheme s h o w i n g  t h e  way  b r a n c h e s  
o f  t h e  h e p a t i c  a r t e r y ,  t h e  p o r t a l  v e i n  and  t h e  b i l e  
d u c t  p i e r c e  t h e  p e r i l o b u l a r  l i m i t i n g  p l a t e  on 
e n t e r i n g  o r  l e a v i n g  t h e  l o b u l e .

N o t e :  t h e  n a r r o w  s p a c e  b e t w e e n  e a c h  s t r u c t u r e  and
t h e  a d j a c e n t  h e p a t o c y t e .
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fiSi 3

Schemat i c  d r awi ng  o f  b l o o d - l y mp h  b a r r i e r  i n  t he  
nor mal  l i v e r  p r e s e n t e d  by H e n r i k s o n  e t  a l  ( 1 9 8 4 )  
showi ng t he  way i n  whi ch t he  p o r t a l  v e i n  (PV)  and t he  
h e p a t i c  a r t e r y  (HA) p i e r c e  t h e  l i m i t i n g  p l a t e  and 
e n t e r i n g  a s i n u s o i d  ( S ) .  The f l o w  a l ong  t h e  b l o o d -  
l ymph b a r r i e r  i s  shown i n  a r r o w s .  The f l o w  a t  t he  
p o i n t  of  e n t r y  of  t h e s e  v e s s e l s  C d e s c r i b e d  by 
H e n r i k s o n  e t  a l  ( 1 9 8 4 )  as l e s s  d e f i n e d ]  i s  shown by 
d o t t e d  a r r o w s .

Not e:  t he  p r o x i m i t y  of  t he  l y m p h a t i c s  ( L )  t o  t he
p o i n t  of  e n t r y  of  t he  v e s s e l s  ( i . e .  gaps)  
suggest ed by H e n r i k s o n  e t  a l .

AF -  a n c h o r i n g  f i l a m e n t s  
HV -  h e p a t i c  v e i n
SP -  s i e v e  p l a t e s  of  t h e  s i n u s o i d a l  e n d o t h e l i u m





F i g .  4

A.  As t he  p o r t a l  v e i n  br anch (PV)  e n t e r s  t he  
s i n u s o i d  CS) i t  i s  d i f f i c u l t  t o  r e c o g n i z e  a space  
bet ween t h e  w a l l  o f  t he  v e i n  and t h e  h e p a t o c y t e s  
of  t h e  l i m i t i n g  p l a t e ,  
x 312

B.  A T . E . M .  o f  t he  same a r e a  whi ch r e v e a l s  t h a t  t he  
space bet ween t he  w a l l  o f  t h e  v e i n  and t he  
h e p a t o c y t e s  of  t he  l i m i t i n g  p l a t e  i s  o f  t h e  same 
o r d e r  o f  s i z e  as D i s s e ' s  space .

PV -  p o r t a l  v e i n  
S -  s i n u s o i d

x 5880





F i g -  5

A gap CG) bet ween 2 h e p a t o c y t e s  of  p e r i l o b u l a r  
l i m i t i n g  p l a t e -  I t  i s  17 pm l o n g ,  2 pm w i d e ,  and 
e x t e n d s  bet ween D i s s e ' s  space (D)  of  a s i n u s o i d  (S)  
and p o r t a l  t r a c t  (P)  and space o f  M a l l  ( M ) .  I t  
c o n t a i n s  a f i b r o b l a s t i c  pr ocess  embr ac i ng  a bu n d l e  of  
c o l l a g e n -  
x 7840
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E i 2 i  6

A h i g h e r  m a g n i f i c a t i o n  of  t h e  c o n t e n t s  o f  
p r e v i o u s  gap i n  F i g .  5 showi ng t h e  t h r e e  
c o n t e n t s .

1 . C -  c o l l a g e n
2.  F . P .  -  f i b r o b l a s t i c  pr oce ss
3 .  M. V.  -  mic r o y i  H i

t he
main

x 28000





F i g .  7

A gap ( 6 ) ,  2 p m  l o n g ,  4 ;um wi de  be t ween  two
h e p a t o c y t e s  o f  t he  l i m i t i n g  p l a t e .  I t  e x t e n d s  
bet ween D i s s e ' s  space (D)  of  a s i n u s o i d  ( S)  and t he  
space o f  M a l l  CM) and p o r t a l  t r a c t  ( P ) .  
x 5880
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f l 9 i  §

A gap ( 6 ) ,  about  8 j jm l ong and 1 pm  w i d e ,  be t ween two 
h e p a t o c y t e s  of  a L i m i t i n g  p l a t e ,  
x 7840





Ei2i 2
A gap ( G ) ,  about  5 pm l ong and 5 jLim w i d e ,  be t ween tw 
h e p a t o c y t e s  of  a L i m i t i n g  p l a t e .

Not e :  A f i b r o b l a s t  ( F )  whose p r o c e s s e s  e x t e n d  i n t
t h e  space o f  D i sse  ( D ) .

x 7840
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A gap ( G ) ,  about  3 jum Long and 5 jUm w i d e ,  
two h e p a t o c y t e s  of  a l i m i t i n g  p l a t e .

CM -  c h y l o m i c r o n s

bet ween

x 7 8 4 0



Vv



A gap ( G ) ,  about  3 pm l ong and 2 pm w i d e ,  be t ween  
h e p a t o c y t e s  of  a l i m i t i n g  p l a t e .

Not e :  a b i l e  d u c t u l e  CBD) f a c e s  t h e  gap .

x 7 8 4 0





E iS i 11

A gap ( G ) ,  about  1 . 5  pm l ong and 3 pm w i d e ,  
two h e p a t o c y t e s  o f  a l i m i t i n g  p l a t e ,  
x 9800

bet ween

\

)





E i f l i  11

A gap ( G ) ,  about  3 - 5  jum w i d e ,  be t ween two h e p a t o c y t e s  
of  a l i m i t i n g  p l a t e .

Not e :  t h e  s i n u s o i d a l  e n d o t h e l i u m  ( S . E . )  n e a r l y  abut s
on t h e  p o r t a l  t r a c t  i n t e r s t i t i u m  ( P T ) .

x 5880





F i g .  14

A gap (G)  ab 
of  a l i m i t i n g  
( SE)  a b u t s  d 
( P T )  . 
x 15680

out  3 . 5  pm wi  
p l a t e  where  

i r e c t l y  on t h

e be t ween  two 
he s i n u s o i d a l  

p o r t a l  t r a c t

h e p a t o c y t e s  
endot  he I i um 

i n t e  r s t  i t  i urn





Els* IE

A gap (G)  about  12 jum wi de be t ween two h e p a t o c y t e s  of  
a l i m i t i n g  p l a t e  where t he  s i n u s o i d a l  e n d o t h e l i u m  
CSE) abu t s  d i r e c t l y  on t he  i n t e r s t i t i u m  of  t he  p o r t a l  
t r a c t  ( P T ) . 
x 5886





F i g .  16

The e n d o t h e l i u m CE) of  a l o n g i t u d i n a l  s e c t i o n a l
p r o f i l e  of  a s i n u s o i d  (S)  abut s  d i r e c t l y  on t he
i n t e r s t i t i u m  of  t he  p o r t a l  t r a c t  (PT)  t h r o u g h  a gap
( G ) ,  whi ch i s  about  32 pm w i d e ,  be t ween two
h e p a t o c y t e s  o f  a l i m i t i n g  p l a t e ,  
x 3920





E l s *  11

The gap (G)  can be t r a c e d  i n t o  c o n t i n u i t y  w i t h  t he  
p e r i s i n u s o i d a l  spaces of  Di sse  (D)  a s s o c i a t e d  w i t h  
t h e  two s i n u s o i d s  S1 and S2 and t h e i r  
i n t e r c o n n e c t i o n s ,  
x 5880





F i g .  18

T h i s  i s  one exampl e o f  t he  r a m i f i c a t i o n s  of  t h e  space  
of  D i sse  (D)  bet ween h e p a t o c y t e s .

Not e :  t he  c o n t r a s t  has been d e l i b e r a t e l y  i n c r e a s e d
t o  emphasi ze  t he  i n t e r c e l l u l a r  e x p a n s i o n s  of  
Di sse 1 s space .

x 5880





T h i s  gap CG) be t ween two h e p a t o c y t e s  of  a l i m i t i n g  -3
p l a t e  i s  ma i n l y  oc c u p i e d  by a b u n d l e  of  co l l agen  *
f i b r e s  whi ch ex t e nd  i n t o  spaces of  D i s s e  of  s e v e r a l '•
s i n u s o i d s -  |
x 3920  ;





f i S i  IQ
I n  t h e  s e c t i o n a l  p r o f i l e  of  t h i s  p o r t a l  t r a c t  one can 
r e c o g n i z e  6 gaps ( a r r o w s )  i n  t h e  p e r i l o b u l a r  L i m i t i n g  
p l a t e ,  o n l e  one of  whi ch ( * )  may p o s s i b l y  be 
a s s o c i a t e d  w i t h  an e n t r y  of  a p o r t a l  v e i n  b r a n c h ,  
x 360

Elfli 11

I n  t h e  p r o f i l e  of  t h i s  p o r t a l  t r a c t  i t  i s  p o s s i b l e  to 
r e c o g n i z e  7 gaps ( a r r o w s )  i n  t he  p e r i l o b u l a r  l i m i t i n g  
p l a t e  of  which on l y  one ( * )  can be r e l a t e d  t o  an 
e n t r y  of  a p o r t a l  v e i n  b r anc h ,  
x 312





F i g .  22

There are 4 gaps ( a r r o ws )  i n  t he  p e r i l o b u l a r  l i m i t i n g  
p l a t e  of  t he  s e c t i o n a l  p r o f i l e  of  t h i s  p o r t a l  t r a c t ,  
x 312





F i g .  23

I t  i s  p o s s i b l e  t o  i d e n t i f y  2 gaps CGI ,  G2) i n  a TEM 
f i e l d  a t  a r e l a t i v e l y  low power  of  1 4 0 0 ,  
x 3920





£ i9 i  24

Shows 3 a d j a c e n t  gaps ( 6 1 ,  G2,  G3)
h e p a t o c y t e s  o f  a l i m i t i n g  p l a t e ,  
x 5880

between





Ph ot o mi c r ogr aph  of  t he  s m a l l e s t  l y mp h a t i c  p r o f i l e^  
( a r r o w )  i d e n t i f i e d  by o p t i c a l  m i c r o s c o p y ,  
x 320

An e l e c t r o n m i c r o g r a p h  of  t he  a d j a c e n t  s e c t i o n  of  
t he  same ar ea  c o n f i r m i n g  t h a t  t he  v e s s e l  i s  in 
f a c t  a l y mp h a t i c  c a p i l l a r y  ( a b ou t  3 jum in 
d i amete r ) . 
x 5880





F i g .  26

Shows t h a t  i n  t h i s  p o r t a l  t r a c t  p r o f i l e ,  whose portal^ 
v e i n  br anch d i a m e t e r  i s  about  40 L̂im, l y m p h a t i c s  are! 
a b s e n t ,  
x 520





fl9i 2Z
A. Shows t h a t  t h e r e  are  no l y m p h a t i c s  i n  a por t a l  

t r a c t  s e c t i o n a l  p r o f i l e  whose accompanyi ng por t a l  
v e i n  branch d i a me t e r  i s  about  73 yum. 
x 430

B. No l ymphat i c  ve s s e l  coul d be seen even i n  this  
p o r t a l  t r a c t  s e c t i o n a l  p r o f i l e ,  whose 
accompanying p o r t a l  v e i n  br anch i s  about  125 yum 
i n  d i a m e t e r ,  
x 430





EiSi 28

A SEM o f  p a r t  of  a l a r g e  p o r t a l  t r a c t .

Not e:  -  t he  c o a r s e ,  i r r e g u l a r y  a r r a n g e d  col lagen
bund l es  ( C ) .

-  a t y p i c a l  s c a l l o p e d  l y m p h a t i c  v e s s e l  (L)
w i t h  a t h i n  w a l l  and p r o t e i n o u s  c o n t e n t s .

B D -  b i I e d u c t  \
C -  c a p i I L a r y  
V - v e i n

x 1030
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Fig  - 29

A hi gh m a g n i f i c a t i o n  of  a s ma l l  a r e a  i n
i n t e r s t i t i u m  of  a Large p o r t a l  t r a c t .

Not e :  c l o s e l y  packed c o l l a g e n  b u n d l e s  ( C ) .
-  a f i b  rob I a st  C F)
-  m a s t  c e l l  (M)
-  bundl e  of  ne r ve  f i b r e s  (NF)
-  a l y mp h a t i c  v e s s e l  CL) \
-  a s e l n d e r  f i b r o b l a s t i c  p r oce ss

x 1 5 6 8 0





Showing an a r ea  i n  t he  i n t e r s t i t i u m  of  p o r t a l  t r a c t  
s m a l l e r  t ha n  t he  p r e v i o u s  one i n  F i g .  29 .

Not e :  -  l o o s e r  c o n n e c t i v e  t i s s u e
-  compare t he  c y t o p l a s m i c  p r o c e s s e s  of  t he  

f i b r o b l a s t  w i t h  t he  l y mp h a t i c  e n d o t h e l i u m  of  
t h e  lymph v e s s e l  ( L)

-  t he  i n t e r c e l l u l a r  j u n c t i o n s  CJ) bet ween  
l y mp h a t i c  e n d o t h e l i a l  c e l l s .

-  compare t he  d e n s i t y  of  t he  p r o t e i n o u s  
m a t e r i a l  i n  l y m p h a t i c s  w i t h  t h a t  i n  t he  
l o c u l i  bounded by f i b r o b l a s t i c  p r o c e s s e s .

-  t h e  v a r y i n g  d e n s i t y  of  t he  c o l l a g e n  b u n d l e s .

x 15680





Shows i n t e r s t i t i a l  a r ea  of  an even s m a l l e r  and more
p e r i p h e r a l  p o r t a l  t r a c t .

Not e:  -  much l o o s e r  c o n n e c t i v e  t i s s u e .
-  f i b r o b l a s t s  C F1 ,  F2)  sendi ng  out  pr ocesses

i n t o  t he  i n t e r s t i t i u m ,  t hus  c r e a t i n g  L o c u l i .

x 7840





F i g -  32

L o c u l i  (LOC) c r e a t e d  by m u l t i p l e  p r o c e s s e s  of 
d i f f e r e n t  f i b r o b l a s t s  w i t h  d e s m o s o m e - I i k e  j u n c t i o n s  
( J )  - 
x 19600





EISa 13

Showing m u l t i p l e  f i b r o b l a s t i c  p r oc e s s e s  (FP) 
e n c l o s i n g  a l o c u l u s  t h a t  c o n t a i n s  dense p r o t e i n o u s  
p r e c i p i t a t e .

No te :  -  t he  a r ea  between t h e  two l i n e s  A A ' ,  BB'
might  w e l l  be m i s t a k e n  f o r  e n d o t h e l i a l l y  
l i n e d  l y m p h a t i c s .

-  c o l l a g e n  bun d l es  CC1 a l s o  make s m a l l  p a r t  of 
t h e  w a l l  o f  t he  l o c u l u s .

x 1 5 6 8 0
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F i g .  34

F i b r o b l a s t i c  p r oc e ss es  c o m p l e t e l y  e n c l o s e  a channel  
which might  e a s i l y  be m i s t a k e n  f o r  a l y m p h a t i c ,
a l t h o u g h  c l e a r l y  i t  i s  n o t .

No te :  -  t h e  n a t u r e  and d e n s i t y  o f  t h e  c o n t e n t s
-  t h e  gaps ( a r r o w s )  be tween f i b r o b l a s t i c

pr oc e ss es  t h a t  make t h e  c h a n n e l .

x 11760





A c r oss  s e c t i o n a l  p r o f i l e  o f  a f i b r o b l a s t i c  channel  
(FC)  which appeared  t o  be a l y m p h a t i c  by l i g h t  
m i c r o s c o p y .  TEM r e v e a l e d  t h e  f i b r o b l a s t i c  n a t u r e  of 
t h e  l i n i n g ,  t h e  c o l l a g e n  w i t h i n  t h e  lumen (C)  and the 
m u l t i p l e  o p e n i n g s .

-  compare t he  c o n t e n t s  w i t h  t h a t  o f  t h e  n e i g h b o u r i n g  
t r u e  l y m p h a t i c s  ( L ) .

x 1 5 6 8 0





F i g -  36

Shows a L o n g i t u d i n a l  s e c t i o n a l  p r o f i l e  o f  a
f i b r o b l a s t i c  channe l  which c o n t a i n s  many c e l l s
(macrophages and n e u t r o p h i l s ) .

Note :  t h e  t h i n ,  i n t e r r u p t e d  and b r a n c h i n g  l i n i n g  of
f i b r o b l a s t i c  p r o c e s s e s .

x 7840





F i g .  37

Shows a l o n g i t u d i n a l  s e c t i o n a l  p r o f i l e  o f  a
f i b r o b l a s t i c  c h a n n e l .

No te :  -  c o n t e n t s  o f  p r e c i p i t a t e d  p r o t e i n  and a
mononuc lear  c e l l

-  t h i n  i n t e r r u p t e d  l i n i n g
-  c o l l a g e n  (C)  on t h e  l u m i n a l  and ab l umi na l  

s i d e s o f t h e w a l l

x 1 5 6 8 0
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F i g . 38

Shows a c r oss  s e c t i o n a l  p r o f i l e  o f  a f i b r o b l a s t i c  
c h a n n e l ,  a l mos t  c o m p l e t e l y  e n c l o s e d  by t h e  processes  
of  a s i n g l e  f i b r o b l a s t .  The gap l e f t  i s  compl e t ed  by 
a b u n d le  o f  c o l l a g e n ,  
x 15680
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F i g .  39

Shows a s e c t i o n a l  p r o f i l e  o f  a c h a n ne l  compl e t e l y  
e n c l o s e d  by f i b r o b l a s t i c  p r o c e s s e s ,  
x 7840





F i g .  40

Shows a f i b r o b l a s t i c  c h a nn e l  (FC)  a d j a c e n t  t o  a blood 
c a p i l l a r y  i n  a p o r t a l  t r a c t .  Compare t h e  s i z e  and 
p r o t e i n o u s  c o n t e n t  w i t h  t h a t  o f  t h e  a d j a c e n t  blood 
c ap i  I L a r y .

No te :  -  t h e  t h i n  b r a n c h i n g  p r o c e s s e s  o f  f i b r o b l a s t i c
c y t o p l a s m  which bound t h e  c h a n n e l  

-  t h e  d e f i c i e n c y  i n  t h e  l i n i n g .

x 3920
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Shows t h e  SEM a p p e a ra nc e  of  f i b r o b l a s t i c  channels
which sug ges t s  t h a t  t h e  w a l l  i s  most l i k e l y  made of
s h e e t s  o f  f i b r o b l a s t i c  p r o ce s se s  (SH)  w i t h  m u l t i p l e
gaps ( 6 )  and t h a t  t h e  w a l l  may be c om pl e t ed  by
c o l l a g e n  ( C ) .  
x 19000





F i g .  42

Shows a n e a r l y  c om pl e t e  f i b r o b l a s t i c  c h a n ne l  (FC);
t he  gap f a c i n g  t h e  h e p a t o c y t e  o f  t h e  l i m i t i n g  p l a t e
i s  compl e t ed  by c o l l a g e n  ( C ) .

Note :  t h e  r e l a t i o n  o f  t h e  gap i n  t h e  f i b r o b l a s t i c
cha nne l  t o  t h e  space of  M a l l  ( M ) .

x 28000
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EiSi §3
I l l u s t r a t e s  t h e  p r o x i m i t y  o f  t h e  f i b r o b l a s t i c  channel  
CFO t o  t h e  space o f  M a l l  CM),  
x 11760





F i g .  44

D e m o ns t r a t e s  t he  p r o x i m i t y  o f  t h e  f i b r o b l a s t i c  
c ha n ne l  (FC)  t o  t h e  t r u e  l y m p h a t i c  ( L ) .

No te :  t h e  p o s i t i o n  o f  t h e  gap ( a r r o w )  i n  t h e  w a l l  of
t h e  f i b r o b l a s t i c  c h a n n e l ,  which f a c e s  t h e  t rue  
l y m p h a t i c .

x 5 8 8 0





Shows a bu n d l e  of  c o l l a g e n  (C)  i n  t h e  space o f  Disse 
(D)  ba t he d  i n  p r o t e i n o u s  m a t e r i a l ,  
x 58800
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f i f l i

Shows two bu n d l es  o f  c o l l a g e n  (C)  i n  t h e  space of 
D i s s e ,  b a t h ed  i n  p r o t e i n o u s  m a t e r i a l ,  
x 19600
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F i g .  47

Shows a c o l l a g e n  b u n d l e ,  i n  a p o r t a l  t r a c t ,  ba t hed  in 
p r o t e i n o u s  m a t e r i a l ,  
x 50400





f i 2 i

F e r r i t i n  g r a n u l e s  can be seen i n  t h e  s i n u s o i d  (S) 
lumen and t h e  space o f  D i s se  ( D ) .  These g r a n u l e s  are 
s c a n t y  p r esumably  because f i x a t i o n  was by p e r f u s i o n ,  
x 50400



■TOW



F i g . 49

F e r r i t i n  g r a n u l e s  a r e  seen i n  abundance i n  the 
s i n u s o i d a l  lumen ( S ) ,  i n  e n d o t h e l i a l  f e n e s t r a t i o n s  
( a r r o w s )  and i n  D i s s e ' s  space ( D ) .  T h i s  specimen was 
t a k e n  f rom a d e c a p i t a t e d  a n i m a l  and f i x e d  by 
i m me r s i o n ,  
x 39200



mm



F i g .  50

A gap (G)  i n  a l i m i t i n g  p l a t e  w i t h  f e r r i t i n  
between i t s  v a r i o u s  components ,  
x 5 0 4 0 0

g ranules





F i g .  51

F e r r i t i n  g r a n u l e s  i n  t h e  space of  M a l l  CM),  
x 1 5 6 8 0





ElS i  52

F e r r i t i n  g r a n u l e s  i n  t h e  i n t e r s t i t i u m  o f  a p or t a l  
tract.
Note :  ( a r r o w )  i n d i c a t e s  s i t e  o f  e a r l y  f o r m a t i o n  of a

b r i s t l e  coa ted  v e s i c l e  t a k i n g  up f e r r i t i n  
g ranu l e s .

x 50400



l i g ?



F i g .  53

F e r r i t i n  g r a n u l e s  i n  a f i b r o b l a s t i c  c h a n n e l ,  
x 15680





Shows f e r r i t i n  g r a n u l e s  b a t h i n g  a b u n d l e  o f  co l l agen  
f i b r e s  i n  t h e  i n t e r s t i t i u m  o f  a p o r t a L  t r a c t .

No te :  compare w i t h  F i g .  4 7 .

x 50400





£ i 9 i  55

Shows t h a t  l y m p h a t i c s  c o n t a i n e d  a higher  
c o n c e n t r a t i o n  o f  f e r r i t i n  g r a n u l e s  t h a n  d i d  other  
p a r t s  o f  t h e  s ugges t ed  p a t hw ay ,  
x 50400

)
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Shows t h a t  f e r r i t i n  g r a n u l e s  w e r e  t a k e n  up by the 
s i n u s o i d a l  e n d o t h e l i u m  ( SE)  i n  b r i s t l e  c oa t ed  
v e s i c l e s  ( a r r o w s ) ,  
x 1 1 7 6 0



iEiSi



56

A h i g h e r  p o w e r  o f  t h e  p a r t  o f  t h e  
e n d o t h e l i u m  t a k i n g  up t h e  f e r r i t i n  
b r i s t l e  c o a t e d  v e s i c l e s  ( a r r o w s ) . 
x 3 9 2 0 0

s i  n u s o i  dal  
g r a n u l e s  i n





Eifl i  57

Shrows P o n t a m i n e  Sky  B l u e  p a r t i c l e s  i n  t h e  s i n u s o i d a l  
Lumen ,  f e n e s t r a t i o n s  ( a r r o w s )  a nd  D i s s e ' s  s p a c e ,  
x 1 1 7 6 0





F i g .  58

Shows P o n t a m i n e  Sky  B l u e  p a r t i c l e s  i n  a g ap  ( G)  i n  
t h e  l i m i t i n g  p l a t e ,  
x 1 1 7 6 0





I l 2 ±  59

Shows Pont ami ne  Sky Bl ue  p a r t i c l e s  i n  v a r i o u s  par ts  
of  t h e  i n t e r s t i t i u m  of  a p o r t a l  t r a c t .

Not e :  PSB p a r t i c l e s  i n  f i b r o b l a s t i c  c h a n n e l s  FC.

x 15680





F i g -  60

Shows Pont ami ne  Sky Bl ue  p a r t i c l e s  i n  t h e  space  
M a l l  CM) ,  i n  p o r t a l  t r a c t  i n t e r s t i t i u m ,  and i n  
l y m p h a t i c .

Not e :  t h e  h i gh c o n c e n t r a t i o n  of  t h e  p a r t i c l e s  i n
l y m p h a t i c s .

of
t h e

t h e

x 9800
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Shows Pont ami ne  Sky Bl ue  p a r t i c l e s  and chy l omi cr ons  
i n  t he  s i n u s o i d a l  lumen.

Not  e : -  a c l u s t e r  o f  v a r i o u s  s i z e s  of  chy l omi cr ons
-  a l a r g e  c h y l o m i c r o n
-  a c l u s t e r  o f  s ma l l  c h y l o m i c r o n s  i n  the 

space o f  Di sse

x 11760





Il9i 62
Shows c h y l o m i c r o n s  ( a r r o w s )  i n  a l o n g i t u d i n a l  
s e c t i o n a l  p r o f i l e  o f  a f i b r o b l a s t i c  c h a n n e l ,  
x 28000
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F i g .  63

Shows c h y l o m i c r o n s  ( a r r o w e d )  i n  t h e  i n t e r s t i t i u m  of  a 
p o r t a l  t r a c t  and i n  a l y m p h a t i c  v e s s e l ,  
x 7840





F i g .  64

Shows L i p o p r o t e i n  p a r t i c l e s  i n  t h e  s i n u s o i d a l  lumen 
( S)  and i n  space o f  D i s s e  ( D ) .  
x 11760

)





f i g *  65

Shows l i p p r o t e i n  p a r t i c l e s  i n  v a r i o u s  spaces o f  the 
p o r t a l  t r a c t  i n t e r s t i t i u m  and i n  a l y m p h a t i c  ( L ) .  
x 7840
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f l f l i  66

Shows K u p f f e r  c e l l s  f u l l  o f  M o n s t r a l  b l u e  p a r t i c l e s ,  
x 3 20

3





Fig- .  67

Shows many M o n s t r a l  b l u e  p a r t i c l e s  a d h e r e n t  t o  the 
s i n u s o i d a l  s u r f a c e  of  t h e  K u p f f e r  c e l l  whi ch a v i d l y  
pha goc y t os e d  t he  p a r t i c l e s .  
x 19600





F i g .  6 8

Shows a f ew; Ho n a s t r a L  b l u e  p a r t i c l e s  p a s s i n g  through  
i n t e r e n d o t h e l i a l  o v e r l a p p i n g  j u n c t i o n s ,  
x 39200

\





f i g .  69

Shows t h a t  o n l y  a few M o n a s t r a l  b l u e  
r eached t he  space of  Di sse  ( D ) .  
x 50400

p a r t i c l e s





fiSi ZQ
Shows a r a r e  s i g h t  o f  a sma l l  c l u s t e r  
b l u e  p a r t i c l e s  i n  t h e  i n t e r s t i t i u m  of  
and even w i t h i n  a l y m p h a t i c ,  
x 28000

o f  M o n a s t r a l  
a p o r t a l  t r a c t

)
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E l s *  11

Shows s e c t i o n a l  p r o f i l e  o f  a l a r g e  p o r t a l  t r a c t  
whose accompanyi ng p o r t a l  v e i n  br anch d i a m e t e r  is 
g r e a t e r  t h a n  180 ^m.

Not e :  a s i n g l e  l y m p h a t i c  ( a r r o w e d )  i n  t h e  p o r t a l
t r a c t

24 hr  o l d  a n i m a l .  \

x 225





E l s *  11

A & B

Shows s e c t i o n a l  p r o f i l e s  o f  more p e r i p h e r a l  
t r a c t s ,  w i t h  p o r t a l  v e i n  br anch d i a m e t e r s  of  
t han  180 yum, l a c k i n g  l y m p h a t i c s .

24 hr  o l d  a n i m a l .

p o r t a  I 
l e s s

x 360





F i g .  73

I n  t h i s  s e m i - t h i n  s e c t i o n a l  p r o f i l e  o f  a d e v e l o p i n g  
l y m p h a t i c  i n  a 2 we e k s  o l d  a n i m a l ,  t h e  l y m p h a t i c  CL) 
shows  t w o  l o c u l i  on t h e  l u m i n a l  and  a b l u m i n a l  s i d e s  
o f  t h e  w a l l ,  
x 320

)





F i g .  74

The e l e c t r o n  m i c r o s c o p i c  a p p e a r a n c e  o f  l y m p h a t i c
c a p i l l a r i e s  sh ows  c o n s i d e r a b l e  d e v e l o p m e n t a l  
v a r i a t i o n s  f r o m  i t s  " t y p i c a l "  p a t t e r n s  d e p e n d i n g  upon 
t h e  age  o f  t h e  a n i m a l  and t h e  p o s i t i o n  o f  t h e
l y m p h a t i c  w i t h i n  t h e  l i v e r .

I n  a 2 we e k s  o l d  r a t :

N o t e :  The l i n i n g  i s  c o n t i n u o u s ,  b u t  a t  ( A )  shows
t y p i c a l  e n d o t h e l i a l  c h a r a c t e r i s t i c s ,  and a t  
( B )  shows  c h a r a c t e r i s t i c s  i n t e r m e d i a t e  b e t we e n  
m e s e n c h y m a l  c e l l s  and  e n d o t h e l i a l  c e l l s .

x 5940





F i g .  75

Shows t w o  c e l l s  A & B w h i c h  c o n t r i b u t e  t o  t h e  w a l l  o f  
an i r r e g u l a r  l o c u l a t e d  c h a n n e l  i n  a 24 h o u r  o l d  
a n i m a l .  B o t h  c e l l s  r e t a i n  some m e s e n c h y ma l  
c h a r a c t e r i  s t i  c s .  
x 3 9 2 0





flSi 76
Shows a l y m p h a t i c  c a p i l l a r y  p r o f i l e  i n  
a n i m a l .

N o t e :  b o t h  c e l l s  A & B h a v e
c h a r a c t e r i  s t i e s .

x 5880

a 2 week  o l d  

" m e s e n c  h y ma I "





F i g .  77

Shows a l y m p h a t i c  s e c t i o n a l  p r o f i l e  w h e r e  t h e  l i n i n g  
c e l l  A has  mor e  m e s e n c h y m a l  c h a r a c t e r i s t i c  c o mp a r e d  
t o  c e l l  ( B )  w h i c h  l o o k s  mo r e  l i k e  a " c h a r a c t e r i s t i c "  
e n d o t  he l i a l  c e l l ,  
x 3 9 2 0

)
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Els* is
A,  B & C

A s e r i e s  o f  3 s e r i a l  s e c t i o n a l  p r o f i l e s  o f  l y m p h a t i c  
c a p i l l a r i e s  l i n e d  by  c e l l s  w h i c h  d i f f e r  i n  a p p e a r a n c e  
f om t y p i c a l  e n d o t h e l i u m .  Fr om t h e i r  a b l u m i n a l  
s u r f a c e s ,  c y t o p l a s m i c  p r o c e s s e s  e x t e n d  i n t o  
c o n t i n u i t y  w i t h  t y p i c a l  m e s e n c h y m a l  c e l l s , _ w i t h  w h i c h  
t h e y  h e l p  t o  e n c l o s e  s p a c e s  i n  t h e  i n t e r s t i t i u r n .

A x 3 9 2 0  
B x 3 9 2 0  
C x 3 9 2 0





F i g .  79

The l i n i n g  c e l l  ( A )  o f  t h e  l y m p h a t i c  v e s s e l ,  i n  a 2 
week  o l d  r a t ,  b o u n d s  a v a c u o l e  w h i c h  o p e n s  i n t o  t h e  
i n t e r s t i t i u m .  
x 7 0 5 6



XrC-V-y.*'.



f lS l i  80

I n  t h i s  s e c t i o n a l  p r o f i l e  o f  a l y m p h a t i c  o f  a 3 week 
o l d  a n i m a I ,  n o t e :

A -  n u m e r o u s  v a c u o l e s  i n  t h e  w a l l  o f  t h e  l y m p h a t i c  
B -  a d j a c e n t  m e s e n c h y m a l  c e l l  w i t h  m u l t i p l e  v a c u o l e s  
C -  a c h a n n e l  c o n t a i n i n g  p r e c i p i t a t e d  p r o t e i n

x 3 9 2 0





F i g .  81

Shows t h a t ,  i n  some s e c t i o n a l  p r o f i l e s ,  l y m p h a t i c s  
( L )  c a n  be e x c l u s i v e l y  r e l a t e d  t o  a r t e r i e s ,  
x 312

F i g  82

Shows t h a t  l y m p h a t i c s  ( L ) ,  i n  o t h e r  i n s t a n c e s ,  a r e  
m a i n l y  r e l a t e d  t o  v e i n s ,  
x 100



1 8 1 1



F i g .  83

Shows t h a t  s o m e t i m e s  i t  may be d i f f i c u l t  t o  d e c i d e  i f  
a l y m p h a t i c  ( L )  i s  a s s o c i a t e d  w i t h  an a r t e r y  CA) o r  a 
v e i n  ( V ) . 
x 312





f l f l i  84

3 L y m p h a t i c  t r u n k s  ( a r r o w s )  r u n  o v e r  t h e  p o r t a l  v e i n  
( P V ) ,  j o i n  t o g e t h e r  t o  f o r m  a s i n g l e  t r u n k  w h i c h  
j o i n s  a l y mp h  node  ( p o r t a l  n o d e  -  PN) v e r y  n e a r  t h e  
p o r t a l  v e i n ,  
x 6

F i g .  85

A l y mp h  t r u n k  c o m i n g  f r o m  t h e  h i l u m ,  r e a c h e s  t h e  
o e s o p h a g u s  ( O E ) ,  b i f e r c a t e s  and  r e j o i n s  a g a i n  t o  
d e s c e n d  down and j o i n s  a p o s t e r i o r  g a s t r i c  n o d e  (GN)  
and a p a l e  node  o f  t h e  s p l e n i c  n o de  ( S N ) .  
x 6





F i g .  86

Shows a p l a s m a  c e l l  i n  s i n u s o i d ,  
x 500

F i g .  87

Shows t w o  p l a s m a  c e l l s  b e t w e e n  h e p a t o c y t e s .  
x 500





Shows many p l a s m a  c e l l s  i n  a l a r g e  p o r t a l  t r a c t ,  
x 500

I n  a s m a l l e r  p o r t a l  t r a c t  p l a s m a  c e l l s  c a n  a l s o  
be f o u n d ,  
x 500



'&  A *  i



Shows m a t u r e  p l a s m a  c e l l s  i n  t h e  i n t e r s t i t i u m  o f  
a p o r t a l  t r a c t .

N o t e :  -  c o g - w h e e l  a r r a n g e m e n t  o f  t h e  c h r o m a t i n
i n  t h e  n u c l e u s  

-  c y t o p l a s m  i s  f u l l  o f  r o u g h  e n d o p l a s m i c  
r e t i c u l u m

x 3 92 0

Two m a t u r e  p l a s m a  c a l l e  i n  t h e  i n t e r s t i t i u m  o f  a 
p o r t a l  t r a c t ,  
x 5880




